sk- HOEN - 218 - PP34-f 


NATURE 


A WEEKLY JOURNAL OF SCIENCE 


e 2 j Te 
w ya 
a ‘NG VEN apts 
2 we Se te 
wh we yoe 
$ toe A S a 
y t? Ld A 
ia — 
Fo KOR 7 Z- K j 
12 < s 
2N os 
hs oe aan oof 
L a oy = xcs f 
ae zi << ae 
n Set all 
Volume 214 





APRIL 1, 1967, to JUNE 24, 1967 


LONDON 


MACMILLAN (JOURNALS), LTD” 
PRICE: 2s. i 





DATES and PAGINATION of WEEKLY ISSUES 


Serial No. Date of Issue Pagination 





5083 s) April oe 1-116 
117-222 
223-332 
333-440 


441-544 


545-642 
643-752 
753-860 
861-956 


957-1066 
1067-1174 
1175-1282 
1283-1380 











a) 





A , Jorge Galindo, and Zentmyer, George A+ Genetics and Cytology of 
Phytophthora, 1356 $ 

Abdulla, Y H, and Das Gupta, Taposh K 
by Mammalian Anubody, | 

Adams, J A. S. see under Fahng, W F. 

Addankı, S., Cahill, F. D, and Sotos, J. F,: Intramitochondrial pH and Intra- 
extramitochondrial pH Gradient of Beef Heart Mitochondria in Various 
Functional States, 400 

Adham, Nabeel F : see under Wilding, Peter 

Adler, Joel E. M. see under Salisbury, John W. y 

hman, Kurt’ Tetracychne as a Cure for Rolling Disease (Labyrinthitis) in 

Laboratory Rats, 818 

Ahmed, Hafiz, and Gardiner, B. G : Effect of Mineral Oil Solvent on the Toxicity 
and Speed of Action of Malathion, 1338 

Aunbender, Eugene. see under Barger, Ruth, et of 

Amar, Franco see under Bowman, James È., et al. 

A nyanju, fare Yudkin, John: Effect of Coffee and Tea on Serum Lipids tn the 

ty 

Akoav, G N : sea under Gerasimov, Y. D. 

Albrecht, Isidora. see under Elsas, Louis J, 

Albndge, R G> see under Nordberg, R , et al 

Aldrich, D T A, and Doling, D. A.: Varietal Resistance to Clover Rot in White 


* Clover, 946 

Aldxahder, P.: see under Lett, J T. . 

Alfred, L 4 Chemical Caranogen-induced Alterations in the Potentials of 
Cultured Animal Cells, 732 

Allansmith, Mathea’ see under Butterworth, Michael 

Allen, D. E , Baker, D. j., and Glliard, R. D : Matai Complexing by Tris Buffer, 906 

Allen, J. A : see Under Bhartendu a 

Allan, J. R. L + Poncipies of Lichogenesis, review, 59 

Alper, Tikvah, C p, W. A, Hag, D. A, and Clarke, M. C.. Does the Agent 
of Scrapte Replicate without Nuclerc Acid’, 764 

Altman, Jorph and Das, Gopal Di Postnatal Neurogenesis in the Guinea-pig, 


Altschul, A M.. see under Jones, M,C., et al. # 

Alving, Barbara O : Acetylcholine Sensitivity of Embryonic Ventricular Fibres, 394 

Alvord, jun., Elsworth C : see under August, Charles S. 

Alwan, j.: see under Zuckerman, A J., et al. 

Amaldı, Edouardo: CERN and the Big Machine, 1290 

Amoore, J. E : Specific Anosmia: a Ciue to the Olfactory Code, 1095 

Amouch, P.: see under Boffa, G. A, et al 

Amprino, R., and Amprino Bonetti, D.: Experimental Development of Ectoderm- 
free Mesoderm of the Limb Bud in Chick Embryos, 82 

Andersen, P., Junga, K., and Sveen, O.: Cortico-thalamic Facilitation of Somato- 
sensory Impulses, IOI} 

Andersen, W. R : see under Li, P. H. 

Anderson, D. M. Wo: Treatise on Analytical Chemistry, review, 57 

Anderson, E. $., and Perret, Dorothy: Mobilization of Transduced Tetracycline 
Resseanre by the A Transfer Factor tn Salmonella typhimurium and S., typhi, 

Anderson, W, and Soman, P. D.: Intravenous Degraded Carrageenan and 
Histamine Gastric Ulceration in the Guines-pig, 823 

Andrea, J > see under Epstein, Samuel $., et al. 

Angel, A, and Holmes, ©. Unitary and Mass Cortical Potentials evoked by 
Peripheral Stimulation of Anaesthetized Rats, 834 

Angeluca, L, Baldiert, Mirella, and Buonerba, M > Increased Tolerance to 
Postheemorrhagic Shock in Dogs crested with Reserpine, 202 

Antra, N. J, and Chorney, Y.: Nature of the Adolase Activity tn a Unicellular 
Red Alga, 1028 

Aprison, M H.: see under Davidoff, R. A , et al. 

“Arakawa, Kikuo, Nakatani, Misako, and Nakamura, Motoom:: 
Human Angtotensin, 278 

Arden, G, B., Ikeda, Hisako, and Hill, R. M > Rabbit Visual Cortex: Reaction of 
Cells to Movement and Contrast, 909 

Armitage, A, K., and Hall, G. H : Further Evidence relating to the Made of 
Action of Nicotine in the Central Nervous System, 977 

Armstrong, W. D.: see under Singer, Leon 

Arnold, A.: see under Lands, A M., et al 

Arnold, James S.: see under Bartley, jun., Murray H. 

Arnon, Daniel l., Tsujimoto, Harry Y., and McSwain, Berah D.: Ferredoxin and 
Photosynthetic Phosphorylation, 562 

Arturson, G., Beckman, L, and Persson, B, H : Alterations in Serum Naphthyl- 
amidase lsozymes during Treatment with Oral Contraceptives, 1252 

Asaad, A S.+ Effect of tha Solar Activity on the Brightness and Polarization of the 
Zodracal Light, 259 

Ashburnar, Michael: Gene Activity dependent on Chromosome Synapsis tn the 
Polytene Chromosomes of Drosophila melanogaster, 1159 

Ashwood-Smith, M. J., Copaland, Johanne, and Wileockson, J.: Sunlight and 
Frozen Bacteria, 33 

Asnani, G C.: Subsidence near the Equator, 73 * 

Astrup, T., Henrichsen, J., Tympanidis, K., and King, A. E.: Fibrinolytically 
Active Vaginal Epitheltal Cells, 297 

Atkin, Adam. see under Tauber, Edward S. 

ATAR K and Wain, R L.: Esttmation of Kinetin by a Colorimetric Method, 

August, Charles S, Kies, Marian W , and Alvord, jun, Ellsworth C.: Delayed- 
wre Skin Sansitivicy to Human Encephalitogen in Experimental Allergic 

ncephalontyelicis, 1021 

Axén, Rol, Porath, Jerker, and Ernback, Sverker’ Chemical Coupling of 

ao and Proteins to Polysaccharides by Means of Cyanogen Halides, 


Sensitization of Frog Melanophores 


Purification of 


Ayoub, Ella M.: Variation with Age of N-Acetyl-f-glucosaminidase Actrvity in 
Rat Liver, 705 


NAME AN 


i 


~~ 
Pa 


‘DE? 


E X 


¢ 4 
e -7 < r 


Babuscesc, Livia’ see under Dios, Peter, et al. 

Badiu, G. see under Pintillie, C., ot al 

Baillie, David: see under Singer, Kenneth M , et al. 

Bagenal, T B.: A Method of Marking Fish Eggs and Larvae, 113 

Bagnall, K W : Progress in the Scienca and Technology of the Rare Earths 
Yor 2), review, 432 

Bahn, E : seo under Sick, K., et al. 

Bain, Nora ses under Ley, J De 

Baird, J Elaine see under Haas, jun., J. W. 

Bayev, A A: soa under Belajev, D, K , et al. 

Baker, D. J > see under Allen, D. E. 

Baker, T. G, and Beaumont, Heather M.: Radiosensitivity of Oogonia and 
Oocytes in the Foetal and Neonatal Monkey, 981 

Baker, V F. see under Ericsson, R J. 

Bald, J. G., and Tinsley, T. W.. Virus Reactions and Taxonomy, 1150 

Balde, P : see under Schafer, G., et al. 

Beldie, Mirella: see under Angeluce, Le, et al. 

Baldwin, D M.’ soa under Ewing, L. L. 

Baldwin, J E : Radio Astronomy, review, 56 

Baldwin, R. W , and Barker, C. R.: Antigen Deletions In Carcinogen-induced 
Rat Hepatomata, 292 

Ball, S.J © see under Warren, E. W 

Bamburg, J. R. see under Marasas, W F.O 

Banerjee, K. P. sea under Brahmachary, R. L. 

Barber, M., Wolistenhoime, W A, and Jennings, K. R.: Metastable lons in a 
Double Focusing Mass Spectrometer, 664 

Barchas, J, DaCosta, F , Spector, $.; Acute Pharmacology of Melatonin, 919 

Barker, Barbara E, and Farnes, Patricia: Histochemistry of Blood Cells treated 
with Pokeweed Mitogen, 787 

Barker, C.R sea under Baldwin, R. W. i 

Barnes, R D , and Tuffrey, Maureen. Serum Antinuclear Factor and the Influence 
of Environment in Mice, 1136 

Barnet, Ann B, and Lodge, Ann: Click Evoked EEG Responses in Normal and 
Developmentally Retarded Infants, 252 

Barnett, Don R.: see under Bowman, Barbara H. § 

Barnett, K, C, and Noel, P. R. B.: Dimethyl Sulphoxide and Lens Changes In 
Primates, [11S 

Barr, W. A., Hobson, B M., and Dr Vita, G.- Method for estimating the Number 
of Pest laid by Xenopus laevis in Response to the Injection of Gonadotrophin, 


Barraclough Fell, H.. Resolution of Coriolis Parameters for Formar Epochs, |192 

BBC oF s Murray H., and Arnold, James S.; Sex Differences in Human Skeletal 
nvolution, 

Barton, Peter G, Jackson, Craig M, and Hanahan, Donald J: Relationship 
between Factor V and Activated Factor X in the Generation of Prothrom- 
binase, 921 

Bass, L , and Moore, W. J.: Electric Fields in Perfused Nerves, 393 

Bassett, D C.* see under Venables, J. A. 

Batchelor, F. Ralph. see under Harmovich, Joseph, et ol, 

Bater, M , Cameron, R. M, Burroughs, W. J., and Gebbre, H A.: Submillimetre 
Wave Observations at an Altitude of 40,000 ft., 377 

Bauer, Henry, H , and Shailal, A. K.; A Direct Electrical Measure of Adsorption 
on Electrodes, 381 

Baum, Harold.: Energetics of Coupled Events involving Small Compartments, 
13 

Baumiller, Robert C.* Virus Induced Pornt Mutation, 806 

Baylor, Edward R . Vision of Bermuda Reef Fishes, 306; Air and Water Viston of 
the Atlantic Flying Fish, Cypselurus heterurus, 307 

Beaumont, Heather, M: seo under Baker, 7. G. 

Beckman, L.- see under Arturson, G 

Bedding, R A.. Parasitic and Free-Living Cycles in Entomogenous Nematodes 
of the Genus Deladenus, 174 

Beevers, Leonard, and Guernsey, Frances S.. Interaction of Growth Regulators 
in the Senescence of Leaf Disks, 941 

Behrman, R. E, Parer, J T., and Lannoy, jun., C., W. de: Placental Growth and 
the Formation of Amniotic Fluid, 6 b 

Belser, Sam M , and Erlanger, Bernard F : Estimation of Steroid Hormonas by 
an Immunochemical Technique, [044 

Belajev, D. K., Korotchkin, L. l, Bajev, A. A, Golubitsa, A. N., Korotchkina, 
L. S, Maksimovsky, L F., and Davıdovskaja, A. E > Activity of the Genetic 
Apparatus of Hypechalanue Nerve Cells at Various Stages of tha Oestrous 
Cycle in the Albino Rat, 201 

Bell, Enc B, and Wolf, Benjamin: Antibody Synthesis in vitro by the Rabbit 
Vagina against Piphrhers Toxoid, 423 

Bell, G. M.: Statistical Physics, review, 1168 

Bell, R. P.: The Chemistry of Non-Aqueous Solvents, Vol. I, review, 748 

Beller M, L, and Cervigny, T > Effects of Radration on Kinetin Solutions, 


Bellware, Frederick T : see under Smith, Adolph E. 

Beloshapkina, T., and Khramkova, N.: Organospecrflerty of Livar Call Surface 
Antigens and its Loss by Ascitic Hepatoma, (366 

Belrose, John S.. The “Berlin” Warming, 660 

Bancina, B.. see under Carnegie, P, R., et af 

Benedeczky, t : Electron Histochemical Localization of Acid Phosphatase Activity 
in the Adrenal Medulla of Rats, 1243 

Benniect JMe and Gard, } AL: Non-tdentity of the Zeolites Enionite and Offretite, 


Bennich, Hans: see under Berggird, Ingemar 
Berenbaum, M. C. Effect of some Metabolic Inhibitors on Plaque Formation In 


Jerne Plates, 590 
Berger, R., Ainbender, E., Hodes, Horace L., Zepp, Helen > and Hevizy, 


M Magda. Demonstration of IgA Poliaantibody in Saliva, O&-d8hal Fluid 
and Urine, 420 ™ 
e 
e 
e e . 
e 
ey © @e. ° 


erggird, Ingemar, and Beonich, Hans; Fe Fragment of Immunoglobulin G in 
Normal Human Plasma and Urine, 697 
Bergmark, T : sea under Nordberg, R, at al. 
Bergren, Willam R.: see under Ng, Won G., et al, 
Bernal, J. D., and Finney, J. La: Random Packing of Spheres In Non-rigid Con- 
tainers, 265 
Berry, Spencer J.: see under McDaniel, Carl N. 

Besser, G. M.: Time Course of Action of Diazepam, 428; Some Physiological 
Characteristics of Auditory Flutter Fusion in Man, 17 à 
Betke, Klaus, and Klerhauer, Enno Cytological Demonstration of Carboxyhaemo- 

globin in Human Erythrocytes, (88 
Beynon, W. J. G.; Rocket Electron Density, Perturbations in the lonesphere, 690 
Bhartendu, Akken, J. A., Paltridge, G. » and Wilkening, M. H.: Seasonal 
Bahaviour of Atmospheric Pressure Oscillations, 43 
Bhateacharaya, B. K.: sea under Katiyar, J C, et al. 
Pine E., and Turan, G: Lipid Content of Conidia of Neurospora crassa, 


l 

Bick, Y. A. E., and Jackson, W. D.: Karyotype of the Monotremes Ornithorhynchus 
anatinus (Platypus) and Tachyglossus aculeatus (Echidna), 600 

Biely, Jacob. see under March, B. 

Binder, H., Kohling, A, and Sandstede, G.: Accalaration by Adsorbed Sulphur 
and Selenium of tha Electrochemical Oxidation of Formic Acid on 
Platinum Caralysts, 268 

Binnie, A. M.: Open Channel Flow, review, 748 

Binns, R. M.: Bone Marrow and Lymphoid Celi Injection of the Pig Foetus 
resulting in Transplantation Tolerance or Immunity, and Immunoglobulin 
Production, 179 

Birbeck, M. S, C., and Hall, J, G.: Transformation, in vivo, of Basophilic Lymph 
Calis into Plasma Cells, 183 

Birch, L., C., and Ehrlich, P. R.: Evolutionary History and Population Biology, 349 

Birks, J. B,: Exctmers and Exectplexes, [187 

Biscoe, T. J., and Curtis, D. R.: Strychnine and Cortical Inhibition, 914 

Bishop, J. J., Cotton, F. A, Eiss, R, and Hugel, R. P.: Trimerization of a Bis- 
{(B-ketophosphony!)}-Metai Complex involving Recyclizacions, IIHI 

Bishop, J, O.: Histones, review, 1373 

Bishop, Norman | : soe under Senger, Horst 

Bittar, E, E.: Maia Muscle Fibre as a Model for tha Study of Uraemle Toxicity, 310; 
Insulin and the Sodium Pump of the Mara Muscle Fibre, 726 

Black, H. S.: see under Jones, H. C.. et af, 

Blar, L. M.: see under Quinn, J. A. 

Blanco, Antonio, Rifé, Ubaldo, and Larson, B., L.: Lactate Dehydrogenase Iso- 
zymes during Dedifferantiation in Cultures of Mammary Saeretory Cells, 


Blandamer, M. J.: lon Pur Association Constants and Solvent Composition, 380 

Blandamer, M. J., Fox, M. F., and Symons, M, C R.: Orsconunurties in the 
Tharmal Properties of Water and Aqueous Solutions, 163 

Blandau, R. J.: see under Fink, B. R., et ol. 

Blenkinsopp, W. K.: Mast Cell Proliferauion in Adult Mice, 930 

Block, 20 mour S. and Weidner, James P.: Trifluoromethy] Thiolsulphonates, 


Bloamers, H. P. J., and Koningsberger, Y. V : Uptake of e Molecular Weight 
Radioactive RNA by Protoplasts of Saccharomyces carlsbergensis, 497 

Blow, D. M.* see under Mathews, B W., et ol. 

Blue-Grean Alga Anabaenopsis circularis: Heterotrophic Nitrogen Fixation by 
the (Atsushi Watanabe and Yoko Yamamoto), 738 

Blumberg, B. S.: sea under Hirschfeld, Jan, et al. 

Boffa, G A., Fine, J. M., Drilhon, A, and Amouch, P.: Immunoglobulins and 
Transferrin in Marine Lamprey Sera, 700 

Bohs, Giovann: B.: see under Squartunt, Francesco, et al. 

Bolton, Neil: A Theory of Psychological Reactance, reviaw, 1166 

Bonner, jun., Walter and Plesnicar, Marijana: Electron Transport Carriers 
in Plant Mitochondria, 616 

Boothroyd, G.: Ultrasonic Machining of Intractable Materials, review, 432 

Borgaonkar, D. S.* see under Welch, J. P., et al 

Bors, Esteban: see under Etcheverry, Radl, et al, 

Bottoms, Eva: see under Shuster, Sam 

Boucher, 1. A D.: see under Fraston, J. W. 

Boulton, Alan A.: Amines and Schrrophrenia, review, 1165 

Bourlond, Andre, Wolff, Klaus, and Winkelmann, R. K.: Cholinesterase ‘in 
Melanocytes of the Bat, 846 < 

Boutin, H.: see under Gupta, V D., et al. 

Bowen, E. T. W.: see under Tan, Dora S$. K., et ol. 

Bowie, R. A., Cairns, J. P., Grant, M.'S., Hayes, A., Jones, W. G. M., and Ryley, 
J. F.: A New Wide-apactrum coccidiostat, 1349 

Bowman, Barbara H., and Barnett, Don R : Amino-acid Substitution in Haemo- 
globin | (Texas Variant), 499 

Bowman, James E., Frischer, Henri, Almar, Franco, Carson, Paul E., and Gower, 
Miriam Kahn: Population, Family and Biochemical Investigacion of Human 
Adenylates Kinase Polymorphism, 1156 

Boyer, Johnt: Fixation of Antigan-Anubody Reaction by Glutaraldehyde, 291 

Boyland, E.: Anticancer Agents, review, 66 

Brachet, 3,* Effects of Hydroxy ures on Development and Regeneration, 1132 

Braddick, H.* Handbuch dar Phystk, review, 56 

Bradley, D. J : Optical Interferometry, review, 431; Lasers, review, 1169 

Bradley, J N., and Robinson, P. A.: Role of [mpurities in Thermal lonrracion, 1218 

Bradley, T. R., Robinson, W., and Metcalf, D.: Colony Production in vitro by 
Normal Polycythaemic and Anaemic Bone Marrow, 511 

Braond, Mikael, and Gasparski, Janus: Haamoglobins and Transferrins of 
European Bison and their Cattle Hybrids, 98 

Brahriacha ary, R and Banerjee, K. P.: Information Transfer in Molluscan 

mbryos, 

Brathwaite, C J R: Developments in Sadtmentology, Yol. 9B, review, 61 

Braun, J. L.: see under Diesch, S. L , et al. 

Breed, W. G. Ovulation in the Genus Microtus, 826 

Brentani, R , Brentani, M., and Raw, l.; Messenger Activity of Purtfiad RNA from 
Rat Liver Nucla, 1122 

Brentan:, R.. see under Brontani, M., et of. 

Brewbaker, James |. ; see under Makinen, Yrjo, et al. 

Brewer, Mary E, and Moses, V.: Metabolite-promoted Heat Lability of B- 
Galactosidase and its Relation to Catabolice Repression, 272 

Brenna, O, Drobnicov1, l, and Drobnica, L : Proliferation of Mycobacterium 
tuberculosis from Mouse Lung Tissue on Various Carbon Sources, 1036 

Bridges, C. D. B : Photopigments in the Char of Lake Windermere (Salvelinus 
willughbit (Günther); forma autumnahs and forma vernalis), 205 

Brierly, H : Intelligence Measurements, 1056 

Bniffa, F E. J, and Fursey, R, A E: Reduction of audible Flame Nowe by the 
Application of Ultrasonics, 75 

Brigg# Asa. Soctal Theory and Economic Change, review, 746 

Brinster, Ralph E.: Lactic Dehydrogenase Activity tn Preimplantation Rat 
Embry, 1246 

Brisband A .: High Gain Pulsed Laser, 75 

Brisco®, Anne M., and Ragan, Charles: Relation of Magnesium to Calcium in 
Human Blood Serum, [126 

s ° 
e 
. e 


d a 


INDEX a 


Briskey, E. J.: see under Forrest, J, C., et al. 

Brock, Thomas D.: Micro-organisms adaptad to High Temperatures, 882 
Brocklehurat, K.: The Vitamin Co-Factors of Enzyme Systems, review, 64 
Brooks, M. R : see under Spalding, J. F. 

Broome, J, and Raymond, S.: Countercurrent Electrophoresis of Proteins, 847 
Brown, A. H , and Hanson, C.: Drop Coalescence in Liquid-Liquid Systems, 76 
Brown, Harry Darrow: see under Patel, Anil B. ) 

Brown, L. R ; see under McGee, J M., et al. 

Brown, Nesbitt D : seo under Rosen, Hyman, ot al. 

Brown, P. S.: Antigonadotrophic Effects of a-methyltyrdsine, Methyzergide and 


Reserpine, 1268 
Brown, R. H, J.: Mechanism of Locust Jumping, 939 . 
Brown, jun., T. G.: see under Lands, A. M., et al. d 


Brown, W., Falkehag, S. |, and Cowling, & B.: Molecular Size Distribution of 
Lignin in Wood, 410 

Brown, W. M, Court: see under Buckton, Karin E., ot af. 

Brunkhorst, Willa, and Herranen, Ailene; Effects of Extracts from Thymus on 
Homograft Survival in Rats, (81 

Brusilow, Saul W.+ Evidence for a Non-Plasma Source of Urea in Sweat, 506 

Bryant, J S.: see under Martin, G. M , et al 

Brykina, V. $S., Gutkina, A Y, and Svet-Moldavskaya, i. A.. Vaccinia Virus 
Antigen in the Lymphotd System of White Rats, 493 

Buchwald, N. A.: see under Romero-Sierra, C. 

Buckley, S04. C.: Textbook of Veterinary Clinical Parasitology, Vol, 1, review, 69 

Buckton, Karin E., Brown, W. M. Court, and Smith, P. G.: Lymphocyte Survival 
tn Man treated with X-rays for Ankylosing Spondylitis, 470 

Budinger, Thomas F., and Howerton, Robert J.: Charactertzation of the Time 
Variation of Reproductive Processes in Living Cells, 397 

Buffery, Anthony W. H.: Learning and Memory in Baboons with Bilateral Lesions 
of Froneal or Inreroreniparat Cortex, [0 

Buhler, R. E., and Ebert, M.: Transient Charge-transfer Complexes with Chlorine 
Atoms by Pulse Radiolysis of Carbon Tetrachloride Solutions, 1220 

Bull, Alan T. boratory Methods in Microniology, review, 65 

Bull, G. A : Physics of the Atmosphere, review, 1376; The Air Envalope of the 
Earth, review, 1376 

Bullen, J. J., Rogers, Henry J., and Cushnie, G. H.: Abolition of Passive Immunity 
to Bacterial Infection by Iron, 515 

Bullough, W. S., Laurence, E. B., Iversen, ©. H., and Elgjo, K.. The Vertebrate 

pidermal Chalona, 578 

Buonerba, M.: see under Angelucci, L., et al 

Burbidge, Geoffrey : opral Variations in 3C 446, 1213 

Burg, Č.. see under Oth, D. 

Burges, Alan: Sou Organic Matter, Second ed., review, 67 

Burke, A R Deposition of Peat from Aqueous Suspensions; Natural Occurrence 
of Stalactitic and Related Forms, 532 

Burke, John F,: see under Morris, Peter J. 

Burkhalter, Alan: ses under Vernadakis, Antoni 

Burroughs, W. J.: see under Bater, M., et al. x 

Bursa, À S., and Johnson, L.. Nannoplankton of Marine Origin from Great Bear 
Lake ın the Northwest Territories of Canada, 528 

Busfield, Dorothy, and Tomich, E. G : Reduction of Platelet Adhesiveness by 
Adenosine Diphosphate and Triphosphate, 1360 ` 

Bustard, H. Robert: Mechanism of Nocturnal Emergence from the Nest in 
Green Turtle Hatchi:ings, 317 

Butler, C. G : Trap-Nesting Wasps and Beas, review, 1058 

Butterworth, Michael, M 
Sex an Immunoglobulin Levals, 1224 

Buxton, C. R.+ see under Jackson, H. S , et al, 

Bygrave, Fyfe L.: The lonic Environment and Metabolic Control, 667 

Byrne, J. J.: see under Clarke, J. K. A 


Cann, F. D.. see under Addank:, S., et al. 

Cairns, J. P.; see under Bowie, R, A, et al. 

Caldwell, l.: see under Lett, J. T. 

Cameron, A.: see under Grew, W.; see under Westlake, F. J. 

Cameron, J.: see under Crutchley, M. J. 

Cameron, R, M.- see under Bater, M , et af, 

Campion, D. G.: Chemostarilization of the Red Bollworm (D:paropsis castanea 
Hmps.) by Mutagenic Agents, 1031 

Cannon, R. D., and Penston, V.: Optical Variation of 3C 446, 256 

Carli, G., Diete-Spiff, K., and Pompeiano, O.: Active and Passive Factors in 
Muscle Spindle Excitation, 838 

Carnegie, P, R, Lamoureux, G., and Bencina, B.: Proposed Technique for 
classifying and identifying Encephalicogens, 407 

Carrell, R. t see under Sansone, G. 

Carrington, Alan, and Miller, Terry A.: Einstein A Coefficients for the 18 cm 
Transitions of OH, 998 S 

Carson, Paul E ; see under Bowman, James E., et al. 

Carter, O., Yamada, Y., and Takahashi, E : Tissue Culture of Oats, 1029 

Carvalheira, A. F.° see under Pearse, A G, E. 

Caspary, E A. and Comash, J $.: Release of Serotonin from Human Platelets 
in Hypersensitivity States, 286 

Cassens, R. G.: sea under Forrest, J. C., et al. 

Catagner, Fernande, Durieu-Trautmann, Odile, and Ram, Marie-Christine: 
Effects of Puromycin and Actinomycin D on the increase of Cystachionase 
and Cysteine Sulphinic Acid Decarboxylase Activities in the Liver of 
Thyroidectomised Rat, 88 

Cavanagh, J B . see under Matheson, D. F. 

Ceccarini, Constante, and Cohen, Arthur: Germination Inhibitor from the 
Cellular Slime Mould Dictyostelium discoideum, 1345 

Cecil, R : Model System for Hydrophobic Interactions, 369 

Cervigny, T.° see under Belli-Donini, M.L. 

Chan, D.K O : see under Mayer, N , et al 

Chance, Britton: Is thare Proton Norse in Mitochondrial Membranes leading to 
Chance Fluctuations tn pH?, 399 

Chandra, S , and Krishnamurthy, B. V : Solar and Geomagnetic Effects on Upper 
Atmospheric Temperature, 769 

Chantry, G. W, Gebbie, H. A, Lasser, B, and Wyllie, G . 
Wave Spectra of Non-polar Liquids and Crystals, 163 

Chapler, Frederick K : see undar Jacobson, Howard, N. 

Chapman, G, and Rae, A. C.° Isolation of Organic Solutes from Sea Water by 
Co-precipitation, 627 

Chapman, Sydney. A Guide to the Solar Corona, review, 431 

Charles, P.: see under Ledoux, L. 

Chatterjee, Anadi N , Ward, J B , and Perkins, H. R.: Synthesis of Mucopeptide 
by L-form Membranes, 1311 

Ghatteril, 3i and Jeffery, J W.: Strength Development in Calcarious Cements, 


Sub-millimeter 


5 
Chen, Chia-Shong: Can Rats Count?, [5 e 


ellan, Barbara, and Allangmith, Mathea: Influence of 


INDEX v 


Chen, Victoria L. (Ma): see under Kushinsky, Stanley, et al. 

Cherfurka, W.- soe under Tsrapalis, C. M , et al. 

Chernack, Nial $., Heymann, Mark, and Chisholm, Joseph C.: Oscillations in 
Blood Pressure associated with Phrenic Nerve Activity, 206 

Charnyakhovskaya, Inessa Yu, Kadaggidze, Zaira G, and Svet-Moldavsky, 
George J.: Effect of Syngeneic and logene Lymphocytes on L-cells and 

louse Embryo Fibroblasts in vitro, 122' 

Charry, liane Wiley, Roger: Speech Communication in Very Noisy Environ- 
ments, 

Chester, V E.: Spontaneous Mutants of Yeast Deficient in Glycogen, 1237 

Chesterman, F. C.: see under Simons, P. J. 

Cheung, War Yiu, and Salgancoff, Leon: Cyclic 3’,5’-Nucleatide Phosphodle- 

«.-sterase; Localization and Latent Activity in Rat Brain, 90 

Ch@w, Donald: see under Fraser, F, C., et al. 

Chiang, Mickey: Use of Tools by Wild Macaque Monkeys In Singapore, 1258 

Chreco-Bianchi, Luigi, Fiore-Donati, Luciano, Tridente, Giuseppe and Pennalli, 
Nile: G Virus and Immunological Tolerance in [eoksenogenesis: 


Chisholm, Joseph C.: see under Charniack, Ntal S., et al. 

Chorney, V.° see under Antia, N, J. 

Chovnick, Arthur seo under Singer, Kanneth M., et af 

Chnsuan, Sherr! D. and Grundnes, Just: Charge-Transfer Complex between 
sulphur Dioxide and Trimethylamine in the Gas Phase and in Heptane, 


| 

Chubb, R., C.: Polyamlnostyrene Purified Chicken Antibodies, 422 

Clapp, P : see under Epstein, Samuel S , et al. 

Clark, Arnold M., and Osmun, Donald E : Adult Life Span in Habrobracon 
serinopae after X-irradiation during Early Development, 717 

Clarke, Alex M.: Relationship between tha Electromyogram and lsometric 
Raflex Response in Pre-strain Condittons in Normal Humans, lild; 
Summation of Motor Units tn a Mechanically Elicited Phasic Stretch Reflex 
In Human Subjects, 1012 

Clarke, J. K. A, and Byrne, J. J.; An Unusual Activity Pattern In Hydrogen- 
reduced Nickel-Copper Alloy Catalysts, 1109 

Clarke, J R.: Effects of External Stimul on Reproduction, review, 745 

Clarke, M C.’ see under Alper, Tikvah 

Clarkson, $ G., and Wolpert, L.. Bud Morphogenesis in Hydra, 780 

Clarricoats, P. J. B.: Microwave Scanning Antannas, review, 638 

Clarris, B, J., and Fraser, J. R, E.: Barriar around Synovial Calls in vrtro, 1159 

Clayton, Ruth M , and Truman, D. E. $.: Molecular Structura and Antugenterty 
of Lens Proteins, 1201 

Clegg, J.B : see under Milstein, C., et al. 

Clegg. R. F.: see undar Ewing, L. L. 

Clement, C. R.: Nitrogen and Grassland (meeting), review, 855 

Clemasha, B. R , Kent, G. S., and Wright, R. W : Optical Radar Evidence for 
Atmospharic Dust Layers around 85km Altitude, 261 

Chne, ee and MacKenzie, Malcolm R.: Synthesis of Macroglobulins in 


vitro, 

Clor, Mahmood A.: Translocation of Tritium-labelied Gibberellic Acid in Pea 
Stam Segments and Potato Tuber Cylinders, 1263 

Closs, Karl, Wad, Nils, and Ose, Ervind: The “Pink Spot” In Schrzophrenia, 483 

Clowes, F. A L.: The Shell Bird Book, ravrew, 214 

Coblans, Herbert: Die grossa Maschine, review, 535 

Cocuzza, G.: see under Riccarl, G. 

Coa, Malcoim j: Co-operation of Three Males in Nest Construction by 
Chrromants rufescens Gunther (Amphibia: Rhacophoridae), 112 

Coatzee, J. N : seo under Smit, J. A. 

Cohen, A. S.. see under Plank, S 1., et af. 

Cohen, Arthur. see under Ceccarini, Constante 

Cohen, 5., and Milstein, C.: Structure of Anubody Molecules, 449 

Coleman, J. E. : Metal lon Dependent Binding of Sulphonamide to Carbonic 
Anhydrase, 193 

Coleman, Robert M., Venuta, France X , and Fimlan, jun, Walter J.: Secretion 
and Immunogenicity of Dwarf Tapeworm Esterases, 593 

Colless, D H > see under Downes, J A 

Collier, Pauline: see under McGonigle, B., at al. 

Collins, nda l.: see under Jacobsen, Jørgen G, 

Colman, Robert W., Osbahr, Albert J., and Morris, jun, Russell E.: New Vaso- 
constrictor, Bovine Peptide-B released during Blood Coagulation, 1040 

Comalsh, J, S.: see under Caspary, E. A. 

Comar, D.* see under Lenthan, J. M. A, 

Conolly, John R.: Postgiacial-Glacial Change in Climate in the Indran Ocean, 873 

Conra a A. i gp utoradiography of Leucocytes cultured wich Tritrated Bean 

tract, 


y Consden, R.: Laboratory Handbook of Chromatographic Methods, review, 70; 


Advancas tn Chromatography, raview, 70 
Constantine, Jay W.: Aggregation and Adhesion of Rat Platelets, 1084 
Contu, Licino: see under Hirschfeld, Jan, et al. 
Cook, Ahe Brightness and Temporal Variation of Radio Emission from Galactic 


, 689 

Cooke, Allan R.: Effect of Pancreozymin Preparations on Gastric Secretion, 729 

Cooke, R. C.: see under Sacchuchananthevale, V. 

Cooper, Amiel G., and Worlledge, Sheila M.: Light Chains In Chronic Cold 
Haemaggiutinin Disease, 799 

Cooper, J. P., see under Wilson, D. 

Cooperband, S. R., Green, J. A., Kannedy, M. A., and Grant, M. M.: Dissociation 
and Inhibition of the Stimulatory Effect of Phytohaemagglutinin on Protein 
and DNA Synthesis in Human Lymphocyte Cultures, 1240 

Copeland, Johanna: see under Ashwood-Smith, M. J., et af. 

Copp, F C, Green, A. F., Hodson, H. F., Randall, A, W., and Sim, M F. New 
Peripheral Antagonists of 5-Hydroxytryptamine, 200 

Corcoran, D. W. J.: Acoustic Factor in Proof Reading, 851 

Cors, A.: see under Giusti, G. V. 

Cotton, F. A.: sea under Bishop, J. J., et af. 

Coulson, J. C.* see under Robinson, J, at al. 

Courts, A.: Adhesion and Adhesrves (Yo! 2, Second ed.), review, 434 

Cowling, E. B.: see under Brown, W., et al. 

Cowling, T. G.: Kinetic Equations of Gases and Plasmas, review, 215 

Crabtrea, A N.: see under Robinson, J., et al. 

Craig, G. Y., and Oertel, G.: Growth and Death of Computer Populations, 870 

Craighead, John E : Polycation Effect on Virulence of Non-pathogenic rt 
Variant of the Encephalomyocarditis Virus, 716 

Craigie, J. $.. see under McLachlan, J. 

Cramp, W. A.: see under Alper, Tikvah 

Crane, F. L.: see under Henninger, M. D. 

caved R. ae Phenol Oxidase Activity and Flooding Tolerance In Higher 

ants, 

Creer, K. M, and Embleton, B, J. J.: Devonian Palaoomagnetic Pole for Europe 

and North America, 42 


' Crbbens, A. H : Atmospheric Flattening of the Solar Disk, 1316 


Crispans, Jun., Charles G.: Lactate Dahydrogenase Virus and Mouse Embryos, 819 
Cross, K. W.: Development of the Lung, review, 214 
Crutchley, M. J., Marsh, D. G., and Cameron, J. Free Endotoxin, 1052 


a 
e e 


Culhane, J. L.: see under Evans, K., et al, 

Culling, C. F A.: Permanent Mounting Method for Fivorescent Antibody 
Preparations, 1140 - 

Cummings, J. N.: see under Nieval, J. G. 

Cunningham, F. J.: Immunological Properties of Protein Hormones, review, ! 166 

Curran, Peter F., see under Schultz, Stanley G., et al. 

Currey, J D., and Nichols, David: Absence of Organic Phase in Echinoderm 
Calcite, 8! 

Curtain, C. C.: see under Lobb, Noelene 

Curtis, D. R.: seo under Biscoe, T. J. 

Cushnio, G H.: see under Rogers, Henry, J., et of. 


Dacosts, Frances’ see under Barchas, Jack 

Dahl, A H : see under Whicker, F. W., et al, 

Dalziel, K.: see under Dickinson, F, M. 

Daniell, 8 L.: Modern Developments in Powder Metallurgy, review, 639 

Darzynkiewicz, Zbigniew, Dokov, Viktor, K, and Pienkowslu, Marek: Dry 
Mass of Lymphocytes during Transformation after Stimulation by Phyto- 
haemagglutinin, 1265 

Das, Gopal D.. see under Altman, Joseph 

Das Gupte, Taposh K.: sea under Abdulla, Y. H. 

Datta, Naomi: see under Meynell, Elinor 

Datta, S. P.: see under McGiven, A. R., et al. 

Davey, K. G., and Kan, Sau Pheng: Endocrine Basis for Ecdysis in a Parasitic 
Nematode, 737 

David, Camella: see under Diost, Peter, et al. 

Davidoff, R. A., Shank, R. P, Graham, jun, L. T., Aprison, M. H., and Werman, 
R.: Association of Glycine with Spinal Interneurones, 680; see u 
Werman, R., et al. 

Davidovskaja, A. E. see under Belajev, D, K., et al. 

Davidson, Warren D., Lemmi, Carlos, A. E., and Thompson, James C ; Response 
of Isolated Bullfrog Gastric Mucosa to a Gastrin-like Pentapeptide, 59: 

Davies, A. J. S.; see under Leuchars, E. 

Davies, D : Physics and Chemistry of the Earth, review, 61; Geophysical Theory 
and Computers, review, 326 

Davies, D. S, and McCarthy, M. C.: Education for Change, 1079 

Davies, Howard G.: Fine Structure of Heterochromatin in Certain Cell Nucle:, 


208 

Davies, R. E., Kushmerick, M; J., and Larson, R, E.: ATP, Activation, and the 
Haat of Shortening of Muscle, | 

Davis, Joseph H.: see under Moor-Jankowski, J., et al. 

Davis, Peter S., Luke, Cohn, G., and Deller, Donald J.: Gastric Iron Binding 
Protein in Iron Chelation by Gastric Juice, 1126 

Davis, Richard B, and Schwartz, Samuel: Effects of “Haematoporphyrin” on 
Adhesiveness and Aggregation of Rabbit Platelets, 186 

Dawson, J. B.: Carbonatites, review, 749 

De Herdt, P.: see under De Schryver, C. 

De Schryver, C., De Herdt, P., and Lammerant, J.: Effect of Physical Training on 
Cardiac Catecholamine Concentrations, 907 

Dean, A. C. R , and Hinshelwood, Cyril: Kinetics of Cell Growth in Conditions 
of Phage Infection, Substrate Imbalance and Synchronization, 1084 

Dean, C. J.- seo under Lett, J. T. 

Dean, Margaret R.: see under Macintyre, Ross J. 

Dean, Margaret, and Wood, R. K. S.: Cell Wall Degradation by a Pectate 
Transelrminase, 408 g 

Decima, E, E., Euler, C. von., and Thoden, U.: Spinal Intercostal-phrenic Reflexes, 
312 


Deckker, B. E. L.: Hysteresis in the Flow through an Orifice, 904 

Degurse, P E.: see under Marasas, W. F. O. 

Deknudt, Gh.: see under Léonard, A. 

Delius, Juan D.: Displacement Activities and. Arousal, 1259 

Deller, Donald J,- see under Davis, Poter S., et al, 

Demeulenaere, L.: sea under Wieme, R. J. ‘ 

Dennis, W. L : Deposition of Inhaled Particles in Human Lungs, 908 a 

Densmore, C D.: see under Munns, R. G. a ‘ 

Dettmer, C. M., Driscoll, D. H., Wallace, J. D , and Neaves, A,: Pitfalls in Electron 
Spin Resonance Spectrometry tn Biologica! Tissues, 492 r 

Devonshire, A, F.: ForToalectriatyi review, 1062 i 

Dewan, Edmond M.: Occipital Alpha Rhythm Eye Position and Lens Accommoda- 
tion, 975 i 

Dewdnoy, Janet M.: see under Haimovich, Joseph, et ol. - 

Dewing, E W.: Gaseous Complexes between Dichlorides and Trichlorides of 
Aluminium and Iron, ' 

Dhanda, Vijay: Changes in Naurosecratory Activity at Different Stages in the 
Adult Hyalomma dromedarn Koch, 1844, 508 

Di Vita, G.: sea under Barr, W. A, ' 

Dicke, R. H., and Goldenberg, H. Mark: Differential Rotation and the Solar 
Oblateness, 1294 ' 

Dickinson, F. M., and Dalzal, K.. Substrate Specificity and Stereospecrficity 
of Alcohol Dehydrogenase; 31 

Diesch, S L., McCulloch, W. F., and Braun, J. Le: Experimental Leptospirosis 
in Frogs, 1139 

Diete-Sprff, K.: see under Cari, G. + 

DiGeorge, Angelo M.: see under Lischner, Harold W., et al. 

Diosi, Peter, Babusceac, Livia, and David, Camala: Cytomegalovirus Type 
Cytopathte Changes tn Spontaneously Degenerating Human Embryonic 
Cell Cultures, 419 

Dobek, Arthur S.: see under Einhaber, Albert, et al. 

Dokov, Viktor K,: see under Darzynkiewicz, Zbigniew 

Doling, D, A : see under Aldrich, D. T, A. 

Doller ye C, T.: Hypotensive Paptides, review, 214 

Donnell, George N.: see under Ng, Won G., et al. 1 

Dourmashkin, R, R.: see under Simons, P. J. d 

Downes, J. A., and Collass, D. H.: Mouthparts of the Biang and Blood-sucking 
Type ın Tanyderidae and Chironomidae (Diptera), 135 

Dowson, D, and Jones, D. A.: Lubricant Entrapment between Approaching 
Elastic Solids, 947 

Dreyfus, Pierre M., and Prens 


. Arthur L.: Further Observations on the 
Biochemical Lesion in Maple Syrup Urine Disease, 276 

Drilhon, A.: sea u. G. Ans etal. 7 

Driscoll, D. H.: see under Dettmer, C. M , et al. 

Drobnica, L ; see under Brezina, O, 


Drobnicové, l.: see under Brezna, O. 

Dubiskl, S., and Muller, P. Je A “New” AMorypie Specificity (A9) of Rabbit 
Immunoglobulin, 696; Suppression of Synthesis of Ajlocypically Defined 
immunoglobulins and Compensation by another Sub-class ef \gnpmuno- 
globulin, 1365 

Dubowitz, Victor, and Newman, Donald L.: Change In Enzyme Pattern after 
Cross-innervation of Fast and Slow Skeleta! Muscle, 640 = 

e 


Duc-Nguyen, H., Rosenblum, E. N , Wivel, N. A, and Smith, M. V, A.: Malignant 
ranstormation by Rauscher Strain Murine Leukaemia Virus, 815 

Dudnik, Yu. Y.: see u Gause, G. F., et al. 

Duff, k no D.: Sedimentary-edaphic Control Theory of Cyclic Sedimentation, 

Duggal, S. P., Pomerantz, M. A., and Forbush, S. E.* Long-term Varation in the 
Magnitude of the Diurnal Anisotropy of Cosmic Rays, 154 

Dunnill, M. S. : Effect of Lung Inflation on Alveolar Surface Area in the Dog, 1013 

Duran, Norma: see under Etcheverry, Raúl, et al. 

Durieu-Trautmann, Odile: see under Catagner, Farnande, et al. 

Dutrpon, Eugène: soe under Ruff, Francois, et al 

Dyal, James, A., Golub, Arnold M, and Marrone, Robert L.: Transfer Effects of 
Intraperitoneal Injection of Brain Homogenates, 720 


Bessy C : Triuum and its Compounds, review, 1169 

Eade, K. E.: see under Fahrig, W. F. 

Eanes, R Z.: see under Morris, jun, R C 

Eanes, Robert Z , see under Kun, Ernest, et al 

Eaton, R Helen, and Moss, D, W. Alkaline Orthophosphatase and Inorganic 
Pyrophospharasé Activities in Human Serum, Be 

Ebert, M > see under Buhler, R. E. 

Ebray, Thomas G : sea under Pak, William L. 

Eckstein, M : see under Gryglawski, R. J 

Edwards, A V. and Powers, N.: Effect of Intravenous Infusion of Fructose in 
Newborn Calves, 728 

Edwardi J. A., and Price, J.: Metronidazole and Human Alcohol Dehydrogenase, 


Edwards, R. G., and Gardner, R. L.: Sexng of Live Rabbit Blastocystz, 576 

Edwards, S. F.: Notes on Thermodynamics and Statistics, review, 54 

Ecgers, Hans J.. see undar Koch, Meinrad, A. 

Eglinton, G.: see under Bennet, W. S. 

Eguchi, M, and Yoshitake, N.: Electrophoretic Variation of Proteinase in the 
Digestive Juice of the Silkworm, Bombyx mor: L., 843 

Ehrlich, P. Ri: see under Birch, La C. 

Einheber, Albert, Wren, Robert E, Porro, Rodney F., and Dobek, Arthur S.: 


nes Ulcer” in the Germfree Mouse, 298; see under Rosen, Hyman, 

ot ai 

Eiss, R.: see under Bishop, J J., ot af, 

Elder, John. Convective Self-propulsion of Continents, 657 

Elgjo, K.: see under Bullough, W. S., et al. 

Elkind, M. M , Sutton-Gilbert, H., Moses, W. B., and Kampar, C.: Sub-lethal and 
Lethal Radiation Damage, 1088 

Elliot, H. Space Research VII, review, 1169 

Elliott, J C., and Young, R. A.: Conversion of Single Crystals of Chlorapatite 
into Single Crystals of Hydroxyapatite, 904 

Ellis, R. R.: see under Reynierse, James H 

Elsas, Louise J., Albrecht, Isidora, Koahne, William, and Rosenberg, Leon E. : 
eles of Puromyein on Insulin-saamulated Amino-acid Transport in Muscle, 

Elton, L. R. B: Fundamental Atomic Phystes, review, 52, Basic Quantum 
Mechanics, review, 324 

Embleton, B. J, J.: see under Creer, K, M. 

Eppenberger, H. M.: see under Eppenberger, M. E., at al. 

Eppenberger, M. E., Eppenberger, H. M., and Kaplan, N. O.: 
Creatine Kinase, 239 

Epstein, Charles J., and Gatans, Eugenie A : Nuclear Ploidy In Mammalian 
Parenchymal Liver Cells, 1050 

Epstein, R.: see under Tauc, L. 

Epstein, Samuel S., Joshi, S., Andrea, J., Clapp, P, Falk, H, and Mantel, N.: 
Synergistic Toxicity and Carcinogenicity of ‘Fraons” and Piperony! But- 
oxide, 526 

Epstein, Stephen, and Pietra, Leon Li: Nicotinamida-Adenine Dinucleotide- 
linked Form of Lactic Dehydrogenase of the Symbionts and Fat Bodies of 
a Cockroach, 488 

Erhardt, P.: see under Lamb, K. P., et al. 

Ericson, U.: see under Nordberg, R.. et al. 

Ericsson, R. J, and Baker, V. Fi: Binding of Tetracycline to Mammalian Sperma- 
tozoa, 403 

Erlanger, Bernard F.: see under Beiser, Sam M. 

Ernback, Sverker. see under Axén, Rolf, et al. 

Etcheverry, R., Muranda, M., Guzmán, C, Regonesi, C, Durán, N., Rojas, C, 
Villagrán, J., and Bors, E : Blood Groups in Indians of Tierra del Fuego, 211 

Etherington, D.: Physiology of Echinodermata, review, 745 

Euler, C. von: see under Decima, E. E., et al. 

Euw, J. v , Fishelson, L., Parsons, J. A., Reichstain, T., and Rothschild, Mimam: 
Cardenolides (Heart Fowons) in a Grasshopper feeding on Milkweeds, 35 

Evans, E L.+ see under Thomas, J. 

Evans, H.J} The Nucleolus, Virus Infection, and Trisomy in Man, 361 

Evans, K., Pounds, K, A., and Culhane, J. Lic X-Ray Emission Line Spectrum of a 
Coronal Active Region, 4 

Evans, Warren, H. see under Peterson, Elbert A. 

Everett, D. H+ Advances in Colloid and Interface Science (quarterly journal), 
review, 1278 

Ewing, L. L, Montgomery, R, D, Baldwin, D. M, Clegg, R. F, Tierce, J F., 
Maloney, M. A, and Gilbreath, J, C : Effect of Chrome Reserpine on 
Matabolism and Chemical Constituents of Turkey Testis, 1267 


Evolution of 


Fici; J.M.’ Inhibition of Bone Resorption in the Rabbit by Fluoride, 1269 
, Bernard: tron Age Cultures tn Zambia, Vol. [, review, 1167 
Fahiman, A.* see under Nordberg, R., et al 
Fahrig, W OF, Eade, K E., and Adams, J}. A S : Abundance of Radioactive Elements 
in Crystalline Shield Rocks, [002 
Farfas, Elvira, Kaju, Tadashi, and Gardner, Lytt I : Technique for Investigation 
of Sex Chromatin in Amniotic Membrane of Rat Foetuses, 499 
Farnes, Patricia: seo under Barker, Barbara E. 
Fatt, I.: sea under Hill, R M, et al, 
Fauconnier, 8.° Antigenic Identity of Interferons induced by Different Viruses 
in the same Call System, 591 
Feibelman, W. A.: Concerning the “D” Ring of Saturn, 793 
Feinstein, Maurice B., and Paimre, Marve: Mode of Anticholinergic Action of 
® Local Anaesthaties, 15) 
Felts, J M., and Mayes, P A.: Release of Lipoprotein Lipase from the Perfused 
Liver of the Rat, 620 
Feudal E. t. : see under Aruon, R N. 
Palkow, Fhilip J.: Thyroid Antibodies, Down’s Syndrome and Maternal Age, 


INDEX 


Ficq, A.: see under Kong, Y. C. 

Fielder, G.: The Earth-Moon System, review, 57 

Fiflald, R. J.: The Intelhgent Man's Guide to Science, review, 52 

Fildes, Celia, and Hart, P. D'Arcy: Use of a Detergent-Acild Mixture to rupture 
Tissue Culture Celis, 624 

Fimian, jun., Walter J.: see under Coleman, Robert M , et al 

Fincham, J. R S.: The Fungi, Vol 2: The Fungal Organism (G. C Ainswgrth and 
Alfred S. Sussman {edited by)), review, 952 

Fine, J. M.: see under Boffa, G. A, at al. 

Fink, B, R, Shepard, T. H., and Blandau, R. J : Teratoganie Activity of Nitrous 
Oxide, 146 

Finlay, |, C . Heat Transfer Enhancement by Addition of a Liquid Phase, 430 

Finney, J. L : see under Bernal, J, D PG 

Finniston, H M,: The Future of the Journals, 47 

Fiore-Donatı, Luciano: see under Chieco-Bianchi, Luigi 

Fishelson, L.: see under Euw, J. v., et al. 

Flood, A E., Rutherford, P. P, and Weston, E W.: Effects of 2 : 4-Dichloro- 

phenoxyacatic Acid on Enzyme Systems in Jerusalem Artichoke Tubers and 

Chicory Roots, 1049 

Fogerty, A C.: see under Johnson, A. R. 

Fogg, G. E . Proceedings of the Frith International Seaweed Symposium, Halifax, 
Canada, review, 1276 

Foodan, Jack. Complementary soso ayer of Male and Female Reproductive 
Structures in the Bear Macaque Macaca arctoides (Jack Fooden), 939 

Forbes, W. F, and Robinson, J C.* Electron Spin Resonance Spectra of Heated 
Polynuclear Hydrocarbons, 80 

Forbush, S E. see under Duggal, S. P., et al. 

Forrest, J. C., Kastenschmidt, L. L, Greaser, M, L, Sur, 
Hoekstra, W G., and Briskey, E. J. 
in Normal and Germ-free Rats, 507 

Forrester, John, and Peters, Alan: Nerve Fibres in Optic Nerve of Rat, 245 

Forster, M : ses under Mayer, N., et al 

Fox, Karl R.: see under Kitahara, Satost 

Fox, M. F . see under Blandamer, M J., et al. 

Francis, G. E: Foundations of Immunochem:: » 66 

Francois, C 1., Glimcher, M. J, and Krane, S. M.: Organic Phosphorus Content 
of the Alpha Chains of Chicken Bone Collagen, 621 

Fraser, F. C, Chew, Donald, and Verrusio, A, Carl : 
Cortuson-induced Cleft Palate in the Mousa, 417 

Fraser, J R. E.: sea under Clarris, B. J. 

Fredrickson, A. G . see under Howell, John A, et al. 

Freeman, E. M : Induction Machines for Special Purposes, review, 7! 

Frenk, Silvestre’ sea under Yoshida, Takashi, et ol. 

Friedhoff, Arnold J., and Furtya, Ket . 3,4-Dimethoxyphenylacetic Acad in Urine, 


R A, Cassens, R G., 
Similarity of the Rigor Mortis Process 


Oligohydramnios and 


1127 
Friend, J., and Olsson, R- Inhibition of Photosynthetic Electron Transport by 
Joxynil, 942 


Fries, Marianne: see under Scriba, Peter C. 

Friesen, Abram 1. D., Ling, George M., and Nagai, Martha: Choline and 
Phospholipidcholine tn a Spmpachen Ganglion and their Refationship 
to Acetylcholine Synthesis, 

Frindel, E., Tubina, M., and Vassort, F.: Generation Cycle of Mouse Bone 
Marrow, 1017 

Frischer, Henri: see under Bowman, James E , at al 

Frondel, Clifford, and Marvin, Ursula B.- Lonsdaleite, a Hexagonal Polymorph 
of Diamond, 587 

Frydenberg, O : see under Sick, K , et al 

Fujlwara, Fash: see under Hayakawa; Shohel, et al. 

Fukuda, Tokuro: Induction of Histamine Forming Capacity in Canine Liver b 
Endotoxin, 107; Fukuda, Tokuro, and Ui, Junichiro: Breakdown of Blood. 
Cerebrospinal Fluid Barrier for Calcium lons m the Absence of Gluco- 
corticords, 598 

Fuller, Ray W., and Hunt, Joseph M.: Activity of Phenethanolamine N-Methyl 
Transferase in the Adrenal Glands of Foetal and Neonatal Rats, 190 

Furiya, Ker: see under Friedhoff, Arnold J 

Fursey, R A. E. see under Briffa, F. E | 


Gan; L.: see under Kniazeff, A. J. 

Galley, R. A. E.: Organic Pesticides in the Environment, review, 69 

Gard, J} A.: see under Bennett, J. M. 

Gardiner, B G.: see under Ahmed, Haflz 

Gardiner, Jane: see under Oxbury, Susan, et al, 

Gardner, F. F., Whiteoak, J. B, and Morris, D.: Evidence for en Association 
between Magnatic Field and Gas Outflow from a Spiral Arm, 371 

Gardner, Lytt l.: see under Farias, Elvira, et al. 

Gardner, R. L. seo under Edwards, R G 

Gaskell, T Fi: Geologie du Petrole, review, 59; Geology of Petroleum, review, 
1277 

Gasparski, Janusz. see under Braend, Mikael 

Gatens, Eugenie A.' see under Epstein, Charles J, 

Gause, G. E Kochetkovs, G Y., Dudnik, Yu V., Saruchanova, l. E., and Laiko, 
A. V: Isolation of Mutants with Altered DNA Base Composition in 
Bacillus subtilis, 168, 714 

Gebble, H A, Stone, N. W B., Putlay, E. H., and Shaw, N.: Heterodyne 
Detection of Sub-millimater Radiation, 165, see under Chantry, G. W., 
et al.; see under Bater, M., et al, 

Geisler, M., and Gropp, A. Chromosome Polymorphism in the European 
Hedgehog Erinaceus europaeus (Insectivora), 396 

Gelboin, H. Y., Wortham, J S, and Wilson, R. G.. 3-Methylcholanthrene and 
Phenobarbital Stimulation of Rat Liver RNA Polymerase, 28! 

George, Wilma: Vertebrate Palsaontológy, third ed., review, 1167 

Gerasimov, Y. D , and Akoev, G. N. * Effects of Various lons on the Resting and 
Action Potentials of the Giant Nerve Cells of the Leech Hirudo medicinalis, 
1351 

Gershfeld, N L.: sea under Pak, C. Y C, 

Ghosal, S K : see under Mukherjee, B B., et al. 

Ghys, R. © see under Gilker, J. -C. 

Gilbreath, J. C.: see under Ewing, L. L. 

Gilker, J -C , Pavilanis, Y., and Ghys, R.: Multiplicity Reactivation in Gamma 
Irradiated Influenza Viruses, 1235 

Gillard, R. D : Optical Configuration of Complexes of Amino-acids with Cobalt 
(Ul), 168; Empirical Rules for Abszolute Configuration in Co-ordination 
Compounds, tbo: see under Allen, D. E, 

Gillberg, B. ©., Zetterberg, G., and Swanbeck, G.: Petite Mutants induced in 
Yeast by Dithranol ({1,8,9-tmhydroxyanthracene), an Important Thera- 
peutic Agent against Psoriasis, 415 

Giltrow, J P., and Lancaster, J K.: Friction and Wear of Polymers reinforced 
with Carbon Fibres, 1106 


Gimeno, A, L > see under Gimeno, M. A o 


° . 


INDEX 


Gimeno, Mertha A., Robarts, Carmel Montgomery, and Webb, J Leydon: 
Acceleration of Rate of the Early Chick Embryo Heart by Visible Light, 
1014; Gimeno, M A., Gimeno, A, L., and Lacuara, J. L. Effects of Starva- 
tion on the Contractility of the Myocardium, 1271 

Giorgi, M., and Yokoyama, |.. Geomagnetic Variations observed at Maddalena 
Island, Sardinia, 477 

Gtraldp, Gaetano: see under Squartini, Franceso, at al. 

GithnaPDavid: see under Kouvalainen, Kauko 

Gittins, A.: Stability of Grain Boundary Cavities in Copper, 586 

Giusu, G, V, and rsi, A. Storage of Colloidal Carbon in Liver and Spleen 
After Thymectomy, 916 

Glašeri Gilbert H , and Seashore, Margretta R. End-plate Cholinesterase in 


. ophis Muscle, 1351 

ass, ete icrotektites in Deep-sea Sediments, 372 

Glass, Bill, and Heezen, Bruce C.: Tektites and Geomagnetic Reversals, 372 

Gledhill, ‘A W.: Protective Effect of Anti-Lymphocytic Serum on Murine 
Lymphocytic Choriomeningitis, 178 

Gledhill, J, A.: Magnetosphere of Jupiter, 155 

Glimcher, M. J, see under Francois, C. J., et al. 

Glocking, F.: Orginomdtallic Compounds, Vol. 2, second ed , review, 1375 

Glover, J E, and Hoseman, P.. Authigenie High Sanidine from Western 
Australia, 262 

Glow, Peter H., and Richardson, Alan J : 
Reduction of Cholinesterase, 629 

Goddard, Graham V : Development of Epileptic Serzures through Brain 
Stimulation at Low Intensity, | 

Godin, P, J., King, T. A., Stahl, Egon, and Pfeifle, J . “Pyrethrum” in Peonies, 319 

Godley, E. Fa /idely ‘distributed Species; Land Bri ges and Continental Orift, 


Goksøyr, Jostein: Evolution of Euca 
Galdenberg, Gerald J , and Thomes, 
Leukaemia L517BY, 1339 

Goldenberg, H Mark: see under Dicke, R. H. 

Golub, Arnold M.: see under Dyal, James A., et al. 

Golubitsa, A. N.: see under Belajav, D K., et al. 

Gonatas, Nicholas K.: Axonic and Synaptic Lesions in Neuropsychiatric 
Disorders, 352 

Good, Ronin A : see under Olson, George B , et al; see under Herm, Lyle R, 


al. 

Good, w - A Biological Example of the Compensation Law, 1250 

Goodstein, R. L.: Éléments de Logique Mathématique, review, 50 

Gordon, Eve, B.: see under Moor-Jankowski, J., et al. 

Gordon, H, Keraan, M. M, and Voous, Marnie: Variants of 6-Phosphogluconate 
Dehydrogenase within 2 Community, 466 

Gordon, J. J., and Rutland, J P.: Solubilization of Erythrocyte Acetylcholin- 
esterase by Ultrasonic Vibration, 850 

Gorham, John R.: see under Ragland, ill, W. L. 

Gosztonyi, G.: see under McGee-Russell, S M. 

Gottlieb, A. Jas Robinson, E, A, and itano, H A.. Primary Structure of Hopkuns-! 
Haemoglobin, {89 

Goudsmit, S. A.: Unusual Prime Numbar Sequences, |164 

Gow, R $.: Chemistry and Technology of Explosives, review, 58 

Gower, Miriam Kahn: see under Bowman, James E., et al. 

Graff, Samuel: see under Markewitz, Moshe, et al. 

Graff, A., Hoffmann, F., and Schutt, M.: N-Methyl-N-Nitrosourea as 2 strong 
Topical Carcinogen when Painted on Skin of Rodents, 611 

Graham, jun, L. T.: see under Davidoff, R. A., et al. 

Graham, R -'An Introduction to Astrodynamics, review, 1062 

Grant, M. M.: see under Cooperband, S R. 

Grant, M, S.: see under Bowie, R. A., iat al 

Grive, J M. H., and Smith, W. K.: Transformation of Pregnenolone and 

Sh ages rane by Cultured Plant Cells, 1248 

and Kimber, G. M.: Reaction of Charcoal Particles with Carbon 

Dioxide and Water at Temperatures up to 2,800 K, 797 

Greaser, M. L: see under Forrest, J, C., at al. 

Green, A. F.: sea under Copp, F. C., et al, 

Green, J. A.” see under Cooperband, S. R. 

Greenaway, Frank: Humphry Davy, review, 49 

Greenberger, Norton J . P akiben of Preteln Synthesis tn Rat Intestinal Slices 
by Tetracycline, 702 

Greanhel h, J F D., and Reid, G. W.: Separaung the Effects of Digestibility and 
Palatabil on Food Intake in Ruminant Animals, 744 

Greenwood, P, H.: Fishes of the Atlantic Coast of Canada, review, 1059 

Gregg, James A.’ ` Presence of Bile Acids in Jaundiced Human Urine, 29 

Grew, Pe and Cameron, A.. Friction Transition Temperature Effect of Matching 

Surfactant and Carrier, 429 

Gribble, C D, and O'Hara, M. J.. 
Materials, 1198 

Griffith, J S.- Neural Organization underlying Conscious Thought, 345 

Grigson, C., W. B : see under Tillett, P. 1 

Gropp, A.: see under Gaisler, M. 

Grundnes, Just’ see under Christian, Sherri! D, 

Gryglewskı, np and Eckstein, M. : Fibrinolytie Activity of some Blarylcarboxylic 

clds, 

Guernsey, Frances S.: see under Beevers, Leonard 

Guggenheim, E. A.: Surface Tansion and Adsorption, review, 535 

Gupta, et Boutin, H , and Trevino, S : Phonon Spectra of Helical Biopolymers, 


Guraya, Sardul S: Crochan eae of Jnrekeeiel Cells in the Bat Ovary, 614 
Gurtkins, A V. see under Brykina, V 
Gutman, Y., and Weil-Malherbe, H, . Sabeeifatar Distribution of Norepinephrine 

in Uten of Some Species, 108 

Guze, Lucien B., Hubert, Earl G., Montgomerie, John Z, and Kalmanson, 
ace M : Observations on the Killing of Microbial Protoplasts by Sarum, 

Guzman, Carlos: see under Etcheverry, Raúl, et al. 

Gwyn, D. G., and Wolstencroft, J H . Cholinesterases in a Vascular Structure 
in the Floor of the Fourth Vantricle of the Cat, 831 


Control of a Response after Chronic 


ouc Cells, 116t 
therine E  Virus-lke Particles in Murine 


Gray, M 


Interaction of Basic Magma with Pelitrc 


Haas, Jun, J. W., and Baird, J. Elune. Sodium Naphthalenide-Aiky! Halide 
Chemiluminescence, 1006 

Hadley, poe : Testing of Polymers (edited by John Y. Schmitz), Vol 2, review, 

Haeckel, Runar: seo under Hess, Banno 

Haig, D A.. ses under Alper, Tikvah 

Haimovich, Joseph, Sela, Michael, Dewdney, Janet M , and Batchelor, F. Reiph: 
peed Rabat Antibodies. Datection with Penicilloylated Bacteriophage 

lation with a Specific Immunoadsorbant, 1369 

Hall, A. Rupert: The Society of Arcueil (Maurice Crosland), review, 949, Ellas 

Ashmole (1617-1692), review, 49 
e 


vil 


Hall, ae Methods for demonstrating Resemblance in Taxonomy and Ecology, 


Hall, G. H. see under Armitage, A. K. 

Hall, J. G.: see under Birbeck, M. S C. 

Hall, $ H.: see under Nwaigwe, C N.C, et al. 

Hamberger, Bertil’ see under Wirsén, Claes 

Hamilton, E. A. see under Hoffman, H., ot al, 

Hamilton, Vernon: Progress in Experimental Personality Research, Vol. 3, 
review, 539 

Hamilton Miller, 4M T: Hydrol is of Cephalosporins by B-Lactamases from 

Sommeranve Bacterta, i a 

Hammady, M seo under Pomir, B „otal 

Hamrin, K : see under Nordbe $ ‘al. 

Hanahan, Donald J, see under FAG Peter G, 

Hanawalt, P. C.: Normal Replication of DNA after Repair Replication in 
Bacteria, 269 

Hance, R. J.. Relationship between Partition Data and the Adsorption of some 
Herbicides by Soils, 630 

Handscomb, . C. (edited by): 

K È ‘Pitman, 747 
Hanna, A R. A.: Response of Early Erythrold, Precursors to Blaeding, 355 
Hansen, Shirley. see under Perry, Thomas L , et al 

Hansen, R. C.. Microwave Sanning Antennas, Vol 2, review, 638 

Hanson, C * see under Brown, A. 

Hara, Resko* see under Hara, Tomiyuki, ot al 

Hara, Tomiyuki, and Hara, Reiko. Rhodopsin and Retinochroma in the Squid 
Retina, 573; Hara, Tomiyuki, Hare, Reiko, and Takeuchi, Jitsuzo: 
Rhodopsin and Retinochrome in the Octopus Retina, 572 

Harada, Hiroshi’ Flower Induction in Excised Shoot Apices of Pharbrtis and 

nthemum cultured in vitro, 1027 

Hareda, ru: Formation of Amino-ecids br Therma! Decomposition of 
Formamide-Oligomerrzation of Hydrogen Cyanide, 479 

Hardy, Madeleine: see under tagn do, J. R 

Hardy, Paul Hima Nell, E. Ellen: Four Transfer Factors in a Single Bacterial 

train, + 

Harington, J. S.: see under Macnab, Gwen 

Harr, D. J. + Electrical Effects of the Harmattan Dust Storms, 585 

Harms, E. J.: Problems of Cail Permeability, review, 63 

Harrls, J.: Hysteresis Experiment in Rheology, 796 

Harrison, G. E.: The Toxicology of Radioactive Substances, Vol. 3, review, 638 

Harrison, R, A. P.: see under Vittorelli, M. L. 

Hart, P. D'Arcy: see under Fildes, Cela 

Hardey, Harold: The Atomic Debates, review, 324 

Haskins, R. H.: Backward-directed Fungal Hyphae [Branching, 517 

Hastie, A. C.* Mitotic Recombination tn Contdiophores of Verticillium albo- 


Methods of Numerical Approximation, review 


atrum, 249 
Haverback, Bernard J.: see under Wilding, Peter 
Hawkes, Nigel: Physical Chernstry for Metallurgists, review, 57 


Hawkins, Shirley E., and Wolstenholme, David R.: Cytoplasmic DNA-contaning 
Bodies and the Inheritance of Certain Cytoplasmically Determined 
Characters tn Amoeba, 928 

Hayakawa, Shohe:, Kanematsu, Yoshiko, and Fujiwara, Takashi: New Dehydroxy- 
fation Reaction observed in the Microbiological Degradation Pathway of 
Cholte Acid, 520 

Hayashi, Y.: see under Tstapalis, C. M., et al, 

Hayes, A.: see under Bowie, R. A, et al. 

Hayman, W. K.- Value Ducibucen: Theory, review, 62 

Heavens, Oliver S.: Physics of Thin Films, review, 55 

Hebb, Catherine, and Morris, David: Parallel Bioassay as 2 Method of Identifying 
Acetylcholine, 284; Nervous and Hormonal Machanisms in Integration 
(Symposium), review, 1165 

Hecht, E.: Chemical Nature of Human Brain Thromboplastin, 197 

Hedman, J.: see under Nordberg, R., et al. 

Heezen, Bruce: see under Glass, 

Heim, Lyle R., Martinaz, Carlos, and Good, Robert A.: Cause of Homologous 


Disease, 2 

Helly, Walter: The Theory of Road Traffic Flow, review, 50 

Henderson, R.: ape under athews, B. W., et al. 

Henkind, Paul: ration E (Limbal Melanocytes, 1349 

Henninger, M. is rane, F, L.; Plastoquinone C involved in Electron Transport 
in Chloroplasts, 92] 

Henrichsen, J : sea under Astrup, T., et al. 

Henshall, T : lon Exchange, review, 432 

Henson, W.: seo under Mertz, D 

Hoparotoe Substance in Brachyglottis repanda (P. H. Mortimer and E. P. White), 


Heppleston, A. G., and Stylas, J. A.: Activity of a Macrophage Factor in Collagen 
Formation by Silica, 521 

Herglotz, H. K.: n Mirrors for Ultrasoft X-rays, 263 

Hering, L: see under Ocklitz, H. W. 

Heron, R : Mechanics and Chemistry of Solid Propellants, review, 106! 

Herr, H M.: see under Welch, J. P., et al. 

Herranen, Ailene: see under Brunkhorst, Willa 

Herrick, Stephen E.. see under Okunewick, James P. 


Herring, P. J.: Luminescence in Marine Amphipods, 1260 
Herxheimer, A.: International Encyclopaedia of Pharmacology and Therapeutics, 
Section 6, Vol. I, review, 65 


Herz, Fina: Inactivation of Erythrocyte Acetylcholinesterase by Penicillin, 497 
Hess, Benno, and Haeckel, Ralner: Interaction batwean Potessium-, Ammonium- 
Fructose! ,6-diphos hate Activation of Yeast Pyruvate Kinase, 848 

Hevizy, M. Magda: see under Berger, Ruth, et al, 

Heymann, park: see under Cherniack, Niel § „etal. 

Hickling, R.: Nucleation of Marine by Cavitation tn Supercooled Liquids, 379 

Hicks, Pi * see under Updike, S. 

Hildebrandt, A C : see under Maheshwari, Ramesh 

Hill, Frank $ : see under Jackson, John F 

Hili, M. J.: Action of Bile Saits on Bacterial Cell Walls, 1152 

Hill, R, M, Schoessler, J., and Fatt, l: Oxygen Flux across the Enyrionmental 
Interface of Taleost Cornea, 384 ; see under Arden, G. 

Hinchirffe, J R.: The Culture of Vertebrate Embryos, review, 855 

Hinks, C. F.: Relationship batween Serotonin and the Circadian Rhythm in 
some Nocturnal M: 3 

Hinshelwood, Cyril. see under Dean, A C. R. 

Hirschfeld, Jan, Contu, Licinto, and Blumberg, B, S: Antilipoprotein Nuoro 
Serum (C. P ) and tts Relation to Sera C. de B. and L. L., 495 

Hirshhorn, Rochelle, and Weissmann, Gerald: Death of Leucocytes due to 
Ingestion of Heterologous Lysosomes, 892 

Hirudo medicinalis Effects of Various lons on the Resting and Action Pecentials 
E hig Giant Nerve Cells of the Leech (V. D. Gerasimov and G. N. Akoey), 


Ho, A ie S Localization of Tritiated Reserpine in the Ares Poria and the 
Floor of the Fourth Ventricle of the Mouse, 1266 
Ho, Monto, and Postic, Bosko Renal Exeretion of Interferon, 1230 


Y 


vill INDEX . 


Hoar, David: see under Singer, Kenneth M., et al. 

Hobson, B. M.: see under Barr, W A, 

Hobson, jun, M. C : Mossbauer Effect Spectra of Ammonia Adsorption on a 
Supported Iron Catalyst, 79 

Hocking, Drake, Johanns, Johanna C , and Vermeulen, Hans: Ascospore Produc- 
tion, Discharge and Infection by Glomerella ungulata causing Coffee Berry 
Disease, 1144 

Hockley, D, J . see under Warhurst, D. C 

Hodes, Horace L.: see under Berger, Ruth, et al. 

Hodgkin, Dorothy Crowfoot. see under Moore, et al. 

Hodgkinson, A, Zarembski, P M, and Nordin, B. E, C.: Non-exchangeable 
Calcium in Human Urine, 1045 

Hodgman, Joan E.: see under Ng, Won G, et al. 

Hodson, H, F see under Copp, F C, at al. 

Hoekstra, W G.: see under Forrest, J. C., et al. 

Hoffmann, F.: see under Graffi, A., et al. 

Hoffman, H, Naughton, M, A., McDougall, J, and Hamilton, E A. Nerve 
Growth Factors and a Thymus Inhibitor, Separation by Tissue Culture on 
Acrylamide Gel, 703 

Hoffman, J, M, Nelson, Le S, and Smith, L. B.: Yellow-Grean Luminosity 
accompanying the Injection of Trethylborane into tha Upper Atmosphere, 


Hogben, C. Adnan M : see under Kitahara, Satosi 

Holden, M, J : Transatlantic Movament of Tagged Spurdogfish, (140 

Holmes, O.: seo under Angel, A. 

Hale, K. S.. International Review of Research in Mental Retardation, Vol. 2, 
review. 637 

Hole, L. : panemu plodgett Multtmonolayers as Thin Film Dielectrics, 1105 

Hood, D. W.: see under } Frank Slowly, et al. 

Bae H. T.: Brasenose Conference on the Automation of Libraries, review, 


Horton, Roger F,, and Osborne, Daphne J.: Senescence, Abscission and Cellulase 
Activity in Phaseolus vulgaris, 1086 

Horvath, A., Alvarado, F., Szocs, J, Ney de Alvarado, Z., and Padilla, G : 
Metabolic Effects of Calagualine, an Antitumoral Saponine of Polypodium 
leucotomos, 1256 

Hoselitz, K.: Solid State Semiconductor Physics, review, 536 

Hoseman, P.: soe under Glover, J. 

House, M. R.: General Palacontology, review, 1276 

How, M. J, Long, V.J W., and Woodbury, S. A.: Digestion of N-acetylmanno- 
samine and N-acetylneuraminic Acid by Human Oral Bacterra, 1249 

Howard, Alma: see under Ebert, Michael 

Howard, L. N., Moore, D. W., and Spiagel, E, A.: Solar Spin-down Problem, 1297 

Howell, John A, Tsuchiya H. M., and Fredrickson, A G.: Continuous Syn- 
chronous Culture of Photosynthetic Micro-o isms, 582 

Howerton, Robert J.: see under Budinger, Thomas aa 

Hoyle: F., and Wickramasinghe, N. C ; Impurities in Interstellar Grains, 969 

Hubbard, F. H.: Unmetamorphosed Volcanic and Sedimentary Xenoliths in the 
Kimberlices of Sierra Leone, | 

Hubert, Earl G.; see under Guze, Lucien B, et al. 

Hudnik-Plevnik, T.. see under Simić, M M., et al 

Hudson, L.: Arts and Sciences: the Influence of Sterotypes on Language, 968 

Hudson, Margaret A.: see under Pritchard, G. G. 

Hugel, R. P.: seo under Bishop, } J., et al. 

Hughes, D, E. ©- Growth, Function and Regulation in Bacterial Celis, review, 213 

Huisman, O. C.: see under Ryan, C. A 

Hull, C D : see under Romero-Sierra, C. 

Huli, M. N , and Lewis, F. A.: Fluctuations of Overpotential during Electrolyte 
Evolution of H drogen, 798 

Humphries, D. A.: Uptake of Atmospheric Water by the Hen Fler Ceratophyllus 
galimas Schrank), 426 

Hunt, Joseph M.: see uader Fuller, Ray W. 

Hunt, R. D.: see under Plank, S, J., et al. 

Hunt, aa Secretion of Mucopolysaccharide In the whelk Buccinim undatum L., 


Hurst, A.: Function of Nisin and Nisin-Iike Basic Proteins In the Growth Cycle of 
Streptococcus lactis, 1232 

Hurst, H. M.: see under kumada, K 

Huser, H J., and Olberding, B. A.: Neutrophil Alkaline Phosphatases In Blood 
Cells of Primates, 1043 

Hutchinson, T. C.: Corsilord Root Systems In Plants showing Lime-induced 
Chlorosis, 943 

Hyams, 1. J., and Lippincott, E. R.: Laser Excited Raman Spectrum of Cyclo- 
pentadiene Nickel Nitrosyl, 267 

Hyland, A. R.: Rotation and the Helium Line Strengths In B Stars, 999 


| numa, T, A, Uchiyama, M., Naga, T., Ishihara, T., Suki, M , and Yamagata, N.: 
Body Burden of Caesium-!37 in Japan, 133 

Ikeda, Hisako: see under Arden, G. B. 

Inaba, Jiro; see under Matsusaka, Naonorl! 

Inman, D.: see under Zuckerman, A. J. 

Insull, jun., William: see under Robertson, Jun., Abel Lazzarini 

Ipata, P. L.: Resolution of 5-Nucleotidase of Sheep Brun from Non-spectfic 
Phosphatase and tts Inhibition by Nucleoside-triphasphates, 618 

Irwin, L. Nv: see under Ungar, G, 

Ishihara, T.: zee under linuma, T. A., et al. 

Ison, Yuhko, Mohri, Hideo, and Nagai, Yoshitaka: Effect of Egg Sulpholipid on 
Respiration of Sea Urchin Spermatozoa, 1336 

tewaran, V., and Subba-Rao, N. S : Azotobacter chroococcum In the Aerial Roots 
of the Banyan Tree, 814 

Itano, H. A : see under Gottlieb, A. J, ot al. 

Iversen, O. H.: see under Bullough, W. S., at al. 

Iversen, Susan, and Welskrancz, L.: Perception of Redundant Cues by Monkeys 
with Inferocemporal Lesions, 24!’ 

Iverzon, L, L.: The Catecholamines, 8 


Jackson, Cralg M.: ses under Barton, Peter G. 

Jackson, H. S, Buxton, C. R., and Standnng, J.* Education for Change, corres- 
pondence, 1377 

Jackson, John F., and Hill, Frank S.: Polyplo:dy in Human Leucocyte Cultures 

ted with Cysteamine and Irradracion, 1155 

Jackson, W. D, isee under Bick, Y. A. E. 

Jacobsen, Jergen G, Collins, Linda L, and Smith, yun, Lloyd H.: Unnary 
Ex@recion of isethionic Acid in Man, (247 

Jacobson, Howard N., and Chapler, Frederick K.: Intrinsic Innervation of the 
Hyman Placenta, 103 

e 


Jacobsson, Alf, and Rockert, Hans: Determination of Gas Solubility and Satura- 
tion Capacity of Blood under Hyperbaric Conditions before and after 
Food Intake, [04 x. 

Jain, S K., and Workman, P. L: Generalized F-Statustics and the Theory of 
Inbreeding and Selection, 674 z 

James, D D., and Morton, A. 5.° Effect of Vibracians on the Transition Regime 
in Pipe Flow, 692 E - 

James, D Geraint: A Microbial Enigma, review, 1374 

James, Kand Medawar, P. B.: Characterization of Antulymphocytic Antibody, 


Jamieson, Pater B : Crystal Structure of Na,Si,0, a New Type of Silicate Sheet, 


Jansson, R E. W , Middleton, L A., and Lewis, J.: Vibrational Deactivation gf 
Excited States of Nitrogen created in a Microwave Discharge, 589 

Jarvis, J M . see under Milstein, C., et al. + 

Jeffery, J. Ws see under Chatterji, $. 

Jeffray, Lela M - sea under Slowey, J. Frank, et al. 

Jennings, K, R. see under Barber, M., et al. 

Jirmanová, Isa' see under Zeland, Jirina - 

Johanns, Johanna C : see under Hocking, Drake, et al. 

Johansson, G.: sea under Nordberg, R., et al. 

Johnson, A. R., Pearson, Judith A., Shenstone, F. S., and Fogerty, A. C.: Inhibition 
orhe Desacuration of Stearic to Olelc Acid by Cyclopropene Fatty Acids, 


Johnson, L : ses under Bursa, A. S. 

Johnson, M. D.: Organometallic Compounds, Vol. l, second ed., review, 1170 

Johnson, Michael Paul’ Temperature Dependent Leaf Morphogenesis in 
Ranunculus flobellans, 1354 

Johnson, R. H., Margolis, George, and Kilham, Lawrence: Identity of Feline 
Atwaa Virus with Feline Panleucopenia Virus, 175 

Jones, D A.* see under Dowson, D. 

Jones, H . The Optical Properties of Solids, review, 537 

Jones, H C., Black, H. $, and Altschul, A M * Comparison of the Effects of 
Gibberellic Acid and Aflotoxin in Germinating Seeds, 17! 

Jones, |. Chester: see under Mayer, N., et al 

Jones, 1. G : Atlas of Protein Sequence and Structure 1966, review, 854 

Jones, W, Clifford. Sheath and al Filament of Caleareous Sponge Spicule, 365 

Jones, W. G. M : see under Bowie, R. A., et al. 

Jorge, F. B De, and José, N. Kara: lodine Contents of Normal Human Eye 
Tissues, 491 

José, N., Kara’ see under Jorge, F. B. De 

Joshi, S : see under Epstein, Samual $ , et ol. 

Juhasz, $. E. © Reciprocal in tote Conversion of Mycobacterium phlerg>Mycobacterium 
smegmous by Mediation of an Intermediate Hybrid Genome: 82h, 518 

Junge, K. : sea under Andersen, P. 


K sdogerdze, Za G.: see under Chernyakhovskaya, Inessa Yu. 

Kay, Tadashi’ see under Farias, Elvira, et al. 

Kalmanson, George M : see under Guze, Lucien B., ot al. 

Kamper, C.: see under Elkind, M. M., et al. 

Kan, Sau Pheng: see under Davey, K. G. i X 

Kanarek, A. D., and Tribe, G W.: Concentration of Certain Myxoviruses with 
Polyethylene Glycol, 927 

Kanazr, D. T.: see under Simić, M. M., et al. 

Kanematsu, Yoshiko: see under Hayakawa, Shohei, et al. 

Kaplan, N. O.. see under Eppanberger, M_E., et al, 

Kartha, Gopinath: Tertiary Structure of Ribonuclease, 234 

Katsanis, B.: Tobacco Necrosis Virus and Its Satellite Virus, 178 

Kastenschmidt, L. L.: see under Forrest, J C., et al. 

Katiyar, J. C , Sen, A. B., and Bhattacharya, B. K.: Cesticidal Action of Dipheny! 
Sulphone 4 : 4’-Drisothiocyanate, 708 

Kauss, H.. Metabolism of lsofloridoside Oo-Galactapyranosyl 4l rl }=Glycaron 
and Osmotic Balance in the Fresh Water Alga Ochromonas, 1129 — 

Kay, H. E. M.: The Lymphocyte in Immunology and Haemopotesis, review, 854 

Kaberla, H.: see under Lutwak-Mann, C. 

Keenan, M. J,: see under Rayner, M. D. 

Kellershohn, C.: see undar Lenihan, J. M. A. . 

Kelly, P. J.: Embryologie, review, 1058; La Cellule, review, 1058; Sexualité. 


review, 1058 

Kelly, W. A, and Marston, J, H.: Contraceptive Action of Intra-uterine Devices 
in tha Rhesus Monkey, 

Kenderdine, S.- see under Pooley, G. G. E 

Kennedy, A. J.: Nondestructive Testing {second edition), review, 857 

Kennedy, M. A.: see under Cooperband, S. R. 

Kenrick, K. G.: see undar Margolis, J. 

Kent, G. S.: soe under Clemesha, B. R , et al. 

Kenyon, A. J., and Willams, jun., R J.s Lymphatic Leukaemla associated with 
Dysprotelnaemia in Ferrets, 1022 

Keraan, ft M.. sea under Gordon, H., et al. 

Kernan, R. P.: Electrogenic Potasssum Pump related to Generation of End-plate 
Potentials in Muscle, 725 

Kattlewell, H. B. D.: Ecological Methods with Particular Reference to the Study 

Insect Populations, review, 

Kevan, Larry: see under Zimbrick, John 

Khogali, Alı; Excration of qoiseeore in Osteolathyrism, 920 

Khramkova, N.: see under Baloshapkina, T. 

Kidson, Chev.: ses under Lobb, Noslene 

Kies, Manan W : see under August, Charles $, 

Kilbey, B. J.: Loss of Photoropair Ability in Conidia of Neurospora crassa, 1016 

Kilham, Lawrence: see under Johnson, R. H., at al. 

Kimber, G M.: see under Gray, M. D 

King, A. E.: see under Astrup, T., ot ol. 

King, P, E.: see under Richards, J. G. 

King, T. A.: soe under Godin, P J., et al. 

King-Hele, D. G.: The Autonlography of Bertrand Russell, 1872-1914, review, 323 

Kinnie, R.: see under MacFarlane, W., V. 

Kiraly, Z.: see under Pozsar, B. L, et al, x 

Kirk, D. N.: Steroid Dynamics, review 434 

Kishida, Keiko, see under Naka, K, |. 

Kitahara, Satos:, For, Karl R., and Hogban, C. Adnan M.: Depression of Chlonde 
Transport by Carbonic Anhydrase Inhibitors in the Absence of Carbonic 
Anhydrase, 836 

Kitchingman, W. J. Silver, review, 1375 

Kleihauer, Enno’ see under Batke, Klaus. 

Kiem, H. Arthur: Masers and Lasers, review by J. Spencer, 327 

Kleist, T J.: see under Meade, R. C. 

Klerk, H C de Bacteriocinogeny in Lactobacilus fermenti, 609 

Kniazeff, A. J., Rimer, Y., and Gaeta, L.: y-Globulin in Foetal Bovine Sera- 
Significance in Jirology, 605 

Knight, Charles A.: Spiral Air Bubbles in Ice, 1324 è 


` INDEX 


Knowles, Francis, Vollrath, Lutz, and Nishioka, Richard S . Dual Neurosecretory 
innervation of the Adanohypophysis of Hippocampus, the Sea-horse, 309 

Koch, Meinrad A., and Eggers, Hans, J © Mutants of Simian Virus 40 which differ 
tn Coll-transforming Activity, 178 

Kochetkova, G. V ; see under Gause, G F, et al. 

Koehne, William: see under Elsas, Louis J 

Kohlin@ H. see under Binder, H., et al, 

Kolár, O.: Problems of the Origin of the Anodic Part of Cerebrospinal Fluid 
Gamma-G-globulins in Inflammatory Affections of the Central Nervous 
System, 524 

Kole, J © see under Malek, P , et al. 

Kolier, P.C , The Thymus, review, 637 ; immunological Aspects of Viral Oncolysis, 

Se  roview, 637; New Trends in the Treatment of Cancer, review, 637 

Kong, Y C., and Ficq, A . incorporation of Exogenous (Phage) DNA into 
Amphibian Oocytes, 491 

Koningsberger, Y. V ` see under Bloemers, H P. J. 

Korff, R W von Changes in Metabolic Contro! Sites of Rabbit Heart Mito- 
chondna, 23 

Kornberg, Arthur- Phage and the Origins of Molecular Biology, review, 538 

Korotchkin, L | see under Belajev D K etal. 

Korotchkina, L S seo under Belajev, D K et al 

Kouvalainen, Kauko, and Gitlin, David, Passage of Antigens across the Vascular 
Barner of the Thymus, 592 

Kovac, S. see under Bennet, W, S 

Kramis, Ronald C see under Routtenberg, Aryeh 

Kramprtz, G.. see under Lippert, U 

Krane, S M. see under Francois, C J., et af, 

Krekule, J > ses under Sedlová, F , et al. 

Krishnamurthy, B V : see under Chandra, S 

Krista, L. M , Waibel, P E, Shoffner, R, N , and Sautter, J, H > Natural Dissect- 
ing Aneurysm (Aortic Rupture) and Blood Pressura in the Turkey, 1162 

Kronrád, L + seo under Málek, P, at al 

Kumada, K , and Hurst, H M : Green Humic Acid and its Possible Origin as a 

Fungal Metabolite, 631 

Kun, Ernest, Eanes, Robert Z, and Volfin, Prerre Selective Modification of 
Mitochondrial Malato Dehydrogenase Activity by Changes in lonic Strength, 

Kushinsky, Stanley, Chen, Victorra, L (Ma), and Otterness, Ivan’ Activity of 
8-Glucuronidase, [42 

Kushmerick, M J see under Davies, R E, at al. 


Lack, D John James Audubon, review, 1171 

Lacuara,J.L see under Gimeno, M A 

Lagnado, J R, and Hardy, Madeleine Brain Esterases during Development, 1207 

Laiko, A. Y . see under Gause, G F, et of 

Lang, E W : Introduction to Electrical Discharges in Gases (Sanborn C Brown) 
review, 951 

Laithwaite, E R . Eddy Currents, review, 1062 

Lamb, K P, Ehrhardt, P, and Moericke, V.. 
Rubiditum—86, 602 

Lambiet, M > see under Musin, J. R 

Lammarant, J . sea under De Schryver, C 

Lamoureux, G : see under Carnegie, P R, et al 

Lamprecht, W > see under Schafer, G , et al 

Lancaster, J K ° see under Giltrow, J P. 

Lancaster, M The UFAW Handbook on the Care and Management of Laboratory 
Animals (third edition), review, 956 

Lande, | S dela, and Waterson,J G Site of Action of Cocaine on the Perfused 
Artery, 313 

Lands, A.M, Arnold, A, McAulsff, J P , Luduena, F, P , and Brown, jun, T G. 
Drerenaation of Receptor Systems activated by Sympathomimetic Amines, 

pares ere P T+ Doesa Moving Body appear Cool?, 903 

Lane, R 3 . Use of Carbon-I4—Jaballad Arginine to measure Catabolic Rates of 
Proteins and tha Recycling of Aminoacids, 1331 

Lang, A R © X-Ray Diffraction Tables, review, 55 

Langley, P A : Effect of Ligaturing on Pupartum Formation in the Larva of the 

sotse Fly, Glossina morsitans Westwood, 389 

Lannoy, jun, C W de> see under Behrman, R E., et al. 

Lappert, M F. Organoboron Chemistry (Vol. 2), review, 537 

Larson, B L : see under Blanco, Antonio, et al 

Larson, R E. see under Davies, R. E , et al 

Lasser, B seo under Chantry, G W etal 

Laurence, E B > see under Bullough, W S, et al. 

Lawn, A. M : Simple Immunological Labelling Method for Electron Microscopy 
and its Application to the Study of Filamentous Appendages of Bacteria, 

Laws,J ©. The Cancer Cell in vitro, review, 1057 

Layton, A.J, Nyholm, R. $ , Pneumaticakis, G A,and Tobe, M L 
Tetrameric Complexes of Copper(O), 1109 

Layzer, David. Origin of Ulerarelativisue mic Ray Particles, 772 

Layzer, David: Sporadic E in Middle Latitudes. a Reply, 794 

Leach, R W A, and Wareing, P F. Distribution of Aiwan in Horizontal Woody 
Stems in Relation to Gravimorphism, 1025 

Leach, § J : see under Némethy, George, et al 

Lead, W. L. Handbook of Ultraviolet and Visible Absorption Spectra of Organic 
Compounds, review |167 

Leader, E Strong Interactions, review, 1374 

Lebedeva, G, and Zavarun, A : Differential Sensitivity of Some Phases of the 
Mitotic Cycle to Temperature Effects in two Types of Cell Populations in 
Day Old Rats, 110 

Ledinko, Nada: Plaque Assay of the Effects of Cytosine Arabinoside and 5-lodo- 
2/-deoxyuridina on the Synthesis of H-1 Virus Particles, 1346 

Ledoux, L., Charles, P, and Srogl, M . Fate of Exoganous DNA tn Blood and 
Hyperplastic Genital Tract of Female Mice, 1241 

Lee, K S,and Thorp, R H > Possible Mode of Action of a Naturally Occurring 
Cardiotonic Substance in Mammalian Tissue, [352 

Leedale, G F.. An Introduction to the Algae, review, 434 

Lees, J L.: Effect of Time of Shearing on the Onset of Breeding Activity in the 
Ewe, 743 

Lehmann, H : see undar Sansone, G 

Legh, jun., | S.. see under Maričić, S , et al. 

Lammi, Carlos A.E soe under Davidson, Warren, D , et al. 

Lanihan, J. M A, Comar, D, Riviere, R., and Kellershohn, C : Estimation of 
Thyroid ladine in vive by Activation Analysis, 1221 

Léonard, A, and Deknudt, Gh. A New Marker for Chromosome Studies in the 
Mouse, 504 

Lett, J T., Caldwell, | , Dean, C. J., and Alexander, P.: Rejoiming of X-ray Induced 
Breaks In the DNA of Leukaemia Celis, 790 

Leuchars, E, Morgan A, Davies, A. J. S, and Wallis, Y J3 Thymus Grafts in 
Thymecegmized and Normal Mice, 801 


Labelling of Aphid Sallva with 


Dimaric and 


Levene, C. I. see under Manile; G 

Levine, Seymour’ see under Wenk, Eugene, J 

Levitt, Barria: see under Roberts, Jay. 

Lewis, D. H > see under Richardson, D. H. S 

Lews, F, A see under Hull, M. N , 798 

Lewis, J > see under Jansson, R. E, W , et af 

Lewis, K R.- The Gene, review, 538 

Ley, J, De Bain, Nora, and Shewan, 1, M . Taxonomy of the Achromobacter and 
Alhed Species, 1037 

Leyton, L. Role of Forests tn Water Conservation, review, 1060 

Ur, C.C . Fundamental Theorem of Natural Selection, 505 

Li, P. H., and Andersen, W.R Large Amounts of Ribosomal RNA in Colchichine- 
induced Tetraploids of Solanum tuberosum L, 86 

Liaaen-Jensen, $, Weeks, ©, B, Strang, R. H C, and Thirkell, D: Identity of 
Cy-Carotenoid Dehydrogenans-P439 and Sarcinaxanthin, 379 

Libby, F © see under Marshall, L. 

Libus, W., Puchalska, D , and Walczak, M . Autocomplex Formation in Solutions 
involving Octahedral end Tetrahedral Complexes of a Metal lon, 480 

Lindberg, B see under Mopdberg, R, etal, 

Lindholm, Lef Inhibition of DNA Synthesis in Rat Peritoneal Exudate Cells by 
Foreign Substances of Antigenic Nature, 800 

Lindley, Mary Biological Science, review, 68; Development in Flowering Plants, 
review, 68 

Ling, George M * soo under Friesan, Abram, J D , et af 

Lingappa, B T, and lungappa, Yamuna’ Alkaloids as Self-inhibitors of Fungi, 516 

Lingappa, Yamuna see under Lingappa, B T 

Lints, Cecile V., see under Lints, Frederic A. 

Lines, Frederic A, and Lints, Cecile V. Consumption of Oxygen by the Egg of 
Drosophila melanogaster, 785 

Linzell, J L see under Mepham, T, B 

Liozner, A L see under Mkhetdze, D M 

Liozner, Alexander L ses under Svet-Maldavsky, George J , et al 

Lippert, U , Mosabach, K -O , and Krampitz, G Cell Proteins as Primary Hor- 
Mos Acceptors after Injection of Testosterone-4-"4C into Immature Rats, 

Lippincott, E R, see under Hyams, |. J 

Lischner, Harold W , Punnett, Hopa H., and DiGeorge, Angelo M : Lymphocytes 
in Congenital Absence of the Thymus, 580 

Luttbrand, Bo, and Révdsz, László. ect of a Second Exposure to X-rays on 
Post-irradiation Recovery, 841 

Lobb, Noelene, Curtain, C., C , and Kidson, Chev Regulatory Genes controlling 
the Synthesis of Heavy Chains of Human Immunogiobulin-G, 783 

Lodge, Ann. see under Barnet, Ann B. 

Loh, D.* see under Morris, jun, R C 

Loh, Philip C , and Soargal, Marjorie Macromolecular Synthesis in Cells infected 
with Reovirus Type 2 and the Effect of Ara-C, 622 

Long, Y J W see under How, M J 

Longhurst, R. $S . Geometrical and Physical Optics, review by A Thetford, 1376 

Longuet-Higgins, H C Mathematical Biosciences (An International Journal), 
review, 853 

Longuet-Higgins, H. C: Natural Automata and Useful Simulations (Symposium), 
review, 

Looney, Norman E., and Patterson, Max E Chiorophyilase Activity in Apples 
and Bananas during the Climacteric Phase, [245 

Lord, Brian I+ Improved Erythropotatic Recovery tn poorly leradiaced Rats 
after Transfusion of B Coat Calls from the Blood of Partially Shielded, 
Heavily Irradiated Donors, 924 

Loutit, John F : Current Topics tn Radiation Research, Vol I, review, 746 

Lovandge, J. P. Dessication and Ventilatory Control of Water Loss in Locusta 
migratoria migratorioides R and F, 114. 

Luduena, F P.. see under Lands, A M, et al. 

Luke, Colin G see under Davis, Peter S , ot af 

Lund, J W.- Eutrophication, 557 

Lurken, C. see under Ziegler, KL, et al. 

Luwak Mann; C , Schmid, K , and Keberle, H Thalidomide in Rabbit Semen, 
i 

Lutwak-Mann, ©. see under Vitorelli, M. L. 

Lynn, Raymond! see under Crawford, York E , et al 


McAdam, Dale W , and Way, John S- Olfaccory Disermination in the Giant 
Anteater, 316 

McAulhff, J. P + see under Lands, A M , et al. 

McCamish, Joan: A Heat-labile Skin Sansitrzing Activity of Mouse Serum, 1228 

McCarthy, M. C. > see under Davies, D. S 

McClellan, Barbara sea under Butterworth, Michael 

McCulloch, W F . see under Diesch, S L, at of 

McDaniel, Carl N , and Berry, Spencer J Activation of the Prothoracic Glands 
of Antheraea polyphemus, 1032 

Macdonald, J D : Handbook of New Guinea Birds, review, 67 

McDonough, Walter T.: Dormant and Non-dormant Seeds Similar Germination 
Responses when Osmotically Inhibited, 1147 

McDougall, J. sea under Hoffman, H., et of 

MacDougall, Lynne. see under Perry, Thomas L, et al. 

McDowell, M R. C, and Hasted,J B* A Quark Albedo’, 235 

McDuffie, Norton G.« Nuclear Blebs in Human Leukaemic Cells, 1341 

McFarland, D.J} see under McGonigle, B, et al. 

MacFarlane, W. V , Kinnie, R , Walmsley, C, M , Siebert, B. D , Peter, D > Vaso- 
prestins and the Increase of Water and Electrolyte Excretion by Sheep, 
Cartle and Camels, 979 

McGee, J. M , Brown, L. R., and Tischer, R, G. A High-temperature, Hydrogen- 
oxidizing Bacterium—Hydrogenomonas thermophilus, n sp., 715 

McGee-Russell, S M., and Gosztonyi, G + Assembly of Semliki Forest Virus in 
Brain, 1204 

McGinniss, Mary H : see under Schmidt, Paul J 

McGiven, A R, Datta, $ P, and Narn, R C - Human Serum Antibodies against 
Rat Colon Mucosa, 288 

McGoniele, B, McFarland, D J., and Collier, Pauline: Rapid Extinction following 
Drug-inhibited Incadental Learning, 531 

McHardy, N Immunization of Rats against Babesa (Nuttallia) rodhaim, 805 

Macintyre, Ross J, and Dean, Margaret R = Sub-units of Acid Phosphatase-| in 

“Bresophila melanogaster, Reversible Dissoctation In vitro, 274 

McKenze, H. A, and Sawyer, W. H.° Effect of pH on 8-Lactoglobulins, 1101 

MacKenzie, Malcolm R., see under Cline, Martin J 

McKinna, J A.. see umder Parkes, J] D 

McKusick, Victor A Mendelian inheritance in Man, review by P, M. Shep 327 

McLachlan, J., and Craigie, J $ : Bromide, a Substitute for Chloride tn a Manne 
Algal Medium, 604 . 

McLeod, W Aphelenchoides bicaudatus, a Parasite of Cultivated Mughroom, 
1163 

MeLin, P . see under Morris, yun, R, C 

McMahon, Dolores A.. see under Tan, Dora S K., et al 


° 
. . 


x i INDEX 


Macnab, Gwan, and Harington, J.S : 
Mineral Dusts, 522 

McSwain, Berah D : see under Arnon, Damiel |, et af 

McVaigh, J. C . The Theory of Jets in an Ideal Fluid (M_I. Gurevich), review, 950 

Meyergh, J C : Tha Measurement of Air Flow, Fourth Ed , review, 71 

Maccoby, Eleanor (edited by) The Development of Sex Differences, review by 

man Sucton-Smith, 1371 

Machado, F.: Geological Evidence for a Pulsating Gravitation, 1317 

Machino, Mitsuo, and Sakuma, Hiroshi. Electron Microscopy of islat Alpha Cells 
of Domastic Fowl, 808 

Macomber, Peter B , Sprinz, Helmuth, and Tousimis, A J . Morphological Effects 
of Chloroquine on Plasmodium berghe: in Mice, 937 

Maddox, John Is the Literature Dead or Ahve?, 1077; 'The Art of the Soluble, 
review, 50; Sources of Quantum Mechanics, review, 53 

Maerz, J.: see under Mayer, N , et al 

Maheshwan, Ramesh, and Hilderbrandt, A. C . Directional Growth of the 
Urediaspora Garm Tubes and Stomatal Panatration, 1144 

Maignan, G : see under Rollin, P 

Maisin, J. R., and Lambret, M.: Influence of a Mixture of Chemical Radioprotectors 
on the Cellular Renewal in the Duodenum of Mice, 412 

Masin, J R , and Mattelin, G.: Reduction in Radiation Lethality by Mixtures of 
Chemical Protectors, 207 

Makinen, Yrjo, Upadhya, Mahesh D, and Brewbaker, James L - 
Effects of Extracts from y-irradiated Pineapples, 413 

Maksimovsky, L S : see under belajey, D K,et ak 

Milek, | : see under Prokop A 

Malek, P , Ratuský, J., Vavrejn, B , Kronrád, L , and Koic, J.. Ischaemia Detecting 
Radioactive Substances for Scanning Cardiac and Skeletal Muscle, 1130 

Malke, Horst Prophage Induction by N-Methyl-N’-nitro-N-nitrosoguantdine in a 
Group A Streptococcus, BI I 

Maloney, M. A > sea under Ewing, L. L. 

Malpoix, P.: Effects of Polyadenylic Acid and Actinomycin on Lysine Incorporation 
in Chick Embryos, 1125 

Mani, K S see under Rao, S L.N, et af 

Manley, G , and Levene, C | : 8-Aminopropiomtrile and the Mucopolysaccharides 
of Embryonic Chick Aorta, 729 

Mann, K. E. see under Mukherjee, B B, et al. 

Manor, Haim, and Haselkorn, Robert: Size Fractionation of Exponantially 
Growing Escherichia coli, 983 

Mansour, M M., Rassoul, A A A and Schulert, A R Anubiiharzial Antimony 
Drugs, 819 

Mantel, N.: see under Epstein, Samuel S , at af, 

Marasas, W. F. O., Smalley E, B, Degurse, P E., Bamburg, J R, and Nichols, 
R E: Acute Toxcity to Rainbow Trout (Salmo gairdnern) of a Metabolite 
produced by the Fungus Fusarium tricinctum, 817 

March, B. E , and Biely, Jacob: Increased Incidence of Avian Leukosiz in Response 
to Excess Vitamin A, 287 

Margolis, George’ seo under Johnson, R. H., et al. 

Margolis, J., and Kenrick, K G Polyacrylamide Gelelectrophoresis across a 
Molecular Siave Gradient, 1334 

Mante S Leigh, Jun , J S., and Sunko, D E Oxygen Bonding in Haemoglobin, 


Markewitz, Moshe, Graff, Samuel, and Veenema, Ralph } 
Synthesis tn Shed Human Spermatozoa, 402 

Marsh, D. G : seo under Crutchley, M. J. 

Marshall, A M . Kingzect’s Chemical Encyclopaedia, The Condensed Chemical 
Dictionary, The Encyclopaedia of Chemistry, review, 58; Geology of the 
State of Hawai, review, 60 

Marshall, L , and Libby, W F.: Se:mulation of Jupiter's Radio Emission by lo, 126 

Marston, J H.: see under Kelly, W. A 

Marston, R. J.. 
Fault, 159 

. Martin, B K Treatment of Data from Drug Urinary Excretion, 247 

Martin, D seo undar Moroson, H 

Martin, G. M , Sprague, C., and Bryant, J S.: Mitotic Nondisjunction in Cultivated 
Human Cells, 612 

Martinez, Carios see under Heim, Lyle R., at al. 

Martynova, R. P > see under Salganik, R 1, etal. 

Marvin, Ursula B : see under Frondal, Clifford 

Mason, R. K.: Asthma and High Frequency Sound Perception, 99 

Matheson, D F., and Cavanagh, J. B : Protein Synthesis in Peripheral Nerve and 
Susceptibility to Diprharteie Neuropathy, 721 

Mathews, B W , Sigler, P. B , Henderson, R, and Blow, D.M Three-dimensional 
Structure of Tosyl-a-chymotrypsin, 652 

Matthews, C. M, E : Labelled Fluoroborata in the Stomach of Rats, 933 

Matthews, L. Harrison: The Deer and tha Tiger, review, 1372; The Galápagos, 
review, 1372 

Mathur, G. B.. Anaerobic Respiration in a Cyprinoid Fish Rasbora daniconius 
(Ham), 319 

Matranko, N. A sea under Salganik, R. L, et al. 

Matsusaka, Naonort, and Inaba, Jiro: Whole-body Retention of Caessum-137 in 
Suckling and Weanling Mice, 303 

Mattelin, G see under Masin, J R. 

Matty, A. J., Recent Progress in Hormone Research (vol, 22), review, 433 

Mayberry, W R . see under Payne, W. J, et al. 

Mayer, N , Maetz, J , Chan, D, K O., Forster, M., and Jones, |. Chester Cortisol, 
a Sodium Excreting Factor in the Eel (Anguilla anguilla L ) adapted to Sea 
Water, 11/8 

Mayes, P. A.. see under Felts, J. M 

Mead, H. W., and Moore, D C . Metallurgy of Aluminium Alloys, review, 57 

Meade, R, C., and Kleist, T J.: Effect of Human Growth Hormone on Methods 
of Insulin Immunoassay, 195 

Meads, R E.’ Mossbauer Effect Methodology (Vol. 2), review, 215 

Medawar, P, B > see under Jamas, K., 

Mohl, John W ° see under Wilding, Peter 

Meikle, R D : Flora of Turkey and the East Aegean Islands, review, 1059 

Melchert, | : see under Ziegler, Ki, et al. 

Mello, hae K : Inter-hemispheric Comparison of Visual Scimuli in the Pigeon, 


Haemolytic Activity of Asbestos and other 


Cytotoxic 


Absenca of RNA 


Newer Granites of Foyers and Strontan and the Great Glen 


Menzel, D H An Introduction to the Study of the Moon, review, 747 

Menzes, J W : Globular Cluster NGC 326, 689 

Mepham, T B,and Linzell, J. L.. Urea Formation by the Lactating Goat Mammary 
Gland, 507 

Marigan, T. C.: Induction of Circulating interferon by Synthetic Anionic Polymers 
of Known Composition, 416 

Mertz, D, and Hanson, W. Light Stimulated Biosynthesis of Gibberellins in 
Fusarium moniliforme, 844 

Metcalf, D.: see under Bradley, T. R , et al 

Metcalf, Donald: The Thymus, review by P. C Koller, 637 

Metcoff. Jack: see under Yoshida, Takasht, ot ai. 

Maynell, Elinor, and Datta, Naomi’ Mutant Drug Resistant Factors of High 
Transmissibtlity, 885 

Maynall, G. G > see under Williams, Trevor 

e 


. e > 
s 

. 
o @ o, 


Mhatre, R M., Saslaw, L. D, and Waravdekar V S.. Effect of Methotrexate on 
NAD Kinase Activity in Leukaemic Mice, 926; Saslaw, L. D.: see under 
Mhatre, R M 

Mkherdze, D. M , and Liozner, A L : Phenomenon of Tumour Transfer by Skin 
Grafting, 730 

Mkheidze, Damun M.. sae under Svet-Moldavsky, George J, et ol. 

Michael, Joa) A . Site of the Visual Suppression Effect, 1008 

Michael, Richard P , and Saayman, G. Sexual Performance Index in Male Rhesus 
Monkeys, 425 

Middleton, L A. see under Jansson, RL E W., et af 

Miflin, B. ie Distribution of Nitrate and Nitrite Reductase in Barley, 1133 

Mikos, Emilia, and Vane, J. R Effect of Gastrin and its Analogues on Isolated 
Smooth Muscle, 105 Pd 

Millen, D. J.; Molecular Spectra and Molecular Structure (Vol. 3), review, 326; 
Developments tn Applied Spectroscopy (Vo! 5), review, 326 

Miller, ] F. A. P , Mitchell, G, F., and Weiss, N.S.° Cellular Basis of che Immuno- 
logical Defects in Thymactomized Mice, 992 

Miller, S A : seo under Tannenbaum, $. R 

Miller, Terry A.. see under Carrington, Alan 

Milstein, C, Clegg. d; B, and Jarvis, J. M. C-Terminal Half of immunoglobulin 
? Chains, , see under Pink, J R L ; soe under Cohen, S 

Mishra, D , and Mohanty, 8 Extarnal Effect of Indolyl-3-acetic Acid, Benzimida- 
zole and B-nine on Nodulation of Cowpea, 

Misner, Charles W.: Transport Processes in the Primordial Fireball, 40 

Mison-Crighel, Nella see under Pintillia, C., et al 

Misra, Dwarika N.. ‘'Phenylpicrylhydrazyl’’ on mtype Oxidic Surfaces, 1108 

Misra, K. D, ses under Singh, R N 

Mitchell, G. F : see under Miller, J F A, P. 

Mitchell, P.C H Tungsten and its Compounds, review, 1277 

Mitchell, Peter: Proton Current Flow tn Mitochondrial Systems, 1327, Intra- 
mitochondrral pH. a Statistical Question of Hydrogen lon Concentration 
ina Small Element of Space-time, 400 

Mitchison, J. M + Methods in Cell Physiology, review, 64 

Mittler, Jeanne E : see under Mittlar, Sidney, at al. 

Mittler, P. J . Twins and Twin Relations, review, 1372 

Mittler, Sidney, Mittler, Jeanne E, and Owens, Sally L : Loss of Chromosomes 
and Nondisjunction tnduced by Caffeine in Drosophila, 424 

Mittler, T E.: Effect on Aphid Feeding of Dietary Methionine, 386 

Mittwoch, Ursula: Sex Differentiation in Mammals, 554 

Mochmann, H.. see under Ocklitz, H. W. 

Moertcke, V : see under Lumb, K P, et al. 

Mohanty, B . see under Mishra, D 

Mohn, Hideo see under isono, Yuhko, et al 

Monier, |} C + see under Thivolet, J , ot of 

Montgomene, John Z see under Guze, Lucien B, et al 

Montgomery, R D.. see under Ewing, L L: 

Moor-Jankowska, J., Wiener, Alexander S., Gordon, Eve B., and Davis, Joseph H : 
Blood Groups of Baboons demonstrated with Isormmune Sera, [81 

Moore, D C see under Mead, H W 

Moore, D. W see under Howard, L. N, at al 

Moore, F. M, Willis, B T M, Hodgkin, Dorothy Crowfoot, Nockolds, C. K., 
Waters, T. N M, Waters, M, and Rameseshan, S: Structure of a 
Monocarboxylic Acid Derivative of Vitamin B,,, 129 

Moore, W. J. see under Bass, L 

Morcos, Selim A . Effect of the Aswan High Dam on the Current Regime in the 
Suez Canal, 90! 

Moreland, Barbara, Watts, D C, and Virden, R * Phosphagen Kinases and Evo- 
lution in the Echinodermata, 458 

Morgan, A.: see under Leuchars, E. 

Morgan, K.: see under Pechig, R 

Morgan, Linda J.: see under Scheuplein, Robert | 

Moroson, H, and Martin, D. Radiosensitizacion of Escherichia coli by Methyl 
Hydrazine and the Effect of Oxygen, 304 

Morns, D. . xee under Gardner, F. F., et ol. 

Morns, David see under Herb, Catherine 

Morris, Peter J., and Burke, John F. Anulymphocyte Serum and Staphylococcal 
Infection, [138 

Morris, yun, R. C, Ueki, 1, Loh, D, Eanes, R. Z., McLin, P. Absence of Renal 
Fructose--phosphate Aldolase Actrvity in Hereditary Fructose Intolerance, 
920 


Morris, Jun, Russell E + see under Colman, Robert W 

Morse, Jane H.: Further Evidence for Macromolecular Nature of Human C'I, 185 

Mortimer, P. H., and White, E P+ Hepatotoxre Substance tn Brachyglottis 
repanda, 1255 

Morton, A. S * sea under James, D D 

Mosebach, K.-O.* see under Lippert, U. 

Moses, Y : see under Brewer, Mary E 

Moses, W. B ; see under Elkind, M. M., et al 

Moskowitz, Norman: see under Sedar, Albert W. 

Moss, D. W.: see under Eaton, R. Halan 

Moss, R. P.; Amazon Sails (W. G. Sombroek), review, 951-2 

Mott, B W.’ Plutonium 1965 (conference), review, 1278 

Mourant, A. E, and Tills, D Phosphoglucomutase Frequencies in Habbanite 
Jaws and Icelanders, 810 

Mukherjee, B. B, Sinha, A K, Mann, K E, Ghosal, S K, and Wright, W C.: 
Replicative Behaviour of Bovine X-chromosomes during rly DNA 
Synthesis, 710 

Muller, P J.; seo under Dubiska, S. 

Muller, Walter A : Gonad Dose in Male Mice after Incorporation of Strontium-90, 
934 


Munns, R G., Stanley, R J, and Densmore, C D.: Hydrographic Observations 
of the Red Sea Brines, 1215 

Munroe, Eugene Titles, correspondence, 1064 

Muranda, Manuel see under Ercheverry: Raúl, eta. 

Murgatroyd, W.: Optimal Shutdown Control of Nuclear Reactors, review, 70 

Mutants with Altered DNA Base Composition in Boccillus subtihs 168 Isolation 
of (G F Gause et al.), 714 


chante seo under Mode of Anticholinergic Action of Local Anaesthetics 
Maurice B Feinstein and Marva Paimre), 151 

Naga, Martha: see under Friesen, Abram J D., et ol. 

Naga, T. see under linuma, T. A., et al. 

Nagas, Yoshitaka: see under Isono, Yuhko, et al 

Nagel, J.; Isolation from Bordetella pertussis of Protective Antigen free from 
Tome Activity and Histamine Sensitraing Factor, 96 

Naidu, N V., and Reddi, O S Effect of Post-treatment with Erythroporetin(s) 
on Survival and Erythropoietic Recovery in Irradiated Mice, 1223 

Nurn, R C: see under McGiven, A R, et al. 

Naka, K. l, and Kishida, Kerko © Simultaneous Recording of S and Spike Potantrals 
from the Fish Retina, 1117 

Nakamura, Motoomi’ ses under Arakawa, Kikuo, et of e 


INDEX 


Nakane, Paul K : see under Pierce, G Berry 

Nakatani, Misako. see under Arakawa, Kikuo, et al. 

Na-Nakorn, S : see under Wast, P., et ol. 

Naor, D., and Sulitzneau, D.: Binding of Radioiodinated Bovine Serum Albumin 
to Mouse Splean Cells, 687 

Napier,J R  Man-Apes or Ape-Men’, review, St 

Naughgon, M. A : see under Hoffman, H , et af 

Nayar i K . Endogenous Diurnal Rhythm of Pupation in a Mosquito Population, 

8 


Neavas, A see under Dettmer, C. M, et al. 

Needham, Joseph: see under Smith, Peter J 

Neel, Louis andbuch der Physik (Band XVIN/2), review, 325 

Nli, E. Ellen: sos under Hardy, Paul H. 

Nélson, B C see under Oliver, jun, J H 

Neison, J B Etho-Ecolopcal Adaptations in the Great Frigate-bird, 318 

Nelson, L. S.° soo under Hoffman, J M , et af 

Némethy, George, Phillips, D. C , Leach, S. J., and Scheraga, Harold A > A Second 
Right-handed Helical Structure with the Parameters of the Pauling-Corey 
a-halix, 363 

Neuhaus, Otto W. see under Roy, Arun K, 

Newman, Donald L. see under Dubowrtz, Victor 

Newsome, J.: Phagocytosis by Human Neatrophils, 1092 

Ney de Alvarado, Zoila seo under Horvath, Antonio 

Ng, Won G., Donnell, George N , Hodgman, Joan E, and Bergren, William R 
Differences ın Uridine Drphosphaca Galactose-4-Epimerase between 
Haemolysates of Newborns and of Adults, 283 

Nichols, David see under Currey, J D. 

Nichols, J H.+ see under Ryland, J. $, 

Nichols, R. E : see undar Marasas, W, F O 

Nichparenko, Sue: see under Wilson, Charles 

Nielsen, J. T : see under Sick, K , et al. 

Niemann, Ingrid: see under Ratsz, Lawrence G. 

Neral, ie and Cummings, J. N : Nissi Substance and Ribosomal Aggregates, 

Nisbat, IN W : Immunological Tolerance in the Absence of Cellular Chimerism, 

Nishimura, Tamio, Tamura, Chizuko, and Uchida, Yasuko Antidotes tn Anti- 
cholinesterase Poisoning, 706 

Nishioka, Richard S. see under Knowles, Francis, et af 

Nobel, Park S . Calcium Uptake, ATPase and Photophosphorylation by Chloro- 

lasts in vitro, 875 

Nockolds, C.K see under Moore, F M. 

Noel, P R. B : soe under Barnett, K. C. 

Nordberg, R, Albmdge, R. G , Bergmark, T , Ericson, U , Fahiman, A., Hamnn, 
K, Hedman, J., Johansson, G , Nordling, C., Siegbahn, K., and Lindberg, 
B. Shifts in Electron Spectra of Nitrogen in Organic Molecules, 481 

Nordin, B. E. C. see under Hodgkinson, A 

Nordling, C see under Nordberg, R, et al 

Norman, Amos see under Sasaki, Masao S 

Nyi, L : Change in the Race of Deacylation of Banzylpentillin and Phenylacety! 
Glycine during Submerged Cultivation of Escherichia coli, 1347 

ecm F. Chemical Activation of Blood-clotting Factors and Thrombosis, 
1 

Nowell, N W,and White, D C Adjustment to Cold of the Isolated Rat, 913 

Nwaigwe, C N C, Hall, S H., and Usher, M, J Systematic Diurnal Variations 
m the Period and Polarization of Magnetic Micropulsations in South-west 
England, 1319 

Nyhoim, R.S see under Layton, A J, et af. 


Ockie, H W ,Mochmann, H , Schmidt, E F „and Hering, L Oral immunization 
of Mice with a Soluble Protective Antigen obtained from Enteropathogenic 
Serotypes of Escherichia coli, 1053 

Oertel, G.* seo under Graig, G Y. 

ope, C W. Low Frequency Saund and Oxytocic Activity of Plasma in Rats, 1112 

OKunewick, James P., and Herrick, Stephen E, Response of Pines irradiated 
with Lethal and Sublethal Doses of y-Radiation, 514 

Qibeardıng, B. A.: soe under Huser, H J 

Oldfield, R. C.. Brain Function, Vol, 3, review, 328 

Oliver, Jun, J. H , and Nelson, B C Mite Chromosomes an Exceptionally Small 
Number, 809 

Olivi, Marta: see under Squartini, Francesco, et al 

Olsen, Stgurd see under Olson, Paul R 

Olson, George B , South, Mary Ann, and Good, Robert A Phytohaemagglutinin 
gnresponsivaness of Lymphocytes from Babies with Congenital Rubalia, 

Olson, Paul R, and Olsen, Sigurd Membrane Filtration of Fresh Water, 1217 

Olsson, C., N , and Smith, Alex G : Delineation of Jovian Decametric Sources by 
Millsecond Pulses, 999 

Olsson, R : see under Friend, J 

Oriel, P J., and Wilder, Janice, Optical Rotatory Dispersion of Double-stranded 
RNA, 702 

Ortiz, Fernando Salt Solubility of Reaginic Antibodies, 97 

Osbahr, Albert J : sea under Colman, Robert W. 

Osborne, Daphne J see under Horton, Roger J 

Ose, Evind, see under Closs Karl, et al. 

Osman, W. A. A Russian Electron Accelerator, 1185 

Osmun, Donald, E. : see under Clark, Arnold M. 

O'Sullivan, A J, and Richardson, Alison J : The Torrey Canyon Disaster and 
Intertidal Marine Life, 448 

Oth, D., and Burg, C. Persistence of Syngenerc Preference given by a Methyl- 
cholanthrena-induced Sarcoma after Four Consecutive Passages in F, 
Hybrids, 418 

Otterness, Ivan’ see under Kushinsky, Stanley, et al. 

Ortewill, R H : Surface Chemistry, review, 538 

Over, R.. Detection and Recognition Measures of Shape Discrimination, [272 

Over, Ray: Haptic (lusions and Inappropriate Constancy Scaling, 629 

Owen, P, R. Fluid Mechanics of Internal Flow (Symposium), review, 432 

Owens, Sally L- see under Mittler, Sidney, et al. 

Oxbury, John see under Oxbury, Susan, et al. 

Oxbury, Susan, Oxbury, John, and Gardiner, Jane. Laterality Effects in Dichotic 
Listening, 742 


Paan, Gilberto see under Horvath, Antonio 

Paimre, Marve: see under Fernstein, Maurice B, 

Pain, J. An Introduction to Magneto-Fluid Mechanics, 2nd ed, review, 54; 
Journal of Plasma Physics, Vo! 1, Pt 1, review, 54 

Pak, C.T C, and Gershfeid N L. Steroid Hormones and Monolayers, 888 


Pak, Wiliam L., Rozz, Vincent P , and Ebrey, Thomas G.: Effect of Chan, 
the Chemical Environment of the Retina of the Two Components ot 
Early Receptor Potential, 109 

Paltridge, G. W. see under Bhartendu 

Panchen, A. L, Tilley, Eileen H , Stael, C. A B 
Skull in the Durham Coal Measures, 1001 

Pankhurst, R. C. see under Ower, È 

Panos, Charles see under Crawford, York E, et al 

Parar, J. T.: see under Behrman, R E., etal 

Parkash, Om: Mutagenic Effect of Irradmted DNA tn Drosophila melanogaster, 611 

Parker, Julius A. see under Tourtellotte, Wallace W. 

Parkes, J, D., and McKinna,J A : Effects of Thymic Extract on the Neuromuscular 
Junction, 1116 

Parrot, Jean-Louis: see under Ruff, Francois, et al 

Parsons, J A.: sea under Euw, J. v, et al 

Pasternak, G.: Drfferentiation between Viral and New Cellular Antigens in 
Graffi Leukaemia Mice, 1364 

Patel, Anil B , and Brown, Harry Darrow 
by 2, 4-Dinitrophenyl Hydrazine, 402 

Patterson, Max E . see under Looney: Norman E. 

Paul, John’ Cells and Trssuex in Culture. Methods, Biology and Physiology, 
Vol 3, review, 69 

Paulsen, Elsa P., Richendarfer, Lee, and Winick, Paul Suppression of Plasma 
Immunoreactive Insulin in Rats given D-Mannoheptulose, 276 

Pavel, U soe under Petarson, K. 

Pavilanis, V : see under Gilker, JC, 

Payne, W J, Wilhams, Joy P, and Mayberry, W., R -© Hydrolysis of Secondary 
Alcohol Sulphate by a Bacterial Enzyme, 623 

Pearse, A G E., and Carvelheira, A. F. Cytochemical Evidence for an Ultimo- 
branchial Origin of Rodent Thyroid C Cells, 929 

Pearson, Judith A . see under Johnson, A R. 

Pena, Carmen da la: see under Yoshida, Takash:, et al. 

Penn, C.M see under Whittington, W. J. 

Pennell, Natale’ see under Chieco-Bianchi, Lurgi 

Panrose, L $ : The Genetics of Neurological Disorders, review, 63 

Pensko, Jerzy. Unusually Radioactive Fossil Bones from Mongolia, 161 

Panston, M, Y.. sea under Cannon, R. D 

Perkins, H R.: see under Chatterjee, Anad: N , et al. 

Perret, Dorothy see under Anderson, E S. 

Perris, A D., and Whitfield, J. F Effect of Calcium on Mitosis in the Thymuses of 
Normal and Irradiated Rats, 302 

Perry,A R : The Hepaticae and Anthocarotae of North America, Vol I, review, 68 

Perry, Thomas L , Hansen, Shirley, and MacDougall, Lynne = Identity and Signifl- 
cance of Some Pink Spots tn Schizophrenia and Other Conditions, 484 

Persson, B. H . see under Arturson, G. 

Peter, D . see under MacFarlane, W. V 

Peterhk, M, and Waldhausl, W > lsolation of a Non-dialysable Active Pressor 
Principla from Pig Serum, 279 

Peters, Alan. see under Forrester, John 

Peterson, Elbert A, and Evans, Warren H 
Sedimentation at Unie Gravity, 824 

Peterson, K , and Pavel, U > Effect of Endotoxin on Resistance in the Early Period 
of Ontogenesis, 699 

Petford, A D  Prinaples of Astrometry, review, 1376 ~ 

Fethig. R ,and Morgan, K. dc Dark Hall Mobility Measurements on Anthracene, 

66 


Discovery of an Anthracosaur 


Selective Deamination of Nucleosides 


Seperation of Bone Marrow Cells by 


Petts, Valerie see under Zuckerman, A J 

Pfeifle, } : see under Godin, P. J, et ol. 

Phillips, D. C.. see under Némethy, George, et al 

Phillips, D. E. H + see under Simons, P. J. 

Philpotes, A R, Pattison, E F., and Fox, JS.: Kalsilite, Diopside and Meluite in 
a Sedimentary Xenolith from Brome Mountain, Quebec, 1322 * 

Pienkowski, Marek see under Darrynkiewicz, Zbigniew . 

Pierce, G Bary and Nakane, Paul K + Nuclear Sex of Testicular Teratomas of 
Infants, &20 ij 

Pierpaoli, Wo: Thymectomy and the Prolongation of Tolerance to Bovine Serum 
Albumin ın Adult Rats, 802 

Pierre, Leon L . see under Epstein, Stephen 

Pink, J R. La, and Milstevn, C > Inter Heavy-Light Chain Disulphide Bridge in 
immune Globulins, 92 

Pintillie, C , Mison-Crighel, Nella, and Badiu, G : Convulsive Effect elicited by 
To eal Application of Penicillin on Glucamate-Glutamine System of Brain, 

Pitman, Michrel G * see under West Keith R. 

Plank, S J, Hunt, R. D , and Cohen, A S : Amyloidosis in Guinea-pigs immunized 
with Sperm and Adjuvant, 1368 t 

Plesnicar, Marjana see under Bonner, jun, Walter D. 

Pneumaticakis, G. A. see under Layton, A. J., et al 

Polisek, J, and Rotrekl, B.. Isulphatases of Human Blood Platelets, 187 

Pollak, O J3 . see under Wada, Akira 

Pomerantz, M A see under Duggal, $ P, et af 

Pomeroy, C.D see under Evans, ivor 

Pompeiano, © see under Carli, G. 

Poole, A. R, and Willams, D C > In vivo Effect of an Invasive Malignant Rat 
Tumour on Cartilage, 1342 

Pooley, G. G, and Kenderdina, S$ . Radio Emission from the Nucleus of the 
Andromeda Nebula, 1190 

Popper, Karl R : Structural Information and the Arrow of Time, 322 

Porath, Jerker: see under Axén, Rolf, et af 

Porro, Rodney F. see under Einheber, Albert, et al, x 

Postic, Bosko: see under Ho, Monto 

Potts, G. R.: see under Robinson, J., et of 

Pounds, K A.. see under Evans, K , et al. 

Powers, N sco under Edwards, A. V 

Pozsár, B |, Hammady, M. El, and Kiraly, Z 9 Cytokinin Effect of Benzyladenine 
Increase of Nucleic Acid and Protein Synthesis in Bean Leaves, 273 

Pratt, G E : Assocation of Folin positive Material with Blood Proteins of the 
American Cockroach and the Oviposition Cycle, 1034 

Pract, P L  Recrystallization, Grain Growth and Textures, review, 1171 

Prensky, Arthur L.* see under Dreyfus, Pierre M., 

Price, J. see under Edwards, J. A. 

Price, John L., and Thomson, William W - Occurrence of a Crystalline Inclusion 
in the Chloroplasts of Macadamia Leaves, |148 

Price, W. C.: Bibliographte des Spectres des Molécules Polyatomique dans 
Uleraviolet & Vide, review, 56 

Prestley, M B: Non-Linear Transformations of Stochastic Processes, review, 536 

Pritchard, G G, and Hudson, Margaret A . Changes in Catalase Activity tn 
Higher Plants and Fungi treated with Oxygen at High Pressure, 

Prokop, A, Ričica, J, Malek, l, and Thomas, J ° Growth and Physiological 
Charactertstics of a High Temperature Strain of Chlorella pyrenot , 1234 

Prue, J. E. Chemical Equilibrium (A J Sard), review by, 1170, The PRncples 
of Chemical Equibbrnum, with Applications in Chemistry and Chemical 
Engineering, second ed , review, 1176 è 


ae @y 


xii ` 3 


Pryde, John A High Vacuum Technique, Fourth Ed (J Yearwood), review, 951 
Prashne, Mark’ Specific Binding of the 2 Phage Repressor to A DNA, 232 
Puchalska, D.: see under Libus, W , et al. 

Pugh, D. T.: Origin of Hot Brines in the Red Sea, 1003 

Pujol, J. P : Formation of the Byssus in the Common Mussel (Mytilus edulis La), 204 
Punnett, Hope H see under Lischner, Harold W , ot al 

Putley,E H see under Gebbie, H A, et al 


ta 


Qun, J A and Biur, L.M Diffusion in Gels and Polymeric Solutions, 907 


Rae, A C ses under Chapman, C 

Ragan, Charles see under Briscoe, Anne M 

Raghunatha Rao, T, R : see under Rao, S. L. N , et al. 

Ragland, Ili, W L,and Gorham, John R.. Tonsillar Carcinoma in Rural Dogs, 925 

Rain, Marie-Chrisuine: see under Catagner, Fernande, et al 

Raisz, Lawrence G., and Niemann, Ingrid Early Effects of Parathyroid Hormone 
and Thyrocalcitontn on Bone in Organ Culture, 486 

Rayhathy, Tibor: see under Thomas, Hugh 

Ralph, B Electrons, Neutrons and Protons in Engineering, review, 53 

Rameseshan, S.. see under Moore, F M 

Randall, A W . see under Copp, F. C, et al 

Rankama, Kalervo’ Megayear and Gigayear Two Units of Geological Time, 634 

Rao, K Suryanarayana, and Tulpule, P, G . Vametal Differences of Groundnut in 
the Production of Aflotoxin, 738 

Rao, S L N, Sarma, P S, Mani, K. S., Raghunatha Rao, T R, and Smramachar, 
5. Experimental Neurolathyrism in Monkeys, 610 

Raphael, R, A : No Change for Chemistry, correspondence, 1378 

Rappaport, Lawrence, and Sachs, Menachem: Wound-induced Gibberellins, 1149 

Rassoul, A. A. A . see under Mansour, M M 

Ratusky, J. see under Málek P , et al. è 

Ravkıns, Lucy | see under Svet-Moldavsky, George J , et al 

Raw, I.: see under Brentanı, R , et al 

Raymond, S . see under Broome, J 

Rayner, M D , and Keenan, M J Role of Red and White Muscles in the Swim- 
ming of the Skipjack Tuna, 392 è 

Reddi, O. S.: see under Naidu, N. Y 

Redfearn, E. R.: Current Topics in Bioenergetics, Vol 1, review, 65 

Regoecz, E : Labelled Fibrinopeptide B and the Denaturation of Fibrinogen on 
Over-iodination, 1239 

Regones:, Carlos see under Etcheverry, Raúl, et al 

Reichstein, T.: see under Euw, J v, et af 

Reid, G. W.: see under Greanhaigh, I. F D 

Reid, John Auroral Zona Cosmic Noise Absorption Pulsations, [321 

Reilly, C : Sodium and Potassium Transport in Normal and Mutant Yeasts 
Inhibition by o-Pheananthroline, 1330 

Rentchnick, P see under Manuila, L , et al 

Reuter, G E H Denumerable Markov Chains, review, 51 

Révész, László * see under Littbrand, Bo 

Reynterse, James H , and Ellis,"R. R . Apsreration Formation in Three Species 
of Planaria’ Distance to Nearest Neighbour, 895 

Ribacchi, Rodolpho’ see under Squartini, Francesco, et af 

Ribbands, Dr rol R : obstuary, 1171 

Riccem, G, and Cocuzza, G.. Activity of Thymidine Kinase in Mouse Embryo 
Cells infected with Polyoma Virus, I9t 

Richards, A. J.: see under Valentine, D H 

Richards, J G., and King, P. E.. Chorion and Vitelline Membranes and their Role 
in Resorbing Eggs of the Hymenoptera, 60! 

Richards, M H.. sea under Thivolet, J, et al 

Richardson, A. sea under Robinson, J, et al 

Richardson, Alan] see under Glow, Peter H 

Richardson, Alison J see under O'Sullivan, A. J. 

Richardson, D. H. S., Smith, D C, and Lewis, D H Carbohydrate Movement 
between the Symbionts of Lichens, 879 

Richenderfar, Lee zee under Paulsen, Elsa P , at al 

Ričica, J. see under Prokop, A 

Rickes, E. see under Wasa, A W , etal 

Riecke, William © seo under Slonecker, Charles E 

Rifé, Ubaldo soe under Blanco, Antonio, et al 

Rigby, B J. Correlation between Senne and Thermal Stability of Collagen, 87 

Riley, Ralph. Mutations in Plant Breeding, review, 856 

Rimer, Y seo under Knrazeff, A J 

Rimington, C Condensation of Porphobilinogen, correspondante, 220 

Riviere, R ses under Lenihan, J M A 

Robbins, N . “Electric Taste” after Section of the Chorda Tympani, 1113 

Roberts, Carmel Montgomery sea under Gimeno, Martha A. 

Roberts, Jay, Levitt, Barrie, and Standaert, Frank G Autonomic Nervous 
System and Control of Cardiac Rhythm, 912 

Robertson, jun, Abel Lazrarin:, and Insull, jun, William Dissection of Normal 
and Atharasclerotic Human Artery with Proteolytic Enzymes in vitro, 821 

Robin, G de Q + Traté de Glacioiogie (Tome 2), review, 431 

Robinson, E A > see under Gottlieb, A J, et of 

Robinson, J, Richardson, A, Crabtree, A N, Coulson, J. C, and Potts, G. R.- 
Organochlorine Residues in Marine © isms, 1307 

pores B D > Anaerobic Incubation of Soil and the Production of Ammonium, 


Robinson, J C.- see under Forbes, W F 

Robinson, P. A.: see under Bradley, J N 

Robinson, Robert: Origins of Oil, a Correction and Further Comment on the 
Brunnock Even C-Number Predominance tn Certain Higher Alkanes of 

3 African Crudes, snd on the Biogenesis of Nonacosane, 263 

Robinson, W > see under Bradley, T R, et af 

Rockert, Hans’ see under Jacobsson, Alf 

Rockey Marsha A.: Interdiscplinary Perspectiva of Time (Symposium), review, 


Roe, F. J C, and Waters, Margaret A > Induction of Hepatoma in Mice by 
Carcinogens of the Pol cre ıc Hydrocarbon Type, 299 
Rogers, Henry J.- see under bu Jen, J. J., et al 
Rotzman, Bernard’ see under Spear, Patna G, 
Rojas, Carlos: see under Etcheverry, Raúl, et af 
Rollin, P., ana Maignan, G Phytochroma and the Photoinhibition of Germina- 
tion, 
Romef>-Sterra, C., Buchwald, N A, Wakefield, C., and Hull, C 2.: Two Point 
Discrimination of Subcortical Electrical Stimulation, 837 
Ronichevskaya, G M,: seo under Salganikoy, R |, et a! 
Rosen, man, Einheber, Albert, Brown, Nesbitt D, and Wren, Robert E.: 
Chlortetracyclina and Mouse Intestinal Wall, 671 
Rosenberg, Leon E.: see under Elsas, Louis J 
-+ 
+. e ° 
d 
e oe © o e 


INDEX 


Rosenblum, E, N ses under Duc-Nguyen, H. 
Ross, R. B., and Russell, I. Steele: Subcortical Storage of Classical Conditioning, 
10 


2 ` 
Rothbaum, H. P.* Freeze Dried Callulose Acetate Membranes with 1000 A Pores, 
285 


Rotheram, Susan. Immune Surface of Eggs of a Parasitic Insect, 700 
Rothschild, Miriam: see under Euw, J. v., et al. ’ 
Rotrekl, B.* see under Poldsek, J, 
Routtenberg, Aryeh, and Kramis, Ronald C : “Foot-stomping” in the Gerbil: 
Rewarding Brain Sumulation, Sexual Behaviour, and Foot Shock, 173 
Rowhnson, | S The International Encyclopedia of Physical Chemistry and 
Chemical Physics, review, 62 

Roy, Arun K , and Neuhaus, Otto W.. Androgenic Control of a Sex-dependept 
Protein in the Rat, 618 

Rozz, Vincent P.: see under Pak, William L. 

Ruel, J P.: see under Thivolet, J, et al. 

Ruff, François, Saindelle, Anatole, Dutripon, Eugane, and Parrot, Jean-Louis: 
Continuous Automatic Fluorometric Evaluation of Total Blood Histamine, 


279 

Russall, | Steele: see undar Ross, R. B 

Rutherford, P. P.: see under Flood, A. E 

Rutland, J P see under Gordon, J J 

Ryan, C. A, and Huisman, O. C.: Chymotrypsin Inhibitor | from Potatoes a 
Transient Protein Component in Leaves of Young Potato Plants, 1047 

Ryland, J. S ,and Nichols,J H . Effect of Temperature on the Efficiency of Growth 
of Place Prolarvae, 529 

Ryley, J. F.: sea under Bowie, R, A, at al 

Ryther, John H * Occurrence of Red Water off Peru, 1318 


Sayman G : see under Michael, Richard P. 

Sabine, David B, and Vaselekos, Jacqueline 
Lactobacillus acidophilus, 520 

Sachs, Menachem: sea under Rappaport, Lawrence. 

Sackler, Arthur M, and Weltman, A Stanley Effects of Isolation Stress on 
Peripheral Leucocytes of Female Albino Mice, | 142 

Sagittarius A seo Radio Emission from the Nucleus of the Andromeda Nebula 
(G G. Pooley and S. Kenderdina), 1191 

Saki, M © see under linuma, T. A, et ol 

Saindelfe, Anatole see under Ruff Frangors, et al. 

Sar, R. A . see under Forrest, 1. C., et al. 

Saito, Michi, and Yamaki, Toshio: Retardation of Flower Opening in Oenothera 
lamarckiana caused by Blue and Green Light, 1027 

Sakuma, Hiroshi: see under Machino, Mitsuo 4 

Salganicoff, Laon: see under Cheung, Wai Yiu 

Salganik, R |, Martynova, R P., Mattanko, N A, and Ronichevskaya, G. M. 
Effect of Deoxyribonucleasa on the Course of Lymphatic Leukaemia tn 
AKR Mice, 100 $ 

Salisbury, John W , and Adler, Joal E, M. Density of the Lunar Soil, 156 

Sambrook, J. F, Fan, D. P., and Brenner, S : A Strong Suppressor Specrfic for 
UGA, 452 

Sampietro, R,: see under Solcia, E. 

Sanders, F Kingsley: The Journal of General Virology, Vol. 1, Part 1, review, 636 

Sandoz, George: Street Corrosion Cracking Susceptibility of a Titanium Alloy in 
a Non-electrolyte, 166 

Sansone, G, Carrell, R W, and Lehmann, H.: Haemoglobin Genova’ 828 
po Leucine>Prolina, 877 

Sanstade, G.: see under Binder, H., et al 

Saraf, D N., and Fatt, l.. Effect of Electrolytes on Moisture Determination by 
Nuclear Magnetic Resonance, 1219 

Sarkissian, |, V., and Spelsberg, T C : Auxtnanduced Elimination of a Protein in 
Bean Hypoco p 319 

Sarma, P. $ . see un Rao, S.L N, etal 

Saruchanova, L, E.: see under Gause, G. F., et al. 

Sasaki, Masao S., and Norman, Amos: Selection agalnst Chromosome Aberra- 
tions in Human Lymphocytes, 502 

Sasaki, Susumu Production of Lymphocytosis by Polysaccharide Polysulphaces 
(Haparinords), [041 

Satchuthananthavala, V, and Cooke, R C . Carbohydrate Nutrition of Some 
Nematode-trapping Fungi, 321 

Saunders, A M, and Silverman, L.: Electron Microscopy of Chondromucoprotein 
and tha Products of its Digestion with Hyaluronidase and Papain, 194 

Sautter, |] H see under Krista, L. M., et al. 

Sawyer, W H., see under McKenzie, H A 

Schelkunov, E L Adrenergic Effect of Chronic Administration of Neuroleptics, 
1210 

Schaeffer, R C. ionospheric No-echo Occurrences, 376 

Schafer, G , Balde, P., and Lamprecht, W. Substrate Transformations dependent 
on Respiratory States of Mitachondrra, 20 

Sche a, et al. 


, Harold A see unde” Némathy, Geor 

Scheuplein, Robert J., and Morgan, Linda J.. “Bound Water” in Keratin Mem- 
branas measured by a Microbalance Technique, 456 

Schiff, H |: see under Spindler, G. B 

Schmid, G + see under Lutwak-Mann, C 

Schmidt, E F.: see under Ocklitz, H. W 

Schmidt, Paul J., and McGinniss, Mary H.. Cell Surfaces, Blood Groups and 
Micro-organisms, 1363 

Schoenborn, Benno P . Binding of Cyclopropane to Sperm Whale Myoglobin, 
1120 


Trace Element Requirements of 


Schoessler, J.: see under Hill, R, M., et al. 
Schrauzer, G N., and Windgassen, R J. 
by Vicamin Byop in vitro, 492 
Schubart, J, and Zech G.’ Detarmination of the Astronomical Unit by the 
Dynamical Method, 900 

Schulert, A. R.' see under Mansour, M. M. 

Schultz, Stanley G , Curran, Peter F, and Wright, Ernest M : Interpretation of 
Hexose-dependent Electrical Potential Differences in Small Intestine, 509 

Schutt, M see under Graff, A., et al 

Schwartz, Samuel. soe under Davis, Richard B 

Scott, W B > see under Leim, A. H. 

Scnba, Peter C, and Fries, Marianne: Aminoacyltransferase Stimulation of 
Protein Synthesis by Pig Adrenal Polysomes, 91 

Scurfield, G . Apical Pore in Fungal Hyphae, 740 

Seashore, Margretta R.- see under Glaser, Gilbert H. 

Sedar, Albert W , and Moskowitz, Norman: Differentiation of Synaptic Bulbs In 
Clarke's Column, 391. 

Sedon, Harry. Profile of the Unidentified Interstellar Absorption Band at 4430 A 
at Diferent Galactic Longitudes, 257 

Seidenbarg, J,: see under Wase, A W , et al. 


Synthesis of Methyl Groups catalysed 


INDEX 


Seidlová, F., Krekule, J, and Teltscherové, L.: Inhibition of Flowering In 
amus niger by 6-Azauracil without Suppression of Stem Growth, 


satin E. * sea under Nordberg, R. et al. 
Sela, Michael : see under Haimovich, Joseph, et al. 
Selman, G., G.: International Annual Review of Cytology, Vol. 20, review, 69 
Sen, Ake : | see under Katyar, J. C., et al, 
Sen, H G., and Seth D.. Complete Development of the Human Hookwarm, 
Necator amaricanus, in Golden Hamsters, Mesocricetus auratus, 609 
Sengar, Horst, and Bishop, Norman l.: Quantum Yield of Photosynthesis in 
Synchronous Scenedesmus Cultures, 140. 
rfontain, W J „and Smith, J. H.: Evidence for the Occurrence of N-Nitrosamines 
© in Tobacco, 169 
Seth, D.: see under Sen, H. G. 
Shalla, A K.: see under Bauer, Henry H. 
Shank, R, P.: see under Davidoff, R. A, et a 
Shapiro, |, M.° see under Shmakova, N L,etal 
Sharma, R. C: Mechanism of the Chienti Behaviour of Cells in an 
Alternating Electric Field, 83 
Shaw, N.: see under Sebile, H A, ot ai 
Shenstone, F, S.: see under ohnson, A 
Shapard, T. H, see under Fink, B R, et Pa 
Sheppard, P A.. Is Weather Predictable?, correspondence, 858 
Sheppard, P M. Mendelian Inhentance tn Man, review, 327 
Shewan, J. M : see under Ley, De J. 
Shimao, E : Structure of the Mo,0¥ lon in a Crystal of Ammonium Heptamolyb- 
date. Tetrahydrate, 170 
Shindy, Wasfy, and Weaver, Robert J - Plant Regulators alter Translocation of 
Photosynthetic Products, 1024 
Shmakova, N L.* Yarmonenko, S. P., and Shapiro, 1. M.: Cytological Analysis 
of Radiation Damage and Recovery of Bone Marrow in Mammals, 719 
Shoffner, R. N.: see under Krista, L M, at af 
Shuster, Sam, and Bottoms, Eva: Effect of Ultra-violet Radiation on Shan Collagen 
of Intact Living Mice, 599 
Sick, K, Bahn, E., denberg, ©, Nielsen, J. T., and Wettstein, D. von. 
Masmoslobin Polymorphism of the American Fresh Water Eel Anguilla, 
aan Wasim Ahmad and Trager, William: Free Aminoacds of Blood Plasma 
Erythrocytes of Normal Ducks and Ducks tnfected with Malarial 
Parasite, Plasmodium lophurae, 1046 
Siebert, B D. see under MacFarlane, W V. 
Sigler, P. B+ see under Matthews, B W , et al 
Sıivor, Joseph J.: zes under Smith, Adolph E. 
Silverman, L.* see under Saunders, A. M. 
Silverstone, Leon M.: Surface Phenomena in Dental Caries, 203 
Sim, M. F.: see under Copp, F. C , et al 
Simd, M. M., Hudmik-Pleynik, T., and Kanazır, D. T.: Effect of X~rradiation on 
the Synthesis and Composition of Pulse-fabelled RNA of the Liver of tha 
Rat Foetus, 489 
Simktss, K.* Acute Hypercapnia and Eggshell Formation, 84 
Simons, P, J., Dourmashkin, R R. Turano, A., Phillips, D. E H and Chesterman, 
F C.; Morpholo. teal Transformation ‘of Mouse Embryo Calls in vitro by 
Murine Sarcoma Virus (Harvey), 897 
Simpson, Elizabeth’ Seal Hunting in the Gulf of St. Lawrence, [274 
Simpson, J. E, and Wright, R. H.: Area Treatment to Combat Mosquitoes, 113 
Sinclar, Nicholas R. Haemolysin Rasponses to Sheep Erythrocytes in Neonatally 
Thymectomized Swiss Mice, 95 
Stinger, Kenneth M , Chovnick, Arthur, Suzuki, David T., Baithe, David, and Hoar, 
David: Attempts to induce Crossing-over in Drosophila melanogaster 
Males with Ovarian Extracts, 503 
Singer, Leon, and Armstrong, W. D+ Normal Human Serum Fluoride Con- 
centrations, 116! 
Singh, R. N, and Misra, K. D. 
Layers, 375 
Sinha, A. K.. see under Mukherjee, B, B , et al. 
Slas, ©. B., and Wraith, P. K.> Discrete Radio Sources at 38 Mc/s, 971 
Slizynskı, B, M. © DNA and Genes, 112 
Slonecker, Charles E , and Rrecke, William O, ; Protein and Nucleic Acid Synthesis 
in Lymph Node Cells of Thymectomized Rats undergoing a Primary 
Immune Response, 289 
Slowey, J. Frank, Jeffrey, Lela M, and Hood, D W.: Evidence for Organic 
Complexed Copper in Sea Water, 377 
Smart, J. V.. see under Turner, P. 
Smalley, E. B : see under Marasas, W., F O. 
Smit, J. A., and Coetzee, J, N.. Serological Specificities of Phenylalanine 
Deaminases of the Proteus-Providence Group, 1238 
Smit, J, H.: see under Serfontein, W J. 
Smith, Adolph E., Beilware, Frederick T., and Silver, Joseph J.’ Formation of 
Nucleic Acid Coacervates by Dehydration and Rehydration, 1038 
Smith, Alex G.: seo under Olsson, C. N 
Smith, C. E, G : seo under Tan, Dora $. K, et al. 
Smith, D. C.* see under Richardson, D H S$, 
Smith, L. B. see under Hoffman, J M , et al. 
Smith, {ue » Lloyd H : see under Jacobsen, larsen G. 
Smith, M. Y. soe under Due Nguyan H. 
Smith, Paul F.* soe under Crawtfor: ork E, et al. 
Smith, P G. see under Buckton, Karın E, et al. 
Smith, reter 1., and Needham, Joseph. Magnetic Declination in Medtaeval China, 


Smith, W, K : see under Graves, J M. H 

Sneddon, } M. + see under Turner, P, 

Snell, C . Towards Automatic Measurement of Birefringence, 78 

Soane, B D : Dual Energy Gamma-ra eg Mane for Coincident Measurement 
of Water Content and Dry Bulk Density of Soil, 1273 

Soereel, Marjome see under Loh, Philip C. 

Hilda Weyl, and Valtin, Heinz: Evidence for the Synthesis of Oxytocin 
and Vasopressin in senna Naurons, 314 

Solca, E, and Sampietro, R : Indole Nature of Enterochromaffin Substance, 196 

Solewski, J.: see under Wase, A W et al. 

Soman, P. D : see under Anderson, W 

Soper, Tom: The Economics of Deve oping Countries, Third ad., review, 5l; 
Export Instability and Economie Development, review, 51 

Soter, iiss and Ulrichs, Juris. Rotation and Heating of the Planet Mercury, 

Sotos, J. F : see under Addankı, S., et al 

South, Mary Ann see under Olson, George B., st al. 

Spalding, T F., and Brooks, M. R.: Spontaneous Hereditary Mutation for a 

ecurrent Hairless Condition in Mice, 1264 

Spear, Patrica G., and Rorzman, Bernard: Bu t Density of Herpes Simplex 
Virus of Solutions of Caestum Chloride, 3 

Spector, Sydney : seo under Barchas, Jack 

Spedding, P. L : Chemical Synthesis by Gas-phase Discharge, 124 

Spelsbarg, T. g see under Sarkissian, |. V. 


Formation of Equatormal Electrojet Current 


Spence, R.- Twenty-one Years at Harwell, 343 ~ 

Spencer, Jj.: Mesers and Lasers, review, 327 ` ~ 

Spencer, J.: Stedman's Medical Dictionary, review, 853 > 

Spencer, John. Observing Earth Satellites, review, 56 

Spiegel, E. A.: see under Howard, L N., et al. 

Ha eee ‘Tom! M. Evaporation from Toads and Water Surfaces, 835 

Spi K. T.: Clear Air Turbulence and Supersonic Transport, 237 

Spindler, A B, Tıcktin, S, and Schiff, H.-1 : The Chemiluminescent Reactlon 
0+H>OH-+hr, 1006 

Sprague, C.: see under Martin, G. M., at al. 

Spreng, Pater: Effect of Parathyroid Hormone and Vitamin A on the Retanuon 
of Radiostrantium in the Rat, 513 

Sprinz, Helmuth; see under Macomber, Peter B 

Squartini, Francesco, Olvi, Maria, Bols, Giovann: B, Ribacchi, Rodolfo, and 
Giraldo, Gaetano. Reciprocal Interferenca between Mouse Mammary 
Tumour Virus and Leukaemia Virus, 730 

Squires, E. J.» Introduction to the Unifield Field Theory of Elementary Particles 
(W. Heisenberg), review, ane 

Sriramachart, S.; see under Rao, S. L, N., et ol. 

Srogl, M, : see under Ledoux, L 

Stacey, F. D.* Convecting Mantle as a Thermodynamic Engine, 476 

Staghelin, La A.: Chloroplast Fibmis linking the Photosynthetic Lamellae, | 158 

Stafford, Anne: Potentration of Adenosine by Dipyridamole, 390 

Stahl, Egon: sea under Godin, P. J, et ol. 

Stairmand, ©. J,: Industral Gas Cleaning, review, 327 

Standsert, Frank G.: see under Roberts, Jay 

Standring, J.: see under Jackson, H S$, et af 

Stanley, R, J,: see under Munns, R. G 

Steel, C, A. B.: seo undor Panchen, A L 

Steele, V. J.: Rarang sate in the Reproductive Cycles of Gammarus, 1034 

Šterzi, J.: see under 

Stevens, John D : Possible Mode of Action of Acery nouns: 199 

Stewart, Charles M + Moisture Content of cone Trees, 138 

Stewart, W. Pan Transfer of Biologically Fixed Nitrogen in a Sand Dune Slack 
Ragion, 

Stodolnik-Bardnska, W : Lymphoblaséoid Transformation of Lymphocytes in 
vitro aftar Microwave rradiation, 102 

Stone, N. W. B.: see under Gebbie, H A, et al. 

Strang, R. H. C.: see under Liaaen-Jensen, S$, etal ' 

Stuyvesant, V. Wilfred Multiplo Analyses on a Single Disc Electrophoretic 
Preparation, 405 

Styles, J, A ses under Heppleston, A. G. 

Subba-Rao, N, S.: see under iswaran, V, * 

Suingdumrong, A.: sea under Wasi, P , et al 

Sulitınsau, D.: see under Naor, D. 

Summers, L. A.: Effect of Introducing a Sulphur Bridge on the Herbicidal Activity 
of pigar 36! 

Sundsrlend; Caste and Race, review, 1166 

Sunko, D. E : see under Maridid, 5., ot al. 

Sutton-Gilbert, H : see under Elkind, MM,etal 

Sutton-Smith, Brian: The Development of Sex Differences, review, 1371 

Suzuki, David T.: see under Singer, Kenneth M , et al 

Sveen, O : see under Andersen, P. 

Svet-Moldavskaya, |. A.: see under Brykina, V. S, et al. 

Svet-Moldavsky, George J., Trubcheninova, Lidia, and Ravkina, Lucy l.. Patho- 
genicity of the Chicken Sarcoma Virus Sehmid Ruppin) for Amphibians 
and Reptiles, 300; see aliro George J, Mkheidze, M. Demur, and Liozner, 
Alexander L.: Rejection of Skin Grafts from Tumour-bearing Synganele 
Donors, 693; see under Chernyakhovskaya, Inassa Yu; see under Zinzar, 
Svetlana N 

Swanbeck, G.° see under Gillberg, B. O., et al. 

Swann, P F Methylation in viyo of Guanine in the Nucleic Acids of Rat Testes 
by Methyl Methane Sulphorata, 918 

Symons, M. C, R.: see under Blandamer, M J., et al. 

Szocs, Joseph: see under Horvath, Antonio 


` 


Takahashi, Enchi; see under Carter, Owen 

Takeuchi, Jitsuzo: see under Hara, Tomiyuki, et al, 

Tamura, Chizuki: see under Nishimura, Tamio, et al, 

Tan, Dora S. K., Smith, C. E. G., McMahon, Dolores A, and Bowen, E. T. W.’ 
ranjin Virus, a New Agent isolated from Dermacentor auratus In Malaya, 

Tannenbaum, S. R., and Miller, S. A.: Effect of Cell Fragmentation on Nutritive 
Value of Bacilius megaterium Protein, 1261 

Tarlo, L. B. Halstead: Faune Ichthyologique du London Clay, review, 637 

Tauber, Edward S, and Atkin, Adam. Disconjugate Eye Movement Patterns 
during Optokinetic Stimulation of the African Chameleon, Chameleo 
melleri, 1008 

Tauc, L, and Epstein, R.. Heterosynaptic Facilitation as a Distinct Mechanism in 
Aplysia, 724 

Tamperley, H, N, V.’ App lying Research, correspondence, 1378 

Thackeray, A. D. Magellanic Cloud Stars, 136 

Thetford, A.. Geometrical and Physica! Opties, review, 1376 

Thirkell, D, see under Liaaen-Jensen, S., et al. 

Thivolet, J, Monier, J}. C, Ruel, J Po and Richard, M H.: Antinuclear Auto- 
antibodies in Swiss Mice Thymectommed at Birth, 1134 

Thoden, U : see under Decima, E. E , et al . 

Thomas, Catherine E + see under Goldenberg, Gerald J 

Thomas, D. R, Quiescent Centre in Excised Tomato Roots, 739 

Thomas, Hugh, and Rabathy, Tibor: Single Chromosome Affinities in the A 
Ganome of Avena, 135 

Thomas, J.: see under Prokop, A 

Thomas, J. M, and Evans, E. L 
Structures, 167 

Thomas, Laura L.; see under Wexler, Bernard ©. 

Thompson, James C.’ see under Davidson, Warren D , et al. 

Thomson, G. P.* Rutherford and the Nature of the ‘Atom, review, 324 

Thomson, Lansborough. The Bird Faunas of Africa and lts Islands, review, 66 

Thomson, William W.: see under Price, John L 

Thorp, R. H : see under Lee, K. S. 

Thorpe, W. H + Play, Exploration and Territory in Mammals, review, 635 

Thring, M. W.: Do British Engineers Need an Academy?, 1186 

Ticktin, S. see under Spindler, G, B. 

Tierce, J. F see under Ewing, L. L. r 

Tiller, K G : Siloe Acid an the Reaction of Zine with Clays, 852 

Tillett, P. 1, and Grigson, C. W. B., Reflexion Scanning Eleatron Diffraction 
from Growing Films, 77 e 

Tilley, Eileen H.: see under Panchen, A. L. 

Tills, D.: see under Mourant, A E. 

Tinsley, T W.: Insect Virology (Kenneth M. Smith), review, 952-3 

e 


a ee Se 


Enhanced Reactivity at Dislocations in Layer 


xiv 


Tinsley, T. W.. see under Bald, J. G. 

Tischer, R. G.: see under McGee, J. M., ot al. 

Tobe, M. L.: see under Layton, A. J., et al 

Tomlinson, M. L: The Organic Chemistry of Nitrogen, review, 748 

Tontch, E. G.: see under Busfield, Dorothy 

Tonoli, Professor V.: Obituary by Julian Rzoska, 1063 

Toolan, Helene W. Lack of Oncogenic Effect of the H-Viruses for Hamsters, 1036 

Tourtellotte, Wallace W., and er, Julius A+ Multiple Sclerosis: Brain 
Immunoglobulin-G and Albumin, 683 

Toustmiz, A. J.: sea under Macomber, Peter B. 

Traga, William: see under Siddiqui, Wasim Ahmad 

Traut, H.: X-ray Induction of Autosomal Translocations in Matura Oocytes of 
Drosophila melanogaster, 718 

Trevino, S.- see under Gupta, V D., et af 

Tribe, G W.: see under Kanarek, A D 

Trnavská, Z., and Trnavský, K. Influence of Andrheumatic Drugs on Urinary 
Excretion of Hiydrexyproline in Lathyrism, 384 

Trnavský, K.* see u Trnavská, Z. 

Trueman, E R : Activity and Heart Rate of Bivalve Molluscs in their Natural 
Habitat, 832 3 

Truman, D E S.: see under Clayton, Ruth M. 

Tales M., Hayasht, Y , and Chefurka, W.: Polyrmbosomes from Houseflies, 


Tsuchiya, H M.: see under Howell, John A, et al. 

Tsupmoto, Harry Y.: see under Arnon, Danrel l., et of 

Tubiana, M.: see under Frindel, E. 

Tuffrey, Maureen: see under Barnes, R. D., 

Tulpule, P. G.: see under Rao, K Suryanarayana 

Turano, A.. ses under Simons, P ’J 

Turen, G.: see under Bianchi, D E 

Turner, Barry E.: Calculations of the Einstein A Coefficient for the 18 cm Tran- 
sition of OH, 379 

Turner, P., Sneddon, J. M , and Smart, J V.° Fall in Critseal Flicker Frequency 
assocrated with Adaptation to Intermittent Light, 947 

Tale g F., and Gittins, J. (edited by): Carbonatites, review by J B. Dawson, 


Tympanidis, K. ses under Astrup, T., et al. 


U ends, Yasuko see under Nishimura, Tamio, et af 

Uchiyama, M. : seo under linuma, T A, et al. 

Uchizono, Koji: Inhibitory Synapses on the Stretch Receptor Neurone of the 
Crayfish, 833 

Ueki, l.. see under Morris, jun, R C 

Us, Junichiro. see under Fukuda, Tokuro 

Ulrichs, Juris. sea under Sotar, Steven 

Ungar Ge and Irwin, L. N. Transfer of Acquired Information by Brain Extracts, 


Upadhya, Mahesh see under Makinen, Yrjo, et al. 
Updike, S. J , and Hicks, G. P The Enzyme Electrode, 986 
Usher, M. J.: see under Nwaigwe, C N C, etal. 


N Sastre: D. H., and Richards, A J Sexuality and Apomixis in Taraxacum, 114 

Valun, Heinz: see under Sokol, Hilda Wey! 

Vane, J R.: see under Mikos, Emilia 

Vauselekas, Jacqueline: see under Sabine, David B 

Vassort, F.: see under Frindel, E 

Vavrejn, B.: see under Malek, P., et al. 

Veanema, Ralph J.: see under Markewitz, Moshe, et al, 

vensblsa t Anand Bassett, D C : Electron Microscopy of Polyethylene below 

Venuta, Francis X.: see under Coleman, Robert M., et al. 

Vermeulen, Hans: see under Hocking, Drake, et ol. 

Vernadakis, Antonia, and Burkhalter, Alan: Acetylcholinesterase Activity in the 
Optic Lobes of Chicks at Hatching, 594 

Verrusto, A Carl, seo under Fraser, F. C., et al. 

Verso, M. L.: Unusual Human Juanin defining a Serological Difference 
between Australian Trout Fish Species, 1361 

Villagrán, Juan: see under Etcheverry, Raúl, et al 

Villiers, T. A.* Cytolysomes in Long-dormant Plant Embryo Cells, 1356 

Virden, R.: see under Moretand, Barbara, et al 

Vittoralli, M. L, Harrison, R A. P, and Lutwak-Mann, C.: Metabolism of Ribo- 
nucleic Acid in the Endometrium of the Rabbit during Early Pregnancy, 890 

Volfin, Plerre: see under Kun, Ernest, et al. 

Vollrath, Lutz. see under Knowles, Francis, et al. 

Vooijs, Marne: ses under Gordon, H , et af 

Vykhecký, Ladisiay. see under Zelená, Jirina 


Was, Nils: see under Closs, Karl, et al, 

Wada, Akira, and Pollak, O. J.; Aggregation in vivo of Cultured Aortic Calls of 
Adult Rabbits, 1358 

Wagoner, Robert V . Radio Sources and Peculrar Galaxtes, 766 

Waibel, P. E.: see under Krista, L. M., at al 

Wain, R. L.: see under Atkin, R. K. 

Wakefleld, C.: see under Romero-Sierra, C. 

Walczak, M.: see under Libus, W , et al. 

Wald, George: ses under Yoshizawa, Toru 

Waldhausl, W.. see under Pecerisk, M. 

Walker, Eric A : The National Academy of Engineering in the United States, 762 

Wallace, J. D.: see under Dettmer, C. M., et af 

Wallis, V. J.: see under Leuchars, E 

Walmsley, C. M.. see under MacFarlane, W. Y. 

Walters, R A.: soo under Whicker, F W., at al. 

Waravdckar, V. S.. sea under Mhatre, R M. 

Ward, J, B.: see under Chatterjaa, Anadi N., et al. 

Ward, R. C.: Theory of Stream Runoff, review, 60 

Wareng, P. F.> see undar Lesch, R. W. A 

Warhurst, D. C., and Hockley D. J.. Mode of Action of Chloroquine on Plas- 
modium berghe: snd P, cynomolg:, 935 

Warren® Bert: see under Wonk, Eugene J. 

Warren Wong Ball, $S. J : Schizogonous Stages of Eimeria acervulina Tyzzer, 


Warren, 9}... The Biochemistry of Copper, review, 433 
Warrington, G.: Correlation of the Keuper Series of tha Triassic by Mlospores, 


INDEX 


Wase, A. W., Solewska, J., Rickas, E, and Seidenberg, J.: Action of Thyrocalci- 
tonin on Bone, 388 

Wasi, P., Na-Nakorn, S., and Suingdumrong, A : Studies of the Distribution of 
Haemoglobin E., Thalassaemias and Glucose-6-phosphate Dehydrogenase 
Deficiency in North-eastern Thailand, 501 

Watanabe, Atsushi, and Yamamoto, Yoko Heterotrophie Nitrogen Frxaġon by 
the Blue-Green Alga Anabaenopsis circularis, 738 

Waters, J, M . see under Moore, F. M 

Waters, Margaret A.. soe under Roe, F J C. 

Waters, P. L.- The Strength, Fracture and Workability of Coal, review, 72 

Waters, T. N.M . see under Moore, F M. 

Waterson, J. G.: sea under Lande, I. S. de la 

Watts, D C : see under Moreland, Barbara, et of. ° 

Way, John S sea under McAdam, Dala W 

Weaver, Robert J.. see under Shindy, Wasty 

Webb, i Leydon: see under Gimeno, Martha A 

Wasks, O. B.: see under Linaen-Jensen, S, et al 

Weidner, James P.: see under Block, Seymour S, 

Weil-Malherbe, H.: see under Gutman, Y. 

Weiskrantz, L. see under Iversen, Susan 

Wans, N S.. see under Miller, J. F.A P 

Werssmann, Gerald: see under Hirshhorn, Rochelle 

Welch, 3 P , Borgaonkar, D, S., and Herr, H M > Psychopathy, Mental Deficiency, 
Aggressiveness and tha XYY Syndrome, 500 

Wells, J. B: Relationship between Elastic and Contractile Components tn 
Mammalian Skeleta! Muscle, 198 

Weltman, A. Stanley. see under Sackler, Arthur M. 

Wenk, Eugena J., Levine, Seymour, and Warren, Bert’ Passive Transfer of 
Allergic Encephalomyelitis with Blood Leucocytes, 803 

Werman, R , Davidoff, R. A, and Apnson, M H.. Inhibition of Motoneurons by 
lontophoresis of Glycine, 681 

Werman, R.: see under Davidoff, R, A, et al. 

West, Keith R, and Pitman, Michael G : Rubidium as a Tracer for Potassium in 
the Marine Algae Ulva lactuca L. and Chaetomorpha darwini (Hooker) 


Kuetzing, 1262 

Westlake, F J, and Cameron, A . Fluid Film Interferometry in Lubrication 
Studios, 633 

Westoll, T S. Continental Drift, review, 59 


Weston, E W see under Flood, A E 
Wettstein, D. von see under Sick, K , et al. 
Wexler, Bemard C, and Thomas, Laura L.. Growth of Aortic Explants and 
Arteriosclerosis, 243 
Whicker, F. W., Walters, R A., and Dahi, A H.: Fallout Radionuchdes in 
Colorado Deer Lrver, 511 
White, A - Flow Characteristics of Complex Soap Systems, 585 
White, D. C.- see under Nowell, N. W 
White, E F.T  Thermoanalysis of Fiber and Fiber-forming Polymers, review, 
1375 
White, EP see under Mortimer, P H. 
Whitehead, } D. Sporadic E in Middle Latitudes, 261 
Whiteoak, J. B.. see under Gardner, F F, et al. 
Whitfield, 1. F see under Perris, A D 
Whittingham, C P.: Energy Conversion by the Photosynthetic Apparatus 
(Symposium), review, | 
Whittington, W. L, and Penn, C M Effect of Camphor Vapour and Temperature 
on the Frequency of Aberrant Asci in Sordaria, 605 
Wickramasinghe, N. C . see under Hoyle, F 
Widdowson, Jean P. Bacillus pantothenticus Spores activated by Dimethylfor- 
mamide and Dimethylsulphoxide, 812 
Wieme, R. J., and Demeulenaere, L : Genetically Datermined Electrophoretic 
Vartant of the Human complemen Component C3, 1042 
Whianer, Alexander S.. see under Moor-lankowski, J., et al. 
Wilcock, W L . Introduction to the Theory and Practice of High Vacuum Tech- 
nology, review, 72 
Wileockson, | + see under Ashwood-Smith, M. J, et of 
Wilder, Janice’ see under Oriel, P J. 
Wilding, Pater, Adham, Nabeel F., Mehl, John W., and Haverback, Bernard J.: 
"A pha-2-macroglobulin Concentrations in Human Serum, 1226 
Wiley, Roger: see under Cherry, Colin 
Wilkening, M. H.. see under Bhartendu 
Williams, D C see under Poole, A R 
Willrams, | P : Does a Moving Body appear Cooler’, 1105 
Willams, Joy P. see under Payne, W J, et af 
Williams, M, A + Introduction to Microscopy, review, 1058 
Willams, P. C > The Usa of Biological Literature, review, 853 
Willams, P. G., and Fenwick, M, L. Degradation of the Filamentous Phage ZJ/2 
by Sodium Dodecylsulphate, 712 
Willams, Phiip C.  Nickal, fron and Manganese in the Matabolism of the Oat 
Plant, 628 
Williams, jun, R. J : see under Kenyon, A J 
Wiliams, T H. W.. Electron Microscopic Evidence for an Autonomic Inter- 
neuron, 309 
Willams, Trevor, and Meynell, G. G.: Time-dependence and Count-dapendence 
in Microbial Infection, 473 
Wills, B.T M. see under Moore, F. M., et al 
Wilson, Charles R., and Nichparenko, Sue. 
Activity, 1299 
Wilian, D: and Cooper, J P.. Assimilation of Lolium in Relation to Leaf Mesophyll, 


Wilson, E. G.. Basic Electronics for Scientists, review, 55 
Wilson, H. N.: Endocrinology of the Testis, review, 1371! 
Wind R.J. see under Schrauzer, G N. 

Wintck, Paul’ see under Paulsen, Elsa P , et al. 
Winkelmann, R K.+ see under Bourlond, Andre 
Winston, Paul W ~ Cuticular Water Pump tn Insects, 383 
Wirsén, Claas, and Hamberger, Bertil Catecholamimes in Brown Fat, 625 
Wison, R G : see under Gelboin, H V, etal. 

Wivel, N A : see under Duc-Nguyen, H 

Wolf, Benjamin see under Ball, Enc B 

Wolff, Klaus see under Bourlond, Andre 

Wolpert, L see under Clarkson, $, G, 

Wolstencroft, J. H.: see under Gwyn, D G 
Wolstenholme, David R.: see under Hawkins, Shirley È. 
Wolstenholme, W. A.: see under Barber, M., et al 
Wood, R.K S : see under Dean, Margaret 

Woodbury, S. A.: see under How, M J. 

Workman, P. L.: see under Jain, S. K. 

Worlledge, Sheila M. see under Cooper, Amiel G, 
Wortham, J. 5.. see under Gelborn, H. Y , et al. 

Wraith, P. K.. see under Slee, O. B 

Wren, Robert E.: see under Einheber, Albert, et al 
Wren, Robert E.: see under Rosen, Hyman, et ol. 
Wright, Ernest M : see under Schultz, Stanley G e 


Infrasonic Waves and Auroral 


INDEX Es 


Wright, R. H.: see under Simpson, J, E. 

Wright, R Ww. H.: see under Clamesha, B. R , et al 
Wright, W. C : see under Mukherjee, B. B, et al 
Wyllie, G.. see under Chantry, G W., et al. 


4 


Yamasi eran . see Carter, Owen 
hmn see Iinuma, T. A. et al. 
ki, mone: see Sarto, Michi 

Yamamoto, Yoko see Watanabe, Atsushi 

Yarwood, J . High Vacuum Technique, Fourth ed , review by John A. Pryde, 951 

Yielding, K. Lemone Chromosome Redundancy and Gene Expression an 
mann Janation for Trisomy Abnormalities, 613 

Yoffey, 3 HEM R The he Hymphocyte m Immunology and Haemoposesis, review 
Kay; 04 


Yaron i. Soh ye 

Yoshida, Takashi | Meee Jack, Frenk, Silvestre, and Pena, Carmen de la. intor- 
mediary Metabolites and Adenine Nucleotides tn Leucocytes of Children 
with Protein-Calorie malnutrition, 525 

Yoshitake, N.: see Eguchi, M 

Yoshrzawa, Toru, and Wald, George - 

Young, R.A, see Elliott, J C 

Yudkin, John + see Aeau P 


Photochemistry of lodopsin, 566 


Lirekbaki, P M sae under Hodgkinson, A. 

Zavarzn, A. see under Lebedeva, G. 

Zech, G : sea under Schubart, J. 

Zelená, ae vkl licky, Ladislav, and lırmanová, isa. Motor End-Plates in Fast 
and Slow Muscles of the Chick after Cross-union of their Nerves, 1010 

Zentmyer, George A ; see under A, Jorge Galindo 

Zepp, Helen D.: see under Berger, Ruth, et al. 

Zerlotti, Eugenio Cross-linking of Rat “Tail Tendons with Chioro-s-triaznes, 
1304 


Zetterberg, G.. see under Gillberg, B O, et al. 

Zregier, Kt Melchert, f., and Lurken, C. : Né-(2-amino-2-carboxyethyl}-ornithine, 
a Naw Amino-acd from Alkali-treated Proteins, 404 

Zikin, J, and Šterzl, J.: Binding Activity of the Antibody Heavy Chain deter- 
mined b Polarography and Haomaggiutination, | 

Ziman, J, M. uantum Theory of Atoms, Molecules, and the Solid State, review, 

Insulators, Samiconductors and Metals, review, 325 

Zimbrick, John, and Kevan, Larry: Paramagnatc Relaxation of Trapped Hydrogen 
Atoms tn Irradiated Frozen Solutions, 693 

Zinzar, Svetlana N, and Svet-Moldavsky, Georga | * Features of Antibody 
Formation in Necnatally Thymectomrzed Mice, 295 

Zuckerman, A J}, Alwen, J., and Fulton, F : Adenovirus infection of Human 
Embryo Liver Cells, 606 

Zuckerman, A J,, Rees, K. R, Inman, D, and Petts, Yalerie: Site of Action of 
Affatoxin on Human Liver Cells in Culture, 814 

Zuckerman, news, 333 

Zuckerman, news, 225 

Zuckerman, Solly: The Limitations of Advisers, 341 


SUBJECT 


A Genome of Avena single Chromosome Affinities in the (Hugh Thomas and 
Tibor Rayhathy), 1357; 
A “New” Allotypic Speciflerty (S Dubiski 


{A9) of Rabbit Immunoglobulin 
and P. J Muller), 696 

Abdominal aorta, see Growth of Aortic Explants and Arteriosclerosis (Bernard C. 
Wexler and Laura L, Thomas), 243 

Aberrant Asci in Sordaria Effect of Camphor Vapour and Temperature on the 
Frequency of (W J Whittington and C M Penn), 605 

Abolition of Passrve Immunity to Bacterial Infection by Iron (J. J. Bullen, Henry J 
Rogers and G H Cushmie), 515 

Abscission and Cellulase Activity in Phaseolus vulgaris, Senescence (Roger F 
Horton and Daphne J Osborne), 1086 

ain of Organic Phase in Echinoderm Calcite (J D, Currey and David Nichols), 


Renal Fructose-I-Phosphate Aldolase Activity in Hereditary Fructose 
pup eracse (R C. Morns, jun, I. Ueki, D. Loh, R Z. Eanes and P. MecLin), 


RNA Synthesis tn Shed Human Spermatozoa (Moshe Markewitz, Samuel 
Graff and Ralph J Veenama), 402 
Absolute Configuration in Co-ordination Compounds: 
{R, D. Gillard), 1007 
Absorption Band st 4430 A at Different Galactic Longtcudes Profile of the 
nidantifled Interstellar (Harry Seddon), 257 
Spectra of Organic Compounds Handbook of Ultraviolet and Visible 
(Kenzo Hirayama), review by W. L. Lead, | 167 
Abundance woo Elements in Crystalline Shield Rocks (W F Fahng 
et al), 
Academy’: Do British Engineers Need an (M W, Thring), 1186 
Acceleration by Adsorbed Sulphur and Selenium of the Electrochemical Qouadation 
of Formic Acid on Platinum Catalysts (H Binder, A. Kohling and G. 
Sandstada), 268 
Acceleration of Rate of the Early Chick Embryo Heart by Visible Light (Marcha A 
Gimano et al.), 1014 
Accelerator: A Russian Electron (W. A Osman), 1185; Accelerator: 
British Electron, [183 
Acetylcholine: Parallel Bioassay as a Method of Identifying (Catherine Hebb and 
David Morris}, 284 
Possible Mode of Action of (John D. Stevens), 199 
Sensitivity of Embryonic Ventricular Fibres (Barbara O. Alvingy, 394 
Synthesis: Choline and Phospholipid-choline in a Sym pecnate Ganglion 
and their Relationship to Anam J D Friesen et al.), 
sea Further Evidence relating to the Mode of Action of Nicotine in the 
Central Nervous Systam (A K. Armitage and G H Hall), 977 
soe Mode of Anticholinergic Action of Local Anaesthetics (Maurice B. 
Feinstein and Marve Paimre), 151 
Acetyl cholinesterase Activity in the Optic Lobas of Chicks at Hatching (Antonia 
Vernadakis and Alan Burkhalter), 594 
by Penisilin [Inactivation of Erythrocyte (Fritz Herz), 497 
Achromobacter and Allied Species, Taxonomy of the (J. De Ley et al ), 1037 
Acid Phosphatase- in Drosophila melanogaster. Reversible Dissociation in vitro 
Sub-units of (Ross J Macintyre and Margaret R Dean), 274 
Acuity in the Adrenal Medulla of Rats Electron Histochemical Locali- 
zation of (I. Benedaczky), 1243 
Acoustic Factor in Proof Reading (D W J. Corcoran), 85! 
Acgursd Information by Brain Extracts: Transfer of (G Ungar and L. N, Irwin}, 


Empirical Rules for 


New 


Acrylamide Gel Nerve Growth Factors and a Thymus Inhibitor, Separation by 
Tissue Culture on (H, Hoffman et al ), 703 
Actinomycin D on the Increase of C thionase and Cysteine Sulphinic Acids 
Decarboxylase Activities in the Liver of Thyro:dectomized Rat’ Effects of 
Puromyan (Fernande Catagner, Odile Dumeu-Trautmann and Marie- 
Christine Rain), 88 
D, seo Sub-lethal and Lethal Radiation Damage (M, M. Elkind et a/,), 1088 
on Lysine Incorporation in Chick Embryos. Effects of Polyadenylic Acid 
and (P, Malporx), 1125 
Action of Bile Salts on Bacterial Call Walls (M J. Hill), 1152 
of Thyrocalcitonin on Bone (A. W. Wase, J Solewski, E Rickes and J 
Seidenberg), 388 
Potentials of the Giant Nerve Cells of the Leech Hirudo medicinalis . 
Effects of Various lons on the Resting and (V D. Gerasimov and G. N 
Akos); 1351 
Activation Analysis Estimation of Thyroid lodine sn vivo by (J M A, Lenihan, 
D Comar, R Riviere and C Kellershohn), 1221 
and the Heat of Shortening of the Muscle: ATP (R E. Davies et al ), 148 
of tha Prothoracic Glands of Antheraea polyphemus (Spencer J Berry and 
Carl N. McDaniel), 1032 
Active and Passive Factors in Muscle Spindle Excitation (G. Carli, K Diete-Spiff 
and ©, Pomperano), 838 
Activity of a Macrophage Factor in Collagen Formation by Silica (A. G Hepplaston 
and J, A. Styles), 521 
and Heart Rate of Bivalve Molluscs in their Natural Habitat (E. R. 
Trueman), 832 
of Phenethanolamine N-Methyl Transferasa in the Adrenal Glands of 
Foetal and Neonatal Rats (Ray W. Fuller and Joseph M. Hunt), 190 
of the Genetic Apparatus of Hypothalamic Nerve Cells at Various Stages 
of the Oestrous Cycle in the Albino Rat (D K. Belajev, L | Korotchkin, 
A A, Buey, A N. Golbitsa, L S. Korotchkina, L. F. Maksimovsky, and 
A. E. Davidovskaja), 201 
of Thymidine Kinase in Mouse Embryo Cells infected with Polyoma 
Vir@s (G. Riccer: and G. Cocuzza), 191 
of §-Glucuronidase (Stanley Kushinsky, Victoria L. (Ma) Chen and Ivan 
Otterness), 142 
. 


o @ o, 


INDEX 


Acute hypercapnia and Eggshell Formation (K Simkiss), 84 
, armaco lagy of Melatonin (Jack Barches, Frances DaCosta and Sydney 
pector), 
Toxicity to Rainbow Trout (Salmo gairdnern) of a Metabolite produced 
by the Fungus Fusarium tricinctum (W. F. O Marasas, E B. Smalley, P E 
Degurse, J R Bamburg and R. E. Nichols), 817 
Adams, Alexander B . John James Audubon, review by D. Lack, 1171 
Adaptations in the Great Frigate-bird + Etho-Ecological 4: B. Naelson), 318 
Addition of 2 Liquid Phase, Heat Transfer Enhancement by (I. C Finlay), 430 
Adenine Nucleotides In Leucocytes of Children with Protein-Calorie Malnutri- 
tlon. Intermediary Metabolites and (Takashi Yoshida et al.), 525 
see Effects of Radration on Kinetin Solutions (M_L. Belli-Donini and T. 
Carvigny), 468 
Adenohypophysis of Hippocampus, the Sea-horse: Dual Neurosecratory inner- 
vation of the (Francis Knowles et al }, 309 
Adenosine by Dipyridamole* Potentiation of (Anna Stafford), 390 
Diphosphate and Triphosphate Reduction of Platelet Adhesiveness by 
(Dorothy Busfield and E. G. Tomich), 1360 
Adenovirus Infection of Human Embryo Liver Cells (A. J. Zuckerman, J. Alwen 
and F. Fulton), 606 
Adenylate Kinase Polymorphism Population, Family and Biochemical Investiga- 
tion of Human Games E Bowman et al ), 1156 
Adhesion and Adhesives (vol. 2, second edition) (edited by R. Houwink and G. 
Salomon), review by A Courts, 434 
Adhesiveness and Aggregation on Rabbit Platelets: Effects of “Haematopor- 
phyrin” on (Richard B. Davis and Samuel Schwartz), 186 
Adhesives: Adhesion and (vol. 2, second edition) (edited by R Houwink and G 
Salomon), review by A Courts, 434 
Adüitmant to Cold of the Isolated Rat Heart (N. W. Nowell and D C, White), 


Adjuvant: 
et al. 
ADP, goa under Aggregation and Adhesion of Rat Platelets (Jay W. Constantine), 


May ae in Guinea-pigs immunized with Sperm and (S J, Plank 


Adrenal Glands of Foetal and Neonatal Rats Activity of Phenethanolamine 
N-Methy! Transferase in the (Ray W. Fuller and Joseph M Hunt), 190 
hyperactivity, see Cause of Homologous Disease (Lyle R. Heim et al.}, 26 
edulla of Rats: Electron Histochemical Localmation of Acid Phospha- 
tase Activity in the (I Benedeczky), 1243 
Polysomes: Amumncacyitransferase Stimulation of Protein Synthesis by 
Pig (Peter C, Seriba and Marianne Fries), 91 
Adrener e Effect of Chronic Administration of Neuroleptics (E. L. Schalkunov), 
neurotransmission, see The Catecholamines (LL. Iverson), 8 
Adrenolytic effect, see Adrenergic Effect of Chronic Administration of Neuro- 
Jeptics {E L Schelkunov), 1210 
Adsorbed Sulphur and Selentum of the Electrochemical Oxidation of Formic 
Acid on Platinum Catalysts: Acceleration by (H. Binder et al.), 268 
Adsorption on Electrodes A Direct Electrical Measure of (Henry H Bauer and 
A. K. Shallal), 381 
i Surfaco Tendon and (R. Defay and | Pmgonine), review by E. A, Guggen- 
elm, 
Adult Hyalomma dromedari Koch, 1844. Changes in Neurosecretory Activity at 
Different Stages in the (Yia: Dhanda), 508 
Life Span in Habrobracon serinopae after X-irradiation during Early 
Development (Arnold M. Clark and Donald E. Osmun), 717 
Differences in Undine Diphosphate Galactose-4-Epimarase between 
Haemolysates of Newborns and of (Won G Ng et al), 283 
Advanced Gas Cooled reactor, news, 229 
Advances in Colloid and Interface Science (quarterly Journal), review by D H. 


Adults 


Everett, 1278 
in Chromatography, Vol 2 & 3 (edited by J, Calvin Giddings and Roy A. 
Keller), review by R Consden, 70 


Advisers: The Limitations of (Solly Zuckerman), 341 
Advisory committees, news, 333 
Aetiology, see Axontc and Synaptic Lesions tn Neuropsychiatric Disorders 
(Nicholas K. Gonatas), 352 
Aflatoxin in Garminating Seeds, Comparison of the Effects of Gibberellic Acid 
and (H, C Jones et ai), 171 
on Human Liver Calls in Culture: Site of Action of (A. J Zuckerman, 
K. R Rees, D. Inman and Valerie Petts), 814 
Varietal Differences of Groundnut in the Production of (K. Suryanarayana 
Rao and P. G., Tulpule}, 738 
Africa and its islands. The Bird Faunas of (R E Moreau), review by Landsborough 


Thomas, 66 
African Chameleon, Chameleo mellert. Disconjugate Eye Movement Patterns 
during Optokinetic Stimulation of the (Edward S. Tauber and Adam 


Atkin), 1008 
Crudes, and on the Biogenesis of Nonacosane’ Origins of Oil, a Correc- 
tion and Further Comment on the Brunnock Even C-Number Predomi- 
nance in certain Higher Alkanes of (Robert Robinson), 263 
Agglutinin defining a Serological Difference between Australian Trout Fish 
Spectes: Unusual Human (M. L Verso), 1361! 
Aggregation and Adhesion of Rat Platelets (Jay W. Constantine), 1084 
Formation in Three Species of Planaria. Distance to Nearest Neighbour 
(James H. Raynierse and R R Ellis), 895 
in vive of cultured Aortic Cells of Adult Rabbits (Akira Wada and O J 
Pollak), 1358 
on Rabbit Platelets: Effects of “Haematoporphyrin” on Adhesivaness 
and (Richard B. Davis and Samuel Schwartz), 186 
Aggressiveness and the XYY Syndrome Psychopathy, Mental Deficiency (J P 
Welch et al ), 500 


Agricultural Research Council of Central Africa, news, 226 e 


xvi , 


INDEX 


Ahrens, L H , Press, Frank, Runcorn, S. K., and Urey, H. C. (edited by). Physics 
and Chemistry of the Earth, review by D., Davies, 6 
Ainsworth, G. C., and Sussmen Alfred S. (edited b l The Fungi, Vol, 2: The 
Fungal Organism, review by J. R $ Fincham i 2 
Alr ane Gat user of che Atlantic Flying Fish, Cypselurus heterurus (Edward R. 
aylor), 
wea opa of the Earth - The (Kh. P. Pogosyan), review by G A Bull, 1376 
Flow The Measurement of (E. Ower and R C., Pankhurst), Fourth 
Ed , review by J, C, McVeigh, 71 
Turbulence and Supersonic Transport; Clear (K T Spillane), 237 
Aircraft noise, news, 340 
Albedo? A Quark (M R C McDowell and J B Hasted), 235 
Albumin: Multiple Sclerosis: Brain Immunoglobulin-G and (Wallace W. 
Tourtellotte and Julius A. Parker), 683 
to Mouse Spleen Cells Binding of Radioiodinated Bovine Serum (D 
Naor and D, Sulitzneau), 687 
Alsenal Deh icragenise! Metronidazole and Human (J. A Edwards and J, 
rice), 
Dehydrogenases: Substrata Specificity and Stereospecrficity of (F. M 
Dickinson and K Dalziel), 3! 
Sulphate by a Bacterial Enzyme’ Hydrolysis of a Secondary (W J. 
Payne et as 623 
Aldabra, news, 9 
More about, 965 
Aldolase Activity in a Unicellular Red Alga: Nature of the (N J. Antia and VY. 
Chorney), 1028 
in Hereditary Fructose intoleranca: Absence of Renal Fructose-l- 
phosphate (R. C. Morris, jun, | Ueki, D, Loh, R Z. Eanes and P, McLlin), 


Alga Anabaenopsis circularis Heterotrophic Nitrogen Fixation by the Blue-Green 
(Atsushi Watanabe and Yoko Yamamoto), 738 
Nature of the Aldolase Activity in a Unicellular Red (N. J Antia and Y 
Chorney), [028 
Ochromonas, Metabolism of  lsofloridoside(0-a-»-Galactopyranosyl- 
fares and Osmotic Balance in the Fresh Water (H. Kauss), 
3 


see Carbohydrate Movement between the Symbionts of Lichens (D H. S 
Richardson at al.), 879 
Algae: An Introduction to the (lan Morris), review by G F. Leadale, 434 
Ulva lactuca L. and a parwinn nee Kuetung* Rubidium 
as a Tracer for Potassium in the Marine (Keith R. West and Michael G. 
Pitman), 1262 
Pi Microorganisms adapted to High Temperatures (Thomas D Brock), 


Algal Medium: Bromide, a Substitute for Chloride in a Marine (J. McLachlan and 
J.S Craigie), 604 
Alkali-treated Proteins: N3J-(Q-amino-2-carboxyethyl)-ornithine, a New Amino- 
acid from (KI Ziegler et al ), 404 
Alkaline O; hosphatase and Inorganic Pyrophosphatase Activities in Human 
Serum (R. Helen Eaton and D, W, Mass), 842 
Alkaloids as Self-inhibitors of Fung: (B T, Lingappa and Yamuna Lingappa), 516 
Alkanes of Afmean Crudes, and on the Biogenesis of Nonacosane. Origins of Oil, 
a Correction and Further Comment on the Brunnock Even C-Number 
Predominance in Certain Higher (Robert Robinson), 263 
All Quiet at Vienna, 1292 
Allergic Encephalomyeliths with Blood Leu os Passive Transfer of 
(Eugene J Wenk, Saymour Levine and Bert Warren), 803 
Delayed-typa Skin Sensitivity to Human Encephalitogen in Experimantal 
(©. S August et al ), 1021 
Aliotypic Specificity (A9) of Rabbit Immunoglobulin: A “New” (S Dubiski and 
P, J. Muller}, 696 , 
Alloys: Metallurgy of Aluminium (Marc Van Lancker), review by H. W. Mead and 
D. C. Moore, 57 - 
Alpha Calls of Domestic Fowl: Electron Microscopy of Islet (Mitsuo Machino and 
Hiroshi Sakuma), 808 
Chains of Chicken Bone Collagen 
(C, J. Francois et al.), 621 
Rhythm Eye Position and Lens Accommodation 
Dewan), 975 


Organic Phosphorus Content of the 
Occipital (Edmond M. 


-2-macroglobulin Concentrations in Human Serum (Peter Wilding, 
Nabes! F, Adham, John W., Mehl and Bernard J Haver ), 1226 
Aiterations in Serum Naphthylamidase lsozymes during Treatment with Oral 
Contraceptives (G. Arturson, L Beckman and B H. Persson), 1252 
Altitude of 40,000 ft : Submillimetre Wave Observations at an (M Bater et al.), 


Aluminium Alloys Metallurgy of (Marc Van Lancker), review by H W Mead and 
D. C Moore, 57 
and Iron. Gaseous Complexes between Dichlorides and Trichlorides of 
E, W. Dewing), 483 
Alvarado, Francisco: ses Horvath, Antonio 
Alveolar Surface Area in the Dog’ Effact of Lung Inflation on (M.S Dunnili), 1013 
Amazon Sols (W G Sombrosk), review by R. P Moss, 951-2 
Ambrose, E J, Easty, D, M „and Wylie, J. A. H : The Cancer Cell in vitro, review 
by J. O. Laws, 1057 
American Chemical Society see Chemical Synthesis by Gas-Phase Discharge 
(P. L Spedding), 124 
Cockroach and the Oviposition Cycle Assocation of Folin positive 
Material with tha Blood Proteins of the (G. E. Pratt), 1034 
ay cor Eel Anguilla’ Haemoglobin Polymorphism of the (K Sick 
etal), 
Amines and Schizophrenia (edited by Harold E. Himwich, Seymour $ Katy and 
John R. Smythres), review by Alan A. Boulton, 1165 
Differentiation of Receptor Systems activated by Sympathomimetic 
tA M Lands et ai.), 597 


Amino-acid from Alkali-created Proteins: Nd-(2-amino-2-carboxyathy!)-ornt- 
thine, a New (KI Ziegler et al.), 404 
sequences sea Structure of Antibody Molecules (S. Cohen and C 
Milscain), 449 
Substitution in Haemoglobin | (Texas Variant) (Barbara H Bowman and 
Don R, Barnett), 499 
Transport in Muscle: Effect of Puromycin on (nsulin-strmulated (Louis J. 
Elsas, Isidora Albrecht, William Koehne and Leon E. Rosenberg), 916 
see A Strong Suppressor Specific for UGA (J. F Sambrook et al.), 452 
Amino-acids by Thermal Decomposition of Formamide-—Oligomerization of 
Hydrogen Cyanide: Formation of (Kaoru Harada), 479 
of Blood plasma and Erythrocytes of Normal Ducks infected with Malerial 
Parasitex, Plasmodium lophurae > Free (Wasim Ahmed Sidduqu: and Willam 
Trager), 1046 
Use of Carbon-I4tabelled Arginine to maasure Catabolic Rates of 


Proteins and the Recycling of (R. $, Lana), 133! 
with Cobais (ill) Spur Configurations of Complexes of (R. D. Gillard), 
168 e 
t e 


xyli 


Aminoacyltransferase Stıimulauon of Protein Synthesis by Pig Adrenal Polysomes 
(Pater C Scriba and Marianne Fries), 91 ° 
Ammonia Adsorption on a Supported iron Catalyst: Mossbauer Effect Spectra of 
(M C. Hobson, jun.), 79 
Ammonium: Anaerobic Incubation of Soil and the Production of (J. B. D. 
Robinson), 534 
and Fructase-[,6-diphosphate Activation of Yeast Pyruvata Kinase: 
Interaction between Potassium (Benno Hess and Ramer Haeckel), 848 
Haeptamolybdate Tetrahydrate Structure of Mo, Of lon tn a Crystal of 
(E Shimao), 170 $ 
Amaode Fluid Placental Growth and the Formation of (R E Behrman et ol.), 
Membrane of Rat Foetuses : Technique for Investigation of Sex Chromatin 
in (Elvira Farias et ai), 499 
Amoeba Cytoplasmic DNA-containing Bodies and the Inheritance of certain 
Cytopiismically Determined Characters in (Shirley E. Hawkins and David 
R. Wolstenholme), 928 
Amphibian Oocytes: Incorporation of Exogenous (Phage) DNA into (Y. C. Kong 
and A, Ficq), 491 
Amphibrans and Reptiles: Pathogenicity of the Chicken Sarcoma Virus (Schmidt- 
Ruppin) for (George J Svet-Moldavsky et al.}, 300 
Amphipeds. Luminescence in Marine (P J. Herring), 1260 
Amprino Bonetti, D.. see Amprino, R 
Amyloidosis in Guinea-pigs immunized with Sperm and Adjuvant (S. J. Plank, 
R D, Hunt and A S Cohen), 1368 
Anabaenopsis circulars Heterotrophic Nitrogen Fixation by the Blue-Green 
Alga (Atsushi Watanabe and Yoko Yamamoto), 738 
Anzemic Bone Marrow . Colony Production in vitro by Normal Polycythaemic and 
(T. R. Bradley et al ), 511 
Anarai Incubation of Soil and the Production of Ammonium (J, B. D, Robinson), 
Analyses on a Single Disc Electrophoretic Preparation Multiple (Wilfred V. 
Stuyvesant), 405 
Analytical Chemistry Treatise on, Part 2, Vol 13 (Edited by | M Kothoff and 
Philip J. Elving), review by D M. W Anderson, 57 
Andrade, E. N. de C.: Rutherford and the Nature of the Atom, review by G. P, 
Thomson, 324 
allele Pie Control of a Sex-dapendent Protein in the Rat (Arun K. Roy and Otto 
Neuhaus), 618 
Andromeda Nebula Radio Emission from the Nucleus of the (G. G Pooley and 
S. Kenderdine), 1190 
Aneurysm (Aortic Rupture) and Blood Pressure in the Turkey Natural Dissect- 
ing (L. M. Krista et al.), 1162 
Angiotensin, Purification of Human (Kikuo Arakawa et al.), 278 
Anglo-French Variable Geometry Aircraft, news, 7 
{Anguila anguilla L) adapted to Saa Water, Cortisol 
in the Eel (N. Mayer et af), 1118 
Pair al Polymorphism of the Amarican Fresh Water Eel (K Sick 
et al.), 
Animals in Laboratories, news, 868 
the UFAW Handbook on the Care and Management of Laboratory 
{third edition), review by M, Lancaster, 856 
Ankylosing Spondylitus Lym bre Survival in Man treated with X-rays for 
{Karin E. Buckton et af}, 47 
Anodic Part of the Cerebros 
Affections of the Cent 
(O Kolfr), 524 
Anosmia’ a Clue to the Olfactory Code, Specific (J E Amoora), 1095 
Antagonists of CAT a ra a New Peripheral (F C. Copp et al }, 200 
Antarctic Treaty Bill, news, 651, 447 
Anteater oero Discrimination in the Grant (Dale W. McAdam and John S. 
ay), 
Antennas: Microwave Scanning (edited by R. C. Hansen), review by P, J. B. 
a Cpe 638 
eraea polyphemus Activation of the Prothoracie Glands of (Spencer J, 
and Carl N. McDaniel), 1032 Sp Berry 
Anthocerotae of North America. The Hepaticae and, Vol. | (Rudolf M, Schuster), 
review by A R. Parry 68 
Anthracene dc. Dark Hall Mobihty Measurements on (R. Pethig and K Morgan), 
Anehon To in the Durham Coal Measures: Discovery of an (A. L. Panchen 
etal), 
Ancd-bitharzial Antimony Drugs (M M. Mansour, A. A. A Rassoul and A. R. 
Schulert), 819 
Antibiotics and Ribosomes, nows, 551 
Antibodies against Rat Colon Mucosa Human Serum (A R McGrven et al.), 288 
Dataction with Penicilloylaced Bacteriophage and Isolation with a 
Specific lmmunoadsorbant: Anti-penicilloy! (Joseph Haimovich et al), 1369 
Polyaminostyrane Purified Chicken (R C. Chubb), 422 
Sale Solubility of Reaginic (Fernando Ortiz), 97 


Anabody: Charactenzation of Antilymphocytic (K James and P B. Medawar), 


a Sodium Excreting Factor 


inal Fluid Gamma G-ilobulms in Inflammatory 
Nervous System’ Problems of the Origin of the 


Formation in Neonatally Thymectomized Mice 
Zinzar and Georga J Svar Moldaysky), 295 
Heavy Chain determined by Polarography and Haemagglutination 
Binding font of the (J Zrkdn and J. Srerzl), 1225 
Molecules. Structure of (S. Cohen and C. Milstetn), 449 
Preparations: Permanent Mounting Method for Fluorescent (C. F. A. 
Culling), 1140 
Reaction by Giutaraldehyde Fixation of Antigen- (John T Boyar), 291 
ere in vitro by the Rabbit Vagina against Diphtheria Toxord (Erie B. 
Bell and Benjamin Wolf), 423 
Synthesis without Stimulation of Cellular Proliferation Induction of 195 
(Walter J K. Tannenberg), 293 
Anticancer Agents (Francis E. Knock), review b 
Anticholinergic Action of Local Anaesthetics 
Marve Paimre), {51 
Anticholinesterase Poisoning. Antidotes in (Tamio Nishimura et af j, 706 
Antidotes in Anticholinesterase Poisoning (Tamio Nishimura et al ), 706 
Antigen-Antibody Reaction by Glutaraldehyde. Fixation of (John T. Boyer), 291 
Deletions in Carcinogen-tnduced Hepatomata (R, W. Baldwin and 
C. R Barker), 292 
free from Toxic Activity and Histamine Sensitrzing Factor. Isolation 
from Bordetella pertussis from Protective (J. Nagel), 96 
tn the Lymphoid System of White Rats: Vaccinia Virus (Y S$ Bgykina 
et al ), 493 
obtained from Enteropathogenic Serotypes of Escherichia coli: 
Immunrzation of Mice With à 


Antigenic identi 


Features of (Svetlana N 


E. Boyland, 66 
ode of (Maurice B, Feinstein and 


Orai 
Soluble Protective (H W. Osklitz et y.), 1053 


of Interferons induced by Different Viruses in the sama Calli 


System (B, Fauconnier), 59! 
Nature’ Inhibition of DNA Synthesis in Rat Peritoneal Exudate Calls by 
Foreign Substances of (Leif Lindholm), 900 s . 
e ° 
» e 


xvill 


Antigenicity of Lens Proteins: Molecular Structure and (Ruch M. Clayton and 
D. E. S. Truman), 1201 
Antigen-sensitive Cells : see Cellular Basis of the Immunological Defects tn 
Thymectomized Mice (J. F. A P., Miller et al ), 995 
Antigens across the Vascular Barrier of the Thymus’ Passage of (Kauko Kouva- 
hunen and David Gitlin), 592 
and its Loss by Ascitic Hapatoma. Organospecificity of Liver Cell 
Surface (T. Beloshapkina and N. Khramkova), 1366 
in Graff Leukaemm Mice: Differentiation between Viral and New 
Cellular (G. Pasternak), 1364 
Antigonadotrophic Effects of a-Methyltyrosine, Methysergide and Reserpine 
(P. S. Brown), 1268 
Antihpoprote:n Nuoro Serum (CP) and Its Relation to Sera C. de B and LiL. 
(Jan Hirschfeld, Licinio Contu and B.S Blumberg), 495 
Anelympho a sean and Staphylococcal Infection (Peter J Morris and John F. 
urke}, 1138 
Antliymphocytie Antibody. Characterization of (K James and P. B. Medawar), 
Serum on Murine Lymphocytic Choriomeningitis’ Protective Effect of 
(A, W. Gledhill), 178 
Antimitotic chemical messenger see The Vertebrate Epidermal Chalone (W S. 
Bullough et al ), 578 
Antimony Drugs: Anti-bilharzal (M. M Mansour, A A A Rassoul and A. R 
Schulert}, 819 
Antinuclear Autoantibodies In Swiss Mice Thymectomized at Birth (J. Thivolet, 
J C. Monier, J, P. Ruel and M_H. Richard), 1134 
Factor and the Influence of Environment in Mice 
and Maureen Tuffrey), 1136 
Anti-penicilloy! Antibodies. Detection with Penicilloylated Bacteriophage and 
Isolation with a Specific Immunoadsorbant (Joseph Haimovich, Michael 
Sela, Janet M. Dewdney and F Ralph Batchelor), 1369 
Anterheumatic Drugs on Urinary Excretion of Hydroxyprolne in Lathyrism* 
Influence of (Z, Trnavská and K Trnavský), 304 
Antitumoral Saponine of Polypodium leucotomos: Metabolic Effects of Calagualine, 
an (Antonio Horvath, Francisco Alvarado, Joseph Szocs, Zoila Ney de 
Alvarado and Gilberto Padilla), (256 
Aortae, 8-Ammopropionitrile and tha Mucopolysaccharides of Embryonic Chick 
(G. Manley and C |. Levaney, 729 
Aortic Cells of Adult Rabbits Aggregation in vivo of Cultured (Akira Wada and 
©. J. Pollak), 1358 
Explants and Arteriosclerosis: Growth of (Bernard C, Wexler and Laura 
L. Thomas), 243 
Ruprurej and Blood Pressure in the Turkey: Natural Dissecting Aneu- 
rysm (L. Krista et ol.), [162 
Ape-Man?: Man-Apes or (Wilfred E. La Gros Clark), review by J R. Napier, 51 
Aphelenchordes bicaudaetus, z Parasite of Cultivated Mushroom (R W McLeod), 
1163 
Aphid Feeding of Die Mathionine: Effect on (T E Mittler), 386 
Saliva with Rubrdium-86 Labelling of (K. P Lamb et al ), 602 
Apical Pore in Fungal Hyphae (G Scurfield), 740 
Aplysisz, Heterosynaptic Mechanism as a Distinct Mechanism in (L Tauc and R 
Epstetn), 724 
Apollo space-craft disaster, news, 224 
Apompas in Taraxacum: Sexuality and (D H. Valentine and A. J, Richards), 114 
Apples and Bananas during the Climacteric Phase. Chlorophylfase Activity in 
aMorman E. Looney and Max E. Patterson), 1245 
Appli Speerrorcopy (Vol 5) Developments in (Symposium), review by D. J 
Millen, 326 
Applying Research (H. N V. Temperlay), correspondence, 1378 
Aqueous Solutions Discontinuities in the Thermal Properties of Water and 
(M.J Blandamer et ai.), 163 
Suspensions’ Natural Occurrences of Stalactitic and Related Forms: 
Deposition of Peat from (A. R Burke), 532 
Ara-C- Macromolecular Synthesis in Cells infected with Reovirus Type 2 and the 
Effect of (Philip C Loh and Marjorie Soergel), 622 
Arcueil The Society of (Maurice Crosland), review by A Rupert Hall, 949 
Area Postrema and the Floor of the Fourth Vantricle of the Mouse: Localization 
of Tritsated Reserpine In the (A. K. S. Ho), 1266 
Treatment to Combat Mosquitoes (J. E. Simpson and R H. Wright), 113 
Areas of Special Scientific Interest Bill, news, 1162 


Arginine to measure Catabolic Rates of Proteins and the Recycling of Amino- 
acids: Use of Carbon-[4-laballed (R. S. Lana), 133! 
Vasopressin: see Vasopressins and the Increase of Water and Electrolyte 
Excretion by Sheep, Cattle and Camals . V. MacFarlane et al.), 979 
Arison, R N, and Feudale, E L + Induction of Renal Tumour by Streptozotocin 
in Rats, 1254 
Arousal: Displacement Activities and (Juan D Delius), 1259 
Arrow of Tima: Structural Information and the (Karl R. Popper), 322 
Art of the Soluble’ The (P. B Medawar), review by John Maddox, 50 
Artenoscleross: Growth of Aortic Explants and (Bernard C Wexler and Laura 
L Thomas), 243 
Artery: Sita of Action of Cocaine on the Perfused (| S de la Lande and J, G 
"WWaterson) 313 
with Proteolytic Enzymes in vitro: Dissection of Normal and Achero- 
idorotie Human (Abel rint Robertson, jun and William (nsull, jun.), 


Serum (R © Barnes 


Artichoke- Tubers and Chicory Roots. Effects of 2 . 4-Dichlorophenoxyacetic 
Acid on Enzyme Systems in Jerusalem (A E. Flood et al ), 1049 

Arts and Sciences: the Influence of Starotypas on Language (L Hudson), 968 

Aryhulphatases of Human Blood Platelets U Polisek and B Rotrekl), | 

Asbestos and other Mineral Dusts- Haamolytic Activity of (Gwen Macnab and 
J. S. Hartngton), 522 

Asc in Sordaria Effect of Camphor Vapour and Tamperature on the Fraquency 
of Aberrant (YV J. Whittington and C. M Penn), 605 

Ascitic Hepatoma. beth il para 4 of Liver Call Su a Antigens and its Loss 
by Cr. Beloshapkina and N Khramkova), 1366 

Asclapiadaceag. see Cardenolides (Heare Poisons) in a Grasshopper feeding on 
Mikweeds (J, v Euw et al ), 35 

Ascopore Production, Discharge and Infection by Glomerelia cingulata causing 
Coffee Berry Disease (Drake Hocking, Johanna C. Johanns and Hans 
Vermeulen), [144 

Ash, Milton Optimal Shutdown Control of Nuclear Reactors, reniew by W 
Murgatroyd, 70 

Ashmple 617-1692), Elias (C H. Josten), review by A Rupert Hall, 49 

Ashton, Winifred D The Theory of Road Traffic Flow, review by Walter Helly, 
50 


ASIMoy, 


sac The Intelligent Man’s Guide to Science, review by R, J Fifield, 52 
Assemb 


of Samliki Forest Virus in Brain (S. M McGee-Russell and G Gosztonyi), 


A a of Lolium in Relatron to Leaf Mesophyll (D Wilson and J P Cooper), 
89 e é 


INDEX 


Association of Folin positive Maternal with the Blood Proteins of the American 
Cockroach and the Ovipostion Cycle (G E Prate), 1034 
of Glycine with Spinal Interneurones (R. A. Davidoff, R. P. Shank, L T. 
Graham, jun, M. H Aprison and R, Werman), 680 
Asthma and High pregency Sound Perception (R. Mason), 99 
Astrodynamics. An Introduction to (Robert M. Baker, jun. and Maf@d W. 
akemson), review by R, Graham, 1062 
Astrometry* Princtples of (Peter van de Kamp), review by A. D Petford, 1376 
Astionomical Unit by the Dynamical Method Determination of the (3 Schubart 
and G. Zech), 900 
Astronomy: Radio (John D. Kraus), review by J E. Baldwin, 56 
Aswan High Dam on the Current Regime in the Suez Canal: Effect of the (Selah 
A. Morcos), 90! 
Ataxia Virus with Feline Panieucopenta Virus 
etal), 175 
Atlantic Coast of Canada’ Fishes of (A H. Leim and W. B, Scott), review by P. H. 
Greenwood, 1059 
Atlas of Protein Sequence and Structure 1966 (R. Y. Eck and Margaret O. Dayhoff), 
review by I. G. Jones, 854 
Atmosphere’ Physics of the (E. $ Selezneva), review by G A Bull, 1376 
Atmospheric arculation’ see The “Berlin” Warming (John S Belrose), 660 
computer models, news, 5 
Dust Layers around 85km Altitude’ Optical Radar Evidence for (B R. 
Clemesha et al ), 261 
Flattening of the Solar Disk (A H Cribbens), 1316 
Pressure Oscillations: Seasonal Behaviour of (Bhartendu ot al ), 43 


idencity of Feline (R H. Johnson 


Temperature: Soler and Geomagnetic Effects on Upper (S. Chandra and 
B. V. riihnamufthy), 769 
Water by the Hen Flea Ceratophyllus gallinae (Schrank): Uptake of 


(D A. Humphries), 426 
Atom. Rutherford and the Nature of the (E. N da C Andrade), review by G. P. 
Thomson, 324 
Atomic Debates, The> Brock, W H. (edited by), review by Harold Hartley, 324 
dimers: seo Excimers and Exciplexes (J B Birks), 1187 
Physics: Fundamental (D. H. Tomlin), review by L R. B Elton, 52 
Ene Research Establishment see Twenty-one Years at Harwell (R 
Spence), 343 
Atoms, Molecules and tha Solid State. Quantum Theory of (edited by Per-Olov 
Lowden), review by J M Ziman, 325 
ATP, Activation, and the Heat of Shortening of Muscle (R 
Kushmerick and R E Larson), 148 
production see Ferredoxin and Photosynthetic 
(Daniel I, Arnon et al), 562 
ATPase and Photophosphorylation by Chloroplasts in vitro: 
(Park S. Nobel), 875 
Attempts to induce Crossing-over in Drosophila melanogaster Males with Ovanan 
Extracts (Kenneth M. Singer, Arthur Chovnick, David T. Suzuki, David 
Batlhe and David Hoar}, 503 
Audible Flame Noise by the Application of Ultrasonics’ Reduction of (F E J. 


E Davies, M J. 
Phosphorylation 
Calcium Uprake 


Briffa and R A E. Fursey), 75 
Auditory Flutter Fusion in Man. Some Physiological Characteristics of {G M. 
Basser), 17 


stimuli. see Click Evoked EEG Responses in Normal and Developmen- 
tally Retarded Infants (Ann B Barnet and Ann Lodge), 252 
Audubon, John James (Alexander B. Adams}, review b D Lack, 1171 
Auroral Activity: Infrasonic Waves and (Charles Wilton and Sue Nich- 
parenko), 1299 
Zone Cosmic Noise Absorption Pulsations (John Reid), 1321 
Austrian Research, news, 1285 
Authiganie High Sanidine from Western Australia (J. E, Glover and P Hoseman), 


Anteaters Mice Thymectomized at Birth; Anunuclear (J. Thivolet 

et al. 

Autobiography of Bertrand Russell, Tha, revrew by D. G. King-Hele, 323 

Autocomplex Formation in Solutions involving Octahedral and Tetrahedral 
Complexes of a Metal lon (W. Libus, D. Puchalska and M Walczak), 480 

Automaa and vratil Simulations, Natural (Symposium), review by H C Longuet- 

iggins, 

Automated Cartography: see Instant Maps, 230 

Automatic Measurement of Birefringence: Towards (C. Snell}, 78 

Automation of Libraries; Brasenose Conference on the, review by H T, Hookway, 


Autonomic Inter neuron: 
Willams), 309 
Nervous System and Control of Cardiac Rhythm (Jay Roberts, Barrie 
Levitt and Frank G. Standaert), 912 
Autoradiography of Leucocytes cultured with Trittated Bean Extract (R A. 
Conrad), 709 


Electron Microscopic Evidence for an (T. H W. 


Autosomal Translocations in Mature Oocytes of Drosophila melanogaster 
Induction of (H, Traut), 718 
Auxiliary teachers, news, 120 
Auxtin in Hormzontal Woody Stems in Relation to Gravimorphtsm Distribuaon 
of (R. W. A Leach and P. F, Wareing), 1025 
-induced Elimination of a Protein in Bean Hypocotyl (I1 Y Sarkissian and 
T C. Spelsberg), 319 
seo Senescence, Abscission and Celiulase Activity in Phaseolus vulgaris 
(Roger F. Horton and Daphne J Osborne), 1086 
Avena Single Chromosome Affinities in the A Genome of (Hugh Thomas and 
Tibor Rajhathy), 1357 
Avian Leukosis in Response to Excess Vitemin A 
March and Jacob Biely), 287 
Axial an of Calcareous Sponge Spicules 


X-ray 


Increased Incidence of (B E. 
ik Sheath and (W. Clifford Jones), 
Aronica Synaptic Lesions in Neuropsychiatric Dreorders (Nicholas K. Gonatas), 


Azotobacter chroococcum in the Aerial Roots of the Banyan Tres (Y Iswaran and 
N S Subba-Rso), 814 


Bane on Nodulation of Cowpea. External Effect of Indolyl-3-acetic Acid, 
Benzimidazole and (D Mishra and B. Mohancy), 320 

B Stars. Rotation and the Helium Line Strengths tn (A R Hyland), 899 

82h Reciprocal in toto Conversion of cobacterium phiez*Mycobacterium 
Breanne by Mediation of an Intermediate Hybrid Genome (S, E. Juhasz), 

Babesia (Nuttallia) rodhaini: Immunization of Rats against (N McHardy), 805 

Babies with Congenital Rubella: Phytohaemagglutinin Unresponsiveness of 
Lymphocytes from (George B Olson et al.}, 695 

Baboons demonstratad with lsoirmmune Sera: Blood Groups of (J Moor- 
Jankowski et al.), 181 

with Bilateral Lesions of Frontal or Inferotemporal Cagrex: Learning 

and Memory tn (Anthony W H. Buffery), 1054 


INDEX 


Bacillus magaterium Protein: Effect of Cell Fragmentation on Nutritive Value of 
(S. R. Tannenbaum and $ A Miller), 126l 
ntothenticus Sporas activated Dimethylformanırde and Dimethyl- 
sulphoxide (Jean P. Widdowson), xP 
subtilis 168. lsolation of Mutants with Altered DNA Base Composition 
in (G. F Gause et al.), 714 
Backi®g, Nature, news, 336 
Backward-directed Fungal Hyphal Branching (R. H, Haskins), 517 
Bacteria: Hydrolysis of Cephalosporins by B-Lactamases from Gram-negative 


GQ. M. T. Hamilton-Miller), 1333 
ermal Replication of DNA after Repair Replication in (P. C. Hanawale), 
2 
*e manganese and pipelines, news, 1180 


Simple Immunological Labelling Mathod for Electron Microscopy and its 
application to the Study of filamentous Appendages of (A M Lawn), I 15! 

soe Size Fractionation of Exponentially Growing Escherichia col: (Haim 
Manor and Robert Haselkorn), 983 

Bacterial ATA news, 6 

Cell Walls: Action of Bile Sales on (M J Hill), 1152 

Cells. Growth, Function and Regulation of (A C R Dean and Cyril 
Hinshelwood), review by D E Hughes, 213 


oy eR ydrolysis of Secondary Alcohol Sulphate by a (W J. Payne 
at al.), 
i foctions by tron: Abolition of Passive immunity to (J J. Bullen et al ), 
515 

Stran. Four Transfer Factors in a Single (Paul H Hardy and E Ellen 
Nell), 414 


Bacteriocinogany in Lactobacillus fermenti (H. C de Klerk), 609 
Bacteriophage and Isolation with a Specific Immunoadsorbane. Anti-pen:cilloy! 
Antibodies Detection with Pentcilloylated (Joseph Haimovich et al ), 1369 
Baker, jun., Robert M., and Makemson, Maud W An Introduction to Astro- 
namics, review by R. Graham, 1062 
Bamforth, Joseph, obituary, 218 
Bananas during the Climacteric Phase A a Activity in Applies and 
{Norman E, Looney and Max E Patterson), [245 
Banyan Tree: Azotobacter chroococcum in the Aenal Roots of the {Y Iswaran and 
N S Subbs-Rao), 814 
Bard, Allan J . Chemical Equilibrium, review by J E. Prue, 1170 
Barley Distribution of Nitrate and Nitrite Reductase in Barlay ae Miflin), 1133 
Barrier around Synovial Cells in vitro (B J Clarris and J. R E Fraser), 1159 
Basle Electronics for Scientists (Jamas J Brophy), review by E. G. Wilson, 55 
Magma with Pelitic Materials: Interaction of (C D Gribble and M J 
O'Hara), 1198 
Quantum Mechanics (Robert L White), review by L R. B Elton, 324 
Bastlophilic Lymph Cells into Plasma Cells. Transformation, in vivo, of (M. $ C 
Birbeck and J. G Hall), 183 
Bat: Cholinesterase in Molanocytes of the (Andre Bourland, Kiaus Wolff and 
R K, Winkelmann), 846 
Ovary Cytochamical Study of Interstitial Cells in the (Sardui S Guraya), 
614 
Battery cars, news, 444 
Bean pact: Autoradiography of Leucocytes cultured with Trtiated (R. A. 
Conrad), 709 
Bean H tyi: Auxin-induced Elimination of a Protein in (l. V. Sarkissian and 
i C. Speisberg), 319 
Bear Macaque, Macaca arctoides Complementary Specialization of Male and 
Famale Reproductive Structures in che (Jack Fooden), 939 
Beef Heart Mitochondria in Various Functional States: Intramitochondrial pH 
and Intra-extramitochondrial pH Gradient of (S. Addanki at al ), 400 
Bees Tra Heche Wasps and (Kar! V Krombein), review by C G Butler, 1658 
Beliman, E (edited by) Mathematical Biosciences (An International Journal), 
review by H C. Longuet-Higgins, 853 
Bennet, W. S, Eglinton, G., and Kovac, S$. 
Bile Acid Derivatives, 776 
Benzimidazole and B-nine on Nodulatton of Cowpea: External Effect of Indolyl- 
3-acetic Acid (D. Mishra and B. Mohanty), 320 
Benzyladenine: Increase of Nucleic Acid and Protein Synthesis in Bean Leaves 
Cytokinin Effect of (B |, Pozsir et al }, 273 
Benzylpenicillin and Phenylacety! Glycine during Submerged Cultivation of 
Escherichia coli Change tn che Rate of Deacylation of (L. Nyiri), 1347 
“Berlin” Warming. The {John $ Belrose), 660 
Bermuda Reef Fishes. Yiston of (Edward R Baylor), 306 
Biarylearboxylic Acids Fibrinolytic Activity of some (R 3 Gryglewski and M. 
Eckstein), 626 
Bibliographie des Spectres des Moléculas Polyatomiques dans I'Uleraviolet à Vide 
(A Johannin-Gilles), review by W C. Brice, 56 
Brett, Giambattista, and Warner, George H Trachoma, review by P Reeve, 
1275 
Bilateral Lesions of Frontal or Inferotemporal Cortex 
Baboons with (Anthony W H Buffery), 1054 
Bile Acid Derivatives: Salf-association of Phanolics and of (W. S Bennet, G. 
Eglinton and S Kovac), 776 
Acids in Jaundiced Human Urine Presence of (James A. Gregg), 29 
Salts on Bacterial Cell Walis Action of (M J T, 1152 
Billings, Donald E . A Gulde to the Solar Corona, review by Sydney Chapman, 431 
Binding Acuvity of the Antibody Heavy gran determined by Polarography and 
Haemagglutination (J. Zikan and J Sterzf, 1225 
of Cyclopropane to Sperm Whale Myoglobin (Benno P Schosnborn, 1120 
of Radioiodinated Bovine Serum Albumin to Mousa Splean Calls (D 
Naor and D Sulitzneau), 687 
of Tetracycline to Mammalian Spermatozoa (R J Ericsson and V F. 
Baker), 403 
Binocular Viewing. see inter-hemispheric Comparison of Visual Stimuli in the 
Pigeon (Nancy K, Mailo), 144 
Bioassay as a Mathod of identifying Acetylcholine 
David Morris), 284 
Biochemistry of Copper The (Symposium), review by P 3 Warren, 433 
Bioenergetics: Current Topics in, Yol | (edited by D R Sanadi), review by E, R. 
Redfearn, 65 
Biogenesis of Nonacosane: Origins of Oil, a Correction and Further Comment 
on the Brunnock Even C-Number Predominances in Certain Higher 
Alkanes of African Crudes, and on the (Robert Robinson), 263 
Blological editors, news, 336 
Example of the Compensation Law (W. Good), 1250 
Literature, The usa of (edited by R T Bottle and H V. Wyatt), review 
by P C. Wilhams, 853 
Science (William T, Keaton), review by Mary Lindlay, 68 
Tissues: Pitfalls in Electron Spin Resonance Spectrometry in (C M 
Dettmer et al.), 492 
Biologically Frxed Nitrogen in a Sand Dune Slack Region: Transfer of (W D. P, 
Stewart), 603 
Biopolymers: Phonon Spectra of Helical (Y D Gupta et al ), 1325 
news 9337 


Self-assocration of Phenolics and of 


Learning and Memory in 


Parallel (Catherine Hebb and 


xix 


Biosciences, Mathematical (An International Journal, edited by R. Bellman), 
review by H C. Longuet-Higgins, 853 
Biosynthesis of Gibberellins In Fusarium monilrforme. Light Stimulated (D. Mertz 
and W, Henson), 844 
Bird Book The Shel! (James Fisher), review by F A L., Clowes, 214 
Faunas of Africa and Its Islands. The (R E. Moreau), review by Lands- 
borough Thomas, 66 
Birds: Handbook of New Guinea (Austin L Rand and E Thomas Gilliard), 
review by J, D. Macdonald, 67 
seo Evolution of Creatine Kinase (M. E, Eppenberger et ol ), 239 
Birefringence: Towards Automatic Measurement of (C, Snell), 78 
Birth-death model: see Time-dependence and Count-dependence in Microbial 
Infection (Trevor Williams and G. G. Meynell), 473 
Bis-{B-katophosphonyl)-Metal Complex involving Recyclizations Trimerization 
ofa(! J Bishop etal), IIIT 
Bison and their Cattle Hybrids: Haemoglobins and Transferrins of European 
{Mikael Braend and Janusz Gasparski), 98 
Bissell, Harold J.: see Chilingar, George V. 
Biting and Blood-sucking Type in Tanyderidae and Chironomidae (Diptera). 
Mouthparts of the J A Downes and D. H Colless}, 1355 
Blastocysts* Sexing of Live Rabbit (R G Edwards and R. L Gardner), 576 
Blastogenesis. see Histochemistry of Blood Cells treated with Pokeweed Mitogan 
(Barbara E, Barker and Patricia Farnes), 787 
Bleeding’ Response of Early Erythroid Precursors to (Ismail R A Hanna), 355 
Blood and Hyperplastic Genital Tract of Famale Mica. Fate of Exogenous DNA tn 
(L Ledoux, P Charles and M Srogl), 1241 
Calls of Primates Neutrophil Alkaline Phosphatases in (H J. Huser and 
B A. Olberding), [043 
Calls treated with Pokaweed Mitogen 
Barker and Patricia Farnes), 787 
-Cerebrospinal Fluid Barner for Calcium lons in che Absence of Gluco- 


Histochemistry of (Barbara E. 


corticoids: Breakdown of (Tokuro Fukuda and Junichiro U1), 598 
-clotting Factors and Thrombosis Chemical Activation of (F. Nour- 
Eldin), 1362 


Coagulation. New Vasoconstrictor, Bovine Peptide-B, released during 
Robert W Colman et ai.), 1040 

Groups and Micro-organisms* Call Surfaces (Paul J Schmidt and Mary H. 
McGinniss), 1363 

Groups tn Indians of Tierra del Fuego (Raul Etcheverry, Manual Muranda, 
Carlos Guzmán, Carlos Regonesi, Norma Durin, rios Rojas, Juan 
Villagrán and Esteban Boris), 2! 1 

Groups of Baboons demonstrated with lsommune Sera (J. Moor- 
Jankowski, Alexander S. Wiener, Eva B. Gordon and Joseph H Davis), 181 


Histamine Continuous Automatic Fluorometne Evaluation of Total 
(Francois Ruff et al ), 279 
Plasma and rocytes of Normal Ducks and Ducks Infected with 


Malaria] Parasite, Plasmodium fophurae- 
Ahmad Siddiqui and Willam Trager), [046 
Pressure associated with Phrenic Nerve Activity: Oscillations mn (Niel $. 
Charmuck et al), 206 
Pressure in the Turkay Natural Dissecting Aneurysm (Aortic Rupture) 
and (L. M. Krista et al ), 1162 
Proteins of the American Cockroach and the Ovipontion Cycle: Asso- 
ciation of Folin positive Material with the (G E, Pratt), 1034 
Serum, Relation of Magnesium to Calcium in Human (Anne M, Briscoe 
and Charles Ragan), 1126 
sucking Type In Tanyderidae and Chironomidae (Diptera) Mouthparts 
of the Biting and (J A Downes and D H. Colless), 1355 
under Hyperbaric Conditions before and after Food Intake: Deter- 
mination of Gas Solubility and Saturation Capacty of (Alf Jacobsson and 
Hans Rockert), 104 
Bioss, Donald F. soe Fang, J H. 
Blue and Green Light Retardation of Flower Opaning in Oenothera lamarckiana 
caused by (Michi Saito and Tashio Yamaki), 1027 
Blue-green Algae see Micro-organisms adapted to High Temperatures (Thomas 
Body Burden ef Cassium-137 in J 
y Burden o! um in Japan (T. A. linuma, M Uchi aa T.N T. 
Ishihara, M. Sakar and N Yamagata), 133 yan Di 
Bollworm (Diparopsis castenea Hmps ) by Mutagenic Agents, Chemosterilrzation 
of the Red (D G. Campion), 1031 
Bone: Action of iyrocaleiconin on (A W Wasa et al.), 388 
Collagen: Organic Phosphorus Content of the Alpha Chains of Chickan 
{C.J Francots et ol j, 62! 
in Organ Culture Early Effects of Parathyroid Hormone and Thyro- 
calcitonin on (Lawrence G, Rarsz and Ingnd Niemann), 486 
Marrow and Lymphoid Cell Injecuon of the Pig Foetus resulting in 
Transplantation Tolerance or Immunity, and Immunoglobulin Production 
(R M Binns), 179 
Marrow Colony Production in vitro by Normal Polycythaemic and 
Anaamic (T R. Bradley et al ), 511 
Marrow Calls by Sedimentation at Unit Gravity Separation of (Elbert A 
Peterson and Warren H. Evans), 824 
Marrow’ Generation Cycle of Mouse (E. Frindel et al.), 1017 
Marrow in Mammals. Cytological Analysis of Radiation Damage and 
Recovery of (N. L. Shmakova et al ), 719 
Resorption in the Rabbit by Fluoride Inhibition of (J. M Faccini), 1269 
Bones from Mongolia’ Unusually Radioactive Fossil (Jerzy Pensko), lét 
Boolootian, Richard A (edited by) Physiology of Echinodermata, review by D. 
Etherington, 745 
Bordetella pertussis of Protective Antigen free from Toxic Activity and Histamine 
Sensitizing Factor Isolation from (J, Nagel), 96 
Bottle, R T, and Wyatt, H V (editors) The Use of Biological Literature, 
review by P. C. Williams, 853 
Bourne, G H, and Daniell, J. F. (edited by) International Annual Review of 
Cytology, Vol. 20, review by G G Selman, 69 
“Bound Water" in Keratin Membranes measured by a Microbalance Technique 
{Robert J Scheuplein and Linda J Morgan), 456 
Bovine Peptide-B, released during Blood Coagulation. 
(Robert W Colman et al), 1040 
Sarum Albumen to Mouse Spleen Cells Binding of Radioiodinated (D. 
Naor and D Sulitezneau), 687 
Serum Albumin in Adult Rats Thymectomy and the Prolongation of 
Tolerance to (W. Pierpaol:), 802 
Brachyelotus repanda > Hepatotoxie Substance in (P. H. Mortimer and E, P White), 


Free Amino-actds of (Wasim 


New Vasoconstrictor 


Brain: Convulsive Effect elicited by Topical Application of Panicillin on Glutamate- 
Glutamine System of (C. Pintilie et af), L131 Ld 
Assembly of Semliki Forest Virus in (S. M McGee-Russell and G. Gosz- 
tony), 1204 
yche 3’, 5’-Nucleotide Phosphodiesterase: Localization af Latent 
Activity in Rat (War Yiu Cheung and Leon Salganicoff), 90 
dran, news, 223 


Drain Aspects of the (Symposium), news, 756 e e 
= 


wo 


xx INDEX 


Drain Brbhography, news, 961 
dram: reversal of, news, 756 
drun: stopping the, news, 549 

iene rases during Development (J R Lagnado and Madeleine Hardy), 


j meet Transfer of Acquired Information by (G Ungar and L N. 
rwin), 
Function, Vol, 3 (Conference), review by R C Oldfield, 328 
Homogenates: Transfer Effects of Intraperitoneal Injection of (James A 
Dyal et o/.), 720 
[mmunoglobulin-G and Albumin: Multiple Sclarosis (VYallace W. 
Tourtellotte and Julius A Parker), 683 
Stimulation at Low Intensity Development of Epileptic Seizures through 
(Graham V. Goddard), 1020 
Stimulation, Sexual Behaviour, and Foot Shock, “Foot-stomping” in the 
Gerbil. Rewarding (Aryah Routtenberg and Ronald C, Kramis), 173 
Thromboplastin: Chemical Nature of Human (E Hecht), | 
Brains: see Postnatal Neurogenesis in the Guinea-pig {Joseph Altman and Gopa 
D. Das), 1098 
Brasenose Conference on the Automation of Libraries, review by H. T. Hookway, 


857 
Breakdown of Blood-Cerebrospinal Fluid Barrier for Calcium lons in the Absence 
of Glucocorticoids (Tokuro Fukuda and Junichiro Un), 598 
Breast Cancer, news, 4 
Breeding Activity in the Ewe 
Leas), 743 
Breeding, Mutations in Plant, review by Ralph Riley, 856 
Besh, tee WA Theory of Psychological Reactance, review by Neil! Bolton, 
Brightness and Polarization of the Zodiacal Light: Effect of the Solar Activity on 
the (A S Asaad), 259 
Brightness and Temporal Variation of Radio Emission from Galactic OH (A. H. 
Cook), 689 
Brines: Hydrographic Observations of the Red Sea (R. G. Munns, R J, Stanley 
and D Densmore), 1215 
in the Red Sea. Origin of Hot (D T. Pugh), 1003 
Bristol Siddeley Engines, Ltd , news, 7 
British Association for the Advancement of Sctence, news, 445 
Commonwealth Royal Society Conference, news, 226 
Computer Society, news, 444, 1177 
Cryogenics Council, news, 962 
Electron Accelerator: New, 1183 
Engineers Need an Academy? * Do (M W = Thring), 1186 
Iron and Steal Research Association, news, 866 
National Committee for Geography of the Royal Society: see Instant 


Effect of Time of Shearing on the Onset of (J. L. 


Maps, 230 
Paper and Board Industry Research Association, news, 1177 
power policy, news, [289 


research, news, 549 

Brock, W. H, (edited b) The Atomic Debates, review by Harold Hartley, 342 

Brome Mountain, Que Kalalite, Diopside and Melilite im a Sedimentary 
Xenolith from (A R Philpotts et al ), 1322 

Bromide, a Substitute for Chloride in a Marine Algal Medium (J McLachlan and 
J S Craigie), 604 

Brophy, James J > Basic Electronics for Scientists, review by E. G Wilson, 55 

Brotherton, Robert] see Steinberg, Howard 

Brouwer, A.: General Palaeontology, review by M. R. House, 1276 

Brown Fat, Catecholamines in (Claes Wirsén and Berti] Hamberger), 625 

Brown, Sanborn C introduction to Electrical Discharge in Gases, review by 
E. W Laing, 95! 

Brunnock Even C-Number Pradominances tn Certain Higher Alkanes of African 
Crudes, and on the Biogenesis of Nonacosane: Origins of Oil, a Correction 
and Further Comment on the (Robert Robinson), 263 

Bubbles in lee Spiral Asr (Charles A. Knight), 1324 

Buccinum undatum L Secretion of Mucopolysaccharides in the Whelk (S. Hunt), 


Bud Morphogenesis in Hydra (S G Clarkson and L. Wolpert), 780 

Buffer. Meta! Complexing by Tris (D E. Allen, D J, Bakerand R D Gillard), 906 

Buffy Coat Cells from the Blood of Partially Shielded, Heavily Irradiated Donors: 
Erythroporetic Recovery in Lethally Irradiated Rats after Transfusion of 
(Brian |. Lord), 924 

Building Research Station, news, 447 

Bullfrog Gastric Mucosa to a Gastrin-like Pentepetide: 
Warren D. Davidson et al), 595 

Bunn, J.P see Ward, L. 

Buoyant DPensiey of Herpes Simplex Virus in Solutions of Caesium Chlonde 
(Patricia G. Spear and Barnard Rozman), 713 

Burns, Tom, and Saul, 5. B, (edited by). Social Theory and Economic Change, 
review by Asa Briggs, 746 

Butts, Allison (edited by) Silver, rewew by W. J. Kitchingman, 1375 

Pygsüs in she Common Mussel (Mytilus edulis L): Formation of the (J P Pujol), 


Response of Isolated 


C. de B and LL.: Antilpoprotein Nuoro Serum (C P ) and its Relation to Sere 
(Jan Hirschfeld et ai), 495 

lou i Furejar Evidence for Macromolecular Nature of Human (Jane H. Morse), 185 

G-Termin Haro Immunoglobulin 4 Chains (C. Milstein, J B, Clegg and J M 
arvis), 

Cy, Carotenoid Dehydrogenans-P439 and Sarcinaxanthin. 
Liaaen-Jensen et of }, 379 

Caesium Chloride: Buoyant Density of Herpes Simplex Virus in Solutions of 
(Patricia G. Spear and Bernard Rarzman), 713 

Caesium-137 in Japan* Body Burden of (T. A. linuma et al ), [33 

Caesium-137 in Suckling and Weanling Mice: Whole-body Retention of (Naonori 
Matsusaka and Jiro Inaba), 303 

Caffeine tn Drosophila: Loss of Chromosomes and Nondisjunction induced by 
(Sidney Mittler et al.), 424 

Cairns, John, Stent, Gunther S, and Watson, James D (edited by) Phage and 
the Origins of Molecular Biology, review by Arthur Kornberg, 538 

Calagualine, an Antitumoral Saponine of Polypodium leucotomos: Metabolic 
Effects of (Antonio Horvath, Francisco Alvarado, Joseph Szocs, Zeila Ney 
de Alvarado and Gilberto Padilla), [256 

nie Cements’ Strength Development in ($ Chatterji and J. W. Jeffery), 

scilearenns Sponge Spicules Sheath and Axial Filament of (W, Clifford Jones), 


Identity of the (5, 


Calcite @ Absence of Organic Phase in Echinodarm (J. D Currey and David 


Nichols), 8! 
Calcite: see Sheath and Aoual Filament of Calcareous Sponge Spiculas (W. Clifford 
Jones), 365g 
e 
e e 
+ 
7 e ° Be 


Calcium in Human Blood Serum: Relation of Magnesium to (Anne M Briscoe 
and Charles Ragan), [126 
Calaum in Human Urine: Non-exchangeable (A. Hodgkinson et al.), 1045 
Calcium lons in the Absence of Glucocorticolds: Breakdown of Blood-Cerebro- 
spinal Fluid Barrter for (Tokuro Fukuda and Junichiro Un), 598 
Calerum on Mitosis in the Thymuses of Normal and Irradiated Rats. Effect of 
(A. D. Perris and J, F Whitfleld), 302 
Calcium Uptake ATPase and Photophosphorylation by Chloroplasts in vitro 
{Park S, Nobel), 875 
Calculations of the Einstein A Coefficient for the 18 cm Transition of OH (Barry 
E Turner), 379 
Calves: Effect of Intravenous Infusion of Fructose in Newborn (A V Edwards 
and N. Powers), 728 s 
Camels: Segre sine and tho Increase of Water and Electrolyte Excretion by 
Sheep, Cattle and (W. Y. MacFarlane et al.), 979 
Camphor Vapour and Temperatura on the Frequency of Aberrant Asci in Sordaria 
Effect of w J Whittington and C M Penn), 605 
Can Rats Count? (Chia-Shong Chan), [5 
Canada: Fishes of the Atlantic Coast of (A H. Leim and W. B Scott), review by 
P H. Greenwood, 1059 , 
Nannoplankton of Marine Origin from Great Bear Lake in the Northwest- 
Territories of (A, S. Bursa and L. Johnson), 528 
Cancer Cell in vrtro The (E. J. Ambrose et af}, review by J O Laws, 1057 
New Trends tn the Treatment of (L Manutla et al), review by P. C 
Koller et al., 637 
viruses, news, 338 
Canine Liver by Endotoxin: Induction of Histamine Forming Capacity in (Tokuro 
Fukuda), 107 
Carbacho!: see Further Evidence relating to tha Mode of Action of Nicotine in 
the Central Nervous System (A K. Armitage and G. H. Hall), 977 
Carbohydrate Movement between tha Symbiones of Lichens (D. H. $ Richardson, 
B C. Smith and D. H. Lewis), 879 
Carbohydrate Nutntion of Some 
thavale and R C. Cooke), 321 
Carbon Fibres: Friction and Wear of Polymers reinforced with (J P Giltrow 
and J K Lancaster), 1106 
in Liver and Spleen after Thymectomy. Storage of Colloidal (G. V. 
Giusti and A Corst,, 916 
Sources: Proliferation of Mycobacterium tuberculosis from Mouse Lung 
Tissue on Various (O. Brextna et al ), 1036 
Tatrachloride Solutions. Transient ee ane Complexes with 
Chlorine Atoms by Pulse Radiolysis of R E Buhar and M. Ebert), 1220 
Tetrachloride Toxicity by Dimethyl Sulphoxide. Potentiation of (J W. 
Freston and I. A D. Boucher), 734 
-l4-labelled Arginine to measure Catabolic Rates of Proteins and the 
Recycling of Amino-acids: Use of fw S. Lane), 133! 
Carbonatites (edited by ©. F. Tuttle and } Gittins), review by J. B Dawson, 749 
Carbonic Anhydrase inhibitors in the Absence of Carbonic Anhydrase. Depres- 
sion of Chloride Transport by (Satosi Kicahara, Karl R Fox, and © Adrian 
M Hogben), 836 
Metai lon Dependent Binding of Sulphonamide to (J. E. Coleman), 193 
saan dere in Human proces Cytological Demonstration of 


ematode-trapping Fung: (V. Satchuthanan- 


laus Betke and Enno Klethauer), | 
Carcinogen-nduced Alterations in the Potentials of Cultured Animal Cells: 
Chemical (L. J Alfred), 732 
“induced rat Hepatoma. Antigen Deletions in (R. W. Baldwin and 
C. R. Barker), 292 
when painted on Skin of Rodents. N-Methyl-N-Nitrosourea es a Strong 
Topical (A Graffl et al), 611 
Carcinogenicity of ‘Freons’ and Epcos! Butoxide Synergistic Toxicity and 
(eamuel S Epstein et al.}, 52: 
Carcinogens of the Palyeyclic Hydrocarbon ue Induction of Hepatoma tn 
Mica by (F.J C. Roe and Margaret A. ators 299 
Carcinoma in Rural Dogs Tonsillar (W. L Ragland, Hi, and John R Gorham), 925 
Cardenolides (Heart Poisons) in a Grasshopper feeding on Milkweeds g v. Euw, 
L. Fishelson, J. A Parsons, T, Reichstein, Mirram Rothschild), 3. 
Cardiac and Skeletal Muscle’ Ischaemia Detecting Radioactive Substances for 
Scanning (P. Malek et al ), 1130 
Catecholamine Concentrations. Effect of Physical Training on (C 
De Schryver, P. De Herdt and ] Lammerant), 907 
Rhythm Autonomic Nervous System end Control of Gay Roberts, 
Barrie Lavite and Frank G. Standaert), 912 
Cardiotonic Substance in Mammalian Tissue. Possible Mode of Action of a 
Naturally Occurring (K. S Lee and R H Thorp), 1352 
Caries: Surface Phenomena in Dental (Leon M Silverstone), 203 
Carlson, Elor Axel The Gene, review by K R Lewis, 538 
Carotenoid Dehydrogenans-P439 and Sarcitnaxanthin Identity of the C,, (S. 
Liaaen-Jensen et ol.), 379 
Carragoenan and Histamine Gastric Ulceration in the Guinea-pig* Intravenous 
Degraded (W Anderson and P D Soman), 823 
Carrier: Friction Transition Temperature Effect of Matching Surfactant and 
(W. Grew and A. Cameron), 429 
Carnilo, Nabor, obituary, 218 
Cartilage. In vivo Effect of an Invasive Malignant Rat Tumour on (A. R Poole and 
D. C Williams), 1342 
Casier, Edgard.. Faune Ichthyologique du London Clay, review by L B, Halstead 
arlo, 
Casta and Race fedte by Anthony de Reuck and Julie Knight), review by E. 
Sunderland, 1166 
Catabolic Rates of Proteins and the bat Amino-acids 
I4labelled Arginine to measure (R $ e), 1331 
Catabolite Repression Metabolite-promoted Heat Labili 
and its Relation to (Mary E, Brewer and V. Moses), 2 
Catalase Activity in Higher Plants and Fung: treated with Oxygen at High Pres- 
sure’ Changes in (G. G. Pmtchard and Margaret A. Hudson), 945 
Catalyst. Mossbauer Effect Spectra of Ammonia Adsorption on a Supported Iron 
(M. C. Hobson, jun.), 79 
Catalysts: Acceleration by Adsorbed Sulphur and Selenium of the Electro- 
chemical Oxidation of Formi¢ Acid on Piatinum (H Binder et al.), 268 
An Unusual Activity Pattern in Hydrogen-reduced Nickel-Copper Alloy 
GK A. Clarke and J J Byrne), 1109 
Catecholamine Concentrations: Effect of Physical Training on (C Da Schryver, 
P. De Herdt and J Lammerant}, 907 
Catecholamines in Brown Fat (C Wirsén and Bertil Hamberger), 625 
The (L L. Iversen), 8 
Cattle and Camels: Vasopressins and the Increase of Watar and Electrolyte 
Excretion by Sheep (W. Y. MacFarlane ot al ), 979 
Hybrids: Haemoglobins and Transferrins of European Bison and their 
(Mikae! Braend and Janusz Gasparski), 98 
Causa a Homologous Disease (Lyle R Heim, Carlos Martinez and Robert A. 


Use of Carbon- 


of B-Galactosidase 


Cavitation in Supercooled Liquids. Nucleation of Freezing by (R Hickling), 379 
Cawood, Sir Walter, obituary by Robert Cockburn, 217 e 


INDEX 


Cell communication, news, | 180 

division: see Bud Morphogenesis in Hydra (S. G. Clarkson and L. 
Wolpert), 780 

Fragmentation on Nutritive Value of Bacillus megaterium Protein: 
Effect of (S. R Tannenbaum and S A. Muller), 1261 

Growth in Conditions of Phage Infaction, Substrate Imbalance and 

‘ Synchronization; Kinetics of A R Dean and Cyril Hinshelwood), 1081 

Nuclei: Fina Structure of Heterochromatin in Certain (Howard G. 
Davies), 208 

Parmeability: Problems of (A S. Troshin), review by E. J, Harris, 63 

Physiology: Methods in (edited by David M, Prescott), review by J M 
Mitchison, 

. Populations in Day Old Rats: Differential Sensitivity of Some Phases of 
the Mitotic Cycle to Temperature Effect in Two Types of (G Lebedeva 
and A Zavarzin), 110 

Proteins as Primary Hormone Acceptors after Injection of Testosterone- 
S mto immature Rats (U Lippert, K.-O. Mosebech and G Krampitz), 

Surfaces, Blood Groups and Micro-organisms (Paul J Schmidt and Mary 
H McGinniss;, 1363 

System : hag ps Ideniny of Interferons induced by Different Viruses 
in the sume (B connier), 591 


Wall Degradation by a Pectate Transeliminasa (Margaret Dean and 
R.K. S Wood), 408 
Walls, Action of Bile Salts on Bacterial (M_J. Hill), 1152 
Cells and Tissues tn Culture’ Methods, Brology and Physiology, Vol. 3 (edited by 
E.N Willmer), review by John Paul, 69 
Characterization of the Time Variations of Reproductive Processes in 
Living (Thomas F. Budinger and Robert J. Howerton), 397 
in Alternating Electric Field, Mechanism of Characteristic Bahaviour of 
(R_C. Sharma), 83 
Transformation of Pregnenolone and Progesterone by Cultured Plant 
(M H. Gravas and W. K Smith), 1248 
Cellular Bests of the Immunological Defects in Thymectomized Mice (I F A. P. 
Miller et af), 992 
Proliferation Induction of 19S Antibody Synthesis without Stimulation 
of (Walter J. K Tannenberg), 293 
Renewal in the Duodenum of Mice Influenca of a Mixture of Chemical 
Radtoprotectors on the i R Masin and M. Lambiet), 412 
Slime Mould Dictyostelium discoideum Germination Inhibiter from che 
(Constante Ceccarini and Arthur Cohen), 1345 
Cellulase Activity in Phaseolus vulgaris Senescence, Abscission and (Roger F 
Horton and Daphne J ete 1086 
Cellule: La (P. Favard and M. Durand), review by P J. Kelly, 1058 
Cellulose Acetate Membranes with 1000 A Pores: Fraeze Dried (H P Rothbaum), 


Sementi Strength Development in Calcarious (S Chatterji and J W. Jeffery), 
Centra! Nervous System Further Evidence relating to the Mode of Action of 
Nicotine in the (A K., Armitage and G. H. Hall), 977 
Cephalosporins by f-Lactamases from Gram-negative Bacteria. 
U.M T Hamilton-Miller), £333 
Ceratophyllus gallinae (Schrank) Uptake of Atmospheric Water by the Hen Flea 
(D. A Humphries), 426 
Cerebrospinal Fluid Barner for Calcium lons in the Absence of Glucocorticoids 
Breakdown of Blood- (Tokuro Fukuda and Junichiro Un), 598 
Gamma-G-globulins in Inflammatory Affections of the Central Nervous 
System’ Problems of the Origin of the Anodic Part of (O Kolár), 524 
CERN, news, 1283, [285 
and the Big Machine (Eduardo Amaid:), 1290 
contracts, news, 447 
Cervical Smears, news, 761 
Cesticidal Action of Diphenyl Sulphone 4 4’-Di-isothiocyanate (J. C. Katiyar, 
A B. Sen and B. K Bhattacharya), 708 
Chastomorpha darwinn (Hooker) Kuetzing. Rubidium as a Tracer for Potassium in 
the Marine Algae Ulva lactuca and (Keith R West and Michael G. 
Pitman), [262 
Chalona: The Vartebrate Epidermal (W. S Bullough et ai.), 578 
Chameleo melleri: Disconjugate Eya Movement Patterns during Optokinetic 
Samulation of the African Chameleon (Edward S Tauber and Adam 
Atkin), 1008 
Chameleon, Chameleo melleri Disconju 
QOptokinatic Stimulation of the 
Atkin), 1008 
Chance Fluctuations in pH?: is there Proton Noise in Mitochondrial Membranes 
leading to (Brireon Chance), 399 
Chang, Professor Hou Pao, obituary, 539 
Change in Enzyme Pattern after Cross-innervation of Fast and Slow Skeletal 
Muscle (Victor Dubowitz and Donald L Newman), 840 
in the Rate of Deacylation of Benzylpenicillin and Phenylacetyl Glycine 
during Submerged Cultivation of Escherichia coli (L. Nyiri), 1347 
Chanyes in Catalase cuavity tn Higher Planes and Fung: treated with Oxygen at 
High Pressure (G, G. Pmtchard and Margaret A Hudson), 945 
in Naurosecretory Aei at Different Stages in the Adult Hyalomma 
dromedar Koch 1844 (Via: Dhanda), 508 
Channel Flow Open (F M. Henderson), review by A. M. Binnie, 748 
Char of Lake Windermere (Salvelinus willughbt (Gunther), forma gutumnalis and 
forma vernalis) Photopigments in the (C. D. B. Bridges), 205 
Characterization of Antilymphocytic Antibody (K James and P B. Medawar), 
of the Time Variation of Reproductive Processes in Living Cells (Thomas 
F. Budinger and Robert J Howerton), 397 
Charcoal Particles with Carbon Dioxide and Water at Temperatures up to 2,800° 
K’ Reaction of (M D. Gray and G. M Kimber), 797 
Charge-Transfer Complex between Sulphur Dioxida and Trimethylamine in the 
Gas Phase and in Heptane (Sherril 5 Christian and Just Grundnes), IILI 
with Chlorine Atoms by Pulse Radiolysis of Carbon Tetrachloride 
Solutions’ Transient (R E Buhler and M. Ebert), 1220 
Charles Clore Pavilion for Mammals at the London Zoo, news, 758 
Chebotarev, N P. Theory of Stream Runoff, review by R C. Ward, 60 
Chelation by Gastric Juice, Gastric Iron Binding Protein in Iron (Pater S Davis 


Hydrolysis of 


te Eye Movement Patterns during 
mcan (Edward $ Tauber and Adam 


etal), 1126 
Chemia Activation of Blood-Clotting Factors and Thrombosis (F. Nour-Eldin), 
362 


Carclnogen-Induced Alterations in the Potentials of Cultured Animal 
Cells (L. J Alfred), 732 

Coupling of Peptides and Proteins to Polysaccharides by Means of 
Cyanogen Halides (Rolf Axén, Jarker Porath and Svarker Ernback), 1302 

Dictionary The Condensed (Arthur and Elizabeth Rose), Seventh ed., 
review by A M Marshall, 58 

Encyclopaedia Kingzett's (edited by D. H Hey), Ninth ed, review by 
A.M. Qjarshall, 58 


xxl 


Engineering: The Principles of Chemical Equilibrium, with Applications 
in Chemistry and (Kennsrh Denbigh), Sacond ed , review by J E Prue, 1170 
Equilibrium (Allan J. Bard), review by J E Prue, 1170 
Equilibrium, with Applications in Chemistry and Chemical Eoginesring 
The Principles of (Kenneth Denbigh), Second ed , review by J E. Prue, t170 
Nature of Human Brain Thromboplastın (E Hecht), 19) 
Physics: The International Encyclopaedia of Physical Chemistry and 
{Robert M Mazo), Topic 9, Vol J, raview by J S Rowlinson, 62 
Protectors. Reduction in Radiation Lethality by Mixtures of J R, Maisin 
and G. Mattelin), 207 z 
Radioprotectors on the Cellular Renewal in the Duodenum of Mice 
Influence of a Mixture of (J R. Maisın and M, Lambiat), 412 
Synthesis by Gas-phase Discharge (P L. Spedding), 124 
Chemiiuminescence’ Sodium Naphthalenida-Alkyl Halide (J. W. Haas, yun, and 
J. Elaine Baird), 1006 
Chemiluminescent Reaction O+H->OH+he* The (G B Spindler at ai,), t006 
Chemiosmotic Hypothesis: see Calcium Uptake, ATPase and Photophosphory- 


lation by Chloroplasts in vitro (Park $ Nobel), 875 
Ghamistry and Technology of Explosives (T Urbanski), Vol 2, review by R S$ 
ow 
of Non-Aqueous Soivants, The, Vol 1 (edited by J J] Lagowski), review 
by R, P Bell, 748 


of the Earth: Physics and (edited by L H Ahrens et al.), Vol 7, review 
by D. Davies, 6! 
Royal Society Survey, news, 960 
The Encyclopaedia of (edited by Georga L. Clark and Gessner G Hawley), 
Second ed, review by A M Marshall, 
Chemostarilization of the Red Bollworm (Diparopsis castenea Hmps ) by Mutagenic 
Agents (D G. Campion), 1032 
Chenodeoxycholic acid see Presence of Bila Acids in Jaundiced Human Urine 
(James A Gregg), 29 
Chicken Antibodies Polyaminostyrane Purfied (R, C Chubb), 422 
Bone Collagen. Organic Phosphorus Content of the Alpha Chains of 
(C. J Francors et al) 621 
Sarcoma Virus ( Shenae Rappin) for Amphibians and Reptiles. Patho- 
genicity of the (George J Svat-Moldavsky et al 
Chicks at Hatching. Acetylcholinesterase Activity in the Optic Lobes of (Antonia 
Vernadakis and Alan Burkhalter), 594 
Chicory Roots’ Effect of 2 > 4-Dichlorophanoxyacetic Acid on Enzyme Systems 
in Jerusalem Aruchoke Tubers and (A E Flood et al ), [049 
Children with Prote:n-Calorie Malnutrition Intermediary Metabolites and 
Adenine Nucleotides in ae haat of (Takash: Yoshida et o/.), 525 
Chilingar, George V , Bissell, Harold J, and Fairbridge, Rhodes W (edited by) 
Developments in Sedimentology, Yol 9B, review by C J R Braithwaite, 6! 
Chimertsm: Immunological Tolerance in the Absence of Cellular (N W. Nisbet), 
China Magnetic Declination in Mediaeval (Peter J Smith and Joseph Needham), 
213 
Chiromantis rufescens Gunther (Amphibia. Rhacophoridae}. Co-operation of 
Three Males in Nest Construction by (Malcolm J. Coe), 112 
Chironomidae (Diptera) Mouthparts of the Biting and Blood-sucking Type in 
Tanyderidae and (J A Downes and D. H. Colless), 1355 
Chiorapaute into Single Crystals of Hydroxyapatite: Conversion of Single 
Crystals of (J C. Elliott and R. A. Young), 904 
Chlorella pyrenoidosa in Continuous Culture Growth and Physiological Charac- 
taristics of a High Temperature Strain of (A` Prokop, J, Ričica, | Malek 
and J Thomas), 1234 
see Continuous Synchronous Culture of Photosynthetic Micro-organisms 
(John A Howell et al,), 582 
Chloride ina Marine Algal Medium Bromide, a Substitute for (J McLachlan and 
J.S Cratgie), 604 
Transport by Carbonic Anhydrase Inhibitors in the Absence of Carbonic 


Anhydrase Depresston of (Satos: Kitahara, Kari R Fox and C Adrian M. 
Hogben), 836 
Chlorine Atoms by Pulse Radiolysts of Carbon Tetrachloride Solutions Transient 


Charge-transfer Complexes with (R E. Buhler and M Ebart), 1220 
Chlorophyliase Activity in Apples and Bananas during the Climacteric Phase 
Norman E Looney and Max E. Patterson), 1245 
Chloroplast Fibrils linking the Photosynthetic Lamellae (L A, Staehelin), 1158 
Chloroplasts in vitro Calcium Uptake, ATPase and Photophosphorylation by 
(Park S. Nobel), 875 
of Macadamia Leaves. Occurrence of a Crystalline Inclusion in the (John 
L Prica and Wiliam W. Thomson), [148 
Origin of Mitochondma and, news, 552 
Plastoquinone C involved in Electron Transport in (M D. Henninger and 
F L Crane), 92! 
Chloroquine on Plasmodium berghei in Mice: Morphological! Effects of (Peter B, 
Macomber ot ai), 937 
on Plasmodium barghe: and P cynomolgi 
Warhurst and D J Hockley), 935 
Chlorosis. Coralloid Root Systems in Plants showing Lime-induced (T. C 
Hutchinson), 943 
Chloro-s-triazines Cross-linking of Rat Tail Tendons with (Eugenio Zarlotti), 
1304 


Moda of Action of (D C 


Chlortetracycline and Mouse Intestinal Well (Hyman Rosen, Albert Einheber, 
Nesbitt D. Brown and Robert E. Wren), 671 


Cholic Acid: New Dehydroxylation Reaction observed in the Microbiological 
Dagradation Pathway of (Shohei Hayakawa et al ), 520 
see Prasence of Bile Acids in Jaundiced Human Urine (James A Gragg), 29 
Choline and Phospholipid-choline in a Sympathetic Ganglion and their Relation- 
ship to Acetylcholine Synthesis (Abram J D., Friesen, George M Ling and 
Martha Nagai), 722 
Cholinergic mechanism. see Mode of Anticholinergic Action of Local Anaesthetics 
(Maurice B. Feinstein and Marve Paimre), 151 
Cholinesterase. Control of a Response after Chronic Reduction of (Peter H 
Glow and Alan J Richardson), 629 
in a Vascular Structure in the Floor of the Fourth Ventricle of the Cat 
(D G GwynandJ H Wolstencroft), 831 
in Dystrophic Muscle End-place (Gilbert H Glaser and Margretta R 
Seashore), 135! 
tn Melanocyces of the Bat (Andre Bourland, Klaus Wolff and R. K 
Winkelmann), 846 
see Further Evidence relating to the Mode of Action of Nicotine in tha 
Central Nervous System (A. K Armitage and G. H Hall), 977 
Inhibitors: see Further Evidence relating to the Moda of Action of 
Nicotine tn the Central Nervous System (A K Armitage and G &. Hall), 
977 
Chondromuceprotaimn and the products of its Digestion with Hyaluronidase and 
Papain. Electron Microscopy of (A M Saunders and L. Silverrggn), 194 
Chorda Tympan: “Electric Taste” after Section of the (N. Robbins}, [113 
Choriomeningitis Protective Effect of Anti-lymphocytic Serum on Murine 
Lymphocytic (A W. Gledhill), 178 ý e ts 
. 


=e 


xxl 


Chorion and Vitelline Membranes and their Role in Resorbing Eggs of the 
Hymenoptera (1 G Richards and P E. King), 601 
Chromatin in Amniotic Membrane of Rat Foetuses~ Technique for Investigation 
of Sex (Elvira Farias at al ), 499 
Chromatographic Methods. Laboratory Handbook of {edited by O Mikes), 
review by R Consden, 70 
Chromatography. Advances in, Vol 2 and 3 (edited by J Calvin Giddings and 
Roy A Kallar), review by R Consden, 70 
Chromosome Aberrations in Human Lymphocytes Selection against (Masao $ 
Sasaki and Amos Norman), 502 
aberrations see Lymphocyte Surveyal in Men treated with X-rays for 
Ankylosing Spondylitis (Karin E, Buckton et af), 470 
breaks sea The Nucleolus, Virus Infection, and Trisomy in Man (H J 
Evans), 36! 
ization, news, 445 
Polymorphism tn the European Hedgehog Erinaceus europaeus (Insecti- 
vora), 396 
Synapsis in the Polytene Chromosomes of Drosobhila melanogaster 
Gene Activity dependent on (Michael Ashburner), 1159 
Redundancy and Gene Expression: an Explanation for Trisomy Abnor- 
malities (K Lemone Yielding), 613 
gae inthe Mousa A New Marker for (A Leonard and Gh Deknudt), 


Chromosomes: Mita 

B C Nelson), 809 
and Nondisjunction induced by Cafferne in Drosophila 

Mittlear et al), 424 

Chronis Aamin meranon of Neuroleptics Adrenergic Effect of (E L Schalkunov), 
2 

Chrysanthemum cultured in vitro Flower Induction in Excises Shoot Apices of 
Pharbrts and (Hiroshi Harada), 1027 

Chymotrypsin Inhibitor | from Potatoes a Transient Protein Component in 
Leaves of Young Potato Plants (C A Ryan and O C Huisman), 1047 

Ciba Foundation, news, 4 

Circadian Rhythm in some Nocturnal Moths: Relationship between Serotonin 
and the (C F Hinka), 386 

Circulating Interferon by Synthetic Anionic Polymers of Known Composition 
induction of (T C Mengan), 416 

Cirrhosis soe Presence of Bile Acids in Jaundiced Human Unne (Jamas A 
Gregg), 29 

Cisterna membranes. see Assembly of Semlik: Forest Virus in Brain (S. M 
McGee-Russell and G Gosztonyi), 1204 

Cistrons see Ragulatory Genes controlling the Synthesis of Heavy Chains of 
Human Immunoglobulin-G (Noelene Lobb, C C Curtain and Chev 
Kidson), 783 

Civil Service recruitment, news, 757 

Clarke's Column Differentiation of Synaptic Bulbs in {Albert W Sedar and 
Norman Moskowitz), 391 

Clark, George L, and Hawley, Geasner G (edited by). Tha Encyclopaedia of 
Chemistry, Second ed, review by A M Marshall, 58 

Clark, Wilfred E Le Gros. Man-Apes-or Ape-Men?, review by J. R Naprer, 51 

Classical goriinoning Subcortical Storage of (R B Ross, and | Steele Russell), 


an Exceptionally Small Number (J H Oliver, jun, and 
Loss of (Sidney 


Clays Stlicic Acid and the Reaction of Zinc with (K G. Tiller), 852 
Cleaning Industrial Gas (W Strauss), review by C J Stairmand, 327 
Clear Air Turbulence and Supersonic Transport (K T Spillane), 237 
Clefe a Mouse Oltgohydramnios and Cortisone-induced (F C Fraser 
etal), 
Click Evoked EEG Responses in Normal and Developmentally Retarded Infants 
(Ann B Barnet and Ann Lodge), 252 
Climacteric Phase Chlarophyllase Activity in Apples and Bananas during the 
(Norman E Looney and Max E Patterson), 1245 
Climate tn the Indian Ocean Pestglacial-Glacral Change in (John R. Conolly), 873 
Clinical Parasitology: Textbook of Veterinary, Vol. { (E J L. Soulsby), review by 
J J.C Buckley, 69 
Closing the Technology Gap, 966 
Clover Rot in White Clover Varietal Resistance to (D T A Aldnchand D A. 
Doling), 946 
Coagulation: Now Vasoconstrictor, Bovine Peptide-B, released during Blood 
{Robert W Colman et al ), 1040 
Coal industry in Britain, news, 861 
Measures Discovery of an Anthracosaur Skull in the Durham (A L. 
Panchen et of), 1001 
The Strength, Fracture and Workabiuity of {Ivor Evans and C D 
Pomeroy), review by P. L. Waters, 72 
Coalescence in Liquid-Liquid Systems Drop (A H Brown and C Hanson), 76 
Cobalt Pea Configurations of Complexes of Amino-acids with (R D. 
d ai 
Cocaine on the Perfused Artery: Site of Action of (1 S de ja Lande and! G 
Waterson), 313 
Coccidiostat A New Wide-spectrum (R. A Bowie et al }, 1349 
Cockroach and the Oviposition Cycle Association of Folin positive Matermal 
with the Blood Proteins of the American (G E. Pratt), 1034 
Nicotinamide-Adantne Dinucleotide-linked Form of Lactic Dehydro~ 
gonne of the Symbionts and Fat Bodies of the (Stephen Epstein and Leon L 
ierre), 488 
Cocoonase, news, 969 
Coffee and Tea on Sarum Lipids in the Rat: Effect of (P. Akinyanju and John 
Yudkin), 426 
Berry Disease  Ascospore Production, Discharge and Infection by 
Glomerella cingulata causing (Drake Hocking et al), 1144 
Coil-helix Transitians see ATP, Activation, and the Heat of Shortening of the 
Muscle (R E Davies et al ), 148 
Colchianetnduced Tetraploids of Solanum tuberosum L, Large Amounts of 
Ribosomal RNA in (P H. Li and W. R Andersen), 86 
Cold of ie Isolated Rat Heart: Adjustment to (N. W. Nowell and D. C. White), 
9 
Collagen: Correlation between Serine and Thermal Stability of (B J Rigby), 87 
Formation by Silica’ Activity of a Macrophage Factor in (A G Hepples- 
ton and] A Styles), 521 
news, 338 
of Intact Living Mice Effect of Ultra-violet Radiation on Skin (Sam 
Shuster and Eva Bottoms), 599 
Organic Phosphorus ntent of the Alpha Chains of Chicken Bone 
(C J Francois et of }, 621 
soo Aggregation and Adhesion of Rat Platelets lay W Constantine), 1064 
Collar d interface Science Advances in (quarterly journal), review by D. H. 
erett, 1278 
Colloidal Carbon in Liver and Spleen after Thymectomy Storage of (G. Y 
Gupt and A Corsi), 916 
Colon Mucosa, Human Serum Antibodies against Rat (A R McGiven et al }, 288 
Colony Production tn vitro by Normal Polycythaemic and Anaemic Bone Marrow 
t 


(TeR. Bradley, Vy Robinson and D. Metcalf}, 511 
e e 2 
e. 
bd e 
. eo ps e 


INDEX 


Colorado Deer Liver. Fall-out Radionuchdes in (F W Whicker et al ), 511 
Colorometne Method. Estimation of Kinetin by a (R. K. Ackin and R L. Wan), 


Committee on Biological Information, news, 646 
Common market, Britain’s application to join, news, 643 
common Mussel (Mytilus edulis L). Formation of the Byssus in the (J. P puch, 


Comparison of the Effects of Gibberallic Acid and Aflotoxin In Germinating Seeds 
(H C Jones, H. S. Black and A M Altschul), 17! 

Compensation Law. A Biological Example of the Good), 1250 

Complement Component C’3. Genetically Determined Electrophoretic Variant 
of the Human {R J Wieme end L Damneulenaere}: 1042 į 

Complementary Specialization of Male and Female Reproductive Structures in tHe 
Bear Macaque, Macaca arctotdes (Jack Fooden), 939 

Complete Development of che Human Hookworm, Necator americanus, in Golden 
Hamsters, Mesocricetus auratus (H G Sen and D. Seth), 609 

Gomplexed Copper tn Sea Water Evidence for Organic (J. Frank Slowly et al }, 


Complexing by Tris Buffer. Metal (D E. Allen, D | Bakerand R D Gillard), 906 
Computer Populations Growth and Death of (G. Y Craig and G. Oervel), 870 
training, news, [177 

Computers Geophysical Theory and (Symposium), review by D Davies, 326 

Concentrations of Certain Myxoviruses with Polyethylene Glycol (A D Kanarek 
and G W Tribe), 92 

Condensation of Porphobilinogen E Rimington), correspondence, 220 

Condensed Chemical Dictionary. e (Arthur and Elizabeth Rose), Seventh ed, 
review by A M Marshall, 58 

Penieieaning: Subcortical Storage of Classical (R. B. Ross and | Steele Russell), 


Songs Absence of tha Thymus. Lymphocytes tn (Harold YY Lischner etal ), 


Rubella Phytohaemaggiutinin Unresponsiveness of Lymphocytes from 
Babies with (George B son at al), 695 
Conidia af Neurospora crassa’ Lipid Content of (D E Bianchi and G Turan), 


seo Mitotic Recombination in Conidiophores of Yeruolium albo-atrum 
{A C Hastie), 249 
Conidiophores of Yerucilium albo-atrum 
Hastie), 249 
Conscious Thought Neural Organisation underlying (J S. Griffith), 345 
Constancy of Scaling Haptic Hlusions and inappropriata (Ray Over), 629 
Construction Research Advisory Council, news, 1289 
Consumption of Oxygen by the Egg of Drosophila melanogaster (Frederic A Lints 
and Cecile V. Lines), 785 
Containers Random Packing of Spheres in Non-rigid (J D Bernal and J L 
Finney), 265 
Continental Drift (edited by G D Garland), review by T S. Westoll, 59 
Drift: Widely distributed Species, Land Bridges and (E J. Godley), 74 
shelf. geological survey of, news, 
Continents Convective Self-propulsion of (John Elder), 657 
Continuous Automatic Fluorometric Evaluation of Total Blood Histamine (Fran- 
gous Ruff, Anatole Saindelle, Eugène Dutripon and Jean-Louis Parrot), 279 
Synchronous Culture of Photosynthetic Micro-organisms (John A 
Howell, H. M. Tsuchiya and A G Fredrickson), 582 
Contraceptive Action of Intrauterine Devices in the Rhesus Monkey (W. A 
Kally and J. H. Marston), 735 
Contraceptives Alterations in Serum Naphthylamidase Isozymes durin, 
ment with Oral (G Arturson, L Beckman and B. H. Persson), | 
Contractile Components in Mammalian Skeletal Muscle Relationship between 
Elastic and (J B Wells), 198 
Contractility of the Myocardium. Effects of Starvation on the (M A Gimeno, 
A L. Gimeno and J L Lacuara), 1271 
eduction of Cholinesterase (Peter H Glow 


Mitotic Recombination in (A C. 


Treat- 


Control of a Response after Chronic 
and Alan J Richardson), 629 

Convecting Mantle as a Thermodynamic Engine (F D., Stacey), 476 

Convective Self-propulsion of Continents (John Elder), 657 

Conversion of Single Crystals of Chlorapatite into Single Crystals of Hydroxyapa- 
tite (J C Elliott and R. A, Young), 904 

Convulstve Effect elicited by Topical Application of Penicillin on Glutamate- 
Glutamine System of Brain (C. Pintillie, Nella Mison-Crighe! and G 
Badiu), 1131 

Cooper, V J, obituary, 329 

Co-operation by Male Protection of Ovipositing Female in the Diptera (Wood- 
bridge A. Foster), 1035 

of Three Males in Nest Construction by Chiromantis rufescens Gunther 

{Amphibia Rhacophondae) (Malcolm J Coe), 112. 

Co-ordination Compouünda: Empirical Rules for Absolute Configuration in (R. D 


Gillard), I 
Copper (O) Dimeric and Tetrameric Complexes of (A. J, Layton et al ), 1109 
tn Sea Water Evidence for Organ:c Complexed (J, Frank Slowly et ai), 
377 


Stability of Grain Boundary Cavities tn (A Gittins), 586 
The Biochemistry of (Symposium), review by P. J. Warren, 433 
Co-precipitation: Isolation of Organic Solutes from Sea Water by (G. Chapman 
and A C Rae), 627 
Coralloid Root Systems in Plants showing Lime-Induced Chlorosis (T. C 
Hutchinson), 943 
Coriplis Parameters for Former Epochs: Resolution of (H Barraclough Fell), 


Cornea’ Prga Flux across the Environmental Interface of Teleost (R M. Hill 
etal), 
Cornish Coast see The Torrey Canyon Disaster and Intertidal Marine Life (A J. 
O'Sullivan and Alison J Richardson), 448 
Corona’ A Gurde to the Solar (Donald E Billings), review by Sydney Chapman, 
43 
Coronal Active Region X-Ray Emission Line Spectrum of a (K Evans ot a/), 41 
Correlation Between Serine and Thermal Stability of Collagen (B J Rigby), 87 
of the Keuper Series of the Triassic by Miospores (G Warrington), 1323 
Corrosion Cracking Susceptibility of a Titanium Alloy in a Non-electrolyte 
Stress (George Sandoz), 16 
Cortex: Learning and Memory in Baboons with Bilateral Lesions of Frontal or 
Inferotemporal (Anthony YY H Buffery), 1054 
Rabbit Visual Reaction of Celis to Movement and Contrast (G R Arden, 
Hisako Ikeda and R M Hill), 909 
Cortical Inhibition. Strychnina and (T. 1 Biscoe and D. R Curtis), 914 
Potentials evoked by Peripheral Stimulation of Anaesthetized Rats: 
Unitary and Mass (A Ange! end O. Holmas), 834 
Cortico-thalamic Facilitation of Somatosensory [mpulses (P. Andersen et al ), IOI 
Cortisol’ a Sodium Excreting Factor in the Eel (Anguilla anguilia L.) adapted to 


ies ae {N Mayer, J Maetz, D K. O. Chan, M Forster and |} Chester 
ones), F118 
Cortisone-induced Cleft Palate in the Mouse. Oligohydramnios and (F, C Fraser 
etal), 417 e 
o . 


INDEX 


Cosmic Noise Absorption Pulsations Auroral Zone (John Reid), 1321 

Ray Parucles: Origin of Ulerarelativistic (David Layzer), 772 

Rays Long-term Variation in the Magnitude of the Diurnal Anisotropy 

of (S P Duggal at a/), 154 
Council for Educational Technology, news, 225 
Count-dependence in Microbial infection 
@ Williams and G G Maynell), 473 

Countercurrent Electrophoresis of Prote:ns (J Broome and S Raymond), 849 
Counting see Can Rats Count? (Chia-Shong Chen), 15 
Gouplsd Event involving Smali Compartments’ Energetics of (Harold Baum), 


Time-dependence and (Trevor 


Cowpea External Effect of Indolyl-3-acetic Acid, Benzimidazole and B-nine on 
m Nodulation of (D. Mishra and B Mohanty), 320 
Cracking Susceptibility of a Titanium Alloy in a Non-electrolyte: Stress Corrosion 
(George Sandoz), 166 
Cranfleld College of Aeronautics, news, 1286 
Crawford, York E, Smith, Paul F, Panos, Charles, and Lynn, Raymond J. A 
Microbial Enigma, review by D Geraint James, 1374 
Crayfish Inhibitory, Synapses on the Stretch Receptor Neurone of the (Kop 
Uchizono), 833 
Creatine Kinases Evolution of (M E, Eppenberger at al ), 239 
see Phosphagen Kinases and Evolution in the Echinodermata (Barbara 
Moreland et al), 458 
Critical Flicker Frequency associated with Adaptation to Intermittent Light 
Fall in (P. Turner et al ), 947 
Crosland, Maurice The Soctety of Arcueil, review by A Rupert Hall, 949 
Cross-innervation of Fast and Slow Skeletal Muscle Change in Enzyme Pattern 
after (Victor Dubowitz and Donald L Newman), B40 
Crossing-over in Drosophila melanogaster Males with Ovarian Extracts: Attempts 
to induce (Kenneth M. Singer et al.), 503 
Cross-linking of Rat Tall Tendons with Chioro-s-triazines (Eugenio Zerlott:), 1304 
Crossovers, see Mitotic Recombination in Contdiophores of Verticiflium albo- 
atrum (A. ©. Hastie), 249 
Crysral Structura of NaSO, a New Type of Silicate Sheet (Petar B Jamiason), 
Crystalline inclusion in the Chloroplasts of Macadamia Leaves- Occurrence of a 
Hohn L. Price and Willam W Thomson), 1148 
Shield Rocks. Abundance of Radioactive Elements in (W F Fahrig) 
et al , 1002 
Cultivated Human Cells: Mitotic Nondisjunction in (G M. Martin et af), 612 
Hee Aphelenchoides bicaudatus, a Parasite of (R WW. McLeod), 
Culture Methods, Biology and Physiology Cells and Tissues In, Vol. 3 (edited 
by E N. Willmer}, review by John boul, 69 
Cultured Animal Cells: Chemical Carcinogen-induced Alterations in the Poten- 
tials of (L J Alfred), 732 
Cure for Rolling Disease (Labyrinthitis) in Laboratory Rats. Tetracyclina as a 
(Kurt Ahman), 818 
“Curhng’s Ulcer” in the Germfree Mouse (Albert Einkeber, Robert E. Wren, 
Rodney F Porro and Arthur S Dobek), 298 
Current Layers: Formation of Equatorial Electrojet (R N Singh end K. D 
Mısra), 375 
Regime in the Suez Canal 
A Morcos), 901 
Topics in Bioanergetics, Vol | (edited by D R Sanadi), review by E. R. 


Redfearn, 65 
(edited by Michael Ebert and Alma 


Effect of the Aswan High Dam on the (Selim 


Topics in Radiation Research, Vol. | 
Howard), review by John F. Loutit, 746 
Currents Eddy (J Lammeraner and M Stafl), review by E R. Leithwaite, 1062 
Cuticular Water Pump tn Insects (Paul W. Winston), 383 
Cyanocobalamin. see Structure of R Monocarboxhe Acid Derivative of Vitamin 
Bis (F M Moore et af.), 129 
Cyanogen Halides Chemical Coupling of Peptides and Proteins to Polysaccharides 
yy Means of (Rolf Axén et al ), 1302 
Cyclic Sedimentation © Sedimantary-edaphic Control Theory of (P. McL D., Duff), 
159, Cyclo 3’, 5’-Nuclaotide Phosphodresterase Localrratton and Latent 
Activity in Rat Brain (Wal Yiu Cheung and Leon Salganicoff}, 90 
Cyclopentadiane Nicke! Nitrosy! Laser Excited Raman Spectrum of (I J Hyams 
and E R Lippencott), 267 
Cyclapropane to Sperm Whale Myoglobin Binding of (Benno P. Schoenborn)}, 
[i 


Cyclopropene Fatty Acids’ {nhibivion of the Desaturation of Stearic to Oleic 
Acad by (A R Johnson, Judith A Pearson, F S Shenstone and A. C 
Fogerty), 1244 

Cypmnoid Fish Rasbora doniconus (Ham) 

Cael Mathur); 318 

ypselurus heterurus 
Baylor), 307 

Cystathlonase and Cysteine Sulphinie Acid Decarboxylase Activities in the Liver 
of Thyrotdectommed Rat: Effects of Puromycin and Actinomycin D on the 
Increase of (Fernande Catagner, Odile Ourieu-Trautmann and Mare- 
Christine Rain), 88 

Cysteamine and Irradiation = Polyploidy in Human Leucocyte Cultures treated 
with (John F Jackson and Prank § Hill), 1155 

Cysteine Sulphinic Acid Decarboxylase Activities in the Liver of Thyroidectomized 
Rat. Effects of Puromycin and Actinomycin D on the Increase of Cysta- 
thionase and apande Catagner, Odile Durieu-Trautmann and Marne- 
Christine Rain), 88 

Cystine in Cell Division, news, 760 

Cytochemical Evidence for an Ultimobranchial Origin of Rodent Thyroid C Calls 
(A G E Pasrse and A F Carvalheira), 928 

Cytochemical Study of Interstitial Cells tn the Bat Ovary (Sardul S. Guraya), 614 

Cytokinin Effect of Benzyladenine Increase of Nucleic Acid and Protein Synthesis 
in Bean Leaves (B. 1 Pozsár, M El Hammady and Z Kiraly), 273 

Cytological i ba of Radiation Damage and Recovery of Bone Marrow in 
Mammals (NL. Shmakova, S P. Yarmonenko and |, M Shapiro), 719 

Demonstration of Carboxyhaamogiobin in Human Erythrocytes (Klaus 
Betke and Enno Kielhauer), 187 

Cytology: International Annual Review of, Yol 20 (edited by G H. Bourne and 
F F Daniell), review by G G. Selman, 69 

Cytolysome in Long-dormant Plant Embryo Cells (T A Villers), 1356 

Cytomegalovirus Type ene Changes in Spontaneously Degenerating 
Human Embryonic li Cultures (Peter Diost, Livia Babusceac and Camelia 
David), 41 

Cytopachic Changes in Spontaneously Degeneratung Human Embryonic Cell 
Cultures: Cytomagalovirus Type (Peter Dios: et al.), 419 

Cytoplasmic DNA-containing Bodies and the Inheritance of Certain Cytoplasm- 
cally Determined Characters in Amoeba (Shirley E. Hawkins and David R. 
Wastenholme), 928 

repressor: sea Mutant Drug Resistant Factors of High Transmissibility 
(Elmor Meynell and Naomi: Datta), 885 

Cytosine Arabinoside and 5-lodo-2’-deoxyurdine on the Synthesis of H-] Virus 

Partycles Plaque Assay of the Effects of (Nada Ledinko), 1346 


Anaerobic Respiration in a (G. B 


Alr and Water Vision of the Atlantic Flying Fish (Edward R 


° e 


xxiii 


Cytotoxic Effects of Extracts from p-irradiated Pineapples (Yrjo Makinen, Mahesh 
D Upadhya and James L Brewbaker), 413 


d. Dark Hall Mobility Measurements on Anthracene (R Pethig and K Morgan), 


D-Mannoheptulosa* Suppression of Plasma Immunoreactive Insulin in Rats giyen 
{Elsa P Paulsen et of.), 276 
“D” Ring of Saturn Concerning the (W A Feibelman), 793 
Dangerous drugs, news, 
Daniell, J F see Bourne, G H. 
Darwin's notebooks, news, 120 
Data Processing Service, news, 553; Data Processing Service, news, 651 
Davies, P _ H. (edited by} Flora of Turkey and the East Aegean Islands, review by 
R. D. Meikle, [059 
Davy, Humphrey (Harold Hartley), review by Frank Greenaway, 49 
Day, Eugene D undations of Immunochemistry, review by G. E. Francis, 66 
Dayhoff, Margaret O : see Eck, R. V 
Deacylation of Benzylpentcillin and Phenylacety! Glycine during Submerged 
Cultivation of Escherichia colt Change in the Rate of (L, Nyiri), 1347 
Deamination of Nucleosides by 2 FDintropheny! Hydrazine Selective (Anil B 
Patel and ase Darrow Brown), 40: 
Dean, A C R, and Hinshelwood, Cyril] Growth, Function and Regulation in 
Bacterial Calls, review by D E. Hughes, 213 
Death of Leucocytes due to Ingestion of Heterologous Lysosomes (Rochelle 
Hirshhorn and Gerald Weissmann), 892 
Decametric Sources by Millisecond Pulses. Delineation of Jovian (C N Olsson 
and Alex G. Smith), 999 
Decimal coinage, news, 2 
Deep-sea Sediments Microtekertes in (Bill Glass), 372 
Deer Tore Tiger- The (George B. Schaller), review by L. Harrison Matthews, 
Liver Fall-oue Radionuclides in Colorado (F, W Whicker et al ), 5H 
Dafay, R, and Prigogine, I. Surface Tension and Adsorption, review by E. A. 
Guggenheim, 535 
Degradation of the Filamentous Phage ZJ/2 by Sodium Dodecylsulphate (P. G 
Williams and M L Fenwick), 7!2 
Dehydration and Rehydration Formation of Nucleic Acid Coacervates by 
{Adolf E. Smith et al ), 1038 
Dehydrogenans-P439 and Sarcinaxanthin 
Liaaen-Jensen et al ), 379 
Dehydrogenase Activity by Changes in lonic Strength Selective Modification of 
Mitochondrial Malate (Ernest Kun et a/.), 1328 
isozymes during Dedifferantiation in Cultures of Mammary Secretory 
Celis. Lactate (Antonio Blanco et al ), 1331 
Metronidazole and Human Alcohol (J A Edwards and J Price), 190 
Dehydroxylation Reaction observed in the Microbiological Degradation Pathway 
of Cholic Acid, New (Shohe: Hayakawa et al ), 520 
Deiadenus Parasitic and Free-living Cyclas in Entomogenous Nematodes of the 
Genus (R A Bedding), 174 
Delayed-type Skin Sensitivity to Human Encephalitogen in Experimental Allergic 
Encephalomyelitis (Charles S August et af), [021 
Delineation of Jovian Dacametric Sources by Millisecond Pulses (C. N. Olsson and 
Alex G. Smith), 999 
Demonstration of IgA Polioantibody in Saliva, Duodenal Fluid and Urine (Ruth 
Berger, Eugene Aimbender, Horace L Hodes, Helen D Zepp and M 
Magda Hevrzy), 420 
Denbigh, Kenneth’ The Principles of chemical equilibrium, with applications in 
Chemistry and Chemical Engineering, Second ed., review by J. E Prue, 1170 
Density of Lunar Soil (John W isbury and Joel E M. Adler), 156 
nell and Antony W 


Idenuty of the C,, Carotenoid (S 


Dental Cartes: Surface Phenomena in (Leon M Silverstone), 203 

Denumerable Markov Chains (john G Kemeny, Laura J 
Knapp), raview by G E H. Reuter, 51 

Deoxyribonucleasa on the Course of Lymphatic Leukaemia in AKR Mice. Effect 
of {R I, Salgantk et al }, 100 

Deposition of inhaled Particles in Human Lang: {W L Dennis), 908 

of Peat from Aqueous Suspensions; Natural Occurrences of Stalactitic 

and Relatad Forms (A R. Burke), 532 

Depression of Chloride Transport by Carbonic Anhydrase Inhibitors in the 
Absence of Carbonic Anhydrase (Satos! Kitahara, Karl R Fox and C 
Adrian M Hogben), 836 

Dermacentor auratus in Malaya 
Smith et af), 1154 

Desalinization, news, 1182 

Desaturation of Stearic to Oleic Acid by Cyclopropene Fatty Acids: Inhibition of 
iba ie R Johnson, Judith A Pearson, F S Shenstone and A C. Fogerty), 
l 

Design research, news, 865 

Dessication and Ventilatory Control of Water Loss in Locusta migrotoria migra- 
torioides R. and F. (J P Loveridge), 1143 

Detection and Recognition Measures of Shape Discrimination (R, Over), 1272 

Detergent-Acid Mixture to rupture Tissue Culture Cells: Usa ofa (Celia Fildes 
and P D'Arcy Hart), 624 

see The Torrey Canyon Disaster and Intertidal Marine Life (A. J 

O'Sullivan and Alison J Richardson), 448 

Determination of Gas Solubility and Saturation Capacity of Blood under Hyper- 
baric Conditions before and after Food intake (Alf Jacobsson and Hans 


Lanjan Virus, a New Agent isolated from (C E G 


Rockert), 104 
of the Astronomical Unit by the Dynamical Method (J Schubart and 
G. Zech), 900 
Davaloping Countries the Economics of the (H Myint), Third ed., review by 
Tom Soper, 51 
Development and Regeneration. Effects of Hydroxyurea on (J. Brachet), 1132 
in Flowering Plants John G. Torrey), review by Mary Lindley, 68 


of Epileptic Seizures through Brain Stimulation at Low Intensity (Graham 
Y. Goddard), 1020 
of Sex Differences’ The (edited by Eleanor Maccoby), review by Brian 
Sutton-Smith, 1371 
of the Lung via by A V S de Reuck and Ruth Porter), review by 
K W. Cross, 214 
Developmentally Retarded Infants Click Evoked Responses in Norma! and 
Anne B. Barnet and Ann Lodge), 252 
Developments in Sedimentology, Vol. 9B (edited by George VY. Chilingar, Harold 
J Bissell and Rhodes WY Faicbridge) review by C. J. R. Braichwasce, 6! 
in Applied Spectroscopy (Vol. 5) (Symposium), review by D. ] Millen, 326 
Devonian Palasomagnetic Pole for Europe and North America (K M. Crear and 


B J. 3 Embleton), 42 e 
Diamond: Lonsdaleite, a Hexagonal Polymorph of (Clifford Frondal and Ursula B 
Marvin), 587 
Drazepam . Time Course of Action of (G. M Besser), 428 e 


Dichlorides and Trichlomdes of Aluminium and Iron: 


Gaseous Complexes 
between (E W Dawing), 483 


me 


Dielectrics (Thin Film) 


xxiv 


Dichlorodimethy] siline 
Cecil), 369 

Dichotic Listening > Laterality Effects in (Susan Oxbury et al.), 742 

Dictyostelium discoideum Germination Inhibitor from the Cellular Slime Mould 
(Constante Ceccarini and Arthur Cohen), 1345 

Die grosse Maschine (Robert Jungk), review by. Herbert Coblans, 535 

Creldtin gare Orginochlorina Residues in Marine Organisms (J Robinson et al), 

3 


see Model Systam for Hydrophobic Interactions (R 


Langrnuir-Blodgett Multimonolayers as (L. Holt), 1105 
Dietary Methionine’ Effect on, Aphid Feeding of (T. E Mittler), 386 
Differences in Uridine Diphosphate Galactose-4-Epimerase between Haemolysates 
of Newborns and of Adults (Won G Ng, George N Donnell, Joan E. 
Hodgman and William R Bergren), 283 
Differential Rotation and the Solar Oblateness (R H Dicke and H Mark 
Goldenberg), 1294 
Sensitivity of some Phases of the Mitotic Cycle to Temperature Effects in 
two Types of Cell Populations in Day Old Rats (G Lebedeva and A. 
Zavarzn), [10 
Differentiation between Viral and New Cellular Antigens in Graffi Leukaemia 
Mice (G Pasternak), 1364 
of Receptor Systems activated by Sy mpssnom mente Amines (A M 
sands, A. Arnold, 3 P McAuliff, F P. Luduena and T. G. Brown, jun), 
of Synaptic Bulbs tn Clarke's Column (Albert W. Sedar and Norman 
Moskowitz), 391 
Diffraction from Growing Films 
cC W.B. Gn sali 
Tables’ X-Ray (J H Fang and Donald F Bloss), review by A R. Lang, 55 
Diffusion in Gels and Polymeric Solutions (J A Quinn and L M Blar), 907 
Digestibility and Palatability on Food Intake tn Ruminant Animals’ Separating the 
Effects of (J, F D Greenhalgh and G W Reid), 744 
Digestion of N-acetylmannosamine and N-acetylneuraminic Acid by Human Oral 
Bacterta (M, J. How, V J. W. Long and $ A Woodbury), 1249 
with Hyalurontdase and Papan. Electron Microscopy of Chondromuco- 
protein and the Products of its (A M Saunders and L Silverman), 194 
Digestive Juice of the Silkworm, Bombyx mort L — Electrophoretic Variation of 
Proteinase in the (M Eguchi and N Yoshitake), 843 
Dimeric and Tetrameric Complexes of Copper(O) (A J Layton, R $ Nyholm, 
G A Pneumaticakis and M L Toba), 1109 
Dimethyl at a and Lens Changes in Primates {K C. Barnett and P R B, 
Noel), 
Potentiation of Carbon Tetrachlortde Toxicity by (1 W Freston and 
| A D Boucher), 734 
Drnethylformamide and Dimethylsulphoxide 
activated by (Jean P Widdowson), 812 
Diopside and Melilite in a Sedimantary Xenolith from Brome Mountain, Quebec: 
Kalsilite (A R Philpotts et al ), 1322 
(Diparepsis castenea Hmps) by Mutagenic Agents Chemosterilization of the Red 
fivorm (D G Campion), 1031 
Biphenyl Supnone 4 4'-Di-sothiocyanate' Cesticidal Action of (} C Katiyar et 
al), 


Reflection Scanning Electron (P I. Tillet and 


Bacillus pantothentrcus Spores 


Diphtheria Toxoid. Antibody Synthesis in vitro by the Rabbit Vagina against (Eric 
B. Bell and Benjamin Wolf), 423 

Diphthentic Neuropathy’ Protein Synthesis in Peripheral Nerve and Susceptibility 
to (D F Matheson and J B Cavanagh), 72! 

Diptera: Co-operation by Male Protection of Ovipositing Female in the (Wood- 
bridge A Foster), 1035 

Mouthparts of the Biting and Bloodsucking Type in Tanyderidae and 

Chiranomidae (1 A Downes and D H Colless), 1355 

Dipy:tdamole Potentiation of Adenosine by (Anne Stafford}, 390 

Diquat Effect of Introducing a Sulphur Bridge on the Herbieidal Activity o 
(L A. Summers), 381 

Direct Electrical Measure of Adsorption on Electrodes A (Henry H Bauer and 
A.K Shallal), 381 

Directional Growth of the Urediospora Germ Tubes and Stomatal Penetration 
{Ramesh Maheshwari and A Hilderbrande), 1144 

Disarmament Sub-Committee of the United Nations, news, 753 

Discharge. Chamical Synthest by Gas-Phase (P L Spedding}, 124 

Disconjugate Eye Movement Patterns during Optokmetic Stimulation of the 
Afman Chameleon, Chameleo melleri (Edward S Tauber and Adam Atkin), 
1008 

Discontinurties in the Thermal Properties of Water and Aqueous Solutions (M J 
Blandamer, M. F FoxandM C R Symons), 163 

Discovery A an Anthracosaur Skull in the Durham Coal Measures (A L Panchen 
et ai}, 

Discrate Radio Sources at 38 Mc/s (O. B Siea and P K Wraith), 971 

Diserrmination Detection and Recognition Measures of Shape (R Over}, 1272 

Dislocations in Layer Structures Enhanced Reactivity at (J M. Thomas and E L 
Evans), 167 

Displacement Activities and Arousal (Juan D. Delius), 1259 

Dissection of Normal and Atherosclerotic Human Artery with Proteolytic 
Enzymes in vitro (Abel Lazzarini Robertson, jun , and William Insull, yun ), 
82 


Dissociation and Inhibition of the Stimulatory Effect of Phytohaemagglutinin on 
Protein and DNA Synthesis in Human rs ita Ae Cultures (S R 
Cooperband, J. A Green, M A Kennedy and M M Grant), 1240 

in vitro Sub-units of Acid Phosphatase-| in Drosophila melanogaster 
Reversible (Ross J Macintyre and Margaret R Dean), 274 

Dissolved nutrients: see Eutrophication (J W Lund), 557 

Distribution of Aun in Horizontal woody Stems in Relation to Gravimorphism 
{R W A Leach and P F Wareing), 1025 

of Nitrate and Nitrite Reductase in Barley (B J Mifin), 1133 

Disulphida Bridge in Immune Globulins Inter Heavy-Light Chain (J R L Pink 
and C. Milstein), 92 

Dithranol(1,8,9-trihydroxyanthracene), an Important Therapeutic Agent against 
Psoriasis’ Petite Mutants induced in Yeast by (B O. Gillberg et al), 415 

Diurnal Anisotropy of Cosmic Rays Long-term Variation in the Magnitude of 
the (S P Dugga et al ), 154 


Rhythm of Pupation in a Mosquito Population Endogenous (J K 
Nayar), 828 
DNA after Repair Replication in Bacteria Normal Replication of (P. C Hana- 


walt), 269 
and Genes (B M Shznsk:), 112 
Base Composition in Bacillus subtilis t68 isolation of Mutants with 
Alterad (G F Gause et al ), 714 
-contuning Bodies and the Inheritanca of Certain Cytoplasmically 
Igetermined Characters in Amoeba Cytoplasmic (Shirley E Hawkins and 
David R, Wolstenholme), 928 
funcuon, news, 224 
aP Drosophila melanogaster Mutagenic Effect of Irradiated (Om Parkssh}, 


into Amphibian Oocytes: Incorporation of Exogenous (Phage) (Y. C 
Kaps and Ficq), 491 
id 


INDEX 


of Leukaemia Cells Rejorning of X-ray Induced Breaks in the (J T 
Lett, | Caldwell, C J. Dean and P Alexander), 790 
Specific Binding of the 4 Phage Repressor to 4 (Mark Ptashne), 232 
Synthesis Replicative Behaviour of Bovine X-chromosomes’ during 
Early (B B Mukharjee et al ), 710 
Do Brush Engineers Need an Academy? (M. W Thring), 1186 
Does a Moving Body appear Cool? (P, T Landsberg), 903 « 
a Moving Body appear Cooler? (i P. Williams), [105 
the Agent of Scrapie Replicate without Nucleic Acid? (Tikvah Alper, 
W A Cramp, D A, Haig and M. C Clarke), 764 
Dog Effect of Lung Inflation on Alveolar Surface Area in the (M S Dunnill), 1013 
Dogs = Tonsillar Carcinoma in Rural (W. L Ragland, Ill, and John R Gorham), 925 
Dormant and Non-dormant Seeds, Similar Germination Responses whea’ 
Osmotically Inhibited (Walter T. McDonough), 1147 
Double Focusing Mass Spectrometer’ Metastable lonsina(M Barber et al ), 664 
strandad RNA” Optical Rotatory Disparson of (P J Orel and Janice 
Wilder), 702 
Down's Syn rome, and Maternal Age’ Thyroid Antibodies (Philip 3 Fialkow), 


(Manigoliam) ; see The Nucleolus, Virus Infection, and Trisomy in Man 
(H. J. Evans), 361 
Dragon reactor, news, 123, 1177 
Drift. Continental (edited by G. D Garland), review by T S. Wastoll, 59 
Drop Coalescence in Liquid-Liquid Systems (A. H. Brown and C Hanson), 76 
Drosophila. Loss of Chromosomes and Nondisjunction induced by Caffeine in 
(Sidney Mittlar et al), 424 
melanogaster Consumption of Oxygen by the Egg of (Frederic A Lints 
and Cecile V Lints), 785 
melanogaster ene Activity dependent on Chromosome Synapsis in 
the Polytane Chromosomes of (Michael Ashburner), 1159 
melanogaster Mutagenic Effect of Irradiated DNA in (Om Parkash), 611 
melanogaster Reversible Dissociation in vitro’ Sub-untes of Acid 
Phosphatase-{ in (Ross J Macintyre and Margaret R Dean), 274 


melanogaster -ray Induction of Autosomal Translocations in Macure 
Oocytes of (H Traut), 718 ‘ 
Suet ah medena] Learning’ Rapid Extinction Following (B McGonigle 
etal), 


Resistant Factor of High Transmissibilicy’ Mutant (Elinor Meynell and 

i Naomi Datta), 885 

Urinary Excretion Treatment of Data from (B K. Martin), 247 

Drugs: Anti-bitharzial Antimony (M M Mansour, A. A A Rassoul and A, R. 
Schulert), 819 

Dry Mass of tymphor tes during Transformation after Stimulation by Phyto- 
haemagglutinin (Zbigniew Darzynktewiez, Viktor K Dokov and Marek 
Prenkowski), [265 

Dual Energy Gamma-ray Transmission for Coincident Mersurement of Water 
Content and Dry Bulk Density of Soil (B. D Soane), 1273 

Neuro-~secretory Innervation of the Adenohypophysis of Hippocampus, 
the Seahorse (Francs Knowles, Lutz Vollrath and Richard A Nishioka), 309 

Dub, Michaal Organometallic Compounds, Vol 1, Second ed., review by D 
johnson, 1170, Organometallic Compounds, Vol 2, Second ed , review by 
F Glocking 1375, 

Ducks and Ducks infected with Malarial Parasites, Plasmodium lophurae Free 
Amino-acids of Blood Plasma and Erythrocytes of Normal (Yasim Admad 
Siddiqui and William Trager), 1046 

Duodenal Fluid and Unne Demonstration of IgA Polioantibody in Saliva (Ruth 
Berger et af.), 420 

Duodenum of Mice, Influence of a Mixture of Chemical Radioprorectors on the 
Cellular Renewal in tha (J R Maisin and M. Lambiet), 412 

Durand, M , and Favard, P.: La Cellule, review by P. J, Kelly, [058 

Durham a Hird Discovery of an Anthracosaur Skull in the (A L. Panchen 
etal), 

Dust Layers around 85 km Altitude 
(B. R Clamsha et al }, 261 

Storms Electrical Effects of the Harmattan (D J. Harris), 585 

Dwarf Tapeworm Esterases: Secretion and Immunogenicity of (Robert M 
Coleman et al), 593 

Dynamical Method: Determination of the Astronomical Unit by the (J Schubart 
and G Zech), 900 

Dynamics Steroid (Symposium), review by D N. Kirk, 434 

Dysproteinaemia in Ferrets cae Leukaemia associated with (A J Kenyon 
and R J Williams), | 

Dyitrophie Muscle End-plate Cholinesterase in (Gilbert H Glaser and Margretta 

Seashore), 1351 


Optical Raaar Evidence for Atmospheric 


Euri Effects of Parathyroid Hormone and Thyrocalatonin on Bone in Organ 
Culture (Lawrence G. Raisz and Ingrid Niemann), 486 
Receptor Potential: Effect of Changes in the Chemical Environment of 
the Retina on the Two Components of the (William L. Pak et al ), 109 
Earth-Moon System The (Symposium), review by G Fralder, 57 
Physics and Chemistry of (edited by L H Ahrens et al ), review by D 
Davies, 6! 
Satellites Observing (Desmond King-Hele), review by John Spencer, 56 
Ease Aegean Islands Flora of Turkey and the (edited by P. H Davies), review by 
R D Merkle, 1059 
Easty, D.M see Ambrose, E, J 
Fatoni R Electrons, Neutrons and Protons in Engineering, review by B. Ralph, 


3 

Ebert, Michael, and Howard, Alma (edited by): Current Topics in Radiation 
Research, Vol |, review by John F Loutit, 746 

Ecdysis in a Parasitic Nematode’ Endocrine Basis for (K. G. Davey and Sau 
Pheng Kan), 737 

(Echidna) Karyotype of the Monotremes Ornithorhynchus anatinus (Platypus) and 
Tachyglossus aculeatus (Y A E. Bick and W. D, Jackson), 60! 

Echinoderm Calcite’ Absence of Organic Phase in (J D. Currey and David 
Nichols), 81 

alah Phosphagen Kinases and Evolution in the (Barbara Moreland et 
a), 
qe mology of (edicad by Richard A Boolootian), review by D Etherington, 


Eck, R VY, and Dayhoff, Margaret O . Atlas of Protein Sequence and Structure 
1966, review by | G. Jones, 854 
Ecological Methods with Particular Reference to the Study of Insect Populations 
(T R E Southwood), review by H B D. Kettlewell, 636 
uestions see Evolutionary History and Population Biology (L° ©. Birch 
and P R Ehrlich), 349 
Ecology : Methods for demonstrating Rasemblance in Taxonomy and (A V Hall), 


Economic Change Social Theory and (edited by Tom Burns and S. B Saul), 


review by Brigg, 746 
Development. port Instability and (Alasdair | Macbean), review by 
Tom Soper, § 
e 
® e 


INDEX 


Esoriomies of Developing Countries The (H. Myint), Third ed., review by Tom 

oper, 

Ectodermfree Mesoderm of the Limb Bud in Chick Embryos: Experimental 
Observations on the Development of (R Amprino and D Amprino 
Bonetti), 926 

Edaphic control Theory of Cyclic Sedimentation: Sedimentary- (P, Mel. D. Duff), 

e 

Education for Change (D S Davies and M. C, McCarthy), 1079 

ae Change (H S Jackson, C R, Buxton and J Standring), correspondence, 
statistics for 1965, news, 549 

EEG Response in Normal and Developmentally Retarded Infants Click Evoked 

. (Ann B. Barnet and Ann Lodge), 252 

Eel (Anguilla onguilla L) adapted to Sea Water 
Factor ın the (N Mayer et al ), IIIB 

Anguilla Haamoglobin Polymorphism of the American Fresh Water 
(K. Sick et af), L141 
Egg of Drosophila melanogaster Consumption of Oxygen by the (Frederic A. 
Lints and Cecile V. Lints), 785 
resorption see Chorion and Vitelline Membrances and their Role in 
Resorbing Eggs of the Hymenoptera (J. G. Richards and P. E. King), 601 
Sulpholipid on Respiration of Sea Urchin Spermatozoa Effect of 
(Yuhko Isono et al.), 1336 
Eggs and Larvae’ A Method of Marking Fish (T B Bagenail), 113 
lad by Xenopus laevis in Response to the Injection of Gonadotrophin 
Method for estimating the Number of (W A Barr, B M Hobson and 
G. Di Vita), 827 
of a Parasitic Insect immune Surface of (Susan Rotheram), 700 
Eggshell Formation Acutem Hypercapnia and (K Simkiss), 84 
Eimeria ee Tyzzer, 1929 Schrzogonous Stages of (E W Warren and S. J 
' 

Einstein A Coefficients for the 18 cm Transitions of OH (Alan Carmngton and 

Terry A Miller), 998 
Coefficent for the 18 cm Transition of OH Calculations of the (Barry E 
Turner), 379 

Elastic and Contractile Components in Mammalian Skeletal Muscle. Relationship 

between (J. B. Wells), [98 
Solids: Lubricant Entrapment betwean Approaching (D Dowson and 
D. A Jones), 947 

Electric Field: Mechanism of Characteristic Behaviour of Celis in an Alternating 

(R. C Sharma), 83 
Fields in Perfused Nerves (L. Bass and W J Moora), 393 
“Taste” after Section of the Chorda Tympani (N Robbins), 1113 
Electrical Discharges in Gases: Introduction to (Sanborn C Brown), review by 
E W. Laing, 951 
Measure of Adsorption on Electrodes A Direct (Henry H. Bauer and 
A K. Shallel), 38! 
Stimulation Two Point Discrimination of Sub-cortical (C. Romero- 
Sierra, N. A Buchwald, C Wakefleid and C. D ar 837 
s 


Corusol, a Sodium Excreting 


Effects of the Harmattan Dust Storms (D, J. Harris), 585 
research, Electrical Research Association, news, |2 
Electricity Council, news, 12! 
Electrochemical Oxidation of Formic Acid on Platinum Catalysts Acceleration 
by Adsorbed Sulphur and Selenium of the {H Binder et o/.), 268 
Electrode * The Enzyme (S J. Updike and G P. Hicks), 986 
Electrodes A Direct Electrical Measure of Adsorption on (Henry H Bauer and 
A. K. Shallal), 381 
Electroancephalogram: see Occipital Alpha Rhythm Eye Position and Lens 
Accommodation (Edmond M Dewan), 
Electrogenic Potassium Pump related to Genaration of End-plate Potentrals in 
Muscle (R P Kernan), 725 
Electrojet gurran Layers Formation of Equatorial (R N Singh and K D 
isra), 
Etectrolyre cretion by Shaip, Cattle and Camels‘ Vasopressins and the Increase 
of Water and (WY. Y. MacFarlane et af), 979 
Electromyogram and isometric Reflex Response in Pre-strain Conditions in 
Normal Humans Relationship betwean the (Alex M Clarke), 1114 
Electron Accelerator. A Russian (W A Osman), t185 
Accelerator New British, 1183 
density distribution at 2A resolution see Three-dimensional Structure 
of Tosyl-a-chymotrypsin (B W Mathews et al.), 652 
density maps. see Tertiary Structure Ribonuclease 
Kartha), 234 
Density Perturbations in the lonosphere. Rocket (YY J G. Beynon), 690 
Diffraction from Growing Films Reflection Scanning (P |. Tillett and 
Cc. W B Grigson), 77 
Histochemical Localization of Acid Phosphatase Activity in the Adrenal 
Medulla of Rats (1 Benedeczky), 1243 
Microscopic Evidence for an Autonomic Interneuron (T H W Wilhams), 
9 


(Gopinath 


Microscopy and its Application to the Study of Filamentous Appendages 
of Bacteria Simple Immunological Labelling Method for {A M Lawn), 115! 
Microscopy of Chondromucoprotein and the Products of its Digestion 
with Hyaluronidase and Papain ie M Saunders and L Silverman), [94 
Microscopy of Islet Alpha Calis of Domestic Fowl (Mitsuo Machino and 
Hirosh: Sakuma), 808 
Microscopy of Polyethylene below 20°K (J A. Venables and D. C. 
Bassett), 110 
microscopy — see Nerve Fibres in Optic Nerve of Rat (John Forrester and 
Alan Peters), 245 
geeta of Nitrogen in Organic Molecules: Shrfts in (R, Nordberg et al.), 


Spin Resonance, news, 650 
Electron Spin Resonance Spectrometry in Brological Tissues Pitfalls in 
(C.M Dettmer ot al.), 492 
Transport by loxynil 
R, Olsson), 942 
Transport Carriers in Plant Mitochondria (Walter D Bonner, jun. and 
Maryana risna, 616 
Transport in Chloroplasts: Plastoquinone C involved in (M D Henninger 
and F L Crane), 921 
Electronics for Scientists Basic (James J, Brophy}, review by E. G. Wilson, 55 
Electrons; Neutrons and Protons tn Engineering (J R Eaton, review by B Ralph, 


Inhibition of Photosynthetic (} Friend and 


Electrophoresis of Proteins countercurrent (l: Broome and $ Raymore); 849 


Electrophorane patterns see Evolution of Creatine Kinase (M E Eppenberger 
et ai), 
Preparation Multipla Analyses on a Single Dise (Wilfred V. Stuyvesant), 


Variation of Proteinase in the Digestive Juice of the Silkworm, Bombyx 
mon L. (M Eguchi and N. Yoshitake), 843 
Variant of the Human Complement Component C’3. 


Genetically 
Determined (R J Wieme and L. Demeulenaere), 1042 


~u 


XX, 


Elementary Particles: Introduction to the Unifled Field Theory of (W Heisen- 
berg), review by E J. Squires, 949-50 
Elas Ashmole (1617—1692) (C. H. Josten), review by A. Rupert Hall, 49 
Etlts, Norman R. (edited by), International Review of Research in Mental 
Retardation, Vol. 2, review by K S. Holt, 637 
Elving, Philip J. see Kolchoff, I, M hi 
Embryo Cells in vitro by Murine Sarcoma Virus (Harvey)* Morphological Trans- 
formation of Mouse (P. J. Simons et al }, 897 
Heart by Visible Light: Acceleration of Rate of the Early Chick (Martha 
A Gimeno et al.), 1014 ‘ 
aes Dehydrogenase Activity in Preimplantation Rat (Ralph E Brinster), 
Liver Cells Adenovirus Infection of Human (A J. Zuckerman et al }, 606 
Embryologie (Charles Houtllon), review by P J. Kelly, 1058 
Embryonic Cell Cultures. Cytomegalovirus Type Cytopathic Changes in Spon- 
taneously Degenerating Human (Peter Dios: et al.), 419 
Chick Aorrae AAmnopropionicnle and the Mucopolysaccharides of (G 
Manley and C L. Levene), 729 
Ventricular Fibres Acetylcholine Sensitivity ot (Barbara O. Aine), 394 
Embryos: Information Transfer in Molluscan (R L Brahmachary and P 
Banerjee), 172 
Lactate Dehydrogenase Virus and Mouse (Charles G. Crispens, jun.), 819 
The Culture of Vertebrace (D A. T New), review by J. R. Hinchliffe, 855 
seo Saxing of live Rabbit Blastocyses (R Edwards and R. L Gardner), 


6 
Empirical Rules for Absolute Configuration In Co-ordination Compounds (R D 
Gillard), 1007 
Encephalitogen in Experimental Allergic Encephalomyelias Delayed-type Skin 
Sensitivity to Human (C. S August et al } 1021 
Encephalitogens Proposed Technique for classifying and idantifying (P. R 
Carnegie et al), 407 is 
Encephalomyelitis: Pslsyed-cype Skin Sensitivity to Human Encephalitogen in 
Experimenta! Allergie (C. S August et al), 02! 
with Blood Leu es, Passive Transfer of Allergic (Eugene J Wenk, 
Seymour Levine and Bert Warren), 803 
Encephalomyocarditis Virus Polycationic Effect on Virulenca of Nonpathogenic 
rt Variant of the (John E. Craighead), 716 
Encyclopaedia of Chemistry. Tha (edited by Gaorge L Clark and Gessner G 
Hawley), Second ed., revrew by A.M Marshall, 58 
End-plate Cholinesterase in Dystrophic Muscle (Gilbert H Glaser and Margretta 
R Seashore), 1351 
Potential in Muscle Electrogenic Potassium Pump related to Generation 
of (R. P Kernan), 725 
End-plates in Fast and Slow Muscles of the Chick after Cross-union of thelr 
Nerves Motor (hirina Zelená ot a) 1010 
Endocrine Bars for Ecdysis in a Parasitic Nematode (K G Davey and Sau Pheng 
Endocrinology of the Testis (Symposium), review by H N, Wilson, 1371 
Engogenois Diurnal Rhythm of Pupation in a Mosquito Population (J. K Nayar), 


Endometrium of the Rabbit during Early Pregnancy. Metabolism of Ribonucleic 
Aad in the {M_L Vittorelli et al y, 890 
Endotoxin: Free (M J Crutchley et al), 1052: Endotoxin Induction of 
Histamine Forming Capacity in Canine Liver by (Tokure Fukuda), 107 
on Resistance tn the Early Period of Ontogenesis’ Effect of (K Peterson 
and U Pavel) 699 
Energetics of Coupled Events involving Smal! Compartments (Harold Baum), 1326 
Energy Conversion by the Photosynthetic Apparatus (Sympostum), review by 
C P Whittingham, $275 
Engingaring:. Flačtrons, Neutrons and Protons in (J. R Eaton), review by B. 
alph, 
in the United States: The National Academy of (Eric A Walker), 762 
Engineers Need an Academy?” Do British (M. W Tring), 1:86 
news, 1175 
Enhanced Reactivity at Dislocations in Layer Structures (J M Thomas and E L. 
Evans), 167 
Enterochromaffin. Substance, Indole Nature of (E Solcia and R. Sampietro), 196 
Enteropathogenic Serotypes of Escherichia coli. Oral Immunization of Mice with 
a Soluble Protective Antigen obtained from (H YY Ocklrez et al), 1053 
Entomogenous Nematodes of the Genus Deiadenus; Parasitic and Free-living 
Cycles mn (R A Bedding), 174 
Environment in Mice Serum Antinuclear Factor and the Influence of (R D 
Barnes and Maureen Tuffrey), 1136 
Environmental hei of Teleost Cornea Oxygen Flux across tha (R M Hill 
etal), 
Studies Board, news, 4 
Enzyme activities’ see The lonic Environment and Metabolic Contro! (Fyfe L. 
Bygrave), 667 
Electrode: Tha (S J. Updike and G. P. Hicks), 986 
Pattern after Cross-innervation of Fast and Slow Skeletal Muscle 
Change in (Victor Dubowrtz and Donald L Newman), 840 
sub-units, news, 963 
Systema in Jerusalem Artichoke Tubers and Chicory Roots: Effects of 
2 4-Dichlorophenozyacetic Acid on {A E Flood et al), 1049 
Systems The Vitamin Co-Factors of (F A Robinson), review by K 
Brocklehurst, 64 
seo Activity of 8-Glucuronidase (Stanley Kushinsky et al,), 142 
Enzymes, active centres of, news, 869 A 
Eptdermal Chalone: The Vertebrata (W S Bullough et af), 578 
Epileptic Seizures through Brain Stumulation at Low Intensity. Development of 
Graham V Goddard), 1020 
Epithelial Calls Fibrinolyucally Active Nagina! (F Astrup et al ), 297 
Equator Subsidence near the (G C Asnant), 
pany ae Current Layers: Formation of (R N. Singh and K D 
isra), 
Erinaceus europaeus (Insectivora). Chromosome Polymorphism in the European 
Hedgehog (H Gelsler and A Gropp), 396 
Eriomte and Offretite Non-idantity of the Zeolites (J M. Bennett and J A 
Gard), 1005 
Erythrocyte Acetylcholinesterase by Penicillin: Inactivation of (Fritz Herz), 497 
Acetylcholinesterase by Ultrasonic Vibration. Solubilization of (J J 
Gordon and J. P. Rutland), 850 
Erythrocytes: Cytological Demonstration of Carboxyhaemoglobin in Human 
(Klaus Betke and Enno Klerhauer), 187 
tn Neonatally Thymectomized Swiss Mice’ Haemolysin Responses to 
Sheep (Nicholas R Sinclair), 95 
of Normal Ducks and Ducks infected with Malarial Parasite, Plasmodium 
lophurae Free Amino-acids of Blood Plasma and (Wasim / hmad Siddiqui 
and William Trasen, 1046 
Erythroid Pracursors to Bleeding. Response of Early (Ismail R. A. Hanne), 355 
Erythropotetic Recovery tn Lethally Irradiated Rats After Transfusion of Buffy 
Coat Cells from the Blood of Partially Shtelded, Heavily Irradiated Donors 
Improved (Brian | Lord), 924 e 


XXVI 


Erythroporatin(s) on Survival and a hha CHEE Recovery tn Irradiated Mice: 
Effect of Post-treacment with (N. Y Naidu and © S., Reddi), 1223 
Escherichia coli by Mathy! Hydrazine and the Effect of Oxygen. Radiosensitiza- 
tion of (H Moroson and D Martin), 304 
Change in the Rate of Deacylation of Benzylpanicillin and Phenylacetyl 
Glycine during Submerged Cultivation of (L. Nyiri}, 1347 
Oral Immunization of Mice with a Soluble Protective Antigen obtained 
from Enteropathogenic Serotypes of (H. W Ockliez et al.), 1053 
Size Fractionation of Exponentially Growing (Haim Manor and Robert 
Haselkorn), 983 * 
see A Strong Suppressor Specific for UGA (J. F. Sambrook et al ), 452 
see Sunlight and Frozen Bacteria (M J Ashwood-Smith et ai), 33 
Esterases during Development’ Brain (J. R, Lagnado and Madeleine Hardy), 1207 


secretion and Immunogenicity of Dwarf Tapeworm (Robert M leman 

ot al ), 593 

Estimation of Kinatin by a Colorometric Method (R. K. Atkin and R L Wain), 
8 


of Steroid Hormones by an Immunochemical Technique (Sam M Beiser 
and Bernard F Erlanger), 1044 
of Thyroid lodine in vivo by Activation Analysis J. M A Lenihan, 
D. Comar, R Riviere and C Kellershohn), 1221 
Etho-Ecological Adaptations in the Great Frigate-bird (J. B Nelson), 318 
Ethylene: see Senescence, Abscission and Cellulase Activity in Phaseolus vulgaris 
(Roger F. Horton and hne J Caen 1086 
Eucaryotic Calls: Evolution of (Jostein Goksayr), | 161 
European Communications Satellites, news, 
Hedgehog Erinaceus europaeus (Insectivora): Chromosome Polymorphism 
in the (M. Geisler and A. Gropp), 396 
Molecular Biology Organization, news, 445 
Eutrophication (J. W., Lund), 557 
Evans, E Anthony Tritium and its Compounds, review by C, Eaborn, 1169 
Evans, ivor, and Pomeroy, C D The Strength, Fracture and Workability of 
Coal, review by P L. Waters, 72 
Evaporation from Toads and Water Surfaces (Tom M Spight), 835 
Even C-Number Pradominances in Certain Higher Alkanes of African Crudes, and 
on the Biogenesis of Nonacosane’ Origins of Oil, a Correction and Further 
Comment on the Brunnock (Robert Robinson), 263 
Evidence for a Non-Plasma Source of Urea in Sweat (Saul W. Brusilow), 506 
Organic Complexed Copper in Sea Water (Frank J Slowly, Lela M. 
Jaffray and D W. Hood), 377 
the Occurrence of N-Nitrosamines in Tobacco (W J Serfontein and 
J H Smit), 169 
the Synthesis of Oxytocan and Vasopressin in Separate Neurons (Hilda 
Weyl Sokol and Heinz Valtin), 314 
aan inane Echinodermata. Phosphagen Kinases and (Barbara Moreland et 
ais 
of Creatine Kinase (M E. Eppenberger, H. M Eppenberger and N. ©. 
Kaplan), 239 
of Eucaryotic Calls {Jostein Gokseyr), 1161 
Evolutionary History and Population Biology (L C. Birch and P R Ehrlich), 349 
Ewe Effect of Time of Shearing on the onset of Breeding Activity in the (} L 
Lees), 743 
Excimers and Exciplexes (J B Birks), 1187 
Exciplexes Excimers and (J. B. Birks), 1187 
Excised Shoot Apices of Phorbrus and Chrysanthemum cultured in vitro. Flower 
Induction in (Hiroshi Harada), 1027 
Tomato Roots. Quiescent Centre in (D R Thomas), 739 
Excitation: Active and Passive Factors in Muscle Spindle (G. Carli, K. Diete-Spiff 
and O Pomperana), 838 
energy’ see Excimers and Exciplaxes (J B. Birks), 1187 
Excited Staces of Nitrogen created in a Microwave Discharge 
Deactivation of (R. E. W Jansson et al ), 589 
Excretion of Hydroxyproline in Lathyrism. Influence of Anti-rheumatic Drugs 
on Unnary (Z. Trnavská and K. Trnavsky), 384 
of Throcyanate in Osteolathyrism (Alt hogaly) 920 
Treatment of Data from Drug enary (B. Martin), 247 
Exogenous DNA in Blood and Hyperplastic Genital Tract of Female Mice Fate 
of (L. Ledoux, P. Charles and M Srogl), 1241 
{Phage) DNA Into Amphibian Oocytes Incorporation of (Y C. Kong 
and A. Ficq), 49! 
Expenditure on research and development, news, 447 
gag Ctl Leptospirosis in Frogs (S L. Diasch, W F. McCulloch and J. L 
Braun), 1139 
Naurolathyrism in Monkeys (S L N Rao, P S$ Sarma, K. S. Mam, 
T R. Raghunaths Rao and S. Sciramachari}, 610 
Observations on the Development of Ectoderm-free Mesoderm of the 
Limb Bud in Chick Embryos (R Amprino and D. Amprino Bonetti), 826 
Personality Research: Progress in, Vol 3 (Brendan A Maher), review by 
Vernon Hamilton, 539 
Explants and Artenosclerosis. Growth of Aortic (Bernard C. Wexler and Laura 
L Thomas), 243 
Exploration and Terntory in Mammals, Play (Symposium), review by W H 
Thorpe, 635 
Explosives’ Chemistry and Technology of (T Urbanski), review by R. S. Gow, 58 
PO 67, news, 645 
Export Instability and Economic Development (Alasdur | Macbean), review by 
Tom Soper, 5I 
External Effects of Indolyl-3-acetic Acid, Benzimidazole and B-nine on Nadulation 
of Cowpea (D. Mishra and B Mohanty), 320 
Exudate Cells by Foreign Substances of Antigenic Nature’ inhibition of DNA 
Synthesis in Rat Peritoneal (Leif Lindholm,) 800 
Eye Movement Patterns during Optokinetic Stimulation of the African Chameleon, 
Chameleo melleri Dtsconjugate (Edward $ Tauber and Adam Atkin), 1008 
Position and Lens Accommodation. Occipital Alpha Rhythm (Edmond 
M. Dewan), 975 
F Jasia: lodine Contents of Normal Human (F B De Jorge and N. Kara 
osé), 49 
Eynng, LeRoy (edited by). Progress in the Science and Technology of the Rare 
Earths (Vol. 2), review by K W Bagnall, 432 


Vibrational 


Fisaudia and the Theory of Inbraeding and Selection Generalized ($S K. Jain 
and P. L Yrorkman), 674 

Fi Høbrıds: Perststence of Syngenaic Preference given by a Methyicholanthrene- 
imduced Sarcoma after Four Consecutive Passages in (D. Oth and C. Burg), 

Factord/ and Activated Factor X in the Generation of Prothrombinase: Relation- 
ship between (Peter G. Barton et ol.), 923 

Factor X in the Generation of Prothrombinase Relationship between Factor Y 
Pater G. Bargon et al), 923 


INDEX 


Fagan, Brian M iron Age Cultures in Zambia, Vol 1, review by Bernard Fagg, 


Fairbridga, Rhodes W - see Chilingar, George V. 

Falk, H.: sea Epstein, Samuel $ , et al. 

Falkehag, S I. see Brown, W., et al 

Fall in Critical Flicker Frequency associated with Adaptation to Intermittent 
Light (P Turner, J.M Sneddon and J. V. Smart), ® 

Fall-out Radionuclides in Colorado Deer Liver (F W. Whicker, R. A. Walters and 
A. H. Dahi), 511 

Family and Biochemical Investigation of Human Adenylate Kinase Polymorphism > 
Population (James E Bowman et al.), 1156 

fang, 4, Fis and Bloss, Donald F X-Ray Diffraction Tables, review by A R. 

ng, . 
Fast electrons” soe Origin of Ultrarelativistic Cosmic Ray Particles (David Layzer), 


Fat Bodies of a Cockroach: Nicotinamide-Adenine Dinucleotide-linked Form of 
Lactic Dehydrogenase of the Symbionts and (Stephen Epsten and Leon L. 
Pierre), 

Fate of Exogenous DNA in Blood and Hyperplastic Genital Tract of Female Mice 
(L Ledoux, P. Charles and M Srogi), 124 

Fatt, | . see Saraf, D N 

faturen annia; and Merz, Waltor J ' Ferroelectricity, review by A F. Devonshire, 

Faune ichthyologique du London Clay (Edgard Casler), review by L. B Halstead 

arlo, 

Favard, P : see Durand, M 

Fe Fragment of Immunoglobulin G tn Normal Human Plasma and Urine (Ingemar 

ard and Hans Bennich), 697 

Features of Antibody Formation in Neonatally Thymectomrzed Mice (Svetlana N 
Zinzar and George J. Svet-Moldavsky), 295 

Feline Ae with Feline Panleucopenia Virus; Identity of (R H. Johnson 
etal), 

Par pais Virus: Identity of Feline Ataxia Virus with (R H Johnson 
etal), 

Female Reproductive Structures in the Bear Macaque, Macaca erctordes Comple- 
mentary Specialization of Male and (Jack Foodan), 939 

Fenwick, M L: see Williams, P. G. 

Fermi Enngo . Notes on Thermodynamics end Statistics, review by 5 F. Edwards, 


Ferraro, Y C. A., and Plumpton, C.: An Introduction to Magnato-Fluid Mechanics, 
‘Third ed., review by J Pain, 54 

Ferredoxin and Photosynthetic Phosphorylation (Daniel |. Arnon, Harry Y 
Tsujimoto and Berah D McSwain), 562 

Ferrets: Lymphatic Leukaemia associated with Dysproteinaemia in (A J Kenyon 
and R.J Williams), (022 

Ferroeleceiaty (Ennio Fatuzzo and Walter J Merz), review by A F Devonshire, 

Ferrybridge C power station, news, 1179 

Fertilizanon ane. cored Synthesis; news, 648 

iber an er-forming Polymers Thermoanalysıs of (Symposium), review b 
E. F. T. White, 1375 7 bis Gamero) { 

Fibres in the Optic Nerve of Rat: Nerve (John Forrester and Alan Peters), 245 

Fibrifs linking the Photosynthetic Lamellaa: Chloroplast (L A Staehelin), 1158 

Fibrinolytic Activity of some Biarylearboxylic Acids (R J. Gryglewski and M 
Eckstein), 626 

Fibrinolytically Active Vaginal Epirhelial Cells (T. Astrup, J Henrichsen, K. 

ypanidis and A E King), 297 

Fibrinopeptide B and tha Denaturation of Fibrinogen on Over-iodination. 
Labelled (E Regoecz), [239 

Fibroblasts in vitro: Effect of Syngene:c and Allogenelc Lymphocytes on L-Cells 
and Mouse Embryo {Inessa Yu. Chernyakhovskaya, Zura G. Kadaggidze 
and Georga J Svat-Moldavsky), 1229 

Filament of Calcareous Sponge Spicules: Sheath and Aoual (W. Clifford Jones), 365 

Filamentous Appendages of Bacteria: Simple Immunological Labelling Method 
Tor, Plecsran Microscopy and ies Application ta the Study of (A. M Lawn), 

Phage Z1/2 by Sodium Dodecylsulphate’ Degradation of the (P. G. 

Williams and M L Fenwick), 712 

Filim Invacterometsysn Lubrication Studies > Fluid {F J Westlakeand A Cameron), 


Films: Physics of Thin (edited by Georg Hass and Rudolf E Thun), Vol 3, review 
by Olivar S. Heavens, 55 
Reflection Scanning Electron Diffraction from Growing (P 1i Tillett and 
C W.B Grigson), 77 
Filtration of Fresh Water: Membrane (Paul R Olson and Sigurd Olsen), 1217 
Fine Seructuro ot Heterochromatin in Certain Cell Nuclei (Howard G. Davies), 


Fish, Cypselurus heterus. Air and Water Vision of the Atlantic Flying (Edward R. 
Baylor), 307 
Erm and Larvae A Method of Marking (T.B Bagenal), 113 
Rasbora daniconus (Ham) Anaerobic Respiration in a Cyprinoid (G, B. 
Mathur), 318 
Fisher, James The Shell Bird Book, review by F. A lL Clowes, 214 
Fishes Vision of Bermuda Reef (Edward R Baylor), 306 
Fixation of Antigen-Antibody Reaction by Glutaraldehyde (John T. Boyer), 291 
Fixattves of biological material. see Cross-linking of Rat Tail Tendons with 
Chloro-s-criazines (Eugeno Zerlotti), 1304 
Flame Noise by the Application of Ultrasonics. Reduction of Audible (F. E. J. 
Briffa and R. A. E Fursa): 75 
Flooding Tolerance in Higher Plants: Phenol Oxidase Activity and (R. M M. 
rawford), 427 
Flow Characteristics of Complex Soap Systems (A White), 585 
Effect of Vibrations on the Transition Regime in Pipe (D D James and 
A S$. Morton), 692 
Fluid Mechanics of Internal (Symposium), review by P. R. Owen, 432 
Open Channel (F M Henderson), review by A M. Binnie, 748 
through an Orifice’ Hysteresis in the (B L Deckker), 904 
Flower Induction in Excised Shoot Apices of Pharbitis and Chrysanthemum cultured 
in vitro (Hiroshi Harada), 1027. 
Opening in Oenothera lamarckiana caused by Blue and Green Light 
Retardation of (Michi Saito and Toshio Yamaka), 1027 
Flowering in oscymus niger by 6-Azauracil without Suppression of Stem 
Growth Inhibition of (F. Seidlová et al ), 1146 
Plants. Development in (John G. Torrey), review by Mary Lindley, 68 
Fluctuations of Overpotential during Electrolyte Evolution of Hydrogen (M N. 
Hull and F. A. Lewis), 798 


Flugge, $, (edited by}. Handbuch der Physik, Vol. XVili/2, review by Louis Neel, 


(edited by}: Handbuch der Physik, Vol 23, review by H. Braddick, 56 
Fluld py interferometry tn Lubrication Studies (F. J. Westlake and A. Cameron), 


Mechanics of Internal Flow (Symposium), review by P. R. Owen, 432 
The Theory of Jets in an Ideal (M I. Gurevich), review by IgC. McVeigh, 950 


INDEX 


Fluorescence microscopy: see Sexing of Live Rabbit Blastocysts (R. G Edwards 
and R. L Gardner), 576 
Fluorescent Antibody Preparations Permanent Mounting Method for (C. F. A. 
ulling), 
Fluoride Inhibition of Bone Resorption in the Rabbit by (J, M Facctnt), 1269 
Fluorgborate in the Stomach of Rats. Labelled (C M E, Matthews), 933 
Fluorometric Evaluation of Total Blood Histamine Continuous Automatic 
(Francois Ruff et al.), 279 
Flutter Fusion in Man ome Physiological Characteristics of Auditory (G. M 
Besser), I7 
Flying Fish, Cypselurus heterurus 
. Baylor), 307 
F8atal and Neonatal Monkey Radiosensitivity of Oogonia and Oocytes in the 
(T G. Baker and Heather M Beaumont), 981 
Bovine Sera Globulin ın Significance in Virology (A J. Kniazeff, 
V Rimer and L Gaeta), 805 
and Neonatal Rats. Activity of Phenathanolamina N-Methy! Transferase 
in the Adrenal Glands of (Ray W. Fuller and Joseph M Hunt) 190 
Foetus: Effect of X-irradiation on the Synthasis and Composition of Pulse- 
labelled RNA on the Liver of the Rat (M. M Simić et al ), 489 
resulting in Transplantation Tolerance or Immunity, and Immunoglobulin 


Aur and Water Vision of the Atlantic (Edward R 


Producton Bone Marrow and Lymphoid Cell injection of the Pig (R M 
inns), 179 
see Placantal Growth and the Formation of Amniotic Fluid (R È Behrman 


at al), 678 
Foetuses: Technique for Investigation of Sex Chromatin in Amniotic Mewbrane 
of Rat (Elvira Farfas et al.), 499 
see Brain Esterases during Development (J R Lagnado and Madeleine 
Hardy), 1207 
see Teratogenic Activity of Nitrous Oxide (B R Fink et af) 146 
Folin positive Material with the Blood Proteins of the American Cockroach and 
the Oviposition Cycle: Association of (G E Pratt), 1034 
Food Intake in Ruminant Animals Saparating, the Effects of Digestibility and 
Palatability on (J F, D. Greenhalgh and G W. Reid), 744 
Foot-stomping” in the Gerbi! Rewarding Bran Stimulation, Sexual Behaviour, 
and t Shock (Aryeh Routtenberg and Ronald C Krams), 173 
Foraminifera! Faunas’ see Postglacial-Glecial Change in Climate in the Indian 
Ocean (John R. Conolly), 873 
Forests in Water Conservation Role of {Y Y Rakhmanoy), review by L Leyton, 


Formamide—Oligomerization of Hydrogen Cyanide Formation of Amtno-acids 
by Thermal Decomposition of (Kaoru Harada), 479 
Formation of Amino-auds by Thermal Decomposition of Formamide—Oligomeri- 
zation of Hydrogen Cyanida (Kaoru Harada), 479 
aoe Equatorial Electroyet Current Layers (R N Singh and K D Misra), 
of the Byssus in the Common Mussel (Mytilus edulis L } (J P. Pujol), 204 
of Nucleic Aad Coacervates by Dehydration and Rehydration (Adoif 
E Smith et al }, 1038 
Formic Acid on Platinum Catalysts Acceleration by Adsorbed Sulphur and 
Selenium of the Electrochemical Oxidation of iW Binder et af l 
Fossi! Bones from Mongolia” Unusually Radtoactiva (Jerzy Pansko), [6I 
Populations: see Growth and Death of Computer Populations (G. Y 
Craig and G Certel), 870 
Foster, Woodbridge A Co-operation by Male Protection of Ovipositing Female 
in the Diptera, 1035 
Foundations of Iromunectiemurry (Eugene D Day), review by G E Francis, 66 
Four vag Factors in a Single Bacterial Strain (Paul H Hardy and E Ellan Nell), 
4 
Electron Microscopy of islet Alpha Cells of Domestic (Mitsuo Machino and 
Hiroshi Sakuma), 808 
Foyers and Strontian and the Great Glen Fault: Newer Granites of (R. J 
Marston), 159 
Franson, M ptical Interferome 
Fracture and Workabrlity of Coal 
review by P. L Waters, 72 
Fragmentation pathways’ sea Metastable lons tn a Double Focussing Mass 
Spectrometer (m. Barber et al ), 664 
Free Amino-acids of Blood Plasma and Erythrocytes of Norma! Ducks and Ducks 
mfected with Malarial Parasite, Plasmodium jophurae (Wasim Ahmad 
Siddigul and Willram Trager), 1046 
Endotoxin (M. J Crutchley et al), 1052 
Fatty Acid Mobilization, news, 758 
-hving Cycles in Entomogenous Nematodes of the Genus Delodenus. 
Parasitic and (R A Bedding), 174 
eparze pried Cellulose Acetate Membranes with 000A Pores (H. P Rothbaum), 
Freazing by Cavitation in Supercooled Liquids Nucleation of (R. Hickling), 379 
‘Freons’ and Piperony! Butoxude Synergistic Toxicity and Carcinogeniaty of 
(Samuel S Epstein et al ), 526 
Fresh Water Membrane Filtration of (Paul R Olson and Sigurd Olsen), 1217 
Freston, | W, and Boucher, |. A D Potentiation of Carbon Tetrachloride 
Tooucity by Dimethyl Sulphoxide, 734 
Friction and Wear of Polymers reinforced with Carbon Fibres (J. P. Giltrow and 
J.K Lancascer), 1106 
Transition Temperature Effect of Matching Surfactant and Carrer 
(W Grew and A. Cameron), 429 
Frigate-bird Etho~Ecological Adaptations in the Great (J. B Nelson), 318 
Frog Melanophores by Mammalian Antibody. Sensitization of (Y H Abdulla and 
Taposh K Das Gupta), 1231 
Frogs. Experimental Leptospirosis in {S L, Diesch et af ), 1139 
Frozen Bacteria: Sunlight and (M. 3 Ashwood-Smith et of), 33 
Solutions Paramagnetic Relaxation of Trapped Hydrogen Atoms in 
Irradiated (John Zimbrick and Larry Kevan), 693 
Fructose in Newborn Calves Effect of Intravenous Infusion of (A V. Edwards 
and N Powers), 728 
-l-Phosphate Aldolase Activity in Hereditary Fructose Intolerance: 
Absence of Renal (R C Morris, jun, l. Ueki, D Loh, R. Z Eanes and 


Fowl 


, review by D. J Bradley, 431 
a Strength (Ivor Evans and C. D. Pomaroy), 


P McLin), 920 
ot, tphosphate Activation of Yeast Pyruvate Kinase Interaction 
between Potassium-, Ammonium- and (Benno Hess and Rainer Haeckel), 


Fuel policy, news, 340 
Function of Nisin and Nisin-like Basic Proteins in the Growth Cycle of Strepto- 
coccus lacus (A Hurst), 1232 
Fundamental Atomic Physics (D. H Tomlin), renew by L R B Elton, 52 
Theorem of Natural Selection (C C Li), 5 
Funga! Hyphae Apical Pore in (G Scurflald), 740 
Hyphal Branching Backward-directed (R H. Haskins), 517 
Metabolite: Green Humic Actd and its Possible Origin as a (K. Kumada 
and H M. Hurst), 63! 
Organism, The (edited by G C Ainsworth and Alfred S$ Sussman), 
Vol. 2, @view by J, R. S Fincham, 952 


xxvil 


Fungi: Alkaloids as Salf-inhibitors of (B. T. Lingappa and Yamuna Lin 516 
Carbohydrate Nutrition of some Nematode-trapping peel ots 
thananthavale and R. C Cooke), 321 
treated with O: gen at High Pressure’ Changes in Catalase Acuvity in 
Higher Plants and (G. G Pritchard and Margaret A. Hudson), 945 
Fungus Fusarium tricinctum Acute Toxicity to Rainbow Trout (Salmo goirdneri) 
of a Metabolite produced by the (W. F O, Maras, E. 8 Smalley, P E. 
Degurse, J. R Bamburg and R E. ichols), 8I7 * 
see Carbohydrate Movement between the Symbiones of Lichens (D H. S. 
Richardson et al.), 879 al 
Further Evidence for Macromolecular Nature of Human C'I (Jane H Morse), 185 
Evidence relating to the Mode of Action of Nicotine in the Central 
Nervous System (A K, Armitage and G. H Hall), 977 
Observations on tha Brochemical Lesion in Maple Syrup Urine Disease 
(Pierre M Dreyfus and Arthur L Prensky), 276 
Fusarium moniiforme Light Stimulated Brosynthesis of Gibberellins in (D Mertz 


and W Henson), 
Future of the Journals The (H M Finniston), 47 


Gancuc Longitudes Profile of the Unidentified Interstellar Absorption Band 
at 4430 A at Different (Harry Seddon), 257 
Galactic OH Brightness and Temporal Variation of Radio Emiasion from (A H. 
Cook), 689 ` 
Galactowaldenase: see Differences in Uridine Diphosphate Galactose-4-Epimerase 
batween Haamolysatet of Newborns and of Adults (Won G Neg et al ), 283 
Galápagos The (Symposium), review by L Harison Matthews, 1372 
Galaxies. Radio Sources and Peculiar (Robert Y. Wagoner), 766 
sea Magellanic Cloud Stars (A. D Thackeray), 136 
Gameatogenesis. see Radiosensitivity of Oogonia and Oocytes in the Foetal and 
eonatal Monkey (T G Baker and Heather M. Beaumont), 981 
Gamma Irradiated Influenza Viruses Multiplicity Reactivation in (J -C Gilker, 
Y Pavilanis and R. Ghys), 1235 
G-globulins in Inflammatory Affections of the Central Nervous System 
Problems of the Origin of the Anodic Part of Cerebrospinal Fluid 
(O Kolar), 524 
-ray Transmission for Coincident Measurement of Water Content and 
Dry Bulk Density of Soll Dual Energy (B D. Soane), 1273 
Gammarus: Resting Stage tn the Reproductive Cycles of (Y J, Steele), 1034 
Garland, G D. (edited by) Continental Drift, review by T S. Westoll, 59 
Gas centrifuge, news, 4 
Chromatography, news, 650 
Cleaning Industrial (YV Strauss), review b 
Outflow fram a Spiral Arm. Evidence for an Association between 
a Sees Field and (F. F Gardner et af), 37! 
-Phase discharge Chemical Synthesis by (P L Spedding), 124 
Solubility and Sacuratian Capacity of Blood under Hyperbaric Conditions 
before and after Food Intake Determination of (Alf Jacabaron and Hans 
Rockert), [04 
Gaseous Complexes between Dichlorides and Trichlorides of Aluminium and 
iron E W. Dewing), 483 
Gases and lasmas: Kinetic Equations of (Ta-You Wu), review by T G Cowling, 
Introduction to Electrical Discharges in (Sanborn C Brown), r 
E W Lung, 951 font Jireview By 
Gastric iron Binding Protein in fron Chelation by Gastric Juices (Peter § Davis, 
Colin G. Luke and Donald J Deliler), 1126 
Mucosa to a Gastrin-like Pantapetide 
(Warren D Davidson et al.), 595 
Secretion. Effect of Pancraozymin Preparation on (Allan R Cooke), 729 
Ulceration tn the Guinea-pig' Intravenous Degraded Carrageenan and 
Histamine (W. Anderson and P, D Soman}, 823 
Gastrin and its Analogues on Isolated Smooth Muscles Effects of (Emilia Mikos 
and J. R Vane), 104 
-like Pentapapude. Response of Isolated Bullfrog Gaseric Mucosa to a 
(Warren D. Davidson et ai.), 595 
Gel-electrophoresis across a Molecular Sieve Gradient 
Margolis and K. G Kenrick), 1334 
Gels and Polymeric Solutions Diffusion in (J A. Quinn and L. M Blair), 907 
Gene Activity dependent on Chromosome Synapsis tn the Polycena Chromosomes 
of Drosophila melanogaster (Michael Ashburnar), 1159 
Expression. an Explanation for Trisomy Abnormalities Chromosome 
Redundancy and (K. Lemone Yielding), 613 
regulation, news, 123 
The (Elor Axel Carlson), review by K. R Lawis, 538 
General Virology The Journal of, Vol | Part l, review by F. Kingsley Sanders, 636 
Generalrzed F-Statistics and the Theory of Inbreeding and Selection (S. K, Jain 
and P L Workman}, 674 
Generation Cycle of Mouse Bona Marrow (E Frindel at al.), 1017 
Genes controlling the Synthesis of Heavy Chains of Human Immunoglobulin-G 
Regulatory (Noelene Lobb, C. C Curtain and Chev Kidson), 7 
NA and (B8 M Sirzynski), 112 
Ganetic Apparatus of Hypothalamic Nerve Cells at Various Stages of the Oestrous 
Cycle ın tha Albino Rat: Activity of the (D. K Belajev et al.), 201 
code termination, news, 759 
variation see Generalized F-Statistics and the Theory of Inbreeding and 
Selection {S K. Jain and P, L. Workman), 674 
Genetically Determined Electrophoretic Variant of the Human Complement 
Component C’3 (R. J. Wreme and i. Demeulenagre), 1042 
Genetics and Cytology of Phytophthora (Jorge Galindo A. and George A 
Zentmyer), 1356 
of Neurological Disorders: The (T C Pratt), review by L S. Penrose, 63 
Genital Tract of Female Mica. Fate of Exogenous DNA in BI and Hyperplastic 
(L Ledoux, P Charles and M Srogi), 1241 
Genome B2h Reciprocal in toto Conversion of Mycobacterium phleretMycobac~ 
terium smegmaus by Mediation of an Intermediate Hybrid ($. E. Juhasz), 518 
Geological Evidence for a Pulsating Gravitation (F. Machado), 1317 
Time. Megayear and Gigayear’ Two Unies of (Kalarvo Rankama), 634 
Geologie du Pétrole (Alain Perrodon), review by T F Gaskell, 59 
Geology of Petroleum (A. 1 Levarson), review by T F Gaskell, 1277 
of the State of Hawan (Harold T Stearns), review by A M. Marshall, 60 
Geomagnetic Effects on Upper Atmospheric Temperature Solar and (S 
Chandra and B Y Krishnamurthy), 769 
field reversals, news, 1287 
Reversals, Tekites and (Bill Glass and Bruce C Heezen), 372 a 
Variations observed at Maddalena Island, Sardinia (M Giorgi and |. 
Yokoyama), 477 
Geometrical and Physical Optics (R S. Longhurst), review by A Thetfordp 1376 
Geophysical Theory and Computers (Symposium), review by D. Davies, 326 
Gerbil: Rewarding Braun Scrmulation, Sexual Behaviour, and Foot Shock- “Foot- 
stomping” In the (Aryeh Routtenberg and Ronald Q Kramis), 1739 


C J Starrmand, 327 


Response of Isolated Bullfrog 


Polyacrylamide (J 


xxviil 


Germ Cells. see Radtosensitivity of Oogonta and Oocytes in the Foetal and 
Neonatal Monkey (T. G Baker and Heather M Beaumont), 981 
Garmfree Mouse: “Curting’s Ulcer” in the (Albert Einheber et af), 298 
Rats: Similariey of the Rigor Mortis Process in Normal and (J. C 
Forrest et al.), 
Germinating Seeds: Comparison of the Effects of Gibberellic Acid and Aflotoxin 
In (H C Jones et al.), 17! 
Germination Inhibitor from the Cellular Slime Mould Dictyostelium discoideum 
(Costante Ceccarini and Arthur Cohan), 1345 
Phytochrome and the Photoinhibition of (P. Rollin and G Maignan), 741 
Responses when Osmotically Inhibited Dormant and Non-dormant 
Seads Similar (Walter T. McDonough), |147 
Giant waste Olfactory Discrimination tn the (Dale W. McAdam and John S 
ay), 
erve Cells of the Leech Hirudo medicinalis» Effects of Various lons on 
the Resting and Action Potentials of tha (Y D. Gerasimov and G N 
Akoev), 1351 
Gibberallic Acid and Aflotoxin in Germinating Seeds 
of (H. C. Jones et al ), [71 
cid in Pess Stem oa al and Potato Tuber Cylinders. Translocation 
of Tritium-labelled (Mahmood A. Clor), 1263 
Gibberellins in Fusarium moniiforma Light Stimulated Brosynthasis of (D. Mertz 
and W. Henson), 844 
Wound-induced (Lawrence Rappaport and Menachem Sachs), |149 
Gldangs, J Calvin, and Keller, Roy A. (edited by)* Advances in Chromatography, 
ols 2 and 3, review by R Consden, 70 
Gigayear’ Two Units of Geological Time: Megayear and (Kalervo Rankama), 634 
Gilhiard, E. Thomas. see Rand, Austin L 
Gittins, J : see Tuttle, O F 
Glacial Change in Climate in the Indian Ocean Postglacial- (John R. Canolly), 873 
Glactologie: Trate de (Louis Litboutry), Vol 2, review by G. de Q Robin, 43! 
Globular Cluster NGC 326 (J. W Menzies), 689 
Globulins Inter heavy-Light Chain Disulphide Bridge in (J R L Pink and C 
Milstein), 92 
Glomerella cingulata causing Coffee Berry Disease Ascospore Production, Dis- 
charge and Infection by (Drake Hocking et al ), 1144 
Glossina morsitans Westwood Effect of Ligaturing on Puparium Formation in the 
Larva of the Tsetse Fly (P A Langley), 389 
Glucorticords Breakdown of Blood-Cerebrospinal Fluid Barrier for Calcium ions 
in the Absence of (Tokuro Fukuda and Junichiro U1), 598 
Glucose Oxidase. see The Enzyme Electrode (S J, Updike and G P Hicks}, 986; 
Glucose-6-phosphate Dehydrogenase Deficlency in  North-eastern Thailand: 
Suares a the Distribution of Haemoglobin E, Thalassaemras and (P Wasi 
etal), 
Gluramate-Glutamine System of Brain. Convulsive Effect elicited by Topical 
Application of Penicillin on {C Pintilie et al), 1131 
Glutaraldehyde’ Fixation of Antigan-Antibody Reaction by (John T ne ole 


Comparison of the Effects 


Glycine: Inhibition of Motoneurons by lontophoresis of (R. Werman et al ), 681 
with Spinal intarneurones. Association of (R A. Davidoff et al.), 
Glycogen: Spontaneous Mutants of Yeast Deficient in (Y. E Chester), 1237 
zes Histochemistry of Blood Calls treated with Pokeweed Mitogen 
(Barbara E Barker and Pacricia Farnes), 787 
Slycelyas: see The ionic Environment and Metabolic Control (Fyfe L Bygrave), 


Gm(a)- see Regulatory Genes controlling the Synthesis of Heavy Chains of Human 
Immunoglobulin-G (Noelene Lobb, C a Curtain and Chev Kidson), 783 

Gm(b): see Regulatory Genes controlling the Synthesis of Heavy Chains of 
Human ImmunoglobulineG (Noelene Lobb, © C Curtain and Chev 
Kidson), 783 

Goat Mammary Gland 
J L Linzall), 507 

Golden Hamsters, Mesocricetus auratus Completa Development of the Human 
Hookworm, Necator americanus, in (H. Sen and D Seth), 609 

Gonad Dose in Male Mice After incorporation of Stronttum-90 (Walter A Muller), 
93 

Gonadotrophin. Method for estimating the Number of E lud by Xenopus 
laevis in Response to the Injection of (W A Barr, aM. Hobson and G 
Di Vita), 627 

Gould Robert F. (edited by) 
R A E Galley, 69 

Graffl Leukaemia Mice: Differentiation between Viral and New Cellular Antigens 
in (G Pasternak), 1364 

Virus and Immunological Tolerance in Leukaemogenesis (Luigi Chieco- 

Pianehi Luciano Fiore-Donati, Giuseppe Tridente and Natale Pennelli), 
122 

Grafts in Thymactomized and Normal Mice Thymus (E Leuchars, A Morgan, 
A J.S Davies and Y J Wallis), 80! 

Grain Boundary Cavities in Copper Stability of (A Gittins), 586 

Growth and Textures Recrystallrzation (Symposium), review by P L 

Pratt, HEZI 

Grains Impurities in Interstellar (F Hoyle and N C Wickramasinghe), 969 

Gram-negative Bacteria: Hydrolysis of Cephalosporns by 8-Lactamases from 
(1M. T Hamilton-Miller), 1333 

Grañiterof Foyers and Strontian and the Great Glen Fault 


Urea Formation by the Lactating (T. B Mepham and 


Organic Pesticides in tha Environment, review by 


Newer (R J Marston), 


Grass see Assimilation of Lolium in Relation to Leaf Mesophyli (D Wilson and 
J P Cooper), 989 
Grasshopper feeding on Milkwoeds 
Euw et al ), 3 
Grassland Nitrogen and (meeting), review by C R. Clement, 855 
Gravimorphism Distribution of Auxin in Horizontal Woody Stems tn relation 
to (R. W. A. Leach and P, F Wareing), 1025 
Gravitation’ Geological Evidence for a Pulsating (F Machado), 1317 
Gravi determination of, news, 228 
Great Bear Lake in the North-western Terntories of Canada 
Marine Origin from (A. S. Burse and L Johnson), 528 
Great Frigate-bird . Etho-Ecological Adaptations in the (J B Nelson), 318 
Glen Fault- Newer Granites of Foyers and Strontian and the (R. J 
Marston), 159 
Green Humic Acid and its Possible Origin as a Fungal Metabolite (K. Kumada and 
H. M Hurst), 631 
Light: Retardation of Flower Opening in Oenothera lamarckiana caused 
by Blue and (Michi Saito and Toshio Yamaki), 1027 
Turtle Hatchlings. Mechanism of Nocturnal Emergence from the Nest 
of (H. Robert Bustard), 317 
Groundnut in the Production of Aflotoxin: 
@ Suryanarayana Rao and P, G Yulpule), 738 
Growing Films: Reflection Scanning Electron Diffraction from (P | Tillett and 
C. W B. Grigson), 77 
Growth and Daath of Computer Populations (G Y Crug and G. Oartel), 870 
and Physiological Characteristics of a High Temperature Strain of, 
Chlorella pyrenardosa tn Continuous Culture (A Prokop, J Ričica, i. Malek 
Rnd J. Thomas, 1234 


Cardenolides (Heart Poisons) im a (J V. 


Nannoplankton of 


Vanetal Differences of (K 


INDEX 


Cycle of Streptococcus lacus Function of Nisin and Nisinlike Basic 
Proteins in the (A Hurst), $232 
Function and Regulation tn Bactertal Cells (A. C R Dean end Cyril 
Hinshelwood), review by D E. Hughes, 213 
of Aortic Explants and Arteriosclerosis (Bernard C Wexler and Laura L 
Thomas), 243 
of Place Prolarvae. Effect of Temperature on the Efficiency Gos 
Ryland and J} H. Nichols), 529 
Regulators in the Senescence of Nasturtium Leaf Disks 
(Leonard Beevers and Frances S Guernsey), 941 
Guanine in the Nucleic Acids of Rat Testes by Methyl Methane Sulphonate : 
Methylation in vivo (P. F Swann), 918 P 
Guide to Suoncel: The New Intelligent Man's (isaac Asimov), review by Re J 


Interaction of 


Fifield, 52 
7 to the Solar Corona A (Donald E. Billings), review by Sydney Chapman, 
31 
Shines pigs Postnatal Neurogenesis in the (Joseph Altman and Das D Gopal), 
Guinea jes pmuned with Sperm and Adjuvant’ Amyloidosis in (S J Plank et 
at), 


Gulf of St. Lawrence Seal Hunting in the (Elrzabeth Simpson), 1274 
Gurevich, M | The Theory of Jets in an Ideal Fluid, review by J C McVeigh 950 


Hivirusor for Hamsters Lack of Oncogenic Effect of the (Helene W. Toolan), 
036 
H-1 Virus Particles. Plaque Assay of the Effects of Cytosine Arabinoside and 
5-lodo-2’-deoxyuridine on the Synthesis of (Nada Ledinko), 1348 
Habrobracon serinopae after X-irradiation during Early Development Adult Lrfe 
Span in (Arnold M. Clark and Donald E. Osmun), 717 
Haemagglutination: Binding Activity of the Antibody Heavy Chain determined 
i Polarography and (J. Zikin and J. Šterzi), 1225 
Haemagglutinin Disease- Light Chains in Chronic Cold (Amiel G Cooper and 
aila M Worlledge), 799 
“Haematoporphynn” on Adhasiveness and Aggregation of Rabbit Platelets 
Effects of (Richard B Davis and Samuel Schwartz), 186 
Haemoglobin E, Thalassuemtas and Glucose-6-phosphate Dehydrogenase 
Deficiency in North-eastern Thailand Studies of the Distribution of 
(P Wasi et ai), 50! 
Genova: Se ee Leucine Proline: (G Sansone, R W. Carrell and 
H Lehmann), 
Oxygen Bonding in (S, Marıčıć et al ), 462 
Polymorphism of the American Fresh Water Eel Anguilla (K Sick, 
E Bahn, O. Frydenberg, 1 T Nielsen and D von Wettstein), 1141 
Primary Structure of Hopkins-t (A.J Gottlieb et af), | 
I (Texas Variant): Amine-acid Substitution in (Barbara H Bowman and 
Don R Barnett), 499 
Haemoglobins and Transferrins of European Bison and their Cattle Hybrids 
(Mikael Braend and Janusz Gasparsk:), 98 
‘es of Newborns and of Adults. Differences in Uridine Diphosphate 
alactose-4-Epimerasa between (Won G Ng et al ), 283 
Haemolysin Responses to Sheep Erythrocytes in Neonatally Thymectomized 
Swiss Mice (Nicholas R. Sinclar), 95 


Haemol 


Haamolytic Activity of Asbestos and other Mineral Dusts (Gwen Macnab and 
J Harington), 522 
Anaemia see Haemoglobin Genova 828 (B10) Leucine->Proline 


(G. Sansone et al }, 877 

Haemopoiesis: The Lymphocyte in Immunology and (edited by J M. Yoffey), 
review by H E. M. Kay, 854 

Harriess Condition in Mice. Spontaneous Hereditary Mutation for a Recurrent 
(3) F Spalding and M, R. Brooks), 1264 


Hall Mobility Measurements on Anthracene: dc Dark (R. Pethig and K. Morgan), 
266 

Hamsters Lack of Oncogenic Effect of the H-Viruses for (Helene W. Toolan), 
1036 


Handbook of New Guinea Birds (Austin L. Rand and E Thomas Gilliard), review 
by J D Macdonald, 67 

Handbook of Ultraviolet and Visible Absorption Spectra of Organic Compounds 
(Kenzo Hirayama), review by W L Lead, 1167 

Handbuch dor Physik, Vol XVii {edited by S, Flugge), review by Louis 
Neal, 

Vol. 23, review by H Braddick, 56 

Hansen, R C (edited by} Microwave Scanning Antennas, review by P JB. 
Clarricoats, 638 

Haptic Hlustons and Inappropriate Constancy of Scaling (Ray Over), 629 

Harmattan Oust Storms Electrical Effects of the (D. J. Harris), 585 

Harrigan, W F, and McCance, Margaret E. Laboratory Methods tn Micro- 
biology, review by Alan T. Bull, 65 

Hartley, Harold Humphrey Davy, review by Frank Greenaway, 49 

Harwell, news, 334, Harwell’ Twenty-one Years at (R Spence), 343 

Haselkorn, Robert: see Manor, Haim 

Hass, Georg, and Thun, Rudolf E. (edited by): Physics of Thin Films, review by 
Olivar S Heavens, 55 

Hacchhings: Mechanısm of Nocturnal Emergenca from the Nest of Green Turtle 
(H. Robert Bustard), 317 

Hawan’ Geology of the State of (Harold T. Stearns), review by A M Marshall, 60 

Hawley, Gessner G > see Clark, George L. 

Head Teachers, news, 962 

Heart: jS iustment to Cold of the Isolated Rat (N W., Newell and D. C. White), 
913 


by Visible Light Accelerstion of Rate of the Early Chick Embryo 
(Martha A Gimeno et ol ), 1014 
Poisons’ see Cardenolides in a Grasshopper feading on Milkweeds 
(J v. Euw et al), 35 
Rate of Bivalve Molluscs in their Natural Habitat: Activity and (E. R 
Trueman), 832 
Heat-labile Skin Senscerzing Activity of Mouse Serum; A (Joan MeCamish), 1228 
Lability of 8-Galactosidase and its Relation to Catabolite Repression 
Matabolite-promoted (Mary E. Brewer and V. Moses), 272 
sis’ Shortening of the Muscla: ATP, Activation, and the (R. E. Davies et al), 
Transfer Enhancement by Addition of a Liquid Phase (| C Finlay), 430 
Heavy Chain determined by Polarography and Haam lutination: Binding 
Activity of the Antibody (J Zikån and J. Šterzi}, | 
Heavy Chains of Human Immunoglobulin-G- Regulatory Genes controlling the 
Synthesis of (Noelene Lobb, C C. Curtain and Chey Kidson), 783 
Heavy water reactor at Winfrich, Dorset, news, 867 
Hedgehog Ennaceus europaeus (Insectivora): Chromosome Polymorphism in the 
European (H. Geisler and A Gropp), 396 
Heisenberg, W Introduction to the Unified Field Theory of Elementary Particles, 
review by E. J. Squires, 949-50 e 


INDEX 


Helical Biopolymers: Phonon Spectra of (V D Gupta et af), 1325 
Helical Structure with the Parameters of the Pauling-Coray a-helix A Second 
Right-handed (George Némethy et al }, 363 
Helium Line Strengths in B Stars: Rotation and the (A. R Hyland), 899 
Hemicholinium: see Further Evidence relating to the Mode of Action of Nicotine 
in the Central Nervous sprem (A, K, Armitage and G. H. Hall), 977 
Hen Flea Ceratophyllus gallinae (Schrank), Uptake of Atmospheric Water by the 
(D A. Humphries), 426 
Henderson, F, M.: Open Channel Flow, review by A M Binnie, 748 
(Heparinoids): Production of Lymphocytes by Polysacchande Polysulphates 
(Susuma Sasaki), 1041 
eblepaticae and Anthocerotae of North America Tha, Vol. ! (Rudolf M. Schuster), 
review by A R Perry, 
Hepatitis, Infectious see 
{H J Evans), 36] 


Hepatoma: Antigen Deletions in Carcinogen-induced Rat (R, W. Baldwin and 
C R. Barker), 292 
in Mice by Carcinogens of the Polycyclic Hydrocarbon Type: Induction 
of (F J C Roe and Margaret A Waters), 299 
rganospecificity of Liver Cell Surface Antigens and its Loss by Ascitic 
(T Beloshapkina and N. Khramkova), 1366 
Heptane Charge-Transfer Complex between Sulphur Dioxtda and Trimathyla- 
mine in the Gas Phase and in (Shere! D. Christian and Just Grundnes), IEH 
Herbicidai Activity of Diquat. Effect of Introducing a Sulphur Bridgea on the 
(L. A Summers), 381 
Herbicides by Soils: Relationship between Partition Data and the Adsorption of 
some (R. J. Hance), 630 
Hereditary Fructose Intolerance Absence of Renal Fructose-I-Phosphate Aldolase 
Activity Inn C. Morris, jun. et al ), 920 
Herpes Simplex Virus in Solutions of Caesium Chloride: Buoyant Density of 
(Patricia G. Spear and Bernard Roizman), 713 
Herzberg, Gerhard: Molecular Spectra and Molecular Structure (Vol. 3), review 
by D J. Millen, 326 


Heterochromanin in Certain Cell Nucler > Fine Structure of (Howard G Dayies), 


a Nucleolus, Virus Infection, and Trisomy ta Man 


see Sex Differentiation m Mammals (Ursule Mittwoch), 554 

Heterodyne Detection of Sub-millimater Radiation (H. A. Gebbre, N. W. B. 
Stone, E. H. Putiey and N. Shaw), 165 

Heterologous Lysosomes’ Death of cote due to Ingestion of (Rechelle 
Hirshhorn and Gerald Waismann), 

Heteropolymer structure see Molecular Structure and Antiganicity of Lens 
Proteins (Ruth M. Clayton and D. E, S. Truman), 1201 

Heterosynaptic theation as a Distinct Mechanism in Aplysis (L. Tauc and R. 
Epstein), 724 

Heterotrophic Nitrogen Fixation by the Blue-Green Alga Anabaenopsis circularis 
(Atsusht Watanabe and Yoko Yamamoto}, 738 

Hexagonal Polymorph of Diamond Lonsdaleite, a (Clifford Frondel and Ursule B 
Marvin), 587 

Hexose-dependent Electrical Potential Differences in Small Intestine 
ton of (Stanley G. Schultz et al }, 509 

Hay, D. H (edited by) + Kengzect’s Chemical Encyclopaedia, Ninth ed., review by 
A.M Marshall, 58 


Interpreta- 


Heyrovsky, Professor Jaroslav, obrtuary, 953 
High alticudas: see Clear Air Turbulence and Supersonic Transport (K T. 
Spillane), 237 
alumina cement: see Strength Development in Calcarious Cements {S 
Chatterji and J W Jeffery), 559 
Frequency Sound Perception. Asthma and (R K. Mason), 99 
Gain Pulsed Laser (A D. Brisbane), 75 
energy physics ses New British Electron Accelerator, 1183 
-temperature, Hydrogen-oxdizing Bacterium—Hydroganomonas thermo- 
philus, n sp.. A (J M. McGee, L R, Brown and R G. Tischer), 715 
Temperatures Micro-o isms adapted to (Thomas D Brock), 882 
Vacuum Technique, Fourth ed (J. Yarwood), review by John A Pryde, 95! 
Vacuum Technology: Introduction to the Theory and Practice of (L. 
Ward and J. P. Bunn), review by W L. Wilcock, 72 


Higher Planes and Fungl treated with Oxygen at High Pressure Changes In 
Catalase Activity in (G. G. Pritchard and Margaret A. Hudson), 945 
Plants: Phenol Oxidase Activity and Flooding Tolerance in (R. M. M. 
Crawford), 427 
Sanidine from Western Australia: 
Hosaman), 261 
Hill, Prof A. V. see ATP, Activation, and the Heat of Shortening of the Muscle 
{R E. Davies et aj ), 148 
Himwich, Harold E , Kety, Seymour S , and Smythies, John R (edited by) Amines 
and Schizophrenia, review by Alan A Boulton, [165 
Hinshelwood, Cyril see under Dean, A C R, review 
Hippocampus, the Sea-horse Dual Neurosecretory Innervation of the Adeno- 
hypophysics of (Francis Knowles et al ), 309 
see Perception of Redundant Cues by Monkeys with Inferotempora 
Lesions (Susan Iversen and L Weskrantz), 241 
see Postnatal Neurogenesis in the Guinea-pig (Joseph Altman and Gopal 
D Das), 1098 
Hirayama, Kenzo Handbook of Ultraviolet and Visible Absorption Spectra of 
Organic Compounds, review by W. L. Lead, 1167 
Histamine: Continuous Automatic Fluorometric Evaluation of Total Blood 
{Francois Ruff et al), 279 
Forming Capacity in Canine Liver by Endotoxin Induction of (Tokuro 
Fukuda), [07 
Sensitizing Factor. Isolation from Bordetella pertussis from Protective 
Antigen frea from Toxic Activity and (J. Nagel), 96 
ere Chlortetracycline and Mouse Intestinal Wall (Hyman Rosen et al), 
Histochemistry of Blood Cells treated with Pokeweed Mitogen (Barbera E, Barker 
and Patricia Farnes), 787 
Histones (editod by A. V S. de Reuck and Julie Knight), review by J © Bishop, 


Authigenic (J E, Glover and P 


Homograft Survival ın Rats. Effects of Extracts from Thymus on (Willa Brunkhorst 
and Aulene Herranen), 181 

Homologous Disease Cause of (Lyle R Heim et al ), 26 

Hookworm, Necator americanus, in Golden Hamsters, Mesocricetus auratus 
Complete Development of the Human {H G. Sen and D Seth), 609 

Hopkins-1] Haemoglobin Primary Structure of (A.J Gottheb et al ), 189 

Hormonal Mechanisms in Integration. Nervous and (Symposium), review by 
Catherine Hebb, [165 

Hormone Acceptors after Injection of Testosterone-4-4C into immature Rats: 
aie Proteins as Primary (U. Lippert, K -O. Mosebach and G. Krampitz), 

Research (Vol. 22}° Recent Progress tn (Symposium), review by A. J 

Matty 433 


xxix 


Hormones: Immunolsgicil Properties of Protein (Symposium), review by F J 
Cunningham, [16 
(Plant) see Effects of Radiation on Kinetin Solutions (M_L. Bellt-Donini 
and T Cervigny), 468 
Hot Brines in the Red Sea Origin of (D. T Pugh), 1003 
Springs; see Micro-organisms adapted to High Temperatures (Thomas D 
Brock), 882 
Houillon, Charles* Embryologie, review by P J. Kelly, 1058, Sexualité, review by 
P J. Kelly, 1058 
Houseflias: Polymbosomes from K M. Tsiapalis et al ), 358 
Houwink, R, and Salomon, G (edited by): Adhesion and Adhesives, Yol 2, 
Second od., review by A. Courts, 434 


Hovercraft, news, 123 ‘ 


Human Angiotensin: Purrflcation of (Kikuo Arakawa et ai.), 278 
Blood Platelets’ Arylsulphatases of (J. Polasek and B Rotrekl), 187 
Brain Thromboplastin Chamical Nature of (E, Hecht), 197 
Growth Hormone on Methods of Insulin Immunoassay: Effect of (R. C * 
Meade and T. J. Kleist), 195 
Hookworm, Necator americanus, tn Golden Hamsters, Mesocricetus 
auratus: Complete Development of the (H. G Sen and D Seth), 609 
Serum Alpha-2-macroglobulin Concentrations in (Peter Wilding, 
Nabeel F Adham, John W. Mehl and Bernard J, Haverback), 1226 
Serum Antibodies against Rat Colon Mucosa (A R McGiven, S P Datta 
and R C Nairn), 288 
Humic Acid and its Possible Origin as a Fungal Metabolite: Green (K Kumada 
and H M. Hurst), 631 
Humphry Davy (Harold Hartley), review by Frank Greenaway, 49 
Hyalomma dromedarts Koch, 1844 Changes in Neurosecretory Activity at 
Different Stages in the Adult (Via: Dhanda), 508 
Hyaluronidase and n. Electron Microscopy of Chondromucoprotein and the 
Products of its Digestion with (A M Saunders and L. Silverman), 194 
Hydra: Bud Morphogenesis in (S. G. Clarkson and L Wolpert), 780 
flay Di particles see Model System for Hydrophobic Interactions (R Cecil), 


Hydrocarbons; see Electron Spin Resonance Spectra of Heated Polynuclear 
Hydrocarbons (W. F Forbes and J C Robinson), 80 
Hydrogen Atoms in Irradiated Frozen Solutions: Paramagnetic Relaxation of 
Trapped (John Zimbrick and Larry Kevan), 693 
Cyanide: Formation of Amino-acids by Thermal Decomposition of 
Formamide—Oligomerization of (Kaoru Harada), 479 
lon Concentration tn a Small Element of Spiceeima: Intramitochondrial 
pH: a Statistical Question of (Peter Mitchell), 400 
Fluctuations of Overporental during Electrolyte Evolution of (M. N. 
Hull and F A Lewis), 
-oxidizing Bactarum—Hydrogenomonas thermophilus, n, sp ° A High- 
temperature a. M. McGee et af}, 715 
-reduced Nickel-Copper Alloy Catalysts. An Unusual Actrvity Pattern 
in. K. A Clarke and P J Byrne), 1109 
Hydrographic Observations of the Red Sea Brines (R G Munns, R J Stanley and 
C. D Dansmore), 1215 
Hydrogenomonas thermophilus, n sp. A High-temperature, Hydrogen-oxidizing 
Bacterrum-— (J M McGee et ai.), 715 
Hydrolysis of Caphalosporins by f-Lactamases from Gram-negative Bacteria 
cr M. T. Hamilton-Miller), 1333 
Hydrolysis of Secondary Alcohol Sulphate by a Bacterial Enzyme (WY J} Payne, 
Tey P Wilhams and W. R. Mayberry), 623 
Hydrophobic Interactions Model System for (R Cecil), 369 
Hydroxyapatite. Conversion of Single Crystals of Chlorapatıte into Single 
stals of (J C Elliott and R. A. Young), 904 
Hydroxyproline ın Lathyrism Influence of Ant-rheumatic Drugs on Urinary 
Excretion of (Z. Trnavská and K. Trnavský}, 384 
Hydroxyurea on Development and Regeneration: Effects of (J, Brachet), 1132 
Hymenoptera Chorion and Vitelline Membranes and their Role in Resorbing 
Eggs of the (J G Richards and P E King), 601 
Hyoscymus niger by 6-Azauracil without Suppression of Stem Growth: Inhibition 
of Flowering in (F. Seidlová et al), 1146 
Hyperbaric Conditions before and after Food Intake Determination of Gas 
Solubility and Saturation Capacity of Blood under (Alf Jacobsson and Hans 
Rockert), 104 
Hypercapnra and Eggshell Formation: Acute (K. Simkiss), 84 
Hypersensitivity States Release of Serotonin from Human Platelets in (E A 
Caspary and } S Comassh), 286 
Hyphae’ Apical Pore in Fungal (G. Scurfield), 740 
Hyphal Branching Backwardcdiracced Fungal (R H Maskina, 517 
Hypocty! Auxin-induced Elimination of a Protein in Bean (I Y 
T C. Spelsberg), 319 
Hypotensive Peptides (s mposium), review by C T. Dollery, 214 
Hypothalamic Nerve celis at Various Stages of the Oestrous Cycle in the Albino 
Rat Activity of the Genetic Apparatus of (D K Belajev et al.), 20 
Hypoxanthine see Effects of Radiation on Kinetin Solutions {M L. Beill-Donini 
and T Cervigny), 468 
Hysteresis Experiment tn Rheology (J Harris), 796, 
in the Flow through an Orfice (B E L Dackker), 904 


Sarkissian and 


lee Spiral Air Bubbles in (Charlas A. Knight), 1324 
Icelanders = Phosphoglucomutase Frequencies in Habbanite Jews and (A E 
Mourant and D Tills), 810 
feheiyelonsiect London Clay Faune {Edgard Casier), review by L B. Halstead 
arlo, 
Identifying Acetylcholine: Parallel Bioassay as a Method of (Catherine Hebb and 
David Morris), 
Identity and Significance of some Pink Spots in Schizophrenia and Other Con- 
ditions omas L. Perry, Shirley Hansen and Lynne MacDougall), 484 
of Feline Ataxia Virus with Feline Panleucopenia Virus (R H. Johnson, 
George Margolis and Lawrence Kilham), 175 
of the C,,Carotenoid Dehydrogenans-P439 and Sarcinaxanthin (S. Lieren- 
Jensen, O B. Weeks, R. H, C Strang and D., Thirkell), 379 
IgA Polioantibody in Salrva, Duodenal Fluid and Urine Demonstration of (Ruth 
Berger et al ), 420 
(usions and Inappropriate Constancy of saling. Haptic (Ray Over), 629 
Immune Globulins Inter Heavy-Light Chain Disulphide Bridge in (J R. L Pink 
and C Milstein), 92 
Response Protein and Nucleic Acad Synthesis in Lymph Node cells of 
Thymectomized Rats undergoing a Primary (Charles E, Slonecker and 
Wiliam © Riecke), 289 
Surface of Eggs of a Parasitic Insect (Susan Rotheram), 700 
Immunity, and Immunoglobulin Production Bone Marrow and Lymphoid Cali 
Injection of the Pig Foetus resulting in Transplantation Tolerancesor (R. M 


Binns), [79 
to Bacterral Infections by Iron Abolition of Passive (J J. Bullen at al), 
515 % . . 
. . 
e e . . 


( 


XXX 


Immunization of Mice with a Soluble Protective Antigen obtained from Entero- 
pathogenic Serotypes of Escherichia cols Oral (H W Ocklitzet af), 1053 
of Rats against Babesia (Nuttallia) rodhaini (N McHardy), 805 
Immunoassay ` Effect of Human Growth Hormone on Methods of Insulin (R C 
Meade and T J Klelst), 195 
Immunochemical Technique Estimation of Steroid Hormones by an (Sam M. 
Besor and Bernard F Erlanger), 1044 
Immunochemistry > Foundations of (Eugene D. Day), review by G E Francis, 66 
Immunogenicity of Dwarf Tapeworm Esterases Secretion and (Robert M 
Coleman et al ), 593 
Immunoglobulin: A “New” Allotypic Specificity (A9) of Rabbit (S Dubiskt and 
P f Muller), 696 
-G and Albumin. Multiple Sclerosis: Brain (Wallace W Tourtellotte 
and Julius A Parker), 683 
G in Normal Human Plasma and Urine 
Berggard and Hans Bennich), 697 
-G. Regulatory Genes controlling the Synthesis of Heavy Chains of 
Human (Noelene Lobb, C. C Curtain and Chev Kidson), 783 
Levels Influence of Sex on (Michael Butterworth, Barbara McClellan 
and Mathea Allansmith), 1224 
Production Bone Marrow and Lymphoid Cell Injection of the Pig 
Foetus resulang in Transplantation Tolerance or Immunity (R. M Binns), 
179 
? Chains: C-Terminal Half of (C Milstein et al }, 270 
Immunóglobulins and Compensation by another Sub-class of Immunoglobulin 
Suppression of Synthesis of Allotypically Defined (S Dubiski), 1365 
Immunoglobulins and Transferrin in Marine Lamprey Sera (G. Boffa, J M 
Fine, A Drithon and P Amouch), 700 
see Structure of Antibody Molecules (S Cohen and C. Milstein), 449 
Immunological Aspects of Viral Oncolysis (Jean Lindenmann and Pau! A Klein), 
review by P Koller, 637 
Defects in Thymectomized Mice’ Cellular Basis of the (J F A P Miller 
et af), 992 
Labelling Method for Electron Microscopy and tts Application to the 
Study of Filamentous Appendages of Bacteria Simple (A M Lawn), HESI 
Propertias of Protein Hormones (Symposium), review by F J Cunning- 
ham, 1166 
Tolerance in Leukaemogenesis Graff Virus and (Luigi Chieco-Branchi, 
Luciano Fiore-Donati, Giuseppe Tridente and Natale Pennelli), 1227 
Tolerance in the Absence of Cellular Chimerism (N W Nisbet), 94 
Immunology and Haemoporesis The Lymphocyte tn (edited by J M Yoffey), 
review by H. E. M. Kay, 854 
Immunoreactive Insulin in Rats given p-Masnoheptulose 
(Elsa P Paulsen et al }), 276 
Improved Erythroporetic Recovery in Lethally Irradiated Rats after Transfuston 
of Buffy Coat Cells from the Blood of Partially Shielded, Heavily Irradiated 
Donors (Brlan | Lord), 924 
Impurities in Interstellar Grains Nie Hoyle and N C Wickramasinghe), 969 
Impurities in Thermal fonization Role of (J N Bradley and P A 
Robinson), 1218 
impulse conduction see Mode of Anticholinergic Action of Local Anaesthetics 
(Maurice B. Feinstein and Marve Parmre), 151 
Inactivation of Erythrocyte Acety!cholinesterase by Penicillin (Fritz Herz), 497 
inbreeding and Selection: Generalized F-Statistics and the Theory of (S K Jain 
and P L Workman), 674 
Incidental Learning: Rapid Extinction following Drug-anhibited (B McGonigle ot 
al), 531 
PE of Exogenous (Phage) DNA snto Amphibian Oocytes (Y C Kong 
and À Ficq), 49! 
Increased Incidence of Avian Leukosis in Response to Excess Vitamin A (B E 
March and Jacob Biely), 287 
Tolerance to Posthaemorrhagic Shock in Dogs treated with Reserpine 
E Angalucci, Mirella Baldier: and M Buonerba), 202 
indian Ocean’ Postgiacal-Glacial Change in Climate in the (John R Conolly), 873 
Indians of Tierra del Fuego’ Blood Groups in {Raúl Etcheverry et al ), 211 
Indole Nature of Enterochromaffin Substance (E Solcia and R Sampietro), 196 
IndolyL3-acetic Acd, Benzimidazole and B-nine on Noduhation of Cowpes 
External Effect of (D. Mishra and B. Mohanty), 320 


Induction Machines for Specral Purposes (E R Larthwatte), review by E. M 
Freeman, 7! 
of Circulating Interferon by Synthetic Anionic Polymers of Known 
Composition (T C Merigan), 416 
of Hapatoma In Mice by Carcinogens of the Polycyclic Hydrocarbon Type 
(F J C. Roe and Margaret A Waters), 299 
of Histamine Forming Capacity in Canine Liver by Endocoxin (Tokuro 
Fukuda), 107 
of Renal Tumour by Streptozotocin in Rats {R N Anson and E L 
Feudale), 1254 
of 198 Antibody Synthesis without Stimulation of Cellular Proliferation 
(Walter J. K Tannenberg), 293 
Industrial Gas Cleaning (W Strauss), review by C J Stairmand, 327 
research and untversities, news, 443 
Infants: Click Evoked EEG Responses tn Normal and Developmentally Retarded 
{Ann B Barnet and Ann Lodge), 252 
Inferotemporal Lesions Perception of Redundant Cues by Monkeys with (Susan 
Iversen and L, Weiskrantz), 241 
Influence of a Mixture of Chemical Radioprotectors on the Cellular Renewal in 
the Duodenum of Mice (J R Maisin and M Lambiet), 412 
of Anterheumatic Drugs on Urinary Excretion of Hydroxyproline in 
Lathyrism (Z. Trnavská and K Trnavský), 364 
of Sex on Immunoglobulin Levels (Michael Butterworth, Barbara 
McClellan and Mathea Allansmith), 1224 
influenza Viruses Multiplicity Reactivation in Gamma Irradiated (J-C Gilker, 
V. Pavilanis and R Ghys), 1235 
Information and the Arrow of Time Structural (Karl R Popper). 322 
by Brain Extracts Transfer of Acquired (G Ungar andl N Irwin), 453 
Storage, news, 45 
Transfer in Molluscan Embryos (R. L Brahmachary and K. P Banerjee), 
172 
Infra-red Astronomy, news, 647 
spectroscopy see Self-assouation of Phenolics and of Bile Aud Deriva- 
tes (YV. S. Bennet, G Eglinton and $ Kovac), 776 
Infrasonic Waves and Auroral Activity (Charles R Wilson and Sue Nickparenko), 
1299 
Inhaled Particles in Human Lungs. Deposition of (W. L Dennis), 908 
Inbergnhée in Man: Mendelian (Victor A McKusick), review by P M Sheppard, 
27 


Fe Fragment of (Ingemar 


Suppression of Plasma 


Inhibition of Bone Resorption in the Rabbit by Fluoride {J M Faccini), 1269 
f DNA Synthesis tn Rat Peritoneal Exudate Cells by Foreign Substances 
of Antigenic Nature (Leif Lindholm), 800 
of Flowering in Hyoscymus niger by 6-Azauracil without Suppression of 
Seem Growth (F Seidlová, J Krekule and L, Teltscherova), 1146 
e 


INDEX 


of Motoneurones Py dentophoresis of Glycine (R. Werman, R. A, Davidoff 
and M H Aprison), 68! 


zast Photosynthetic Electron Transport by loxynil (J. Friend and R Olsson), 


of Protein Synthesis in Rat Intestinal Slices by Tetracycline (Norton J. 
Greenberger), 702 


of the Desacuration of Stearic to Oleic Acid by Cyclopropene Fatty Acids 
(A R. Johnson, Judith A Pearson, F. S. Shenstone and A, € Fogerty), 1244 


Inhibitory Synapses on the Stretch Receptor Neurone of the Crayfish (Kojr 


Uchizono), 833 
transmitter: see Association of Glycine with Spinal Internaurones (R, A. 
Davidoff et al.), 680 .' 


transmitter. see Inhibition of Motoneurones by lontophoresis of 
Glycine (R. Werman et al), 681 
Initial Teaching Alphabet, news, 553 


Innervation of the Adenohypophysis of Hippocampus, the Sea-horse Duat 
Naurosecretory (Francis Knowles et al }, 309 
of the Human Placenta = Intrinsic (Howard N Jacobson and Frederick 
K Chapler), 103 
Insect: Immune Surface of Eggs of a Parasitic (Susan Rotheram), 700 
Populations : Ecolopeal Methods with Particular Referance to the Study 
of (T.R E Southwood), review by H. B D. Kettlawell, 636 
Virology (Kenneth M Smith), review by T W. Tinsley, 952-3 
Insecticides oa Organochlorine. Residues in Marine Organisms (J Robinson et 
al), 
Insects: Cuticular Water Pump tn (Paul WW Winston), 383 
Instant Maps, 230 
Institute of Physics, news, 446 
Institution of Electronic and Radio Engineers see Instant Maps, 230 
Insulators, Semiconductors and Metals (John C. Slater), review Bie M. Ziman, 325 


Insulin and the Sodium Pump of the Mara Muscle Fibre (E Edward Bittar), 726 
Immunoassay: Effect of Human Growth Hormone on Methods of (R C. 
Meade and T J Kleist), 195 
tn Rats given o-Mannoheptulose Suppression of Plasma Immunoreactive 
(Elsa P Paulsen et al ), 276 
-stimulated Amino-acid Transport in Muscle. Effect of Puromyan on 
(rous Elsas, Isidora Albrecht, William Koehne and Leon E Rosenberg), 
Intelligence Measurements (H Brierly), 1056 
Intelligent pens Guida to Science’ The New (Isaac Asimov), review by R. J. 
eid, 
Inter Heavy-Light Chain Disulphide Bridge in Immune Globulins (fF R L. Pink and 
C Milstein), 92 
Interaction between Potassium-, Ammonium- and Fructose-l, 6-diphosphate 
Activation of Yeast Pyruvate Kinase (Benno Hess and Raine Haeckel), 848 
ego Magma with Pelitic Matermls (C D Gribble and M, J. O'Hara), 
of Growth Regulators in cha Senescence of Nasturteum Leaf Disks 
{Leonard Beevers and Frances S Guernsey), 941 
intercostal-phrentc Reflexes Spinal (E E. Decimaet et al ), 312 
insargisciplināry Perspective of Time (Symposium), review by Marsha A Rockey, 


Interferometer Observations see Discrete Radio Sources at 38 Mc/s (O B. Slee 
and P K Wraith), 971 

Interferometry in Lubrication Studies: Fiud Film (F J Westlake and A. 
Cameron), 633 

Optical (M Françon), review by D. } Bradley, 43 

Interferon by Synthetic Anianic Polymers of Known Composition: Induction of 

Circulating (T C Mangan), 416 
Rena! Excretion of (Monto Ho and Bosko Postic), 1230 

Interferons induced by Different Viruses in the same Celi System Antigenic 
idenuty of {B Fauconnier), 591 

Inter-hemisphenc Comparison of Visual Sumult m the Pigeon (Nancy K. Mello), 
144 


intermediate Hybrid Genome 82h Reciprocal in toto Conversion of Myco- 
bacterii phiesze Mycobacterium smegmatis by Mediation ofan (S E. Juhasz), 
intermodrary Metabolites and Adenine Nucleotides in Leucocytes of Children with 
Protem-Calorie Malnutrition (Takashi Yoshida, Jack Metcoff, Sylvestre 
Frenk and Carmen de la Pena), 525 
Intermittent Light Fallin Critical Flicker Frequency associated with Adaptation 
to (P. Turner et al ), 947 
Intermolecular self-association’ see Self-associauion of Phenoltes and of Bile Acid 
Derivatives (W. S Benner, G Eglinton and $ Kovac), 776 
internal Flow Fluid Mechanics of (Symposium), review by P. R. Owen, 432 
International Annual Review of Cytology, Vol 20 (edited by G H. Bourne and 
J F Danielli), review by G G Salman, 69 
Atomic Enargy Agency. see All Quiet at Vienna, 1292 
Biologica! Programme, news, 118 
Biological Programme, news, 444 
Encyclopaedia of Pharmacology and Therapeutics (edited by L. Lasagna), 
Section 6, Vol | and 2, review by A Herxhemmer, 65 
Encyclopaedia of Physical Chemistry and Chemical Physics: The (Robert 
M Mazo), Topic 9, Vol 1, review by } S Rowlinson, 62 
Review of Research in Mental Retardation, Vol 2 (edited by Norman R. 
Ellis), review by K_ S. Holt, 637 
Symposium on Eutrophication. see Eutrophication (J. W Lund), 557 
Interneuron- Electron Microscopic Evidence for an Autonomic (T. H. W. 
Williams), 309 
Interneurones Association of Glycine with Spinal (R. A. Davidoff et al.), 680 
interplanetary Setene see Discrete Radio Sources at 38 Mc/s (O. B. Slee and 
P K Wrath), 971 
interpretation of Hexose-dependent Electrical Potential Differences in Small 
Intestine (Stanley G Schultz, Peter F Curran and Ernest M. Wright), 509 
Interstellar Absorption Band at 4430A at Different Galactic Longtidues: Profile 
of the Unidenufied (Harry Seddon), 257 
Grains Impuriues in (F Hoyle and N C. Wickramasinghe), 969 
Interstitial Cells in che Bat Ovary 9 Cytochemical Study of (Sardul $ Guraya), 614 
Intertida] Marine Life The Torrey Canyon Disaster and (A J, O'Sullivan and 
Alison J, Richardson), 448 
intestinal Slices by Tetracycline: Inhibition of Protein Synthesis in Rat (Norton J. 
Greenberger), 702 
Wall: Chlortetracyclin and Mouse (Hyman Rosen et af ), 671 
Intestine: Interpretation of Hexose-dependent Electrical Potential Differences in 
Small (Stanley G. Schulez et of ), 509 
Intractable Mater Ultrasonic Machining of (A | 
Boothroyd), 432 
Intra-extramitochondrlal pH Gradient of Beef Heart Mitochondria tn Various 
Functional States: Intramitochondrtal pH and (S, Addanki g al.), 400 


Markov), review by G. 


INDEX 


{ntramitochondrial pH and Intra-extramitochondrial pH Gradient of Beef 
Heart Mitochondria In Various Functional States (S Addanki, F D. Cahill 
and J. F Sotos), 400 
a Statistical Question of Hydrogen fon Concentration in a Small Element 
of Space-time (Peter Mitchell), 400 
Intrauterine Devices in the Rhesus Monkey: Contraceptive Action of (W A. 
Kelly and J H. Marston), 735 
intravenous Degraded eonan and Histamine Gastric Ulceration in the 
Gutnee-pig (W. Anderson and P D. Soman), 823 
‘tntraventricular Injections: see Further Evidence relating to the Moda of Action 
of Nicotine In the Central Nervous System (A Armitage and G H. 
te Hali}, 977 
intrinsic Innervation of the Human Placenta (Howard N Jacobson and Frederick 
K Chapler), 103 
introduction to Magneto-Fluid Mechanics’ An (Y C A Ferraro and C 
Plumpton), Second ed , review by J Pain, 54 
tothe Algae An (lan Morris), review by G F Leedale, 434 
to the Study of the Moon: An (Z Kopal), review by D H Menzel, 747 
to the Theory and Practice of High Vacuum Technology (L Ward and 
J.P Bann) review by W L. Wilcock, 72 
to the Unified Freid hang of Elementary Particles (W Heisenberg), 
review by E J Squires, 949-5 
an vivo Effect of an Invasive Malignant Rat Tumour on Cartilage (A R Poole and 
D. C Williams), 1342 
lo, news, 119 
jas mulation of Jupiter's Radio Emission by (L Marshall and W F. Libby), 


nodige contents of Normal Human Eye Tissues (F B De Jorge and N Kara José), 
9 


in vivo Activation Analysis Estimation of Thyroid (J M A Lenihan, 
D. Comar, R Riviere and C Kellershohn), 1221 
-125. see Binding of Radioiodinated Bovine Serum Albumen to Mouse 
Spleen Calls (D Naor and D. Sulitzneau), 687 
odopsin Photochemistry of (Toru Yoshizawa and George Wald), 566 


‘ton Exchange (edited by Jacob A ae review by T Henshall, 432 
al Association Constants and Solvents Composition (M J Blandamer), 


fonic Environment and Metabolic Control. The (Fyfe L Bygrave), 667 
Jonization Rola of Impurltles in Thermal (J. N Bradley and P A Robinson), 1218 
lonraing Groups tn Proteins, news, 1288 
Jonasphere Rocket Electron Density Perturbations in the (W J G Beynon), 690 
tonospheric No-echo Occurrences (R C Schaeffer), 376 

Scattering: see Discrete Radio Sources at 38 Mc/s (O B Slee and P K 

Wraith), 971 

ontophoresis of Glycene* Inhibition of Motoneurones by (R Werman et al ), 68) 


loxynil: Inhibition of Photosynthetic Electron Transport by (J Friend and R 
Olsson), 942 i y een 


dron: Abolition of Passrve Immunity to Bacterial Infections by (1. J Bullen et af), 
Age Cultures in Zambia, Vol | (Brian M. Fagan), review by Bernard Fagg, 


1167 
and Manganese in the Metabolism of the Oat Plant Nickel (Philip €. 
Willrams), 628 
Binding Protein in Iron Chelation by Gastric Juices, Gastric (Peter S 
Davis et al.), 1126 
yst Mossbauer Effect Spectra of Ammonia Adsorption on a Sup- 
ported (M. C Hobson, jun), 79 
Chelation by Gastric Juice 
Daves et al,), 1126 
Gaseous Complexes between Dichlorides and Trichlorides of Aluminium 
and (E. W Dewing), 483 
Irradiatad DNA In Drosophila melanogaster Mutagenic Effect of (Om Parkash), 
Frozen Solutions. Paramagnatic Relaxation of Trapped Hydrogen 
Atoms in John Zimbnick and Larry Kayan), 693 
Mice. fect of Post-treatment with Erythropgietin (a) on Survival and 
Erythropoietic Recovery in (N V Naidu and O.S R i. 1223 
ts after Transfusion of Buffy Coat Cells from the Blood of Partially 
Shielded, Heavily Irradiated Donors Erythropoietic Recovery in Lethally 
(Bran I. Lord), 924 
Rats: Effect of Calcium on Mitosis in the Thymuses of Normal and {A D 
Perris and J F Whitfield), 302 
Irradiation: Lymphoblastoid Transformation of Lymphocytes in vitro after 
Microwave (W. Stodolnik-Baranska), 102 
Folyploidy an Human Leucocyte Cultures treated with Cysteamine and 
(John F Jackson and Frank S Hill), 1155 
4s the Literature Dead or Alive? (John Maddox), 1077 
there Proton Norse in Mitochondrial Membranes leading to Chance 
Fluctuations in pH? (Britton Chance), 399 
Weather Pred: le? (P. A Sheppard), correspondence, 858 
(schaemia Detecting Radioactive Substances for Scanning Cardiac and Skeletal 
Muscle (P Malek, J Ratusky, B Vavrejn, | Kronrdd and J Kolc), 1130 
(sethtonic Acid in Man Urinary Excretion of (Jørgen G. Jacobsen, Linda L. 
Collms and Lioyd H. Smith, yun), 1247 ( 
tsiet Alpha Calls of Domestic Fowl. Electron Microsco f (Mitsuo Machino and 
Hirosht Sakuma), 808 oak pees 
Isobutyric acid’ see Specific Anosmia 
Amoore), 1095 
!sofloridoside (0-a-0-Galactopyranasy!-(1—>1)-Glycerol) and Osmotic Balance in 
the Fresh Water Alga Ochromonas, Metabolism of (H Kauss), [129 
Isormmune Sera Blood Groups of Baboons demonstrated with (J Moor- 
Jankowski et al.), [81 
Isolation from Bordetella pertussis of Protective Antigen free from Toxic Activity 
snd A alls eta igre Factor (J Nagel), 96 
of a Non-dialysable Active Pressor Principle fi Pig S "(M. P 
and W Walshacal). 379 ple from Pig sumy eterlik 
of Mutants with Altered DNA Base Composition in Bacillus subtilis 168 
(G F Gause, G. V Kachatkova, Yu V, Dudnik, L E Saruchanova and 
A. Y Larko), 714 
ANS A from Sea Water by Co-precipitation (G Chapman 
Stress on Peripheral Leucocytes of Female Albino Mice: 
(Arthur M Sackler and A Stanley Weltman), 1142 
Isometric Reflex Response in Presstrain Conditions in Normal Humans Relatran- 
ship batween the Electromyogram and (Alex M. Clarka), 1114 
Isozymes during Dedifferentiatron in Cultures of Mamm Secretory Cells 
Lactat® Dehydrogenase (Antonio Blanco et al }, 1331 au ‘ 


Gastric Iron Binding Protein in (Peter S$. 


a Clue to the Olfactory Code (J E. 


Effects of 


xxxi 


Japan and the OECD reactor at Halden, Norway, news, 963 

Jaundiced Human Urine: Presence of Bile Acids in (James A, Gregg), 29 

Jerne Plates: Effect of some Metabolic Inhibitors on Plaque formation in (M C 
Berenbaum), 590 

Jerusalem Artichoke Tubers and Chicory Roots Effects of 2: 4-Dichlorophenoxy- 
acetic Acid on Enzyme Systems in (A. E. Flood et al ), 1049 

Jet Stream see Clear Air Turbulence and Supersonic Transport, 237 

Jets in an Ideal Fluid. The Theory of (M. |! Gurevich), review by J. C. McVeigh, 950 

Jews and Icelanders Phosphoglucomutase Frequencies tn Habbanite (A E 
Mourant and D Tills), 816 

Jindwik target aircraft. see Clear Air Turbulence and Supersonic Transport 
{K T. Spillane), 237 

Johannin-Gilles, A. Bibliographie des Spectres des Molécules Polyatomiques 
dans |’Uleraviolet & Vide, review by YV C Price, 56 

John Jamas Audubon (Alexander B Adams), review by D Lack, 117! 

Joint Computer Groups seo Instant Maps, 230 

Jones, Prot O. T , obrtuary, [279 

Josten, C H Elas Ashmole (1617-1692), review by A Rupert Hall, 49 

Journal of Genaral Virology. The, Vol |, Part l, review by F. Kingsley Sanders, 

Plasma Physics, Vol I, Part 1, review by J Pain, 54 

Journals The Future of the (H M Finntston), 47 

Jovian Decametric Sources by Millisecond Pulses Dalineation of (C. N Olsson 
and Alex G. Smith), 999 

Jumping: Mechanism of Locust (R H. J. Brown), 939 

Jungk, Robert Die grosse Maschine, review by Herbert Coblans, 535 

Jupiter, news, 119 

Magnetosphere of (J A Gledhill), 155 
Jupiter’s Radio Emission by lo Stimulation of (L Marshall and W. F. Libby), 126 


Kaisiice, Diopside and Melilite in a Sedimentary Xenolith from Brome Mountain, 
Quebac (A. R. Philpotes, E F Pattison and J S Fox), {322 

Kamp, Peter van de” Principles of Astromatry, review by A. D Petford, 1376 

Karam people of New Guinea and their taxonomy for animals, news, 550 

Karyotype of the Monotremes Ornithorhynchus anaunus (Platypus) and Tachy- 
glossus aculeatus (Echidna) (Y. A E. Bick and W D Jackson), 600 

Keeton, Willam T Biological Science, review by Mary Lindley, 68 

Keller, Roy A : see Giddings, } Calvin 

Kemeny, John G , Snell, Laurie J., and Knapp Anthony W  Denumerable Markov 

hams, review by G. E. H Reuter, 5! 

Keratin Membranes measured by a Microbalance Technique “Bound Water” in 
(Robert J Scheuplein and Linda J Morgan), 456 

Kety, Seymour S see Himwich, Harold È, et al 

Kaper ae of the Triassic by Miospores Correlation of the (G Warrington), 


Kimberlites of Sierra Leone Unmetamorphosed Volcanic and Sedimentary 
Xenoliths in the (F. H. Hubbard), 1004 

Kinase Evolution of Creatine (M E. Eppenberger et af }, 239 

Kinase in Mouse Embryo Cells infected with Polyoma Virus) Activity of Thymidine 
(G. Riceert and G Cocuzza), 191 

Minaren ano ryo lumon in the Echinodermata: Phosphagen (Barbara Moreland et 
al.), 

Kinetic Equations of Gases and Plasmas (Ta-You Wu), review by T G Cowling, 215 

Kinetics of Cell Growth tn Conditions of Phage Infection: Substrate Imbalance 
and Synchronization (A C R. Dean and Cyril Hinshelwood), [081 

Kinsan oi a Colommetric Method Estimation of {R K, Atkin and R. L. Wain), 
Pe gaa Effects of Radiation on (M. L. Belli-Donint and T. Cervigny), 

King-Hela, Desmond: Observing Earth Satellites, review by John Spencer, 56 

Kineze s Chemical Encyclopaedia (edited by D H Hey), review by A.M Marshall, 


Klein, Paul A see Lindenmann, Jean 

Knight, Julie see Reuck, A. Y S de 

Knock, Francis E Anticancer Agents, review by E Boyland, 66 

Koch, Helen L. Twins and Twin Relations, review by P J Mittler, 1372 

Kolthoff, |! M, and Elving, Philip J . Treatise on Analytical Chemistry, Part 2, 
Vol 13, review by D M W. Anderson, 57 

Komarov, Colonel Vladimir, news, 442 

Kononova, M M. Soil Organic Matter, Second ed., review by Alan Burges, 67 

Kopal Z An Introduction to the Study of the Moon, review by D H Menzel, 


Kraus, John D , and Tiur, M E : Radio Astronomy, review by J E Baldwin, 56 

Kreisel, G, and Krivine, J, L Éléments de Logique Mathématique, review by 
R L. Goodstein, 50 

Krivine, J, L. seo Kressal, G 

Krombern, Karl V. Trap-Nesting Wasps and Bees, review by C. G. Butler, 1058 

Kurlyandslaya, E B > see Letavet, å, A 

Kuznetsov, P 1, Stratonovich, R L, and Tikhonov, V | 
Linear Transformations of Stochastic Processes, review 

6 


edited by). Non- 
y M.B Prestley, 


Lses and Mouse Embryo Ftbroblasts in vitro: Effect of Syngenerc and Allogeneic 
Lymphocytes on {Inessa Yu Chernyakhovskaya, Zura G. Kadaggidze and 
George J Svet-Moldavsky), 1229 
L-form Membranes Synthesis of Mucopeptide by (Anadi N Chatterjee et al), 
131} 
LL. Antilipoprotern Nuoro Serum (C P ) and its Relation to Sera C. de B and 
(Jan Hirschfeld et al), 495 
Labelled Fibrinopeptide B and the Danaturation of Fibrinogen on Over-iodination 
(E. Regoecz), 1239 
Fluoroborate in the Stomach of Rats {C M E Matthews), 933 
Labelling of Aphid Sairva with Rubidium-86 (K P Lamb, P. Erhardt and Y 
loericke), 602 è 
Laboratory Animals: The UFAW Handbook on the Cara and Management of 
(Third ed.), review by M. Lancaster, 856 
Handbook of Chromatographic Methods (edited by O Mikes), review by 
R Consden, 70 
Methods in Microbiology (W F. Harrigan and Margaret E. McCance), 
review by Alan T. Bull, 65 
Lack of Oncogenic Effect of the H-Viruses for Hamsters (Helene W. TooldA), 1036 
Lactate Dehydrogenase isozymes during Dedifferentiation in Cultures of Mam- 
mary Secretory Calls (Antonio Blanco, Ubaldo Rifé and B L Larson), 1331 
jplycrorenuse Virus and Mouse Embryos (Charles G Crisp@ns, jun ), 
9 


Lactating Goat Mammary Gland. Urea Formation by the (T. B Megham and 
J L Linzell), 507 e 


xxxİl 


Lactic Dehydrogenase Activity in Preimplantation Rat Embryo (Ralph L. Brinster), 
| 


Dehydrogenase of the Symbionts and Fat Bodies of a Cockroach: Nico- 
tuunamide-Adanine Dinucleotide-linked Form of (Stephen Epstein and 
Leon L Pierre), 488 
Lactobacillus acidophilus * Trace Element Requirements of (David B. Sabine and 
Jacqueline Vaselakos), 520 
ferment: Bactenocinogeny in (H C de Klerk), 609 
Lagowski, J J. (adited by) The Chemistry of Non-Aqueous Solvents, Vol l, 
review by R P. Bell, 748 
Larthwaite, E R Induction Machines for Special Purposes, review by E. M 
Freeman, 71, 
Lake Windermere (Salvelinus willughb: (Gunther), forma autumnalis and forma 
Vernalis) Photopigments in the Char of (© D., B Bridges), 205 
Lambs, Newborn: see Yeropressics and the Increase of Water and Electrolyte 
Excretion by Sheep, Cattle and Camels (W V. MacFarlane et a/.), 979 
Lammeraner, J, and Staf, M Eddy Currents, review by E R. Laithwaite, 1062 
Lamprey sere Immunoglobulins and Transferrin tn Marine (G A Boffa et al.), 


Lancker, Marc Van’ Metallurgy of Aluminium Alloys, review by H W Mead and 
D C Moore, 57 
Land Bridges and Continental Drift Widely distributed Species (E J. Godley), 
- 


74 
Langmuir-Boldgett Multimonolayers as Thin Film Dielectrics (L Holt), 1105 
Language Arts and Sciences. the Influence of Sterotypes on (l. Hudson), 968 
Lanjan Virus, a New Agent isolated from Dermacentor auratus in Malaya (Dora S. 
K Tan, C E. G. Smith, Dolores A McMahon and E T W. Bowen), 1154 
Large Amounts of Ribosomal RNA in Colchicinesnduced Tetraplords of Solanum 
tuberosum {P H. Li and W R Andersen), 86 
Molecular Weight Radioactive RNA by Protoplasts of Saccharomyces 
carlsbergensis © Uptake of (H P J Bloemers and V V Koninberger), 487 
Larva of the Tsetse Fly, Glossina morsrtans Westwood Effect of Ligaturing on 
Puparium Formation tn the (P, A Langley), 389 
Larvas A Method of Marking Fish Eggs and (T B Baganal), 113 
Lasagna, L. (edited by) International Encyclopaedia of Pharmacology and Thera- 
peutics, Section 6, Vol |, review by A Herzhemmer, 65 
Laser Excited Raman Spectrum of Cyclopentadrene Nickel Nicrosyl (| 3 Hyams 
and E. R Lippencott), 267 
High Gain Pulsed (A D Brisbane), 75 
Lasers (Karel Patek), review by D J. Bradley, 1169 
Masers and (H Arthur Klein), review by J Spencer, 327 
Laterality Effects in Dichotic Listening (Susan Oxbury, John Oxbury and Jane 
Gardiner}, 742 
Lathynsm Influence of Anti-rheumatic Drugs on Urinary Excretion of Hydroxy- 
proline in (Z Trnavská and K Trnavský), 384 
Latitudes Sporadic E tn Middle (J D. Whitehead), 261 
Layer Structures Enhanced Reactivity at Dislocations in (J M. Thomas and E L 
Evans), 167 
Leaf Disks ) Interaction of Growth Regulators in the Senescence of Nasturuum 
(Leonard Beevers and Frances S Guernsay), 941 
Mesophyll Assimilation of Lolium in Relation to (D Wilson and J P 
Cooper), 989 
Morphogenesis ın Ranunculus flabellaris * 
(Michael Paul Johnson), 1354 
Learned behaviour see Transfer of Acquired Information by Brain Extracts (G. 
Ungar and L N Irwin), 453 
Learning and Memory tn Baboons with Bilateral Lesions of Frontal or Infero- 
tempora! Cortex (Anthony W H. Buffery), 1054 
Rapid Extinction following Drug-inhibited Incidental (B McGonigle et 


Temperature Dependent 


af), 531 
ue Axonic and Synaptic Lesions in Neuropsychiatric Disorders (Nicholas 
K. Gonacas}, 352 
Leaves: Cytokinin Effect of Benzyladenine. Increase of Nuclete Acid and Protein 


Synthesis in Bean (B I. Pozsar et al.), 273 
of Young Potato Plants’ Chymotrypsin Inhibitor | from Potatoes a 
Transient Soret Component in (C A Ryan and O. C Huisman), 1047 
Leech Hirudo medicinalis Effects of Various lons on the Resting and Action 
Potentials of the Giant Nerve Cells of the (Y D. Gerasimov and G N 
Akoev), 1351 
Leim, A H, and Scott, W. B 
P. H. Greenwood, 1059 
Lens Accommodation: Occipital Alpha Rhythm Eye Position (Edmond M Dewan), 


Fishes of the Atlantic Coast of Canada, review by 


5 
Changes in Primates Dimethy! Sulphoxide and (K. C Barnett and 
P. R.B Noel), LIS 
Proteins Molecular Structure and Antgenicity of (Ruth M Clayton 
and D, E. S Truman), 120ł 
Leptospirosis in Frogs Experimental (S. L Diesch et al ), 1139 
Lesion in Maple Urine Syrup Disease Further Observations on the Biochemical 
(Pierre M Dreyfus and Arthur L Prensky), 276 
Letavet, A A, and Kurlyandskaya, E. B (edited by) The Toxicology of Radio- 
active Substances, Vo! 3, review by G. E. Harrison, 638 
Lethal and Sublethal Doses of y-Radiatron Response of Pines irradiated with 
(James P OKunewick and Stephen E Herrick), 514 
Laucine see Haemoglobin Genova £28 (B10) Leucine->Prolina (G Sansone et 
al), 877 
} Cultures treated with Cysteamine and Irradiation 
uman (John F Jackson and Frank S Hill), 1155 
Leucocytes cultured with Tritiated Bean Extract; Autoradiography of (R A 


Conrad), 709 
due to Ingestion of erloa Lysosomes’ Death of (Rochelle 
Intermediary Meta- 


Hirshhorn and Gerald Weissmann), 892 
of Children with Protein-Calome Malnutrition : 
bolites and Adenine Nucleotides tn (Takash: Yoshida et ol ), 525 
of Famale Albino Mice Effects of Isolation Stress on Peripheral (Arthur 
M Sackler and A Stanley Weltman), 1142 
Passive Transfer of Allergic Encephalomyelitis with Blood (Eugene J 
Wenk, Seymour Levine and Bert Warren), 803 
Leukaemia associated vath Dysprotenaamiain errets Lymphatic(A J. Kenyon 
and R J Williams), | 
Celis: Rejoming of X-ray Induced Breaks in tha DNA of (J T. Lett, l 
Caldwell, C J Daan and P Alexander), 790 
tn AKR Mica. Effect of Deoxyribonuctease on the Course of Lymphatic 
(R I Salganik et af), 100 
£5178 Virus-like Particles in Murine (Gerald ] Goldenberg and 
Catherine E Thomas), 1339 
@ Virus: Malignant Transformation by Rauscher Strain Murine (H, Duc- 
Nguyen, E N. Rosenblum, N A. Wiveland M Y A Smith), 815 
irus. Reciprocal Interference between Mouse Mammary Tumour 
Vous and (Francesco Squartini et al ), 730 
Leukaemic Cells, Nuclear Blebs in Human (Norton G McDuffie), 1341 
Mice: Effect of Methotrexate on NAD Kinase Activity in (R M Mharte 
ettol ), 926 o 


Leuco Polyploidy in 


INDEX 


Leukuemogenesis Graffi Virus and Immunological Tolerance in (Luigi Chieco- 
Bianchi, Luciano Fiore-Donatı, Giuseppe Tridente and Natale Penell:), 1227 

Levorson, A | > Geology of Petroleum, review by T. F. Gaskell, 1277 

Piva Brasenose Conference on the Automation of, review by H. T. Hookway, 


Library catalogues in computer readable form, news, 961 o 
Lichens : Carbohydrate Movement between the Symbionts of (D. H. S Richardson 
et al.), 


Ligaturing on Puparium Formation in the Larva of the Tsetse Fly, Glosmno 
morsitans Westwood: Effect of (P. A. Langley), 389 
Light Chains in Chronic Cold Haemagglutinin Disease (Amiel G Cooper and 
Sheila M Worlledge), 799 . 
Microscopy: see Nerva Fibres in Optic Nerve of Rat (John Forrestor and 
Alan Peters), 245 
Stimulated Biosynthesis of Gibberellins tn Fusarium moniliforme (D. 
Mertz and W Henson), 844 
Lignin in Wood: Molecular Size Distribution of (W Brown et a/), 410 
Limb Bud in Chick Embryos: Experimental Observations on the Development 


ei Eocene irae ésoderm of the (R Amprino and D Amprino Bonetti), 
Limbal Melan: as: Migration of (Paul Henkind), 1349 


Lime-induced Chlorosis 
Hutchinson), 943 
Limitations of Advisers* The (Solly Zückaman), 341 
Lindenmann, Jean, and Klein, Paul A > Immunological Aspects of Viral Oncolysis, 
review by P, C Koller, 637 
Lipase from the Perfused Lrver of the Rat 
P A Mayes), 620 
Lipid Content of Conidia of Neurospora crassa (D. E. Bianchi and G Turian), 1344 
see Histochemistry of Blood Cells created with Pokaweed Mitogen 
(Barbara E Barker and Patricia Farnes), 787 
Lipids in the Rat Effect of Coffee and Tea on Serum (P Akinyanju and John 
Yudkin), 426 
Lipoprotein Lipase from the Perfused Liver of the Rat: Relezse of (J M Felts 
and P A. Mayes), 620 
Liquid-Liguid Systems + Drop Coalescance in (A H Brown and C Hanson), 76 
Phase. Heat Transfer Enhancement by Addition of a (l. C Finlay), 430 
Liquids: Nucleation of Freezing by Cavitation in Supercooled (R Hickling), 379 
structure of, news, 339 
Listening: Laterality Effects in Dichotic (Susan Oxbury et al.), 742 
Literature The Use of Biological (edited by R T. Bottle and H V Wyatt), 
review by P C. Willtrams, 853 
Lichogenesis’ Principles of (N M Scrakhov), Vol I, review by J. R. L. Allen, 59 
Live Rabbit Blastocysts: Sexing of (R G Edwards and R L Gardner), 576 
Liver and Splean after Thymectomy Storage of Colloidal Carbon in (G V 
Giusts and A corii 916 
by Endotoxin: Induction of Histamine Forming Capacity in Canine 
(Tokuro Fukuda), 107 
Cell Surface Antigens and its Loss by Ascitic Hopatoma Organospeci- 
fiaty of (T Baloshapkina and N. Khramkova), 1366 
ieee . Adenovirus Infection of Human Embryo (A J. Zuckerman at al), 
Calls in Culture: Site of Action of Aflatoxin on Human (A J Zuckerman 
K R Ress, D. Inman and Valerie Petts), 814 
Cells. Nuclear Plo:dy in Mammalian Parenchymal (Charles J Epstein 
and Eugene A Gatens), 1050 
enzyme see Substrate Specifiaty and Stereospecificity of Alcohol 
Dehydrogenases (F M Dickinson and K Dalziel), 31 
Fall-out Radionuclides in Colorado Deer (F W., Whicker et al ), 511 
ou Messenger Activity of Purified RNA from Rat (R. Brentanı et 
at), 
RNA Polymerasa' 3-Methylcholanthrene and Phenobarbital Sumulation 
of Rat (H_ V. Gelborn et af.), 281 
of the Rat Foetus: Effect of X-irradiation on the Synthesis and Com- 
position of Pulse-labelled RNA of the (M. M, Simié et al), 489 
of the Rat Release of Lipoprotein Lipase from the Perfused (J) M Felts 
and P. A. Mayes), 620 
of Thyroidectomized Rat Effects of Puromycin and Actinomycin D on 
the Increase of Cystathionase and Cysteine Sulphinic Acid Decarboxylase 
a Afernande Catagner, Odile Durteu-Trautmann and Marie-Christine 
n), 
Vanation with Age of N-Acetyl-B-glucosaminidase Activity in Rat (Ela M 
Ayoub), 705 
Living Celis: Characterization of the Time Vanations of Reproductive Processes 
in {Thomas F Budinger and Robert 1. Howerton), 39 
rees’: Moisture Content of (Charles M Stewart), 138 
Lhiboutry, Louis Traité da Glaciologie (Tome 2), review by G de Q Robin, 431 
Lobaria’ see Carbohydrate Movement between the Symbionts of Lichens (D. H. S. 
Richardson et al.), 879 
Local Anaesthetics. Mode of Anticholinergic Action of (Maurice B. Feinstein and 
Marve Paimre), 151 
Localrzation of Tritrated Reserpine in the Area Postrema and the Floor of the 
Fourth Ventricle of the Mouse (A. K S Ho), 1266 
Locust Jumping’ Mechanism of (R. H. J. Brown), 939 
Locusta migratoria migratoriordes R and F., Dessication and Ventilatory Control 
of Water Loss in (J. P. poverine) 1143 
kogiqus Mathématique. Éléments de (G Kreisel and J. L Krivine), review by 


. L Goodstein, 50 
Lokum a Relacion to Leaf Mesophyil Assimilation of (D. Wilson and J P. Coopar), 


Coralloid Root Systems in Plants showing (T C. 


Relaase of Lipoprotein (J M, Felts and 


London Clay paina Ichthyologique du (Edgard Casier), review by L. B Halstead 
arlo, 
Long-term Variation in the Magnitude of the Diurnal Anisotropy of Cosmic Rays 
AN P Duggal, M. A Pomerantz and $ E Forbush), 154 
Lonsdaleite, a Hexagonal Polymorph of Diamond (Clifford Frondel and Ursula B 
Marvin), 587 
Loss of Chromosomes and Nondisjunction induced by Caffeine in Drosophila 
(Sidney Mittler, Jeanne E, Mittler and Sally L Owens), 424 
Low Frequency Sound and Oxytoxic Activity of Plasma in Rats (C W. Ogle), 1112 
Lowdin, Per-Olov (edited by), Quantum Theory of Atoms, Molecules, and che 
Solid State, review by J.M Ziman, 325 
Lubricant Entrapment between Approaching Elastic Solids (D Dowson and D A 
Jones), 947 
Lubrication Studias 
Cameron), 633 
Luminescence in Marine Amphipods (P J Herring), 1260 
Lunar Soil Density of John W Salisbury and Joel E. M Adler), 156 
Lung: Development of the (edited by A.V. $ de Reuck and Ruth Porter), review 
by K. W. Cross, 214 
one on Alveolar Surface Area in the Dog  Effact of (M S, Dunnill), 
Tissua on Various Carbon Sources Proliferation of Mycobacterium 
tuberculosis from Mouse (O Brezina et oj ), 1036 s 


Fluid Film Interferometry in (F J. Westlake and A 


INDEX 


Lungs: Deposirion of Inhaled Particles in Human (W. L. Dannis), 908 
Lymph Cells into Plasma Cells. Transformation, in vivo, of Basilophilic (M. S C 
Birbeck and J G, Hall), 183 
Node Cells of Thymectomized Rats undergoing a Primary Immune 
Rasponte Protein and Nucleic Acid Synthesis in (Charles E. Slonecker 
and William O Riecke), 289 
Lymphatic Loukaemia associated with Dysproteinaemia in Ferrets (A J Kenyon 
and R J. Williams), 1022 
Leukaemia in AKR Mica’ Effect of Daoxyribonuclease on the Course of 
{R l Salgantk et al }, 100 
Lymphoblastoid Transformation of Lymphocytes in vitro after Microwave irradia- 
tion (W. Stodoinik-Baranska), too 
Lymphocyte Cultures: Dissoctation and Inhibition of the Stimulatory Effect of 
Phytohaemaggiutinin on Protein and DNA Synthesis in Human (S R 
Cooperband, J A Green, M. A Kennedy and M M. Grant), 1240 
In Immunology and Haemopoiesis The (edited by J M. Yoffay), review 
by H.E M Kay, 
Survival in Man treated with X-rays for Ankylosing Spondylitis (Karin E. 
Buckton, W. M. Court Brown and P G Smith), 470 
see Cellular Basis of the Immunological Defects in Thymectomized Mice 
GFA P Miller et af), 992 


Lymphocytes during Transformation after Stumulation by Phytohaemagglutinin: 
Dry Mass of (Zbigniew Darzynkiewicez, Viktor K Bokoy and Marek 
Prenkowski), [265 

from Babies with Congenital Rubella; Phytohaamagglutinin Unrespon- 
sivaness of (George B Olson et al ), 695 

in Congenital Absence of the Thymus (Harold W Lischner, Hope H 
Punnett and Angelo M DiGeorge), 580 

in vitro after Microwave Irradiation 
{W. Stodolnik-Baranska), 102 

on L-cells and Mouse Embryo Fibroblasts in vitro: Effect of Syngeneic and 
Allogeneic (Inessa Yu Charnyakhovskaya, Zura G. Kadaggidze and George 
J Svat-Moldavsky), 1229 

peripheral blood: see Histochemistry of Blood Calls treated with 
Pokeweed Mitogen (Barbara E. Barker and Patricia Farnes), 787 

Selection against Chromosome Aberrations in Human (Masao S. Sasaki 
and Amos Norman), 502 

Lymphocytic Choriomeningitis Protective Effect of Anti-lymphocytic Serum on 
Murine (A W. Gledhill}, 178 

Lymphocytoasz by Polysaccharide Polysulphates (Heparinoids) Production of 
(Susuma Sasak:), 1041 

Lymphoid Cell Injection of the Pi 
or Immunity, and Immunoglobulin Production 
Binns), 179 

Rw of White Rats Vaccinia Virus Antigen in the (Y. S Brykina at 
al), 
tissue see Causes of Homologous Disease (Lyle R, Heim et al ), 26 

Lysine Incorporation in Chick Embryos Effects of Polyadenylic Acid and Actino- 

mycin on (P. Malporx), [125 
asopressin see Vasopressins and the Increase of Water and Electrolyte 
Excretion by Sheep, Cattle and Camels (W Y MacFarlane at af), 979 

Lysosomes Death of Leucocytes due to Ingestion of Heterologous (Rochalla 
Hirshhorn and Gerald Weissmann), 892 

Lysozyme ses A Second Right-handed Helical Structure with che Parameters of 
the Pauling-Corey a-helix (George Némethy et ai.), 363 


Lymphoblastord Transformation of 


Foetus resulting in Transplantation Tolerance 
Bone Marrow and (R. M 


Macaca arctordes Complementary Specialization of Male and Female Repro- 
ductive Structures in the Bear Macaque {Jack Fooden), 939 

Macadamia Leaves Occurrence of a Crystalline Inclusion in the Chloroplasts of 
(John L Price and William W Thomson), 1148 

Macaque, Macaca arctodes: Complementary Specialrzacion of Male and Female 
Raproductive Structures in the Bear (Jack Fooden), 939 

Monkeys in Singapore Use of Tools by Wild (Mickey Chiang), 1258 

Macbean, Alasdair | Export Instability and Economic Development, review by 
Tom Soper, 51 

McCance, Margaret E 

McGonnagle, Warren 
Kennedy, 857 

Machines for Special Purposes. Induction {E R Larthwaite), review by E M 
Freeman, 71 

Machining of Intractable Materials 
Boothroyd, 432 

McKelvey, John P Solid State Semiconductor Physics, review by K Hoselitz, 536 

Mackowiak, J : Physica! Chemistry for Metallurgists, review by Nigel Hawkes, 57 

Macroglobulins in vitro. Synthesis of (Martin) Cline and Malcolm R. Mackenzie), 


see Harrigan, W F 
Nondestructive Testing (Second ed), review by A J 


Ultrasonie (A | Markov), review by G 


Mecromolecular Nature of Human C'l, Further Evidence for (Jane H. Morse), 


Synthesis in Cells infected with Reovirus Type 2 and the Effect of Ara-C 
{Philip C Loh and Marjorie Soergel), 622 

Macrophage Factor in Collagen Formation by Silica. Activity of a(A G Hepple 
ston and J A, Styles), 521 

Maddalena Island, Sardinia Geomagnetic Variations observed at (M Giorgi and 
| Yokoyama), 477 

Magellanic Cloud Stars (A D Thackeray), 136 

Magnesium to Calcium in Human Blood Sarum Relation of (Anne M. Briscoe and 
Charles Ragan), (126 

Magnetic Deciminon in Mediaeval China (Peter J. Smith and Joseph Needham), 

Freid and Gas Outflow from a Spiral Arm Evidence for an Association 
between (F F. Gardner et af), 371 

Micropulsations in South-west England. Systematic Diurnal Variations 
in the Period and Polarization of (C N. C. Nwaigwe et al.), 1319 

Magneto-Flurd Mechanics An Introduction to (Y C A Ferraro and C Plumpton), 
Second ed , review by J Pain, 54 

Magnarosphare of Jupiter (J A Gledhill), 155 

Maher, Brandan A.: Progress in Experimental Personality Research, Yol 3, 
review by Vernon Hamilton, 539 

Maia Muscle Fibre as a Model for the study of Uraemic Toxicity (E. E Bittar), 310 

Muscle Fibre. Insulin and the Sodium Pump of the (E. Edward Bittar), 726 

Makemson, Maud W. see Baker, jun , Robert M, 

Malamal Parasite, Plasmodium lophurae, Free Amino-sads of Blood Plasma and 
Erythrocytes of Normal Ducks and Ducks infected with (Wasim Ahmad 
Siddiqui and William Trager), 1046 

Malate Dehydrogenase Actrvity by Changes in lonic Strength Selective Modifica- 
tion of Mitochondrial (Ernest Kun et af), 1328 

Malathion. Fffect of Mineral Oil Solvent on the Toxicity and Speed of Action of 
(Hafiz Alyned and B G Gardiner), (338 


xxxill 


Male and Female Reproductive Structures in the Bear Macaque, Macaca arctoides , 
Complementary Specialization of (Jack Fooden), 939 ne 
Protection of Ovipositing Female in the Diptera: Co-operation by 
(Woodbridge A. Foster), 1035 
Rhesus Monkeys. Sexual Performance Index of (Richard P Michael snd 
G Sasyman), 425 
Malignant Transformation by Rauscher Strain Murine Leukaemia Virus (H 
Due-Nguyan, E N. Rosenblum, N, A. Wivel and M. V. A Smith), 815 
Malnutrition Intermediary Metabolites and Adenine Nucleotides in Leucocytes 
of Children with Protemn-Calorie (Takasht Yoshida et of), 525 
Mammalian Antibody Sensitization of Frog Melanophores by (Y.H Abdulla and 
Taposh K Das Gupta), 1231 
run see Neural Organisation underlying Conscious Thought (J. S. 
Griffith), 345 
Parenchymal Liver Cells 
Eugene A Gatens), 1050 
Skeletal Muscle Relationship between Elastic and Contractile Com- 
ponents in (J B Wells), 198 
spermatozoa Binding of Tetracycline to (R J Ericsson and Y F. Baker), 


Nuclear Plordy in (Charles J. Epstein and 


Tissue Possible Mode of Action of a Naturally Occurring Cardiotonic 
Substance in (K S Lea and R H Thorp), 1352 
Mammals: Cytological Analysis of Radiation Damage and Recovery of Bona 
Marrow in (N L Shmakova et a/), 719 
ra Exploration and Territory in (Symposium), review by YY H, Thorpe, 
6 
Sex Differentiation in (Ursula Mittwoch), 554 
Mammary Gland Urea Formation by the Lactating Goat (T B. Mepham and 
J L Linzell), 507 
Secretory Cells Lactate Dehydrogenase lsozymes during Dedifferentia- 
tion tn Cultures of (Antonio Blanco et af}, 1331 
Tumour Virus and Leukaemia Virus e@ciprocal interference Between 
Mouse (Francesco Squartini et af ), 730 
Man-Apes or Ape Men? (Wilfred E Le Gros Clark), review by J, R. Napier, 51 
Manganese, bacteria and Pipelines, news, 1180 
inthe Metabolism of the Oat Plant Nickel, Iron, and (Philip C Williams), 


nodules, news, 546 
Manpower probleme see Education for Change (D S Davies and M. C McCarthy), 


Mantle as a Thermodynamic Engine Convecting (F_D. Stacey), 476 

Manula, L, Moles, S, and Rentchnick, P New Trends in the Treatment of 
Cancer, review by P C Kolier, 637 

Maple Syrup Urine Disease Further Observations on the Biochemical Lesion in 
(Pierre M Dreyfus and Arthur L Prensky), 276 


Marine Amphipods: Luminescence in (P J. Herring), 1260 
gurney Sera Immunoglobulins and Transferrin in (G. A. Boffa et al ), 


life The Torrey Canyon Disaster and Intertidal (A J. O'Sullivan and 
Alison J Richardson), 48 
Organisms Organochlorine Residues in (J Robinson et al ), 1307 
Science, news, | 182 
Sciences laboratory, news, 5 
Marinsky, Jacob A (edited 2a ion Exchange, review by T. Henshall, 432 
Markov, A I Ultrasonic Machining of Intractable Materials, review by G 
Boothroyd, 432 
Markov Chains Denumerable (John G Kemeny), review by G E H Reutar, 5! 
Marrow: Colony Production in vitro by Normal Polycythaemic and Anaemic 
Bone (T. R. Bradiey et af), 511 
Generation Cycle of Mouse Bone (E Frinde! et af}, 1017 
Maschine Die grosse (Robert Jungk), review by Herbert Cobianns, 535 
Masers and Lasers (H Arthur Klein), review by J Spencer, 327 
Mass Formulae, news, 868 
Spectrometer 


Mast Cell Proliferation in Adult Mice (W K Blenkinsopp), 930 


Metestable lons in a Double Focusing (M Barber et al ), 


Ktacernal Age Thyrord Antibodies, Down's Syndrome and (Philip J Fialkow), 
i 
plasma see Placental Growth and the Formation of Amniotic Fluid 


(R E Behrman et at), 678 

Mathematical Biosciences (An International Journal, edited by R Bellman), 
review by H C Longuet-Higgins, 853 

Mathematics teaching, news, [17 

Mazo, Robert M e International Encyclopedia of Physical Chemistry and 
Chemical Physics, Topic 9, Yol 1, review by J S Rowlinson, 62 

Measure of Adsorption on Electrodes A Direct Electrical (Henry H. Bauer and 
A. K Shallal), 381 

Measurement of Air Flow: The (E Ower and R C Pankhurst), Fourth ed, 
review by J C McVeigh, 71 

of Water Content and Dry Bulk Density of Soil 

Transmission for Coincident (B D Soane), 1273 


Mechanics and Chemistry of Solid Propellants (Symposium), review by R Heron, 


Dual Energy Gamma-ray 


of Internal Flow Fluid (Symposium), review by P R Owen, 432 
Mechanism of Characteristic Behaviour of Cells in Alternating Electric Field 
(R C Sharma), 83 
of Locust Jumping (R H J. Brown), 939 
of Nocturnal Emergence from the Nast in Green Turtle Hatchlings (H 
Robert Bustard), 317 
Medawar, P B . The Art of the Soluble, review by John Maddox, 50 
Mediaeval hina Magnetic Declination tn (Peter J Smith and Joseph Needham), 
121 
Medical Dictionary + Stedman's, review by J. Spencer, 853 
Megayear and Gigayear Two Units of Geological Time (Kalervo Rankama), 634 
Meiosis’ seo The Nucleolus, Virus Infection, and Trisomy in Man (H J. Evans), 361 
Melanocytes: Migration of Limbal (Paul Henkind), 1349 
of the Bat Cholinesterase in (Andre Bourlond, Klaus Wolff and R K 
Winkelmann), 846 
Melanophores by Mammahan Antibody. Sensitization of Frog (Y. H Abdulla and 
Taposh K Das Gupta), 1231 
Melatonin’ Acute Pharmacology of (Jack Barchas, Frances DaCosta and Sydney 
Spector), 919 
Melilite in a Sedimentary Xenolith from Brome Mountain, Quebec. Kalsilite, 
Diopside and (A_R. Philpotts et of r 1322 
Mambrane Filtration of Fresh Water (Paul R Olson and Sigurd Ofsan), 121? 
Membranas measured by n Microbalance Technique "Bound Water” in Keratin 
(Robert J. Scheuplain and Linda J. Morgan), 456 
A Pores Freere Dried Cellulose Acetate (H P Rothbaum), 


with 1000 
285 
Memoria! University of Newfoundland, news, è e 
e 
z . ° . 


<@ 


™~s 


xxxiv 


Memory Impairment: see Perception of Redundant Cues by Monkeys with 
Inferotemporal Lesions (Susan Iversen and L Weiskrantz), 241 
in Baboons with Briateral Lesions of Frontal and inferotemporail Cortex 
Learning and (Anthony W H. Buffery), 1054 
Trace. see Neural Organisation underlying Conscious Thought (J. S 
Griffith), 345 
see Axonic and Synaptic Lesions in Neuropsychiatric Disorders (Nicholas 
K. Gonatas), 352 
Mendelian Inheritance in Man (Victor A McKusick), review by P, M Sheppard, 327 
Mental Dencioney, Aggressiveness and the XYY Syndrome Psychopathy (J. P 
Welch et al ), 5i 
Retardation, Vol 2 International Review of Research in (edited by 
Norman R Elis), review by K. S. Holt, 637 
Mercury, orbit of. see Differential Rotatlon and the Solar Oblateness (R, H 
Dicke and H Mark Goldenberg), 1294 
precession of the perthelion of sees Solar Spin-down Problem (L N. 
Howard et al ), 1297 
Rotation and Heating of the Planet (Steven Soter and Juris Ulrichs), 1315 
Merz, Walter J.: see Fatuzzo, Ennio 
Mesocricetus auratus, Complete Development of the Human Hookworm, Necator 
americanus’ in Golden Hamsters (H G Sen and D. Seth) 
Mesoderm of the Limb Bud in Chick Embryos. Experimental Observations on 
oe Development of Ectoderm-free (R, Amprino and D Amprino Bonetti), 


beat 4 Assimilation of Lofium in Relation to Leaf (D Wilson and J P Cooper), 
9 


Mesosphere. see The “Berlin” Warming (John S. Belrosa), 660 
Messenger Activity of Purtfled RNA from Rat Liver Nuclei (R Srentani, M 
Brentani and | Raw), 1122 
Metabolic control sites. sea Substrate Transformations dependent on Respiratory 
States of Mitochondria (G Schaffer et al), 20 
Control. The lonic Environment and (Fyfe L Bygrave), 667 
Effects of Calagualine, an Antitumoral Saponine hi Polypodium leucotamos 
(Antonio Horvath, Francasco Alvarado, Joseph Szocs, Zoila Ney de Alvarado 
and Gilberto Padilla), 1256 
Inhibitors on Plaque Formation in Jerne Places Effect of some (M. C 
Berenbaum), 590 
Matabolism of Isofloridaside (0-a-p-Galactopyranosyi-(! DAGlycerol) and 
Osmotic Balance in the Fresh Water Alga romonas (H Kauss), 1129 
of Ribonucleic Aad in the Endometrium of the Rabbit during Early 
Pregnancy (M. L Vittorelli, R A P Harrison and C Lutwak-Mann), 890 
Metabolite-promoted Heat Labilrty of 8-Galatotidase and its Relation to Cata- 
bolita Repression (Mary E. Brewer and Y Mosas), 272 
Pierabelices . see Treatment of Data from Drug Urinary Excretion (B K Martin), 
AT 
Metal Complexng by Tris Buffer (D E. Allen, D J Baker and R D Gillard), 906 
lon Autocomplex Formation in Solutions involving Octahedral! and 
Tetrahedral Complexes of a (YY. Libus et a/,), 480 
Jon Depandent Binding of Sulphonamide to Carbonic Anhydrase (J E. 
Coleman), 193 
Metallurgists: Physical Chemistry for (J Mackowiak), review by Nigel Hawkes, 57 
Matallu of Aluminium Alloys (Mare Van Lancker), review by H. W Mead and 
D Moore, 57 
(Powder). see Modern Developments in Powder Metallurgy, review by 
B L Danell, 639 
Metals gee Semiconductors and (John C. Slater), review by J M. Ziman, 


Metastable lons in a Double Focusing Mass Spectrometer (M Barber, W. A 
Wolstenholme and K. R. Jennings), 664 

Meteorological Education (Symposium), news, 1178 

Methionine’ Effact of Aphid Feeding of Dietary (T.E Mittier), 386 

Method for estimating the Number of Eggs laid by Xenopus laevis in Response to 
pie Injection of Gonadotrophin (W. A. Barr, B. M. Hobson and G. Dr Vita), 


of Marking Fish Eggs and Larvae: A B. Bagenal), 113 
Mechode for demonstrating Resembiance in Taxonomy and Ecology (A. V Hall}, 
ean Cell Physiology (edited by David M Prescott), review by) M Mitchison, 


of Numerical Approximation (edited by D. C Handscomb), review by 
K E Pitman, 747 
Methotrexate on NAD Kinase Activity in Leukaemic Mice Effect of (R. M 
Mhatre et al ), 926 
Methyl Groups catalysed by Vitamin Bur in vitro Synthesis of (G N Schrauzer 
and R J Windgassen), 492 
Hydrazine and the Effect of Oxygen Radiosensitization of Escherichia 
coll by (H Moroson and D. Martin), 304 
Methane Sulphonate’ Methylation in vivo of Guanine in the Nucleic 
Acids of Rat Testes by (P. F Swann), 918 
Methylation in vivo of Guanine in the Nucleic Acids of Rat Testes by Methyl 
Methane Sulphonate (P. F Swann), 918 
Methylcholanthrane-induced Sarcoma after Four Consecutive Passages in F, 
Hybrida Persistance of Syngeneic Preference given by a (D Oth and C 
urg), 
Methysergide and Reserpine 
(P S Brown), I 
Metronidazole and Human Alcohol Dehydrogenase (J. A Edwards and J. Price), 


Antigonadotrophic Effects of a-methyltyrosine 


Mice by Carcinogens of the Polycyclic Hydrocarbon Type. Induction of Hepatoma 
in (FL J C. Roe and Margeret A Waters), 299 
Microbalance Technique. "Bound Water” in Keratin Membranes measured by a 
Robert J. Scheuplein and Linda J, Morgan), 456 
Microbial Enigma. A (York E Crawford, Paul F. Smith, Charles Panos and 
Raymond J. Lyan), review by D. Geraint James, 1374 
infection Time-dependence and Count-dependence In (Trevor Williams 
and G G Meynell), 
aaa by Serum Observations on the Killing of (Lucien B Guze 
etal), 13 
Microbiological Degradation Pathway of Cholic Acid: New Dahydroxylation 
Reaction observed in the (Shohe: Hayakawa et al ), 520 
Microbiology and Space Exploration, news, 
La oratory Methods in (WY F Harrigan and Margaret McCance), review 
by Alan T Bull, 65 
Micrococcus radiodurans ses Rejotning of X-ray Induced Breaks in the DNA of 
Leukaemia Cells (J. T Lett, 1 Caldwell, C.J. Dean and P. Alexander), 790 
Micro~electronics, news, 553 
Ee adapted to High Temperatures (Thomas D. Brock), 882 
ig Il Surfaces, Blood Groups and (Paul J. Schmidt and Mary H McGinniss), 


ie ea synchronous Culture of Photosynthetic (John A Howell et 

a), 

Micropulsations in South-west England: Systematic Diurnal Variations in the 
Period and Pajarization of Magnetic (C N C Nwargwe et al ), 1319 


INDEX 


Microscopy Introduction to (G W. White), review by M. A Williams, 1058 
Microcektites in Deep-sea Sediments (Bill Glass), 372 
Microtus Ovulation in tha Ganus (W. G. Breed), 826 
Microwave Discharge: Vibrational Deactivation of Excited States of Nitrogen im 
a R E. W. Jansson et al ), 589 
rradiaton: Lymphoblastotd Transformation of Lymphocytes in vitro 
after (W. Stodolnik-Baranska), 102 « 
Scanning Antennas (edited by R C Hansen), review by P J B Clarricoats, 


638 
Middle Latitudes: Sporadic E in (J. D. Whitehead), 261 
Sporadic E in. a Reply (David Layzer), 794 
Migration of Limba! Mekan (Paul Henkind), 1349 
Mikes, O. (edited by): ratory Handbook of Chromatographic Methods, 
review by R. Consden, 70 
Milk: pan Eent of pH on B-Lactoglobulins (H A McKenzie and W. H Sawyer), 


duane ty marsenipliaes (Heart Poisons) in a Grasshopper feeding on (J. v Euw 

etal), 

Millisecond Pulses Delineation of Jovian Decametric Sources by (C N. Olsson 
and Alex G Smith), 999 

Mineral Dusts: Haemolytic Activity of Asbestos and other (Gwen Macnab and 
J $ Harington), 522 

Oil Solvent on the Toxicity and Speed of Action of Malathion Effect of 

(Hafiz Ahmed and B G Gardiner), 1338 

Miospores Correlation of the Keuper Series of the Triassic by (G Warrington), 


Mirrors for Ultrasoft X-rays Paraffin (H K Herglotz), 263 
Mite Chromosomes An Exceptionally Small Number (J) H Oliver, jun, and 
B C, Nelson), 809 
Mitochondris and Chloroplasts Ongin of, news, 552 
Electron Transport Carners in Plant (Walter D Bonner, jun., and 
Marijana Plesnicar), 616 
tn Various Functional States: Intramitochondrial pH and tntra~ 
extramitochondnal pH Gradient of Beef Heart (S Addanki et al ), 400 
Substrate Transformations dependent on Respiratory States of (G 
Schafer et al.), 20 
Mitochondrial Malate Dehydrogenase Activity by Changes in lonic Strength . 
Selective Modification of (Ernest Kun et a/), 1328 
Membranes leading to Chance Fluctuations in pH? 
Noise in (Britton Chance), 399 
Systems Proton Current Flow in (Peter Mitchell), 1327 
Mitosis in the Thymuses of Normal and Irradiated Rats: Effect of Calum on 
{A D Perms and J. F. Whitfield), 302 
see The Vertebrate Epidermal Chalone (YY $ Bullough et al ), 578 
Mitotic Cycle to Temperature Effects in Two Types of Cell Populations in Day 
Old Rats Differential Sensitavity of Some Phases of the (G Lebedeva and 
A. Zavarzin), 110 
Nondisjunction in Cultivated Human Cells (G. M Martin, C Sprague and 
J $ Bryant), 612 
ao combination of Conidiophores of Verticillium albo-atrum (A. C Hastie), 


\s there Proton 


2 

Mixtures of Chemical Protectors: Reduction in Radiation Lethality by (J. R. 
Maisin and G Mattelin), 207 

Mobility Mesiiuremants on Anthracene: dc. Dark Hall (R Pethig and K Morgan), 


Moblirzation of Transduced Tet cine Resistance by che A Transfer Factor in 
Salmonella typhimurium and $. typhi (E. § Anderson and Dorothy Perret), 
8 


Mode of Action of Chloroquine on Plasmodium berghes and P cynomolg: (D C. 
Warhurst and D. J. Hockley), 935 
of Anticholinergic Action of Local Anaesthetics (Maurice B. Feinstein and 
Marve Paimre), 15I 
Model System for Hydrophobic Interactions (R Cecil), 369 
Modern Developments tn Powder Metaliurgy (Symposium), review by B L. 
Daniell, 659 
Moisture Content of Living Trees (Charles M. Stewart), 138 
Determination by Nuclear Magnetic Resonance’ Effect of Electrolytes 
on {D N Saraf and |. Fatt), 1219 
Molecular Biology: Phage and the Origins of (John Cairns ot al ), review by 
Arthur Kornberg, 538 
dimers see Eximers and Exaplexes (J. B. Birks), 1187 
Steve Gradient © Polyacrylamide Gelelactrophoresis across a (J Margolis 
and K. G Kenrick), 1334 
Size Distribution of Lignin in Wood (W. Brown, S | Falkehag and E. B. 


Cowling), 410 
Spectra and Molacular Structure (Vol. 3) (Gerhard Herzberg), review by 
D J. Millen, 326 


Structure and Antigenteity of Lens Proteins (Ruth M Clayton and D E S$. 
Truman), 1201 
Scructure (Vol 3): Molecular Spectra (Gerhard Herzberg), review by 
D J. Millen, 326 
Molecules and the Solid Statea Quantum Theory of Atoms (edited by Per-Olov 
Lowden), review by J.M Ziman, 
Moles, S.. seo Manuila, L , et al. 
Molluscan Embryos: Information Transfer in (R. L Brahmachary and K P. 


Banerjee), 172 
Molluscs in their Natural Habitat: Activity and Heart Rate of Bivalve (E. R. 
Trueman), 832 


Moloney strain of MSV: see Morphological Transformation of Mouse Embryo 
olls it vitro by Murine Sarcoma Virus (Harve) ? (P J. Simons et al ), 897 
Mongolia Unusually Radioactive Fossi) Bones from (Jerzy Pensko), I61 
gue re see The Nucleolus, Virus Infection, and Trisomy in Man (H. J Evans), 
Monkayı Contraceptiya Action of intra-uterine Devices tn the Rhasus (W A. 
elly and J H. Marston), 735 
Radiasensitivity of Oogonia and Oocytes In the Foetal and Neonatal 
(T. G. Baker and Heather M. Beaumont), 981 
Monkeys: Experimental Neurolathynsm In (S. L. N, Rao et al.), 610 
in Singapore: Use of Tools by Wild Macaque (Mickey Chiang), 1258 
Sexual Performance Index of Male Rhesus (Richard P. Michael and G. 
Saayman), 425 
with Inferotemporal Lesions: Perception of Redundant Cues by (Susan 
Iversen and L. Weiskrantz), 241 
Manoao le Aad Derivative of Vitamin Bı: Structure of a (F. M Moore et 
al.), 
Monocularly trained taons see Inter-hemispheric Comparison of Visual Stimuli 
mn the Pigeon fr ancy K. Mello), 144 
Monolayers: Steroid Hormones and {C Y C. Pak and N. L. Gershfeld), 888 
Monotrames Ornithorhynchus anatinus (Platypus) and Tachyglossus aculeatus 
(Echidna): Karyotype of the (Y. A E. Bick and W. D Jackson), 600 
Moon JAN introduction to the Study of the (Z. Kopal), review by D. H. Menzel, 


47 
Moon System: The Earth- (Symposium), review by G Fielder, 57 


INDEX 


Moore, Professor T. S., obituary, 1063 
Mora about Aldabra, 965 
Moreau, R, E.. The Bird Faunas of Africa and Its Islands, review by Landsborough 
Thomson, 66 
Morphogenesis in Hydra: Bud ($. G. Clarkson and L. Wolpert), 780 
Morphological Effects of Chloroquine on Plasmodium berghe: in Mice (Peter B. 
combar, Helmuth Sprinz and A J, Toustmis), 937 
Transformation of Mouse Embryo Cells in vitro by Murine Sarcoma Virus 
(Harvey) (P.J Simons, R. R. Dourmashkin, T, Turano, D E H. Phillips and 
F. C Chesterman), 897 
Morris, lan: An Introduction to the Algae, review by G. F Leadale, 434 
Morse Code: see Occipital Alpha Rhythm Eye Position and Lans Accommodation 
*e (Edmond M. Dewan), 975 
Mosquito Popliancn: Endogenous Diurnal Rhythm of Pupation in a (J K, Nayar), 


Mosquitoes Area Treatment to Combat (J E. Simpson and R, H Wright), 113 
Mossbauer Effect Methodology (Vol 2, Symposrum), review by R E. Meads, 215 
Spectra of Ammonia Adsorption on a Supported Iron Catalyse (M C. 
Hobson, jun.), 79 
Moths: Relationship between Serotonin and the Circadian Rhythm in some 
Nocturnal (C. F Hinks), 386 
Motoneurones by lontophorasis of Glycene Inhibition of (R Warman et al ), 681 
Motor End-plates in Fast and Siow Muscles of the Chick after Cross-unton of their 
Nerves (Jirina Zelená et al.), 1010 
Units in a Mechanically Elicited Phasic Stretch Reflex in Human Subjects 
Summation of (Alex M. Clarke), 1012 
Mouse: A New Marker for Chromosome Studies in the (A Leonard and Gh 
Deknudt), 504 
Embryo Calls in vitro by Murine Sarcoma Virus (Harvey) 
Transformation of (P J. Simons et al.), 897 
Intestinal Wall: Chiortetracycline and (Hyman Rosen et al ), 671 
Mouthparts of the Breing and Blood-sucking Type in Tanydertdae and Chirono- 
midaa (Diptera) (1. A Downes and D., H. Colless), 1355 
Movement and Contrast: Reaction of Cells to, Rabbit Visual Cortex (G, B. 
Arden, Hisako Ikeda and R M Hilf), 909 
Moving Body appear Cool? Doesa (P.T Landsberg), 903 
appear Cooler? Does a(l P Williams); 1108 
Mo, OF lon in a Crystal of Ammonium Heptamolybdate Tetrahydrate Structure 
of the (E Shima), 170 
Mucopopeides by L-form Membranes’ Synthesis of (Anadi N. Chatterjee et al ), 


Morphologica! 


Mucopolysaccharides in the Whelk Buccinum undatum L 
Hunt), 395 
of Embryonie Chick Aortae 
and C 1 Levene), 729 
Mucosa. Human Serum Antibodies against Rat colon (A R McGrven et al), 288 
Mullard Space Science Laboratory, news, 647 
Multiple Analyses on a Single Disc Electrophoretic Preparation (Wilfred Y 
Stuyvesant), 405 
Sclerosis Brain Immunosiobulin-G and Albumin (Wallace W. Tourtel- 
lotte and Julius A Parker), 683 
Mulerphery Reactivation in Gamma Irradiated Influenza Viruses (1-C  Gilker, 
V. Pavilanis and R. Ghys), 1235 
Multi-racial South African community: see Variants of 6-Phosphogluconate 
Dehydrogenase within a Community (H. Gordon et al }, 466 
Murine Leukaemia L5178Y: Virus-like Particles in (Garald J Goldenberg and 
Catherine E. Thomas), 1339 
Lymphocytic Chorionmeningitis 
Serum on (A W. Gledhill), 1 
Sarcoma Virus (Harvey) Morphological Transformation of Mouse 
Embryo Ceils in vitro by (P. J Simons et a , 897 
Musca domestica: see Polyribosomes from Houseflies (C M Tsiapalis et al.), 358 
Muscle: ATP Activation, and the Heat of Shortening of the (R. E Davies et af), 
Effect of Puromycin on Insultn-stumulated Amino-acid Transport in 
ous] Elsas, Indora Albrecht, Willram Koshne and Leon E Rosenberg), 


Secretion of (S 


8-Aminopropionitrile and the (G Manley 


Protective Effect of Anti-lymphocytic 


Electrogenic Potassium Pump rebated to Generation of End-plate 
Potentials in (R P Kernan), 725 

End-plate Cholinesterase in Dystrophic (Gilbert H. Glaser and Margretta 
R. Seashore), 1351 
Pr as x Model for the Study of Uraemre Toxicity Mara (E E Bittar), 

Fibre, Insulin and the Sodium Pump of the Maia (E Edward Bittar), 726 

-Ischaemmia Detecting Radioactive Substances for Scanning Cardiac and 
Skeletal (P. Malek et a/.), 1130 

Relationship between Elastic and Contractile Components in Mammalian 
Skeletal (J B. Wells), 198 

Muscle Spindle Excitation. Active and Passive Factors in (G Carli, 
K. Diete-Sprif and O. Pompeiano), 838 

Muscles: Effects of Gastrin and Its Analogues on Smooth (Emilia Mikos and J R 


Vana), 104 
in the Swimming of the Skipjack Tuna Role of Red and White (M D 
Rayner and M, J. Keenan), 392 
of the Chick after Cross-union of their Nerves Motor End-platas in 
Fast and Slow (J. Zelena et af), 1010 
Mayne, Aphelenchoides bicaudatus, a Parasite of Cultivated (R W McLeod), 
Mussel (Mytilus edulis L.): Farmation of the Byssus in tha Common (J P. Pujol), 


Mutagenic Agents Chemostenirzation of the Red Bollworm (Diparopsis castenea 
Hmps.) by p G. Campion), 1031 
Effect of Irradiated DNA in Drosophila inate ar? ian Farkesh), 651 
Mutant Drug Resistant Factors of High Transmissibility (Elinor Meynell and 
Naom: Datta), 985 
Mutants induced in Yeast by Dithrano!l (1,8,%trthydroxyanthracene), an im- 
parane Therapeutic Agent against Psoriasis Peute (B. O Gillberg etal), 
of Simran Virus 40 which differ in Celf-transforming Actavity (Mainrad A, 
Koch and Hans J. Eggers), 178 
of Yeast Deficient in Glycogen: Spontaneous (V, E. Chester), 1237 
Mutation for a Recurrent Hairless Condition in Mice: Spontaneous Hereditary 
QF. Spalding and M. R. Brooks), 1264 
Mutations in Plant Breeding, review by Ralph Riley, 856 
Myint, H . The Economics of the Developing untries, Third ed, review by 
Tom Soper, 51 
Mycobacterium phier=Mycobacterium smegmatis by Mediation of an inter- 
mediate Hy oak Genome. B2h Reciprocal in toto Conversion of (S. E, 
Juhexz), 51 
tuberculosis from Mouse Lung Tissue on Various Carbon Sources: 
Proliferation of (O. Brezna et al.), 1036 
Myocardium: Effects of Starvation on the Contractility of che (M A Gimeno, 
A. L. Gimgno and J i. Lacwara), 1271 


XXXV 


Myoglobin. Binding of Cycfopropane co Sperm Whale (Benno P Schoenborn), 
l 


see A Second Right-handed Helical Structure with the Parameters of the 
Pauling-Corey g-helix (George Némethy et al ), 363 
Myosin-actin Cross bridges . see ATP, Activation, and the Heat of Shortening of 
the Muscle {R E. Davies et of}, 148 
Mytilus edulis L. Formation of the Byssus in the Common Mussel (J P Puyol), 
Myxoviruses with Polyethylene Glycol Concentration of Certain (A D Kanarek 
and G. W Tribe), 927 


ARE atdessdaneidate Activity in Rat Liver, Variation with Age of (Elia M 
Ayoub), 705 
N-acetyimannosamine and N-acetylnauraminic Acid by Human Oral Bacteria 
Digestion of (M. J. How, Y J W. Long and $ A Woodbury), 1249 
N-acetylneuraminic Acid by Human Oral Bacterra Digestion of N-acaty!manno- 
samine and (M. J. How, V J W Long and $ A Woodbury), 1249 
N-Methyl-N’-nitro-N-nitrosoguanidine in a Group A Streptococcus Prophage 
Induction by (Horst Malke), 811 
N-Mathyl-N-Nitrosourea as a Strong Topical Carcinogen when painted on Skin of 
Rodents (A. Graffi, F Hoffman and M Schutt), 6l1 
N-Nitrosamines in Tobacco Evidence for the Occurrence of (W J Serfontein 
and J H Smit), 169 
n-type Oxidic Surfaces: ‘“Phenylprcrythydrazyl” on (Dwarika N. Misra), {108 
No-{2-amino-2-carboxyethy!)-ornithine, a New Am:ino-acid from Alkalt-treated 
Proteins (KI Ziegler, |. Melchert and C. Lurken), 404 
NAD Kinase Activity in Leukaemic Mice’ Effect of Mathotrexata on (R M. 
Mhatre et al.), 926 
Nannoplankton of Martine Origin from Great Bear Lake in the Northwast Terri- 
tories of Canada (A S Bursa and L Johnson), 528 
NASA, news, 862 
Nascent protein. see Polyribosomes from Houseflies (C M Tsiapalis et af), 358 
Nasturtium Leaf Disks interaction of Growth Regulators in the Senescence of 
(Leonard Beevers and Frances S Guernsey), 941 
National, Academy of Engineering in the United States The (Eric A. Walker), 
76 
Academy of Sciences, news, 4 
Center for Atmospheric Research, news, 5 
Council for Education Technology, news, 960 
Council on Marine Resources and Engineering Development, news, 120 
Institute of Radiological Sciences, Chiba, Japan (T. A finuma et al), 133 
Physical Laboratory, news, 960 
Steel Corporation, news, 553 
Natural Automata and Useful Simulations (Symposium), review by H C Longuet- 
Higgins, 854 
Dissecting Aneurysm (Aortic Rupture} and Blood Pressure in the Turkey 
(L M Krista, P E. Waibei, R N Shofner and J H Sautter), 1162 
Environment Research Council, news, 123 
as, news, 340 
election: Fundamental Theorem of (C C Li), 505 
Nature of the Adolase Activity in a Unicellular Red Alga (N. J Anta and Y 
Chorney), 1028 
Necator americanus, In Golden Hamsters, Mesocricetus auratus Compare Davelop- 
ment of the Human Hookworm (H G Sen and D., Seth), 
Nematode Endocrine Basis for Ecdysis in a Parasitic (K G Davey and Sau Pheng 
Kan), 73 
Nematodes of the Genus Deladenus 
genous (R A Badding), 174 
Nematode-trapping Fungi Carbohydrate Nutrition of some (V Satchuthanan- 
thavale and R C, Cooke), 321 
Neocortex’ see Axontc and Synaptic Lesions in Neuropsychiatric Disorders 
(Nicholas K Gonatas), 352 
Neonatal Monkey Radiosensitivity of Oogonia and Oocytes in the Foetal and 
(T G. Baker and Heather M, Beaumont), 981 
Neonatally Thymectomized Mice’ Features of Antibody Formation in (Svetlana 
N Zinzar and George J Svet-Moidavsky), 295 
Thymectomized Swiss Mice Haemolysin Responses to Sheep Erythro- 
cytes in (Nicholas R Sinclair), 95 
Neonatal Rats Activity of Phanethanolamine N-Methyl Transferase in the 
Adrenal Glands of Foetal and (Ray W. Fuller and Joseph M. Hunt), 190 
Nerve Cells at Various Stages of the Oestrus Cycle of the Albino Rat Activity 
of the Genetic Apparatus of Hypothalamic (P: K Belajev et al.), 201 
Cells of the Leech Hirudo medicinalts . fects of Various lons on the 
Resting and Action Potentials of the Giant (Y D Gerasimov and G N 
Akoay), 1351 
endings see The Catecholamines (L L Iversen), 8 
Fibres in Optuc Nerve of Rat (John Forrester and Alan Peters), 245 
Growth Factors and a Thymus Inhibitor: Separation by Tissue Culture 
on Acrylamide Gel (H Hoffman, M A. Naughton, J McDougall and E A 
Hamilton), 703 
Nerves: Electric Fields in Perfused (L. Bass and W.] Moore), 393 
Motor End-plates tn Fast and Slow Muscles of the Chick after Cross-union 
of their (J. Zelena et al), 1010 
Nervous and Hormonal Mechanisms in Integration (Symposium), review by 
Catharine Hebb, 1165 i 
System and Control of Cardrac Rhyéhm . Autonomic (lay Roberts, 
Barrie Levitt and Frank G Standaert), 912 
System, Disease of see Does the Agent of Scrapie Replicate without 
Nucleic Aad? (Tikvah Alper, W A. Cramp, D A, Haig and M C Clarke, 
764 
System: Problems of the Origin of the Anodic Part of Cerebrospinal 
Faid or Elo Bus tn Inflammatory Affections of the central (O 
Kolár), 52 
Nest Construction by Chiromantis rufescens Guther (Amphibia; Rhacophoridae) 
Co-operation of Three Males in (Malcolm J. Coe), 112 
in Green Turtle Hatchlings. Mechanism of Nocturnal Emergence from 
the (H Robert Bustard), 31 
Neural Organisation underlying Conscious Thought (J. S, Griffith), 345 
Neurogenesis in the Gutnea-pig Postnatal (Joseph Altman and Das D Gopal), 


Parasitic and Free-living Cycles in Entomo- 


Neurolathyrism in Monkeys Experimental (S L N. Rao et ae 610 

Neuroleptics Adrenergic Effect of Chronic Administration of (E. L Schelkunov), 
1210 

Neurological Disorders the Genetics of (T. C. Pratt), review by L. S. Penros® 63 

Neuromuscular Junction: Effects of Thymic Extract on the (J. D Parkes and 
J. A. McKinna), $116 

Neurone of the Crayfish: Inhibitory Synapses on the Stretch Recepto Koji 
Uchrrono), 833 

Neurons: Evidence for the Synthesis of Oxytocin and Vasopressin in Separate 
(Hilda Weyl! Sokol and Heine Valtin), 314 ® 


<™ o 


XXXVI 


Neuro pach : Protein Synthesis in Partpheral Nerve and Susceptibility to 
iptheritic (D. F. Matheson and J. B Cavanagh), 721 
Neuropsychiatric “Disorders: 
Gonatas), 352 
Neurosecretory Activity at Different Stages in the Adult Hyalomma dromedarit 
Koch, 1844: Changes in (Vai Dhanda), 508 
Innervation of the Adenohypophysis of Hippocampus, the Sea-horse. 
Dual (Franets Knowles et al ), 309 
Weugopora crassa: Lipid Content of Conidra of (D E. Bianchi and G. Turman), 


Loss of Photorepur Ability in Contdra of (B J. Kilbey), 1016 
Neutron Diffraction see Structure of a Monocarboxylic Acid Derivative of 
Vitamin Buy (F. M Moore et al), 129 
Neutrons ind Protons yn Engineering: Electrons, (J R, Eaton), review by B. 
alph, 
Neutrophil Alkaline Phosphatases in Blood Cells of Primates (H, J. Huser and 
B. A. Olberding), 1843 
Neutrophils Phagocycesis by Human (J Newsome), 1092 
"New" Allotypic Specificity (A9) of Rabbit Immunoglobulin 
P J. Muller), 696 
British Electron Accelerator, 1183 
New, re T.: The Culture of Vertebrate Embryos, review by J, R. Hinchliffe, 


Axonic and Synaptic Lesions in (Nicholas K 


A (S, Dubiski and 


Dehydroxylation Reaction observed in the Microbiological Degradation 
Pathway of Cholic Acid (Shohet Hayakawa, Yoshiko Kanematsu and 
Takashi Fujiwara), 520 

Guinea Birds Handbook of (Austin L. Rand and E. Thomas Gillard), 
review by J, D. Macdonald, 67 

Marker for Chromosoma Studies tin the Mouse: A (A Léonard and 
Gh Deknudt), 505 
irene ent Man’s Guide to Saence. The (Isaac Asimov), review by R. J. 

eld, 52 

Peripheral Antagonists of 5-Hydroxytryptamine (F. C. Copp, A. F 
Green, H F. Hodson, A W. Randall and M, F. Sim), 200 

Trends in the Treatment of Cancer (edited by L Manuila, S Moles and 
P Rentcharck), review by P. C Koller, 637 

Vasoconstrictor, Bovine Peptide-B, released during Blood Coagulation 
(Robert W. Colman et al ), 1040 

Wide-spectrum Coccldeostat A(R A. Bowie, ! P. Cairns, M. S. Grant, 
A. Hayes, W. G. M. Jones and J. F Riley), 1349 

Newborn Lambs see VYasopressins and the Increase of Water and Electrolyte 
Excretion by Sheep, Cattle and Camels (W V. MacFarlane et al ), 979 

Newborns and Adults: Differences in Uridine Diphosphate Galactose-4-Epi- 
marase between Haemolysates of (Won G. Ng et al ), 283 

Newarranites of Foyers and Strontian and the Great Glen Fault (R. J. Marston), 


NGC 326. Globular Cluster (J. W Mezies), 689 
Nickel-Copper Alloy Catalysts. An Unusual Activity Pattern in Hydrogen- 
reduced (J. K A, Clarka and J J Byrne), 1109 
Iron, and Manganese in the Metabolism of the Oat Plant (Philip C 
Williams), 628 
Nicotinamide-Adenine Dinucleotide-linked Form of Lactic Dehydrogenase of the 
Symbionts and Fat Bodies of a Cockroach (Stephen Epstein and Leon L. 
Pierre), 488 
Nicotine in tha Central Nervous System’ Further Evidence relating to the Mode 
of (A. K. Armitaga and G. H. Hall), 977 
Niels Bohr- His Life and Work as Seen by his Friends and Colleagues (edited by 
S. Rozental), revrew, 62 
Night Sky in June, 954, Night Sky in May, 542 
Nissl Substance and Ribosomal Aggregates (J. G Nievel and J N Cuminga), 1123 
Nitrate and Nitrite Reductase In Barley. Distmbution of 15: J Ma? 1133 
Nitrite Reductase in Barley: Distribution of Nitrate and (B J Miflin), 1133 
Nitrogen and Grassland (meating), raview by C R, Clement, 855 
created tn a Microwave Discharge Vibrational Deactivation of Excited 
States of (R. E W. Jansson et al), 589 
Fpoation by the Blue-Green Alga Anabaenopis circularis 
(Atsushi Watanabe and Yoko Yamamoto), 738 
an Organic Molecules Shifts In Electron Spectra of (R. Nordberg et ai.), 


Heterotrophic 


ae Organic Chemistry of (N V. Sidgwick), review by M L Tomlinson, 


Nitrous Oxide Teratogenic Activity of (B R Fink et a! ), 146 

No Change for Chemistry (R A. Raphael), corres, nee, 1378 

No-echo Occurrences lonospherse {R Schaaffer), 376 

Nocturnal Emergence from tha Nest in Green Turtle Hatchlings ’ Mechanism of 
(H Robert Bustard), 317 

Moths Relationship between Serotonin and the Circadian Rhythm in 

some (C, F Hinks), 386 

Nodulation of Cowpea External Effect of Indoly! 3 acetic Acid, Benzimidazole 
and B-nine on (D, Mishra and B. Mohanty), 320 

Noisy Environments Speech Communication tn (Colin Cherry and Roger 
Wiley), 1164 

Nonacosane* Origins of Oil, a Correction and Further Comment on the Brunnock 
Even C-Number Predominances in Certain Higher Alkanes of African 
Crudes, and on the Biogenasis of (Robert Robinson), 263 

Non-Aqueous Solvents The Chemistry of, Vol | (edited by J. J, Lagowski), 
revrew by R. P. Ball, 748 

Nondestructive Testing (Warran J McGonnagle) (second ed), review by A J 
Kennedy, 857 

Nondisjunction in Cultivated Human Cells Mitotic (G. M Martin et al.), 612 

induced by Caffeine tn Drosophila. Loss of Chromosomes and (Sidney 

Mittler et al ), 424 

Non-exchangeable Calum in Human Urine (A. Hodgkinson et al ), 1045 

Non-Identty of tha Zeolites Erionite and Offretite (J M Bennett and J. A Gard), 


Non-Linear Transformations of Stochastic Processes (edited by P | Kuznetsov, 
R. L Seratonovich and V | Tikhonov), review by M B Priestley, 536 

Non-Plasma Source of Urea in Sweat Evidence for a (Saul YY. Brusilow), 506 

Non-polar Liquids and Crystals: Sub-millimeter Wave Spectra of (G W Chantry 


etal), 163 

Non-rigtd ntainers Random Packing of Spheres In (3 D Bernal and J L 
inney), 265 

Non-specific Phosphatase and its Inhibition by Nucleosidetriphosphates Reso- 


lution of 5-Nucleotidase of Sheep Brain from (P. L Ipata), 618 
Norepinephrine in Uteri of Some Species: Subcellular Distribution of (Y. 
@ Gutman and H Weil-Malherba), 108 
Normal and Developmentally Retarded Infants. Click Evoked Responses in 
(Ann B Barnet and Ann Lodge), 252 
and Germ-free Rats: Similarity of the Rigor Mortis Process in (J C. 
orrest et al.), 507 
Human Eye Tissues’ Jodine Contents of (F. B, De Jorge and N Kara 
wosé), 491 


INDEX 


Human Serum Fluoride Concentrations Leon Singer and W. D. 
Armstrong), 1161 
gan erianen of DNA after Repair Replication in Bacteria (P. C. Hanawalt), 


North America: The Hepaticae and Anthocerotae of, Vol | (Rudolf M. Schuster), 
review by A R. Perry, 68 
Sea gas field, news, 553 bd 
Northwest Territories of Canada: Nannoplankton of Marine Origin from Great 
Bear Lake in the (A S. Bursa and l. Johnson), 528 
Noshiro, Kiyosho soo Sario, Leo 
Notes Hy Thermodynamics and Statistics (Enrico Fermi), review by S F. Edwards, 


Nuclear Blebs in Human Leukaemic Calls (Norton G McDuffie), 1341 
Magnetic Resonance Effect of Electrolytes on Moisture Determination 
by (D N Saraf and | Face), 1219 
agnatic Resonance’ sea Oxygen Bonding in Haemoglobin (S. Marıčıč 
et al.), 462. 
magnetic resonance spectroscopy. see Self-association of Phenolics and 
of Bile Acid Derivatives (W S Bennet, G Eglinton and S. Kovac), 776 
Ploidy tn Mammatran Parenchymal Liver Cells (Charles J. Epstein and 
Eugene A. Gatens), 1050 
power in Britain, news, 545, 547, 761 
poron news, 651 
eactors Optimal Shutdown Control of (Milton Ash), review by W. 
Murgatroyd, 70 
Sex of Testicular Teratomas of Infants (G Barry Pierce and Pau! K. 
Nakane), 820 
Nucleation of Freezng by Cavitation tn Supercooled Liquids (R Hickling), 379 
Nugel pne Structura of Heterochromatin in Certain Cell (Howard G. Davies), 


Nuclele Acid and Protein Synthesis in Bean Leaves Cytokinin Effect of Benzyl- 
adenine: increase of (B, | Pozsár et af È 273 
Coacervates by Dehydration and Rehydration, Formation of (Adolf E. 
Smith et af), 1038 
Synthesis in Lymph Node Cells of Thymectomized Rats undergoing a 
Primary Immune Response. Protein and (Charles E Slonacker and William 
©, Riecke), 289 
Py GA): see A Strong Suppressor Specific for UGA (J F. Sambrook 
et al.}, 
Nucleic Acids of Rat Testes by Methy! Methane Suiphonate 
of Guanine in the (P. F, Swann), 918 
Nucleolus, Virus Infection, and Trisomy in Man: The (H, J. Evans), 36! 
Nucleosides by Gone om Hydraune Selective Deamination of (Anil B 
Patel and Harry Darrow Brown), 402 
Nucleotide Phosphodiesterase. Localization and Latent Activity in Rat Brain 
Cyclic 3’,5’- (War Yiu Cheung and Leon Salganicoff), 90 
Nucleotides in Leucocytes of Children with Protein-Calorte Malnutrition. 
Intermediary Metabolites and Adenine (Takasht Yoshida et ai), 525 
Nucleus of the Andromeda Nebula: Radio Emission fram the (G. G Pooley and 
S. Kenderdine), [190 
Numerical Approximation. Methods of (edited by D C. Handscomb), review by 
K. E. Pitman, 747 
Nuoro Serum (C.P ) and its Relation to Sera C de B. and LL . Anttlipoprotein 
(Jan Hirschfeld et al.), 495 
Nutrition of some Nematode-trapping Fungi: Carbohydrate (VY Satchuthanan- 
thavale and R C, Cooke), 321 
Nutritive Value of Bacillus megaterium Protein 
(S. R. Tannenbaum and 5 A. Miller), 1261 


Methylation in vive 


Effect of Cell Fragmentation on 


O.+H50H+h The Chemiluminescent Reaction (G. B, Spindler et al.), 1006 

oPhenanthroline: Sodium and Potasstum Transport tn Normal and Mutant 
Yeasts Inhibition by (C, Reilly), 1330 

Oat Plant: Nickel, Iron, and Manganese tn the Metabolism of the (Philip C. 
Wilhams), 628 

Oats; Tissue Culture of (Owen Carter et af), 1029 

Observations on the Killing of Microbial Protoplasts by Serum (Lucien B. Guze, 
Earl G, Hubert, John Z Montgomerie and George M. Kalmanson), 1343 

Observing Earth Satellites (Desmond King-Hele), review by John Spencer, 56 

Occipital Alpha Rhythm Eye Position and Lens Accommodation (Edmond M. 
Dewan), 975 

Occurrence of a Crystalline Inclusion in the Chloroplasts of Macadamia Leaves 
{john L. Price and Wiliam YW Thomson), 1148 

of Red Water off Peru (John H Ryther), 1318 
Oceanography, Harwell Conference, news, 
news, 120 

Ochromonas, Metabolism of lsofloridoside (0-a-0-Galactopyranosyl-(l->1)-Glycerol) 
and Osmotic Balance tn the Fresh Water Alga (H Kauss), 1129 

O'Connor, Maeve: see Wolstanholme, G E W 

Octahedral and Tetrahedral Complexes of a Metal lon, Autocomplex Formation 
in Solutions involving (YW. Libus et al ), 480 

Octopus Retina. Rhodopsin and Retinochroma in the (Tomryuki Hara et af ), 572 

OECD reactor at Helden, Norway, news, 963 

Oenothera lamarckiana caused by Biue and Green Light. Retardation of Flower 
Opening in (Michi Saito and Toshio Yamaki), 1027 

Oestrous Cycle in the Albino Rat. Activity of che Genetic Apparatus of ae 
thalamic Nerve Cells at Various Stages of the (D. K. Belayev et al), 20 


einer aes of the Zeolites Erionite and (J. M Bennett and J. A. 

ard), 

OH: aie and Temporal Variation of Radio Emission from Galactic (A. H. 
ok), 


Calculations of the Einstein A Coefficient for the 18 cm Transition of 
(Barry È. Turner), 379 
Einstein A Coefficients for the 18 cm Transitions of (Alan Carrington and 
Terry A Miller), 998 
Oil, a Correction and Further Comment on the Brunnock Even C-Number Pre- 
dominance in Certain Higher Alkanes of African Crudes, and tn the Bio- 
genesis of Nonacosane: Origins of (Robart Robinson), 263 
pollution, news, 441 
lluuon, news, 1,3 
elvent on the Toxicity and Speed of Action of Malathion 
Mineral (Hafiz Ahmed and B G Gardiner), 1338 
see The Torrey Canyon Disaster and Intertidal Marine Life (A. J 
O'Sullivan and Alison J, Richardson), 448 


Oleic Acid by ROR Ich Fatty Acids. Inhibition of the Desaturation of 


Effact of 


Stearic to (A R Johnson, Judith A Pearson, F. S Shenstone and A, © 
Fogerty), 1244 
Olfactory Code, Specific Anosmia’ a Clue to the g E. Amoorea), 1095 
crimination In the Giant Anteater (Dale W. McAdam and John S. 


Way), 316 s 


INDEX 


Oligohydramnios and Cortisone-induced Cleft Palate in the Mouse (F C Fraser, 
Donald Chew and A, Carl Verrusio), 417 

Oligomerization of Hydrogen Cyanide. rmation of Ammo-acids by Thermal 
Decomposition of Formamide— (Kaoru Harada), 479 

Oncogenic Effect of the H-Viruses for Hamsters: Lack of (Helene YY Toolan), 


1036 
Oncoly€is : Immunological Aspects of Viral (Jean Lindenmann and Paul E Klein), 
review by P C Koller, 637 


Ontogenesis: Effect of Endotoxin on Resistance in the Early Period of (K 
Peterson and U Pavel), 699 

Qocytes in the Foetal and Neonatal Monkey: Radiosensitivity of Oogonia and 

(T. G Baker and Heather M. Beaumont), 981 


= Incorporation of Exogenous (Phage) DNA into Amphibian (Y C Kong 
and A. miea, 491 
of Drosophila melanogaster X-ray Induction of Autosomal Transiocations 


in Mature (H. Traut), 718 
QOogonia and Oocytes in the Foetal and Neonatal Monkey: Radiosansitivity of 
. G Baker and Heather M, Beaumont), 981 
Open Channel Flow (F M Henderson), review by A M. Binnie, 748 
Oppenheimer, J Robert, obituary, 215 
Opsonized particles see Phagocytosis by Human Neutrophils (J. Newsome), 1092 
Optic Lobes of Chicks at Hatching* Acetylcholinesterase Activity in the (Antonia 
Vernadakis and Alan Burkhalter), 594 
Narve of Rat. Nerve Fibres in John Forrester and Alan Peters), 245 
Optical Configurations of Complexes of Amino-acids with Cobalt (II) (R D 
Gillard), 168 
Interferometry (M Françon), review by D J Bradley, 431 
Properties of Solids The (edited by J Tanc), review by H Jones, 537 
Radar Evidence for Atmospheric Oust Layers around 85 km Altitude 
(B. R Clemesha, G. S Kent and R. W. H. Wright), 26! 
Roratory Dispersion of Double-stranded RNA (P. J Orel and Janice 
Wilder), 702 
Variations in 3C 445 (Geoffrey Burbridge), 1213 
Vanation of 3C 446 (R D Canon and M. V. Penston), 256 
Optics. Geometrical and Physical (R. S. Longhurst), review by A Thetford, 1376 
Optimal Shutdown Control of Nuclear Reactors (Milton Ash), review by W. 
Murgatroyd, 70 
Optokinetic Stimulation of the African Chamelaon, Chameleo melleri Disconju- 
paa Eys Movement Patterns during (Edward $ Tauber and Adam Atkiny, 
I 


Oral Bacteria Digestion of Nacayimannosimins and N-acetyineuraminic Acid 
by Human (M. J. How, V. J Long and S A Woodbury), 1249 
Contraceptives: Alterations in Serum Naphthylamidase isozymes during 
Treatment with (G Arturson, L. Beckman and B. H. Persson), 1252 
Immunization of Mice with a Soluble Protective Antigen obtained from 
Enteropathogenic Serotypas of Escherichia coli (H W. Ockliez et of), 1053 
Organ Culture Early Effects of Parathyroid Hormone and Thyrocalcitonin on 
Bone tn (Lawrence G Raisz and Ingrid Niemann), 486 


Organic Chamisery of Nitrogen The (N V Sidgwick), review by M L Tomlin- 
son, 
sree Copper in Sea Water Evidence for (J Frank Slowly et al.), 
Compounds: Handbook of Ultraviolet and Visible Absorption Spectra 
of (Kenzo Hirayama), review by W L. Lead, 1167 
jee Shifts in Electron Spectra of Nitrogen in (R Nordberg et 
ai ’ 
Pesticides in the Environment (edited by Robert F Gould), review by 
R A E Galley, 69 
Phosphorus Content of the Alpha Chains of Chicken Bone Collagen 
(C J Francois, M. J Glimcher and S. M. Krane), 621 
Solutes from Sea Water by Co-precipitation Isolation of (G Chapman 
and A C Rae), 627 
Organization of Science, news, 1289 
Organoboron Chemistry (Howard Steinberg and Robert J Brotherton), review 
by M F Lappert), 537 
Organochiorine Residues in Marine Organisms (J Robinson, A. Richardson, A N 
Crabtree, J, C Coulson and G Ẹ Potts), 1307 
Organometallic Compounds (edited by Michael Dub), Vol l, Second ed, review 
by M D. Johnson, 1170 
ier (Michael Dub), Yoi 2, Second ed, reviaw by F Gilocking, 
Compounds Polymerization by (Leo Reich and A Schindler), review by 
R. Robinson, 106} 
Organospecificity of Liver Cell Surface Antigens and its Loss by Ascitic Hepatoma 
(T. Beloshapkina and N. Khramkova), [366 
Orifice: Hysteresis in the Flow through an (B E. L. Deckker), 904 
Origin of Hot Brines in the Red Sea (D T Pugh), 1003 
of Ultrarelativistic Cosmic Ray Particles (David Layzer), 772 
Origins of Oil, a Correction and Further Comment on the Brunnock Even C- 
Number Predominance in Certain Higher Alkanes of African Crudes, and 
on the Biogenesis of Nonacosane Robert Robinson), 263 
Ormthorhynchus anatinus (Platypus) and Tachyglossus aculeatus (Echidna) 
type of the Monotremes (Y A E Bick and W D Jackson), 600 
Orthophosphatase and inorganic Pyrophosphatate Activities in Human Serum' 
Alkaline (R. Helen Eaton and D W Moss): 842 
Oscillations in Blood Pressure associated with Phranic Nerve Activity (Nial S 
Cherntack, Mark Heymann and Joseph C Chisholm), 206 
Osmomatry: see Self-association of Phenolics and of Bile Acid Derivauves (W S 
Bennat, G. Eglinton and S Kovac), 776 
Osmotic Balance in the Fresh Water Alga Ochromonas, Metabolism of Isofloridoside 
(O;an-Galacsopyranasyi(1->l Glycerol) and (H Kauss), 1129 
Osteolathyrism. Excretion of Thiocyanate tn (Ali Khogali), 920 
Ovarian Extracts: Attempts to induce Crossing-over in 
Males with (Kenneth M Singer et al ), 503 
Ovary’ Cytochemical Study of Interstitial Cells in the Bat (Sardu! $ Guraya), 614 
Over-iodination Labelled Fibmnopeptide B and the Denaturation of Abrinogen 
on (E Regoecz:), 1239 
Overpotential during Electrolyte Evolution of Hydrogen 
Hull and F. A. Lewis), 798 
Overseas Students’ Special Fund, news, |182 
Ovipositing Female in the Diptera Co-operation by Male Protection of 
(Woodbridge A Foster), 1035 
Oviposition Cycle, Association of Folin positive Material with the Blood Proteins 
of the American Cockroach and the (G E. Pratt), 1034 
Ovulation in the Genus Microtus (W G Breed), 826 
Ovum (Nucleolus sea The Nucleolus, Virus Infection, and Trisomy in Man 
(H J Evans), 361 
Owar, E , and Pankhurst, R.C The Measurement of Air Flow, review, 71 
Oxidation of Formic Acid on Platinum Catalysts‘ Acceleration by Adsorbed 
Sulphur and Selenium of the Electrochemical (H. Binder et al.), 268 
Oxidative phosphorylation’ see Substrate Transformations dependent on Res- 
piratory gtates of Mitochondria (G Schafer et af ), 20 


Karyo- 


rosophila melanogaster 


Fluctuations of (M N 


xxxyii 
Oxygen Boriding in Haemoglobin (S. Marıčıć, J. S Leigh, yun. and D. E. Sunko), 


by the Egg of Drosophila melanogaster 
Lints and Cecile V Lints), 785 
Flux across the Environmental Interface of Teleost Cornea (R. M. Hill, 
J. Schoessler and |. Fact), 384 
Radrosensitization of Escherichia col: by Methyl Hydrazine and the Effects 
of (H. Moroson and D, Martin), 304 
Oxyhaemoglobin: see Oxygen Bonding in Haemoglobin (S. Maritié et ai), 462 
Oxytocic Activity of Plasma in Rats: Low Frequency Sound and (C. W Ogle), 1112 
Oxytocin and Vasopressin in Separate Neurons Evidence for che Synthesis of 
{Hilda Wey! Sokol and Heinz Valtin), 314 


Consumption of (Frederic A 


P. cynomolg:, Mode of Action of Chloroquine on Plasmodium berghe: and (D C. 
Warhurst and D J. Hockley), 935 
Packing of Spheres in Non-rigid ntainers Random (i. D Bernal and J L 
mney), 265 
Palasomarnatic Pole for Europe and North America Devonian (K. M Creer and 
BJJ Embleton), 42 
Palaeontology: General (A Brouwer), review by M, R House, 1276 
Palatability on Food Intake in Ruminant Animals: Separating the Effects of 
Digestibility and (J F. D Greenhalgh and G. W Reid), 744 
Pancreozymin Preparations on Gastric Secretron Effect of (Allan R. Cooke), 729 
Panieucapenia y irus: Identity of Feline Ataxia Virus with Feline (R H Johnson 
et al), 
Papan’ Electron Microscopy of Chondromucoprotein and the Products of its 
Digestion with Hyaluronidase and (A. M. Saunders and L. Silverman), 194 
Paraffin Mirrors for Ultrasoft X-rays (H Herglotz), 263 
Parallel Bioassay as a Method of Identifying Acetylcholine (Catherine Hebb and 
David Morns), 284 
Paramagnetic Relaxation of Trapped Hydrogen Atoms tn Irradiated Frozen 
olutions (John Zinbrick and Larry Kevan), 693 
Parasitic and Free-living Cycles in Entomogenous Nematodes of the Genus 
Deladenus R A Bedding), 174 
insect, Immune Surface of Eggs of a (Susan Rotheram), 700 
g Nemagae: Endocrine Basis for Ecdysis in a (K G. Davey and Sau Pheng 
an), 
Parasitology: Textbook of Veterinary Clinical, Vol 
by Pi C Buckley, 69 
Parathyroid Hormone and Thyrocaicitonin on Bone in Organ Culture 
Effects of (Lawrence G Raisz and Ingrid Niemann), 486 
Hormone and Vitamin A on the Retention of Radiastrontlum in the Rat ' 
Effect of (Peter Sprang), 513 
Parenchyma Celis see Moisture Content of Living Trees (Charles M. Stewart), 


1 (Œ. J. L. Soulsby), review 
Early 


Parenchymal Liver Cells: Nuclear Plotdy in Mammalian (Charies J Epstein and 
Eugene A Gatens), 1050 

Parliamentary reform, news, 442 

Partral melting see Interaction of Basic Magma with Pelitic Materials (C. D. 
Gribble and M J. O'Hara), 1198 

Partition Data and the Adsorption of some Herbicides by Soils: Relationship 
between (R. J Hance), 630 

Passage of Antigens across the Vascular Barrier of the Thymus (Kauko Kouvalainen 
and David Gitlin), 592 

Passivo Immunity to Bacterial Infections by Iron. Abolition of (J. J, Bullet et al.), 


Transfer of Allergic Encephalomyelitis with Blood Leucocytes (Eugene J, 
Wenk, Seymour Levine and. Bert Warren), 803 
Pátek, Kerel Lasers, review by D J. Bradley, 1169 
Patent sponnanons availability of in Britain, news, 866 
ystem, news 761 
Pathogenicity of the Chicken Sarcoma Virus (Schmidt-Ruppin) for Amphibians and 
Reptiles (George J Svet-Moldavsky, Lidia Trubcheninova and Lucy | 
Ravkina), 300 
Pauling-Corey a-helix A Second Right-handed Helical Structure with the 
Parameters of the (George Namethy st al), 363 
Pea Stem Segments and Potato Tuber Cylinders’ Translocation of Truum- 
labelled Gibberellic Acid in (Mahmood A. Clor), 1263 
Peat from Aqueous Suspensions atural Occurrences of Stalactitic and Related 
Forms Deposition of (A R. Burke), 532 
Pectate Transeliminase Cell Wall Degradation by a (Margaret Dean and R K S. 
Wood), 408 
Peculiar Galaxies Radio Sources and (Robert Y Wagoner), 766 
Palitic Materials> Interaction of Basic Magma with (C Gribble and M J, 
O'Hara), 1198 
Penicillin Action, news, 550 
Inactivation of Erythrocyte Acatylcholinesterase by (Fritz Herz), 497 
on Glutamate-Glutamine System of Brain: Convulsive Effect elicited by 
Topical Application of (C Pintiilie et al.), 1131 
Penrcilloylated Bacteriophage and Isolation with a Specific Immunoadsorbant . 
Antpeniclloyl Antibodies: Detection with (Joseph Harmovich et al ), 1369 
Pentapeptide Response of Isolated Bullfrog Gastric Mucosa to a Gastrin-Lke 
(Warren D., Davidson et al.), 595 
Peonies "Pyrethrum" in (P. J, Godin et al), 319 
Paptide chains’ see A Second Right-handed Helical Structure with the Parameters 
of the Pauling-Corey a-helix (George Némethy et al ), 363 
chains see Structure of Antibody Molacules (S Cohen and C. Milstein), 


Peptides and Proteins to Polysaccharides by Means of Cyanogen Halides: Chemical 
Coupling of (Rolf Axén et al.), 130 
Perception of Redundant Cues by Monkeys with Inferotemporal Lesions (Susan 
Iversen and L Weiskrantz), 241 
Perfused Artery Site of Action of Cocaine on the (| S de la Lande and! G 
Waterson), 313 
Nerves Electric Fields in (L Bass and W. J Moore), 393 
Peripheral Antagonist of 5-Hydroxytryptamina. New (F C Copp et al ), 200 
Leucocytes of Female Albino Mice: Effects of Isolation Stress on 
{Arthur M. Sackler and A. Stanley Weltman), 1142 
Nerve and Susceptibility to Diphthentuc Neuropathy: Protein Synthesis 
n (2 F Matheson and J. B Cavanagh), 721 
timulation of Anaesthetized Rats Unitary and Mass Cortical Potentials 
evoked by (A Angel and O. Holmes), 834 
Peritoneal Exudate Calls by Foreign Substances of Antigenic Nature: Inhibition 
of DNA Synthesis in Rat (Leif Lindholm), 800 (J 
Permanent Mounting Method for Fluorescent Antibody Preparations (C F A. 
Culling), (140 
Permeability cycle: see Mode of Antcholinergic Action of Local Anaemshetics 
Maurice B Fernstein and Marve Paimre), 151 
roblems of Cell (A S. Troshin), review by E. J Harris, 63 
Perrodon, Alain, Géologie du Pétrole, review by T F. Gaskgil, 59 ° 


Se 


xXxxviii 


Persistence of Syngenatc Preference given by a Methyicholanthrene-induced 
Berane er Four Consecutive Passages in F, Hybrids (D. Oth and C. 
urg) 
Personality Research Progress in Experimental, Vol, 3 (Brendan A Maher), 
review by Vernon Hamilton, 539 
Paru Occurrence of Red Water off (John H, R her), 1318 
Pesticides in the Environment. Organic (edited by Robert F Gould), review by 
R.A E, Galley, 69 
Petite Mutants induced tn Yeast by Dithranol (1,8,9-trihydroxyanthracene), an 
Important Therapeutic Agent agunst Psoriasis (B. Gillberg, G Zetter- 
berg and G Swanbeck), 415 
Petrel, British research rocket, news, 1182 
Pétrole’ Géologie du (Alain Perrodon), review by T. F Gaskell, 59 
Patrolaum: Geology of (A. 1 Levorson), review by T F Gaskell, [277 
PH Gradient of Beef Heart Mitochondria in Various Functional States: Intra- 
mitochondrial pH and Intraextramitochondma! (S. Addanki et al), 400 
is there Proton Noise in Mitochondrial Membranes leading to Chance 
Fluctuations in (Britton Chance), 399 
inet B-Lactoglobulins Effect of (H A. McKenze and W. H Sawyer), 
Phage and the Origins of Molecular Biology (edited by John Cairns, Gunther S 
Stent and James D Watson), review by Arthur Kornberg, 538 
Infeeuon, Substrate Imbalance and Synchronization: Kinetics of Cell! 
Growth in Conditions of (A. C. R Dean and Cyril Hinshelwood), 1081 
z2 eA Sodium Dedecylsulphate Degradation of tha Filamentous 
(P_G, Williams and M. L Fenwick), 712 
Repressor to 4 DNA ' Specific Binding of the 4 (Mark Ptashne), 232 
Phagocytosis e Human Neutrophils (J. Newsome), 1092 
Pharbitis and Chrysanthemum cultures in vitro’ Flower Induction in Excised Shoot 
Apices of (Hiroshi Harada), 1027 
Pharmacology and Therapeutics: International Encyclopaedia of, Section 6, Vol I 
(edited by L Lasagna), review by A Herzheimer, 65 
Phaseolus vulgars * Senescence, Abscission and Cellulase Activity in (Roger F 
Horton and Daphne J Osborne), 1086 
Phasic Stretch Reflex in Human Subjects: Summation of Motor Units in a 
Mechanically Elicited (Alex M Clarke), 1012 
Phenobarbital Sumulation of Rat Liver RNA Polymerase 
and (H. Y Gelboin et al ), 281 
Phenol Oxidase Activity and Flooding Tolerance in Higher Plants (R M. M 
Crawford), 427 
Phenolles and Bile Acid Derivatives’ Self-association of (W. $ Bennet, G. 
Egunton and S Kovac), 776 
Phenolp ae see Activity of 8-Glucuronidase (Stanley Kushinsky 
et al), 
Phenotypic variants see Variants of 6-Phosphogiuconate Dehydrogenase within 
a Community (H Gordon et al.), 466 
Phenylacety! Giycine during Submerged Cultvation of Escherichia col: 
in tha Rate of Deacylation of Benzylpeniciilin and (L Nyiri), 1347 
Phenylalanine Deaminases of the Proteus-Providence Group. Serological 
Speaficitres of (J. A. Smit and J N Coetzee), 1238 
“Phenylptcrylhydrazy!’ on n-type Oxidic Surfaces (Dwarika N Misra), 1108 
Phonan Spectra of Helical Biopolymers (V. D Gupta, H. Boutin and S Trevino), 


3-Methyicholanthrene 


Change 


Phosphagen Kinases and Evolution in the Echinodermata (Barbara Moreland, 
D C. Warts and R. Virden), 458 

Phosphatase and its Inhibition by Nucleoside triphosphates Resolution of 
5-Nucleosidase of Sheep Brain from Non-specific (P L Ipata), 618 

Phosphatase-} in Drosophila melanogaster Reversible Dissociation in vitro. 
Sub-units of Acid (Ross J Macintyre and Margaret R. Dean), 274 

Phosphate ions see Metabolism of Ribonucleic Acid in the Endometrium of the 
Rabbit during Early Pregnancy (M, L Vittoralli et al ), 890 

Phosphodiesterase : Localization and Latent Activity in Rat Brain, Cyclic 3’,5% 
Nucleotide (Wai Yru Cheung and Leon Salganicoff), 90 

Phosphoglucomutase Frequencies in Habbanite Jews and Icelanders (A E. Mourant 
and D Tills}, 810 

Phospholipid-chaline in a Sympathetic Ganglion and their Relationship to Acetyl- 
choltne Synthesis holine and (Abram J. D Friesen et al ), 722 

Phosphorus Content of the Alpha Chains of Chicken Bone Collagen. Organic 
(C J. François et al.), ar 

Phosphorylation: Ferredoxin and Photosynthetic (Danie! 1 Arnon et ai), 562 

oxidative: see Substrate Transformations dependent on Respiratory 

States of Mitochondria (G Schafer et af), 20 

Photochemistry of lodopsin (Toru Yoshizawa and George Wald), 566 

Photoinhsbition of Germination Phytochrome and the (P. Rollin and G 
Maignan), 741 

Photaphosphoryiation by Chloroplasts in vitro Calcium Uptake, ATPase and 
(Park S. Nobel), 875 

Photopigments in the Char of Lake Windermere (Salvelinus willughbi (Gunther), 
forma autumnalis and forma vernalis )(C. D. B. Pridgen), 

Photorepur Ability in Conidia of Neurospora crassa Loss of (B.J Kilbey), 1016 

Photosynthesis in Synchronous Scenedesmus Cultures Quantum Yield of (Horst 
Senger and Norman | Bishop), 140 

see Assimilation of Lohum in Relation to Leaf Mesophyll (D Wilson and 

J P. Cooper), 989 
aan Micro-organisms adapted to High Temperatures (Thomas D Brock), 


Fhetosynthetie Apparatus Energy Conversion by the (Symposium), review by 


P. Whitungham, 1275 
geinctren Transport by loxynil Inhibition of (J. Frend and R Olsson), 
Lamellae: Chloroplast Fibrils linking the {L A Stashelin), 1158 
Micro-organisms. Continuous synchronous Culture of (John A, Howell 
et al ), 582 
Phosphorylation’ Ferredoxin and (Daniel | Arnon et ai.), 562 
Products: Plane Regulators alter Translocation of (Wasfy Shindy and 
Robert J. Weaver), 1024 
Phrenic Nerve Activity. Oscillations in Blood Pressure associated with (Niel S 
Charmack et al.), 206 
Phylogenetic questions. see Evolutionary History and Population Biology (L. C 
Birch and P, R. Ehrlich), 349 
Physical Chemistry and Chemical Physics: The International Encyclopedia of 
(Robert M. Mazo), review by J S Rowlinson, 62 
Chemistry for Metallurgists (J. Macowiak), review by Nigel Hawkes, 57 
Training on Cardiac Catecholamine Concentrations: Effect of (C. de 
@ Schryver, P. De Herdt and J Lammerant), 907 
Physics and Chemistry of the Earth, Vol. 7 (edited by L H Ahrens, Frank Press, 
$ K. Runcorn and H, C Uray), review by D Davies, 6l, 
@ in Canada, news, 1285 
of the Atmosphere (E. S. Selezneva), review by G A. Bull, 1376 
of Thin Films (edited by Georg Hass and Rudolf E Thun), review by Oliver 
8, Heavens, sy 


INDEX 


Physik: Handbuch der, Band 23 (edited by S. Flugge), review by H. Braddick, 56 
Handbuch der (Band XVIII/2) (edited by S. Flugge), review by Louis Neel, 


325 
Physiology of Echinodermata (edited by Richard A Boolootian), review by D 
Ethernton, 745 
Phytochrome and the Photoinhibition of Germination (P. Rollin and G Maignan), 
e 


Phytohaemaggiutinin: Dry Mass of Lymphocytes during Transformation after 
Stimulation by (Zbigniew Darzynklewiez, Viktor K Dokov and Marek 
Pienkowski), 1265 

on Protein and DNA Synthesis in Human Lymph Cultures. Dis- 
sociation and Inhibition of the Stimulatory Effect of (S. R. Cooperband, 
J. A Green, M A. Kennedy and M M. Grant), 1240 . 

Unresponsiveness of Lymphocytes from Babies with Congenital Rubella 
(George B. Olson, Mary Ann South and Robert A. Good), 695 

see Histochemistry of Blood Calls treated with Pokeweed Mitogen 
(Barbara E Barker and Patricia Farnes), 787 

see Lymphocytes in Congenital Absence of the Thymus (Harold W. 
Lischner et a! ), 580 

Phytophthora Genetics and Cytology of (Jorge Galindo A and George A 
Zantmyer), 1356 

Pig Foetus resulting in Transplantation Tolerance or immunity, and Immuno- 

lobulin Production, Bone Marrow and Lymphoid Cell Injection of the 
R.M Binns), 179 
Pigeon ee nnn Comparison of Visual Stimuli in the (Nancy K Mello), 


Pigment of cone vision: see Photochemistry of lodopsin (Toru Yoshizawa and 
George Wald), 566 
megane Cytotoxic Effects of Extracts from yirradrated (Yrio Makinen et al ), 


Pines irradiated with Lethal and Sublethal Doses of y-Radiation’ Response of 
(James P. OKunewick and Stephen E. Herrick), 514 
“Pink Spot” tn Schizophrenia: The (Karl Closs, Nils Wad and Eivind Ose), 483 
Spots in Schrzophrenm and Other Conditions. Identity and Significance 
of Some (Thomas L.. Perry et al.), 484 
Pipe Flow: Effect of Vibrations on the Transition Regime in (D, D, James and 
A S. Morton), 692 
Pipelines, Bacteria and Manganese, news, 1180 
Piperonyl Butoxide: Synergistic Toxicity and Carcinogenicity of ‘Freons’ and 
{ uel S Epstein et af), 526 
Pitfalls in Electron Spin Resonance Spectrometry in Biological Tissues (C M 
Dettmer, D H. Driscoll, J D Wallace and A, Neaves), 492 
Pitman, K. E. Methods of Numerical Approximation, review, 747 
Placenta Intrinsic Innervation of the Human (Howard N. Jacobson and Frederick 
K. Chapler), 103 
Placental Growth and the Formation of Amniotic Fluid (R E. Behrman, J T 
Parer and C W. da Lannoy, jun ), 678 
Place Prolarvae: Effect of Temperature on the Efficiency of Growth of (J. S 
Ryland and J. H Nichols), 529 
Planaria: Distance to Nearest Neighbour Aggregation Formation in Three 
Spacies of (James H Reynierse and R R Elis), 895 
Plant Embryo Cells. Cytolysomes In Long-dormant (T A. Villers), 1356 
Mitochondria’ Electron Transport Carnmers in (Walter D. Bonner, jun 
and Maryana Plesnicar), 616 
Regulators alter Translocation of Photosynthetic Products (Wasfy Shindy 
and Robert J Weaver}, 1024 
Plants: Phenol Oxidase Activity and Flooding Tolerance in Higher (R M. M 
Crawford), 427 
showing Lime-induced Chiorosis: Corallaird Root Systems in (T C. 
Hutchinson), 943 
Plaque Assay of the Effects of Cytosine Arabinos:ide and 5-lodo-2’-deoxyuridine 
on the Synthesis of H-1 Virus Particles (Nada Ledinko), 1346 
Formation in Jerne Plates. Effect of some Metabolic Inhibitors on (M C 
Berenbaum), 590 
Plasmaand Urine Fe Fragment of Immunoglobulin G in Normal Human (Ingemar 
Berggird and Hand Bennich), 697 
Cells Transformation, in vivo, of Basrlophilic Cells into (M. S. C Birback 
and J G. Hall), 183 
immunoreactive Insulin in Rats given D-Mannoheptulose: Suppression of 
(Elsa P Paulsen et af), 276 
Physics Journal of, Vol 1, Part |, review by John Pain, 54 
Wake: see Stimulation of Jupiter’s Radio Emission by lo (L. Marshall 
and W. F Libby), 126 
Plasmas pp metie Equations of Gases and (Ta-You Wu), review by T. G Cowling, 


Plasmodium berghe: and P cynomolg: Mode of Action of Chloroquine on (D C 
Warhurst and D J Hockley), 935 
bergher in Mice. Morphological Effects of Chloroquine on (Peter B 
Macomber et al.}, 937 
fophurae: Free Aminoracds of Blood Plasma and Erythrocytes of Normal 
Ducks and Ducks Infected with Malanal Parasite (Wasim Ahmad Siddiqui 
and William Trager), 1046 
Plastaquinone C Involved in Electron Transport in Chloroplasts (M D Henninger 
and F. L Crane), 921 
Platelet Adhesiveness by Adenosine Diphosphate and Triphosphate 
of (Dorothy Busfield and E G. Tomich), 1360 
Platelets: Aggregation and Adhesion of Rat (Jay W. Constantine), 1084 
Arylsulphatases of Human Blood (J. Poldsek and B. Rotrekl), 187 
Effects of “Haematoporphyrin” on Adhesrveness and Aggregation of 
Rabbit (Richard B Davis and Samuel Schwartz), 186 
in Hypersensitivity States: Release of Serotonin from Human (E A, 
Caspary and J S. Comaish), 286 
Planum Catalysts: Acceleration by Adsorbed Sulphur and Selenium of the 
Electrochemical Oxidation of Formle Aad on (H. Binder et al ), 268 
(Platypus) and Tachyglossus aculeatus (Echidna) Karyotype of the Monotremes 
Ornrthorhynchus anatinus (Y. A Bick and W ackson), 600 
Play, Exploration and Territory in Mammals (Symposium), review by W H. 
Thorpe, 635 
Plumpton, C : see Ferraro, V. C A. 
Plutonium 1965 (Conference), review by B W Mott, 1278 
Pogosyan, Kh. P.” The Air Envelope of the Earth, review by G. A. Bull, 1376 
Point Mutation Virus Induced (Robert C Baumiller), 806 
Pokeweed Mitogen. Histochemistry of Blood Calls treated with (Barbara E. 
Barker and Patricia Farnes), 787 
Polarization of the Zodiaca! Light 
and (A S, Asaad), 259 
Polarography and ep saree ee * Binding aevi, of the Antubody Heavy 
in determined y ( Zikkn and J Sterzi), ! 
Poltoantibody in Salva, Duodenal Fluid and Urine Damonstration of IgA (Ruth 
Barger et al ), 420 
Polrtucal Economy of Nuclear Energy The (Duncan Burn), news, 547 
Polyacrylamide Gel-electrophoresis across s Molecular Sieve Gradient (J Margolis 
and K G. Kenrick), 1334 e 


Reduction 


Effect of the Solar Activity on the Brightness 


INDEX 


Pelyadenyliė Acid and Actinomycin on Lysine Incorporation in Chick Embryos: 

ects of (P Malpoix), 1125 

Polyaminostyrene Purified Chicken Antibodtes (R. C Chubb), 422 

Relyatomiqus dans ["Uleraviolet à Vide‘ Brblographie des Spectres das Molécules 
(A Johannin-Gilles), review by W. C Price, 56 

Polycationic Effect on Virulence of Nonpathogenic r+Variant of the Encephalo- 
Myocarditis Virus (John E Craighead), 716 

Polycyclic Hydrocarbon Induction of Hepatoma in Mice by Carcinogens of 
the (F J. C Roe and Margaret A. Waters), 299 

Polycythaemic and Anaemic Bone Marrow Colony Production in vitro by Normal 
(T R. Bradley et gi.), 511 

Polyethylene below 20°K: Electron Microscopy of (J A Venables and D, C. 

*e Bassett), 1/07 

Glycol: Concentration of Certain Myxoviruses with (A D Kanarek and 

G W. Tribe), 927 

Polymeric Solutions: Diffusion in Gels and (J A. Quinn and L M. Blair), 907 

Polymers of Known Composition Induction of Circulating Interferon by Syn- 
thetic Anionic (T. C. Merigan), 416 

reinforced with Carbon Fibres Friction and Wear of (J P Giltrow and 

1 K Lancaster), 1106 
ee of, Vol 2 (edited by John V Schmitz), revrew by D W Hadley, 


*Tharmoanalysis of Fiber and Fiber-forming (Sympostum), review b 
E F T White, 1375 ing (Symp ) 4 


Polymorphism in the European Hedgehog Erinaceus europaeus (Insectivora) 
Chromosome (M Gersler and A Gropp), 396 
Polymorphonuclear leucocytes ses Death of Leucocytes due to Ingestion of 
Heterologous Lysosomes (Rochelle Hirshhorn and Gerald Weissmann), 892 
Polynucleotide chains: see Rejotning of X-ray Induced Breaks in the DNA of 
Leukaemia Cells (J T Lett, | idwell, C.J Dean and P Alexander), 790 
Polyoma Virus’ Activity of Thymidine Kinase in Mouse Embryo Calls infected 
with (G. Rieceri and G Cocuzza), [91 
Polypeptide chain initzatton, news, 759 
1 a2 see A Strong Suppressor Specific for UGA (J. F Sambrook et 
ar}, 
chains. see Three dimensional Structure of Tosyl-a-chymotrypsin (B W 
Mathews et a/.), 652 
Polyploidy in Human Leuc: e Cultures treated with Cysteamine and Irradiation 
(John F Jackson and Frank $ Hill), 1155 
Polypodium leucotomos Metabolic Effects of Calagualine, an Antitumoral Saponine 
of (Antonio Horvath, Francisco Alvarado, Joseph Szocs, Zoila Ney de 
Alvarado and Gilberto Padilla), 1256 
Polyribosomes from Houseflies (C. M Tstapalis, Y Hayashi and W Chefurks), 358 
Polysaccharide Polysuiphates (Heparmolds) Production of Lymphocytosis by 
(Susuma Sasaki), 1041 
Polysaccharides by Means of Cyanogen Halides Chemical Coupling of Peptides 
and Proteins to (Rolf Axén et ai), 1302 
Polysomes' Aminoacyltransferase Stimulation of Protein Synthesis by Pig Adrenal 
(Peter C Scriba and Marianne Fries), 91 
Polytechnics, news and views, 223, news, 
Polytane Chromosomes of Drosophila melanogaster Gene Activity dependent on 
Chromosome Synapsis in the (Michael Ashburner), E159 
Population Biology Evolutionary History and (L. C. Birch and P. R Ehriich), 349 
Family and Brochemical Investigation of Human Adenylate nase 
Polymorphism (James E. Bowman, Bean Frischer, Franco Anjar, Paul E 
Carson and Miriam Kahn Gower), 1156 


Pores freeze Dried Cellulose Acetate Membranes with 1000 A (H. P. Rothbaum), 


Porphobilinogen* Condensation of (C. Rimingtgin), correspondence, 220 

Porter, Ruth see de Rauck, A. V. $., review 

Portland Cement: see Strength Development in Calcarious Cements (S 
Chattery: and J. W Jeffery), 559 

Possible Mode of Action of a Naturally Occurring Cardioton:ie Substance tn 
Mammalian Tissue (K. S. Lee and R. H Thorp), 1352 

Acetylcholine John D Stevens), 199 

Post Office, news, 123 and 229 

Postgiactal-Glacial Change in Climate in the indian Ocean pene R. Conolly), 873 

Post aamorrhagic Shock in Dogs treated with Reserpine Increased Tolerance to 
{L Angelucet et ol ), 202 

Post-irradiation Recovery: Effect of a Second Exposure to X rays on (Bo 
Littbrand and László Révész), 841 

Postnatal Neurogenesis in the Guinea pig (Joseph Altman and Das D. Gopal}, 1098 

Potassium-, Ammonium- and Fructose-1,6-diphosphate Activation of Yeast 
Fyruvara Kinase Interaction between (Benno Hess and Rainer Haeckal), 


Potassium in the Marine Algao Ulva lactuca L. and Chastomorpha darwinii (Hooker) 

erie: Rubidium as a Tracer for (Keith R. West and Michael G Pitman), 
Pump related to Genaration of End-plate Potentials in Muscle Electro- 
genic (R, P Kernan), 725 
ransportin Normal and Mutant Yeasts: Inhibition by o-Phenanthroline 

Sodium and (C. Reilly), 1330 

Potato Tuber Cylinders: Translocation of Tritium-labelled Gibberellic Acid in 
Pea Stam Segments and (Mahmood A. Clor), 1263 

Potatoes: a Transient Protein Component in Leaves of Young Potato Plants 
Chymotrypsin Inhibitor | from (C A. Ryan and ©. C., Hursman), 1047 

Potenta! Differences in Small Intestine. Interpretation of Hexose-dapendent 
Electrical (Stanley G Schultz et al ), 509 

Potentials of Cultured Animal Cells: Chemical Carcinogen-induced Alterations 
in the (L. J Alfred), 732 

Potentiation of Adenosine by Dipyridamole (Anne Stafford), 390 

of Carbay Tatrachloride Toxicity by Dimethyl Sulphoxide (J W. Freston 

and] A D., Boucher), 734 

Powder Metallurgy: Modern Developments in (Symposium), review by P.J} B 
Ctarricoats, 639 

Power Production, news, 645 

Pratt, T.C The Genetics of Neurological Disorders, review by L S Penrose, 63 

Precursors to Bleeding: Response of Early Erythroid (ismail R. A. Hanna), 355 

Pregnancy. Metabolism of Ribonucleic Acid in the Endometrium of the Rabbit 
during Early (M. L. Vitcorell: et al.), 890 

Pregnenolone and Progesterone by Cultured Plant Celis Transformation of 
(J.M. H Graves and W K. Smith), 1248 

Preimplantation Rat Embryo Lactic Dehydrogenase Activity in (Ralph E 
Bnnster), 1246 

Prescott, David M. (edited by) Methods tn Cell Physiology, review by J. M. 
Mitchison, 64 

Press, Frank’ see Ahrens, L H , et ai. 

Pressor Principle from Pig Serum: Isolation of a Non-dralysable Active (M 
Peterfik and YY Waldshausi), 279 

Prigonine, | : spe Defay, R. 


XXXİX 


Primary Hormone Acceptors after injection of Testosterone-434C 
into immature Rats Cell Proteins as (U Lippert, K-O Mosebach and G. 
Krampitz), 917 

odour see Specific Anosmia’ a Clue to che Olfactory Code (J E 
Amoora), 1095 

Structure of Hopkins-| Haemoglobin (A. J Gottlieb, E. A, Robinson and 
H. A itano), 189 

dda A ale Sulphoxide and Lens Changes in (K C. Barnett and P. R B 

oal), 

Neutrophil Alkaline Phosphatases in Blood Cells of (H -J Huser and 
B. A Olberding), 1043 

Prime Number Sequences Unusual (S A. Goudsmit), [164 

Primordial Fireball Transport Processes in che (Charles VY Misner), 40 

Principles of Astrometry (Peter van de Kamp), review by A D. Patford, 1376 

of Chemical Equilibrium, with Applications in Chemistry and Chemical 
Engineering Tho, Second ed. (Kenneth Denbigh), review by J E Prue, 


of Lithogenesis, Vol | (N M Strakhov), review by J R L Allen, 59 
Printing, Packaging and Allied Trades Research ation, news, I! 
Problems of tha Origin of the Anodic Part of Cerebrospinal Fluid Gamma-G- 
Se Soe Inflammatory Affections of the Central Nervous System (O 
olar), 
Proceedings of the Fifth International Seaweed Symposium, Halifax, Canada, 
review by G E. Fogg, 1276 

Procion M dyes see Cross-linking of Rac Tail Tendons with Chloro-s-triazines 
(Eugenio Zerloctr), 1304 

Production of Lymphocytosis by Polysacchande Polyzulphates (Heparinords) 
(Susuma Sasaki), 1041 

Profile of the Unidentified Interstellar Absorption Band at 4430 A at Difference 
Galactic Longitudes (Harry Seddon), 

Progesterone by Cultured Plant Cells Transformation of Pregnenolone and 
(O M.H Graves and W K. Smith), 1248 


Progress in Experimental Personality Research, Yo! 3 (Brendan A Maher), 
review by Varnon Hamilton, 539 
in the Scrence and Technology of the Rare Earths (Vol 2) (edited by 
LeRoy Eyring), review by K W Bagnall, 432 
Prolarvae Effect of Temperature on the Effiaency of Growth of Place (J. S 
Ryland and J. H. Nichols), 529 
Proliferation of Mycobacterium tuberculosis from Mouse Lung Tissue on Varvous 
Carbon Sources (©. Brezine et al ), 1036 
Proline. Lg Genova 828 (BIO) Leuctne->Proline (G. Sansone 
et ai.), 
Proof Reading Acoustic Factor in (D. W_ J. Corcoran), 851 
Propellants . Mechanics and Chemistry of Solid (Symposium), review by R Heron, 
6! 
Prophage Induction by N-Methyl-N’-nitro-N-nitrosoguanidine in a Group A 
Streptococcus (Horst Malka}, git 
Proposed Techniqua for classifying and identifying Encephalitogens (P. R 
Carnegie, G, Lamoureux and Bencina), 407 
Protective Antigen free from Toxic Activity and Histamme Senstuzing Factor. 
Isolation from Bordetella pertussis from (J Nagel), 96 
Effect of Antelymphocyuc Serum on Murine Lymphocytic Chorio- 
meningitis (A. WY. Gledhill), 178 


Protain and Nucleic Acad Synthesis in Lymph Node Calls of Thymectomized Rats 
Undergoing a Primary Immune Response (Charles E Slonecker and Wiliam 
O. Riecke}, 289 
3 biosynthesis. see Polyribosomes from Houseflies (C, M Tsrapalts et al.), 
58 


-Calore Mainutmtion: Intermedrary Metabolites and Adenine Nucleo- 
tides in Leucocytes of Children with (Takashi Yoshida et a/,), 525 
Componant in Leaves of Young Potato Plants: Chymotrypsin Inhibitor | 
from Potatoes. a Transient (C. A. Ryan and O C, Huisman), 1047 
Hormones Immunological Properties of (Symposium), review by F. J 
Cunningham, I! 
in Baan Hypocotyl. Auxin-induced Elimination of a (L V Sarkissian and 
T. C Spelsberg), 319 
Sequence and Structure (966° Atlas of (R V. Eck and O. Dayhoff), 
review by I. G. Jones, 854 
Sgnthasis by Pig Adrenal Polysomes Aminoacyltransferase Stimulation 
off eter C. Scriba and Marianne Fries), 9} 
ynthesis in Bean Leaves Cytokinin Effect of Benzyladenine’ Increase 
of Nucleic Acid and (B, | Pozsár et al.), 273 
Synthesis in Peripheral Nerve and Susceptability to Diphtherntic Neuro- 
pathy (D. F. Matheson and J B. Cavanagh), 721 
Synthesis in Rat Intestinal Slices by Tetracycline: Inhibition of (Norton 
J Greanberger), 702 
Turnover, nows, 869 
Proteinase in the Digestive Juice of the Silkworm, x moti L. Electro- 
phoretic Vanation of (M. Eguchi and N. Yoshitaka), 843 


Proteins as Primary Hormone Acceptors after Injection of Testosterone-4-"C into 
Immature Rats Cell (U. Lippert, K -O. Mosebach and G. Krampitz), 917 
Countercurrent Electrophoresis of (1 Broome and $ Raymond), 849 
for Seeing, news, 649 
in the Growth Cycle of Streptococcus lactis 
Nisinelike Basic (A. Hurst), 1232 
ke pra (ar oyatiyl ornithine, a Naw Amino-acid from Alkali- 
tr (KI Ziegler et al.), 
:three-dimensional structure, news, 336 
to Polyriecharidos by Means of Cyanogen Halides Chemical Coupling 
of Peptides and (Rolf Axén et al.), 1302 
Proteolytic Enzymes in vitro’ Dissection of Normal and Atherosclerotic Human 
Artery with (Abel Lazzarini Robertson, Jun. and Willram Insull, jun.), 821 
Proteus-Providence Group: Serological Specificities of Phenylalanine Deaminases 
of the (i A. Smit and J. N Coetzee), 1238 
Prothoracic Glands of Antheraea polyphemus Activation of the (Spencer J Barry 
and Cari N, McDaniel), 1032 
Proton Current Flow in Mitochondrial Systems (Peter Mitchell), 1327 
Norse in Mitochondrtal Membranes leading to Chance Fluctuations in 
pH? Is there (Britton Chance), 399 
synchrotron, 200 GeV, news, 5 
Protons in Engineering” Electrons, Neutrons and (J. R Eaton), review by B 
Ralph, 5. 
Protoplasts Py parum : Observations on the Killing of Microbral (Lucien B Guze 
et al.), 1343 
of Saccharomyces carlsbergensis: Uptake of Large Molecular Weight 
Radioactive RNA by (H. P. J. Bloemer and VY. V. Koninberger), 487 © 
Psoriasis Patite Mutants induced in Yeast by Dithranol (1,8,9-trihydroxyanthra- 
cane), an Importent Therapeutic Agent against (B O. Gillberg et al.}, 415 
Psychological Reactance: A Theory of (Jack W. Brehm), review by Neil @olton, 
Ul 


Function of Nisin and 


Psychomotor Retardation. see Axonic and Synaptic Lesions In Neuropsychiatric 
Disorders (Nicholas K. Gonatas), 352 ° 


s . 
~ a x 


Ke 


xi : INDEX ` 


Rsyehöparhy: Mental Deficiency, Aggressiveness and the XYY Syndrome (J. P 

eich, D S Borgaonkar and H M Herr), 500 

Puerta PRucan Technology, news, 961 

Pu h committee, news, 864 

Pulsating Gravitation. Geological Evidence for a (F Machado), 1317 

Pulse-labelled RNA of the Liver of the Rat Foetus’ Effect of X-irradiation on the 
Synthesis and Composition of {M _M. Simié et af), 489 

Pulse Radiolysis of Carbon Tetrachlonde Solutions: Transient Charge-transfer 
Complexes with Chlorine Atoms by (R. E, Buhler and M Ebert), 1220 

Pump in Insects, Cuticular Water (Paul W. Winston), 383 

Puparium Formation in the Larva of the Tsetse Fly, Glossina morsitans Westwood 
Effect of Ligaturing on (P. A. Langley}, 3 

Pupstensn a Mosquito Population Endogenous Diurnal Rhythm of (J. K. Nayar), 


Purifleation of Human Angiotensin (Kikuo Arakawa, Misako Nakatani and Motoom: 
Nakamura), 278 

Puromycin and Actinomycin D on the increase of Cystathionase and Cysteine 
Sulphinic Acid Decarboxylase Activities in the Liver of Thyroidectomized 
Rat- Effects of (Farnande Catagner, Odile Durieu-Trautmann and Marre- 
Christina Rain), 88 

on Insulin-stimulated Amino-acid Transport in Muscle. Effect of (Louis J. 

Elsas, Isidora Albrecht, Willam Koehne and Leon E, Rosenberg), 916 

“Pyrethrum” in Peonies (P J. Godin, T. A. King, ma Stahl and J Pfeifle), 319 

Pyrgomorphidae see Cardenolides (Heart Porsons) in a Grasshopper feeding on 
Milkweeds (J v. Euw et al ), 35 

Pyrophosphatase Activities in Human Serum: Alkaline Orthophosphatase and 
Inorganic (R Helen Eaton and D W. Moss), 842 

Pyruvate kinase reaction, see The lonic Environment and Metabolic Control 
(Fyfe L Bygrave), 667 


Qiian Mechanics Basic (Robert L White), review by L. R. B. Elton, 324 


ga Sources of (B L van der 
Theory of Atoms, Molecules, and the Solid State (edited by Per-Olov 
Lowdin), review by J, M Ziman, 325 
Yield of Photosynthesis in Synchronous Scenedesmus Cultures (Horst 
Senger and Norman! Brshop), 140 
Quark Albedo? A(M.R C McDowell and J B Hasted), 235 
Qutescent Centre in Excised Tomato Roots (D. R. Thomas), 739 
Quasars’ see Radio Sources and Peculiar Galaxies (Robert V Wagoner), 766 


aerden), review by John Maddox, 


+ 
F Varant of the Encephalomyocarditis Virus Polycationie Effect on Virulence 
of Nonpathogenic (John E. Craighead), 716 
Rabbit Immunoglobulin: A "New" Allotypic Specificity (A9) of (S. Dubiski and 
P.J Mullar), 696 
Visual Cortex: Reaction of Cells to Movement and Contrast (G B. 
Arden, Hisako Ikeda and R M Hil), 909 
Rabi ın Retirement, news, 863 
Reca Caste and (edited by Anthony de Reuck and Jule Knight), review by E. 
Sunderlane, |166 
Radar Evidence for Atmospheric Dust Layers around 85 km Altitude: Optical 
B. R Clemesha et al.), 261 
Radcliffe Observatory, news, 335 
Radiation Damage and Recovery of Bone Marrow in Mammals 
Analysis of (N L Shmakova et al.), 719 
Damage Sub-lechal and Lethal (M M. Elkind et al.), 1088 
mduced chromosome aberrations see Lymphocyte Survival in Men 
seed with X-rays for Ankylosing Spondylus (Karin E Buckton et af), 
Perpalley by Mixtures of Chemical Pratactors Reduction in (J. R. 
Masın and G Mattelin), 207 
Research, Vol. 1, Current Topics in {edited by Michael Ebert and Alma 
Howard), review by John F Loutit), 746 
Radio Astronomy (John D Kraus), review by I E Baldwin, 56 
japon by lo: Stimulation of Jupiter's (L. Marshall and W F. Libby), 


Cytological 


Emission from Galacuc OH 
{A_H. Cook), 689 
Emission from the Nucleus of the Andromeda Nebula (G G Pooley and 
S. Kenderdina), 1190 
Sources and Peculiar Galaxies (Robert V Wagoner), 766 
Sources at 38 Mc/s’ Discrete (O B. Slee and P. K Wraith), 971 
sources E of, news, 
sources, Non-thermal: see Ongin of Ultrarelativistic Cosmic Ray 
Particles (David Layzer), 772 
telescope, news, 335 
waves, dacametre, news, 119 
Radioactive Dating, news, 227 
a in Crystalline Shield Rocks. Abundance of (W F. Fahng et 
al.), 
Il Bones from Mongola Unusually (Jerzy Penske), 16l 
substances: Tha Toxicology of (Vol 3) (edited by A, A Letavet and E B, 
Kurlyandstaya), review by G E Harmson, 638 
Radiotodinated Bovine Serum Albumen to Mouse Spleen Calls: Binding of (D 
Naor and D Sulitzneau), 687 
Radionuclides in Colorado Deer Liver Fall-out (F. W Whicker et af), SUI 
Radioprotectors on the Cellular Renewal in tha Duodenum of Mice Influence 
of a Mixture of Chemical (J R., Musin and M. Lambret), 412 
Radiosensitivity of Oogonia and Oocytes in the Foetal and Neonatal Monkey 
G. Baker and Heather M Beaumont), 981 
Radtosensitization of Escherichia colt by Methyl Hydrazing and the Effect of Oxygen 
(H Moroson and D Martin), 304 
Radiostrontium in the Rat. Effect of Parathyroid Hormone and Vitamin A on the 
Retention of Farar Spreng), 513 
Rainbow Trout (Salmo goirdneri) of a Metabolite produced by the Fungus 
rium triainctum. Acute Toxicity to F O. Marasas, E B. Smalley, 
P. E. Degurse, J. R, Bamburg and R E Nichols), 817 
Pakhinsnov; V. V . Role of Forests in Water Conservation, review by L. Leyton, 
Raman Spectrum of Cyclopentadiene Nickel Nitrosyl 
and E R. Lippencott), 267 
Rand, Austin L., and Gilliard, E Thomas Handbook of New Guinea Birds, 
e@review by !, D. Macdonald, 67 
Random Packing of Spheres in Non-rigid Containers (J D. Bernal and J L. 
Finney), 265 
Ranunaglus flabellaris Temperature Dependent Leaf Morphogenesis in (Michael 
ul Johnson), 1354 
Rapid Extinction following Drug-inhibited Incidental Learning (B. McGonigle, 
S.J. McFarland and Pauline Coller), 531 


Brightnass and Temporal Yamations of 


Laser Exeited (i. J, Hyams 


Rare Earths (Vo! 2) Progress in the Science and Technology of the (edited by 
Le Roy Eyring), review by K W. Bagnall, 432 
Rasbora daniconi (Ham) Anaerobic Respiration in a Cyprnoid Fish (G B 
ur), 318 
Rat Colon Mucosa Human Serum Antibodies against (A R. McGiven et al ), 288 
Effect of Coffee and Tea on Serum Lipids in the (P Akinyanju ang John 
Yudkin), 426 
Nerve Fibres in Optic nerve of ohn Forrester and Alan Peters), 245 
Platelets Aggregation and, Adhesion of (Jay W Constantine), 1084 
Tal Tendons with Chloro-s-trrazines: Cross-linking of (Eugenio 
Zerlott:), 1304 
Rats: Simianty of the Rigor Mortis Process in Normal.and Germ-free (JC. 
Forrest et af), 507 . 
see Growth of Aortic Explants and Arteriosclerosis (Bernard C Wexler 
and Laura L. Thomas), 243 
Rauscher Strain Murine Leukaemta Virus. Malignant Transformation by (H 
Duc-Nguyen, E N. Rosenblum, N. A Wivel and M, Y A Smith), 81 
Reaction of Charcoal Particles with Carbon Dioxide and Water at Temperatures 
up to 2,600° K (M D. Gray and G. M Kimber), 797 
Reactivity A Dislaationi in Layer Structures’ Enhanced (J M Thomas and E L 
vans), 
Reactor, damaged, news, 340 
Reaginic Antibodies’ Salt Solubility of (Fernando Ortiz), 97 
Recent era Hormone Research (Vol 22) (Symposium), review by A J 
atty, 4 
Receptor Systems activated by Sympathomimetic Amines Differentiation of 
{A Lands ot al ), 597 ii 
Reciprocal im toto Conversion of Mycobacterium phle: <2Mycobacterium smegmatis 
by Mediation of an Intermediate Hybrid Genome 82h (S E Juhasz), 518 
interference between Mouse Mammary Tumour Virus and Leukaemia 
Virus (Francesco Squartint, Mama Olrvi, Giovanni B Bolis, Rodolpho 
Ribacch: and Gaetano Giraldo), 730 
Recombination in Conidiophores of Verticillium albo-atrum Mitotic (A C 
Hastie), 249 
Recovery Effect of a Second Exposure to X-rays on Post-irradiation (Bo 
Littbrand and Laszlo Révész), 841 
Recrystalizatiom, Grain Growth and Textures (Symposium), review by P L 
Pratt, 117 
Recychzations. Trimerization of a Bis-(8-katophosphonyl)-Metal 
involving (J J Bishop etal), HIH 
Red Alga Nature of the Adolase Activity in a Unicellular (N. J Anta and V 
Chorney), 1028 
and White Muscles in the Swimming of the Skipjack Tuna: 
{M, D. Rayner and M. J Keenan), 392 
Ballworm twa ae! castenea Hmps) by Mutagenic Agents: Chamo- 
sterilization of the (D G earmon), 1031 
cells‘ see Variants of 6-Phosphogluconate Dehydrogenase within a Com- 
munity (H Gordon et al ), 466 
Sea Brines. Hydrographic Observations of the (R G Munns, R J 
Stanley and C D Densmore), 1215 
Sea Origin of Hot Brines in the (D. T Pugh), 1003 
Water off Peru- Occurrence of {lohn H Ryther) [318 
Reductase in Barley: Distribution of Nitrate and Nitrite (B J Mifin), 1133 
Reduction of Audible Flame Noise by tha Application of Ultrasonics (F E J 
Briffa and R A. E. Fursey), 75 
of Pistelet Adhesiveness by Adenosine Diphosphate and Triphosphate 
(Dorothy Busfield and E, G Tomich), 1360 
in Radiation Lethality by Mixture of Chemical Protectors (J R Masin 
and G Mattelin), 207 
Redundant Cues by Monkeys with Inferotemporal Lesions 
Iversen and l. ee 241 
Reef Fishes. Vision of Bermuda (Edward R Baylor}, 306 
Rees, K.R see Zuckerman, A J 
Reeve, P . Trachoma, review, 1275 
Reflection Scanning Electron Diffraction from Growing Films (P {. Tillett and 
C W B Gngon), 77 
Raflexes Spinal Intercostal-phranic {E E. Decima et af), 312 
Regeneration: Effects of Hydroxyurea on Development and (J Brachet), 1132 
Regulator gane- see Specific Binding of the 7 Phage Repressor to 4 DNA (Mark 
Prashne), 232 
Regulatory Genes controlling the Synthesis of Heavy Chains of Human Immuno- 
globulin-G (Noelena Lobb, C. C Curtain and Chev Kidson), 783 
soe Mutant Drug Resistant Factors of High Transmussibility (Elinor 
Maynell and Naom: Datta), 885 
Rehydration: Formation of Nucleic Acid Coacervates by Dehydration (Adolf E 
Smith et al ), 1038 
Reich, Leo, and Schindler, A. Polymerization by Organometallic Compounds, 
review by R. Robinson, 1061 
Rejection of Skin Grafts from Tumour bearing Syngenaic Donors (George J 
Svet-Moldavsky, Demurt M Mkherdze and Alexander L. kiozner), 693 
Rejoining of X-ray Induced Breaks in the DNA of Leukaemia Cells (J T. Lett, 
1 Caldwell, C.J Dean and P Alexander), 790 
Relation of Magnesium to Caluum in Human Blood Serum (Anne M. Briscoe and 
Charles Raglan), 1126 
Relationship between Elastic and Contractile Components in Mammalian and 
Skeletal Muscle (J B Wells), 198 
Factor V and Activated Factor X in the Generation of Prothrombinase 
(Peter G. Barton, Craig M, Jackson and Donald J Hanahan), 923 
Partition Data and the Adsorption of some Herbicides by Soils {R J 
Hance), 630 
i parotong and the Circadian Rhythm In some Nocturnal Moths (C F 
inks), 3 
the Electromyogram and Isometric Reftex Response in Pre-strain Con- 
ditions in Normal Humans (Alex M. Clarke), 1114 
Ralease of Lipoprotein Lipase from the Perfused Liver of the Rat (J M, Felts and 
P A, Mayes), 620 
Serotonin fram Human Platelets in Hypersensitivity States (E A Caspary 
and J S Comaush), 286 
Renal! Excretion of Interferon (Monto Ho and Bosko Postic), 1230 
Fructose-1-Phosphate Aldolase Activity in Hereditary Fructose In- 
tolerance Absence of (R, C Morns, jun,! Ueki, D. Loh, R. Z Eanes and 
P MeLin), 920 
Tumour by Streptozotocin in Rats- Induction of (R. N. Arison and 
E L. Feudale), 1254 
Reovirus Type 2 and the Effect of Ara-C Macromolecular Synthesis tn Cells 
infected with (Philip C. Loh and Marjorie Soergel), 622 
Repalr Paplicatton tn Bacteria; Normal Replication of DNA after (P C Hana- 
walt), 269 
panics of DNA after Repair Replication in Bacteria Normal (P. C Hana- 
walt), 269 
fians. Behaviour of Bovine X-chromosomes during Early DNA Synthesis 
B B Mukherjee, A K. Sinha, K E Mann, S K Ghosaland W C Wright), 
10 ä 


Complex 


Role of 


Perception of (Susan 


Repressor to 2 DNA: aprile Binding of the 2 Phage (Mark Ptashne), 232 
Reproduction: Effects of External Samuli on (edited by G, E. W, Wolstenholma 
and Maave O'Connor}, review by J, R. Clarke, 745 * 
Reproductive Cycles of Gammarus: Resting Stage in the (VY. J. Steele), 1034 
Processes in Living Cells Gharacterization of the Time Variations of 
omas F., Budinger and Robert J, Howertan), 397 
Structures in the Bear Macaque, Macaca arcto;des' Complementary 
Specialrzation of Male and Female (Jack Fooden), 939 
Reptiles: Pathogenicity of the Chicken Sarcoma Virus (Schmidt-Ruppin) for 
Amphibians and (George J. Svet-Moldavsky et af), 300 
Research associations $= British government grants for, news, 964 
contracts, news, 
Resende, Professor Flavio, obituary, 435 
Reserpine: Antigonadotrophic Effects of a-methyltyrasine, Mathyzergide and 
{P. $ Brown), 1268 
In the Area Postrama and the Floor of the Fourth Ventricle of the Mouse. 
Localrzation of Tritinted (A_K. S. Ho), 1266 
Increased Tolerance to Posthaemorrhagic Shock in Dogs treated with 
{L Angeluce: et al.), 202 
on Metabolism and Chemical Constituents of Turkey Tests: Effect of 
Chronic (L, L Ewing, R. D Montgomery, D. M Baldwin, R. F. Clegg, J. F. 
terce, M A, Maloney and J, C. Gilbreath), 1267 
Resolution of Coriolis Parameters for Former Epochs (H. Barraclough Fell), 1192 
5-nucleotidase of Sheep Brain from Non-specific Phosphatase and its 
Inhibition by Nucleoside-triphosphates (P, L pata), 618 
Respiration of Sea Urchin Spermatozoa: Effact of Egg Sulpholipid on (Yuhko 
Isono et al), 1336 
af a Cyprinoid Fish Rasbora danicontus (Ham)* Anaerobic (G B. Mathur), 


Respiratory States of Mitochondria: Substrate Transformations dependent on 
(G. Schafer et al), 20 
Response of Early Erythroid Precursors to Bleeding (smal R. A Hanna), 355 
isolated Bullfrog Gastric Mucosa to a Gastrin-like Pentapeptide (Warren 
D. Davidson, Carlos A E, Lemmi and James C Thompson), 595 
Pinas irradiated with Lethal and Sublechal Doses of y-Radiation (James 
P, OKunewrck and Stephen & Herrick), 514 
Resting Stage in the Reproductive Cycles of Gammarus (Y. J. Steele), 1034 
Retardation of Flower Opening in Oenothera lamarckiana caused by Blue and 
Green Light (Michi Sarto and Toshio Yamaki), 1027 
Retina_on the Two Components of the Early Recaptor Potential: Effect of 
Changes In the Chemical Environment of the (William L Pak et af), 109 
Rhodopsin and Retinochrome In the Octopus (Tomiyuki Hara et at). 572 
Rhedopan and Retinochrome In the Squid (Tomiyuki Hara and Reiko 


Simultaneous Recording of S and Spike Potentials from Fish (K, 1, Nake 

and Keiko Kishida), 1117 
meelngclrorme in the Octopus Retina: Rhodopsin and (Tomryuki Hara et al.), 
in the Squid Retina» Rhodopsin and (Tomryuki Hara and Reiko Hara), 573 
Rauck A V. S. de, and Knight, Julie (edited by): Histones, review by J. O. Bishop, 


and Porter, Ruth (edited by): Development of tha Lung, review by 
K. W., Cross, 214 
nand Knight, Juhe (edited by): Caste and Race, review by E. Sunderland, 


Raversible Dissociation in vitro: Sub-units of Acid Phosphatase-I in Drosophila 
melanogaster (Ross J, Maclntyre and Margaret R. Dean), 274 
Rewarding Brain Stimulation, Sexual Behaviour, and Foot Shock: “Foot- 

stomping” In the Gerbil (Aryeh Routtenberg and Ronal C Kramis}, 173 
Rhacophoridae): Co-operation of Three Males in Nest Construction by Chiro- 
mantis rufescens Gunther (Amphibta;: (Malcolm J. Coa), 112 
Rheology: Hysteresis Experiment tn (J Harris), 
Rhesus Monkey: Contraceptive Action of Intra-uterina Devices in the (W. A. 
Kelly and J H, Marston), 735 
Sexual Performance Index of Male (Richard P Michaal and G. Sasyman), 


Rhodopsin and Retinochrome in the Octopus Retina (Tomiyuki Hara, Retko Hara 
and Jitsuzo Takeuchi), 572 
ate Retinochrome in the Squid Retina (Tomiyuki Hara and Reiko Hara), 


see Photo-chemistry of lodopsin (Toru Yoshizawa and George Wald), 566 

Ribonuclele Acid in the Endometrium of the Rabbit during Early Pregnancy: 
Metabolism of (M. L. Vittorall: et al.), 890 

Ribosomal Aggregates: Nissi Substance and (J. G. Nievel and J, N. Cumings), 


RNA In ColchinIne-induced Tetraploids of Solanum tubarosum L. (P. H. Li 
and W. R. Andersen), 86 
Ribosoma proteins, new, 121; Ribosome Synthesis, news, 963 
Ribosomes: Antibjotics and, news, 551 
news, 228 
see Folyribosomes from Houseflies (C. M. Tsrapalis et al.), 358 
Rieck, G D.* Tungsten and its Compounds, review by P. C, H. Mitchell, 1277 
Right-handed Helical Structure with the Parameters of the Pauling-Corey a-helix: 
A Second (George Némethy et al.), 363 
Rigor Morts Process in Normal and Germ-free Rats: Similarity of che (J C. 
Forrest et al.), 507 
RNA Bacteriophage Replication, news, 1287 
by Protoplasts of Saccharomyces carlsbergensis: Uptake of Large 
Piolsculir Weight Radioactive (H. P. J. Bloemer and V. V, Koninberger), 


from Rat Liver Nuclei 
etal), $122 

of the Liver of the Rat Foatus’ Effect of X-irradiation on the Synthesis 
and Composition of Pulsad-labelled (M, M. Stmid et al ), 489 

Optical Rotatory Dispersion of Double-stranded (P. J. Oriel and Janice 


Massenger Activity of Purmfled (R. Brentani 


Wilder), 702 
Polymerase: 3-Methylcholanthrena and Phenobarbital Stimulation of 
Rat Liver (H VY. Gelboin et al.), 28 


yter tn Shed Human Spermatozoa: Absence of (Moshe Markewitz 
et al. 
Synthesis, specificity in, news, 1181 

Synthesis: see Srze Fractionation of Exponentially Growing Escherichia 
cols (Haim Manor and Robert Haselkorn), be3 

see Specific Binding of the 4 Phage Repressor to A DNA (Mark Ptashne), 


232 
Road Traine Flow: the Theory of (Winifred D Ashton), review by Walter Helly, 


Robens, Lord, news, 1289 

Robinson, Dr. D G., news, 441; 443 

Robinson, F. A.: The Vitamin Co-Factors of Enzyme Systems, review by K. 
Brocklehurst, 64 

Robinson, R . Polymarzation by Organometallic Compounds, review, 106] 

Rocket Electron Density Perturbations in tha lonosphere (W. J. G. Beynon), 690 


: "INDEX : 


xli 


Rod pigment’ see Photochemistry of lodopsin (Toru Yorhizawa and George 


aid), 
Rodent Thyroid C Cells: Cytochemical Evidence for an Ultimobranchial Origin 
of (A. G. E. Pearse and A. F Carvalheira), 928 
Roslofsen, Professor P. A, obituary by R. D. Preston, 435 
Role of Impurities tn Thermal lonization (J. N Bradley and P A, Robinson), [218 
red and white muscles in the swimming of the Skipjack Tuna (M. D. 
Rayner and M J. Keenan), 392 


Rolling Disease {Labyrinthitis) in Laboratory Rate: Tetracycline as a Cure for 
urt Ahman), 818 
Romer, Alfred Sherwood: Vertebrate Palaeontology, Third ed , review by Wilma 
George, 1167 


Root Systems in Plants showing Lime-induced Chloposis: Coralloid (T. C. 
Hutchinson), 943 
Roots of the Banyan Tree: Azotobacter chroococcum tn the Aerial (Y. Iswaran and 
N. S Subbs-Rao), 814 
Quiescent Centre in Excised Tomato (D. R. Thomas), 739 
Rose, Arthur and Elizabech: The Condensed Chemical Dictionary, Seventh ed., 
review by A.M Marshall, 58 
Rotation and Heating of the Planet Mercury (Steven Soter and Juris Ulrichs), 1315 
and the Helium Line Strengths in B Stars (A R. Hyland), 899 
Royal Insutuce of Chemistry, news, 335 x 
Meteorological Socraty, news, 441, and 443 
Society, conference on manpower prgbienis: sto Education for Change 
(D. $ Davies and M, C ey t 
Rozental, $ (edited by); Niels Bohr: His Life and Work as seen by his Friends 
and Colleagues, review, 62 
Rubella. Phytohaemagglucinin Unresponslveness of Lymphocytes from Babies 
with Congenital (George B. Olson ot al ), 695 
Rubidium as a Tracer tor Potassium tn the Marine Algae Ulva lactuca L and 
Ci darwinn (Hooker) Kuetang (Keith R. West and Michael G 
Preman), 1262 


Rubidium-86: Labelling of Aphid Saliva with (K, P, Lamb ot al.), 602 

Ruminant Animals: Separating the Effects of Digestibility and Palatibility on 
Food Intake tn (J. F D. Greanhalgh and G. W. Reid), 744 

Runcorn, S$. K.: see Ahrens, L H., et ol. 

Runoff Theory of Stream (N. P. Chebotarey), review by R. C Ward, 60 

Rural Dogs: Tonsillar Carcinoma in . L. Ragland, tl, and John R Gorham), 925 

Russell, Bertrand: The Autobiography of Bertrand Russell, 1872-1914, revrew by 
D. G., King-Hele, 323 

Russian Electron Accelerator: A (W. A. Osman), 1185 

Rutherford and the Nature of the Atom (E. N. da C. Andrade), review by G. P. 
Thomson, 324 

Rutherford Laboratory, mews, 1287 


S and Spike Potentials from the Fish Retina: Simultaneous Recording of (K. |. 
Naka and Keiko Kishida), 1117 

Saccharomyces carlsbergensis ` Uptake of Large Molecular Weight Radioactive 
RNA by (H. P. } Bloamer and Y V., Koninberger), 487 

Saliva, Duodenal Fluid and Urine: Demonstration of IgA Polioantibody in (Ruth 
Berger et al}, 420 

with Rubidium-86: Labelling of Aphid (K. P. Lamb et al ), 602 

Salmonelia typinmurium and S. typhi: Mobilization of Transduced Tetracycline 
Resistance by the A Transfer Factor in (E. S. Anderson and Dorothy 
Perret), 810 

Salomon, G.: see Houwink, R. 

Sale Solubility of Reaginte Antibodies (Fernando Ortiz), 97 

(Salvelinus willughbr Guither); forma autumnalis and forma vernalis) - 
pigments in the Char of Lake Windermera (C. D. B. Bndges), 205 

Sanadı, D., R. (edited by}: Current Topics in Bioenergetics, Yol. 1, review by E R. 
Radfearn, 65 

Sanidine from Western Australia: Authigenic High (J. E. Glover and P. Hoseman), 


262 

Sand Dune Slack Region: Transfer of Biologically Fixed Nitrogen in a (W. D. P. 
Stewart), 603 

Sapwood see Moisture Content of Living Trees (Charles M Stewart), 138 

Sarcinaxanthin: Identity of tha C,,Carotenoid Dehydrogenans-P439 and (S. 
Liaaen-Jensen et al.), 379 

Sarcoma after Four Consecutive Passages in F, Hybrids: Persistence Bf ayigenele 
Preference givan by a Methylcholanthrene-induced (D. Oth and Burg), 


Photo- 


418 
Virus (Schmidt-Ruppin} for Amphibians and Reptiles: Pathogenicity of 
the Chicken (George p Svet-Moldavsky et gd) 300 
Sardinia: Geomagnetic Variations observed at Maddalena [sland (M. Giorgi and 
1. Yokoyama), 477 
Sario, Leo, and Peasy Kiyosho: Value Distribution Theory, review by W. K 
Hayman, 
Satellite, neah news, 549; Satellite Virus: Tobacco Necrosis and its (B. Kas- 
sanis), 178 
Satellites: Observing Earth (Desmond King-Hele), review by John Spencer, 56 
Saturn. Concerning the "D" Ring of (W. A, Ferbelmen), 793 
Saul, S. B.: see Burns, Tom 
Scanning Antennas; Microwave (edited by R. C, Hansen), review by P, J. B. 
Clarricoats, 638 
Cardrac and Skeletal Muscle: Ischaamia Detecting Radioactive Substances 
for (P, Málek et al.), 1130 
Electron Diffraction from Growing Films: Reflection (P. L Tillett and 
C W. B. Grigson), 77 
Scenedesmus Cultures Quantum Yield of Photosynthesis in Synchronous (Horst 
Senger and Norman |. Bishop), 140 
Schaller, eorge B.. The Deer and the Tiger, review by L, Harrison Matthews, 
372 
Schindler, A.: see Reich, Leo 
Sei to el of Eimeria acervulina Tyzzer, 1929 (E. W. Warren and S. J. 
Ball), 
Schizophrenia: Amines and (edited by Harold E. Himwich, Seymour S. Kety and 
John R Smythies), review by Alan A Boulton, 1165 
and Other Conditions: Identity and Significance of Some Pink Spots in 
(Thomas L. Perry et al.), 484 


see Adrenergic Effect of Chronic Administration of Neuroleptes (E. L 
Schelkunoy), 1210 
The “Pink Spot” in (ert Closs et al ), 483 
Schmitz, John V. (edited by): Testing of Polymers, Vol. 2, review by D W. 
Hadley, 950-1 


School mathematics, news, 338 ? 
Schuster, Rudolf M.: The Hepaticae and Anthocerotaa of North America, Voi. |, 
review by A. R, at Ol 
Science of Scienca Foundation, news, |, 3 e 
see The Limitation of Advisers, 341 
Scaences: the Influence of Sterotypes on Language. Arts and (L. Hudson), 968 
Scientific literature: see Is the Literature Dead or Alive? (John Maddox) 1@77 


e e e 
a a . 


=v 


xl 


Scrapie, news, 755, Scrapie Replicate without Nucleare Acid?. Does the Agent of 
(Tikvah Alper, W. A. Cramp, D A. Hag and M, C Clarke), 764 
Sea-horse* Dual Neurosecretory Innervation of the Adenohypophysis of Hippo- 
campus, the (Francis Knowles et al: 309 
Seal Hunting in the Gulf of St, Lawrence (Elizabeth Simpson), 1274 
Sea Urchin Spermatozoa: Effect of Egg Sulpholipid on Respiration of (Yuhko 
lsono et al.), 1336 
Water by Co-precipitation 
Chapman and A C Rae), 627 
Water Evidenced for Organic Complexed Copper in (J Frank Slowly 


Isolation of Organic Solutes from (G. 


Seaweed Sympostum, Halifax, Can 
review by G. E Fogg, 1276 

Second Right-handed Helical Structure with the Parameters of the Pauling-Corey 
a-halix: A (George Némethy, D. C, Phillips, S. J, Leach and Harold A. 
Scheraga), 3 

Sacondary Alcona! Sulphate by è Bacterial Enzyme: Hydrolysis of (W. J. Payne 
et al.), 

Secretion and Immunogenicity of Dwarf Tapeworm Esterases (Robart M. 
Coleman, Francis X, Venuta and Walter J Firman, jun ), 5 

of Mucopolysaccharnides in the Whelk Buccinum undatum l. (S. Hunt), 395 

Secretory Cells: Lactate Dehydrogenase lsozymes during Dedifferentsation tn 
Cultures of Mammary (Antonio Blanco et al ), 133! 

Sedimentary-ediphic Control Theory of Cyclic Sedimentation (P McL. D. Duff), 


Xenoliths in the Kimberlites of Sierra Leona’ Unmetamorphosed Yol- 
canic and (F. H. Hubbard), 1004 
Sedimentation at Unit Gravity Separation of Bone Marrow Cells by (Elbert A. 
Peterson and Warren H Evans), 824 
Sedimentology. Developments in, Vol 9B (edited by George V. Chilingar ot al ), 
review by ©, J. R. Braithwasce, 6f 
Sediments: Microtektites in Deep-sea (Bill Glass), 372 
Seeds: Comparison of the Effects of Gibberellic Acid and Aflatoxin in Germinating 
(H. C. Jones et al.), 171 
Similar Germination Responses when Osmotically Inhibited: Dormant 
and Non-dormant (Walter T. McDonough), 1147 
Select Committee on Science and Techno ogy, news, 447, 545, 761, 1182 
Selection against Chromosome Aberrations in Human Lymphocytes (Masao S. 
Sasakı and Amos Norman), 502 
Generalized F-Statıstics and the Theory of Inbreeding and (S. K. Jain and 
P, La Workman), 674 
Selectiva Deamination of Nucleosides by 2,4-Dinitropheny! Hydrazina (Anil B. 
Patel and Harry Darrow Brown), 
Modification of Mitochondrial Malate Dehydrogenase Actrvity by Changes 
in lonic Strength (Ernest Kun, Robert Z. Eanes and Pierra Yolfin), | 
Selenium of the Electrochemical Oxidation of Formic Acid on Platinum Catalysts : 
Acceleration by Adsorbed Sulphur and (H Binder at eee 268 

Selezneva, E. S.* Physics of the Atmosphere, review by G. A. Bull, 1376 

Self-association of Phenolics and of Bile Acid Derivatives (W. S. Bennet, G. 
Eglinton and S. Kovac}, 776 

Self inhibitors of Fungi: Alkaloids as (B. T. Lingappa and Yamuna Lingappa), 516 
propulsion of Continents: Convective (John Elder), 657 

Selling povarnmentdeveloped technology to industry {Conference}, news, 646, 


Semen: Thalidomide in Rabbit (C Lutwak-Mann et a/), 1018 
Semiconductor Physics: Solid State (John P. McKalvey), review by K. Hoselitz, 
Semiconductors and Metals; Insulators, (John C. Slater), review by J. M. Ziman, 
Semliki Forest Virus in Brun’ Assembly of (S. M. McGaee-Russell and G. 
Gosztonyi), 1204 
Sen, Dr. J. K., obituary, 328 
Senescence, Abscisson and Cellulase Activity In Phaseolus vulgaris (Roger F. 
Horton and Daphne J. Osborne), 1086 
of Nasturtlum Leaf Disks: Interaction of Growth Regulators in the 
(Leonard Beevers and Frances S. Guernsey), 941 
Sensitization of Frog Melanophores by Mammalian Antibody (Y. H. Abdulla and 
Taposh K Das Gupta), 1231 
Separate Neurons: Evidence for the Synthesis of Oxytocan and Vasopressin in 
{Hilda Wey! Sokol and Heinz Valtin), 314 
Separating the Effects of Digestibility and Palacability on Food Intake in Ruminant 
Animals (J, F. D Greenhalgh and G. W. Reid), 744 
Separation of Bone Marrow Cells by Sedimentation at Unit Gravity (Elbert A. 
Paterson and Warren H Evans), 824 
Sequenators, news, 865 
Sera C de B and L.L. Antilipoprotein Nuoro Serum (C.P.) and its Relation to 
Gan Hirschfeld et af.), 495 
y-Globulln tn Foetal Bovine: Significance in Virology (A J. Kniazeff, V. 
Rumer and L. Gaeta), 805 
Immunoglobulins and Transferrin in Marine Lamprey (G. A. Boffa et af), 


700 
Serine and Therma! Stability of Collagen: Correlation between (B. J. Rigby), 87 


Serological Difference between Austraiian Trout Fesh Species: Unusual Human 
Asglutinin defining a (M. L. Verso), 1361 
pecificaties of Phanylalamine Deaminases of the Proteus-Providence 
Group (J. A. Smit and J. N, Coetzee), 1238 


Serotonin from Human Platelets In Hypersensitivity States: Release of (E. A. 
Caspary and J. S. Comaish), 286 
and the Circadian Rhythm in some Nocturnal Moths: Relationship 
between (C, F. Hinks), 
ane Chlortetracyclina and Mouse Intestinal Wall (Hyman Rosen et al), 


Serum: A Heat-labile Skin Sensltizing Activity of Mouse (Joan MeCamish), 1228 
Alkalina Orthophosphatase and Inorganic Pyrophosphatase Activities in 
Human (R. Helen Eaton and D, W. Moss), 842 
Antibodies nst Rat Colon Mucosa: Human (A R. McGiven et al). 288 
Antinuclear Factor and the Influence of Environment in Mice (R D. 
Barnes and Maureen Tuffrey), 1136 
Isolation of a Non-dtalysable Active Pressor Principle from Pig (M. 
Peterhk and W. Waldhausl), 279 
aps on the Rat Effect of Coffee and Tea on (P, Akinyanju and John 
Yudkin), 426 
Naphthylamidase isozymes during Treatment with Oral Contraceptives- 
e Alterations in (G. Arturson, L. Beckman and B. H Persson), 1252 
Observations on the Killing of Microbial Protoplasts by (Lucien B. Guze 
ot al }, 1343 
SexeChromatin in Amniotic Mambrane of Rat Foetuses> Technique for Investiga» 
tion of (Elvira Farias et al.), 499 
~depandent Protein in the Rat: Androgenic Control of a (Arun K. Roy 
© and Otto w Neuhaus), 618 


e a 


' INDEX 


Differences in Human Skeletal Involution (Murray H. Bartley, jun. and 
dJamez S Arnold), 908 
Differences; The Development of (edited by Eleanor Maccoby), review 
by Brran Sutton-Smith, 1371 
Differentiation m Mammals (Ursula Mittwoch), 554 
Sexing of Live Rabbit Bi Gdwards and R. L. Gardner), 576 
Sexual Behaviour, and Foot Shock, ‘‘Foot-stomping”’ in the Gerbil: R&warding 
Brain Stimulation (Aryeh Routtenberg and Ronald C Kramis), | 
Performance index of Male Rhesus Monkeys (Richard P Michael and G. 
Saayman), 425 « 
Sexualité YCharles Houillon), review by P. J, Kelly, 1058 
Sexuality and Apomimxis in Taraxacum (D. H. Valentine and A J. Richards), 114 
Shape Discrimination: Detection and Recognition Measures of (R Over), 1270 
Shearing on the Onset of Breeding in the Ewe: Effect of Time of (J. L pee) 743 
Sheath and Axial Filament of Calcareous Sponge Spicules (W Clifford Jones), 365 
Shed Human Spermatozoa: Absence of RNA Synthesis in (Moshe Markewitz et 


al), 402 

Sheep, Cottle and Camels Vasopressins and the Increase of Water and Electro- 
lyte Excretion by (W. V. MacFarlane et a/.), 979 

Shell Bird Book The (James Fisher), review by F A L. Clowes, 214 

Shield Rocks: Abundance of Radioactive Elements in Crystalline (W, F. Fahng 


etal), 1002 
Shifts in Electron Spectra of Nitrogen in Organic Molecules (R. Nordberg, R. G. 
Albridge, T. Bergmark, U. Ericson, Fahiman, K. Hamrin, J. Hedman, 


G. Johansson, C. Nordling, K. Seigbahn and B. Lindberg), 481 
Shock in Dogs treated with Reserpine. Increased Tolerance to Posthaemorrhagic 
L Angelucel et al.), 202 
pices of Pharbits and Chrysanthemum cultured in vitro: Flower Induction 
in Excised (Hiroshi Harada), 1027 
Shortening of the Muscle: ATP, Activation, and the Hert of (R. E. Davies et al.), 


Shoot 


shusdewn Control a Nuclear Reactors: Optimal (Milton Ash), review by W. 
u royd, 
Sidewiki . V.: The Organic Chemistry of Nitrogen, review by M. L. Tomlinson, 


Sierra Leone: Unmeramorphosed Volcanic and Sedimentary Xenoliths in the 
Kimberlites (F. H. Hubbard), 1004 
Silent case tis iors see Chemical Synthesis by Gas Phase Discharge (P. L. 
ing), 12: 
Silica’ Acuvity of a Macrophage Factor in Collagen Formation by (A. G. Hepple- 
stonand) A. Styles), $2] 
Silicate eer Crystal Structure of Na,Si;O,: a New Type of (Peter B. Jamieson), 


Sthelc Acid and the Reaction of Zine with Clays (K, G. Tiller), 852 
rikworm, Bombyx mor: L : Electrophoretic Vanation of Proteinase in the Diges- 
tive Juice of the (M Eguchi and N. Yoshitake), 843 
Silver (edited by Allison Butts), review by W. J. Kitchingman, 1375 
Simian Virus 40 which differ in Cell-transforming Activity’ Mutants of (Melnrad 
A. Koch and Hans J. Eggers), 178 
Similarity of the Rigor Mortis Process in Normal and Germ-free Rats (J. C. 
Forrest, L L. Kastenschmidt, M. L. Greaser, R, A. Sar, R. G. Cassens, 
W. G. Hoekstra and E, J, Briskey), 507 
Simple Immunological Labelling Method for Electron Microscopy and [ts Appli- 
nae to the Study of Filamentous Appendages of Bacteria (A M. Lawn), 
Simultaneous Recording of S and Spike Potentials from the Fish Retina (K. i. Nake 
and Keiko Kishida), 1117 
Singapore: Use of Tools by Wild Macaque Monkeys in (Mickey Chiang), 1258 
Single Partena Strain. Four Transfer Factors in a (Paul H. Hardy and E. Ellen 
all), 
Chromosome Affinities in the A Genome of Avena (Hugh Thomas and 
Tibor Rayhathy), 1357 
Crystals of Chlorapatite into Single Crystals of Hydroxyapatite: Con- 
version of (J C, Elliott and R. A. Young), 904 
Disc Electrophoretic Preparation Multiple Analyzes on a (Wilfred VY. 
Stuyvesant), 405 
Site of Action of Aflatoxin on Human Liver Calls in Culture (A. J. Zuckerman, 
R. Rees, D. Inman and Valerie Petts), 814 
of Action of Cocaine on the Perfused Artery (1. S. de ia Lande and J, G. 
Waterson), 313 
of the Visual Suppression Effect (Joel A. Michael), [008 
Size Fractionation of Exponentially Growing Escherichia coli (Halm Manor and 
Robert Haselkorn), 983 
frequency distributions * see Growth and Death of Computer Populations 
(G. Y. Craig and G. Oertel), 
Skeletal Involution. Sex Differences In Human (Murray H Bartley, jun. and 
James $ Arnold), 908 
Muscle: Change jn Enzyme Pattern after Cross-innervation of Fast and 
Slow (Victor Dubowitz and Donald L. Newman), 840 
Muscla: Ischaamm Detecting Radioactive Substances for Scanning 
Cardiac and (P, Málek et al ), 1130 
Skin Collagen of [ntact Living Mice: Effect of Ultra-violet Radiation on (Sam 
Shuster and Eva Bottoms), 599 
Grafting: Phenomenon of Tumour Transfer by (D. M. Mkheidze and 
A.L Liozner), 730 
Grafts from Tumour-bearng Syngeneic Donors: Rejection of (George J. 
Svet-Moldavsky et ai), 693 
of Rodents: N-Mathyl-N-Nitrosourea as a Strong Topica! Carcinogen 
when painted on (A. Graff et a/}, 61! 
Sensitrvity to Human Encephalltogan in Experimental Allergic Encephalo- 
myelitis! Delayed-type (Charles S. August et ai.), 1021 
Sensitrzing Activity of Mouse Serum: A Heat-labile (Joan McCamish), 


1228 

Skipjack Tuna: Role of Red and White Muscles in the Swimming of the (M D. 
Rayner and M J. Keenan), 392 

Skullin the T Coal Measures’ Discovery of an Anchracosaur (A. L, Panchen 
etal), 

Slater Jonn C.: insulators, Semiconductors and Metals, review by J. M Ziman, 


Shima Mould Dictyostaium discoideum: Germination Inhibitor from the Cellular 
(Constante Ceccarini and Arthur Cohen), 1345 
Small see Energetics of Coupled Events Involving (Harold Baum), 


Element of Space-time: Intramitochondrral pH a Statistical Question 
of Hydrogen lon Concentration in a (Peter Mitchell), 400 
Intestine Interpretation of Hexose-dependance Electrical Potential 
Differences in (Stanley G Schultz et of ), 509 
Small’ see Specific Anosmia’ a Clue to the Olfactory Code (J E Amoore), 1095 
Smith, Kenneth M Insect Virology, review by T W. Tinsley, 952-3 
Smooth Muscles: Effects of Gastrin and its Analogues on isolated (Emiha Mikos 
and J. R. Vane), 104 
Smythies, John R - see Himwich, Harold E., et al. 
Soap Systems: Flow Characteristics of Complex (A. White), 585 


; INDEX i 


Social Saence Research Counal grants, news, 649 n 
Theory and Economic Change (edited by Tom Burns and S. B. Saul), 
review by Asa Briggs, 74 
Society of Arcueil: The Maurice Crosland), review by A. Rupert Hall, 949 
Sodium and Potassium Transport in Normal and Mutant Yeasts: Inhibition by 
o-Phenanthroline (C. Reilly), 1330 
® Dodecylsulphate : Degradation of the Filamentous Phage ZJ/2 by (P. G. 
Wilhams and M, L. Fenwick), 712 
Excreting Factor in the Eel (Anguilla anguilla L) adapted to Sea Water: 
Cortisol’ a (N. Mayar et ai), 1118 
Naphthalanıid kyl Halide Chemiluminescence (J YY Haas, jun, and 
4. Elaine Baird), 1006 
se Pump of the Maia Muscle Fibre’ Insulin and the (E. Edward Bittar), 726 
NaS Op: a Now Type of Silicate Sheet ; Crystal Structure of (Peter B, Jamieson), 


Soll and the Production of Ammonium: 
Robinson), 534 
Density of Lunar (John W. Salisbury and Josei E M Adler), 156 
Dual Energy Gamma-ray Transmission for Coincident Measurement of 
Water Content and Dry Bulk Density of {B. D. Soane), 1273 
Organic Matter, Second ed (M. M Kononova), review by Alan Burges, 67 
Soils: Amazon (W G. Sombroek), review by R P Moss, 951-2 
Relationship between Partition Data and the Adsorption of some 
Herbiades by (R. J. Hance), 630 
Solanum tuberosum L.: Large Amounts of Ribosomal RNA in Colchieineanduced 
Tatraploids of (P, H. Li and W., R. Andersen), 86 
Solar Activity on tha Brightness and Polarization of the Zodiacal Light. Effect of 
the (A S. Asaad), 259 
and Geomagnetic Effects on Upper Atmospheric Temperature (S. 
Chandra and B, V. Krishnamurthy), 769 
oo A Gulde to the (Donald E Billings), review by Sydney Chapman, 


Anaerobic Incubation of (J. B. D. 


Disk Atmospheric Flattening of the (A H. Crbbens), 1316 
Oblateness: Differential Rotation and the (R, H. Dicke and H. Mark 
Goldenberg), 1294 
Spin-down Problem (L. N, Howard, D W. Moore and E. A Spiegel), 1297 
Solid ee: Mechanics and Chemistry of (Symposium), review by R. Heron, 


State: Quantum Theory of Atoms, Molecules and the (edited by Per- 
Olov Lowden), review by J. M Ziman, 325 
State Semiconductor Physics (John P. McKelvey), revrew by K. Hoselitz, 


536 
Solids; The Optical Properties of (edited by J, Tauc), review by H. Jones, 537 
Solubility of Reaginic Antibodies: Salt (Fernando Ortiz), 97 
Solubthzation of Erythrocyte Acetylcholinesterase by Ultrasonic Vibration (J J. 
Gordon and J P, Rutland), 
Soluble Protectrve Antigen obtained from eileen agin cally Serotypes of 
cherichia coli: Oral tmmunmation of Mice with a (H. W. Ocklitz et al.), 


proteins: see Molecular Structure and Antigenicity of Lens Proteins 
(Ruth M. Clayton and D. E. S. Truman), [201 
Solutions Involving Octahedral and Tetrahedral Complexes of a Metal lon: 
Autocomplex Formation in (W. Libus et a 
Paramagnetic Relaxation of Trapped 
Frozen (John Zimbrck and Larry Kevan), 
Solvent Composition: lon Parr Assocation Constants and (M, J. Blandamer), 380 
Soivents The Ghamisery of Non-Aqueous, Vol. | (edited by J. J. Lagowski), 
review by R, P. Ball, 748 
Sornatesarsony impulses: Cortico-thalamic Facilitation of (P. Andersen et al.), 


ee 
arogan Atoms in Irradrated 
693 


Sombroek, W. G.: Amazon Soils, review by R P. Moss, 951-2 
Some Physiological Characteristics of Auditory Flutter Fusion in Man (G. M., 
estar), 

Sordarta: ect of Camphor Vapour and Temperature on the Frequency of 
Aberrant Asci in (W J. Whittington and M. Penn), 605 

Soulsby, E. J L.: Textbook of Veterinary Clinical Parasitology, Vol. |, review by 
J.4.C Buckley, 69 

Saund and Oxytocic Activity of Plasma in Rats: Low Frequency (C. W. Ogle), 


Perception’ Asthma and High Frequency (R K. Mason), 99 
Sources of Quantum Mechanics (B. L van der Waerden), revrew by John Maddox, 


South of Scotland Electricity Generating Board, news, 553 
Southwood, T. R. E.: Ecological Mathods with Particular Reference to the Study 
of Insect Populations, review by H, B D, Kettlewell, 636 
Soviet Sciance Collaboration, news, 553 
Space exploration and microbiology, news, 648 
Research VII (Symposium), review by H Elliot, 1169 
Specration gradients: see Resolution of Coriolis Parameters for Former Epochs 
H. Barractough Fell), 1192 
Specific Anosmia: a Clue to the Olfactory Code (J. E. Amoore), [095 
Binding of the A Phage Repressor to 4 DNA (Mark Peashne), 232 
Specificity and Stereospeaficity of Alcohol Dehydrogenases: Substrate (F. M. 
Dictunson and K Dalzel), 31 


(antibod see Structure of Antibody Molecules (S. Cohen and C, 
Milstein), 449 
in Ri synthesrs, news, LISI 


Spectra and Molecular Structure (Vol. 3): Molecular (Gerhard Herzberg), review 
by D J Millen, 326 
of Ammonia Adsorption on a Supported Iron Catalyst: 
Effect (M C. Hobson, jun), 79 
of Non-polar Liquids and Crystals: 
Chantry et al), 163 
set Electron Spin Resonance Spectra of Heated Polynuclear Hydrocarbons 
(W. F. Forbas and J. C, Robinson}, 80 
Spectres des Moldcules Polygtomiques dans l'Ultraviolet à Vide Bibliographie 
(A. Johannin-Gilles), review by W. C. Price, 56 
Spectron py of 5) Developments in Applied {Symposium}, review by D. J. 
len, 
Spectrum of a Coronal Active Region. X-Ray Emission line (K. Evans et al.), 41 
Speech Communication in Very Noisy Environments (Colin Cherry and Roger 


Mossbauer 


Sub-millimeter Wave (G W. 


Wilay), 1164 

Sperm and She" Amylo:dosis in Guinea-pigs immunized with (S. J, Plank 
eta 

Spermatozoa: Absence of RNA Synthesis in Shed Human (Moshe Markewitz ot 
at}, 


inding of Tetracycline to Mammalian (R J Ericsson and V F Baker), 403 
crac of, FEE Sulpholipid on Respiration of Sea Urchin (Yuhko lsono 
et ai), 


Sperm oe Myoglobin: Binding of Cycloprapane to (Benno P Schoenbarn), 
Spoaresin Non-rigid Containers: Random Packing (J.D Bernal and J L. Finney) 


xii 


Spike Potentials from Fish Retina Simultaneous Recording of $ and (K. 1. Naka 
and Keiko Kishida), [117 
Spinal, Intercortalphrenic Reflexes (E. E. Decima, C, von Euler and U Thoden), 


Interneurones~ Association of Glycina with (R. A. Davidoff et al.), 680 
Spira! Air Bubbles tn tco (Charles A Knight), 1324 
Arm: Evidence for an association between Magnetic Freld and Gas Outflow 
from a (F, F, Gardner et al.), 371 
Spleen after Thymectomy: Storage of Colloidal Carbon in Liver and {iG V. 
Giusti and A. Cors, 916 
Cells: Binding of Radiotodinated Bovine Serum Albumen to Mause 
(D, Naor and D Suliezneau), 687 
see Cause of Homologous Disease (Lyle R Haim et al.), 26 
Spondylitis: Lymphocyte Survival in Men treated with X-rays for Ankylosing 
(Karin E. Buckton ot af ), 470 
Spontaneous Hereditary Mutation for a Recurrent Hairless Condition In Mice 
GF. Spalding and M, R. Brooks), 1264 
Mutants of Yeast Deficient In Glycogen (V. E. Chester), 1237 
Spontaneously Degenerating Human Embryonic Cell Culturas: Cytomegalovirus 
are ytopathic Changes in (Peter Dios: et al ), 419 ‘ 
Sporadic E in Middle Latitudes (J. D. Whitehead), 261 s 
E in Middle Latitudes: a Reply (David Layzer), 794 
Spores activated by Dimathylformamide and Dimethylsulphoxide: 
pantothenticus (Jean P. Widdowson), 812 
Spurdogfish: Transatlantic Movement of Tagged (M. J. Holden), 1140 
Squid ea ae and Retinochrome in the (Tomiyuki Hara and Reiko 
ara), 
hertiee of Grain Boundary Cavities in Copper (A. Gittins), 586 
Stafi, + sea under Lammeraner, J. 
Stalactitic and Related Forms: Deposition of Peat from Aqueous Suspensions: 
Natural Occurrence of (A. R Burke), 532 
Standardized nuclear reactor designs, news, 340 
Stansted, Essex, as a site for a third London airport, news, 754, 761 
Se real, ieee: Antilymphocyte Serum and (Peter J Morris and John F. 
urke), 
Staphylococcus aureus H : see Synthesis of Mucopeptide by L-form Membranes 
{Anadi N. Chatterjee et aly, i341 
Stars: Magellanic Cloud (A. D. Thackeray), 133 
Starvation on the Contractility of the Myocardium: Effects of (M. A Gimeno, 
A. L Gimeno and J. L. Lacuaraj, 1271 
Statistical Models: see Growth and Death of Computer Populations (G. Y. Crag 
and G Oartel), 870 
Question of Hydrogen ion Concentration in a Small Element of Space- 
time: Intramitochondrial pH * a (Peter Mitchell), 
Physics (Gregory H Wannter), review by G, M. Bell, 1168 
aeieea Estimates Committee relating to the (British) Government, 
news, 651 
Statistics: Notes on Thermodynamics and (Enrico Fermi), review by S. F 
Edwards, 54 
Stearic to Olerc Acid by Cyclopropene Fatty Acids: Inhibition of the Desaturation 
AIA R. Johnson, Judith À Pearson, F. S. Shenstone and A. C Fogerty), 
12 
Stearns, Harold T - Geology of the State of Hawah, review a ee M. Marshall, 60 
Stearyl Alcohol see Steroid Hormones and Monolayers (C. Y C. Pak and N. L. 
Gershfeld), 888 
Stedman's Medical Dictionary, review by J. Spencer, 853 
Steel nationalization, news, 
research in Britain, news, 863, 866 
Steinberg, Howard and Brotherton, Robert J : Organoboron Chemistry (Vol. 2), 
review by M. F, Lappert, 537 
Stem Growth. Inhibition of Flowering in Hyescymus niger by 6-Axaurac:! without 
Suppression of (F. Seidiovd et al.), 1146 
Stent, Gunther S.: see rns, John, et al. 
Stereospeciflcrty of Alcoho! Dehydrogenases. Substrate Specificity and (F M: 
s ‘pues mK Datzlei), ži A DN KGAA 
terold Dynamics (Symposium), review by D. N, Kirk, 
Hormones and Monolayers (C. Y. C, Pak and N L. Gershfeld), 888 
Hormones by an Immunochemical Technique: Estimation of (Sam M. 
Beiser and Bernard F. Erlanger), 1044 
Stimulation of Jupiser’s Radio Emission by fo (L Marshall and W. F. Libby), 126 
Stimulatory Effect of Phytohaemagglutinin on Protein and DNA Synthesis in 
Human Lymphocyte Cultures: Dissociation and Inhibition of the (S, R. 
Cooperband, J. A Green, M A Kennedy and M. M. Grant), 1240 
Stochastic Processes: Non-Linear Transformations of (edited by P |, Kuznetsov 
et al.}, review by M, B Priestley, 536 
Stomach of Rats: Labelled Fluoroborate in the (C. M E. Matthews), 933 
Stomata! Penetration’ Directional Growth and Stomatal Penetration (Ramesh 
Maheshwari and A C, Hilderbrandt), 1144 
Storage of Classical Conditioning $ubcortical (R. B. Ross and I, Steele Russell), 
0 


Bacillus 


of Colloidal Carbon in Liver and Spleen after Thymectomy (G. V. Giusti 
and A, Cors), 916 
Strakhov, N, M.: Principles of Lithogenasis, Vol. |, review by J. R L, Allen, 59 
Stratospheric warming: see The “Berin” Warming (John $, Belrose), 660 
Stratonovich, R. L see Kuznetsov, P. l., et al. 
Stratum corneum see “Bound Water” in Keratin Membranes measured by z 
Microbalance Technique (Robert J. Scheuplein and Linda J. Morgan), 456 
Strauss, W * Industrial Gas Cleaning, review by C. J, Stairmand, 327 
Stream Runoff Theory SLN P. Chebotarev), review by R. C. Ward, 60 
Strength Development ın Calcarious Cements (S Chatterji and J. W Jeffery), 559 
Fracture and Workabiltty of Coal: Tha (Ivor Evans and C. D Pomeroy), 
review by P. L Waters, 72 
Streptococcus lactis: Function of Nisin and Nisin-like Basic Proteins in the 
Growth Cycle of (A Hurst), 1232 
Prophage Induction by N-Methyl-N’-nitro-N-nitrosoguanidine In a 
Group A (Horst Malke), 811 
Streptozotocin in Rats: Induction of Renal Tumour by (R. N Arson and ÈE L 
Feudale), 1254 
Stress Corrosion Cracking Susceptibllity of a Titanium Alloy in a Non-electrolyte 
(George Sandoz), 166 
Strong Interactions (Symposium), review by E. Leader, 1374 
Suppressor Specific for UGA: A (J, F. Sambrook, D. P. Fan and S 
Branner), 452 
Strontian ane the Grert Glen Fault. Newer Granites of Foyers and (R. J. Marston), 


Strontium-90: Gonad Dose in Male Mice after Incorporation of (Walter A 
Muller), 931 * 
in human bones, news, 1286 
Structural Information and the Arrow of Time (Karl R Popper), 322 
Structure of a Monocarboxylle Acid Derivatrve of Vitamin Bi, (F. M. Nore, 
B T. M. Willis, Dorothy Crowfoot Hodgekin, C. K. Nockolds, T. N. M. 
Waters, J M. Vvaters and S Rameseshan), 129 
Anubody Molecules (S, Cohan and C. Milstein), 449, . 


I> o 


xliv 


Heterochromatin In Certain Call Nuclei: Fine (Howard G. Davies), 208 
the Mo, O& lon in a Crystal of Ammonium Heptamolybdate Tetrahydrace 
(E. Shimao), 170 
Strychnine and Cortical Inhibition (T J. Biscoe and D. R. Curtis), 914 
Studies of the Distribution of Haemoglobin E, Thalasssemias and Glucose-6« 
hosphate Dehydrogenase Deficiency tn Northeastern Thailand (P. West, 
$ Na-Nakorn and A Suingdumrong), 50! 
Subcellular Distribution of Norapinepheine in Uteri of Some Species (Y. Gutman 
and H. Weil-Malherbe), | 
Subcortical Electrical Stimulation Two Point Discrimination of (C. Romero- 
Sierra, N. A. Buchwald, C. Wakefleld and C. D Hull), 837 
Storage of Classical Conditioning {R B. Ross and 1. Steele Russell), 210 
Sub-lechal and Lethal Radiation Damage fl M Elkind, H. Sutton-Gilbert, W. B. 
Moses and C. Kamper), 1088 
Sub-millimeter Radiation. Heterodyne Detection of (H. A, Gebbre et af), 165 
Wave Observations at an Altituda of 40,000 ft. (M Bater, R. M, 
Cameron, W.! Burroughs and H. A Gabbie), 377 
Wave Spectra of Non-polar Liquids and Crystals (G. W. Chantry, H. A. 
Gebbie, B. Lassier and G Wyllie), 163 
Subsidence near the Equator (G. C. Asnani), 73 
Substrate Imbalance and Synchronization: Kinetics of Call Growth in Conditions 
of Phage Infection (A, C R. Dean and Cyril Hinshelwood), 108 
Specificity and Stereospecificity of Alcohol Dehydrogenases (F. M 
Dickinson and K. Dalziel), 3} 
Transformations Dependent on Respiratory States of Mitochondria (G, 
Schefer, P Balda, W Lamprecht, and R W. Von Korii): 20 
Sub-units of Acid Phosphatase-t in Drosophila melanogaster: Reversible Dissocia- 
tion in vitro (Ross J Macintyre and Margaret R. Dean), 274 
Suckling and Weanling Mice- Whole-body Retention of Caesium-137 in (Naonari 
Matsusaka and Jiro Inaba), 303 
Suez Canal: Effect of the Aswan High Dam on the Current Regime in the (Selim 
A Morcos), 901 
Sukatchev, Academician Vladimir, obituary, 328 
Sulpholipid on Respiration of Sea Urchin Spermatozoa: Effect of Egg (Yuhko 
Isono et al), 1336 
Sulphonamide to Carbonic Anhydrase: Metal lon Dependent Binding of (J. E 
Coleman}, 193 
Sulphur and Selenium of the Electrochemical Oxidation of Formic Acid on 
Platinum Catalysts: Acceleration by Adsorbed (H, Binder et al.}, 268 
Bridge on the Harbierdal Activity of Diquat: Effect of Introducing a 
(L A. Summers), 38! 
Dioxide and Trimethylamine In the Gas Phase and in Heptane: Charge- 
Transfer Complex between (Sherri! D. Christian and Just Grundnes), IIHI 
Summation of Motor Units in a Mechanically Elicited Phasic Stretch Reflex in 
Human Subjects (Alex M Clarke), [0! 
Sunlight and Frozen Bacteria (M. J. Ashwood-Smith, Johanne Copeland and J. 
Wilcockson}, 33 
Supercooled Liquids: Nucleation of Freezing by Cavitation in (R. Hickling), 379 
Supergiants: see Magellanic Cloud Stars (A D. Thackeray), 136 
Supernova: see Radio Emission from the Nucleus of the Andromeda Nebula 
(G. G. Pooley and $. Kenderdins), 1191 
Supersonic aircraft, news, 
Transport: Clear Arr Turbulence and (K. T. Spillane), 237 
Suppression of Plasma Immunoreactive Insulin in Rats given D-Mannoheptulase 
(Elsa P. Paulsen, Lee Richenderfer and Paul Winick), 276 
of Synthesis of Allotypically Defined Immunoglobulins and Compensation 
by another Sub-class of Immunoglobulin ($, Dubiski), 1365 
Suppressor Specific for UGA: A Strong (J F. Sambrook et al ), 452 
Surface Chemistry (Sympostum), review by R. H. Octewrll, 538 
Phenomena in Dental Carles (Leon M, Silverstone), 203 
Tension and Adsorption (R. Defay and |. Prigonine), review by E. A. 
Guggenheam, 535 
Surfactant and Carrier: Friction Transition Temperature Effect of Matching (W. 
Grew and A. Cameron), 429 
Surveyor spacecraft, news, 
Survival and Erythropoetic Recovary In Irradiated Mice: Effect of Post-treatment 
with Erythroporetin(s) on (N. V. Naidu and ©, $, Redd), 1223 
Sussman, Alfred S.: see Ainsworth, G. C. 
Sweat: Evidence for a Non-Plasma Source of Urea tn (Saul W Brusilow), 506 
Swimming of the Skipjack Tuna: Role of Red and White Muscles in the (M. D. 
Rayner and M J, Keenan), 392 
Symblonts and Fat Bodies of a Cockroach: NicotInamide-Adenine Dinucleotide- 
linked Form of Lactic Dehydrogenase of the (Stephen Epstein and Leon L. 
Pierre), 488 
Sympathetic Ganglion and their Relationship to Acetylcholine Synthesis: Choline 
and Phospholipid-choline in a (Abram J. D. Friesen et al.), 722 
Sympathomimetic Amines’ Differancation of Receptor Systems activated by 
(A. M. Lands et al ), 597 
Symposium Volumes, news, 46 
Synapses: see Tho Catacholamines (L. L. Iversen), 8 
Synaptic Bulbs in Clarke's Column: Differentiation of (Albert W. Sedar and 


Norman Moskowitz), 
Axonic and (Nicholas K. 


Lesions in Neuropsychlatmc Disorders: 
Gonatas), 352 
Synchronization: Kinetics of Cell Growth in Conditions of Phage Infection, 
Substrate imbalance and (A. C. R. Dean and Cyril Hinshelwood), 108) 
Synchronous Culture of Photosynthetic Micro-erganisms: Continuous (John A. 
Howell et al ), 582 
Life Cycle: see Quantum Yield of Photosynthesis in Synchronous Cul- 
tures (Horst Senger and Norman ! Bishop), 140 
Synergistic Toxicity and Carcinogenicity of ‘Freons’ and Piperonyi Butoxide 
(Samuel S. Epstein, S. Joshi, J. Andrea, P. Clapp, H. Falk and N. Mantel), 526 
Syngeneic Donors. Rejection of Skin Grafts from Tumour-bearing (George J. 
Svet-Moldavsky et al), 693 
Preference givan by a Methylcholanthrene-induced Sarcoma after Four 
Consecutive Passages in Fi Hybrids Persistance of (D. Oth and C, Burg), 
418 
Synovial Cells m vitro: Barrier around (B. J. Clarris and J R. E. Fraser), 1159 
Synthesis in Human Lymphocyte Cultures’ Dissociation and Inhibition of the 
Stimulatory Effect of Phytohaemagglutinin on Protein and DNA (S. R 
Cooperband, J A. Green, M. A Kennedy and M, M Grant), 1240 
of Macroglobulins in vitro (Martin J. Cline and Maicolm R. MacKenzie) 


of Methyl Groups catalysed by Vitamin Bip In vitro (G. N. Schrauzer and 
R.J Windgassan), 492 
of Mucopeptider by L-form Membranes (Anadi N Chatterjee, J B, Ward 
and H. R. Perkins), [311 
Synthetic Anionic Polymers of Known Composition: Induction of Circulaung 
Interferon by (T. C. Merigan), 416 
Systegnatic Diurnal Vamation in the Period and Polarization of Magnetic Micro- 
manong South-west England (C N. C. Nwaigwe, S H. Hall and M. J. 
sher), 9 
Systegnatice of Cultivated Plants and Domestic Animals (Symposium), news, 549 
e 


INDEX 


Tavie Ronda des Problems de PEurope* see Closing the Technology Gap, 966 
Tachyglossus aculeatus (Echidna): Karyotype of the Monotremes Ornithorhynchus 
anatinus (F lacypus) and (Y. A. E. Bick and W, D. Jackson), 600 
Tannenberg, Walter : Induction of 195 Antbody Synthesis without Stimula- 
tion of Cellular Proliferation, 293 
Tanyderidae and Chironomidae (Diptera): Mouthparts of the Biting and” Blood- 
sucking Type in (J. A. Downes and D, H, Colless), 1355 
Tapeworm Esterases: Secretion and Immunogenicity of Dwarf (Robert M. 
Coleman et of.), 593 
Taraxacum ' Sexuality and Apomixis in (D, H, Valentine and A J. Richards), 114 
Taste after Section of the Chorda Tympant: “Electric” (N Robbins), 1113 
Tauc, J. (edited by) The ig Sry Properties of Solids, review by H. Jones, 53% 
cexonom and cology. Methods for demonstrating Resemblance in (A. VY. 
all), 
of the Achromobacter and Allied Spacies (J, De Lay et al.), 1037 
Tea on Serum Lipids in the Rat: Effect of Coffee and (P. Akinyanjyu and John 
Yudkin), 
Teaching physics, news, 447 
Technique for Investigation of Sex Chromatin tn Amniotic Membrane of Rat 
Foetuses (Elvira Farlas, Tadashi Kajıl and Lytt !, Gardner), 499 
Technology Gap: Closing the, 966 
news, 223, 957 
Teesdale, news, 226 
Tektites and Geomagnatic Reversals (Bul Glass and Bruce C Heeren), 372 
Telecommunications research, news, 
Teleost Ney Oxygen Flux across the Environmental Interface of (R. M. Hil 
et al.), 
Telescope for the Southern Hemisphere, naws, 547 
Teltscherova, L.: sea Sedlová, L, et al 
Temperature Dependent Leaf Morphogenesis in Ranunculus flabellaris (Michael 
Paul Johnson), 1354 
Effact of Matching Surfactant and Carrier: 
Grew and A, Cam ron), 429 
Effects in Two lypes of Cell Populations in Day Old Rats: Differentral 
Sensitivity of Some Phases of the Mitotic Cycle to (G. Lebedeva and A. 
Zavarzn), 110 
profile. see Clear Air Turbulence and Supersonic Transport (K. T. 
Spillane), 237 
Teratoganic Activity of Nitrous Oxide (B. R. Fink, T. H. Shepard and R. J. 
Teratomas ot laane Barry 
eratomas of Infants: Nuclear Sex of Testicular (G. Pierce and Paul K. 
akane), 820 í 
Terenin, Academician A. N., obituary by E, J. Bowen, 953 
Tarntory in Mammals: Play, Exploration and (Symposium), review by W. H. 
orpe 


Friction Transition (W. 


, 635 
Tartlary Structure of Ribonuclease (Gopinath Kartha), 234 
Tastes by Methyl Methane Sulphonate: Methylation in vivo of Guanine in the 
Nucleic Acids of Rat (P. F. Swann), 918 
Testicular Teratomns of Infante: Nuclear Sex of (G. Barry Pierce and Paul K. 
Nakane), 820 
Testing of Polymers, Vol, 2 (edited by John Y. Schmitz}, review by D. W. Hadley, 


Testis: Endocrinology of the (Symposium), review by H. N. Wilson, 1371 
Testosterone-4-*C Into Immature Rats: Cell Proteins as Primary Hormone 
Acceptor after Injection of (U. Lippert, K-O. Mosebach and G. Krampitz), 
Te cline as a Cure for Rolling Disease (Labyrinthitis) in Laboratory Rats 
(Kurt Ahman), 818 
Inhib:tion of Protein Synthesis in Rat Intestinal Slices by (Norton J. 
Greenberger), 702 
Resistance by the A Transfer Factor In Salmonella typhimurium and S$. 


Spies Mobilization of Transduced (E S. Anderson and Dorothy Perret), 


ion Mammalian Spermstozoa: Binding of (R. J. Ericsson and V, F. Baker), 


Tetrahedral Complexes of a Metal lon: Autocomplex Formation in Solutions 
involving edral and (W. Libus et af), 

Tetrameric Complexes of Copper (O); Dimeric and (A J. Layton et al.), 1109 

Tetraploids of Solanum tuberosum L.: e Amounts of Ribesomal RNA in 
Colchicine-induced tf H. Li and W. R. Andersen), 86 

Textbook of Veterinary Clinical Parasitology, Vol. | (E. J. L. Soulsby), review by 
J. J. C. Buckley, 69 

Texeurei: Reset ization, Grain Growth and (Symposium), review by P. L. 

ratt, 
Thalland: Studies of the Distribution of Haemoglobin E, Thalassaemias and 


Glucose- hospito Dehydrogenase Deficiency in North-eastern (P. 
Was: et al.), 50 


Thalassaemias and Glucose éphösphate Dehydrogenase Deficiancy In North- 
eastern, Thailand: Studies of the Distribution of Haemoglobin E (P. Wası 
et al ), 


l 
Thalidomide ın Rabbit Semen (C. Lutwak-Mann et al.), 1018 
Theory of Jets in an Ideal Fluid: The (M. I. Gurevich), review by J. C. McVeigh, 


fice Psychological Reactance: A (Jack W. Brehm), review by Nail Bolton, 


of Road Traffic Flow: The (Winifred D Ashton), review by Walter Helly, 


of Stream Runoff (N. P. Chebotarev), review by R C. Ward, 60 
Therapeutic Agent against Psoriasis. Petite Mutants induced in Yeast by Dithranol 
(1,8,9-erthydroxyanthracene), an Important (8 O. Gillberg et al), 415 
Therapeutics: International Encyclopaedra of Pharmacology, Section 6, Vol. t 
(edited by l. Lasagna), review by A. Herxheimer, 65 
Thermal onrzation ; Role of Impunties in (J. N. Bradley and P. A, Robinson), 


Properties of Water and Aqueous Solutions: Discontinuities in the 
(M J Blandamer et al.), 163 
resistance. see Convactive Self propulsion of Continents (John Elder), 


Stability of Collagen: Correlation between Serine and {B J Rigby), 87 
Thermoanalysis of Fiber and Fiberforming Polymers (Symposium), review by 
E. F, T. White, 1375 
Thermodynamic Engine: Convecting Mantle as a (F D Stacey), 476 
Thermodynamics and Statistics : Notes en (Enrico Ferm, review by S, F. 
Edwards, 54 
Thermostable enzymes, news, 5 
Thin Film Dielectrics Langmuir-Blodgett-Multrmonolayers (L. Holt), 1105; 
Thin Films: Physics of (edited by Georg Hass and Rudolf E. Thun), review by 
Oliver S. Heavens, 55 
Thiocyanate in Osteolathyrism: Excretion of (Al Khogali), 920 
Thloluiphonater: Trfluoromathyi (Seymour S. Block and Jamas P. Weidner), 


@ -+ 


INDEX xiv 


Thoracic Duct see Cellular Busts of the Immunological Defects in Thymactomized 
Mice (J. F, A. P. Miller et al.}, 992 

Thought: Neural Organisation under! tng Conscious (J, S. Griffith), 345 

Three-dimensional Structure of Tony Lahi matry pan (B. W. Mathews, P. B. 
Sigler, R. Henderson and D. M. Blow), 

Thremby. #8 Aggregation and Adhesion of Rat Platelers (Jay WV. Constantine), 


Thromboplastin: Chemical Nature of Human Brain (E, Hecht), 197 
Thrombosis and the Pull, news, 
Chemical Acuvation of Bloodclotting Factors and (F. Nour-Eldin), 1362 


Thun, Rudolf E.: see Hass, George 


Thymectomizad at Birth: Ancinuclear Autoantibodies in Swiss Mice (J. Thivolet 
at al.), 1134 
Mice: Cellular Basis of the Immunological Defects in (1. F A, P. Miller 
et al.}, 992 


Mice: Features of Antibody Formation in Neonatally (Svetlana N. 
Zinzar and George J. Syet-Moldavsky), 295 
Rats undergoing a Primary Immune Rasponse. Protein and Nucleic 
Acid Synthesis in Lymph Node Cells of (Charles E Slonecker and William 
O Shas Mica: Haemolysin R heep Eryth Neonatal 
wiss Mice: Haamolysin Responses to Sheep tes in Neonatal! 
(Nicholas R Sinclair), 3 nee i 
Thymectomy and the Prolongation of Tolerance to Bovine Sarum Albumin in 
Adult Rats (W. Pierpaoli), 802 
Storage of Colloidal Carbon in Liver and Spleen After (G. V. Giusti and 
A. Corsi), 916 
Thymic Extract on the Neuromuscular Junction: Effects of (J. D. Parkes and 
J A. McKinna}, FL16 
involution: see Cause of Homologous Disease (Lyla R. Herm et al ), 26 
Thymidine Kinase in Mouse Embryo Cells infected with Polyoma Virus: Activity 
of (G. Ruccert and G, Cocuzza), 191 
Thymus Grafts in Thymectomized and Normal Mice (E. Leuchars, A. Morgan, 
J, S. Davies and Y J, Wallis), 801 
Inhibitor, Separation by Tissue Culture on Acrylamide Gel: Nerve 
Growth Factors and a (H. Hoffman et al.}, 703 
Lymphocytes in Congenital Absence of the (Harold W., Lischner et al.), 


on Homograft Survival in Rats: Effects of Extracts from (Willa Brunk- 
horst and Ailene Herranen), 181 
Passaga of Antigens across the Vascular Barrier of the (Kauko Kouvalainen 
and David Gitlin), 592 
The (Donald Metcalf), review by P. C Koller, 637 
Thymuses of Normal and Irradiated Rats. Effect of Calcium on Mitosis in the 
A. D. Parris and J. F, Whitfield), 302 
‘Thyrocalcitonin on Bone: Action “i W. Wase et o/.), 388 
on Bone tn Organ Culture: y Effects of Parathyrord Hormone and 
(Lawrence G. Rusz and Ingrid Niemann), 486 
Tuyrold Antibodies: Down's Syndrome and Maternal Age (Philip } Falkow), 


C Cells: Cytochemical Evidence for an Uleimobranchial Origin of 
Rodent (A G. È. Pearse and A, F. Carvalheira), 928 
lodine im vivo by Activation Analysis: Estimation of (J. M. A Lenihan, D. 
Comar, R. Riviere and C. Kellershohn), 122! 
Tierra del Fuago: Blood Groups in Indians of (Raul Etcheverry et al }, 211 
‘Tiger: an Deer and the (George B, Schaller), review by L. Harrison Matthows, 


Tikhonov, V. I: see Kuznetsov, P. |, etal. 
Tima Course of Action of Dixzepam (G. M. Besser), 428 
dependence and Count-dependence in Microbial Infection (Trevor 
Willrams and G. G. Meynell), 
spearcisct play Perspective of (Symposium), review by Marsha A. 
Rockey, 63. 
Lapse Photography by Satellite, news, 551 
Structural Information and the (Kari R. Popper), 322 
Variation of Reproductive processes in Lrving Cells: Characterization 
of the (Thomas F, Budinger and Robert J. Howerton), 397 
Tissue Cuicure Celis: Use of a Detergent-Acad Mixture to rupture (Celia Fildes 
and P. D'Arcy HarD, 624 
Culture of Oats (Owen Carter et al.), 1029 
Culture on Acrylamide Gel: Nerve Growth Factors and a Thymus 
Inhibitor. Separation by {H Hoffman et al.), 703 
reorientation and repolarization of. see Bud Morphogenesis in Hydra 
(S G. Clarkson and L Wolpert}, 780 
‘Tissues in Cultura: Methods, Biology and Physiology: Cells and, Vol. 3 (edited 
by E. N. Willmar), review by John Paul, 69 
Pitfalls in Electron Spin Resonance Spectrometry in Biological (C. M. 
Dettmer et ai.), 492 
Titanium Alloy in a Non-electrolyta: Stress Corrosion Cracking Susceptibility 
of a (George Sandoz), 166 
Titles (Eugene Munroe), correspondence, 1064 
Tiuri, M E- see Kraus, John D. 
Toads and Water Surfaces: Evaporation from (Tom M. Spight), 835 
Tobacco: Evidence for the Occurrence of N-Nitrosamines in (W. J. Serfontetn 
and J. H Smit), 169 
Necrosis Virus and its Satellite Virus (B. Kassams), 178 
Research Council, news, 757 
Tolerance to Bovine Serum Albumin in Adult Rats: Thymectomy and the Pro- 
longation of (W Pierpaoli), 
Tomato Roots: Quiescent Centre in Excised (D R. Thomas), 739 
Tomlin, D. H > Fundamental Atomic Physics, review by L. R. B Elton, 52 
Tonsillar Carcinoma in Rural Dogs (W, L. Ragland, IIl, and John R, Gorham), 925 
Torrey Canyon Disaster and Intertidal Marine Life: The (A, J. O'Sullivan and 
Alrson J. Richardson), 448 
news, |, 3, 441 
Torrey, John G > Development in Flowering Plants, review by Mary Lindley, 68 
To: Research Station, news, 123 
Tosy ee ahymentynsin . Three-dimensional Structure of (B W. Mathews et al.), 


Towards Automatic Measurement of Birefringence (C. Snell), 78 

Toxicology of Radioactive Substances: The, Vol. 3 (edited by A. A Letavet and 
E. B Kurlyandskaya), revrew by G E. Harrison, 638 

Toxicity and Carcinogenicity of ‘Freons’ and Piperony! Butoxide Synergistic 
Samual S Epstein et al.), 526 

Trace Element Requirements of Lactobacillus acidophilus (David B. Sabine and 
Jacqueline Vaselokos}, 520 

Tracer for Potassium in the Marine Algae Ulya lactuca L. and SE lca gid 
darwinn (Hooker) Kuetzing: Rubidium as a (Keith R. West and Michael G 
Pitman), 1262 

Trachoma (Giambattista Bietti and George H. Werner), review by P. Reeve, 1275 

Traffic Flow. the Theory of Road (Winifred D. Ashton), review by Walter Helly, 


50 
Traité de Glaciologes (Tome 2) (Louis Lhiboutry), review by G. de Q. Robin, 431 
« e 


Traristar Factors in è Single Bacteria! Strain: Four (Paul H. Hardy and E, Ellen 

ell), 414 

Transatlantic Movement of Tagged Spurdogfish (M. J. Holdan), 1140 

Transcription; see Specrfic Binding of the 4 Phage Repressor to 4 DNA (Mark 
Ptashne), 232 

Transeiiminase -Cell Wall Degradation by a Pectate (Margaret Dean and R. K. S. 


o ' 
Transtar of Acquired Information by Brain Extracts (G. Ungar and L. N Irwin), 


Effects of Intraperitoneal Injection of Brain Hamogenates (James A. Dyal, 
Arnold M, Golub and Robert L. Marrone), 720 
of Biologically Fixed Nitrogen in a Sand Dune Slack Reglon (W. D. P. 
Stewart), 603 
Transferase in the Adrenal Glands of Foetal and Neonatal Rats: Activity of 
Phenethanolamine N-Methyl (Ray W. Fuller and Joseph M. Hunt), 190 
Tianstaran in Marine Lamprey Sera: Immunoglobulins and (G. A. Boffa et al ), 


Transferrins of European Bison and their European Cattle Hybrids. Haemo- 
lobins and (Mikael Braend and Janusz Gasparsk:), 9 
T formation, in vivo, of Basilophilic Lymph Cells into Plasma Cells (M. S. C. 
Birbeck and J. G. Hall), 183 
of Pregnenolone and Progesterone by Cultured Plant Cells (J, M. H. 
Graves and W. K. Smith), 1248 
Transient Charge-transfer Complexes with Chlorine Atoms by Pulse Radtolysis 
of Carbon Tetrachionde Solutions (R. E. Buhler and M. Ebert), I 
Transition Regime in Pipe Flow: Effect of Vibrations on the (D. D. James and 
A. S. Morton), 692 
Temperature Effect of Matching Surfactant and Carrier’ Friction (W. 
Grew and A, Cameron), 429 
Translocation of Trittum-labelled Gibberellic Acid In Pea Stem Segments and 
Potato Tuber Cylinders (Mahmood A Clor), 1263 
Translocations in Mature Oocytes of Drosophila melanogaster; X-ray Induction of 
Autosomal (H, Traut), 718 
Transpiration: see Moisture Content of Living Trees (Charles M. Stewart), 138 
Transplantation Tolerance or Immunity, and Immunoglobulin Production: Bone 
Bap and Lymphoid Call Injection of the Pig Foetus resulting in (R. M. 
Binns), 179 
Transport Processes in the Primordial Fireball (Charies W. Misner,) 40 
T esting Wasps and Bees (Karl Y. Krombain), review by C. G. Butler, 1058 
Trapped Hydrogen Atoms tn Irradrated Frozen Solutions :* Paramagnetic Relaxa- 
tion of (John Zimbrick and Larry Kavan), 693 
Treatise on Analytical Chemistry (| M, Kolthoff and Philip J. Elving), Part 2, Vol. 
(3, review by D. M, W. Anderson, 57 
Treatment of Cancer: New Trends in the (Le Manuia et ai.), review by P. C. 
Kolfer, 637 
of Data from Drug Urinary Excretion (B K, Martin), 247 
Trebouxia. see Carbohydrate Movement between the Symbronts of Lichens 
(D. H. S. Richardson et al.), 879 
Trees, Moisture Concent of Living (Charles M Stewart), 138 3 
as by Miosporas: Correlation of the Keuper Series of the (G, Warrington), 


Trichlomdes of Aluminium and Iron: Gaseous Complexes between Dichlorides 
and (È W. Dewing), 483 

Tridente, Giuseppe: see Chieco-Bianchi, Luigi 

Triethylborane into the Upper Atmosphere. Yellow-Grean Luminosity accom- 
panying the Injection of (J. M. Hoffman et al.), 158 

Trifluoromethy! Thiolsulphonates (Seymour S. Block and James P Waidner), 478 

Trimerration of a Bys-(G-Ketaphos honyl}-Metal Complex involving Recyclizations 
J. J. Bishop, F. A. Cotton, R. Eiss and R, P. Hugel), HII 

Trimethylamine in the Gas Phase and in Heptane: Charge-Transfer Complex 
between Sulphur Dioxide and (Sherril D. Christian and Just Grundnes), 

I 


| 
Tris Buffer: Metal Comploxing by (D. E. Allen, D. J. Baker and R. D., Gillard), 906 
Trisomy Abnormalities: Chromosome Redundancy and Gene Expression: an 
Explanation for (K. Lemone Yielding), 613 
in Man: The Nucleolus, Virus Infection, and (H J. Evans), 361 
Treated Bean Extract. Autoradiography of Leucocytes cultured with (R. A. 
Gonrad), 709 
Tritlum and {ts Compounds (E. Anthony Evans), review by C, Eaborn, [169 
labelled Gibbereilic Acid m Pea Stem Segments and Potato Tuber 
Cylinders: Translocation of (Mahmood A Clor), 1253 
Tropical Arid Conditions: see Vasopressins and che Increase of Water and 
ree Excretion by Sheep, Cattle and Camels (W. V. MacFarlane et 
ai), 
Troshin, A. S. Problems of Cell Permeability, review by E. J. Harris, 63 
Trout Fish Species Unusual Human Agglutinin defining a Serological Difference 
between Australian (M. L. Verso), 1361 
Trubcheminova, Lidia: see Svet-Moldavsky, George J, et al. 
Tsetse Fly, Glossina morsitans Westwo Effect of Ligacuring on Pupartum 
Formation in the Larva of the (P. A. Langley), 389 
Tumour-bearing Syngeneic Donors: Rejection of Skin Grafts from (George J. 
Svet-Moldavsky et al ), 693 
on Cartilage. in vivo Effect of an Invasive Malignant Rat (A, R. Poole and 
D. C. Williams), 1342 
sea Mutants of Simian Virus 40 which differ in Call-transforming Activity 
(Meinrad A. Koch and Hans J. Eggers), 178 
Jransler by Skin Grafting: Phenomenon of (D. M. Mkheidze and A L. 
Liozner), 7. A 
Tuna: Role n) Red and White Muscles in the Swimming of the Skiprack (M. D. 
Rayner and M J. Reenen), 392 
Tungsten and its Compounds (G. D. Rieck), review by P. C. H. Mitchell, 1277 
Turbulence and Supersonic Transport: Clear Arr (K. T. Spillane), 237 
Turkey and the East ee Islands. Flora of (edited by P H. Davies), review by 
D. Markle, 105 
Natural Dissecting Aneurysm (Aortic Rupture), and Blood Pressure in 
the (L. M. Krista et af}, 116 
Testis: Effect of Chronic Reserpine on Metabolism and Chemical 
Constituents of (L. L. Ewing, R. D Montgomery, D. M, Baldwin, R. F, 
Clegg, J. F. Tierce, M. A Maloney and J C Gilbreath), 1267 
Turtle Hatchiings: Mechanism of Nocturnal Emergence from the Nest of Green 
(H. Robert Bustard), 317 
Twenty one Years at Harwell m Spence), 343 
Twins and Twin Relations (Helen L Kochi, review by P, J. Mittler, 1372 
Two Point Diserimination of Subeortical Electrical Stimulation (C. Romero-Sierra, 
N A. Buchwald, C. Wakefield and C D. Hull), 837 


Uraw Handbook on the Care and Management of Laboratory Animals. ote 
{Third ed), review by M. Lancaster, 8 

UGA: A Strong Supprassor Specific for (J. F. Sambrook et al ), 452 

Ulceration in the Guines-pig: Intravenous Degraded Carrageenan and Histanne 
Gastric (W. Anderson and P, D Soman), 823 e 


a a 


“ 


“ 


xivi ` 


Ulermobranchial Origin of Rodent Thyroid C Cells: Cytochemical Evidence for 
an (A. G. E. Pearse and A, F. Carvalheira), 928 

Ulerarelatrvistic Cosmic Ray Particion Origin of (David Layzer), 772 

Ultrasoft X-rays. Parafin Mirrors for (H. K Herglotz), 263 

Vierasonie Machining of intractable Materials (A. I. Markov), review by G. Booth- 
royd, 

Ultrasonics: Reduction of Audible Flame Noise by the Application of (F E. J, 
Bnffa and R. A E. Fursey), 75 

Ultraviolet and Visible Absorption Spectra of Organic Compounds: Handbook 
of (Kenza Hirayarm), review by W. L Lead), 1167 

Radiation on Skin Collagen of Intact Living Mice: Effect of (Sam Shuster 
and Eva Bottoms), 599 
spectroscopy: see Self-association of Phenolics and of Bile Acid Deriva- 

tives (VY. S. Bennet, G. Eglinton and S, Kovac), 776 

Ulva lactuca L and Choe: darwin: (Hooker) Kuetzing: Rubidium as a 
Tracer for Potassium In the Marine Algae (Keith R, West and Michael G, 
Pitman), 1262 

Unicellular Red Al 
eae db 28 

Unified Field Theory of Elementary Particles: Introduction to the (W. Hoien- 
berg), review by E, J. Squires, 949-50 

Unit Gravity Separation of Bone Marrow Cells by Sedimentation at (Elbert A. 
Peterson and Warren H Evans), 624 

Unitary and Mass Cortical Potentials evoked by Penmpheral Sumulation of 
Anaesthetized Rats (A. Angel and O Holmes), 834 

United States: The National Academy of Engineering in the (Eric A Walker), 


762 
naws, 865 


“~ Nature of the Adolase Activity in a (N, J. Antia and Y, 


Universiti 
and Schools Committee of tha Mathematical Association, news, 117 
University charters, news, 1182 
expenditure, news, 553 
Grants Committee, news, 756 
Unmetamorphosed Volcanic and Sedimentary Xenoliths in the Kimberlites of 
Siorra Leone (F H Hubbard), 1004 
Unusual Human Agglutinin defining a Serological Difference between Australian 
Trout Fish Species (M. L. Verso), 1361 
Activity Pattern in Hydrogen-reduced Nickel-Copper Alloy Catalysts: 
An (J K A. Clarke and J. J. Byrne), 1109 
Prime Number Sequences (8. A Boud), 1164 
Unusually Radioactive Fossil Bones from Mongolta (Jerzy Pensko), 16t 
Upper Atmosphere: Yellow-Green Luminosity accompanying the Injection of 
Triethylborane into the () M Hoffman et al ), 158 
Uptake of Atmospheric Water by the Hen Flea Coratophylius gallinae (Schrank) 
(D A Humphries), 426 
of Large Molecular Weight Radioactive RNA by Protoplasts of Seccharo- 
myces carlsbergensis (H, P. J Bloamers and V Y. Koningsberger), 487 
Urbanski, Teog bemary and Technology of Explosives, Yol. 2, review by R S 
ow, 
Urea Formation by the Lactating Goat Mammary Gland (T. 8. Mepham and J. L. 
Linzell), 507 
in Sweat: Evidence for a Non-Plasma Source of (Saul W. Brusilow), 506 
Uraemie TOrlcity: Maia Muscle Fibre as a Model for the Study of (E. E Bittar), 


Uranium isotopes: Separador of, news, 4 
Urediospora Germ Tubes and Stomatal Penetration: Directlonal Growth of tha 
(Ramesh Maheshwari and A C. Hilderbrandt), 1144 
Urey, H. C.: see Ahrens, L. H., et al. 
Uridine Diphosphate Galactose-4-Epimerase between Haemolysates of Newborns 
and of Aduits: Differences in (Won G Ng et af), 283 
Urinary Excretion of Hydroxyproline in Lathyrsm: Influence of Anti-rhaumatic 
Drugs on (Z Trnavská and K. Trnavsky), 384 
Excretion of lsethronic Acid in Man argen G Jacobsen, Linda L. Collins 
and Lioyd H Smith, jun ), 1247 
Excretion: Treatment of Data from Drug (B. K Martin), 247 
Urine: Demonstration of IgA Polioantibody in Saliva, Duodenal Fluid and (Ruth 
Berger at al.), 420 
Disesse Further Observations on the Biochemical Lesion in Maple 
Syrup (Pierre M, Dreyfus and Arthur L Prensky), 276 
Fe Fragment of Immunoglobulin G tn Normal Human Plasma and 
(Ingemar Berggard and Hans Bennich), 697 
Non-exchangeable Calcium in Human (A, Hodgkinson et af), 1045 
Presence of Bile Acids in Jaundiced Human (lames A Gregg), 29 
ea aan Acid in (Arnold J. Friedhoff and Kei Furrya), 
US Atomic Energy Commission, news, 4 
National Academy of Sciences, news, 962 
Use of a Detergent-Aad Mixture to rupture Tissue Culture Cells: The (Celis 
Fildes and P D'Arcy Hart), 624 
Carbon-|4-laballed Arginine to measure Catabolic Rates of Proteins and 
the Recycling of Amino-acids (R $ Lane), 1331 
Tools by Wild Macaque Monkeys in Singapore (Mickey Chiang), 1258 
Uteri of Some Species: Subcellular Distribution of Norepinephrine in (Y. 
Gutman and H. Weil-Malherbe), 108 


Viana Virus Antigen In the Lymphoid System of White Rats (Y $. Brykina 
A. V. Gutktna and | A, Svet-Moldavskaya), 493 
Vacuum Technique High, Fourth ed. (J. Yarwood), review by John A Pryde, 951 
Technology Introduction to the Theory and Practice of High nh Ward 
and J P Bunn), review by W. L Wilcock, 
Vagina against Diphtheria Toxoid: Antibody Synthesis in vitro by the Rabbit 
(Ene B. Bell and Benjamin Wolf), 423 
Vaginal Epithelial Cells Fibrinolytically Active (T. Astrup at al.), 297 
Value Distribution Theory (Leo Sario and Kiyosha Noshiro), review by W. K. 
Hayman, 62 
Van de Graff, R. J, obituary by L. G H. Huxley, 217 
Variants of 6-Phosphogluconate Dehydrogenase within a Community (H. Gordon, 
M, M Keraan and Marne Yoors), 466 
Variation with Age of N-Acetyl-B-glucasaminidase Activity in Rat Liver (Ela M. 
A Ne), 705 
Differences of Groundnut in the Production of Aflotoxin (K, Suryanara- 
yana Rao and P. G Tulpule), 738 
Resistance to Clover Rot in White Clover (D. T A Aldmch and D A 
Doling), 946 
Vascular Barrier of the Thymus: Passage of Antigens across the (Kauko Kouva- 
© lamen and David Gitlin), 592 
Structure in the Floor of the Fourth Ventricle of the Cat: Cholines- 
terases ina (D G. Gwyn and J H Wolstencroft), 831 
Vageconstrictor, Bovine Peptide-B, released during Blood Coagulation: New 
{Robert W. Colman et al }, 1040 
Vasopressin in Separate Neurons: Evidence for the Synthesis of Oxytocin (Hilda 
e Weyl Sokal and Heinz Vaitin), 314 


Varie 


INDEX 


Vasopressins and the Increase of Water and Electrolyte Excretion by Sheep, 
Cattle and Camels (W. Y MacFarlane et al.), 979 

Ventilatory Control of Water Loss in Locusta migratoria migratorigides R. and F : 
Dessication and (J. P Loveridge), 1143 

Ventricte of the Cat: Cholinesterases in a Vascular Structure in the Floor of the 
Fourth (D. G. Gwyn and J H. Wolstencroft), 831 > 

Mouse Localization of Tritiated Reserpine in the Area Postrema and 

the Floor of the Fourth (A. K. 5. Ho), 126 f 

Verizricular Fibres: Acetylcholine Sensitivity of Embryonic (Barbara O Alving), 


vero Embryos: The Culture of (D. A. T. New), review by J. R Hinchiiffe, 
Epidermal Chalona The (W.S Bullough, E. B. Laurence, ©. H Ivdisen 


and K Elgio), 578 7 
Palaaontology (Alfred Sherwood Romer), Third ed, review by Wilma 


George, 1167 
Verticilinim albo-atrum i Mitotic Recombination in Conidlophores of (A. C. 
astio), À 
Veterin ree Parasitology: Textbook of, Vol. 1 (E. J, L. Soulsby), review by 


J. J. C. Buckley, 69 
Vibration; Solubilrzation of idee ba Acatylcholinesterase by Ultrasonic 
(J. J Gordon and J P. Rutland), 50 
Vibrational Deactivation of Excited States of Nitrogen created in a Microwave 
Discharge (R, E. W, Jansson, L. A. Middleton and J. Lewis), 589 
Vibrations on the Transition Regime in Pipe Flow. Effect of (D. D. James and 
A. S. Morton), 692 
Viral and New Cellular Antigens In Grafi Leukaemla Mice” Differentiation 
between (G. Pasternak), 1364 
Oncolysis. Immunological Aspects of (Jean Lindenmann and Paul A. 
Kisin), review by P. C. Koller, 637 
Virology: Insect (Kenneth M. Smith), review by T. W. Tinsley, 952-3 
The Journal of General, Vol. 1, Part l, review by F. Kingslay Sandars, 636 
Virus AE Mouse Embryos: Lactate Dehydrogenase (Charlas G. Crispens, jun ), 
l 
Induced Point Mutation (Robert C. Baumiller), 806 
Infection, and Trisomy In Man- The Nucleolus (H. J. Evans); 36l 
-like Particles in Murine Leukaemia L5178Y (Gerald J. Goldenberg and 
Catherine E. Thomas), 1339 
Reactions and Taxonomy (J. G. Bald and T, W, Tinsley), 1150 
(Schmidt-Ruppin) for Amphibians and Reptiles: Pathogenicity of the 
Chicken Sarcoma (George J Svat-Moldavsky et al) 300 
Viruses in the same Cell System: Antigenic Identity of Interferons induced by 
Different (B. Fauconnier), 591 
Visible Absorption Spectra of Organic Compounds. Handbook of Ultraviolet and 
(Kenzo Hirayama), review by W. L, Lead, 1167 
Vision of Bermuda Reef Fishes (Edward R Baylor), 306 
of the Atlantic Flying Fish, Cypselurus heterurus: Alr and Water (Edward 
R. Baylor), 307 
Visual Categorization: see Perception of Redundant Cues by Monkeys with 
Inferotemporal Lesions (Susan Iversen and L. Weiskrantz), 241 
Cortex, Rabbits Reaction of Cells to Movement and Contrast (G, B. 
Arden, Hisako Ikeda and R. M. Hill), 909 
Sumuh in the Pigeon: Inter-hemispheric Comparison of (Nancy K. 
Mello), 144 
Suppression Effect: Site of the (Joel A. Michaal), [008 
Vitamin A. Increased Incidance of Avran Leukosis in Response to Excess (B, E. 
March and Jacob Biely), 287 
Aon the Retention of Radiostrontium in the Rat: Effect of Parathyroid 
Hormone and (Peter Spreng), 513 
a poueta of a Monocarboxylic Acid Derivative of (F. M. Moore 
et al.), 
Barin vitro Synthesis of Methyl Groups catalysed by (G N. Schrauzer 
and R J Windgassen), 492 
Co-Factors of Enzyme Systems: The (F. A. Robinson), review by K. 
Brocklehurst, 64 
Vitelline Membranes and thelr Rola in Resorbing Eget of the Hymenoptera: 
Chorion and (J. G Richards and P E. King), 60 
Volcanic and Sedimentary Xenoliths in the Kimberlites of Sierra Leone: Un- 
metamorphosed (F, H. Hubbard), 1004 


Werden, B. L. van der: Sources of Quantum Mechanics, review by John 
Maddox, 53 
Wannier, Gregory H.: Statistical Physics, review by G M. Bell, 1168 
Ward, L, and Bunn, J. P . introduction to the Theory and Practice of High 
Vacuum Technology, review by W. L. Wilcock, 72 
Wash barrage scheme, news, 123 
Wasps and Bees: Trap-Nesting (Karl V. Krombein), review by C G. Butler, 1058 
Water and Aqueous Solutions: Discontinuities tn the Thermal Proparties of 
(M J. Blandamer et al ), 163 
i Conservation: Role of Forests in (Y. V. Rakhmanov), review by L. Leyton, 
060 
for Peace (Symposium), news, 867, 959 
Loss in Locusta migratoria migratorioides R. and F.: 
Ventilatory Control of (J. P Loveridge), 1143 
Pump in Insects: Cuticular (Paul W. Winston), 383 
Surfaces: Evaporation from Toads and (Tom M. Spight), 835 
vision of the Atlantic Flying Fish, Cypselurus heterurus. Air and (Edward 
R. Baylor), 307 
Watson, James D.: see Cairns, John, et al. 
Wave one at an Altitude of 40,000 ft. Submillimetre (M, Bater et al ), 
77 


Dessicatlon and 


Wear of Polymers reinforced with Carbon Fibres: Frictlon and (J. P. Giltrow 
and J, K. Lancaster), 1106 

Weather, news, 120 

Wellcome Trust, news, 962 

Werner, George H.: see Bietti, Giambattista 

Western Australia’ Authigenic High Sanidine from (J. E Glover and P. 
Hoseman), 262 

Australia: see Postglacial-Glacial Change in Climate in the Indian Ocean 

(John R. Conolly), 873 

Whelk Buccinum undatum L.: Secretion of Mucopolysaccharides in the (S. Hunt), 


White Clover: Varietal Resistance to Clover Rot in (D, T A. Aldrich and D. A. 
Doling), 946 
Muscles in the Swimming of the Skipjack Tuna: Role of Red and (M D. 
Rayner and M. J. Keenan), 392 
White, G. W . Introduction to Microscopy, review by M. A. Williams, 1058 
White, Robert L.- Basse Quantum Mechanics, review by L. R. B Elton, 324 
Whole-body Retention of Caesium-137 in Suckling and Weanling Mice (Naonori 
Matsusaka and Jiro inaba), 303 


- INDEX : 


Wedaly distributed Species: Land Bridgas and Continental Drift (E. J. Godley), 74 
Wilmer, E N. (edited by): Calls and Tissues in Culture: Methods, Biology and 
Physiology, Vol. 3, review by John Paul, 69 
Wilson, Robert R., news, 5 i 
Wolstenholme, G. E. W., and O'Connor Maeve (edited by): Effects of External 
Samuli on Reproduction, review by J. R. C Ə, ah 
Wood: M8lecular Size Distribution of Lignin in (W. Brown et al.), 410 
Woody Stems in relation to Gravimorphism .” Distribution of Awan in Horizontal 
R W. A, Leach and P. F. Wareing), 1025 
Wo ality of - The Strength, Fracture and (Ivor Evans and C. D. Pomeroy), 
- review by P. Le Waters, 
World Data Centre C for Sudden lonospheric Disturbances, news, 446 
Health Organization, news, 
Mateorological Congress, news, 120 
population, news, 644 
eather Watch, news, 120 
*Wound-tnduced Gibberellins (Lawrence Rappaport and Menachem Sachs), [149 
Wu, Toi Kineere Equations of Gases and Plasmas, review by T. G. Cowling, 


15 
Wyatt, H. V : see Bottle, R. T 
Wylie, J. A. H . see Ambrose, E, J. 


Prick sdesones dunng Early DNA Synthesis Replicate Behaviour of Bovine 
B. B. Mukherjee et al.), 710 
X-rradiatad Chinese hamster cells: see Subtethal and Lethal Radiation Damage 
(M. M. Elkind et al.}, 1088 
X-irradiation during Early Development: Adult Life Span in Habrobracon 
serinopae after (Arnold M Clark and Donald E Osmun), 717 
on the Synthesis and Composition of Pulse-laballad RNA of the Liver of 
the Rat Foetus. Effect of (M. M Simić et af } 489 
X-radiation see Effects of Radiation on Kinetin Solutions (M. L. Bell: Donini and 
T. Cervigny), 468 
X-ray Diffraction Tables (J H. Fang and Donald F. Bloss), review by A. R. Lang, 55 
Diffraction: see Structure of a Monocarboxylte Acid Darivativa of 
Vitamin Bis (F. M_ Moore ez al.), 129 
Emission Line Spectrum of a Coranal Active Region (K. Evans, K. A. 
Pounds and J. Le Culhana), 41 
Induced Breaks in the DNA of Leukaamia Cells: Rejorning of (J. T, Lett, 
t Caldwell, C.J Dean and P Alexander), 790 
induction of Autosomal Translocations in Mature Oocytes of Drosophila 
melanogaster (H. Traut), 718 
X-rays for Ankyloang Spondylitıs* Lymphocyte Survival in Man treated with 
(Karin E. Buckton et al}, 470 
Paraffin Mirrors for Ultrasoft (H. K, Herglotz), 263 
XMenolith-bearing rocks: see Interaction of Basic Magma with Palitic Materials 
(C, D Gribble and M J O'Hara), 1198 
from Brome Mountain, Quebec. Kalsilite, Diopside and Melilite in a 
Sedimentary (A. R. Philpotts et al.), 1322 
Xenohths In the Kimberlites of Sierra Leone’ Unmetamorphosed Volcanic and 
Sedimentary (F. H. Hubbard), 1004 
Xenopus laevis in Response to the Injection of Gonadotrophin: Method for 
estimating tha Number of Eggs laid by (W A. Barr, B M. Hobson and 
G D: Vita), 837 
XYY Syndrome: Psychopathy, Mental Deficiency, Aggressiveness and the (J P. 
Welch et af), 500 


Nek by Dithranol (1,8,9-crihydroxyanthracens), an Important Therapeutic 
ane against Psoriasis: Petite Mutants induced in (B. O. Gillberg et al ), 


Deficient in Glycogen: Spontaneous Mutants of (V. E. Chester), 1237 
Pyruvate Kinase Interaction between Potasstum-Ammonium- and 
Erueeese [sfsdiphosphints Activation of (Benno Hass and Rainer Haeckel), 


seo Substrate Specrflaty and Stereospacificity of Alcohol Dehydro- 
genases (F M Dickinson and K. Dalziel), 7 

Yeasts’ Inhibition by oPhenanthroline. Sodium and Potassium Transport in 
Normal and Mutant (C. Reilly), 1330 

Yellow-Green Luminosity accompanying the Injection of Trethylborane into the 
Upper Atmosphere (J. M Hoffman, L. S. Nelson and L B, Smith), 158 


0 


xlvii 


Zambia: Iron Age Cultures in, Yol. | (Brian M. Fagan), review by Bernard Fagg, 
Gecliter Erionice and Offretite Non-tdentity of the (J. M, Bennett and J. A. Gard), 


Zinc with Clays: Silicic Aad and the Reaction of (K. G, Tiller), 852 
Zodiacal Light Effect of tha Solar Activity on the Brightness and Polarzation of 
the (A. S. Asaad), 259 


B-Aminoproplonttnle and the Mucopolysaccharides of Embryonic Chick Aortae 
(G. Manley and C. | Levene), 729 

£28 (B 10) Leucina->Proline* Haemoglobin Genova (G Sansone et al ), 877 

B-Galactosidase and its Relation to Catabolite Repression: Metabolite-promoted 
Heat Lability of (Mary E. Brewer and V. Moses), 272 

y-Globulin In Foeta! Bovine Sera. Significance in Virology (A J. Kniaxeff, V. 
Rimer and L. Gaeta), 

6-Glucuranidase: Activity of (rinley Kushinsky et al.), 142 

a-helix: A Second Right-handed Halical Structure with the Parameters of the 
Pauling-Corey (George Némethy et al.), 363 

porrndiaee tneapples: Cytotoxic Effects of Extracts from (Yrjo Makinen et al.), 


B-Lactoglobulins: Effect of pH on (H. A. McKenzie and W., H Sawyer), 1101 
-Lactamases from Gram-negative Bacteria: Hydrolysis of Caphalosporins by 
(4. M. T. Hamilton-Miller), 1333 
a-Methyityrosine, Methysergide and Reserpina’ Antigonadotrophic Effects of 
tp S. Brown), 1268 
y-Radiation: Response of Pines trradrated with Lethal and Sublethal Doses of 
(James P. OKunewick and Stephen E. Herrick), 514 


2 + 4-Dichlorophenozyacetic Acid on Enzyme Systems tn Jerusalem Artichoke 
Tubers and Chicory Roots: Effects of (A, E. Flood et a/.), 1049 

2,4-Dinitrophenyl Hydrazina; Selectrve Deamination of Nucleosides by (Anil B. 
Patel and Harry Darrow Brown), 402 

3 Dimetroxyphenylacetie Acid in Urine (Arnold J. Friedhoff and Ker Furiya)j, 


3-Methylcholanthrene and Phenobarbital Stimulation of Rat Liver RNA Poly- 
marase (H. Y. Gelboln, J. S Wortham and R. G. Wilson), 281 

IC 446 Optics! Variations in (Geoffrey Burbmdge), 1213 
446: Optical Vanaton of (R. D Canon and M. V. Penston), 256 

4 GeV electron accelarator’ see New British Electron Accelerator, 1183 

§-Hydroxytryptamine: New Peripheral Antagonists of (F. C Copp et al.), 200 

5-lodo-2’-deoxyuridine on the Synthesis of H-I Virus Particles: Plaque y of 
the Effects of Cytosine Arabinoside and (Nada Ledinko), 1346 

5-Nucleotidase of Sheep Brain from Non-specific Phosphatase and its Inhibition 
by Nucleoside triphosphates: Resolution of (P. L pata), 

6-Azauracll without Suppression of Stem Growth: Inhibition of Flowering in 
Hyascymus mger by (F. Seidlová et al }, [146 

6 GaV electron accelerator, Yerevan. see A Russian Electron Accelerator (W. A. 
Osman), 1185 

6-Phosphogluconate Dehydrogenase within a Community: Variants of (H. Gordon 


ot dl). 

10.7 cm Solar Radiation © ses Solar and Geomagnetic Effects on Upper Atmospheric 
Temperature (S. Chandra and B. V. Krishnamurthy), 769 

18 em Transition of OH: Calculations of the Einstein A cient for the (Barry 
E. Turner), 379 
Transitions of OH: Einstein A Coaffictents for the (Alan Carrington 
and Terry A. Miller), 998 

195 Antibody Synthesis without Stimulation of Cellutar Proliferation: Induction 
of (Walter J. K. Tannenberg), 293 

33 GeV proton synchrotron, Brookhavan National Laboratory, news, 645 

38 Mc/s Discrete Radio Sources at (O. B. Slee and P, K. Wraith), 971 

85 km Altitude Optical Evidence for Atmospheric Dust Layers around (B. R. 
Clamasha et ai.), 261 

300 GeY proton accelerator, news, 1283, 1285 
GeV proton synchroton: sea CERN and the Big Machine (Eduardo 
Amaldd, 1290 


e 
Prmted m Great Britain by Fux, Kniaut & Co, LTD» The Gamaborough Press, St. Albans, © 
and published by MACMILLAN JOUR! LTD , at 4 Little Essex Street, London, W.C 2 
Saturday, November 11, 1967. e 
x ° 
° é . ä 


NATURE, VOL. 214, APRIL 1, 1967 


es 
a 


. 
r, 


i WHOSE ENVIRONMENT? 


Tex pollution of the English coast by a large part of 
the 120,000 tons of oil carried by the Torrey Canyon 
(see page 3) raises a string of questions about the 
contamination of the environment which have not yet 
been given the attention they deserve. The accidental 
loss of oil tankers is not, of course, the only kind of 
hazard which needs to be considered. Accidents at 
nuclear power stations could easily create more serious 
situations, and over a still ter area. There are 
also many kinds of chemical plants at which accidents 
could seriously damage the immediate environment. 
The passage of years inevitably entails that the scale 
of hazards like these should steadily increase. There 
is also a tendency for the inherent difficulty of dealing 
with contamination to become greater as technology 
becomes more clever. After all, it is considerably more 
difficult to separate strontium from calcium than, say, 
oil from the beaches of Cornwall. 

Increasing scale tends to bring with it increasingly 
tortuous legal problems. Ever since people have been 
worrying about the accidental release of radioactivity, 
it has been plain that an accident in one country could 
bring harm to another. This characteristic of contamin- 
ation by radioactivity is not strictly a new develop- 
ment, as has been demonstrated frequently in past 
centuries by repeated rows about the pollution of the 
lower reaches of the Rhine by industrial enterprises 
upstream. The pollution caused by the oil from the 
Torrey Canyon is similar in this respect, if only because 
a vessel on the high seas must legally be considered as 
& sovereign appendage of the sovereign state with which 
she is registered. If the ship had remained afloat, 
she would have been prevented from discharging oil 
. 80 near the coast of England under the terms of an 
international agreement to this effect, but shipwreck 
is plainly a special circumstance. No amount of treaty 
making can keep oil inside a sunken tanker once the 
holds are broken open. It would be the same, of 
course, with the hypothetical discharge of radio- 
activity from a nuclear reactor. Here, too, there is 
no point in saying after the event that it should never 
have happened. More constructive policies are neces- 
sary. : 

In the first place, there is a clear need for acknow- 
ledged means of compensation for those who are 
directly damaged by accidental pollution of the environ- 
ment. This has been recognized since the beginning 
of the development of nuclear energy, with the result 
that there has grown up a sensible code of practice for 
regulating third-party insurance. Is there any reason 
why the same should not be done with the risk of oil 

pollution following the loss of ships at sea? It is true 
that it might usually be harder to trace a source of oil 
pollution than a reactor accident, but the most serious 
accidents would be at the same time the most con- 
spicuous and the easiest to trace. They would also be 


the rarest ocourrences of this kind, so that the cost 
of adequate insurance need not be prohibitive. Cer- 
tainly there is no reason to fear that international 
lawyers would be unable to deal competently with the 
problem. Indeed, if the problems of arriving at 4 
workable international convention on third-party 
insurance proved to be too time-consuming, it would 
always be possible for nations to act unilaterally, and 
to impose a levy on arriving and departing ships 
that would be enough to pay the premium on a sensible 
insurance policy. 

Insurance by itself is not enough, however. There 
is also an urgent need for means of remedying pollution 
which match in scale the kinds of accidents now 
possible. One of the most striking features of the 
attempts which have been made to keep oil away from 
British beaches in the past two weeks is that they have 
been pathetically puny in scale. Ships have been 
spraying oil at sea with detergent much as if they were 
doctors trying to control plague with aspirin tablets, 
or engineers required to contain landslides with picks 
and shovels. The trouble is that there is no tradition 
of dealing with problems of pollution on a scale com- - 
mensurate with the kinds of accidents which can now 
happen. But accidents are not the only occasions 
on which steps like these are necessary. A great 
many rivers are at present too heavily polluted, and 
most industrialized nations could usefully employ 
means of removing gross pollution from large quantities 
of water. It is the same with the atmosphere and 
with other parts of the natural environment. Methods 
of cleansing it on a huge scale are likely increasingly 
to be necessary, more or less as a routine. In other 
words, if there were more self-conscious care for the 
environment as a whole, it would probably be easier 
to deal with occasional accidents. It is to be hoped 
that this will be acknowledged before many more 
tankers sink at sea. 


SCIENCE OF SCIENCE 


Noxzopy should reproach the Science of Science Founda- 
tion for the name with which it is now saddled. It is 
memorable, to say the least of it. It trips well off the 
tongue. And it suggests a broad field of interest which 
coincides more or less accurately with the interests of 
a growing band of devotees. It is true that the same 
name may sometimes suggest too grandiose a concep- 
tion of the place which science and technology should 
occupy in modern society, and too solemn a notion of 
the importance of the studies which can be carried 
out in the name of the science of science. It is nowa 
for example, plain that much that has been written 
in the two past decades about the relationship betweef 
science and national prosperity is less important ang 
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less relevant than it might have been because it has 
too rigidly discounted the importance of classical 
economics. And then, it is only a decade since it was 
conventionally proper in Britain to suppose that a 
rapid increase in the output of graduates in the sciences 
from, British universities was the only assurance of 
national prosperity. In the long run, the investment 
then made in university teaching will certainly prove 
to be worthwhile, but the British Government is 
probably sorry that it did not make a greater fuss on 
behalf of engineers. And in any case, for reasons 
which are primarily economic, the country does not 
make such a vigorous demand on the services of its 
technical people as to prevent them emigrating abroad. 

But surely this is well understood? That, at least, 
must be the hope. If, as Sir Peter Medawar said 
last week, the Science of Science Foundation is really 
concerned to see that science is “integrated in society”, 
it will be on the side of the angels. As yet, of course, 
there has not been time for it to show how forceful 
it can be in this direction. Indeed, its entirely valuable 
work of organizing symposia of important problems 
has occasionally been marred by the attempts of out- 
siders to demonstrate that the science of science is 
so coherent a subject that it can be dignified as a kind 
of academic discipline. Even the foundation’s public 

“speakers have not always been free from obscurantiam 
like this. 

’ How does this accord with the foundation’s view of 
its own future? The first thing to be said is that it is 
entirely commendable that the foundation should now 
wish to settle down, with permanent offices of its own 
and a staff which can work hard without having to 
worry too much about making ends meet. Ideally, 
the foundation should become something in between a 
learned society and a source of public (and professional) 
enlightenment. The closest parallel is the Institute 
of Strategic Studies, which has become in just a decade 
an internationally influential body of opinion, respected 
and creative. Obviously there is a great deal which 
could be done by a similar body with a special interest 
in science and technology. This is one of the targets 
which the Science of Science Foundation has chosen 
for itself. It will be interesting to see whether it is 
attainable. 

But the foundation also has it in mind to become a 
sponsor of research at universities and elsewhere. This 
is a more risky and a more dubious undertaking. British 
universities are at present building up a good relation- 
ship with the Social Sciences Research Council. Good 
ideas and trained people are more scarce than funds. 
It remains to be seen just what advantages the Science 
of Science Foundation has to offer in this field. Cer- 
tainly, when everything is so new, it is hard to believe 
that the universities and the research councils would 
welcome a transfer of grant-giving functions to some 
third party. To begin with, at least, the foundation 

e might be more valuable in seeking to stimulate univer- 
sities and others. Certainly it will have to win their 
‘sympathy if it is to become an important broker for 
yesearch grants. But in any case, the quasi-judicial 
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function of deciding who should get money for what 
may not be entirely compatible with the freedom to be 
openly persuasive, which should be the foyndation’s 
most cherished ambition. 


DECIMAL BY DECREE 


Tux British Government seems to be entirely set in 
its determination that the United Kingdom shall be 
blessed only with an approximation to a decimal 
coinage in February 1971. Although the debate in the 
House of Commons on March 19 was followed by all 
kinds of rumours that repentance—or half-repentance— 
was not entirely impossible, there is nothing to suggest 
that these reflect anything but the disbelief among 
the critics of the Government that reason can be totally 
ineffectual. Briefly, the Treasury has settled for the 
majority recommendation of the Halsbury Committee,. 
and is proposing to introduce a decimal coinage based 
on the pound sterling (identical in value with that now 
current), fractions which amount in value to 1 per cent 
of a pound (but which are called pennies, not cents) 
and coins which will be known as half-pence. It seems 
to be agreed that the new system will not conform as 
easily with that now in use as some other means of 
making decimals would have done. The Halsbury 
Committee asked that considerations such as these 
should be balanced against the traditional familiarity 
of the pound sterling, and it was understandable that 
historical considerations should have been given more 
weight four years ago than they are given now. There 
is, however, nothing in the Government’s attitude 
towards decimals that would suggest a careful balancing 
of arguments like these against each other. On the 
contrary, it has all the appearance of knowing its own 
strength and of taking a secret pleasure in its capacity 
to ignore reasonable criticism. 

The case against the Government’s proposals now 
turns on the hybrid character of the new coinage, the 
poor associability of the new system with the old, and 
the fact that the smallest coin in the new system will 
be much larger than would be convenient. The argu- 
ment about the size of the smallest coin has been 
particularly prominent in recent weeks. The difficulty, 
of course, is that none of these arguments is really 
quantified. The British Treasury has been able to 
meet all kinds of criticisms with the simple riposte that 
its own judgment runs the other way. But these are 
not matters to be decided only by qualitative declara- 
tions. The choice of a new coinage is similar in kind 
but much more important than the choice of the 
colour to be used in road traffic signs, for example, 
or the choice of dimensions for aircraft seats. In 
this sense the chief complaint against the Government 
is not that it has denied its own supporters in the 
House of Commons the right to vote freely on decimals, 
but that it has made a political issue of a matter which 
has nothing at all to do with politics but with social 
acience. 
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NEWS AND VIEWS 


Sea Water Oil 


Tux first fears after the wreck of the oil tanker Torrey 
Canyon ten miles off Land’s End were for the Cornish 
tourist trade. Now it seems that the steps taken to 
minimize the pollution of the beaches may rebound 
and cause widespread destruction of marine and bird 
life. So far about 250,000 gallons of detergent have 
been used in the attempt to break up the 60,000 tons 
of crude oil which the tanker had lost by last weekend. 
On board is a further 60,000 tons, in danger of being 
released into the sea if the tanker finally breaks up. 
It is expected that eventually up to 80,000 gallons of 
detergent a day will be used in the battle, both on the 
sea and on the foreshore. 

The oil companies are frank in admitting that the 
effect of the detergent is unknown. On two occasions 
when it has been used, in the Elbe and the Thames 
Estuary, they claim that no damage was caused to 
wildlife. In both cases the quantities used were very 
much smaller, but so was the area in which the deter- 
gent was spread. Their view is that the effect of the 
crude oil is serious enough to justify the risk of using 
the detergent. A number of marine biologists, on the 
other hand, are alarmed at the prospects. It is difficult 
to be precise about the toxic agents in the detergents, 
particularly ag seven types of detergent have been 
used, but plankton and plants are expected to be 
affected by concentrations as low as 1 p.p.m., and 
marine animals may well be killed by concentrations 
of 5 p.p.m. The Marine Biological Association at 
Plymouth will use its research vessel Sarsia to examine 
the sea in areas where the oil slick has been present. 
Examples of the marine fauna such as shellfish will be 
collected from all depths, and the sea will be analysed 
to determine the content of toxic substances. Some 
experience indicates that as much as 30 per cent of the 
fauna may be destroyed, but much depends on the 
effect of the winds and tides, and nobody is prepared 
to make any predictions. 

Other methods which have been suggested for 
getting rid of the oil find some support. Silicones can 
be used to coagulate the oil into lumps which can then 
be swept up reasonably easily, but this method is very 
expensive. An alternative would be to burn the oil, 
either in the tanker or on the surface of the sea. Once 
the oil reaches the temperature of the sea water it 
does not burn well, but the lighter fractions would 
burn and leave a tar which would sink. The method, 
though, may well be very dangerous and, until the 
owners of the tanker abandon attempts to salvage her, 
technically illegal. Booms may be used to prevent 
the oil entering tidal rivers, where it would cause 
havoc. Whatever the outcome, the experience of the 
Torrey Canyon is likely to force changes in the ways 
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tankers are operated. To the ministers sent down to 
Cornwall to organize the clearing-up operations the 
sight of the Torrey Canyon pouring oil into.the Channel 
while their hands were tied by legal niceties must have 
been galling. The owners, too, may well be-able to 
claim immunity from actions for damages, which look 
certain to be enormous, though difficult to calculate. 


Appeal for Funds 


Tue Science of Science Foundation is appealing 
for £282,000 to support and to develop its activities 
in the next four years. At a ceremony in London last 
week Sir Peter Medawar, President of the Advisory 
Council, and Professor H. Bondi, Chairman of the 
Committee of Management, commended the foundation 
and its works—particularly those lying in the future— 
to the grant-giving public. Sir Peter emphasized that 
one of the principal objectives of the foundation is to 
“integrate” science more closely into public life. 
Professor Bondi was at pains to point out that the 
Science of Science Foundation is already a “going 
concern”, and that it has been successful in engaging 
the interest of people by means of the score or more of 
seminars which have been held in the past two years. 
He also claimed that the postgraduate seminars being 
held this academic year at the Imperial College of 
Science and Technology are a promise of what the 
foundation will be able to do when it has more money 
to spend. Among the projects planned for the years 
ahead are the publication of a journal, the setting up 
of a research unit at Imperial College under the wing: 
of Lord Jackson (lately Sir Willis Jackson), head of the 
Department of Electrical Engineering, and the sponsor- 
ing of research at other universities. 

Of the £282,000 mentioned in the appeal, roughly 
£50,000 would be spent (over four years) on admini- 
stration and the salaries of senior staff. A total of 
£139,000 would be spent on research, roughly £50,000 
at the unit at Imperial College. International activities 
are estimated to cost £57,000 and the accumulation of 
a library and the publications of newsletters a further 
£21,000. Mr. Maurice Goldsmith, the director of the 
foundation, said on the telephone last week that the 
unit at Imperial College would be chiefly concerned 
with problems of “technological forecasting” and with 
manpower studies. He said that the Science of Science 
Foundation would be perfectly happy if the unit were 
to be financed by the University Grants Committee 
or by some other body after the initial period of develop- 
ment. In supporting research at other universities, 
the foundation has in mind the provision of assistance 
to the various units for science policy now established 
at half a dozen British universities. Mr. Goldamith 
said that many of these units would welcome a new 
source of funds so as to increase the scope of their 
research. The relationship between the foundation 
and the other sources of finance for work of this kind 
seems not yet to have been defined. Mr. Goldsmith 
suggested that if his foundation was able to persuade 
other grant-giving bodies to increase their support for 
research in this field, that would be as valuable as 
money in his own bank. He seems to be cheerful about 
the prospects of success, and confident that four yeays 
with money to spend would enable the foundation to 
acquire such a reputation that permanent financing 
would be comparatively simple. 
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Bringing Top People Together Ss 


Tum Ciba Foundation seems anxious not to be mis- n 
understood. This „year for the first time its annual 


report is prefaced by a cosy introduction by the 
director, Dr. G. E. w Wolstenholme, explaining the 
activities of the foundation. These include hospitality 
to visiting scientists (about 1,000 a year) in the founda- 
tion’s headquarters in Portland Place, organizing 
meetings and publishing proceedings, awarding two 
annual lectureships, and supporting such things as the 
National Kidney Research Fund and the use of audio- 


. visual aids in education. Of these, probably the most 


important is the organization of meetings at Portland 
Place, always private and limited in size to between 
25 and 40 scientists from all over the world. i 
1966, there were 120 such meetings, most in the bio- 
logica] and medical fields, although the foundation has 
also supplied a home for the Science of Science Founda- 
tion and takes an interest in problems of scientific 
communication and science polizy. 

The most provocative aspect of the foundation’s 
activities is its decision to limit the number of par- 
ticipants in its colloquia. This, the report says, is 
justified by the limited accommodation which the 
foundation has at its disposal, and by the assumption 
(backed up by research recently carried out at the 
foundation) that discussions tend in any case to be 
dominated by about five speakers. Undoubtedly, 
though, the need to limit the numbers gives rise to hard 
feelings and may sometimes impede the foundation’s 
aim of promoting international co-operation. Large 
meetings may be unwieldy, but they are also able to 
foster a genuine sense of community—small closed 
meetings, however well chosen, may look like cliques. 

The death of Lord Brain in December 1966 robbed 
the foundation of an outstanding supporter. He had 
been a trustee for ten years, and chairman of the 
executive council since 1959. The foundation has now 
announced that Professor F. G. Young, Master of 
Darwin College and Sir William Dunn professor of 
biochemistry in the University of Cambridge, is to 
take over both positions. Sir Eric Ashby, Lord Florey, 
Sir George Lloyd-Jacob and Lord Todd are the other 
trustees. 


Treading Carefully 


Tax United States seems determined to prove that its 
support for a nuclear non-dissemination treaty is 
genuine. Last week the Atomic Energy Commission 
ordered four American companies who have been 
working on the gas centrifuge method of separating 
uranium isotopes to stop. This step was taken despite 
the declared opinion of the A.E.C. that the gas centri- 
fuge method will probably not be competitive with gas 
diffusion methods for a decade. Thus, despite implying 
that the centrifuge process does not provide a means of 
producing fissionable isotopes in sufficient quantities to 
manufacture weapons, the A.E.C. has thought it worth- 
while to call a halt. 

This means that isotopes such as uranium-236 will 
continue to be separated from natural uranium by the 
expensive gas diffusion method. The advantage of this 
method from the point of view of the treaty is that the 
plant needed is of enormous size, and can hardly go 
undetected. Gas centrifugation, in which the isotope 
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mixture is contained in a hollow rotor turning at very 
high speed, has seeméd to offer a means of separating 
isotopes while using a plant small enough to be con- 
cealed. The A.E.C. itself will continue to work on the 
gas centrifuge method, and will provide industry with 
the results of its work at some future date, if it deter- 
mines that this would be in the national interest. All 
gas diffusion plants are run by the administration, 
although some companies have expressed interest in 
operating them commercially. In the present delicate 
diplomatic climate this is unlikely to come about, but 
the A.E.C. recently announced that it is co-operating 
with the Atomic Industrial Forum in its study of the 
feasibility and desirability of transferring one or more 
of the commission’s gas diffusion plants to industry. 

There are three gas diffusion plants in the United 
States, at Oak Ridge, Tennessee, Portsmouth, Ohio, 
and Paducah, Kentucky, which are operated for the 
A.E.C. by private contractors. These cost altogether 
$2-3 billion to build, and the A.E.C. says that they are 
now used primarily for the enrichment of uranium for 
civilian power reactors, although built of course for the | 
Weapons programme. Thanks to the co-operation of 
the A.E.C., the Atomic Industrial Forum, which 
represents mining, manufacturing, utilities and other 
sections of the nuclear power industry, will be able to 
see classified information about the plants. Until the 
study is complete in six to nine months, the A.H.C. will 
not entertain requests from other groups to undertake 
studies. Uranium enriching is now the only step in the 
fuel cycle of nuclear power reactors which is not per- 
formed by private industry in the United States, and 
the A.E.C. is bound to come under some pressure from 
diplomats both inside and outside America to keep it 
that way. 


Committee on Pollution 


Tue National Academy of Sciences and the National 
Academy of Engineering in Washington have set up an 
Environmental Studies Board to co-ordinate the 
activities of both academies. The chairman will be 
Dr. Harold Gershinowitz, former chairman of the 
research council of Royal Dutch/Shell, originally a 
Harvard chemist. The principal interest of the Environ- 
mental Studies Board will be the abatement of pollu- 
tion of all kinds, and a statement from the academies 
points out that a number of important studies are 
already under way, under the aegis of the National 
Research Council, of the actual effects of pesticide 
residues, food chemicals, medicated feeds for livestock 
and even the sonic boom. 


Breast Cancer Diagnosis 


Tex results of a survey carried out by Bulbrook and 
Haywood on the island of Guernsey may help 
substantially with the early diagnosis of cancer of the 
breast. They have found (Lancet, i, 519; 1967) that, in 
a group of 4,850 women, those with abnormal] amounts 
of 17-hydroxysteroids and aetiocholanolone in the urine 
were several times as likely to develop breast cancer. 
The most puzzling aspect of these results is that the 
abnormalities of excretion were by no means of a single 
type. Some of the women who afterwards developed 
cancer had high levels of aetiocholanolone and low or 
normal levels of 17-hydroxysteroids, while others in 
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the same group had abnormally low or heh levels of: 
hydroxysteroids and normal levels of aetiocholanolone. 

The mechanism by which these imbalances in hor-- 
mone excretion are related to the development of” 
breast cancer is still obsoure, but the statistical 
evidence for a correlation is strong. More research is 
clearly needed into the connexion between these 
variables. It is, of course possible to detect this type 
of cancer fairly early in its course if women are made 
aware of the first symptoms—a lump in the breast, or 
pain in the same area on menstruation. The prognosis 
is improved the earlier the disease is detected. A 
method of screening for the disease would improve the 
prognosis still further in those cases where the disease 
can be caught even before the early signs become 
obvious, and save the di ing surgery which is 
often necessary if the early signs are missed. 


Marine Laboratory 


A NEW marine sciences laboratory is bemg built by the 
Memorial University of Newfoundland so as to make 
possible a year-round study of marine organisms in 
Newfoundland waters. The building, which will cost 
$300,000, will be at Logy Bay, four miles north of 
St. John’s, and is expected to be in commission in a few 
months. The opening of the laboratory is expected to 
provide a valuable opportunity for studying the marine 
life of a subarctic boreal ecosystem on a continuing 
basis. The laboratory is being built with a grant from 
the Canadian National Research Council. 


Atmospheric Computer Models 
from a Correspondent 


THE nucleus of meteorology in the United States might 
be regarded as the National Center for Atmospheric 
Research (NCAR) located at Boulder, Colorado. The 
centre was established in 1960 to foster basic 
research in the atmospheric sciences, to supplement 
and augment the research and educational programmes 


“of universities and research groups in the United States 


. and abroad, and to work towards increasing the effec- 


tiveness of atmospheric research efforts as a whole. 
NCAR is operated by the non-profit University Cor- 
poration for atmospheric research, representing twenty- 
three United States universities and graduate pro- 
grammes in the atmospheric sciences or related fields. 


. It is sponsored by the National Science Foundation. 


One of the most exciting projects at the centre 
makes use of a newly acquired high speed output 
recorder which works with a 6,600 high speed Control 
Data computer. The recorder displays computer 
output graphically in the form of weather maps based 
on mathematical models of the general circulation. The 
material can be plotted and recorded by this facility 
at speeds far higher than those of any mechanical 
plotter. The weather maps are exhibited on the face 
of a cathode ray tube. The individual weather maps 
are computed for successive moments of their develop- 
ment, separated by a constant time interval preselected 
according to the model programmed. The image of 
the charta is then photographed with a 35 mm camera 
which is controlled by the computer. As each frame of 
film is exposed an image is built up as a series of points 
and lines on the screen of the tube. When the image is 
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T the flm i is aded automatically" to the 
-next frame. ‘When the film. is projected, a time lapse 


representation of the evolution’ of the theoretical 
model of the atmospheric circulation appears on the ` 
screen. Anticyclones, depressions, ridges and troughs 
in the pressure pattern will be seen to grow, decay 
and move across the screen as the global model of the 
atmospheric circulation unfolds. 


Synchrotron Director 


Proressor Rosger R. WILSON of Cornell University 
has overcome his unwillingness to devote himself to 
administration sufficiently to agree’ to direct the work 
of the 200 GeV accelerator to be built at Weston, near 
Chicago. Professor Wilson has been at Cornell since 
1947 and has been largely concerned with electron 
synchrotrons. He is at present building a 10 GeV 
electron synchrotron at Cornell. This will be the largest 
machine of its kind and should be operating at the end of 
this year. 

The first task of the National Accelerator Laboratory , 
will be to complete the planning of the big machine. 
Detailed design work will start during the financial 
year which begins in July. Although the machine as 
planned at the moment will have a lower beam intensity 
and fewer experimental areas than in the original design 
study carried out at the Lawrence Radiation Labora- 
tories of the Atomic Energy Commission, it ahould be 
possible to extend these later if hopes of a flexible 
design are realized. High-energy physicists will be 
particularly glad that the Universities Research 
Association (the consortium of forty-six universities 
in the United States which will manage the machine) 
has prevailed on Professor Wilson to take on this job. 


Thermostable Enzymes 
from a Correspondent in Molecular Blology 


Amonce the more intriguing arcana of protein chemistry 
is the function of the enzymes of thermophilic bacteria 
which occur in hot springs at temperatures sufficient 
to cook an egg or otherwise to do violence—sometimes 
reversibly—to the conformation of most proteins. A 
protease from such a source has recently been studied 
by Ohta and co-workers, the second of whose articles 
appears in the current issue of J. Biol. Chem. (242, 509; 
1967). The enzyme has neither disulphide bridges nor 
sulphydryl groups. Like an amylase from a thermo- 
phile, which was earlier studied by Campbell and others, 
it appears to require calcium ions for activity and con- 
formational integrity. Its molecular weight is 37,500. 
The only other proteins so far known with certainty 
to withstand denaturation at temperatures approach- 
ing 100° C are the «-helical muscle proteins, the tropo- 
and para-myosins. These, however, are special cases, 
whose stability depends on the interaction of two 
a-helical chains: when those are separated the unique 
property is lost. At the same time, it is known that 
several synthetic homopolypeptide a- -helices are exceed- 
ingly resistant to heat and other denaturing agencies. 
The situation in a globular protein is harder to en- 
visage. Ohta’s bacterial protease has only moderate 
a-helix content as determined by optical rot&tory 
dispersion. A number of diagnostic characterjstics, 
notably the presence of buried tyrosine residues which 
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cannot be ionized in the native protein, the appearance 
of.an extrinsic Cotton effect associated with the 
aromatic side chains and the low intrinsic viscosity, 
leave no reasonable doubt that the enzyme at room 
temperature is in a specific, folded globular conforma- 
tion. The enzyme, of course, functions at high tempera- 
ture, and when kept at 80° C for one hour and then 
cooled shows an undiminished maximum velocity and 
only slightly increased Michaelis constant. It is par- 
ticularly remarkable that the conformation is com- 
pletely unaffected by 8M urea, usually regarded as an 
essentially universal denaturant. It is found, however, 
that after prolonged heat treatment conformational 
changes have occurred: the anomalous tyrosine 
residues appear to have become normalized, and the 
helix content is diminished 

The full significance of these observations and their 
relation to the conformational stability in vivo are not 
yet clear. Neither has the present work yet answered the 
question of whether in fact the conformation remains 
intact at the high temperature or whether the molecule 
exists in a wholly or partially unfolded state which 
reverts in the presence of the substrate. It is worth 
noting that the stabilization of a native enzyme struc- 
ture by substrate—antibody by hapten, for example— 
has been frequently reported. Indeed, it is thermo- 
dynamically obvious that if a substrate binds only (or 
more strongly) to the native conformation, the latter 
must be correspondingly stabilized with respect to the 
native state when binding occurs. 

The source of the unusual stability of these enzymes 
remains obscure, though Ohta has noted that the 
protein contains a rather high proportion of hydro- 
phobic residues. It may be recalled that the con- 
stituents of the protein synthesis system of a thermo- 
phile were recently studied in an interesting series of 
papers by a group of Italian workers, and that the 
amino-acid-sRNA synthetases, a notoriously unstable 
and intractable class of enzymes, turned out to function 
in vitro at temperatures above 70° C in 3M urea. The 
system was used to examine the effect of the denatura- 
tion of sRNA on its activity, and no doubt further 
interesting applications in relation to the conformation 
of various substrate species will be found for enzymes 
from these organisms. It is also to be hoped that some 
of the more complex enzymes, especially those with 
quaternary structure, wil] in time be examined. 


Bacterial Ancestry 
from a Correspondent In Microbiology 


OxnTHODOX classifications of bacteria are erected on 
phenotypic data, usually very few and consequently 
representing but a small portion of the total genome. 
Classifications based on numerical analysis are superior 
in that 10-20 per cent of the genome is sampled when 
200 or so characters are considered. The classification 
may be improved further by examining the extent of 
DNA identity using such parameters as homology and 
base composition, and this approach has been exploited 
brilliantly in recent years by J. de Ley and his associ- 
ates at the State University in Ghent. The latest 
report from this laboratory discusses relationships 
among certain pseudomonads and xanthomonads and 
ae some fascinating clues to the phylogeny of this 

ven Eoaunenaet, (Park, I. W., and de Ley, J., Antonte 

wenhoek, 33, 1; 1967). 
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Reciprocal hybridizations were made with DNA from 
Pseudomonas fluorescens, Pseudomonas putida and the 
xanthomonad Pseudomonas campestris var. pelargonii; 
and between DNA fragments from each strain, pre- 
selected by hybridization with each of the other two 
strains, and all three ‘whole’ DNA types. The results 
from these experiments indicate that a certain part of 
each of the three genomes is similar and is designated 
the “common” or ‘‘fluorescens-puttda-pelargontt” part. 
Further, the fluorescens and putida strains are more 
closely related to each other than to pelargonii, while 
the latter has greater affinity to fluorescens than to 
putida. The molecular weights of the DNA from the 
three strains are closely similar (2-4+0-4x 10°) with 
a value suggesting the accommodation of about 3,900 
cistrons. The “common” part, accounting for about 
50 per cent of the genome of each strain, must be that 
coding for the shared phenotypic attributes and includ- 
ing cell morphology, aerobiosis, polar flagellation 
and common enzymes such as catalase and the Entner- 
Doudoroff enzymes. 


The fluorescens-puitda common part, amounting to . 


about 33 per cent of the respective genomes, will 
accommodate 1,300 cistrons controlling characters such 
as the green pigmentation, enzymes for the oxidation of 
gluconate, utilization of nitrite, ammonia and urea 
and many particulate enzymes. Species differentiation 
between P. fluorescens and P. putida is based on the 
remaining 17 per cent or approximately 650 cistrons. 
The authors propose that the 50 per cent piece of 
pelargonit-specific DNA might consist of two com- 
ponents: (i) a component common to all xanthomonads, 
and (ii) a component typical of the strain pelargonii. 
The general xanthomonad part probably codes at least 
for carotenoid and polysaccharide syntheses and 
pr yopa ho enicity. (See de Ley, J., ef al., J. Gen. 
“42, 43; 1966, for further data.) 

othe data lead Park and de Ley to suggest that 
the three bacteria arose from a pool of common ances- 
tors and that half of each genome is still retained and 
related very closely to the original ancestral genome. 
Accordingly, the ancestor may be visualized as an 
aerobic, polar flagellate bacillus possessing Entner— 
Doudoroff and shunt pathways, catalase and the 
capacity to oxidize a variety of carbohydrates. More- 
over, we may reasonably conclude that the xantho- 
monad diverged first or most quickly from such a 
stock and that the discontinuity between fluorescens 
and putida was of more resent origin. Consideration 
of data in de Ley et al. allows a more comprehensive 
reconstruction of pseudomonad phylogeny. Arguing 
from the phytopathogenicity of the xanthomonads, 
Park and de Ley presume that the latter only arose 
after the appearance of angiosperms about 135 million 
years ago. The “common” part of the genome, com- 
prising some 2 million base pairs, indicates the 
comparable antiquity of the pseudomonads. The 
average mutation rate in this “common” part is con- 
sidered to be less than 1 base pair per 700 years, while 
that of the dissimilar part of the genome would be 1 to 
10, or more, base pairs per 700 years, depending on 
when the xanthomonads arose during the 135 million. 
year span. At last, therefore, we have some objective 
comment on bacterial evolution, however slight, to 
replace previous speculations. Moreover, the exten- 
sion of such analyses shonld lead to the greatest 
possible precision in bacterial classification. 
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Parliament in Britain 


Ly a written answer in the House of Commons on March 
13 the Minister of Public Building and Works, Mr. R. 
Prentice, listed 17 research projects, totalling in all 
about £120,000, undertaken externally under research 
contracts. The subjects include the effect of 
the design of buildings on their flexibility in use 
(University College, London); thermal response of 
multicell buildings to climatic variations (University 
of Liverpool); thermal and illumination environment 
in buildings (University of Newcastle upon Tyne); 
trends in building prices (University College, London); 
forms of contract management in U.K. construction 
industry (London School of Economics); choice of 
building systems for multi-storey housing, Salford 
(University of Edinburgh); the mechanism of the 
supply of building materials (Institute of Operational 
Research); factors affecting growth and efficiency in 
the building industry (University of Exeter and 
University of Manchester); study of statistics for the 
building industry (Professor D. Turin, Bartlett School 
of Architecture, University College, London); pilot 
study of continuity of employment in building and civil 
engineering industry (London School of Economics); 
and the study of dimensional tolerances (A. A. W. 
Butler, University of Southampton). 


Mr. Tam DALYELL, opening a debate on March 22 on 
the Anglo-French Variable Geometry aircraft, expressed. 
interest in the possibility that the AF VG would be sold 
to German buyers. Mr. Dalyell also doubted the 
estimate of £200 million for the development of the 
aircraft, and said that seven years was a very long time 
to wait for it. The Americans had been able to get 
military aircraft into the air in two and a half years. 
Replying, Mr. John Stonehouse, Minister of State 
at the Ministry of Technology, said that the cost 
estimate was more detailed than had ever been done 
before; that it was indeed hoped that the aircraft 
would prove attractive to German and Dutch buyers; 
and that both the French and British Governments 
have “break” clauses in all joint projects except in that 
for Concord. Until June 1, 1967—a date which may 
possibly be put back because of the slow start the AFVG 
has made—both France and Britain can withdraw 
from the arrangement without notice. 


Latur in the day Mr. J. Stonehouse, for the Ministry 
of Technology, made a statement about excess profits 
which the aircraft firm, Bristol Siddeley Engines, Ltd., 
had made from contracts with the former Ministry of 
Aviation. The company, he said, had repaid a sum 
of £3-96 million because it had been recognized that its 
profits on contracts for the repair of aircraft engines 
had been excessive. Some work had been paid for 
twice. In 1964, he said, the staff of the department 
had called for information about past costs before 

ing further prices, and the staff of the company 
drew the attention of the senior management to the 
high profits. The company brought the matter to the 
attention of the department. The overquoting, Mr. 
Stonehouse said, might have been noticed by the 
department, but the failure could to some degree be 
attributed to pressure of work and staff shortages. 
The senior directors of the company had behaved 
correctly, he said, particularly during the past few 
weeks. 


7 


University News: Edinburgh 


Dr. E. A. V. Ebsworth, at present lecturer in inorganic 
chemistry in the University of Cambridge, has been 
appointed to the newly established Crum Brown chair of 
chemistry, and Dr. G. Y. Craig, senior lecturer in the 
Department of Geology, has been appomted to the James 
Hutton chair of geology. 


Liverpool 
First holder of the new chair of physical electronics will 
be Dr. J. H. Leck, at present reader in the Department 
of Electrical Engineering and Electronics. Dr. Leok, a 
graduate of the University of Liverpool, worked for 
Metropolitan-Vickers (now A.H.I., Ltd.) before returning 
to the university; at present he is senior foreign visiting 
fellow at Washington State University. He takes up his 
post on April 1, 1967. Dr. Dennis Chapman has been 
appointed assistant director of the School of Business 
Management from October 1, 1967. Dr. Chapman, a 
behavioural scientist, graduated from the University of 
London, and has been at Liverpool since 1946. 


London 


Tus following appointments have been made: Dr. P. M. 
Cohn, at present reader in pure mathematics at Queen 
College, to the chair of mathematics tenable at 
Bedford College; Mr. C. J. Dewhurst, reader in obstetrics 
and gynaecology in the University of Sheffield, to the 
chair of obstetrics and gynaecology tenable at the Insti- 
tute of Obstetrics and Gynaecology; Professor J. Ring, 
professor of physics in the University of Hull, to the chair 
of physics tenable at the Imperial College of Bcience and 

Technology. 
Nottingham 


Dr. J. L. Monteith of the Lawes Agricultural Trust has 
been appointed to the new chair of environmental physics 
in the School of Agriculture. 


Queen’s University of Belfast 


Tau following appomtments have been made: Dr. Alan G. 
Lioyd to the J. C. White chair of biochemistry; Dr. 
Peter C. Elmes to a personal chair in therapeutic sciences 
and Dr. E. Florence McKeown to a personal chair in 
morbid anatomy. 


Appointments 

Mr. D. CARDWELL has been appointed director of the 
Fighting Vehicles Research and Development Establish- 
ment, Chertsey, in succession to Mr. C. Dunbar. Mr. 
Cardwell is at present deputy director (Specialist and 
Design Services). 


Dr. R. L. Syxes has been appointed director of the 
British Leather Manufacturers’ Research Association in 
succession to Dr. K. W. Pepper, who has resigned. Dr. 
Sykes has been assistant director at the research associa- 
tion since August 1966. 


Announcements 


CORRIGENDUM. In Table 1 of the article “The Pharmaco- 
dynamics of Dieldrin in Pigeons”, by J. Robinson, A. 
Richardson and V. K. H. Brown (Nature, 218, 734; 1967), 
the values of constant a for the four tissues in the column 
headed “Regression line y = bt + a” should read 4.6520, 
3.5151, 3.2117 and 2.8872. 


Erratum. In the communication entitled “Fixed Area 
Mercury Electrode: a Sensitive Device for Electro 
Analysis” by Dr. M. A. V. Devanathan and 8. Lakshmanan 
(Nature, 212, 814; 1966), the expression “‘hydroger drop- 
ping meroury electrode” in the second line of the fifth 
paragraph should read “hanging mercury drop elestrode 
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The Catecholamines 
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Catecholamines released by nerve endings are responsible for 


by triggering Impulses across neural synapses. 


L. IVERSEN 


Department of Pharmacology, 
University of Cambridge 


The blochemical aspects 


of such adrenergic neurotransmission and of possible similar processes 
within the brain and spinal cord are reviewed. 
Implications of drugs which interfere with or enhance such activities 


The pharmacological 


‘ are also considered. 


Tx catecholamines are derivatives of 8-phenylethylamme 
in which phenolic hydroxyl groups are present in the 
3- aud 4-positions. Three such compounds occur in 
mammalian tissues: dopamine, u-noradrenaline (NA) 
and L-adrenaline (Fig. 1). While the existence of dopamine 
and NA in mammalian tissues has only recently been 
demonstrated, adrenaline has been known since the early 
part of this century to be the hormone released into the 
blood from the adrenal medulla. Adrenaline is thus 
found principally in the secretory cells of the adrenal 
medulla and serves an important function as an endocrine 
hormone, released in particularly large amounts in response 
to stressful stimuli. NA is also found in the adrenal medul- 
lary cells, and may also be secreted as an endocrine 
hormone. In addition, however, NA has another impor- 
tant function as a neurotransmitter in the mammalan 
sympathetic nervous system. Nerve impulses arriving 
at the terminals of postganglionic sympathetic nerves 
release minute quantities of NA which stimulate or 
inhibit the activity of the cells of the effector tissue (Fig. 2). 
It was believed at first that adrenaline was the chemical 
transmitter at such synapses, and they are therefore 
described as “adrenergic”, although the term “nor- 
adrenergic” has been suggested. In addition to adrenergic 
synapses between nerve and effector tissue cells ın the 
sympathetic nervous system, “cholinergic”? synapses, in 
which acetylcholine is the transmitter substance, occur 
between preganglionic and postganglionic neurones 
in the sympathetic and parasympathetic system, and 
between nerve and muscle cells in the parasympathetic 
and peripheral nervous systems. Adrenergic and choliner- 
gic synapses are also thought to occur between certain 
neurones of the central nervous system, and it seems 
possible that “dopaminergic” synapses may also occur 
in the mammalian brain. The catecholamines thus have 
two major roles in the mammalian organism: as endocrine 
hormones secreted by the adrenal medulla, and as trans- 
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mitter substances released at adrenergic synapsea in the 
nervous system. 

The recent upsurge of interest in the field of catechol- 
amines stems largely from the development of new tech- 
niques for studying these substances. Chemical assay 
methods have been developed which are sufficiently 
sensitive to measure the extremely small amounts of 
catecholamine normally encountered in biological systems. 
The postganglionic sympathetic innervation constitutes 
only a very minor proportion of the total tissue mass of 
innervated organs. Because the innervation, which 
contains NA, cannot be separated physically from the 
innervated tissue, the overall concentration of NA in the 
organ (for example, heart or spleen) is exceedmgly small, 
generally less than 1 pg NA/g wet weight. Tho chemical 
assay of such small amounts of NA is achieved by convert- 
ing the catecholamine in organ extracts to a highly 
fluorescent trihydroxyindole derivative by oxidation and 
re-arrangement ın strong alkali (Fig. 3). This derivative 
is then assayed by sensitive fluorometric measurements. 
Alternatively, the catecholamine may be reacted with 
ethylene diamine to form highly fluorescent condensation 
products. Catecholamines labelled with tritium are also 
now available. The very high specific activities of these 
compounds (>65,000 curies/mole), together with the 
development of modern hquid scintillation counting 
equipment for the efficient detection of tritium, has made 
it possible to use the labelled catecholamines in doses 
small enough to be comparable with those likely to be 
encountered under normal physiological conditions. The 
injection of less than 0-1 ug of 7H-NA into a rat is sufficient 
to enable detailed studies to be made of the disposition 
and metabolism of the labelled compound in the various 
tissues of the animal, because it is possible to measure 
accurately as little as a few picograms of the labelled 
material. A more recent technical advance has been the 
development of a sensitive and specific histochemical 
technique. This method involves the conversion of 
catecholamines, in freeze-dried tissue samples to highly 
fluorescent 6,7-dihydroxy-3,4-dihydroisoquinoline deriva- 
tives by exposure to hot formaldehyde vapour (Fig. 3). 
When tissue sections are subsequently examined in a 
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Fig. 3. Formation of fluorescent derivatives from NA. In the tri- 

hydroxyindole reaction NA (T) is converted by oxidation to noradreno- 
„Chrome (IT) and then by alkaline treatment to the fluorescent trihydroxy- 
indole noradrenolutin (EI). Fluorescence histochemistry of catechol- 

amines depends on condensation with formaldehyde to form a 6,7-dihyd- 

; roxy-3,4-dihydroisoquinoline (LV), 

fluorescence microscope, cells containing catecholamine 
are seen as green or green-yellow fluorescent structures. 

Progress in understanding the complex functions of the 
adrenergic synapse depends on an increasingly detailed 
knowledge of the anatomy of this structure. Studies 
with the recently developed fluorescence histochemical 
technique together with electron microscope investigations 
have greatly increased such knowledge in recent years. 
The histochemical method has not only helped under- 
standing of the morphology of the adrenergic neurone, 
but has also given some indication of the distribution of 
the transmitter substance within these neurones. It is 
now clear that NA is concentrated in the terminal regions 
of the neurones where its concentration may be several 
hundred times greater than elsewhere in the same nerve 
cells. Thus in the terminal regions the concentration of 
NA may exceed 10,000 pg/g but elsewhere in the nerve 
fibre or in the nerve cell body may only be 100-500 
peg. The terminals of postganglionic sympathetic 
neurones are fine and much branched (Fig. 4B). They 
are characterized by numerous swellings or varicosities 
which occur at intervals of a few microns along their 
length, giving them a beaded appearance (Fig. 4). Electron 
microscopic studies indicate that the varicosities contain 
large numbers of small membrane-bound vesicles or 
particles (about 450 Ain diameter), which often have a 
densely stained osmiophilie core (Fig. 5). These intra- 
neuronal particles are thought to represent specialized 
storage structures in which NA is in some way sequestered. 
The varicosities probably represent areas at which the 
nerve terminals make synaptic contact with the cells of 
the effector tissue. The intertwined branching terminals 
of the postganglionic sympathetic nerves form a dense 
plexus over the innervated tissue (Fig. 44), so that each 
effector cell can receive synaptic imput from several 
sympathetic neurones, and each sympathetic neurone 
can in turn make synaptic contact with many effector 
cells en passage. The terminal ramifications of each 
sympathetic neurone are very extensive. It has been 
estimated that each postganglionic sympathetic neurone 
in the superior cervical ganglion of the rabbit gives rise 
to a total of some 10 em of terminal branches in innervated 
tissues. such as the iris. The terminals of each neurone 
ean thus make synaptie contact with as many as 20,000 
effector cells through the numerous varicosities. 

Tn addition to these important anatomical findings, our 
knowledge of the biochemistry of the adrenergic synapse 
has also advanced in recent years. The synapse is a 
functional unit of considerable complexity. The pre- 
synaptic nerve terminal contains mechanisms for the 
synthesis of the transmitter substance, for the storage of 
a reserve of transmitter, for the rapid release of a part 
of this store in response to nerve impulses reaching the 
terminal and for regulating the storage level of transmitter 
in the. face of varying demand for release. The area of 
the postsynaptic cell which is in apposition to the pre- 
synaptic terminal is also an integral part of the synapse. 
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This cell surface bears specific receptor sites with which the 
released transmitter substance interacts to produce its 
characteristic response in the postsynaptic cell. Either 
the presynaptic or the postsynaptic cell can also contain 
some mechanism for terminating the actions of the 
transmitter after it has been released into the space 
between these two elements (the ‘synaptic cleft’’}. 

The enzyme systems responsible for the biosynthesis 
and metabolic degradation of the catecholamines are now 
quite fully understood, Sympathetic neurones and the 
cells of the adrenal medulla contain the necessat'y enzymes 
to synthesize NA from the dietary amino-acid L-tyrosine. 
The biosynthetic pathway involved was suggested in 
outline more than 30 years. ago (Fig. 1) and has since been 


confirmed experimentally. 1-Tyrosine is first converted» 


to u-3,4-dihydroxyphenylalanine (DOPA) by the recently 
characterized enzyme, tyrosine 3-hydroxylase. This 
reaction requires oxygen and a tetrahydropteridine co- 
factor. L-DOPA is then decarboxylated to form 3,4- 
dihydroxyphenylethylamine (dopamine) in a reaction 
catalysed by the enzyme aromatic-L-amino-acid decarb- 
oxylase. The enzyme hitherto known as DOPA decarb- 
oxylase (4.1.1.26) is thought to be identical with the 
decarboxylases for other aromatic amino-acids such as 
u-histidine (4.1.1.22) (converted to histamine) or rñ- 
hydroxytryptophan (4.1.1.28) (converted to serotonin). 
Aromatic-L-amino-acid decarboxylase thus occurs..in 
other cells which synthesize these amines. Dopamine is 
converted to NA by a second mixed oxidase enzyme, 
dopamine-8-hydroxylase (1.14.2.1), in a reaction requiring 
oxygen and ascorbic acid. In the adrenal medulla, but 


Fig. 4. A, Fluorescence micrograph of normal rat iris, Tn addition to 
the strongly fluorescent uniform plexus of varicose adrenergic nerve 
terminals over the dilator muscle, an arteriole can be seen, surrounded by 
a similar adrenergic nerve plexus. B, A similar preparation 48 h after 
partial denervation of the sympathetic nerve supply to the iris shows the 
profuse branching of the few remaining fibres. In this view at legst two 
individual fibre branching systems are seen, together with numerous 
preterminal axons. Magnifications x c. 107. (From Malmfora, Acta 
Physiol, Scand., 64, Suppl. 248; 1965.) e 
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Fig. & Electron micrograph showing nerve endings in the smooth muscle (aon.) of the rat 


vas deferens. 
adrenergic ground plexus. 


chondria and numerous vesicles, many of which contain a densely stained core. 
Richardson, unpublished.) 


cation x e. 25,350, (From Dr, K., C. 


hot in sympathetic nerves, adrenaline is synthesized 
from NA by the enzyme phenylethanolamine N-methyl 
transferase in a reaction involving S-adenosyl methionine 
* as a methyl donor. The precise localization of the bio- 
synthetic enzymes within the adrenergic nerve terminal 
is still obscure, but it seems that the last stage in NA 
synthesis, the §-hydroxylation of dopamine, occurs 
exclusively in the intraneuronal storage particles. Newly 
synthesized NA is thus probably transferred immediately 
to the storage sites in these particles. The exact nature 
of these storage sites remains unknown, although cireum- 
stantial evidence suggests that the binding of the catechol- 
amines in these particles may involve the formation of a 
complex with adenosine triphosphate (ATP Purified 
preparations of storage particles from the adrenal medulla 
or from sympathetic nerves contain unusually large 
amounts of ATP with a molar ratio of catecholamine : 
ATP of approximately 4: 1. The mechanisms responsible 
for regulating the rate of NA synthesis are also obscure, 
although it has been established that the rate of synthesis 
can be increased by prolonged electrical stimulation of the 
sympathetic nerve, or decreased if nerve activity is 
blocked. The rate-limiting step in the biosynthetic 
pathway appears to be the first one, the conversion of 
L-tyrosiné to L-DOPA, catalysed by tyrosine 3-hydroxyl- 
ase. High concentrations of NA inhibit the activity of 
this enzyme in vitro. It seers possible, therefore, that the 
pathway may be regulated by the now familiar pattern of 
negative feedback, in which the concentration of end- 
products controls the activity of an early rate-limiting 
, step. Another type of control mechanism has recently 
` been described, which applies only to adrenaline synthesis 
in the adrenal medulla. The synthesis of the N-methyl 
transferase enzyme, which forms adrenaline, is under the 
control of adrenal corticosteroid hormones. When 
adrenal steroid secretion is depressed by hypophysectomy, 
the activity of the adrenaline synthesizing enzyme falls. 
and can be restored by ACTH or steroid administration. 
This finding may help to explain the functional significance 
of the close association between the glandular tissues 
of the adrenal cortex and medulla, since the medullary 
tissue in this arrangement is exposed to the high concentra- 
tions of corticosteroids required to maintain the adrenaline 
synthesizing enzyme. 

A finding of considerable pharmacological interest has 
been that the enzymes involved in catecholamine biosyn- 
thesis all have broad spectra of substrate specificity. A 
wide wariety of structural analogues can thus serve as 
substrates for one or more steps in the pathway. For 
the structural analogues of L-tyrosine and 
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L-DOPA, L-a-methyl-m-tyrosine and 
L-a-methyl DOPA, are converted, to 
the NA analogues 1L-metaraminol 
(aramine) and L-a-methyl NA’ re- 
spectively. in vivo (Fig. 6). The’end- 
products metaraminol and «-methyl 
NA can, furthermore, take the place 
of NA in the intraneuronal storage - 
particles and can be released ffom 
the nerve terminals in response to 
nerve stimulation as ‘‘false trans- 
mitters’’. Because the actions of 
these “false transmitters’ on the 
postsynaptic receptor sites are gener- 
ally much weaker than those of NA 
itself, the net result of introducirig 
such compounds is to diminish the’ 
effectiveness of impulse traffic‘in the 
sympathetic nervous system. These , 
findings may explain why drugs such 
as a-methyl DOPA are clinically 
useful in the treatment of certain 
types of hypertension. By introduc- 
ing a-methyl NA as a false transmit- 
ter, the effects of sympathetic ovet- 
activity on the constriction of blood vessels may be 
diminished and hypertension relieved. 

The enzyme catabolism of the catecholamines has been 
clarified in recent years by studies of the metabolic fate 
of radioactively labelled catecholamines in experimental 
animals and in man. Two enzymes are involved in the 
degradation of the catecholamines, and these enzymes 
may act singly or in sequence to give the variety of end- 
products indicated in Fig. 7. Monoamine oxidase (MAO) 
(1.4.3.4.) catalyses the oxidative deamination of cate- 
cholamines and various other aromatic monoamines to 
their aldehyde derivatives. These are then further 
oxidized or reduced in a subsequent enzyme step to form 
the corresponding acid or alcohol derivatives. MAO is 
widely distributed in animal tissues, being found in 
particular abundance in the intestinal tract, liver, kidneys 
and brain. In all these tissues the enzyme appears to be 
present exclusively in mitochondria. The seeond enzyme 
ceatechol-O-methyl transferase (COMT) (2.1.1.6) catalyses 
the transfer of methyl groups from S-adenosyl methionine 
to the 3-hydroxyl position of the catecholamines or a 
variety of other catechol compounds. COMT is also 
widely distributed in the soluble cell sap fraction of 
many animal tissues, being most abundant in liver and 
kidneys. Neither MAO nor COMT appears to be specific- 
ally associated with adrenergic neurones because the 
activities of the two enzymes generally persist undimin- 
ished in sympathetically innervated tissue after the sympa- 
thetic innervation has been surgically sectioned and 

allowed to degenerate. (In contrast, the activities of the 
enzymes involved in NA biosynthesis are markedly 
reduced in such denervated tissues.) The importance of 
MAO and COMT for the inactivation of catecholamines 
in vivo remains difficult to assess. The results of many 
studies with potent inhibitors of both enzymes suggest 
that neither enzyme is of prime importance for terminating 
the actions of NA after it has been released from adrenergic 
nerve terminals. Inhibitors of COMT and/or MAO 
generally fail to produce any marked potentiation of the 
effects of NA released by sympathetie nerve stimulation; 
nor do such inhibitors retard the rapid disappearance of 
catecholamines from the circulation after their injection. 
The physiological inactivation of the catecholamines 
appears to involve other, non-enzyme, mechanisms, 
which will be discussed in more detail later. 

Although MAO and COMT do not seem of great impor- 
tance in terminating the actions of released catecholamines, 
these enzymes certainly perform other important fune- 
tions. For example, MAO appears to play some part in 
regulating the storage concentration of NA in adrenergic 
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iproniazid, isocarboxazide, pheniprazine, 
tranylcypromine and pargyline, have, never- 
theless, proved to be useful for the treatment 
of some forms of mental depression and for 
certain types of hypertension. The hypo-’ 
tensive effects of MAO inhibitors are at first 
sight paradoxical: such drugs prevent the 
metabolism of vasoactive amines and might. 
therefore be expected to lead to, hyperten- 
sion. An, ingenious hypothesis has been’ 
proposed to explain the hypotensive’ éffects 
of MAO inhibitors. It was found that long- 
term treatment of experimental animals with 
these drugs led to an accumulation of the 
NA analogue octopamine (norsynephrire)’ 
m the sympathetic nerves of these animals. 
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solvad are: (1) aromatic-L-amino-aoid decarboxylase; (2) dopamine-f-hy: xylaee, salivary glands of the octopus, not only 
(8) microsomal hydroxylating system (in liver of some mammalian species) accumulated in the NA storage sites of °- 

adrenergic nerves, but was also released from 

= ae E hd 

CHIOH)CHSNH CH(OH)CH- NH these sites as a “false transmitter”. The 

NA 2 2 >» NMN 2 normal transmitter stores of NA were thus 

OH De diluted with a much less active substance, 

$ 2 and the pressor effects of sympathetic nerve 

activity were diminished. Octopamine 18 

readily synthesized from tyramine by dopa- 

CHIOH)CH0H pines CHIOH)COOH CHIOHYCH,0H mine-f-hydroxylase m sympathetic nerves 
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Fig. 7. Metabollo degradation of noradrenaline (NA) by catechol-0-methyl panonia (1) 
3,4-dfhydroxy- 
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and by monoamine oxi dase (2), Metabolites are pore Wine pine (NMN), 
Dhenylethyglycol (DHP@), 8, so maniele. acid (DHAD, 3-metho 
phenylethy] I (MELPG) and Fila eae ndelc acid 
unnary mè tea are NMN and VMA. 

similar manner. 


nerves. After the admurustration of MAO inhibitors, the 
concentrations of NA in many tissues rise dramatically, 
often to two or three times the normal values. Recent 
findings suggest that at least a small proportion of the 
total MAO activity in peripheral tissues 1s located withm 
the adrenergic nerve terminals, and this intraneuronal 
enzyme could be responsible for the metabolic destruction 
of NA synthesized in excess of the neuronal storage 
capacity. It should be emphasized that MAO remains 
poorly characterized, largely because of the difficulty of 
obtaining soluble preparations of this enzyme from mito- 
chondrial particles. It may well be that the term ‘‘mono- 
amine oxidase” desoribes the activity of several different 
enzymes. Another important function of MAO and of 
COMT concerns the detoxication of dietary amunes. 
Pharmacologically active amines such as NA, adrenaline, 
dopamine, tyramine, f-phenylethylamine and tryptamme 
occur in abundance in certain foodstuffs. For example, 
bananas and pineapples contain relatively large amounts 
of such amines, and tyramine is present in large amounts 
in certain wines and cheeses. Active amines may also 
arise from the metabolism of the intestinal bacterial flora. 
Considerable amounts of these biologically active sub- 
stances may thus be absorbed from the intestine under 
normal dietary conditions. The high activities of MAO 
and COMT in the liver and intestine, however, provide an 
effective barner which largely prevents such amines from 
reaching the general circulation before their metabolic 
conversion to mactive derivatives. The importance of 
these mechanisms has been emphasized in recent years 
by clinical experience with the MAO inhibitors. During 
long-term treatments with these drugs incidents have been 
reported in which patients have suffered severe hyper- 
tensive crises after the ingestion of food or drink (such as 
- cheese-or wine) known to be rich in vasoactive amines. 
This séemingly umprobable complication has necessitated 
the strictest dietary precautions for patients using these 
drugs. The MAO inhibitors, exemplified by drugs such as 


Adrenaline and dopamine are degraded in a 


destroyed by MAO before reaching the 
general circulation. During long-term treat- 
ment with MAO inhibitors, however, this 
barrier ıs removed, and tyramine may enter 
the circulation as it is absorbed from the 
diet, allowing octopamine to accumulate 
in the adrenergic nerves throughout the 
body. 

At cholinergic synapses it is known that the actions of 
the released transmitter are terminated by an efficient 
enzyme mechanism. The enzyme acetyicholinesterase, 
which has an extremely high turnover number, is located 
im abundance in the region of the postsynaptic cell 
immediately adjacent to the synaptio cleft. Acetylcholine: 
in the synaptic cleft is rapidly inactivated by this enzyme, 
which catalyses the hydrolysis of the transmitter sub- 
stance to choline and acetate, which are physiologically 
inactive. By analogy, it was supposed that MAO or 
some other enzyme would be found to perform a similar 
role at adrenergic synapses. As already discussed, how- 
ever, there is little evidence for any specific association 
of either MAO or COMT with adrenergic synapses. In- 
hibition of either enzyme fails to produce the marked 
potentiation and prolongation of the effects of the released 
transmitter which is found at cholinergic synapses. after 
inhibition of acetylcholinesterase. Since no other enzymes 
are known to attack NA, it seems that transmitter in- 
activation at adrenergic synapses must involve some 
non-metabolic mechanism. Although we are conditioned 
by the classical example of the cholinergic synapse to 
assume that the inactivation of physiologically active 
molecules imphes their metabolic degradation to mactive 
substances, there is no a priors basis for this assumption. 
Physiologically active substances, such as transmitters 
or hormones, can exert their activity only when they are 
allowed to remain in contact with their specific receptor 
sites, which are usually located on the outer surface of 
the cells of the target or postsynaptic tissue. Any 
mechanism which serves to remove or dilute the active 
substance at these receptor sites will terminate its actions. 
It ıs now generally believed that NA is inactivated by 
such a mechanism, being removed from its site of action 
on the postsynaptic cell by a specific active transport 
mechanism present at adrenergic synapses. Expertments 
in many laboratories during the past five years have demon- a 
strated the existence of a specific uptake system for NA * 
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Fig. 8. Conversion of tyramine to octopamine catalysed by the enzyme 
dopamune-f-hydraxylase. 


in tissues which are innervated by the sympathetic 
nervous system. Such tissues lose their ability to take up 
external catecholamine when the sympathetic innervation 
is sectioned and allowed to degenerate. This, together 
with histochemical and autoradiographic evidence, indi- 
cates that the uptake sites are located on the postganglionic 
nerve terminals themselves. The properties of the uptake 
system have been studied ın isolated tissue or organ 
preparations. The uptake process has remarkable con- 
centrative powers: catecholamines are transported from 
very low concontrations in the external medium into the 
sympathetic nerve terminals against a formidable con- 
centration gradient. Catecholamines continue to be 
taken up, with virtually no back-leakage, even when the 
intraneuronal concentration of accumulated amine is 
several thousand times higher than that in the external 
fluid., The uptake of external catecholamines requires 
the presence of sodium ions in the external medium, and 
is a temperature dependent process with a Q1, of approxi- 
mately 2. Studies of the initial rates of uptake of NA 
or adrenaline from various concentrations in the external 
medium have shown that the uptake process is mediated 
by a saturable mechanism which can be described by 
classical enzyme kinetics. Although both the stereoiso- 
mers of NA and adrenaline are taken up, there is a pre- 
ference for the naturally occurring L-forms, which are 
taken up more rapidly. The process also exhibits struc- 
tural specificity, having an affinity for NA which is about 
twice as great as that for adrenaline. Many other sympa- 
thomimetic amines which are structurally related to NA 
can also be accumulated in sympathetic nerves by this 
uptake process. The system thus has the properties 
characteristic of active transport mechanisms, such as 
those responsible for the absorption of sugaras and amino- 
acids from the intestine. By analogy with these systems, 
it is believed that the process of catecholamine uptake w 
mediated by an active transport carrier mechanism, 
probably located in the axonal membrane of the adrener- 
gic nerve terminals. 

The accumulation of exogenous catecholamine by 
sympathetic nerves is, however, a complex process, involv- 
ing not only this initial transport step across the axonal 
membrane but also a subsequent redistribution of the 
accumulated catecholamine from the nerve axoplasm into 
binding sites within the neuronal storage particles. Shortly 
after a tissue is exposed to *H-NA, the labelled NA can 
be demonstrated in a particulate fraction (after homo- 
genization and centrifugation), which is thought to con- 
tain the neuronal storage particles. Purified preparations 
of such particles are also able to accumulate NA tn vitro. 
The overall process is thus prebably en initial transport 


. step across the axonal membrane, followed by a binding 


of the accumulated amine in the storage sites of intra- 
neuronal particles. This binding reduces the concentra- 
tion of “free” amine in the axoplasm, and thus reduces 
the true concentration gradient between free amine on 
the inner and outer surfaces of the axonal membrane. 
The two step nature of the uptake system may therefore 
help to explain its remarkable concentrative abilities 
and the virtual absence of back-leakage of the accumul- 
ated amine. 

Therg is good, but not yet conclusive, evidence that the 
neuronal uptake of NA at adrenergic synapses ia respon- 
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Table 1. INHIBITORS OF NORADRENALINH UPTAKH IN THE ISOLATED RAT 
HEART 


IDy 1s the molar concentration of drug required to produce a 50 per cent 
tissue. 


inhibitaon of the uptake of "H-no: naline into the 
Drag IDy 
Desmethylimipranune 18x10 
L-Metaramıno. 76x10 
Imp: e 9-0 x 10-* 
D-Amphetamine 18x 10-7 
Cocaine 88x10" ë 
Tyramıne 45x10 
I-Adrenahne 10x10 
Phenoxybenzamine Approx. 10x10-* 
Tranvicypromine 18x10 
Guanethidine 88x10- 
Phenelaine 3-8 x 10 


sible for terminating the actions of NA liberated at such 
synapses. The same uptake process is also capable of 
removing catecholamines from the circulation and is 
probably also involved in terminating the physiological 
actions of catecholamines released into the blood from 
the adrenal medulla. Many drugs have been found which 
inhibit the neuronal uptake process (Table 1); among the 
most potent inhibitors are cocaine, imipramine, phenoxy- 
benzamine and metaraminol. It is not yet clear whether 
the local anaesthetic, receptor blocking and other activi- 
ties of these drugs are related to their ability to inhibit 
catecholamine uptake, or whether this combination of 
different activities is purely fortuitous. All these drugs 
and other inhibitors of the uptake process, however, 
do produce a marked potentiation and prolongation of the 
effects of NA released at adrenergic synapses, as would be 
expected if uptake were the transmitter inactivation 
mechanism. 

Under normal conditions stimulation of the sympathetic 
nerves produces little or no detectable overflow of NA 
from isolated perfused organs such as the spleen. This 
su that the released transmitter is inactivated 
locally within the tissue. The amount of NA overflowing 
in response to sympathetic nerve stimulation is not 
increased by inhibitors of MAO or COMT, but can be 
markedly increased by certain drugs which are known to 
inhibit the uptake system. 

The inactivation of NA at adrenergic synapses thus 
appears to involve a novel mechanism, in which the 
released transmitter is recaptured by the nerve terminals 
from which it was released. This implies that transmitter 
molecules may be used several times in a cycle of release, 
recapture and release. In keeping with this hypothesis, it 
has been found that labelled NA taken up into sympathe- 
tie nerves by the neuronal uptake process can subsequently 
be released by stimulation of the nerves. 

In addition to the neuronal uptake of NA (hereafter 
called uptake,) a second type of catecholamine uptake 
system has been found in sympathetically innervated 
tissues. This process, for convenience called uptake, 
also involves a mediated transport system and has 
properties which are quite distinct from uptake, Uptake, 
has only a low affinity for either NA or adrenaline, but has 
the capacity to transport very large amounts of catechol- 
amine when the tissue is exposed to high catecholamine 
concentrations (>1 ye/ml.). In contrast to uptake, 
uptake, preferentially accumulates adrenaline rather 
than NA, and lacks any stereochemical specificity. The 
sensitivity of uptake, to inhibition by drugs is also quite 
different from that of uptake,; the most potent inhibitors 
of uptake, are the O-methylated catecholamine meta- 
bolites, normetanephrine and metanephrine. The precise 
cellular localization of uptake, and its possible role in 
the physiological functions of the adrenergic synapse 
are at present unknown. An interesting possibility is 
that uptake, may be associated in some way with post- 
synaptic events at the adrenergic synapse. 

The advances made in recent years in our understanding 
of the detailed biochemistry of the adrenergic synapse 
have contributed greatly to an understanding of the mode 
of action of drugs on adrenergic transmission. At the 
adrenergic synapse drugs may interact with many different 
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Fig. 9. Sites of drug action at the adrenergio synapse. Drugs may 
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sites (Fig. 0). It is also clear that a drug may interact 
with more than one of these possible sites, adding further 
to the complexities involved in unravelling its detailed 
mode of action. 

If our understanding of the function and pharmacology 
of peripheral adrenergic synapses in the sympathetio 
nervous system remains incomplete, our knowledge of 
similar processes within the central nervous system can 
only be considered rudimentary. NA and dopamine are 
present in appreciable concentrations in certain regions 
of the central nervous system, NA being most abundant 
in the hypothalamus and dopamine being present in high 
concentrations in the caudate nucleus and adjacent areas 
of the striatum. These findings have been confirmed and 
considerably extended in recent years by the application 
of the newly developed histochemical technique for 
catecholamines to the central nervous system. This 
approach has been used extensively to study the morpho- 
logical distribution of those elements m the mammalian 
central nervous system which contain catecholamine. 
These investigations have established that within the 
brain and spinal cord NA and dopamine exclusively ocour 
in neurones, and that these are grouped in many different 
tracts. The use of the histochemical method in con- 
junction with lesion techniques has made it possible to 
prepare & preliminary map of neuronal systems containing 
catecholamine within the central nervous system (Fig. 10). 
NA nerve terminals (1-2 diameter) are found in many 
regions of the brain and spinal cord, being particularly 
abundant in certain areas of the hypothalamus. These 
terminals appear to arise from groups of neurones the 
cell bodies of which are located in the brain stem. Dop- 
amine nerve terminals are finer (< lu diameter) and more 
circumscribed in their distribution, being particularly 


Circulating tyrosine (2) 


13 


abundant in the caudate nucleus and adjacent stnatal 
areas. The striatal dopamine terminals appear to arise 
from cell bodies situated in the substantia nigra. Neurones 
containing catecholamine m the central nervous system 
are similar in appearance to the neurones containing NA 
of the peripheral sympathetic nervous system. The 
neurones in the central nervous system contain high con- 
centrations of NA or dopamine in their terminals, with 
much lower concentrations in other parte of the nerve cell. 
The fine terminal regions are much branched and have 
the varicose appearance characteristic of peripheral 
adrenergic neurones. The metabolism of catecholamines 
in the central nervous system is also closely similar to 
ae described in the peripheral adrenergic system. The 

es necessary for the synthesis of NA, together with 
MAO and COM, are present in the central nervous system, 
and their distribution parallels that of the neurones 
containing catecholamine. Studies of the metaboliam of 
catecholamines in the central nervous system have been 
hampered by the existence of a blood-brain barrier which 
prevents systemically administered labelled catechol- 
amines from penetrating rapidly to the central nervous 

. This difficulty can, however, be overcome by 
introducing small amounte (< 0-1 pg) of labelled catechol- 
amine directly into the cerebrospinal fluid of the lateral 
ventricle of the brain, with a stereotactically placed 
injection. With this technique much useful information 
has been obtained on dynamic aspects of the synthesis 
and metabolism of catecholamines ın the intact rat brain. 
Catecholamine neurones of the central nervous system 
resemble peripheral adrenergic neurones in possessing & 
specific uptake mechanism for external catecholamines. 
Labelled NA injected into the cerebrospinal fluid appears 
to be selectively taken up and retained in the neurones 
containing catecholamines in the central nervous system, 
thereby providing a simple and specific method for label- 
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Fig. 11. Sumilarities in structures of 3,4-dimethoryphenylethylamine 
(DAMPE), mescaline (MESO) and dopamine (DAD. 


ling the catecholamine stores of such cells. The pattern 
of metabolism of NA in the brain is similar to that observed 
-in the periphery, involving both O-methyletion and 
oxidative deamination. By measuring the rate of dis- 
appearance of *H-NA from various regions of the brain 
after intraventricular mjection it is possible to estimate 
the rate of turnover of the catecholamine stores in 
various parts of the central nervous system. The 
rate of turnover in all regions is rapid, with half-times 
of the order of 4 h. In some regions, such as the 
cerebellum, the rate of turnover of NA is notably more 
rapid, with a half-time as low as2h. Other studies have 
shown that dopamine in the nigro-neostriatal neurones 
has an even more rapid rate of turnover, with a half-time 
of the order of 90 min. 

The evidence in favour of the view that NA and 
dopamine act as transmitter substances at adrenergic 
synapses in the central nervous system remains indirect. 
The finding that the catecholamines are concentrated in 
the terminals of specific neuronal systems ın the central 
nervous system, and that such neurones closely resemble 
peripheral adrenergic neurones, however, lends strong 
support to this hypothesis. In addition, several studies 
involving the micro-electrophoretic application of cate- 
cholamines to neurones in the central nervous system have 
revealed the existence of nerve cells ın the brain and spinal 
cord on which NA or dopamine have either excitatory 
or inhibitory effects. It has not been possible, however, 
to obtain conclusive evidence that either NA or dopamine 
is released from the neurones containing catecholamine 
in the central nervous system in response to stimulation 
of such neurones. Satisfactory techniques are not yet 
available for collecting transmitter substances released at 
synapses situated deep within the complex tissue of the 
central nervous system. It is clear that a great deal 
remains to be learned of the possible roles of NA and 
dopamine at central synapses. The ubiquitous distribu- 
tion of catecholamine terminals suggests that these 
substances may be involved as both excitatory and inhibi- 
tory transmitters in a wide variety of different neuronal 
pathways in the central nervous system. 

Until more detailed knowledge is forthcoming there can 
be little progress in understanding problems of great 
interest associated with the role of the catecholamines 
in the central nervous system. There is much current 
interest in the possibility that 3,4-dimethoxyphenyl- 
ethylamine, or some related compound (“pink spot”), 
may be an abnormal metabolite characteristic of 
schizophrenia. The close similarity of this substance 
to the known hallucmogen, mescaline, and the similari- 
ties between both of these compounds and the cate- 
cholamines (Fig. 11) currently provoke more in- 
triguing questions than there are available answers, 
Another field of interest concerns the mode of action of 
psychoactive drugs. Unfortunately, mvestigations which 
atientpt to relate the behavioural effects of such drugs 
to specific actions on central adrenergic mechanisms must 
be coffsidered premature until the physiological significance 
of the postulated central adrenergic mechanisms has been 
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elucidated. On the basis of the evidence at present 
avaiable, 1b seems likely that drugs act on catecholamme 
neurones in the central nervous system in a manner very 
similar, if not identical, to their actions on peripheral 
sympathetic neurones. For example, drugs which inhibit 
the uptake of NA by peripheral sympathetic neurones also 
innbit the uptake of NA into catecholamine neurones of 
the central nervous system. It seems reasonable ¢o 
assume, as a preliminary working hypothesis, that the 
information gained from studies of the actions of psycho- 
active drugs on peripheral adrenergic synapses can be 
extrapolated to help to explain the actions of these drugs 
on central adrenergic mechanisms. Meanwhile, it is 
probable that there 1s little to be gained from speculation 
about the means by which psychoactive drugs produce 
their characteristic and often striking effects on behaviour 
and mood. For example, the alkaloid reserpine produces 
a profound and long-lasting tranquillization in man and 
experimental animals. This drug acts on both central 
and peripheral catecholamine neurones to produce a 
long-lasting block of normal transmitter storage mechan- 
isms, and this produces a long-lasting depletion of trans- 
mitter stores in treated animals. At peripheral adrenergic 
synapses this has the effect of blocking adrenergic trans- 
mission and ıb is tempting to suppose that a similar 
block of adrenergic transmission at central adrenergic 
synapses can explain the characteristic behavioural 
effects of this drug. Such a conclusion, however, is 
untenable because reserpine also depletes other amines 
such as serotonm and histamine from their storage 
sites in the brain, and may have other hitherto un- 
detected central actions. It is also interesting to 
note that imipramine and other drugs which are widely 
used for the treatment of mental depression are potent 
inhibitors of the uptake of catecholamine both in the 
peripheral sympathetic nervous system and in the central 
nervous system. If the neuronal uptake process serves 
to terminate the actions of catecholamines released at 
central adrenergic synapses, as it is thought to in the 
periphery, these drugs would tend to promote and prolong 
the actions of NA at central adrenergic synapses. MAO 
inhibitors have also been widely used for the treatment 
of depression. ‘These drugs result in marked increases 
in the concentration of NA in the central nervous system; 
a close temporal correlation between the onset and dura- 
tion. of the behavioural and chemical effects of these drugs 
can be demonstrated in experimental animals. Another 
drug with striking behavioural effects 1s amphetamine. 
This drug has several known actions on catecholamine 
neurones in the brain: it is a potent inhibitor of the NA 
uptake process; it can release NA from such neurones by 
displacement; it is a competitive inhibitor of MAO and 
in addition it may iteelf have a direct action on cate- 
cholamine or other receptor sites in the brain. These 
examples wlustrate the problems involved in interpret- 
ing the behavioural actions of drugs in terms of their 
biochemical actions. It is quite impossible at the 
moment to decide which of the many known chemical 
actions of a drug, if any, is important for its behavioural 
actions. 

Although the actions of drugs on the central nervous 
system, cannot yet be described in precise terms, the way 
ahead is at least becoming clearer. So far as research on 
adrenergic mechanisms in the central nervous system is 
concerned, 1b ia clear that we shall not understand drug 
actions on these processes in any meaningful way until 
we understand more fully the part that such adrenergic 
pathways play in the overall physiological functions of 
the central nervous system. 
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Can Rats Count? 


by” 
CHIA-SHONG CHEN 


Department of Psychology, 
Australian National University, 
Canberra 


Very few efforts!:* have been made to study “counting” 
capacity in white rats. Consequently, their performance 
does not appear as impressive aa that of birds, which have 
been intensively studied by Koehler and his students’. 
An enclosed temporal maze has been developed to study 
this problem. 

The maze (see Fig. la) consists essentially of two parte: 
a circular runway and a radial stem. The aim was to 
tram animals, after emerging from the stem, to go around 
the runway for a definite number of turns (for example, 
three turns) in the one direction, before returning to the 
stem for food; if they made too few or too many turns 
they received no food. Results of the present experiment 
have shown that this aim can be achieved. How are rats 
able to solve this type of problem? Can they count? 

Because the task involves a temporal sequence, it is 
unlikely that the animals will be aided by exteroceptive 
cues inside or outside the maze. Cues that might be used 
in successfully performing the task are: time, distance, 
and cumulative sensory feedback of running activities. 
If these could be varied and the rats still were able to 





ly 


(b) Control Station H 


Rats have been trained to circle a runway a specified number of 
times before recelving food as a reward. Does this Imply a capacity 
to “count”? 


retain their acquired behaviour, then the view that they 
are “counting” would be strongthened. Figs. la and 16 
show the mazes used for the control tests designed for 
this purpose. 

The subjects were twelve tame white rats aged about 
7-5 months at the beginning of the experiment. First 
they were trained on a two turn task, which nine mas- 
tered. Then eight of these nine rats, together with one 
that failed, were trained on a three turn task, which all 
of them mastered. Two rata that had mastered the three 
turn task were further trained on a four turn task and 
only one of these rats was trained on a five turn, a six 
turn, and finally a seven turn task,.the last of which it 
failed to master. In each task the animals were trained 
under a particular schedule that consisted of'a certain 
combination of guided trials and free trials, such as 
schedule 8¢ 5F 2¢ 5F 28 10F 3¢ (that is, three consecutive 
guided trials followed by five consecutive free trials, and 
so on), which was used to train some of the rats to learn 
the two turn task. Schedules for other tasks differed 
slightly from this one. In guided trials, door D was 


Standard training maze 
with Control Situation I 





Fig. 1. Ground plan of the mazes, which ware wired to a relay circuitry for automatic 
recording and delivery of food reward. a, Standard training maze with control situatton I 


modifications inset with broken hnes. FC, Food oup 
animals were put into the stem, D, vertical alid door for gudin 
L, lever to slde out two concealed walls (OP and GH) to 
wall permitting entrance to the small runway. b, Con 


S, approximate spot at which the 


g animals’ responses; 
ints Mand N; MN, removable 
I situation TI. D, and D, are P 


swinging doors, which can be simultaneously swung inward or outward to alter the run- 
ways by operation of Lı. The lengths of the rnnways are in a ratio of 8 to 2. 
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closed from the time the animals entered the runway 
until they had completed the required number of turns; 
in, free trials, the door was kept open and there was no 
interference with the animals’ behaviour. For a trial, the 
anımal ran out of the stem, followed the runway for at 
least one turn and returned to the stem. The guidance 
was discontinued when the rats made five consecutive 
correct trials. 

After the animals’ performance was efficient and stable 
for a task, control tests were carried out. The control 
situation I is shown in Fig. la. The large maze can be 
changed to a small one in the followmg way: (a) operation 
of lever L slides out the concealed walls and thus extends 
the stem, and (b) vertical removal of wall MN permits 
entry to the small runway. The control procedure involved 
running the rata first in the large maze (the customary 
one) for twenty to thirty tmals, then while the rats were 
eating at the food cup the maze situation was changed 
quickly to the small one, and their subsequent performance 
in the small maze provided the critical test of transfer. 

Control situation II is shown in Fig. 1b. The maze 
consists of two runways of different size and shape, which 
not only share the same stem but also have a common 
runway section. After an animal’s performance had been 
transferred successfully from the training maze to the 
large runway of the aforementioned maze, the control 
procedure was carried out in three stages. (1) The animal 
ran all the required turns in the large runway, partly for 
warming up and partly to make sure that ıt was per- 
forming correctly. (2) The small runway was occasionally 
presented once in some trials to accustom it to the opera- 
tion of the doors and the change of the runways. If the 
animal still performed correctly despite this alteration, 
then the last stage (3) was introduced, otherwise the 
control procedure was discontinued, and a new session 
waa started again from stage (1) on the next day. (3) The 
two runways now were randomly changed from turn to 
turn in each trial. Performance under this condition pro- 
vided the cmtical test for control situation II. The run- 
ways were changed only when the animal was at the food 
cup or at the moment it was about to pass the entrance 
and to start the next turn. There were two exceptions 
to the foregoing procedure. In stage (2) rats 3 and 12 
ran all the required turns exclusively in one or other 
runway determined randomly. Secondly, stage (2) was 
extended, for rat 3 to provide an alternative control 
measure, and stage (3) was therefore unnecessary. 

Table 1 shows for each task the total training trials 
(guided and free trials together) required to reach a 
criterion of at least 80 per cent correct trials in one training 
session, and the percentage (and ratio) of correct trials 
made in this criterion session. It also shows the per- 
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centage (and. ratio) -of correct trials made in the critical 
test of either control situation (results based on the first 
test occasion). It can be seen from Table la and b that 
in control situation I there were two rats ın each task 
apparently able to perform with considerable efficiency 
after the changing of the runway (thus changing distance). 
It is also evident from Table 1b, ¢ and d that in control 
situation II, all the tested animals (four in the three tern 
task, and rat 121m the four turn and the five turn task) 
were able to perform with considerable accuracy. 

In these control tests, change of the runway changed 
not only the length of the runway, but also the curvature 
of the walls of the runway, which consequently would 
change the sensory feedback of the animals’ running 
activities. In control situation I, the runway was dras- 
tically reduced in length (ratio 8-5/2-5), yet at least two 
rats in each task successfully transferred their perform- 
ance. For those rats which were unsuccessful the nature 
of the errors made provides no support for the view that 
distance or cumulative sensory feedback of running 
activities was an operative cue. Thus for the two turn 
task the errors were entirely one turn responses and for the 
three turn task they were either one turn or two turn 
responses (on only one occasion did rat 4 make a four turn 
response). This result is opposite to that expected if the 
foregomg cues were the crucial ones. In control situation 
TI, though two different runways were used randomly from 
turn to turn within each trial (or from trial to trial for 
rat 3), the rata were still able to perform with considerable 
accuracy. These results again strongly suggest that the 
successful performance was not dependent on length of 
the runway and cumulative sensory feedback of running 
activities. 

The other factor, mentioned earlier, which might be 
operating was some type of time oue. For all animals the 
time taken to complete a correct trial, however, was not 
constant for all correct runs; for example, on one session 
the time taken by rat 12 to complete a four turn trial 
varied from approximately 10 sec—2] sec with a median at 
about 12 sec. 

An effort was made to eliminate further possible cues 
the rate might have used. Thus ın control situation I, 
operation of L, was not likely to provide a cue, because 
of the precaution taken to operate lever L, only after the 
rat had commenced its run. There were also @ number 
of correct runs where the last two turns had to be run 
in the same runway so that no operation of L, was needed 
at the start of the last turn (for example, forty-nine cases 
in eighty-six correct runs for rat 2). The possible cues 
from the noise of the relay circuitry were controlled by 
turning off the circuitry on occasions, and the “Clever 
Hans” type error was controlled by letting the animal 


Table 1 
a, Two turn task b, turn task 
Percentage of Control test Percentage of Control testa Situation IT 
Rat No. Total traimng correct trials situation [percent Total train- correct trials situation I per cent per cent 
trials (criterion session) correct trials ing trials (criterion seasion) correct correct trials 
1 869 88 (22/25 28 (6/ 401 85 (28/27 — Died 
2 835 84 (21/25 82 aoe 448 81 (21/28 = 78 (86/110) 
- 3 400 24/ 48 (17/40 435 86 (62/72 _ 86 (62/72) 
4 271 92 (28/25 92 (28/25 256 81 (21/28 68 (24/88) _ 
5 201 92 (23/25 11 (2/18) 404 83 (38/40) — 88 (33/40) 
6* 120 a } 21/25 e — — — — 
7 682 (370 76 (46/59) highest = 631 82 (41/50 — — 
8 638 ~ 1,050 80 (40/50 3 (1/80) 88 (48/49) 
9 678 Failed Sed — _ — — 
10 90 Failed ~~ — — — — 
11 885 100 E n 427 92 (36/39) 78 (16/22) Died 
12 208 80 (20/25 ~~ 815 90 (26/20) 7 14) ~ 
c, Four turn task d, Five turn task 
Percentage of Control teat Total Percentage of Control test 
Rat No. Total training correct trials situation IT per cent training correct trials situation IT per cent 
trials (criterion seasion) correst trials trials {oriterion session) correct trials 
4 208 57 og} highest one — — 
12ł 1,407 80 (82/40 52 (14/27) 81 68 (20/88) t 88 (53/64) 


recelv! 


@* Rats 6 to 10 were first'trained with a trial and error method to learn a two turn task without suocess; rats 6 and 10 refused to run the mase after 
the specified trials; rata 6 and 7 were randomly selected and successfully trained under the guidance method; the figures in parentheses show 


respectively. 
was able to master the six turn task without being given ie galdea trials; 1t made forty-four correct out of eighty trials on the first training 


the toga trening trials to reach the achievement of 84 per cent and 76 per cent correct 
session and twenty-eight of these forty-four correct roms were made in the last forty trials. 
Èi This session was followed by control test IT on the next day. 
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run the maze in the experimental room “without the 
presence of any observer. Under these conditions no 
decrement in performance ocourred. 

The overall results strongly suggest that rats can solve 
this problem without using information such as extero- 
ceptive cues, time, distance and cumulative sensory foed- 
back of running activities. Can rats count? It ia hard to 
say, because little is known about what is meant by 
counting. It might be more fruitful to ask what kind of 
guiding process or processes are used by rats to solve this 
problem. 

Some observations of the animals’ behaviour have a 
bearing on this. While circling the runway, the animal 
would usually come to a stop at the entrance, swinging 
its head toward the stem or standing stall for a moment, 
before starting the next turn. This behaviour, which was 
characteristic of all animals in all tasks, might be related 
to “intensional movement” or “mediational response”. 
Sometimes the animals would enter the stem too early 
(usually on the penultimate turn), but instead of running 
straight down to the food cup, thereby committing an 
error, they would suddenly stop and return to the run- 
way. They then either ran the whole sequence of a correct 
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trial afterwards or made up the turn that they had 
almost missed. Each rat usually had its side preference, 
that is, it was inclined to start its run continuously in & 
clockwise or an anticlockwise direction, especially in the 
early stage of mastering the task. These, of course are 
incidental observations, being outside the maim purpose 
of the experiment, and, consequently, precise quantitative 
data are not available. 

Useful features of the maze used are “independence” 
of exteroceptive oues, simplicity of motor activities (only 
locomotion required), minimal handlmg of animals and 
great possibilty of automatic operations. These features 
suggest other possible applications of this maze, such as 
in comparative studies. 

I thank Dr. J. R. Trotter for advice, Professor G. N. 
Seagrin for suggestions on the presentation of the data, 
and Professor C. A. Gibb for encouragement and the use 
of facilities in his department. 
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Some Physiological Characteristics of Auditory 


Flutter Fusion in Man 


by The critical threshold or frequency at which an Interrupted or 
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THERE have been many studies on the critical threshold 
for flicker fusion (CFFT) in the investigation of the 
physiology and pharmacology of visual perception in 
mani, but remarkably few on the auditory equivalent, 
the auditory flutter fusion threshold (AFFT). Miller‘ and 
Miller and Taylor" first reported some determinants of 
AFFT in two subjects and their findings were confirmed 
by Symmes, Chapman and Halstead’, AIFFT has proved 
highly sensitive to centrally acting drugs’, and some 
physiological characteristics of this function are reported 
in this article. 

An electronic apparatus produced an interrupted ran- 
dom noise signal with an on-off (or mark—space) ratio of 
9:1 and a square pulse form. The mterruption rate was 
variable in steps of 1 interruption/seo (i/sec) between 1-5 
and 100 i/sec and in steps of 2-5 i/sec between 100 and 
275 i/sec. The interruptions were switched on and off 
automatically every second so that the final signal con- 
sisted of alternating bursts of continuous noise and of 
interrupted noise, each burst lasting 1 sec. There were 
no intervening gaps. The signal intensity could be vaned 
between 46 and 76 dB (0.0002 dynes/om*) and was trans- 
duced by a pair of earphones with s linear frequency 
response over the range 500-6,000 c/a and fitted with 
rubber ear muffs. I have described this apparatus in full 
elsewhere’. 

The flicker apparatus consisted of a neon lamp (illum- 
inated area 3 cm?) driven by a rectangular pulse generator 
with an on-off ratio of 1: 1. The eyes of the subject were 
level with the light and 60 cm (24 in.) away. 

The volunteer subjects were students or members of 
the academic and technical staff at this medical college, 
mean age 24:7 years (standard deviation + 2-1). Each 


“fluttering” sound appears to be continuous, an aspect of human 
perception analogous to the visual critical fusion threshold, has not 
been studied intensively. 
the physiological factors which affect it. 


What follows Is an analysis of some of 


subject acted as his own control against the various pro- 
cedures, and the procedures were taken in randomized 
and balanced orders, using cross-over, latin square 
designs. The comparisons obtained for each subject were 
assessed by analyms of variance for factorial designs and 
Student’s t-test (two-tailed)*. All experiments were 
conducted in a room with a low noise level. 

Unless otherwise stated, AFFT determinations were 
made as follows. A signal intensity of 55 dB and an 
on-off ratio of 8:1 were used. Starting with an inter- 
ruption rate of 100 i/sec, well above fusion, the inter- 
ruption rate was decreased in steps of 10 i/sec at first and 
then in steps of 1 i/sec as the subject’s threshold was ap- 
proached. This had been determined approxmately 
beforehand. The subjects reported if the interruptions 
(“flutter”) were heard distinctly. The descending sequence 
was continued until flutter responses were consistently 
reported. The descending AFFT was defined as the 
fastest interruption rate at which the auditory flutter could 
be clearly distinguished and below which positive flutter 
responses were consistently reported. Ascending AFFT 
waa similarly determined using an ascending sequence of 
flutter rates. CFFT was measured using a descending 
sequence of flicker rates. 

In the preliminary study the following comparisons 
were made in forty subjects: (1) descending AFFT and 
ascending AFFT; (2) descending AFFTs at 55 dB and 
76 dB; (3) descending AFFTs determined after exposing 
subjects to auditory signals interrupted at rates of 10 i/sec 
and 200 i/eec for 60 sec at 55 dB. ° 

Five measures were determined at one session in each 


subject, at 5 min intervals. The resultes are shown in e% 


Table 1. 


. 





10 50 100 150 200 
Interruption rate of preceding adapting stimulus (1/sec) 


Wig. 1. Relation between the AFFT and the interruption rate of preced- 

ing adapting stimuli in ten subjects. Each adapting stumulus was 

presented for 60 seo at 55 dB ummediately before determination of the 

threshold. The order of presentation of adapting atumuli was random- 

txed. Linear regression si cant (P< Oe tks Deviations from lineari 

not significant (P>0-20). EB mation, of the line: y=4)1 04400) 
z- k 


Under the standard conditions (55 dB, on-off ratio 9 : 1) 
the mean descending AFFT was 45-40 i/seo (standard 
deviation 18-73). The mean threshold using an ascending 
sequence of flutter rates (40-18 i/sec) was significantly 
lower than the descending threshold (P < 0-001). When 
the high intensity signal was used the mean threshold 
(39-90 i/sec) was reduced compared with the standard 
conditions (P < 0-001). The mean AFFT determined 
after exposure to an adapting stimulus with a high flutter 
rate was significantly higher than that after an adapting 
stimulus with a low flutter rate stimulus (47-53 and 
‘40-75 ifaec, P < 0-001). 


Table 1, MEAN ANFT OF FORTY SUBJHOTS UNDER FIVB CONDITIONS 


Mean AFFT 
(1/860) 
1, Descending (65 dB) 45 40 
2. Ascending (55 dB) 4018 
3. Descending (76 dB) 38 90 
á. Desconding after 60 sec signal at 10 1/seo (55 AB) 40 75 
5. Descending after 60 sec signal at 200 1/sec (65 dB) 47-58 


S E. for difference between means = 1-46. 


The AFFT was measured in each of ten subjects 
immediately after exposure to interrupted signals at five 
flutter rates—10, 50, 100, 160 and 200 i/seo at an intensity 
of 55 dB. Each preceding signal lasted for 60 sec. De- 
terminations were made at’ 5 min intervals. 

The relation between the interruption rate of the pre- 
ceding adapting stimulus and the subsequently determined 
AFFT was linear (Fig. 1). 

In fourteen subjects the AFFT was determined after 
exposure to a flickering light source at 10 i/seo and 195 
i/sec. The AFFT was 52-5 i/sec after the high flicker rate 
stimulus and 50:50° i/sec after the low flicker rate stimulus. 
The difference was not, however, statistically significant 
(tis = 0:99, P < 0-40). 

In twelve subjects the mean AFFT determined from 
one ear only (43-29 i/sec) was significantly lower (P < 0-001) 
than the threshold determined binaurally (62-79 1/sec). 
When adapting flutter stimuli (at 10 and 200 i/sec, 55 dB) 
were presented for 60 sec to the right ears of sixteen 
subjecte, and the AFFT recorded from the left ears, the 
adapting stimuli shifted the thresholds significantly 
(P < 0-01) in the direction found previously after binaural 
stimulation. After 10 i/sec the threshold was 33-13 i/seo, 
and after 200 i/sec 35-81 i/sec. 

The AFFTs of twenty subjects were each recorded at 
five dignal intensities—46, 53, 60, 68 and 76 dB (0-0002 
dynes/cm"). The mean values obtained were significantly 
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different (P < 0-001). The threshold rose until 60 dB 
was reached and then decreased again with increasing 
signal intensity (Fig. 2). 

AFFTs were compared in twenty subjects using inter- 
rupted signals with on-off ratios of 9:1 (mean AFFT 
46-78 i/aec) and 8:2 (mean AFFT 120-75 i/sec). The 
difference was significant (P < 0-001). 

The AFFTs of six subjects were determined four times 
daily (twice in the morning and twice in the afternoon, 
with 5 min gaps) on each of 6 days, at 2-3 day intervals. 
Each subject had taken the test once before. There was 
a significant difference between the means of the first and 
second days (P < 0-001) and a continuing but decreasing 
upward trend thereafter, but the differences were not 
significant (Fig. 3). There were no differences between 
the values obtained before and after the 5 min interval 
(37-73 and 37-18 i/sec), but there appeared to be a real 
difference between the mean values obtained in the 
morning and afternoon (morning 36-68, afternoon 38:23 
ifsec, P < 0-05). 

Two auditory flutter fusion thresholds and two visual 
flicker fusion thresholds were measured in twenty subjects 
on the same occasions at each of six times during one 
day. The tests began between 9 and 10 a.m. and were 
repeated at 30 min, 2h, 4h, 6h and 8 h. The subjecte 
carried out normal laboratory work between tests and 
they were not fatigued. 


48:0 
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Fig. 2. Relation between signal intensity and AFET an twenty subjecta. 
Overall standard error of mean, 0-7 


Fig. 4 ahows the changes in thresholds with time com- 
pared with the starting values, Whereas the mean CFFT 
remained slightly below the starting threshold throughout 
the day, the mean AFFT rose markedly (to 4:10 i/sec 
above the starting value at 8 h). The mean atarting 
AFFT was 43-05 i/sec and CFFT was 37-85 i/sec. 

To investigate further the diurnal changes in AFFT, 
twelve subjects were tested twice on each of 2 days 
between 9 and 10 a.m. and 5 and 6 p.m. Six subjects 
performed the test in the order a.m.—p.m., and the other 
six in the order p.m.—a.m. on the first test day, and the 
order wag reversed 7 days later. The evening AFFT was 
4-22 ijsec higher than in the morning (Peo 01), but the 
order a.m.—p.m./p.m.-a.m. had no significant effect 
(P > 0-20). 

The results reported here confirm the perceptual fusion 
of intermittent sound stimuli. The absolute value for the 
mean AFIT in forty subjects in this study (45-40 + 18-73, 
on-off ratio 9:1, 55 dB) is similar to that recorded in two 
subjects by Miller and Taylor® but lower than that 
recorded in eighty subjects by Symmes et al. (82-1 i/seo 
+ 19-4). These workers, however, instructed their sub- 
jects to report “futter” when the slightest difference in 
quality between the interrupted and continuous portions 
of the cycle were heard, whereas in the present investi- 
gation positive responses were accepted only when the 
signal was detected as being obviously “chopped” and 
when consistent flutter responses were obtained with 
lower interruption rates. This would be expected to 
result in lower thresholds. 
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The finding that descending AFFTs are significantly 
higher than ascending AFFTs quantitatively confirms the 
impression of Symmes et al? that minimal flutter was 
more easily detected against a background of fused noise 
than vice versa. For this reason descending thresholds 
were used exclusively for the remainder of the studies. 

Preceding interrupted auditory stimuli altered the level 
of*a subsequently determmed AFFT, and the relation 
between the frequency of the preceding stimulus and the 
threshold was linear over the range studied. Helson*!-13 
has shown for several perceptual modalities that a 
preceding stimulus can alter the null point on a perceptual 
scale (theneutral point or “adaptation level’’) so that thenull 
point moves towards the adapting stimulus, altermg the per- 
ceptual response. Thus an object will be judged as being 
lighter when lifted after a heavy weight than after a light 
weight. The flutter fusion threshold reflects the ability 
of the subject to distinguish the interruptions in a flutter- 
ing auditory signal (the “flutter acuity”) and it repre- 
sents a direct measure of the null point between fusion 
and flutter. Ita shift up or down along a linear path 
towards the interruption rate of the adapting stimulus is 
consistent with Helson’s theory. This shift still occurred 
when tho flutter rate of the adapting signal waa well above 
the fusion threshold of the subjects. Because adapting 
stimuli presented to one ear affected AFFT measured 
from the other ear, one may conclude that central pro- 
cesses were involved. The visual flicker fusion threshold is 
also modified by adapting stimuli*-™. 

Significant intersensory adaptation effects were not 
found when a flickering light was used as the adapting 
stimulus. A small non-significant change in the antici- 
pated direction did, however, ocour. Changes in CFFT 
have been noted after auditory stimulation as well aa 
following many different types of visual stimuli!*-**. 

The relation between AFFT and signal intensity was 
not linear between 46 and 76 dB, the thresholds being 
reduced above and below a signal intensity of 60 dB. It 
seemed to differ from the relationship with CFFT, where 
the threshold rises in proportion to the logarithm of 
signal intensity**-** until a maximum threshold is reached, 
after which it falls off with increasing luminance*’. It was 
not possible to use other signal intensities with the present 
apparatus. 

The effect of a change in on-off ratio is considerable. 
Changing from a 9:1 signal to an 8: 2 signal increased 
the mean AFFT from 46-78 i/sec to 120-75 i/sec. An 
on-off ratio of 1:1 was used to obtain visual flicker 
fusion in the region of 30-40 i/sec, whereas AFYTs of 
this order were obtained with a ratio of 9:1. Thus with 
a given interruption rate, flutter was detected with a 
briefer “off” portion of the cycle than was the case with 
visual flicker. In this sense the auditory perceptual 
system has a greater ability to discriminate between 
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Fig.8 Mffect of repetition of test at intervals of 2-3 days in six subjects. 
Each mean is derived from four threshold determinations on each day on 
each subject, Standard error of mean, 0:88. 
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interrupted signals than the visual system. Monaural 
flutter thresholds were found to be lower than binaural. 

AFFT rose consistently during the day, whereas 
CFFT altered little. This probably represents a true 
diurnal rhythm rather than a simple learning offect, 
because the effects were independent of whether testa 
were performed in the order a.m.—p.m. or pm.-a.m. A 
learning effect occurred in naive subjects after repeated 
testing from day to day. Baer" demonstrated that 
CFFT when tested daily for 5 days rose on days 1 and 2 
and then remained constant. 

Auditory flutter fusion thus has many characteristics 
in common with visual flicker fusion but differs in the 
apparently greater sensitivity of the auditory pathways 
to interrupted stimuli, the diurnal rhythm of the flutter 
threshold and its relationship with signal intensity. 
Adaptive processes whereby flutter acuity can be increased 
or decreased by previous presentation of a high or low 
rate signal can readily be demonstrated. The levels of 
the threshold but not the adaptive processes are highly 
sensitive to centrally acting drugs*. 
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Martin of the Royal National Institute for the Deaf for 
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Dr. D. Broadbent, Prof. W. Burns and Dr. Hannah 
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Substrate Transformations dependent on Respiratory 


States of Mitochondria 


Is oxidative phosphorylation the only mechanism controlling the 
respiratory activity of mitochondria? In isolated rat heart mito- 
chondria the sites of metabolic control seem to vary with the 
respiratory state. 


Functional Status and Metabolic Changes in 
Rabbit Heart Mitochondria during Pyruvate 
Oxidation 


Suvce Lardy and Wellman! found that oxidative phos- 
phorylation controls the respiratory activity of isolated 
mitochondria, ‘there have been a number of reports on the 
mechanism of respiratory control which is a consequence 
of the reversibility of electron transfer and energy transfer. 
It became evident that the rate of oxidation by way of 
the respiratory chain of reduced nicotinamide-adenine 
dinucleotide (NADH) formed during dehydrogenation of 
substrates is controlled by the phosphorylating system!’ *. 
Ion translocation, volume changes and transhydrogensa- 
‘tion were also shown to be mutually related to the func- 
tional status of the steps of energy conservation*~. 

In isolated mitochondria, however, different states of 
phosphorylation and respiration are reflected by different 
degrees of reduction of the pyridine nucleotide systems’. 
Thus it can be assumed that there is distinct correlation 
of single respiratory states to NADH-dependent enzyme 
equilibria. Such a correlation would provide an extended 
control of mitochondrial metabolism on the concentration 
of the substrate by the reactions responsible for the con- 
servation of energy. It is of particular interest to know 
how fluxes through the Krebs cycle depend on this system 
and also whether control sites of integrated mitochondrial 

. oxidations exist other than oxidative phosphorylation. 

This article reports data which demonstrate the response 
of a large scale of mitochondrial substrates after trans- 
itions of respiratory states during complete oxidation of 
pyruvate-3-4C by way of the Krebs cycle. Preliminary 
experiments, carried out in collaboration with Dr. Von 
Korff'*, revealed characteristic rates of incorporation of 
carbon-14 into the intermediates of the Krebs cycle which 
are dependent on the respiratory rate. During the course 
of this work a continuous exchange of information was 
maintained with Dr. Von Korff. 

Radioactive pyruvate was stabilized according to the 
method described by Von Korff!!. Mitochondria were 
1s0lated from two or three rabbit hearts as described else- 
where!?, For incubation of the particles, a mixture was 
used containing 0-15 molar potassium chloride, 4 mili- 
molar magnesium chloride, 3 millimolar phosphate buffer 
(the pH was 7-3), and substrates and ADP were added as 
indicated for the individual experiments. The final con- 
centration of the protein was 0-9-1-5 mg/ml.; all experi- 
ments were carried out at 28° C. 

One minute after the particles had been suspended in 
the incubation “cocktail” 100 pmoles/l. pyruvate-3-4C 
was added. and after a turther 1 min ADP was added in 
order to induce a phosphorylating cycle; during the cycle 
three-quarters of the oxygen dissolved m the medium was 
consumed. The consumption of oxygen and the fluores- 
ceneo of pyridine nucleotides were recorded as described 
previously* by means of a modified Eppendorf fluori- 
metrit, The main experiment was carried out at the 
same time as the cuvette experiment in a total volume 


of 20-25 ml. and samples were withdrawn at intervals as 
indicated in Figs. 1~6. 

The deproteinized and neutralized samples were passed 
through a ‘Dowex 1—X8’ column (1 x 14cm) and organic 
acids were eluted by means of a hydrochloric acid gradient. 
After counting aliquots of the 2 ml. fractions the separa- 
tion of acids was followed by subsequent chromatography 
on silicic acid according to the method devised by Bulen** 
or by thin-layer chromatography according to Balde**. 
Equal portions of the eluates, or the spots scratched off 
the thin-layer plates, were used for counting and for the final 
calculation of radioactivity of each compound. In order 
to determine the concentration of the carbon dioxide, 
special samples were taken from the incubation mixture 
and the carbon dioxide was absorbed on ethanolamine/ 
methanol m Cavett flasks. Amuno-acids were separated 
by a thin layer procedure and counted. 

Mitochondrial pyridine nucleotides were analysed 
according to the procedure of Klingenberg?’. In order 
to make the method more sensitive, fluorescence was 
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recorded instead of optical density. Adenine nucleotides 
be determined according to the method of Lamprecht 
et alts, 

In the experiments, 3-“C-labelled pyruvate was used 
as a substrate to feed the Krebs cycle. The radioactivity 
which occurred in the intermediates was taken aa an 
indication of metabolic events under various conditions. 

Aerobic state transitions. It soon became evident that 
metabolic behaviour of mitochondria depends consider- 
ably on the concentration of substrate offered!*, In 
contrast to millimolar concentrations used by many 
investigators'*, we applied micromolar concentrations of 
pyruvate; these are closer to the physiological concen- 
trations determined by Bücher eè al.*° in liver cells. The 
amount of pyruvate was adjusted such that it became 
oxidized to more than 98 per cent when the suspension 
became anaerobic. The consumption of oxygen and the 
reduction of pyridine nucleotide for a typical experiment 
are recorded in Fig. 1. After exhaustion of oxygen the 
suspension. was kept under nitrogen for another 15-20 min 
and samples were removed at intervals of 15, 60 or 120 sec 
during each period of reaction. 

It is diffloult to give an explanation of all the results 
obtained because of the complexity of the system; how- 
ever, a group of compounds was found to show ə repro- 
ducible and charactenstic response to state transitions. 
Two types of observations especially have to be dis- 
tinguished: (a) metabolic alterations related to respiratory 
changes, in particular to state 3-4-transitions; (6) unex- 
pected alternating variations of the substrate psttern 
observed in the anaerobic state. The typical substrate 
pattern of one of about fifteen experiments 1s depicted in 
Fig. 2, which shows the increase of radioactivity in 
acetate, B-hydroxybutyrate (HOB), succinate, malate, 
glutamate and aspartate. Immediately after addition of 
pyruvate a rapid increase of activity in acetate and 
HOB occurs. Incorporation of activity into other sub- 
strates, however, is low. 

When adenosine diphosphate (ADP) is added, state 3 is 
established and high rates of respiration occur and carbon 
dioxide 1s liberated with a concomitant rapid con- 
sumption of pyruvate. During this period the increase 
of activity incorporated is very low for all substrates. 
But the incorporation of counts increases again when all 
the ADP is converted to adenosine triphosphate (ATP). 

- As a result of the low rate of oxidation in state 4, acetate 
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Fig 3. Crossovers of succlnate-malate as a result of state $-4-transitions. 
The increments of radioactivity of ether substrate are plotted on a 
logarithmic scale. 


and the other intermediates accumulate. It seems remark-: 


able that the increase of HOB continues even after the 
supply of oxygen present is exhausted, whereas the con- 
centration of acetate falls after a maximum. Obviously 
heart mitochondria are able to form ketone bodies fro 
C,-unite by way of acetyl-CoA. ta Say athe, 
Up to this point the increases ın the amino-acids 
glutamate and aspartate show a contimuous and similar 


slope; this may result from the fact that glutamate- ` 


oxaloacetate transaminase is working near an equilibrium. 

Oressover phenomena in the Krebs cycle. Considering 
pairs of substrates coupled by a single step reaction; and 
plotting not the total counts found in a compound but 
the increments for each phase of observation, our results 
reveal an interesting phenomenon. For glutamate/ 
aspartate this calculation would show an equivalent 
parallel change durmg all states. A similar result is 
recognized for acetate/HOB, which represents the Cy—C, 


coupling so long as the feeder reaction serves as a source 


of acetate. 

Two clear crossover points appear, however, for suc- 
cinate and malate, as can be seen in Fig. 3. The crossover 
occurs with the transition from state 3 to state 4, and vice 
versa. It was possible to confirm these findings in a 
series of experiments and, moreover, in studies comparing 
state 4 at an excess of ATP to state 3 at an excess of ADP. 
In state 4 the amounts of alanine, malate, HOB and 
citrate far exceed those formed in state 3. This agrees 
with Von Korff’s findings (personal communications) and 
suggests that a control mechanism is involved at this site 
of the cycle according to the crossover theory of Chance 
et al.™, In the following article Von Korff reports the 
same crossover phenomeron within the Krebs cycle but 
under different conditions. 

Thrs it can be concluded that the crossover in the cycle 
18 & consequence of definite states of the respiratory chain 
and the corresponding phosphorylation potentials. <A 
possible explanation for the succinate/malate crossover 
will now be offered. 

In state 4 a high degree of reduction of pyridine nucleo- 
tide produces a block of electron transfer at igocitrate 
dehydrogenase (ICDH) and malic dehydrogenase (MDH) 
but not at pyruvate dehydrogenase and succinate de- 
hydrogenase; this leads to an accumulation of various 
intermediates but not succinate. 

In state 3 a rapid flux of electrons from NADH-hnked 
substrates serves as a block at ubiquinone or cytochrome 
b to the electron flux from succinate, which results in an 
increase in the latter. In experiments in which the total 
amount of succinate in state 3 did not exceed that of 
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fall when pyruvate is exhausted which ls the case 1 min before the 
mixture is kept anaerobic under nitrogen. 
malate, a relatively higher increase of succinate could 

at least be noticed in this state. 

Further support for dehydrogenation of succinate as a 
control site of the Krebs cycle was presented by Williams". 
It has been reported that in a suspension, of isolated mito- 
chondria oxidation of succinate limits the flux of carbon-14 
from radioactive substrates through the cycle. 

Anaerobic metabolic oscillations. As mentioned earlier, 
a second group of metabolic events could be observed in 
the anaerobic state. When the mitochondria become 
anaerobic, increases of malate and HOB continue and 
only a slight variation of glutamate and aspartate cocurs 
whereas there is a decrease in succinate (Fig. 2). A damped 
oscillation of these substrates then occurs, preceded by a 
short lag phase. In the established oscillation, malate 
and HOB are in phase against succinate, glutamate, and 
aspartate. This oscillatory reaction can be followed over 
a period of 15-20 min with about four cycles in 20 min. 
In another experiment slight oscillatory changes of HOB, 
glutamate, and malate could already be registered in 
state 4. 

Table 1 shows a comparison of all counts increasing and 
all counts decreasing during corresponding phases of an 
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oscillation experiment. Within single periods decreasing 
and increasing radioactivity seems to be fairly well 
balanced. The discrepancies in the figures compared, 
however, make it obvious that other substances participate 
in the oscillation which have not been detected; «-keto- 
glutarate was also not determined. 


Table 1. CHANGES OF “O-AOTIVITY OF MITOCHONDRIAL SUBSTRATES DURING 
ANAEROBIOSIS OF RABBIT HEART MITOCHONDRIA 


“C-_activity: d.p.m.x 10*/mg mitoch. protein 


Time Totalof Total of 
intervals Sno Mal HOB Glu Asp increas- decreasing 
(mun) ıng counts counts 
7-9 14°36 —2201 +1158 +405 +01 26 53 22-01 
OlL + 674 + 117 ~1063 +85 + 3:9 14 29 105 
11-18 -1224 +1165 + 426 -56 ~ 64 16°01 24 24 
18-15 + 601 —1206 ~ 868 +41 +4109 2111 20-69 


We cannot as yet offer any information on the true 
wave forms or phase diagrams; these would need a closer 
sequence of sampling. The fluorescence recordings indicate 
that the amount of pyridine nucleotides reduced remains 
constant during the whole oscillation under the applied 
conditions. Adenine nucleotides do not participate in the 
oscillation; this is shown in Fig. 4. An exponential break- 
down of ATP can be seen shortly before the onset of 
anaerobiosis, and this contrasts strongly with an increase 
of AMP. The concentration of ADP is maintained fairly 
constant, probably by the activity of adenylate kinase. 

Because of our failure to find any reasonable explanation 
for the results without pyridine nucleotides participating 
in the entire reaction, hydrogen transfer between NADH 
and NADPH has to be considered. The results of analyses 
of pyridine nucleotide over a long period of anaerobiosis 
are shown in Fig. 5. Clearly they manifest the occurrence 
of an oscillation in that the total amount of NAD reduced 
increases throughout the course of the experiment. If 
the concentration of substrate which serves as æ source 
of reducing power is high when anaerobiosis starte, the 
oscillatory behaviour is less pronounced and data are 
obtained as indicated by the dotted lines in the left part 
of Fig. 5. Nevertheless, a contradictory movement of the 
reduced/oxidized forms of NAD could be measured. It 
seems likely that under the latter conditions the length 
of the oscillatory cycle is largely extended; morecver, 
within this long halfwave very amall variations can be 
recognized in the traces which are similar to the wave 
forms indicated by the solid lines. The redox procedure 
of the NADP system resembles that of the NAD system 
in an inversed ratio. With higher or even millimolar 
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concentrations of pyruvate present in state 6 (anaerobic) 
no oscillation could be observed and the reduction of the 
pyridine nucleotides was greatest. Thus, low reduction 
of NAD at the transition from state 4 to state 5 appears 
to be a prerequisite for the oscillation to occur. Tt was 
established by independent experiments that even in 
state 5 mitochondmal pyridine nucleotides are not com- 
pletely reduced. On the contrary, under certain conditions 
it was observed that mitochondrial pyridine nucleotides 
from a reduced state can shift to a more oxidized state 
when respiration ceases because of exhaustion of oxygen. 
This shift, as illustrated for rat liver mitochondria in 
Fig. 6, requires the presence of succinate in mmolar 
concentrations. The percentage of reduction of both 
nucleotide systems is plotted for another experiment on 
a time scale in the right part of Fig. 5. This shows that 
the oscillatory reactions start at a high degree of reduction 
in the NADP system and a low reduction of NAD. Both 
systems finally reach a state of equilibrium and at this 
point the oscillation stops. 
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Fig: 6. Oxidation of pyridine nucleotides fo! 
in di 15 mii 


a state 4—5-transition 
ver mitochondria. mg mitochondrial pro ml, at 25° O. An 
upward deflexion of the trace indicates reduction of pyridine nucleotides. 


A preliminary attempt was made to summarize the 
pattern of oscillating substrates as a sequence of coupled 
reactions. In fact, it seems difficult to overlook the entire 
complex system. It is possible that an imbalance in 
certain enzyme reactions provides the power for the 
oscillatory cycles, for example, at or about the balance 
of the energy controlled transhydrogenase, together with 
a compartmentation of pyridine nucleotides. This assump- 
tion is supported by our findings on the distribution of 
hydrogen. Whether a feed-back mechanism is involved 
cannot as yet be answered. Although numerous inter- 
related variables and a largely unknown distribution of 
intermediates between the particulate and soluble phases 
are involved, isotope fluxes offer a sensitive tool for study- 
ing the dynamics of mitochondrial metabolism. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. Part of it was presented at the one 
hundred and fiftieth National Meeting of the American 
Chemical Society on September 14, 1965, in Atlantic City. 
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Changes in Metabolic Control Sites of Rabbit 
Heart Mitochondria 


Tue use of substrates labelled with carbon-14 to study 
the dynamic aspects of mitochondrial metabolism, as 
described in an earlier paper! and in the preceding article 
by Schäfer et al., has led to the finding that the sites of 
metabolic control vary with the respiratory state’ of the 
mitochondria. This article reports data which show that 
in transitions between states 3 and 4 succinate oxidation 
is a crossover site’, or metabolic control point, which 
effects changes ın the steady state concentration ratios of 
succinate to malate. In state 3, succinate increases while 
malate decreases; in state 4, the opposite changes occur. 
The data are compatible with reports by other workers, 
who have demonstrated a stimulation of succinate oxida- 
tion by ATP (refs. 4-6) and an inhibition by dinitro- 
phenol*)”.§, by ADP (ref. 7), or by anaerobiosis (refs. 9-11 
and preceding article). 

During resting metabolism, or state 4, when pyruvate 
is the substrate, there is an accumulation of citrate, 
alanine and acetate, while during active, or state 3, 
metabolism these compounds disappear. When succinate 
is the substrate, there is an increased accumulation of 
pyruvate and malate in state 4 and a decrease in the 
ratio of succinate to malate. 

An inhibitory effect by oxaloacetate on the system as 
has frequently been proposed!** is not supported by 
these data, which are more easily reconciled with observa- 
tions by Schollmeyer and Klingenberg™, Wojtezak and 
Wojtczak'*, and Gregolin and Scalella*. While control 
of respiration by ADP (refs. 17-19) has been recognized 
for many years, it has not been previously demonstrated 
that changes ocour in the concentration of substrate at 
such sites. In addition, succmate dehydrogenase has not 
been suggested to be a control site during activated 
respiration except in so far as inhibition by oxaloacetate 
has been involved in this reaction (see, however, ref. 20). 

During the course of this work, exchange of information 
with Dr. Schafer et al. revealed a similar crossover of the 
sucemate to malate-“C ratios in their studies (preceding 
article) during transitions from state 3~> 4. 

Isolation of the mitochondria and the general tech- 
niques, including the chromatographic procedures, were 
performed as previously described!. In the investigations 
reported here, state 4 was maintained with 1 millimolar 
ATP and state 3 with 1 millimolar ATP plus glucose 
(34 millimolar) and crystalline hexokinase fregl of 
ammonium. sulphate by centrifugation and passaging of 
the crystalline isolate, dissolved in 1 per cent glucose, 
through a column (12 x 1 cm) of ‘Bio Gel P-2’, 50-100 


24 


mesh. The hexokinase activity of the solution was 
measured by an acidimetric assay at pH 7:4 using a 
pH stat, 

Samples of pyruvate and succinate labelled with 
carbon-14 were obtained from the New England Nuclear 
Corporation. The pyruvate was stabilized as previously 
described"! while succinate-4C was purified on 4 
‘Dowex 1 (01y column using procedures reported earlier!. 

Fig. 1 shows the marked change in the nature of pyru- 
vate metabolism in state 4 as compared with state 3. In 
this experiment, state 4 was maintained at 1 millimolar 
ATP for the duration of the experiment (4:5 min). State 3 
was established in a parallel experiment after an initial 
1 min period in state 4 (1 millimolar ATP) by the addition 
of hexokinase-glucose. The mitial 1 min of state 4 
resulted in the substrates becoming labelled and made ıt 
possible to detect the disappearance of isotopically 
labelled intermediates which ocourred during state 3. 

Estimation of “CO, at 1-5 and 4:5 min during state 4 
yielded 10,700 and 33,400 o.p.m./ml., respectively. 
Samples taken 1:5 and 4:5 min after the addition of hexo- 
kınase to the second flask yielded 117,000 and 143,000 
c.p.m. jml., respectively, showing a large increase in total 
oxidation of pyruvate during state 3. The non- 
linearity with time is a result of depletion of pyruvate to 
less than 60,000 c.p.m./ml. after the first 25 min. 
Initially 325,000 o.p.m./ml. were present in the reaction 
medium. The “CO, was counted es barium carbonate at 
6-0 mg/cm? yielding an efficiency about 50 per cent of 
that used for counting the organic acids. 

In the curves shown for state 3 the amount of each 
carbon-14 labelled substrate present at the time state 3 
was initiated (after the 1 min period in state 4) has been 
subtracted from the total amount of that substrate found 
in each sample. The accumulation of malate exceeded 
that of succinate in state 4 (Fig. 1, bottom, left); how- 
ever, the reverse was true in state 3 (bottom, centre). 
The total isotope accumulated in succinate during state 3 
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exceeded that m state 4 because in the transition the rate 
of succinate oxidation was increased to a new steady state 
concentration. These results clearly suggest a crossover 
point at the succinate dehydrogenase reaction with a 
decreased rate of oxidation in approaching a new lower 
steady state concentration of malate in state 3. 

The accumulation of other carbon-14 labelled sub- 
strates in state 3 also differed markedly from state 4. 
Glutamate increased to a greater degree in state 3 (Fig. 1, 
centre) as compared with state 4 (left, centre) until the 
concentration of pyruvate-C declined to a low level 
(after about 2-5 min). Glutamate then decreased and 
aspartate increased. The glutamate-aspartate cycle 
described by Krebs and Bellamy** appeared to dominate 
as pyruvate disappeared Alanine continued to meorease 
during state 4 (top, right) but attained a nearly constant 
value in state 3 (bottom, right) and then decreased as 
pyruvate disappeared. Acetate increased in state 4 (top, 
left) and then remained fairly constant, while in state 3 
after an. initial slight rise, and as pyruvate disappeared, 
acetate decreased to well below the amount present at the 
time state 3 was initiated. Citrate moreased in state 4 
(top, right), but the overall increase involved alternate 
increases and decreases in isotope accumulation. During 
state 3 (bottom, right) C-citrate decreased. B-Hydroxy- 
butyrate (BHB) increased at about the same rate in state 4 
(top, nght) as in state 3 (bottom, right); however, with 
the depletion of pyruvate and acetate in state 3, PHB 
decreased. 

These results appear to be consistent with (a) an 
increase mn NADH oxidation by reducible substrates 
during state 4 («-ketoglutarate to glutamate followed by 
transamination with pyruvate to yield alanine, an in- 
creased concentration of malate, and the reduction of 
acetoacetate to BHB); (b) restricted oxidation in state 4 
at NAD linked reaction sites as a result of the greater 
degree of reduction of NAD at concentrations of ADP 
which limit re-oxidation of NADH; (c) a transient 
increased rate of succinate oxidation in 
state 4 which results in a lower steady 
state concentration of succinate and a 
higher malate concentration. 

In the transition from & given steady 
state flux in state 3 to another in state 4, 
individual reaction velocities change at 
different rates and to different degrees. 
These differences result from several 
causes: (a) the relationship of each oxid- 
ized—reduced substrate pair to that of its 
oxidized-reduced coenzyme couple, for 
example, NAD/NADH; (b) the relation- 
ship of the phosphate potential? [ATP/ 
ADP x Pi] at which the maximum reaction 
rate will occur m, a phosphate transfer 
reaction relative to that of the phosphate 
potential existing in the system; (c) the 
relative degree of coupling which may 
exist at the three sites of oxidative phos- 
phorylation; (d) the effective enzyme 
concentration at each reaction step—that 
is, its activity as affected by any allosteric 
changes; (e) structural alterations wherein 
spacial relationships between various pairs 
of consecutive enzyme reactions can be 
equally altered. 

As a result of these different changes in 
reaction velocity, new steady state sub- 
strate concentrations are established lead- 

0 acids ing to equal reaction rates throughout the 
aL. Before cycle, that is, a constant flux characteristic 
of the existing conditions. 

The experiment of Fig. 1 involved the 
comparison of equal reaction times for 
states 3and 4. Table 1 illustrates an experi- 
ment in which equal amounts of oxygen and 


xybuty- 
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markedly different times for states 3 and 4 were used. 
These results also clearly show a crossover of the ratios of 
succinate to malate. Alanine, citrate, p-hydroxybutyrate 
were also markedly increased in state 4 compared with 
state 3. In this experiment, lactate also accumulated to 
an appreciable extent in state 4. 


Tabip 1. METABOLISM OF PYRUVATH-2-"C BY RABBIT HEART MITOCHONDRIA 
AB A FUROTION OF THE RESPIRATORY STATS FOR RQUAL OXYGEN UTILIZATION 


State4 State 3 
ATP (mmolar) 1 1 
Hexokinase (unta) 0 22 
a Oa ord ees ate i tta ag 
uration of experiment (mın 
AO, umolar/seo Tnitial 0-88 84 
Final 0-28 B-4 
Respiratory control ratio 108 
4O-substrate accumulation (10° x c.p.m./ml.) 
Alanine 38 18 
Glutamate 106 9-5 
te 81 1-6 
&-Hydroxybutyrate 41 8-0 
Acetate 8-6 25 
Citrate 21 85 
Lactate 63 16 
Pyruvate 243 > 185* 
Succinate 40 15 2 
Malate 80 0 124 
Buccinate/malate 0-18 12 
* The chromatogram was Interrupted after only about two-thirds of the 


pyruvate peak had been eluted 


phate buffer, pH 7'4; 
wmolar pyruvate-3-40, 17 mg/ml mitochondrial protem. For the state 
3 reaction, hexokinase, 22 u, and 28 mmolar glucose were also added. 


Some differences m the results of the experments of 
Fig. 1 and Table 1 are apparent. In the latter, glutamate 
does not differ appreciably in the two states. In the former, 
at least in the presence of an adequate supply of pyruvate, 
giutamate-“C is somewhat greater in state 3. The 
markedly different time periods of the .experiment of 
Table 1 could mask a rate of production of glutamate in 
state 3 as much as ten times greater. As a result of trans- 
amination with pyruvate-C to yield alanine-C in state 4, 
a lower flux in the direction of glutamate-“C would 
operate to decrease glutamate-4C accumulation. The 
appreciable difference in f-hydroxybutyrate might also 
have resulted from the comparison of different time 
periods. It should be emphasized that utilization of 
oxygen is a single parameter representing the summation 
of multiple reactions. Results approximating those of 
Table 1 are obtained if the data of Fig. 1 are used to com- 
pare a 5 min period in state 4 with a 0-5-1 min period in 
state 3. 


Table 2. MFFECT OF THA RASPIRATORY STATE ON THE OXIDATION OF 
SUOCITATE-2-340 
(107 x o.p.m./ml.) 

Hexo- Suc- Mal- Pyru- Oit- Fum- Alan- Aspar- Glut- 
Time kinase cinate ate vate rate arate ine tate amate “OOf 
(mm) (v) 

6 0 685 376 18 —_ 97 0-8 129 10 3-2 
4 826 434 73 — 99 LS 124 7 86 
15 782 280 32 —țłt 52 06 108 18 4-9 
10 0 610 585 32 90 Lt 185 4 82 
4 660 488 16:2 12 Teat 27 —_— — 142 
15 651 3801 72 22 97 26 111 1l 14-1 
Tome Hexokinase Succinate/ Malate/ Atte Glutamate/ 
(min) (u) malate fumarate nine pyruvate 
6 0 1:8 8-9 23 06 
4 19 4'4 5 10 
15 27 5-4 5 40 
10 0 1-0 5-9 29 01 
4 T4 ~~ 6 - 
16 22 34 8 1-6 


* Counting efficiency was about 50 per cant of that obtained with organic 
acid samples. 


t Not detected, 


The medium contamed 018 molar potasium chloride; 8 mmolar = 
nemum chloride; 24 mmolar phorphate bufer, pH 7-4; 1 mmolar ATP; 
005 molar glucose; 400 molar succinate-2-"C, and 20 mg/ml. mito- 
chondria. e total volume was 5-0 ml. For state 8, hexokinase was added 
in the amounts indicated. Samples for organic acid, “CO,, and ADP analyses 
were withdrawn at 6 and 10 min, 


Table 2 illustrates the results obtained for the conver- 
sion of succinate to malate when succinate was the 
substrate and should be compared with the experiments in 
which pyruvate was the substrate (Fig. 1 and Table 1). 
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In the experiment of Table 2, succinate-2-"C (9-1 ue./ 
umole, 400 micromoles) was incubated in one flask under 
state 4 conditions (1 millimolar ATP) and in two others 
under state 3 conditions (1 millimolar ATP plus glucose, 
45 millimolar, and hexokinase, 4 and 16 units, respec- 
tively). 

Several important differences can be recognized between 
the experiments of Fig. 1, Table 1, and that of Table 2. 
In the pyruvate experiments, traces of endogenous 
substrate furnished a supply of dicarboxylic acids adequate 
to maintam the Krebs cycle at a maximum rate with 
pyruvate as the substrate!, while in the succinate experi- 
ments, the major oxygen consuming reaction 18 the con- 
version of succinate to fumarate (plus malate and aspar- 
tate). In the experiment of Table 2, a large pool of 
succinate-“C was present while, when pyruvate-“C was 
the substrate, all labelled succinate was derrved from the 
pyruvate. Finally, when succinate was the substrate, the 
Krebs cycle was probably complete only to the extent that 
oxaloacetate was decarboxylated to pyruvate which in 
turn supplied acetyl-CoA for citrate formation. 

Although small differences in the total counts present 
im the succinate and malate peaks are not significant, the 
differences in the succinate to malate ratios in state 4 
(Table 1, lines I and 4) and in state 3 at the highest 
hexokinase concentrations (lines 3 and 6) are typical and, 
mm my opmion, highly significant. While @ rigorous 
analysis of the experiment ıs not possible because there 
are only two time points and the problems of compartmen- 
tation*, it is of interest to note the increased accumulation 
of radioactivity in pyruvate and aspartate mn state 4, the 
increases, although small, of radioactivity in alanine, 
citrate, glutamate, and carbon dioxide in state 3. These 
observations suggest a greater utilization of pyruvate in 
state 3 and the maintenance of a higher flux of “C-sub- 
strate through the cycle. 

Samples withdrawn at 10 min, reacted with 2,4-dinitro- 
phenylhydrazine and chromatographed on silicic acid*, 
showed traces of oxaloacetate only in state 4. In addition, 
the rapidity with which oxaloacetate 1s transammated to 
aspartate, decomposed to pyruvate and condensed with 
acetyl-CoA when the latter ıs available suggests that in 
these circumstances inhibition of the Krebs oycle by oxalo- 
acetate is very unlikely. These data are in agreement with 
the conclusions of Schollmeyer and Klingenberg*, 
Wojtezak and Wojtezak!*, and Gregolin and Scalella‘. 

Similar differences in the sucemate to malate ratio have 
been observed when states 3 and 4 have been compared 
with glutamate-“C or citrate-14C as substrate. In these 
cases, atate 3 was initiated by addition of ADP rather 
than with ATP plus hexokinase-glucose. The concentra- 
tion of mitochondrial protein can have a marked effect on 
the results which are also apparently markedly affected by 
changes in the phosphate potential. 

The results presented in this article and in the com- 
panion piece by Schafer et al. demonstrate the power of 
this method of studying transient state kinetics using 
isotopes at physiological substrate concentration. They 
also support the conclusion that succinate dehydrogenase 
may participate in the control of the respiratory rate in 
state 3 with control shifting to NAD-lnked dehydro- 
genases in state 4. The possibility that succinate dehydro- 
genase activity is modified by ATP and ADP as a result of 
allosteric modifications, as was suggested by Gregolin and 
Scalella*, deserves serious consideration. 

This work was supported by grants from the U.S. Public 
Health Service and from the Graduate School of the 
University of Minnesota. During the period in which this 
work was conducted I was a U.S. Public Health Service 
research career development awardee. 


* In studies of endogenous substrates, it has been found that metabolically 
produced alanine, glu ate, aspartate, citrate, and sucolnate are primarily 
intramitochondnal”. During metabolem of “C-pyruvate, the partition of 

these substrates between mitochondria and the wn is dependent on the @ 
metabole state-—(unpublished). 
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dying 


THe syndrome known as “homologous disease”, “runt 
disease” or “secondary disease” is thought to result from 
an immunologically induced reaction between a graft and 
its host (graft-versus-host reaction). When immuno- 
logically .competent cells from allogeneic donors are 
injected into foetal! or newly born? animals, or into 
tolerant’ or lethally irradiated" adults, the hosts develop 
a disorder characterized by splenomegaly, wasting, skin 
lesions and diarrhoea, and soon die. Homologous disease 
may also be produced by injection of parental strain 
lymphoid cells into genetically tolerant first filial genera- 
tion (F) hybrid recipients*. 

We became interested in the influence of the adrenal 
glands on homologous disease because we had frequently 
observed enlargement of the adrenal glands in animals 
dying from the disease. Moreover, Kaplan and Rosston’ 
reported that adrenalectomy ameliorated homologous 
disease. It seemed possible that some features of homo- 
logous disease could result from adrenal hyperactivity. 

Evidence has been presented indicating that certam 
adrenal cortical steroids affect lymphoid tissue and 
immunological responses*-17,_ The injection of certain 
glucocorticoids causes involution of lymphoid organs, 
decreases immunological responsiveness to antigenic 
stimulation®° and delays homograft rejection. Con- 
versely, adrenalectomized animals frequently develop 
higher titres of circulating antibodies than do normal 
animals (ref. 12 and unpublished results). 

We showed previously that adrenalectomized (A x 
C57BL)F, hybrid recipients of A spleen cella die sooner 
than do intact recipients. In another combination, in 
which (C3H x 057BL)F, hybrids are injected with C3H 
strait cells, the intact animals develop but do not die 
from. homologous disease, whereas early mortality occurs 
in adrenalectomized recipients'*. In the latter strain 
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When hybrid mice are Injected with spleen cells from one of the 
parent strains, the ey develop symptoms leading to death. Animals 
from this “h 

adrenal glands. 
hyperactivity Is explored by Investigating two of its features—thymic 
involution and reactions of peripheral lymphoid tissue. 


omologous disease” frequently have enlarged 
The possibility that this disease results from adrenal 


combination, treatment with cortisone ameliorated the 
disease and prolonged survival. 

Another interesting relationship noted was that the 
lymph nodes and spleen of intact mice undergoing graft- 
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Fig. 1. Batios of the weight of the spicon ee ck the loft aay 
of (A x OBTBLIDF, hybrid mice Injected with prain leen cells, 
g adrenalectomized (©) and intact animala ( orizontal 


inte ted lines enclose range of values obtained Aon ‘normal non- 

inj hybrids. Note that at both adrenalectomized and intact animals 

show an increase in relative spleen weight followed by a decline after 
the tenth day of the reaction. 

e e 
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versus-host reactions initially become enlarged and later 
“atrophy, whereas the thymus does not become enlarged 
but rather promptly diminishes in size and undergoes 
‘striking involution. The thymic destruction observed 
during homologous disease has been referred to as 
“Immunological thymectomy’. To consider thymic 
involution based on immunological assault in the graft- 
versis-host reaction seemed paradoxical because Gowans?’ 
and Harris and Ford'* had observed that peripheral 
lymphoid cells do not reach the thymus in their pathway 
of recirculation, within the lymphoid tissue. It therefore 
seemed worth investigating other bases for the profound 
and direct decrease in thymic size, In the present investi- 
“gation we found that the same alterations of lymph nodes 
and spleen occurred in adrenalectomized mice as in 
““normal’ animals, but that removal of the adrenals 
. abrogated the destructive effects of graft-versus-host 
-c reaction on the thymus. 
oo A and. O8H mice and (4 x C57BL/1) and (C3H x 
:CSTBL/1) F, hybrids were used. Groups of hybrid animals 
5-3-5 months old were bilaterally adrenalectomized 
24h before intravenous injection of parental strain spleen 
cells, Unoperated mice were similarly treated and used 
as controls. Adrenalectomized mice were maintained on 
0-9 per cent saline drinking water. Animals from both 
groups. were killed at intervals after injection or were 
autopsied soon after death. Spleens, thymuses and left 


_ kidneys were weighed before they were fixed in 10 per 


scent formalin and prepared in the usual manner for 
staining with haematoxylin and eosin. To assess changes 
din the size of the spleen and thymus the ratio of their 
weights to the weight of the left kidney was used”. 
- Fig. L shows the spleen to kidney ratios of adrenal- 
ectomized and intact (A x C57BL/1)F, hybrid animals 
-in which homologous disease was produced by intravenous 
injection of 150 million A strain spleen cells. No difference 
is seen in the degree of splenomegaly in these two groups. 
Fig. 2 shows the thymus to kidney ratios of the same 
animals. The ratio of the weight of the thymus to the 
: Weight of the kidney for the non-adrenalectomized animals 
is very low 7 days after injection and becomes lower, 
“whereas the thymus to kidney ratios of the adrenal- 
ectomized animals remain high. Fig. 3 shows the spleen 
to kidney ratio of the (C3H x CS7BL/\)F, hybrids 
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Fig..2. Thymus to left kidney ratios of (A x CO7BL/1)F, hybrid mice 
injected with A strain spleen cells, comparing adrenalectomized (O) and 
intact animals (@). Horizontal interrupted lines enclose range of values 

> obtained “from. normal. non-injected. hybrids. Note that the intact 
animals show thymic involution aa early as the seventh day, whereas the 
adrenalectomized animals tend to maintain the relative thymie weight. 
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4 6 8 10 12 
Days after cell injection 
Fig. 3. Spleen to left kidney ratios of male (C3H x Co7BL/I)F, hybrid 
mice injected with C3H strain spleen cells, comparing adrenalectomized 
(C) and intact antmals.(@). Horizontal interrupted lines enclose range 
of values obtained from normal non-injected hybrids. Solid line repre- 
sents mean of values obtained from non-injected animals at different 
intervals after adrenalectomy. ‘Note that splenic enlargement occurs in 
both groups of animals to a comparable degree. 


injected intravenously with 75 million C3H_ spleen cells. 
Again no difference in the degree of splenomegaly of 
adrenalectomized and intact animals was observed... By 
contrast, thymus to kidney ratios of the same animals, 
shown in Fig. 4, reveal that the thymuses of intact: 
animals undergo prompt involution while those. of the 
adrenalectomized animals do not involute. 

Fig. 5 is a representative photomicrograph of thymus 
from an intact (C3H x C57BL/1)F, hybrid 9 days after 
an intravenous injection of 150 million C3H strain spleen 
cells. At this time disorganization of thymic morphology 
occurs and there is evidence of destruction of thymocytes 
which is characteristic of so-called “accidental involution”. 
The cortex is depleted of lymphocytes, but the medulla is 
spared and sometimes shows an increase in number of 
lymphoeytes. For comparison, Fig. 6 shows a typical 
photomicrograph of thymus from an adrenalectomized 
(C3H x OS5TBL/\)F, hybrid undergoing the graft-versus- 
host reaction 9 days after an injection of 150 million C3 
strain spleen cells. Here the thymus shows normal 
organization. Cortical and medullary zones are clearly 
preserved; the lymphocytes in the cortex are abundant, 
closely packed, and show little or no evidence of cell 
destruction. 

By contrast, the spleens and lymph nodes from animals 
of the two hybrids undergoing homologous disease did 
not show comparable differences as a consequence’ of 
adrenalectomy. Instead, in both instances, injection of, 
parental strain spleen cells produced first organomegaly 
and then involution and morphological destruction which 
reveal the immunological assault of the graft-versus-host 
reaction. Spleens of adrenalectomized and intact (C3H x 
CBIBL/\)F, hybrid mice showed similar changes within 
9 days of injecting 150 million C3H strain spleen cells 
characteristic of graft-versus-host reactions, for example, 
extensive necrosis, infiltration and. proliferation of cells, 
and disorganization of normal splenic architecture. 

Kaplan and Rosston! and Billingham et al.” and 
others have described the thymie atrophy that occurs in 
animals dying from homologous disease. Kaplan and 
Rosston described focal areas in the thymic cortex of 
irradiated F, hybrids injected with parental strain thymic 
cells which gave it a “moth-eaten” appearance 5 days 
after injection of parental strain cells, and they reported 
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that at the height of the process the distinction between 
the cortex and medulla was completely lost. In some 
instances the medulla appeared to be more cellular than 
the cortex, giving the thymus a “reversal” appearance. 
Dougherty and White! and Ringertz ef al.™ reported 
that a rapid depletion of lymphocytes in the cortex after 
adrenal steroid induced involution gives the thymus a 
“pitted appearance’. Within 3 days of treatment with 
the hormone the cortex was nearly completely devoid of 
small lymphocytes. 

In the (4 x C57BL/1)F, hybrids the reaction appears 
to be very vigorous, resulting in rapid and profound 
thymic involution within 7 days of an injection of A 
strain spleen cells. On the other hand, the reaction pro- 
duced in the (C3H x CS57TBL/1)F, hybrids by injection of 
C3H strain spleen cells seems less vigorous and results in 
a more gradual thymic involution. None the less, in both 
hybrids thymic involution occurs in the intact and not in 
the adrenalectomized animals. 

Our observations seem best explained by assuming that 
the spleen, lymph nodes and lymphatic tissue of the bowel 
are indeed primary targets of immunological assault in 
the graft-versus-host reaction, probably because these 
peripheral lymphoid organs are the natural “homes”? of 
the circulating immunologically competent lymphoid cells. 
By contrast the thymie involution and destruction 
observed in the graft-versus-host reaction appear to be 
mediated by the adrenocorticoid hormones under the 
stress induced by the immunological assault. 

We conclude from these observations that the thymic 
involution observed in the graft-versus-host reaction 
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Fig. 4. Thymus to kidney weight ratios of male (O3 x C57 BL/I) F, 
hybrid mice injected with C3H strain spleen cells, comparing values from 
adrenalectomized (©) and intact animals (@). Horizontal broken 
lines enclose range of values obtained from normal non-injected similar 
hybrids. Solid line represents mean of values obtained from non-injected 
animals at different intervals after adrenalectomy. Note the persistently 
large thymus in the adrenalectomized mice undergoing homologous 
disease. By contrast the intact animals show progressive involution of 
the thymus following initiation of the graft-versus-host reaction. The 
ranges and standard errors of the mean are: 


e S.E. Range 
Day 4 +0018 0-25-0-40 
Day 7 + 0-020 031-050 
Day 11 +0033 039-042 
Day 14 + 0-026 0-22-0-56 
° 
to 
$ . "y e 
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Fig. 56. Thymus from intact (C3H x C57BL/1)F, hybrid 9 days after 

injection of C3H strain spleen cells, Note the destruction of cortex and 

loss of lymphoid cells. This morphological change has previously been 

referred to as “immunological thymectoray” in homologous disease. 
(Haematoxylin and eosin, x 30.) 





Fig, 6. Thymus from an adrenalectomized (C3H x CS7BL/1)F, hybrid 

9 days after injection of C3H strain spleen cells. Note the predominance. 

of lymphocytes in the cortex and the normal morphological structure of 

the thymus even though the animal was undergoing a vigorous immuno- 
logical assault, (Haematoxylin and eosin, x 30.3 


does not represent a direct “immunological thymectomy” 
but, to a considerable extent, results from the stress of an 
immunologically induced disease. Conversely, the hyper- 
trophy and ultimate involution of the spleen and lymph 
nodes which occur in the graft-versus-host reaction do 
not seem to be mediated by the adrenal glands but rather 
to be a direct consequence of the immunological processes 
at play in the peripheral tissues. 

This work was supported in part by grants from the 
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Presence of Bile Acids in Jaundiced Human Urine 


by Cholic and chenodeoxycholic acids have been detected ın the urine 


JAMES A. GREGG 


Mayo Clinic and Mayo Foundation, 


Rochester, Minnesota layer c 


of a patient with biliary cirrhosis and stricture of the common bile 
duct by a combination of techniques, Including column and thin- 
romatography. This is supporting evidence that bile acids 


are present in jaundiced urine. 


ALTHOUGH the excretion of bıle acids in jaundiced human 
urine has long been suspected, there has been little evidence 
to support their presence. Most early investigators used 
the non-specific Pettenkoffer method or numerous modi- 
fications of ıb to detect the presence of these compounds. 
Surface-tension methods based on the Hay reaction and 
stalagmometric techniques have been used but also lack 
specificity. Measurement of urinary bile acids has also 
been attempted by such indirect methods as gasometric 
techniques! and the use of the haemolytic properties of 
bile salts‘. Isolation of bile acids from human urme was 
reported shortly after their elemental composition, was 
known*-*, but the experimental details were inadequately 
described and no conclusions could be drawn. Sobotka 
has provided a review of the earlier investigations! 

The present investigation was undertaken to establish 
the presence of cholic and chenodeoxycholic acid in the 
urine of a patient with obstructive jaundice and biliary 
cirrhosis by more definitive, recently available laboratory 
procedures. 

The patient selected for the investigation was a 45-year- 
old woman with biliary cirrhosis secondary to post- 
operative stricture of the common bile duct. A 24 h 
specimen of urine, with acetic acid used as a preservative, 
was collected and reduced in volume to 150 ml. by heating 
on & steam bath. The concentrated urine was then pro- 
cessed by the method of Matschiner!!. After hydrolysis, 
the acidic material was precipitated from the solution by 
the addition of excess sodium chloride**, washed repeatedly 
with distilled water and dried in vacuo. This material, 
weighing 250 mg, was methylated by dissolving it in a 
solution of hydrochloric acid in methanol (0:6 ml. of 
hydrochloric acid in 10 ml. of methanol) and the solution 
allowed to remain at room temperature for 24 h. The 
methylated compounds were precipitated from the 
solution by the addition of water and extracted five times 
with equal volumes of chloroform. The chloroform ex- 
tracts were combined and dried in vacuo, giving a residue 
of 150 mg. The methylated solids were chromatographed 
on a column 1-3 cm in diameter, containing 20 g of 
‘Celte 545’, by the method of Matschiner™. The eluates 
from the column were dried on & steam bath, and later in 
an, oven at 80° C for 6 h before gravimetric and spectro- 
photometric determinations. 

The Irvin—Johnson~Kopala modification of the Rem- 
hold—~Wilson test?*, the Isakson test, and the Szalkowski— 
Mader test!’ were used to locate, respectively, the methyl 
eaters of cholic, chenodeoxycholic and deoxycholic acids. 
The column fractions containing the dihydroxy and 
trihydroxy methyl esters were combined separately and 
chromatographed on individual columns 0'8 om in dia- 
meter containing 1 g of neutral alumina (Woelm), of 
grade 1 activity, which had previously been dried at 


110° C for 18 h. Thirty millhtres of redistilled benzene 
was washed through each column and the crude methyl 
esters of the dihydroxy- and trihydroxy-cholanic acids 
were dissolved in 0-8 ml. portions of benzene and added 
to the columns. The columns were then developed with 
increasing concentrations of ethyl acetate in benzene to 
elute the dihydroxy methyl esters and afterwards 15 per 
cent methanol in ethyl acetate to elute the trihydroxy 
methyl esters. 

A small portion of each eluate was then chromato- 
graphed on silica gel H by means of a solvent system of 
ethylene dichloride, acetic acid, and water in & ratio of 
6:4:0-5, with pure chole and chenodeoxycholic acid 
methyl esters used for reference. Another small portion of 
each eluate containing the bile acids was hydrolysed on & 
steam bath with 3 per cent potassium hydroxide for 1 h 
and the hydrolysed methyl esters extracted with diethyl 
ether after acidification to pH 1 with hydrochloric acid. 
Chromatography on silica gel H of the hydrolysed material 
was performed as already outlined. A third small portion 
containing the bile acids from each column, was dried in & 
test-tube by an air stream and incubated with 3 ml. of 
65 per cent sulphuric acid solution for 15 min at 60° C 
and the ultra-violet spectrum measured from 210 to 
420 my (ref. 16). The remaining material was incubated 
with trifluoroacetic anhydride at 30° C for 15 min to make 
the methyl ester trifluoroacetates (TFA). Small portions 
of the methyl ester trifluoroacetates of the dihydroxy and 
trinydroxy bile acids were chromatographed separately 
on a 6 ft. chromatographic column of ‘Gas chrome 2’, 
coated with 0-5 per cent QF-1, and run at a temperature 
of 220° C with a flow rate of 0-71 ml. of argon/min and 
the retention times compared with those of pure TFA 
methyl cholate and TFA methyl chenodeoxycholate'’. 

Three milllitres of serum from the same patient was 
taken to pH 10-0 with normal sodium hydroxide and the 
neutral lpids extracted with equal volumes of hexane 
and diethyl ether. After neutralization of the serum it 
was reduced in volume and a small portion chromato- 
graphed with silica gel Æ, as already described, to deter- 
mine the status of conjugation of the serum bile acids. 

The results of the gravimetric and spectrophotometric 
analysis of the column eluates following partition chromato- 
graphy are shown, in Fig. 1. Most of the solid material, 
represented by the height of the vertical bars, was eluted 
in the 0, 20, and 60 per cent benzene fractions. The 
Isakson test showed the presence of methyl esters of 
chenodeoxycholic acid m the 20-1 and 20-2 fractions and 
also gave a positive result with 0-1 and 0-2 fractions. 
The 60-1 and 60-2 fractions were positive for cholic*acid. 

Chromatography of the methyl esters on the alumina 
column was successful in removing almost all the pigment 
from the bile acids, and thin-layer chromatography of small 
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portions from the alumina columns showed the presence of 
cholic and dihydroxycholanic acid methyl esters and, 
following hydrolysis of the esters, cholic and cheno- 
deoxycholic acids. The ultra-violet absorption spectra of 
the bile acids from the alumina columns are shown in 
Figs. 2 and 3. The spectrum of the compound shown in 
Fig. 2 is identical with that of pure cholic acid methyl 
eater, showing a large absorption maximum at 320 mp 
(ref. 16), and the spectrum in Fig. 3 shows a compound 
with an absorption maximum at 380 my, identical with 
that of pure chenodeoxycholic acid?*. 

Gas chromatography of the urinary bile acids showed 
compounds with retention times compatible with TFA 
methyl cholate and TFA methyl chenodeoxycholate 
(Fig. 4). In addition to these compounds, a third com- 
pound was present in the chromatogram of the dihydroxy- 
cholanic acid fraction showing a compound present in 
large amounts with a polarity compatible with a mono- 
hydroxycholanic acid. 

Thin-layer chromatography of the serum 
revealed the presence of glycine and taurine 
conjugates of chenodeoxy and cholic acids 
and a compound with the mobility of @ mono- 
hydroxy bile acid conjugate. The glycine 
conjugates were predominant and there were 
no visible free acids. 

T think that the present results provide the 
best evidence so far that cholic and cheno- 
deoxycholic acids may be excreted in jaund- 
ioed human urine. Sufficient quantities of 
bile acids for determining melting points 
and optical rotation were not available and 
small amounts of impurities precluded infra- 
red analysis. The quantity of chenodeoxy- 
cholic and cholic acids estimated by spectro- 
photometric analyses in the 24 h urine speci- 
men of this patient was about 10 mg each of 
cholic and chenodeoxycholic acids. This 
measurement should be regarded as only a 
semi-quantitative determination because of 
losses which probably occurred during hydro- 
lysissof the conjugated bile acids and column 
chromatography. The compounds producing 
the positive Isakson reaction, in fractions 0-1 
and 0-2 were not identified but may repre- 
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Rudman and Kendall!! recently reported the presence 
of cholic and chenodeoxycholic acids in jaundiced human 
urine by combined column chromatography and spectro- 
photometric analyses; however, silicioacid chromatography 
and gas-liquid chromatography were not available at the 
time of their investigation for further characterization of 
the bile acids. Although Tanikawa!’ reported compounds 
on paper chromatograms compatible with bile acids in 
jaundiced human urine, identification of these must have 
been extremely difficult in the highly pigmented urine 
specimens which they evaluated. 

I thank Dr. James A. Carey and Dr. John T. Matschiner 
for their advice and Dr. James A. Carey for the gas-liquid 
chromatography analyses. 

This investigation was supported in part by a research 
grant from the National Institutes of Health, U.S. Public 
Health Service. 
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Substrate Specificity and Stereospecificity of Alcohol 


Dehydrogenases 


b Yeast and alcohol dehydrogenases show very wide specificities for 
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Most pyridine nuocleotide-linked dehydrogenases are 
highly specific, and when the substrate is optically active 
they act on only one isomer. ‘Yeast and liver alcohol 
dehydrogenases have exceptionally wide specificity, 
however!. The yeast enzyme acts on a range of primary 
and secondary alcohols, but is specific for one enantio- 
morph of butan-2-ol and octan-2-ol*, and for one of the 
two hydrogen atoms on the meso-carbon atom of ethanol’. 
The liver enzyme has an even, wider specificity, and unlike 
the yeast enzyme, it catalyses the oxidation of cyelo- 
hexanol'*. This fact, together with the lack of specificity 
for the alkyl groups of primary and secondary alcohols*, 
suggested that liver alcohol dehydrogenase may react with 
both enantiomorphs of aliphatic secondary alcohols. 

(+)-Butan-2-ol was prepared from commercial (+)- 
butan-2-ol by reerystallhzation of the brucine salt of the 
monohydrogenphthalate’, and gave [a]j=+11-8 (re- 
ported 11-6 (ref. 7), 13-1 (ref. 8)). From the combined 
supernatants œ product with [a]p = — 4'0, corresponding 
to 65 per cent to 67 per cent of the (—)-isomer, was 
obtained. The isomers were further purified by gas 
chromatography. 

Crystalline liver alcohol dehydrogenase prepared 
from horse liver’, and yeast alcohol dehydrogenase 
(C. F. Boehringer und Soehne, G.m.b.H., Mannheim), 
were thoroughly dialysed against buffer solutions in 
water re-distilled from alkaline permanganate. All the 
reagents, including chromatographically purified nicotin- 
amide adenine dinucleotide (NAD), used in the experi- 
ments were made up ın similarly distilled water, in order 
to minimize blanks caused by endogenous substrate. 

The time course of the reduction of NAD by (+ )-butan- 
2-ol and the resolved products, catalysed by the two 
enzymes, is shown in Figs. 1 and 2 as plots of extinction 
at 340 mp, measured in 1 om cuvettes at 25° C. The 
reaction mixtures contained 70-80 umoles/l. of alcohol 
and 3-5 mmoles/l. of NAD in 0-1 molar glycine and sodium 
hydroxide buffer, pH 9-5, and measurements were made 
relative to blank from which alcohol was omitted. With 
1-4 mg of liver enzyme in 3-0 ml. of reaction mixture the 
oxidation of the three alcohol preparations was effectively 
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substrates, and the liver enzyme shows an unusual lack of optical 
specificity for secondary alcohols. This may be explained in terms 
of the structure of the enzyme. 


complete in 30 min (Fig. 1). Both enantiomorphs are 
oxidized, but the (+-)-enantiomorph is oxidized faster. 
With 10 mg of yeast enzyme in 3-1 ml. of reaction mixture, 
the oxidation of (+)-butan-2-ol is almost complete in 
60 min (Fig. 2). The resulte obtained with the racemic 
mixture and the partially resolved preparation containing 
35 per cent (+)-butan-2-0l show that the yeast enzyme 
is specific for this enantiomorph. Fig. 2 also shows oxida- 
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Fig, 2. banges of extinction at 840 mu acoompanying the reduction of 
NAD by butan-2-ol catalysed 


tion of the remaining (—)-butan-2-0l when the liver 
enzyme is added, after the reaction catalysed by the yeast 
enzyme is complete. Quantitative data from these 
experiments are givenin Table 1. The yield of NADH was 
calculated from the molar extinction coefficient! of 6-22 x 
10° em4/mole. 

Both liver and yeast alcohol dehydrogenase are A- 
specific in the reduction of NAD by ethanol, and, in the 
case of the yeast enzyme, by propan-2-ol (ref. 12). It was of 
mterest in the present connexion to determine whether 
the liver enzyme also exhibits the same stereospecificity 
with respect to the pyridine ring when propan-2-ol and 
butan-2-0l are the substrates. The technique employed 
was a modification™ of that developed by Vennesland". 
Complete reduction of 0-87 umoles [4-"HJINAD was 
effected by incubation for 1 h at room temperature with 
0-1 ml. of alcohol and 0-3 mg of liver alcohol dehydrogenase 
in a total volume of 3 ml. of 0-033 molar tris buffer 
(unadjusted), After inactivation of the enzyme by 
heating at 100° C for 3 min, and adjustment to pH 7-6, 
the NADH was re-oxidized by the addition of either 0-1 
ml. of 0-1 molar «-oxoglutaraie and the B-specific glutam- 
ate dehydrogenase, or 0:1 ml. of 0:1 molar oxaloacetate 
and the A-specific malate dehydrogenase. The NAD was 
isolated and the tritium content was estimated as de- 
soribed by Griffiths and Roberton}. 

The results in Table 2 show that liver alcohol dehydro- 
genase is A-specific in its reactions with propan-2-ol and 
(+)-butan-2-ol. Furthermore, because the rates of 
reduction. of the enantiomorphs of butan-2-ol by the liver 
enzyme are not greatly different, as shown in Fig. 1, the 
close agreament between the results in Table 2 for (+)- 
butan-2-ol and those for ethanol and propan-2-ol make 
it very likely that the enzyme is A-specific for both 
enantiomorphs. 

The unusual lack of optical specificity of liver alcohol 
dehydrogenase for secondary alcohols is perhaps not 


Table 1. STMHRHOSPEOCIFICITY OF YERAST ALOOHOL DEHYDROGENASE, AND 
LAOK OF STEREOSPEOIFIQITY OF LIVER ALCOHOL DEHYDROGENASE, FOR 


BUTAN-2-0L 
Bubstrate Moles substrate Moles NADH formed 
Liver enzyme Yeast enzyme 
+ }Butan-2-ol 0-22 0 20 0-10 
+ )-Butan-2-ol 0-22 0-20 O17 
— )}-Butan-2-01* 0-24. 0-22 008 


* Partially resolved, [a]°Z= —4 0 indicating 35 per oent (+)-1somer. 
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Table 2. STEREORPECIVIOITY OF NAD REDUCTION BY LIVER ALCOHOL 
DEHYDROGENASE 
Substrate for Bpecific activity of NAD 
NAD reduction Oxidimhg enzyme recovered, ¢.p.s./zamole 
Ethanol Malate dehydrogenase 2,880 
Ethanol Glutamate dehydrogenase 861 
Propan-2-ol Malate dehydrogenase 2,780 
Propan-2-ol Glutamate dehydrogenase 290 
( +)}Butan-2-ol Malate dehydrogenase 2,770 
+ )-Butan-2-ol Glutamate dehydrogenase 868 


surprising when it is considered that two of the groups 
attached to the asymmetric carbon atom are alkyl 
groups, and that the enzyme exhibits reactivity towards 
a series of aliphatic primary alcohols. The hydrophobic 
site on the enzyme-NAD compound can therefore be 
expected to combine with either alkyl group of a secondary 
alcohol. Thus, each enantiomorph could be bound in an 
active configuration, with a different alkyl group attached 
to the hydrophobic site in each case, provided that there 
1s no steric hindrance from the other alkyl group. The 
reactivity of cyclohexanol with the liver enzyme also 
indicates the absence of such steric hindrance. A second 
binding site specific for the hydroxyl group would then 
suffice to orientate each enantiomorph correctly with 
respect to the pyridine ring of the coenzyme. 

The configurations of the enantiomorphs of butan-2-ol 
(refs. 15 and 16), and of higher methyl-n-aikyl car- 
binols}?-", are as shown in Fig. 8. The (+)-isomers have 
the S configuration®. The configuration of the enantio- 
morph of ]-deuterio-ethanol from which deuterium is 
transferred ın the oxidation catalysed by yeast alcohol 
dehydrogenase is also shown, and is the R form™:*?, 

It ıs interesting to note that the lack of stereospecificity 
of the liver enzyme for secondary alechols does not pre- 
clude specificity for one of the two hydrogen atoms on 
the meso-carbon atom of ethanol. If there is just one 
alkyl-binding site on the enzyme-NAD compound, and 
this is essential for binding of the substrate (as is indicated 
by the lack of reactivity with methanol), a primary alcohol 
could be bound in only one orientation relative to the 
pyridine nucleotide, whereas either isomer of a secondary 
alcohol could be bound in an active configuration accord- 
ing to the preceding discussion. The specificity of liver 
alcohol dehydrogenase with respect to ethanol does not 
appear to have been tested, but such specificity has been 
demonstrated by removal of the isotope in the oxidation 
of 1R[a-*H] geraniol to the aldehyde catalysed by this 
enzyme“. It appears, therefore, that liver alcohol 
dehydrogenase catalyses the transfer of the same hydrogen 
atom from primary alcohols as the yeast enzyme, and that 
in the reactions of the liver enzyme with the enantiomorphs 
of butan-2-ol, the ethyl group of the (+)S form and the 
methyl group of the (—)R& form are bound at the hydro- 
phobic site (Fig. 3). 

The yeast enzyme also acts on a range of primary 
alcohols, and so it is the exhibition of optical specificity 
by this enzyme for (+ )2S-butan-2-ol and (+ )2S-octan-2- 
ol (ref. 2) that requires explanation. It has been pointed 
out that this is not necessarily to be expected from the 
asymmetric oxidation of ethanol, as might be assumed!. 
Comparison of the configuration of the active enantio- 
morphs of the secondary alcohols and of 1R#[1-D]-ethanol, 
frora which deuterium is transferred by yeast alcohol 
dehydrogenase, indicates that the larger alkyl groups 
of the former are bound at the hydrophobic site of the 
enzyme. ‘The active form of secondary alcohol is that 


i i 
H= OH He pa D= To 
K, 


H, H, 


(+)25-butan-2-ol (~)2R-butan-2-ol (+)1R[1-D]-ethanol 


Pig. 8. Configuration of the enantiomorphs of butan-2-ol, and of the 
1-denterio-ethanol from which deuterium 18 transferred by yeast alcohol 
dehydrogenase. 
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obtained by substitution of an alkyl group larger than 
methyl for the hydrogen atom of ethanol which is trans- 
ferred by the enzyme. The simplest explanation of the 
non-reactivity of the (— )2R-isomer, obtained by substitu- 
tion of an alkyl group larger than methyl for the non- 
transferable hydrogen atom of ethanol (Fig. 3), is that 
steric hindrance by the larger alkyl group prevents reaction 
of this womer with the methyl group bound at the hydro- 
phobic site of the enzyme-NAD compound, as required 
for correct orientation with respect to the pyridine ring. 
The steric hindrance could prevent binding altogether, or 
prevent the attainment of a reactive conformation by the 
ternary complex. This explanation is consistent with the 
findings that propan-2-ol is a substrate for the yeast 
enzyme, whereas cyclohexanol is not‘. Furthermore, it 
predicts that secondary alcohols in which both alkyl 
groups are larger than methyl would be unreactivé with 
the yeast enzyme, but reactive with the liver enzyme. 
It has been reported that hexan-3-ol is not a substrate for 
the yeast enzyme? but is a substrate for the liver 
enzyme*, 

We thank Dr. D. E. Griffiths for the materials and 
apparatus used, and generous help, in the exper:ments 
with [4--H]NAD, Mr. J. Joyce for technical assistance, 
and the Medical Research Counen for financial support. 
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THERE 1s much information concerning both the lethal 
and mutagenic effects of ultra-violet radiation of wave- 
length 2537 A. With the introduction of different ultra- 
violet sources and monochromators, knowledge of the 
action spectrum for both killing and mutation induction 
has increased. The chemical nature of the lesion in 
DNA responsible for most of the observed lethal and 
mutagenic effects of ultra-violet radiation, the thymine 
dimer, is well established!. It is surprising, however, how 
little information is available concerning lethal and 
mutagenic effects of solar radiation on micro-organisms. 
One of the earliest observations on the effects of light 
on bacteria was published in 1877 by Downes and Blunt*. 
These authors exposed tubes of bacteria (unnamed) to 
direct and indirect sunlight in the summer months of 1877 
in southern England. Some tubes were encased in thin 
sheet lead and others were placed in boxes, the sides of 
which were plated with glass of different colours. Their 
observations may be summarized as follows: bacteria 
and fungi associated with decay did not develop in the 
presence of light; in favourable conditions light prevented 
development and ın less favourable conditions it delayed 
growth. The effect of direct sunlight was more detrimental 
to growth than indirect light although this latter source 
also interfered with normal growth. The blue end of the 
spectrum was the most detrimental to growth. 
Hollaender and Emmons? induced morphological 
mutations in Trichophyton mentagrophytes by wradiati 
the spores with light of wavelength varying from 2180 
to 2967 A. The peak for induction of mutation was in 
the region of 2600 A, a figure which has been confirmed 
on numerous occasions as representing the optimum 
wavelength for killing, mutation induction and the 
production of chromosome aberrations in a wide variety 
of organi Hollaender and Emmons in a later investi- 
gation‘ extended their research into the biological actions 
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The lethal effects of solar radiation on frozen Escherichia coli are 
increased at low temperatures. At the same time there is an increased 
number of mutations, which may be concerned in speciation. 


of ultra-violet radiation to cover the lethal and mutagenis 
action of radiations at 2067 A and 3130 A because these 
wavelengths are present ın the so-called “‘biologically effec- 
tive” part of solar radiation reaching the surface of the 
Earth. These two wavelengths were effective in producing 
morphological mutations when the spores of Aspergillus 
terreus were irradiated. Ten to fifty times as much energy 
was requred, however, to produce mutations at these 
longer wavelengths than with light at 2650 A. Appreci- 
able amounts of ultra-violet radiation of wavelength 
shorter than 3200 A reach the Earth’s surface on a clear 
day. The presence of ozone at heights between 15 and 
35 km effectively elimmates solar ultra-violet of wave- 
length shorter than 2915 A. Hollaender et al.* were able 
to demonstrate that there was sufficient energy below 
3150 A reaching the surface of the Earth on a clear day 
in Washington, D.C., in June to produce a mutation rate 
of up to 6 per cent in the surviving spores. The amount 
of energy less than $150 A on an average bright and sunny 
day in June in Washington, D.C., amounts to about 
2,000 mW secjom?; about 230 mW sec/cm® is required to 
produce a mutation rate of 6 per cent ın the 10 per cent 
of the spores of A. terreus surviving radiation with light 
of 2967 A. . 
Bome of the early work on the enzymatic nature of the 
photo-repair process is of considerable interest to our 
present discussion. Exposure of transforming DNA (using 
as a marker streptomycin resistance in Haemophilus 
influenzae) to sunlight for 1 h at midday at sea-level and in 
middle latitudes resulted in an appreciable decrease in 
biological activity (about two orders of magnitude)’. The 
effect was found to be much reduced in winter, late in the 
summer’s day, or when the DNA was enlosed in a ‘Pyrex’ 
vessel. Rupert! was able to show that this damage to 
DNA by solar radiation could occur either intracellularly 
or extracellularly. The damage was largely repairable 
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in vitro on exposure to sunlight and yeast photoreactivat- 
ing enzyme. These and certain other observations led 
Rupert to make the assumption that “the photoenzymatic 
repair of DNA is a mechanism underlying photorecovery 
of organisms and includes the possibility that the process 
acts to preserve the cell’s master file of genetic information 
in a daylight environment”’ 

Ashwood-8mith, Bridges and Munson’ demonstrated 
that bacteriophage T, and Hescherichta coli were hyper- 
sensitive when irradiated in the frozen state to the lethal 
effects of ultra-violet radiation. This radiation consisted 
largely of light of wavelength 2537 A as a low pressure 
mercury lamp was used as the light source. Evidence 
was produced that a different type of lesion, not the usual 
thymine dimer, was produced by irradiation at low tem- 
perature in the frozen state and that this lesion was less 
amenable to repair than damage produced by ultra-violet 
radiation at normal temperatures (22° C). Mutation 
induction was also found to be enhanced when a trypto- 
phan requiring auxotroph of E. colt (try-) was subjected 
to ultra-violet radiation in the frozen state’. It would 
appear that in the majority of instances so far investi- 
gated micro-organisms are hypersensitive to ultra-violet 
killing at sub-zero temperatures when frozen in ice*-11, 

It seemed reasonable to suppose that solar radiation 
would kill Ẹ. cols and produce mutation in the survivors. 
The possibility that these effects could be enhanced when 
the bacteria were exposed to sunlight in the frozen state 
was investigated in view of the knowledge of the hyper- 
sensitivity of bacteria to ultra-violet radiation in solid 
state at low temperatures. The expermments which are 
to be described are of a preliminary nature although the 
results which have been obtained are sufficiently clear to 
warrant a further and more detailed investigation. 

E. coli WP2 try- was grown in minimal medium con- 
taining 6 ug/ml. of tryptophan until nearly the end of the 
logarithmic growth stage’. They were collected and 
resuspended in phosphate buffer (4/15, pH 6-8) at a cell 
density of about 5x 10° cells/ml. Samples containing 
5 ml. were placed in small, liquid scintillation vessels. 
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In each experiment the samples were divided into three 
groups. One group of vessels was covered with a glass 
plate, another group was covered with a plate of silica 
and another group covered in aluminium foil to exclude 
all light (this group acted as the control for the whole 
experimental series). The purpose of the silica covering 
was to exclude aerial contamination from spores during 
exposure to sunlight and to allow transmission of selar 
radiation until the natural ozone cut-off at 2915 A. The 
group covered with the glass plates was also preserved 
from contamination by spores and enabled us to investi- 
gate the effectiveness of solar radiation above 3100 A (at 
which point glass excluded energy of shorter wavelengths). 
The groups were then sub-divided into two main experi- 
mental classes, those exposed to sunlight at roof tempera- 
tures and those exposed to sunlight at — 60° C (see Fig. 1). 
Vessels exposed to low temperatures were partially ım- 
mersed. in @ cooling mixture of solid carbon dioxide and 
ethanol. In the conditions of the experiments the 
actual recorded sample temperatures were — 60° C+ 2° ©. 
Ashwood-Smith and Bridges* have demonstrated hyper- 
sensitivity both to mutation and killing at sub-zero 
temperatures as high as —10° C, but a temperature of 
—~ 60° C was chosen in order to give the maximum chance 
of detecting ultra-violet hypersensitivity. Experiments 
were conducted at Harwell (latitude, 51° 35’ N.) on three 
separate days, namely, July 22, 1966 (clear sky, no haze, 
deep blue sky), August 17, 1966 (clear sky but slight haze) 
and August 19, 1966 (sunny but generally rather hazy). 
Many other experiments were started but had to be 
abandoned because of the capriciousness of the summer 
climate in England. All exposures were started half an 
hour before noon a.m.t. At various time intervals after 
the start of the experiment samples were plated for 
viable counts and also for revertants to prototrophy. 
Results are expressed in the three figures, one figure for 
each experiment. In the top part of each figure the 
fraction of cells surviving solar radiation is shown for 
samples exposed to sunlight either frozen or unfrozen and 
covered with either glass or silica plates. The bottom 
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Table 1. MODIFICATION OF BUNLIGHT INDUCHD KILLING AND MUTATION 
BY LOW TRMPBRATURH AND BY FILTRRS, OVERALL SIGNIVIGANOE OF THESE 


FACTORS 
Mutation Survival 

Comparison July <A August July August A t 

22 nat 19 22 17 ‘che 
Frozen versus VHS Batol H8 VHS 

n per cent 
Glase versus silica SatQOl HS HS Satoi VHS VHS 
per cent per cent 


é Analysis of rarlange: NODo algnificant, P>5 per cent; S, sl cant, 
5 per asa > > per cont: ot ey cea een P<0O1 percent; VHS, 
half of each figure represents the number of induced 
mutations per 1x10? surviving cells. Table 1 sum- 
marizes the statistical significance of these resulta. 

The results of these three separate experiments can be 
summarized as follows. (l) Exposure of Æ. cols sus- 
pended in phosphate buffer to sunlight resulted in about 
40 per cent of the cells being killed in 45 min if energy of 
wavelengths below about 3100 A were excluded. If, 
however, the total solar spectrum at the surface of the 
Earth was permitted access to the bacterial suspension 
then about 70 per cent of the cells were killed. (2) Expo- 
sure of cells frozen at — 60° C to similar conditions resulted 
in 76 per cent of the cells beng killed when light below 
3100 A was excluded. When bacteria were exposed to 
the complete solar spectrum at the Harth’s surface then 
about 98 per cent of the cells were killed. (3) This remark- 
able increase in the lethal effects of solar irradiation at 
low temperature was also paralleled in the greatly in- 
creased number of mutations after a 45 mim exposure at 
~ 60° Œ. On average, there was a fifteen-fold increase 
in the number of mutations seen after 45 min of solar 
irradiation in the frozen as compared with the non-frozen 
state. (4) Although the number was msufficient to 
establish statistical significance there was a suggestion 
of an increase in the number of mutations after 45 min 
of solar radiation in bacteria exposed in the liquid state 
at 29° C. 

The mechanism responsible for the increased killing 
and mutation after solar radiation of bacteria at low 
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temperature in the frozen state ws complex but amenable 
to analysis. The present experiments were not designed 
to analyse these complex factors. Enzymatic photo- 
reactivation could not occur in the frozen state. In nature 
the amount of killing and mutation would be dependent 
on the interplay of the lethal and mutagenic processes 
and the repair mechanisms of which photoreactivation is 
one. Dark repair could not play any part in modifying 
damage induced during radiation at low temperature, but 
as soon as the bacteria were thawed then this mechanism 
could operate. Whatever the nature of the lesions induced 
by ultra-violet at low temperature and the parts played 
by the known enzymatio repair processes, the fact remains 
that there is a greater accumulation of mutations m 
bacteria surviving solar radiation at low temperatures in 
the frozen state than in non-frozen conditions. 

It is probable that a small fraction of induced mutations 
18 not detrimental to the activities of bacteria and could 
therefore play a part in speciation. Thus, the interplay 
of solar radiation and temperature may be of some ımpor- 
tance in the development and selection of micro-organ- 
isms. It is proposed to continue these experiments in 
more detail and in a more propitious climate than that of 
England. 
Recelved November 14, 1968. 
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REPRESENTATIVES of at least eight orders of insects 
have been found to feed on Asclepiadaceae (milk- 
weeds) and Apocynaceas+*. These related famulies 
include many plants containing glycosides resembling 
digitalis, with poisonous properties**. An unusually high 
proportion of this diverse complex of insects have warn- 
ing colours (that is, they are aposematic). It has often 
been suggested, without any proof, that many of these 


A North African grasshopper (Poekilocerus bufonius (Klug 1882) 
(Pyrgomorphidae)), with warning coloration and which feeds on 
mlilkweeds (Asclepladaceae), contains cardenolides similar to those 
found in the plant. These heart poisons which, IIke digitalis, excite 
nausea and vomiting are found in the insect’s body tissues and can 
also be ejected In solution from its defensive glands. They thus 
form part of the grasshopper’s defence mechanisms. 


species obtain protection by incorporating into their bodies 
certain toxic substances found in their food plants'~. 

Entomologists interested in this particular problem 
have chiefly specialized in a study of the butterflies 
(Rhopalocera). Attention has consequently been cqntred, 
so far as the milkweed feeders are concerned, on members 
of the sub-family Danainae and their various harmless 
and acceptable ‘“‘Batesian’’ mimics and even more numer- 
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ous, distasteful and noxious ‘“Mullerian”’ mimics Although 
at the time the experiment attracted little attention, 1t was 
shown as long ago as 1916 (ref. 9) that vomitmg was m- 
duced in captive birds by feeding them with Danaus 
chrystppue L. and Amauris sp., whereas the female 
Batesian mimic of the former species, Hypolymnas 
misippus L., which does not feed on Asclepiadaceae, 
produced no such reaction. In view of the discovery 
(ref. 10 and Rothschild and Parsons, unpublished work) 
that both sexes of the umago of the Monarch butterfly 
(Danaus pleasrppus L.) and D. chrysippus contain digitalis- 
like substances, it may now be safely assumed that the 
old hypothesis ıs correct and that these butterflies derive 
at least some of their protective attributes directly 
from the milkweeds on which they feed. Related genera 
of Danainae such as Amauris Hubner, Huploea Fab., 
Ituna Doubleday, etc., also no doubt obtain cardenolides 
from their food plants, but it is improbable that all the 
different species of Lepidoptera feeding on the Asclepia- 
daceae do so. Thus, for example, the Arctiidae (tigers, 
etc.) of which about a dozen aposematic species have 
been recorded feeding on these plants, are distasteful 
moths, several of which are known to secrete other poison- 
ous substances not derived from their food plants! 4. 

Aposematic insects benefit from the presence of other 
aposematic insects and also obtain certain advantages 
from congregating on protected plants, which, for instance, 
are not eaten by grazing herbivores. Furthermore ıt has 
been shown" that caterpillars can obtain protection from 
lizards if their gut temporarily contains distasteful food 
plants. These factors tend to unite and bring together 
aposematic insects in both time and space. It is probable 
that Arctiidae and Ctenuchidae, for example, feed on 
Asclepiadaceae because these moths are poisonous and 
aposematic, rather than that they are poisonous and 
aposematic on account of toxic properties obtained directly 
from these particular food plants. 

There seems little doubt that certain insects are pre- 
adapted to feed on poisonous plants, possibly by the 
insensitivity of their enzyme systems, or by the ability 
to inactivate toxins by conjugation, or to destroy and 
excrete them with exceptional effinency. Such mechan- 
isms may be characteristic of species feeding on poisonous 
foliage which are cryptic (their form and coloration being 
adapted for concealment) and generally acceptable to 
predators. The crypsis exhibited by Sphingid (hawk- 
moth) larvae feeding on such plants as Nerium oleander L. 
and Ntcottana tabacum L. indicates that they belong in 
this category. Itis a striking fact that virtually no insects 
feeding consistently on tobacco are aposematic, suggesting 
that nicotine is too general a poison to be incorporated 
into their tissues, and thus does not enable them to exploit 
the aposematic way of life. Protoparce sexta (Johan.) = 
(Manduca sexta Johan.) (Bphingidae) is extremely resistant 
to nicotine and it is now known? that the alkaloid absorbed 
while the caterpillar is feeding on the tobacco plant is 
rapidly eliminated when feeding ceases. Other moths 
(Lepidoptera) such as Prodenia ertdanta (Cram.) and 
the grasshopper Melanoplus differentialts (Thom.) (Acrid- 
oidea) can produce a large number of alkaloid metabolites 
from nicotine’. 

The relationships between both aposematic and cryptic 
insects and their plant hosts are seen, to be varied and 
any form of generalization about such relationships 
appears premature. It is necessary to investigate each 
case as a special situation. 


The Grasshopper Poekilocerus bufonius 


This North African species!” in nature probably feeds 
exclusively on Asclepiad plants. Despite its tendency to 
hide among foliage, or to remain motionless on the ground, 
it is basically an aposematic insect, dark bluish grey with 
yellow spots, orange hind-wings and with a leathery and 
resistant integument. It has a bilobed poison gland! the 
opening of which is situated dorsally (between the first 
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or second terga), both ın the hopper (immature stage) 
and in the adult. The hoppers can eject the contents 
of this gland m a well directed double jet by arching the 
body and “firmg’’ over their lowered heads at the 
objective, up to a distance of 60 em. In the adult, 
on the cther hand, the secretion flows down a shallow 
groove between the first and second tergites on either 
side of the body, until it passes over the opening of 
the second abdominal spiracle. Air is forced out of 
the spiracle and, when mixed with the sticky gland 
secretion, forms a white, milky, rambow-tinted foam which 
froths along the sides of the body. In the sunshine this 
foam is very bright and conspicuous, contrasting well with 
the bluish black colour of the body and adding to the 
aposematic effect. The secretion has a pungent odour 
which contains an element strongly reminiscent of the 
food plant and presumably has a warning character. It 
produces an acrid pricking sensation on the tongue. In 
the hopper (immature) stages the secretion is watery, not 
milky, and blood cells of varymg types are present which 
clot in the defensive fluid under a coverslip, but such blood 
cells are lacking in the adult foam. 

Specimens of P. bufonius collected m Israel in April 
1962 were flown to England, and their glandular secreticn 
was examined for pharmacological activity’. 


The Pharmacology of the Grasshopper 


Gland fluid was obtained from hoppers of stages IIT 
to IV and from adult grasshoppers by gently nipping in 
tared filter paper. Each fresh insect typically yielded 
100-200 mg of secretion, which was slightly acid (pH 
5.5-8-0 on narrow-range indicator paper). 

The fresh gland fluid and aqueous extracta of whole 
insects were tested on. the isolated guinea-pig ileum, both 
alone and in the presence of specific inhibitors (mepyramine 
and hyoscine). Further pharmacological investigation 
of the nature of active substances ın. the insect was carried 
out by testing its effects on the blood pressure and electro- 
cardiogram of anaesthetized cats, and on isolated prepara- 
tions of the hamster colon, the rat stomach fundus, the 
frog rectus abdominis muscle, and the frog heart. Chemi- 
cal tests of the nature of active substances were also 
applied, by re-assay after boiling with acid and alkali 
and after incubating with proteolytic enzymes, and by 
subjecting material to high voltage electrophoresis, paper 
chromatography and solvent extraction. The methods 
and results of these experiments will be published in 
detail elsewhere. 

It was found that the secreted fluid contamed about 
1 per cent by weight of histamine (as the dihydrochloride), 
both when obtained from insects fed Ascleptas and when. 
collected from this species reared on Compositae. This 18 
a concentration similar to that found in the venom of bees 
and wasps™, Fluid from insects fed Asclepias also con- 
tained a digitalis-like toxin—each insect contained about 
one cat lethal dose. Fluid secreted by the grasshoppers 
fed on Compositae showed less than one-tenth of this 
amount of digitalis-lke activity; the amount was not 
estimated accurately. It was found that both the digitalis- 
like toxin and the histamine retained substantially un- 
altered activity when dried on filter paper; they could be 
recovered largely separated, by soxhlet extraction with 
dichloromethane and ethanol respectively. 

In order to determine whether the digitalis-like toxin 
was confined to glandular fluid, haemolymph was obtained 
from Asclepias-fed grasshoppers by absorption on to slips 
of filter paper inserted through a small abdominal incision. 
It proved to contain digitals-like toxin in concentration 
of the same order as that in the glandular secretion. 
Its histamine content, however, was less than one thous- 
andth of that in gland fluid. 

A saline extract of whole insects fed Ascleptas was 
tested for acetylcholine, 65-hydroxytryptamine, irin- 
like substances and toxins of high molecular weight, but 
none of these was found in detectable amounts. 

s 
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Since P. bufonius proved to contain such a high con- 
centration of digitalis-lke toxin in the haemolymph, the 
lethal dose of a cardiac glycoside for this insect was 
determined by injecting saline solutions of ouabaine 
through the abdominal wall. It was found that the 
LD; was 2,000 mg/kg (Parsons, J. A., and Summers, 
R. J., unpublished work). For comparison, the LD,, of 
ougbaine was similarly determined in Locusta m. migra- 
tortoides (R. and F.) and in Schistocerca gregaria (Forsk.). 
In both cases it was found to be only 7 mg/kg, showing 
that P. bufonius was about 300 times less sensitive to 
digitahs than the two locusts. 

The cardioactive toxin could be completely extracted 
from watery solution by dichloromethane. It was 
shown to be truly digitalis-like by the criteria described 
elsewhere for toxin from the Monarch butterfly. This 
extractable toxin was purified by column partition 
chromatography, using the system dichloromethane/ 
oyclohexane/ethylene glycol on ‘Celite’. Parsons’* has 
given a prelimmary account of the isolation of two com- 
ponents, one of which was obtained crystalline. These 
were provisionally named poekilocerin A and B. 


Isolation and Identification of the Cardenolides 


P. bufonius was reared from the egg in cages in the 
Department of Zoology, University of Tel-Aviv, Israel. 
Secretion from adults was collected directly on to filter 
paper, while hoppers were induced to eject their secretion 
into watch glasses and the fluid then absorbed on filter 
paper. It was found that hoppers replenished the volume 
of fluid m their poison glands within 8-14 days, after 
which they could be “milked” for a second time. The 
total amount of fluid obtained during a milking was 
counted as one discharge. No comparison was made 
between the cardenolide content of the first and subsequent 
discharges. Dried filter papers bearmg the various 
secretions were sent together with other material from 
the insects by air mail to Basle, and were stored (for not 
longer than 6 months) at 0° C betore being worked up. 

The following materials were examined: (1) Dried 
fluid from 197 discharges from adult animals, which had 
been fed on Calotropis procera L. and Asclepias curassavica 
L. (2) Dried fluid from 1,150 discharges from hoppers 
(stages ITI-V) reared on the same Asclepiadaceae. (3) 
Dried fluid from 217 discharges from hoppers (stages 
I-V) which were fed only on non-poisonous plants: 
Portulaca oleracea Hook., Lactuca scartole L., Crepts 
aspera L., and Daucus carota L. (P. bufonius feeds on 
these plants in captivity, but only when the Asclepiad 
species are not avatlable.) (4) Dried fluid from 200 
discharges from hoppers (stages I-II) fed only on non- 
poisonous plants, the parents of which had also been 
reared on & non-poisonous diet. (5) 198 g of eggs 
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(equivalent to about 1,900 eggs) and sixteen whole pods 
(secretion mixed with sand adherent to the pods) were 
also sent to Basle. The eggs, from which the secretion and 
sand were removed by sieving, were sealed in vacuo in a 
glass ampoule and stored at 0° C until required. (6) The 
sand, together with the dry secretion, which was separated 
from the eggs by sieving (weight 29-8 g). (7) 5:6 g of 
exuviae (cast skins) from various age groups. The 
exact number could not be determimed. 

Following the procedures described previously’! with 
certain minor modifications, each sample of material was 
extracted with a mixture of water and methanol. The 
eggs (sample 5) were homogenized with methanol. The 
methanol was evaporated in vacuo from each crude extract 
and the aqueous suspensions successively extracted with 
organic solvents of increasing polarity: a, petroleum 
ether; b, diethyl ether; c, chloroform; d, mixtures of 
chloroform and ethanol. 

Table 1 shows the weight of solid material contained 
in each extract and the results of testing for cardenolides 
by the reaction with tetrantrodiphenyl™*, by paper 
chromatography and by thin layer chromatography. 

The bulk of the cardenolides were present in extracts 
b and c. Extracts of type d contained small quantities 
of highly polar cardenolides, which probably included 
products formed through autoxidation. Only extracts 
b and ¢ were further separated on a preparative scale. 
Paper and thin-layer chromatography revealed that both 
contained, preponderantly, two cardenolides. These 
were isolated by column chromatography on silica gel. 
The less polar of the two was obtained in pure crystalline 
form from all samples except number 6. It was identical 
with ‘‘poekilocerin B” and could further be identified with 
the known substance ocalactin#?**. The second, slightly 
more polar substance, was isolated in pure crystalline 
form from samples 2, 3, 4 and 7. Amorphous concen- 
trates, identical on paper and thin-layer chromatography 
with those from 2, 3, 4 and 7, were obtained from the 
other samples. The crystallization, of this second cardeno- 
lide from concentrates 1s more difficult and success is 
somewhat a matter of chance. Chromatography showed 
it to be identical with “poekilocerm A” and it could 
further be identified with the known substance calotro- 

in**-**, Traces of other cardenolides (not, so far, defin- 
itely identifled) were obtained in crystalline form from the 
eggs and cast skins (exuviae). The amounts of calactin and 
calotropin obtained are listed in Table 1. A rough estimate 
of the quantity in each discharge is also given, as well as 
the probable total content of the cast skins (exuviae). 

The properties of the two pure cardenolides isolated 
from P. bufonius are given in Table 2. The crystals 
contained solvent of orystalization. Their melting 
points are therefore in reality decomposition points 


Table 1 
(1) (2) (8) 4) (5) 
Material, number of Petroleum oro- Chloroform Amounts found (mg) 
Serles and si i ether Ether form ethanol- (6) (7) 
and diet extract extract extract (8. 2) extra QOalactin Calotropin 
1 Dried secretion, 197 adults on a 54-0 66 181. 142 Total 28 Present 
Asolepiadaceae b - +++ +++ (+) - = 
e 0:274 0825 0 666 0 72 Per secretion (0:2) (0-2) 
2 Dried secretion, 1,150 hoppers a} 1085 256-5 203 89 Total 188-5 11-5 
-Y on Asclepiadaceas a - t+ +++ + - = 
c 0 09 0 223 0 177 012 Per secretion (0 14) {0 06) 
3 Dried secretion, 217 hoppers a 34 30 16 72 Total 0-9 07 
TII~V on non-posonous diet b — ++ t+ = a = 
e 16 014 074 0 38 Per secretion (0-01) (0 01) 
4 Dried secretion, 200 hoppers I-O a 32 7 4 26 Total 1 0:05 
parents already on non-pols- b - + + = oo = 
onons diet c 18 0 035 0 02 013 Per secretion (0 002) (0 001) 
6 198 g eggs (ca 1,900) from 16 a} 1,530 112 360 110 Total Present 
animals on Asclepladaceas b - +++ +h + (+) -= ʻi 
c 0 8* 0 059 019 0 058 Pei secretion (0 01) (0 01) 
29 8 g sand with secretion from 16 al 24 10 6 50 Trace Trace 
egg pods b)i — - + = 
7 66g carat skins (exuviae) a) 19 50 89 64 Isolated crystals (estim- 238 9-5 
by = ++ + bt + + ated total content) (85) (25) 
* Ora and y crystalline 
For batch of material tested the total weight of materal contamed ın each successive extract is given in line a and 1s recalculated as webght per 


discharge (por anımal) or per ope in nee. Line ò shows the results of appl 
amounts of crystalline calactin and calotropin obtained from 

aro 
and thin-layer chromatography they are shown simply as ‘ 


resent”’, 


batch are shown in columns 6 and 7 on line a, 
estimate of the approximate content per animal or per egg. When cardenolides not obtained crystalline were identified only by paper chromatography ® 


the tetranitrodiphenyl reaction to the extracts. 
while line o gives (In parentheses) 
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Table 2. MALTING POINTS (Kofler BLOOK CORR.) AND ROTATIONS 


Compound Isolated from Crystallized from ALp. (decomposition) {aly Methanol Crystal shape 
tun P. bufonius Acetone-ether 261°-264° C + 64-5° + 8° Platelets 
Calactin (Hesse) a Acetone-ether 262°-267° O + 67°3° + 8° Platelets 
Calactin Pergulana eatensa (ref. 24) Methanol-ether 270°-272° O +70 4° +8° Platelets 
Calotropin P. bufomus Methanol-ether 215°-220° C + 65-3° + 2° Granules 
Calotropin Oalotropis procera (ret 25 Ethanol (values ın literature) 221° O + 56-7” + (hydrate 
Calotropin Calotroprs procera (ref. 33 Chloroform. (values ın literature) 221° 0 +66:8°, 6° 
and are largely dependent on the method of determination, and calotoxin in the closely related Pergularia extensa 
on the crystal size, and on the solvent from which they (Jacq.) N.E. Br. i 


were crystallized. 

Crout et al.** doubted the existence of calactin, and 
Hassal and Reyle??** as well as Crout et al.» have 
apparently confused it with uscharidin. We therefore 
include the properties of an original sample of calactin 
obtained from Hesse, who isolated it from Calotropte 
procera as the chloroform compound***. From this we 
obtained the high melting chloroform free form by 
erystallization from methanol-acetone or methanol-ether. 
It gave only one spot on paper and thin-layer chromato- 
graphy (mobilities as in Figs. 1 and 2). The sample was 
kept sealed in vacuo for several years and had remained 
unaltered. Hesse et al. reported for calactin a melting 
point of 220° C and decomposition at 275° C and [a]p= 
+48° in methanol; the rotation value 1s, apparently, an 
error. 

Identification of our compounds with original material 
from Calotropis procera is, in addition, based on an 
une mixed melting point (although this has very 
little confirmatory power in this particular case), paper 
chromatography (Fig. 1), thin-layer chromatography 
(Fig. 2), infra-red spectra and colour reactions with 
sulphuric acid. 

The six principal calotropis cardenolides (see later) 
can easily be distinguished by a combination of paper 
(Fig. 1) and thin-layer chromatography (Fig. 2). 

Hesso et œl., m a series of investigations, showed that 
the latex (and leaves, so far investigated) of Calotropis 
procera contains the followmg six cardenolides: 


Voruscharin Cs,H,,0,NS (refs. 37 and 38) 


Uscharin Cy,H,,0,.NS (refs. 23, 39 and 40) 
Uscharidin C,,H;,0, (refs. 23, 32 and 39) 
Calactin. C,,H 0, (ref. 23) 

Calotropin C,H, 0, (refs. 23 and 25) 
Calotoxin CrgH gaO10 (refs. 23 and 41) 


These six substances are closely related and they all 
contain the same aglycone (calotropagenin). The first 
three in this lst can be converted into one another™.3#, 
The conversion of uscharidin into calactin and calotropin 
has also been reported*:%. 

In addition to Calotropis procera our grasshoppers 
were fed on Asclepias curassavica L. The latter species is 
indigenous to Central and South America but has been 
introduced into various sub-tropical countries including 
Israel. From the leaves of this plant (from Brazil) 
Tschescho et al.**-4? isolated seven crystalline cardenolides, 
inoluding a trace of calotropagenin, but did not find any 
of the aforementioned calotropis glycosides. We have, 
however, recently received from Professor L. P. Brower a 
portion of dried leaves of Asclepias curassavica grown in 
hothouses from seeds obtamed mainly in Trinidad, A 
botanical (flowering) specimen of this plant was checked 
by Mr. A. A. Bullock, who confirmed the determination. 
Santavy et al., in a preliminary analysis to be published 
elsewhere, were able to isolate from this plant, uscharin, 
uscharidin, calactin, calotropin and calotoxin in crystalline 
form, together with a amaller quantity of other cardeno- 
hides. We hope to investigate the discrepancies between 
our own results and those of Tschesche et al., but for the 
moment it is only necessary to note that Asclepias curas- 
savica is a very rich source of calotropis glycosides. 

Another indigenous plant eaten by P. bufonius in 
natw® is Pergularia tomentosa L. This plant has not 
apparently been investigated chemically. It is interesting, 
however, that Mittal ef al.** found calactin, calotropin 


ce 


Crout et al.*® have suggested the partial formula I 
for calotropin. If this is correct, calactin too should 
have this or a very similar partial formula, Presumably 
they are differentiated from one another only through 
sterecisomeriam at C-3’ or through interchange of 


o=0 aa HOH 


between C-2’ and C-3’, a suggestion which will be discussed 
elsewhere. 


Only calactin and calotropin out of six closely related 
cardenolides of Calotropts procera were found in appreciable 
quantities in the poison gland of P. bufonius fed on this 
plant and A. curassavica. It is possible, therefore, that 
they are absorbed selectively by the grasshopper and that 
the other four aro rapidly excreted or metabolized. An 
alternative possibility is that cardenolides such as uscharin, 
present in the food plant but not in the insect, may be 
converted in vivo into calactin and calotropin, just as 
Hesse et al. demonstrated in vitro for voruscharin, uscharin 
and uscharidm. Although insects with few exceptions‘t.4® 
appear unable to synthesize steroids, they are capable of 
transforming them**?.5° and can even carry out the 
synthesis of farnesol from mevalonic acid‘*:“? which is a 
step in the known synthetic pathway to steroids. 
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. Descending, schematic but true to scale. 


Fig. 1. Paper chroma: 
Paper impregnated with 85 per cent formamide’, 
benzene-te ydrofurane{1 1). 
2,2',4,4’-tetranitro diphenyl". 
uscharidin always shows severe tailing in formamide systems. 
their figure, ref. 88.) 
Fig. 2. Thin- r chromatogram, ascendmg*** on lined glags®* with 
silica gel HF we Grain size 2-264: Solvent system: ethyl acetate 


Solvent system. 
Duration: 26 bh Developed with 
As Hesse et al emphasize, pure 


stored for about 4 weeks after distillation. Develo by spraying with 
20 per oent p-toluene sulphonic alg E ethanol followed by heating at 


it 
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© CH3 
Fig. 8. Calotropin . hypothetical formula. 


Our experiments indicate that P. bufonsus obtains the 
eardenolides in ite powon glands directly from the food 
plant. Although the secretions of hoppers reared on a 
non-poisonous diet (Table 1) contamed cardenolides, the 
quantity present was approximately ten times less than 
in those reared on Asclepiad plants. A second generation 
of hoppers descended from animals reared on a non- 
poisonous diet had a level further reduced by a factor of 
approximately seven (an exact comparison is not possible 
because only secretions of stages I-H of these hoppers 
were available). If no synthesis occurs in the insect the 
amounts present ın the fluid of the defensive gland of 
both the first and socond generation of hoppers reared on 
non-Asclepiad plants are unexpectedly high, even allowing 
for an exceptionally efficient storage mechanism from the 
egg to the hopper stage. These grasshoppers were ‘not, 
however, reared in isolation. They are known to consume 
one another, and eat each other’s cast skins (exuviae), 
which are rich in cardenolides, and it is therefore possible 
that the II-IV instar survivors which were tested by us 
had added to their original store of cardenolides by 
cannibalism and scavenging. 

Feeding experiments with captive predators (refs. 18, 51, 
and Rothschild, M., unpublished work) have shown that 
P. bufonius has at least four separate lines of defence 
apart from its warning coloration: (1) the ejection of a 
jet or foam of defensive fluid containing cardenolides 
and histamine; (2) a penetrating and disagreeable odour 
which can be perceived (by the human observer) from a 
distance of several metres; (3) an acrid prickling sensation 
when the fluid 1s brought into contact with the “human” 
tongue; (4) cardenolides in the tissues of the body. 

It was found that certain inexperienced predators 
could be repelled by the first, second or third of these 
defence mechanisms (ref. 18 and Rothschild, M., un- 
published work) whether the grasshoppers were reared 
on Asclepias or on other plants. On the other hand, some 
species, such as white mice and the jay (Garrulus glan- 
darius L.), learned to avoid P. bufonius only after eating 
specimens reared on Ascleptas and apparently experienc- 
ing disagreeable after-effects, which in the case of the jay 
included vomiting®t. Certain other insectivorous preda- 
tors, for example, the European hedgehog (Erinaceus 
europaeus L.), are comparatively insensitive to cardenol- 
ides and various other toxins (Parsons, J. A., and Sum- 
mers, R. J.) and unhesitatingly ate one to three whole 
adult P. bufonius, reared on Calotrepts, daily (for 7 days) 
without apparently experiencing any 11] effects. 

It is known that the vomiting caused by digitalis or 
other cardenolides after absorption into the blood stream 
is due principally to an action on the central nervous 
system. Another important extracardiac action of digitalis 
1s to contract intestinal smooth muscle and to increase its 
rhythmic activity. A local action of this type may account 
for the fact that vomiting was observed a few minutes 
after birds ingested Danaus plexippue and D. chrysippus 
(ref. 9 and Rothschild, M., unpublished work). Some 
species may be more sensitive to the local than to the 
central action of cardenolides. 
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Although the cardenolides can prove lethal if ingested, 
vomiting usually intervenes before this stage of intoxica- 
tion is reached. It would seem, therefore, that the presence 
of cardenolides in the body tissues provides an excellont 
protection for the aposematic insect. After a single 
experience a predator, even if not initially deterred by the 
defensive spray, or evil smell and taste of the defensive 
gland secretion, would learn to associate them with the 
after-effects of ingesting the poisons. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Transport Processes in the Primordial 
Fireball 


Ir has not so far been possible to understand how galaxies 
could have developed out of unstably amplified statistical 
fluctuations in an expanding universe which was initially 
homogeneous and isotropic!. The view that the universe 
was once highly irregular? has therefore been taken up 
again (ref. 3 and personal communications from R. W. 
Michie and W. C. Saslaw). Here one would like, not only 
to explain how certain finite initial perturbations develop 
into galaxies, but also to present a satisfying view of the 
full spectrum of initial irregularities and their subsequent 
development. Some peripheral scenes from this view are 
exposed in the present communication, and I hope these 
will serve as an introduction to the unresolved central 
aspects of the problem. 

A particularly tidy way of handling some of the other 
irregularities, once foetal galaxies are allowed to be present 
ab initio, would be to show that some process during the 
expansion of the universe reduces thew amplitudes so 
dramatically that they become negligible almost in- 
dependently of the initial spectrum. For this purpose the 
adiabatic cooling associated with the expansion is often 
not very effectrve because it could merely expand all the 
wavelengths of the irregularities without changing the 
shape of the spectrum. It ıs therefore interesting to 
look also for truly dissipative effects associated with trans- 
port processes. For an accurate treatment the general 
relativistic Boltzmann equation‘ will be appropriate, and 
this equation may be also necessary just to provide 
crude estimates at epochs where ionization or particle 
creation thresholds complicate the thermal equilibrium 
properties of the cosmic medium; simpler methods can, 
however, be useful in favourable conditions. 

To illustrate this I show that density variations of 
essentially all wavelengths up to the particle horizon are 
damped out as the universe cools to about 10° degrees 
(Tio~ 1) from a singularly hot big bang’. The mechanism 
ig the conduction of heat between the ey gas (relativistic 
thermal electron-positron pairs and photons) and the gas 
of electron neutrinos. Compton scattering (or pair creation) 
gives ey collisions with a mean time of roughly t= 
(10-17 sec) 253 for temperatures in the range 10-1014 
degrees. Thus on time scales longer than ty, the ey gas 
acts as a fluid and can support sound waves (as well as 
turbulence, shocks, etc.) consisting of space-time varia- 
tions in the temperature and mean velocity of the ey 
distribution. The mean time for an electron to collide 
with an electron neutrino (assuming thermal energies for 
both and the cross-section for direct ev interaction!) 18, 
however, “ty. = (4 sec) T18. Thus an ey sound wave pro- 
ducing variations AT in the electron temperature with 
periods shorter than t will leave the neutrino temperature 
uniform. In this situation AT also represents the typical 
temperature difference across which heat 1s transferred by 
ev collisions, and the typical electron loses most of its 
acoustic energy (~kAT) in a single collision with a neu- 
trino. This means that t» is also the characteristic damping 
time for the ey sound waves. For the standard model of 
the early universe (radiation filled Robertson-Walker 
ə model) the proper time and the temperature are related by 
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t=(1 sec) T 5, assuming that y, et, ve and v, all have 


Planok-like thermal distributions. Thus 4,/t=4 Tj and 
when T2 2 tho transfer of heat from e to v is effective in a 
time less than the expansion time scale. The wavelengths 
affected by this mechanism are those between a y mean 
free path ~ct,, and the size of the particle horizon’ 
~ct (this is the maximum distance across which causal 
signals have travelled since the mutial singularity). Using 
a present average density of 7 x 10"! g/cm? and expansion 
factor 1+z=7/3 °K since the time of temperature T, 
we find that these limiting wavelengths give volumes 
enclosing from 10-7! up to 10 nucleons (10-' Mo). 

The price we have paid for a simple T* equation of state 
is this restriction to small horizon sizes. Density fluctua- 
tions, however, even at these short wavelengths, must be 
considered in connexion with the queation of primordial 
helium production. In the presence of irregularities, the 
time scale for the expansion will depend on tbe density 
averaged over a volume defined by the horizon size. The 
nuclear reaction ratos, however, will depend on the density 
and temperature a typical nucleon will see, which is more 
nearly the maximum density in the small scale variations. 
Although the present damping estimate excludes large 
variations in density on scales much smaller than 10“ Mo 
worth of nucleons, some other process would be required to 
exclude large density-temperature variations on a 10> Mo 
scale. But 10-? Mo is small compared with the horizon 
scale of 10-1 Mo at t~10 sec, at which point density 
variations and the resultant increase in the rate (see 
Peebles’, Table 1) for the reaction n+tet>p+ Ve. 
would reduce the neutron fraction and thus allow less 
helium production later at tæ 100 sec. 

Tn the 101° to 104 °K epochs, the neutrinos gave rise to a 
very offective damping of acoustic waves, and it 1s now 
pertinent to ask whether this damping is also effective for 
gravitational waves. The effect of the neutrinos on ey 
sound waves already estimated can be ascribed to an 
anomalous second viscosity of the fluid? with Cæ pe7/w thr, 
for frequencies with ots S> 1. (The normal viscosity in 
the absence of electron neutrinos would be naype*ty, and 
is more important than the neutrino viscosity at wave- 
lengths less than asc(tyst,.)4.) But the neutrinos evidently 
transfer momentum as well as energy to the ye gas, and 
hence damp shear velocities as well as compressional 
motions. Thus we may also estimate the shear viscosity 
as ne Cripct/w%, Now a (transverse traceless tensor) 
gravitational wave interacts with shear stresses, and 
Hawking® has computed that for gravitational waves the 
damping rate due to a viscous fluid is taray = L6nGn/ct. 
In our case this gives 


tyravlt= $ (of) (be) a) 


But I have assumed of, >1 [and wi,y<1] in esti- 
mating the viscosity, while Hawking’s calculation of 
gray assumed of®l, so equation 1 whenever it is 
valid gives tgays>t. This means that gravitational 
waves with wavelengths amaller than the horizon size are 
not damped by neutrino viscosity. The wavelengths to 
which this calculation applies, when converted to their 
present day equivalent, (1+2)4, are limited by 


10 em < (1 +z)à < 10% em= 100 light years. 


Thus, if no more effective gravitational wave interaction 
can be found (either at higher or lower temperatures) 
than this neutrino viscosity in the radiation gas, gravita- 
tional waves at these and perhaps other wavelengths may 
remain at various effective temperatures Ta, different 
from 3° K, m some way descriptive of the initial singu- 
larity’. (That an initial singularity is required by general 
relativity corresponding to a variety of plausible hypo- 
theses about the present structure of the universe (all 
compatible with large early irregularitics) has been shown 
by Hawking, pursuing Imes indicated by Penrose.) 
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X-Ray Emission Line Spectrum of a Coronal 
Active Region 
‘Two slitless Bragg spectrometers were successfully used on 
a Bun-pointed Skylark rocket flight (SL 304) on May 5, 
1966, to measure the solar K-ray emission below 25 A. 
The crystals were of potassium acid phthallate (KAP), 
with a lattice constant of 13-3 A, and photons were de- 
tected with thin plastic window proportional counters. 
The rocket launch took place at 0414 h (u.r.) during a 
period of relatively quiet solar activity. In particular, no 
solar flares have been reported in a period of several hours 
around the time of launching. Solar pointing was achieved 
approximately 100 sec after launch and was maintained 
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until re-entry 274 seo later. The apogee of the rocket was 
181 km, giving a negligible atmospheric attenuation, for 
the X-ray wavelengths being measured, throughout most 
of the controlled flight. Four spectral scans over the 
wavelength band 11-25 A were obtained. The data have 
been reduced by computer. A full analysis is still pro- 
ceeding, but this communication reports the emission line 
identifications so far obtained, several not having pre- 
viously been seen in the solar spectrum. 

The response of a slitless plane crystal scanning spectro- 
meter is a convolution of the spatial and spectral charac- 
teristics.of the source under investigation. Thus, for an 
unblended emission line, the recorded profile provides a 
one-dimensional intensity scan across the Sun in this 
wavelength. The 9-1 em radio map for May 4 shows 4 
weak belt of activity at solar latitude 20-30° N., dominated 
by a strong active region in the north-west quadrant. The 
roll control of the rocket was used to position the plane of 
dispersion of the spectrometer along the solar equator. 
On these considerations each X-ray line profile should 
show a strong narrow peak to one side of a broader ir- 
regular emission, Allowing for the effects of instrumental 
broadening, the observed spectra are entirely consistent 
with this situation, so that the strong, narrow peaks can 
be attributed unambiguously to emission from the 
dominant active region. Wavelengths have been determ- 
ined for the stronger emission lines with an overall 
precision corresponding to a Bragg angle error not ex- 
ceeding 6 arc min. 7 

The observed ‘“‘active region” emission lines are listed 
in Table 1. A comparison with the only previous solar 
X-ray line spectrum} shows all the limes reported there 
below 20 A, together with additional lines of iron XVII and 
new line series of neon TX and X, iron XVIII and nickel 
XIX. Only very recently have the nickel XTX and iron 
XVIII series been observed in laboratory plasmas?:?. The 
proposed identifications of weak lines in the spectrum have 
been checked by a consideration of the expected intensity 
ratio compared with the well determined strong lines. 
Ten statistically significant features have not yet been 
identified. 

Absolute energy fluxes for the lines are at present being 
reduced. For lines which are not seriously blended these 
should be accurate to rather better than a factor of two 
while relative fluxes should be accurate to perhaps 30 per 


, Table 1. AOFIYE REGION HMIASION LINR SPECTRUM 


Caloulated Measured. 
Ton Transition or labora’ wavelength Remarks 
wavelength (A) (A) 
Oxygen VITI 18 Sup * Pals {Lye 18:97 18-04 
18 *Si/2-Sp "Paila (Ly; 16 OL 506 
18 êS AP * Pus gp 16°17 BELI Serlonaly blended 
1s SiS *Pify (LYO) 14-82 14:82. Very weak 
Neon LX 1r S,-ls2p P, 18°45 18-45 Intensity ratio of neon 
14° 19,-188p UP, 1445 11-46 IX 13-48 A to Inter- 
183°S,-le2p *P, 18°65 18-56 coms tion hne at 
Neon X 16 *Syjr-2p Par (Lya) 1213 1218 Alterngtively Fe XVII 
Iron XVII 1822p 15, 
Ge -IPR pi3e tP, 17 06 17-05 
ii 1022 p'8e UP, 16°77 16 77 
J —lst2s"2p'8d P, 16-45 5'45 Classifications 
“i ~Ls*2e'2p'8d "D; 16°26 15°26 after Garstang’ 
i —Ls*2e'2p'8d IP, 16°01 16°01 and Kastner ef al.‘ 
wi -18°22 p*8p tP: 18-82 8-82 
» —1s*2s"2p*4d *D, 12-26 12-26 
+, —le*2e2p*id P, 12°12 12 18 A ltornattyaly neon X 
y-a 
- Tron XVIII Is*2s*2p* * Ps, 
i 1u" 2p P)8s Pars 16°88 (16 88] Seriously blended. 
ý 1822p D)38 "Deis 16-62 15 62 Iron XVII classifica- 
iy -1422 ptt P)3d "Daly 14-40 440 tions after Fawcett et al.? 
oy ~—lstigs"ip'8d 14 29 [14-29] Upper limit only can 
be set on flux 
ay 18°22 mO D) “Das, 14-25 14 25 
Nickel XIX 18%28°2p' 1S, 
4 -122p 8e tP, 14 03 14-08 Nickel XIX classifica* 
jk —18*28*2p'8s IP, 13-77 13-77 tions after Feldman s al.* 
+ —ls'2e'2p*td P, 80 12-80 
š ~Lst2n2p*td *D, 1264 12 64 
i —Le*2a"2p"8d IP, 12-42 12-42 
e e 
. es 
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. cent. These results will “afford independent temperature 
and density measurements for the active emission region 

and will ‘also yield abundance data for those elements 
the lines of which are measured. In particular, the neon line 
measurements are likely to afford an improved estimate of 
the coronal neon abundance. Further, a comparison of the 
neon X 12-13 A flux with the neon IX 13-45 A intensity 
will provide a separate and sensitive temperature de- 
termination. In this connexion it is particularly important 
to ascertain what contribution the iron XVII 12:12 A 
transition makes to the emission observed at 12-13 A. 
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PLANETARY SCIENCE 


Devonian Palaeomagnetic Pole for Europe 
and N. America 


Tu position of the Devonian pole relative to Britain, was 
originally deduced from palacomagnetic measurements on 
the Old Red Sandstone formation from 8. Wales?. It was 
apparently confirmed later by measurements on many 
other Devonian formations from Europe and western 
Russia’. We label these poles “DI” in Table 1. Palaeo- 
magnetic work on Devonian lavas from the Midland 
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Valley of Scotland yields, however, a completely different 
pole? which is labelled “DII” in Table 1 (ref. 4). 

Pole DI was accepted as the European Devoman pole 
without question for many years, largely because of the 
large number of formations which yield it. These forme- 
tions are almost exclusively sedimentary, however, and 
their natural remanence 1s quite possibly younger than 
the rocks themselves or their fossıl content. This possi- 
bility prompted Chamalaun and Creer*~’ to carry out 
thermal demagnetization experments on the Old Red 
Sandstone. In most of the samples examined, a small 
fraction of the natural remanence was found to have 
blockage temperatures higher than 600° C and yielded 
pole DIT. Pole DI is close to the European Permo-Carboni- 
ferous pole (see Table 1), and so it was argued that the 
Old Red Sandstone must have acquired most of its rema- 
nent magnetization in the Permo-Carboniferous, and this 
could have been caused by physical and chemical changes 
in the iron, oxide content. Pole DIT was thus tentatively 
accepted as the true Devonian pole for Britain. 

Another argument in favour of the remagnetization 
hypothesis is that when pole DIT is accepted as the 
Devonian pole for Europe, an upper Palaeozoic world 
geography similar to Wegener’s* can be reconstructed 
using world-wide palasomagnetic data®!*". No sensible 
continental reconstruction can be made, however, if 
pole DI is accepted as the Devonian pole for Europe. 

There is also evidence of two different groups of poles 
for North American Palaeozoic rocks*, one set corre- 
sponding to the European DI and the other to DIT. Poles 
from the DII group had to be used to develop the palaeo- 
magnetic continental reconstruction. It follows that the 
Permo-Carboniferous remagnetization must have been 
widespread and that it must have affected Devonian 
(and also younger Palasozoic rocks) all over Europe, 
West Russia and North America. 

Satisfactory thermal demagnetization experiments 
have not yet been carned out on many of these geogra- 
phically widely distributed Devonian red beds magnetized 
in the DI direction. In experiments on two Norwegian 
formations™, pole DIT was not found, although the cleaned 
direction, yielded a pole displaced from DI towards DIT. 
This could be caused by almost complete remagnetization: 
this single negative result does not invalidate the re- 
magnetization hypothesis. It is thus appropriate to tackle 
the problem from the other direction, that is, to examine 
again the palaecomagnetism of the Scottish lavas, because 
Stubbs’s measurements were carried out before cleaning 


Table 1. 
Palaeo etic N. Pole 
No. Formation Treatment No. of sites Latitude Longitude Group 
1 Old Red Sandstone sediments (Anglo-Welsh Cuvette) D7. 85 sites 39° N. 165° E. 4° DI 
2 Lower Devoruan lavas (Midland Valley, Scotland) selected : sites 6° 8. 142° E. 9° DI 
Arm. a 
3a Old Red Sandstone sediments (ombran; South Wales) nrm, 49 samples 40 N 178° E. 6° DI 
8b Old Red Sandstone sediments (Owmbran, South Wales) n.r.m. ( l site tes) 1° 8. 119° B. 8° DII 
samples 
4 Old Red Sandstone sediments (Anglo-Welsh Cuvette) A ee 5 sites 2° B. 117° E. 19° DIL 
lemagne 
5 Lower Devonian lavas (Adland Valley and Lorne Plateau, Scotland) i o. i eis PN. IIE. 11e DU 
oleasno sites 
6 Permian : 48°N. 165° ER. 4° 
7 Carboniferous 85° N. 146° E 9° 
n.r m., Natural remanent magnetization. 
Table 2, SUMMARY OF PALABOMAGNETIO DATA FROM SOOTTISH FLOWS 
Directions of remanent magnetization Palaeomagnetic N. Pole Sign of 
Flow Location N D I Latitude Longtude Held 
IA Tayside, Fifeshire va 52-1 ~ @8 - 17 0° N. 119 5° E. N 
I8 n ” 8 259-2 +491 142 10-1° $, 110-8° E R 
L10 Stonehavon-Montroso area 8 212-0 +275 16-5 141° N. 143-1° E. B 
L18 n mo ai 12 891. ATL 84 1-0° 8, 141-8° E. N 
Ll4 , noon u 58-2 ATT 5-0 64° 5. 180-1° E. N 
L15 Lorne Plateau, Argylishire 8 688 ~~ 11-1 103 98° N. 110-2° B. N 
L16 o v n 8 704 ~ 21 4 - 12° N. 107-4° B N 
ii n n n 11 866 ~ 257 85 1:5° N. 112-7° E N 
Lr » ù» o 12 68-2 ~156 49 50° N. 107 6° E N 
L20 o e» v 28 56-9 — 58-4 18 125° 8. 129-6° E N 
All flows are Lower Devonian in age. Directions were calculated after treatment in a.0. fields up to 255 oersteds (peak value). 
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techniques had been developed. He did, however, adopt 
strict criteria of acceptance of data’. 

In this context we now report results of a new palaeo- 
magnetic survey of the Scottish lavas on which a.c. and 
thermal cleaning have been carried out!#. These results 
are summarized in Table 2, and will be published in full 
elsewhere. The new mean direction of magnetization and 
1t8 pole are listed as entry five in Table 1, and plotted as 
point five ın Figs. la and 1b. 

There 18 very good agreement between the cleaned DIT 
poles. That for the cleaned lavas (No. 5) is very close to 
that for the thermally cleaned Old Red Sandstone from 
South Wales (pole 4). Both these poles agree well with 
No. 3b derived from a minor number of Old Red Sandstone 
sediments from Cwmbran, South Wales, in which we 
suggest the primary Devonian direction DIT has remained 
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1. a, Mean directions of magnetization of the Old Red Sandstone 
and Lower Devonian lavas Point numbers refer to formations listed in 
Table 1. Open ciroles indicate upward tochinations, closed o:roles indicate 
downward inclinations. b, Pole positions (lsted in Table 1) computed 

from mean directions of magnetization shown in a. 
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predominant. The majority of beds from this site are'thus 
supposed to have been remagnetized in direction’ DI 
(entry 3a). ga 
The results of this new palaeomagnetic survey of the 

Devonian lavas strengthen the argument that DII is the 
true Devonian pole relative to the United Kingdom and 
validates the criteria of stability used by Stubbs in his 
original work. 

K. M CREER 

B. J. J. EMBLETON 
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School of Physics, 
University of Newcastle upon Tyne 
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Seasonal Behaviour of Atmospheric Pressure 
Oscillations 


Iris well known that the atmospheric pressure at any given 
point does not remem constant in time and is subject to 
periodic and non-periodic fluctuations. Statistical analyses 
have been used to establish them and many investigations 
have been published. This communication reports the 
results of a spectral density analysis performed for the 
barometric pressure data at the Langmuir Laboratory 
(33° 59’ N., 107° 11’ W., elevation 3,320 m above mean sea 
level), a research facility of the New Mexico Institute of 
Mining and Technology, and at the Institute campus at 
Socorro (84° 4’ N., 106° 54’ W., elevation 1,410 m above 
mean sea level). The Langmuir Laboratory is on a summit 
ridge of the Magdalena Mountains and the campus 1s 
27 km east in the Riogrande Valley. A comparison of the 
results of these two stations provides an interesting 
example of atmospheric behaviour ın a ‘‘mountain— 
valley” situation. 

Barometric pressure records from both stations were 
sampled every 2 h throughout 1965. The year was divided 
into nine periods, eight of 40 days and the last one of 
45 days. The analysis first estimates the autocovariance 
and then takes its Foumer transform to calculate the 
spectral density or power spectrum. The computations 
were carried out on an JBM-1620 computer, usmg a 
procedure described by Blackmann and Tukey. Identical 
analyses were also carried out for the year 1964 and 
yielded similar results. 

Figs. 1 and 2 illustrate respectively the spectral density 
estimates of barometric pressure at the mountain and 
Socorro. The spectra for both stations show that the 
power in general decreases with the increase in frequency. 
They indicate the presence of 24 h (diurnal), 12 h (sem- 
diurnal), 8 h (terdiurnal) and 6 h (quartodiurnal) period 
oscillations and show little evidence of oscillations of 
higher frequency than quartodiurnal. 

There is a distinct seasonal effect on 24 h, 8 h, and 6h 
waves, but none can be discerned on 12 h oaeillations. The 
power associated with the semidiurnal wave is at a 
maximum in the third period (days 81-120) for the moun- 
tain and the second period (days 41-80) for Socorm. At 
both stations, the diurnal wave is at a minimum in the 
winter and at a maximum in the summer months. It 
virtually disappears at the mountain during winter. This 
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Spectral density estimates of barometric pressure at the Langmuir Mountain Laboratory in 1985. 
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Fig. 2. Spectral density estimates of barometric pressure at Socorro in 1965. 


is somewhat extraordinary because it is recognized” that 
in the free atmosphere the amplitude of this oscillation 
increases with height in the first few kilometres. The 
power associated with it 18 maximum in the fifth period 
(days 161~200) at the mountain and in the fourth period 
(days 121-160) at Socorro. At the mountain, the power in 
the fifth and sixth (days 201-240) periods is almost equal. 
The ratio of powers associated with diurnal to sem- 
diurngl components varies from 0 to 1 at the mountain, 
and from 2 to 7 at Socorro. This ratio is at the maximum 
in the fifth period for mountain and in the fourth period 
for Socorro. 


An attempt to attribute the maximum of the diurnal 
component ın the summer to the daily insolation did not 
succeed. Spectral density estimates of temperature at the 
mountain illustrated that the diurnal component of the 
temperature variations was not maximum in either the 
fifth or the sixth period. Nor was solar radiation maximal 
in the fifth or the sixth period. 

The appearance of the intense diurnal wave during 
summer can be related to the onset of major convective 
activity at the mountain. This activity can be identified 
in many of the meteorological parameters observed at the 

(Continued on page 73) 
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WHO SHOULD STORE INFORMATION? 


THE involvement of the learned societies in the manage- 
ment of scientific information is as old as the learned 
societies themselves. Indeed, for most of them it is 
their original purpose. And, of course, it is no accident 
that the Philosophical Transactions of the Royal 
Society run back almost without interruption to the 
years in which the society held its first meetings. 
Having met so as to exchange information—in the 
broadest sense—among themselves, it is only natural 
that the members of the society should have sought 
some means of exchanging this commodity with a 
wider community, and of preserving it for the future. 
In this sense it is no accident that Dr. Finniston, the 
new President of the Institute of Metals, should have 
devoted his presidential address last month to the 
problems of how a learned society should seek to 
discharge its responsibilities to the literature. What 
he had to say is timely and important because of the 
way in which the problems of handling the scientific 
literature have been complicated by developments 
in the past few years. 

The sheer increase of the bulk of the scientific 
literature may be the least important of the stresses to 
which it has recently been exposed. Those who produce 
journals and books—and those who must decide 
whether or not to buy them—are often understandably 
dismayed by the problems of increasing scale, but 
there is no real evidence to suggest that working 
scientists are consequently deprived of information, or 
isolated from fresh ideas which could inform their 
work in important ways. One way and another, often 
by improvised channels, news of important develop- 
ments in most fields of science seems to travel to 
where it may be needed. Especially in those fields of 
academic research in which progress is rapid and 
excitement high, people seem to find out what is going 
on without having to spend more than a small propor- 
tion of their time in a library. It is true that elsewhere 
in science and technology, the gathering of information 
may be more time consuming, and that problems of 
information may be important limitations of the rate 
at which advance is possible, yet continues. 

So what is Dr. Finniston worried about? If working 
scientists are able to muddle along somehow, is it 
necessary that learned societies should intervene more 
actively on their behalf? The trouble, of course, is 
that the literature is at present serving only some of 
the purposes to which it might be put. It may serve 
somehow to enable people to know what is going on 
elsewhere in some narrow field, but the vast production 
of books and journals is less effective than it should be at 


providing a wider framework within which a line of 
research can be accommodated in such a way that those 
engaged on it are stimulated, excited and refreshed. 
As the literature has grown in size, the quality of the 
service which it provides has inexorably declined. This 
is one of the reasons why Dr. Finniston waa right to 
emphasize the need that the learned societies and the 
professional institutions should provide a comprehen- 
sive service to their members—not just a journal in 
the post every month or so, but a means by which the 
literature can be continually improved on and made 
more useful. It is only fair, of course, to add that the 
societies are not now waking up to this need for the 
first time. The Institute of Metals iteelf has a valuable 
record in this field. In the United States, the American 
Chemical Society and the Institute of Physics have 
both contributed most valuably to the development 
of new techniques of communication within the scienti- 
fic community, and they are only two of the societies 
which have been important in ways like these. But 
there is a great deal remaining to be done. 

One clear practical need, referred to in Dr. Finnis- 
ton’s address, is for a more systematic and continuing 
reworking of the scientific literature. The object 
should be to provide means by which newcomers to 
particular fields are able to stand more easily on the 
shoulders of their predecessors, and master the litera- 
ture without delving through all the archives. By: 
the same means, specialists in other fields would be 
enabled to acquire more easily than at present an 
appreciation for parts of science other than their own. 
To some extent, of course, monographs of the kind 
already being published serve to fill this need. There is, 
however, good reason to believe that their number 
could be increased. The American Institute of Physics 
has not been entirely successful in its attempts to 
encourage the production of survey volumes of this 
kind, chiefly because of the difficulties of persuading or 
even of inducing working scientists to interrupt their 
research. Yet the cause is a good one. 

Their most urgent need is that the societies should 
recognize the importance of a comprehensive informa- 
tion service for its members and, at the same time, 
recognize their own limitations in providing it. Experi- 
ments in which lists of titles of scientific papers are 
printed on magnetic tape have already shown that 
some problems of retrieval can be dealt with expedi- 
tiously. It is impractical, however, for this to be done 
other than on an international scale. Sé@cicties 
can play an important part by getting new schemes , 
going, but obviously there are limitations to what 
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they can do on their own account. Indeed, in the 
immediate future perhaps the greatest part they have 
to play is that of keeping their members informed of 
the progress in new techniques of documentation, 
storage and retrieval. Unhappily there is plenty of 
evidence to suggest that the scientific community is not 
yet aware of the advantages, and even of the dangers, 
which such new techniques have created. 


SYMPOSIUM VOLUMES 


War is the future for the proceedings of symposia ? 
For a decade now, a great many conferences and large 
symposia have been followed—at intervals of a few 
months or even a few years—by the appearance of a 
volume in which is collected the principal contribu- 
tions. And just as the numbers of conferences have 
been increasing, so too has increased the flow of sym- 
posium proceedings. Although, in the past year or 
s0, there have been signs that this flood of publications 
has been beginning to diminish, it is by no means clear 
what place symposium volumes will occupy in the 
scientific literature in the years ahead. 

The defects of published symposium proceedings 
are easily spelt out. They tend, for one thing, to be 
late. Inevitably an editor or a team of editors must 
be in great difficulties to persuade all speakers at a 
large gathering to deliver their manuscripts in time for 
rapid publication. One or two black sheep can hold 
up publication for months on end. And then, of course, 
the production of books is necessarily slower than that 
of journals—especially when publishers, quite under- 
standably, tend to put symposium volumes near the 
bottom of the priority queue. But these are merely 
practical snags which might be got round by rewarding 
editors of symposium volumes more handsomely. 
The more serious defect is that the material delivered 
at conferences, chosen as it must be to inform the 
audience and to provide background information as 
well as news of discoveries, must necessarily repeat 
material elsewhere in the literature. If to this objection 
is added the complaint that many symposium volumes 
are not adequately supplied with references and that 
many of them contain contributions which would not 
have been approved of by competent referees, and that 
it is often extremely difficult to retrieve information 
buried in the symposium volumes, it is no wonder that 
librarians and the scientists who advise them are often 
hard pressed to know whether funds should be spent 
on these productions. 

The other side of the coin is also familiar. For one 
thing, many symposium volumes are eminently valu- 
able as reference books and even as volumes which 
provide authoritative surveys of developing subjects. 
The records of the Ciba Foundation and the Cold Spring 
Harbor symposia are now well known; their virtues 
stem from the care with which they are edited, and 
there have in recent years been many symposia 
the pr&ceedings of which were of such historic impor- 

e tance that some record of them becomes of lasting value. 
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The difficulty here, of course, is that it is often impos- 
sible to predict in advance which symposia will really 
deserve to be recorded for posterity and, in any case, 
the organizers are often too involved to make an 
objective judgment. Indeed, there is a natural, if 
reprehensible, tendency for those who organize 
conferences to consider that they have by that 
means established a prominent claim to public 
attention. 

If, as there is some evidence to suggest, librarians 
are now turning against symposium volumes, the 
pressures to decide more soberly what should be done 
about them will be greater. One solution, advocated 
by the National Federation for Documentation in 1962, 
is that symposium proceedings should be published in 
ordinary journals and not as separate proceedings. 
Occasionally this would be a valuable thing to do, 
and the Royal Society is only one of many learned 
societies which have recently taken this good advice. 
But to suggest that all symposium proceedings should 
be published in the journals would merely transfer 
from one place to another the problem of how to be 
more discriminating in what is published and how to 
reduce the bulk of it. Merely to advise means of 
producing symposium volumes more quickly would 
remove one of the more obvious defects of the present 
arrangement but might actually aggravate the problems 
of discrimination in bulk, so what alternatives can be 
urged on organizers of symposia and their publishers 1 
It would be valuable to see whether the euphoric 
conviction there tends to be at the end of conferences 
that the rest of the world should be quickly told what 
has been happening could be most constructively 
gratified by the appearance of objective but detailed 
reports of what has occurred, but such a course would 
only be acceptable if somewhere in the process of 
publication there intervened decisively some means of 
singling out the important contributions from those 
whose interest outside the conference halls is less for 
one reason or another. The symposium organizers 
or publishers would have to make valid judgments 
about individual contributions and there would inevit- 
ably be the risk that feelings might be hurt. But this, 
alas, is an inescapable part of the process of publica- 
tion. And it is not only publishers but readers who are 
always saying that one thing is more interesting than 
another. The moral is that symposium organizers 
should acknowledge that if they want to publish they 
must also be prepared to discriminate between what is 
valuable and what is not, or to allow some person from 
outside to do the job on their behalf. They should 
also, of course, remember more vividly than they do 
at present that the special value of conferences and 
symposia is that they bring people together in ways 
which permit informal exchanges of ideas and informa- 
tion. One of the saddest characteristics of the flood of 
symposium volumes in recent years is the sure know- 
ledge that the scientific contributions they contain 
have often been mere facades of exposition, behind 
which the real excitement of the proceedings has been 
concealed. 


A 
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The Future of the Journals 


Dr. H. M. Finniston, the new President of the Institute of Metals, 
Po about the management of the Institute’s Journals, and about 
the future of communication between scientists, In his presidential 
address on March 7. The following is an extract from what he sald. 


How has the Institute served its members through its 
publications ? Until 1967 its principal technical publica- 
tion was the Journal with original scientific and technical 
papers relating to the non-ferrous metals and their 
undustries. The number of papers published annually 
varies from 11 (in 1919) to 85 (in 1948-49) with a mean 
of 40; since 1950 the annual output of papers (excluding 
Technical Notes) has oscillated around 70. 

Simple comparison of the numbers of papers published 
each year does not reflect changes in publication habits. 
A more appropriate comparison may be the amount in 
words published each year in the Journal. The member 
before 1920 had between one third and one quarter of the 
reading his children or grandchildren had to face in 1965. 

That the modern author is statistically no more succinct 
than lus predecessors is disappointing, recognizing the 
repeated exhortations ın the Journal through instructions 
to authors and the permstent efforts of referees and 
rapporteurs to enjoin restraint. The consistently lower 
average length of papers in the past seven years, however, 
suggests that editorial policy may be exercising an. effect. 
Suceinctness is a desirable, even essential, criterion for 
effective communication between scientists, but not the 
only one. English language is a compulsory subject m 
examinations for entry to universities, but it is sometimes 
incomprehensible to referees how authors achieved passes 
at “O” level, much less at “A” level; and logic, on which 
all science is based and which few educational institutions 
teach at degree level, seems a mystery to many authors. 
Since presentation of scientific information is an expertise 
which can be taught and should be learned, this should 
be undertaken as a curricular responsibility of the science 
departments of our universities and colleges of technology 
and of the Institution of Metallurgists through its 
educational courses. 


Quality 

The quality of papers is difficult to assess quantitatively, 
although one can perhaps gauge some standards in 
content and presentation through the observations of the 
Institute’s refereeing system. This subjects every paper 
to the objective scrutiny of two referees and a rapporteur, 
all three unknown to the author. The former are chosen 
from people with a reputation m the field of the author’s 
contribution; the rapporteur is a member of a formal 
Institute committee concerned with publications who has 
both knowledge of the subject and sufficient critical 
judgment to reconcile differences of opimon between 
referees. 

The numbers of manuscripts received and those rejected 
or returned for rewriting in the period 1946 to 1966 are 
detailed in Table 1. Since 1946, 1,851 manuscripts have 
been refereed (between 40 and 140 each year). One 
quarter has been rejected on first review, 15 per cent 
being rejected outright and 10 per cent returned for 
rewriting. There is some variability year to year in the 
ratio of outright-rewrite rejections probably relating as 
much to changes in referees and the ‘‘crowd”’ psychology 
of the judging committee as to variations in the abilities 


Table 1. NUMBER OF MANUSORIPTS SUBMITTED FROM 1946 TO 1966 INCLUSIVE 
FOR PUBLIOATION IN THE Journal of the Insitute of Metals AND REJROTRD 
OR RETURNAD FOR REWRITING 

Returned 
Year Recerved Rejected outright for rewri Total rejected 
actual percentage sctual percen actual percentage 


1946 42 3 7 1 2 4 9 
1947 38 8 21 8 9 11 80 
1948 61 4 6 9 10 16 
1949 88 8 10 2 2 10 12 
1950 88 19 22 5 6 24. 28 
1951 89 10 11 7 8 17 19 
1052 89 18 14 11 12 24 26 
1953 111 15 18 12 10 27 28 
1 92 15 16 6 7 21 23 
1955 80 13 18 9 11 22 27 
56 114 14 12 18 11 27 28 
1967 118 18 16 2 2 20 18 
1958 99 19 19 6 6 25 25 
1959 04 10 10 5 5 15 16 
1960 89 11 12 l4 16 26 
1961 141 20 14 19 18 39 27 
1962 78 21 27 11 14 82 4i 
1963 100 22 22 pei il 33 
1964 80 10 12 16 19 81 
1965 98 16 17 14 15 80 82 
1966 81 16 20 18 22 34 42 
Total 1,851 285 15 190 10 475 25 


of authors. Since 1960 there has been a tendency to a 
higher reject rate (see Table 1). 


Change 

Is the future of the journals to be an extension of the 
past, or will the external forces operating ın science and 
technology call for more radical changes? Two features 
argue for the latter. 

First, there is the continuing world-wide growth of 
new results, new information and new concepts emerging 
from expanding scientific and technical establishments, 
academic, industrial and governmental, engaging in 
traditional metallurgical areas. Metallurgical Abstracts 
and Metallurgical Reviews illustrate the problem for 
metallurgists. None of the headings of Metallurgical 
Abstracts would be considered inappropriate to the 
Institute’s interests, yet under these headings there was 
last year a coverage of 13,000 abstracts which is still 
probably not exhaustive even if oppressive. Of these 
abstracts, only about 100 were of papers in the Journal. 
The references in Metallurgical Reviews confirm that what 
is published outside the Journal overwhelms quantita- 
tively what is published in the Journal; only 1 ın 30 of 
the references in Reviews relates to Journal papers. Of 
itself, therefore, the Journal is a limited vehicle for 
transmitting information. Proliferation of journals to 
accommodate the growth of knowledge even in traditional 
areas is not a solution for the individual, although it may 
be necessary to continue this practico as a base for a 
system. to serve the member with references or digests. 

Second, all professions are now interlinked in greater 
or lesser measure and interdisciplinary techniques and 
ideas are a feature of progress in any part of science. It 
is not fortuitous that the first invited leading article to 
Metale and Materials should have this as its subject. 
This is not a new pattern but one which has become more 
noticeable in recent years and certainly more vital to 
future advances in metallurgy. Metallurgiste have given 
and borrowed ideas and techniques from other disciplines. 
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In ideas, the two pillars of modern physical metallurgy— 
dislocation and electron band theories—were first promul- 
gated by physicists and turned to the advantage of 
metallurgists by converts to metallurgy; and through 
the techniques of optical microscopy, electron microscopy, 
X-ray diffraction and the field-ion microscope, metallurgy 
has progressed from observations of macrostructure 
through microstructure to the atomic structure. Whether 
metallurgists have been quick to accept and adapt new 
instruments could be usefully debated as a guide to 
future activities of the profession, but that metallurgists 
advance ideas and instruments not initiated by them there 
can be no doubt; the recent refinement of X-ray diffrac- 
tion lattice determinations to 1 part in 10° is due to 
metallurgists and the pressure for high voltage (1 MeV) 
electron microscopy development stems from metallurgical 
requirements. 


Breadth 


This interdisciplinary movement must reflect ın future 
submissions to the journals. For example, the next stage 
in our general understanding of the structure of solids 18 
likely to concentrate on studies of the subtleties of atom 
movements by new methods and techniques not normally 
considered metallurgists’ equipment. Particle accelera- 
tors are usually associated with physicists investigating 
elementary particles, but such acceleratora could become 
a metallurgists’ tool, a refined controllable atom hammer. 
Or again, the techniques of quantum electrodynamic 
theory (quantum theory applied to the mteraction of 
electrons with light) involving such advanced concepts 
as Green functions and Feynman graphs have been used 
to caloulate the effects of the interactions of electrons in 
solids with each other and with phonons. This has led 
to theories of plasma oscillations in solids (a consequence 
of the Coulomb interaction between electrons) and of 
supercondustivity (a consequence of electron-phonon 
interaction). Since metallurgista are certainly concerned 
with electron and phonon behaviour in their materials, 
will the Institute not have to inform its members of 
thesə non-traditional developments ? 

Recognizing these complexities and increasing subtleties 
as well as the growth of the science and technology of 
metallurgy, what could or should be the role of the 
Institute in disseminating the new knowledge? The 
Institute caters to the individual member through the 
Journal, but does the member want or need to have the 
Journal physically to hand? What use does a member 
make of the limited contrbutions ın the Journal or of 
the Abstracts supplied to him on payment of his dues? 
If no more than one or two articles in any issue of the 
Journal held by the member is read by him and only 
once in an indeterminate number of months (or years) 
is reference made to the volumes in his possession, does 1t 
not raise doubts whether distribution of the Journal in 
its present form is justified 7 
_ There is already a view expressed in the Annual 
Report 1963-64, p. 36, of the Advisory Council on 
Scientific Policy that physicista and chemists would 
welcome publication in two forms—short notes including 
all relevant results for wide dissemination, and longer 
papers giving a full account available on request through 
the scientists’ library (or an appropriate Institute). 

Even if the present practices of Institute publication 
accorded with popular wish, these could still be supported 
with advantage by a moro extensive service which would 
allow members access as and when required to metal- 
lurgical information from æ wider context than the 
Institute’s journals. The concept of the Institute, 
already recognized as a specialist learned society, as a 
metallurgical information centre creating its own informa- 
tion (trough original papers) but backing this up by 
storing and retrieving internationally gained information, 

«is a logical extension of past activities and in keeping 
with the needs of the times. 


NATURE, VOL. 214, APRIL 1, 1967 


On economic grounds alone, some such service could 
be justified. A recent survey by J. Martyn (ASLIB) 
of scientists of various kinds of industrial, academic and 
government research assessed the “loss” m duplication 
of research through not obtaining or seeking information 
already published. 144 scientists when asked “Have you 
during your current search discovered in the literature 
information which you wish you had had at the beginning 
of your project ?” gave 245 instances of lost opportunities. 
An estimate from this of the money which could have 
been saved if this sample represented all science in the 
country was put conservatively at £8 x 10° per annum. 


Dissemination 


The process of disseminating information is now 
generally recognized as having two stages: storage and 
retrieval. But should we not go further back in the 
process and examine in depth what we want to store? 
One stores what is published, but is what is published 
worth storing? The arguments that one might miss a 
winner by refusing publication or that unless one has 
access to full detail one may be musled do not stand up 
to enquiry. Both these possibilities have, in principle, 
been conceded. The Institute already has a selective 
system; to give it a finer mesh for dissemination is what 
is now being sought. And the extended abstract can 
summarize misleading information or mistaken conclu- 
sions as adequately as a full paper. Condensation of 
reporting is a mental discipline for the author, facilitates 
the task of the reader and physically reduces the volume 
to be assimilated and stored. One could even argue 
that in the future the abstract, summary or conclusions 
should not be treated as a traditional appendage to a 
paper but the paper as a backing to the . In 
the end, time, the review, the monograph and the text- 
book put the contents of papers in perspective and repair 
the “damage” of earher publication misyudgmente. 

Taking a still longer view it may be questioned if 
national languages—LHnglish, French, Russian and so on 
-are necessarily the best form in which to record scientific 
information and knowledge. To generate new languages 
peculiar to science is not unknown. The computer 
involved a change from decimal to binary thinking and 
symbolic language is used in mathematics and logic. 
Perhaps the commonly spoken or written language should 
be compressed for storage and retrieval through a scientific 
shorthand, an advanced jargon. 

Storage 

Stored information has lesser attractions 1f one has to 
work one’s way through it by individual effort to find 
what one wants. The capability of the computer not 
only to store information but to retrieve it speedily 
through automatic random access suggests the ultimate 
in attractiveness. Such systems are already in being, as 
at the computerized Information Centre of the European 
Atomic Energy Community at Brussels. Here all the 
characters in a paper are not stored but only essential 
information from it through descriptors which allow 
location or access to the original papers bearing on the 
subject or enquiry. 

What form the new look in communications should 
take is a matter for debate, discussion and enquiry by 
the Institute. Some questions to be answered are “How 
much use do you make of journals ?”’; ‘What criteria 
should be applied to the selection of the limited number 
of papers which the journals of the Trust can cater for 
in their present form ?’’; “Should there be a change in 
the form of reporting in publications—as for example 
extended abstracts ?”; “Should abstracts be formalized 
to allow their accommodation easily within a computer- 
controlled service 1”; ‘Should the Institute join in a 
national and/or international metallurgical information 
service ?”; “Is the Institute sufficiently experimental in 
its organization of conferences and meetings ?’’. 
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General Books 


A MAN OF MYSTERY 


Ellas Ashmole (1617-1692) 

His Autobiographical and Historical Notes, his Corre- 
spondence, and Other Contemporary Sources relating to 
his Life and Work. By C. H. Josten. Vol. 1: Biographical 
Introduction. Pp. xx+1-308+plates 1-24. Vol. 2: 
Texte, 1617—1660. Pp. 309-808 + plate 25. Vol. 3: Texts, 
1661-1672. Pp. 809-1290. Vol. 4: Texts, 1673-1701. 
Pp. 1291-1898. Vol. 6: Index. By M. A. Hennings. Pp. 
1899-2065. (Oxford: Clarendon Press; London: Oxford 
University Press, 1966.) 378s. net per set. 


Eras ASHMOLE was a man who loved mystery, and made 
of his own life a far from plain and simple story. Its most 
important transaction, his acquisition of the celebrated 
Tradescant collection which Ashmole later presented to 
the University of Oxford augmented by his own rarities, 
coins and manuscripts, is full of darkness as well as comedy. 
According to Ashmole’s later recollection it was in Decem- 
ber 1659 that “Mr.: Tredescant [the younger] & his wife 
told me that they had been long considering upon whome 
to bestow their Closet of Rarities when they dyed, & at 
last had resolved to give it unto me”. But no sooner was 
the deed of gift signed than Mrs. Tradescant decried it 
as a fraud, and when Ashmole surrendered it, defaced the 
deed; John Tradescant later made a will leaving the 
collection to one or other of the universities. After his 
death, however, in 1664, the Lord Chancellor pronounced 
the deed valid and despite much further persecution from 
the widow (in whose possession the collection was to 
remain) Ashmole obtained possession of it on her death. 
Perhaps there is a kind of injustice in the perpetuation of 
Ashmole’s name through this slightly second-hand act of 
munificence to Oxford, whereby in May 1683 the first 
museum in England was opened to the public. (The 
building, paid for by the university by a cessation for some 
years of book-purchases for Bodley’s Library, possibly 
owed something to the genius of Wren; it is now the 
Museum of the History of Science.) Perhaps Ashmole 
would more justly deserve his niche in history on the 
grounds that he was himself an antiquary, the author of a 
history of the Order of the Garter, learned in heraldry, 
the publisher of the Theatrum Chemicum Britannicum 
(1652) and a capable administrator (as it seems) of the 
finances of the Crown. 

Dr. Josten has compiled the lfe-records of this extra- 
ordinary individual from his own fragmentary autobio- 
graphy and letters, from university and legal documenta 
and many other manuscripts, some of which Ashmole 
wrote in shorthand (like Pepys’ Diary). These records 
(nearly 1,600 pages) occupy Volumes 2, 3, and 4 of 
the work; in Volume 1 is a narrative biography based 
on them by Dr. Josten-——himself a former curator of the 
History of Science Museum at Oxford—while Volume 5 
contains the index, most elaborately prepared by Miss 
Hennings. The first volume can be read, though, being 
strictly confined to the business of Ashmole’s personal life, 
it does not cast much light on the age in which Ashmole 
lived except in so far as depicts squabbles among the 
heralds and other minor aspects of court life, and empha- 
sizes the lingering appeal of tho pseudo-sciences to which 
Ashmole and his closest friends devoted so much study. 
The life-records are to be consulted rather than read— 
Ashmole was no Pepys, no Evelyn—and Dr. Josten has 
furnished a most careful guide to them; compiled with 


loving mdustry over many years and adorned with 
scholarly commentaries, one can confidently believe that 
they say the last word so far as Elias Ashmole is con- 
cerned. 

Although he was chosen an original Fellow of the Royal 
Society, Ashmole played no part in its development; he 
stood not for the new science but for the old learning. 
Apart from Robert Hooke, his friends in the scientific 
movement were drawn from those who had a lingering 
attachment to astrology and alchemy. The latter engaged 
him chiefly in earlier years (from a theoretical or literary 
rather than a manipulative point of view, it must be said), 
especially when Ashmole was under the spell of William 
Backhouse, his alchemical “father”, from wham he 
received “tho true Matter of the Philosophers Stone: 
which he bequeathed to me as a Legacy”. Judicial 
astrology was the constant practice of Ashmole’s everyday 
life, just as William Lilly remained his intimate friend until 
Lilly’s death in 1681. Nothing was to be done or known 
without consulting the stars. It may seem strange enough 
that throughout his life Ashmole should have spent so 
much effort in preparing magical symbols to drive moles 
from his garden, rats from his house, or fits of vomiting 
from his wife; it 18 surely stranger that Sir Thomas 
Clifford, then Lord Treasurer, should have sought to learn 
astrologically through Ashmole the future reaction of 
Parliament to the Declaration of Indulgence of 1672. After 
this it is hardly surprising to find that Ashmole attached 
the greatest importance to his acquisition of magical manu- 
seripte belonging to the mathematician John Dee, from 
which he hoped to discover “the Composition of the 
Names of the Angells”. And like a true antiquary, he 
sought at Mortlake for recollections of Dee among the 
oldest inhabitants there. 

Only devotees of the esoteric could hope to comprehend 
Ashmole and unravel the meaning of his labours. Science, 
the mechanical philosophy and the scepticism of Thomas 
Hobbes had not yet, in the first generation of the Royal 
Society, wholly dispelled the lure of mystery and super- 
stition; yet even so it is hard to account for Ashmole’s 
undoubted success and even authority. Obviously he 
enjoyed a great ability to please; he was a natural courtier, 
which brought him prestige and power. His second mar- 
riage brought him wealth, and his third, connexions. 
His efficiency may be presumed and his persistence to- 
wards a goal is certain: Oxford took in his “Knick- 
Knackatory” without a murmur. One must admire 
Ashmole’s capacity to make a fine way in the world, and 
his genuine love for what was ancient or rare (even if it 
embraced a model of Windsor Castle in straw). But it 
must also be said that he seems exceptionally silly at 


times. A. RUPERT Hau, 
REGENCY CHEMISTRY 
hry D 
pele Parola Hartley. (British Men of Science.) Pp. 


viii + 1860-4-9 plates. (London: Thomas Nelson and Sona, 
Ltd., 1966.) 852. net. 

Humerry Davy taught himself chemistry out of 
Lavoisier’s Traité; discovered the astonishing phfsiologi- 
cal effects of nitrous oxide; made a brilliant success as 
a fashionable lecturer, and made many fundamental dis-*® 
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coveries, thereby giving the Royal Institution an impetus 
it has never lost. Successive generations have estimated 
this shining character ın different ways. Here now 18 
not only a new book about Davy, but a new kind of book 
about him. Sir Harold Hartley has been opening new 
windows on the history of chemistry ever since his study 
of Mitscherlich more than half a century ago. Now, after 
a hfetime of research and administration, he writes of 
Davy the scientist as no one has quite done before, 
expressing the relation of Davy’s work to the rest of the 
chemistry of his tıme. 

Other biographies have recited the events of his life, 
or illummated the romantic character of his personality 
and its effect on the appreciation of science by the educated 
public of Regency London, or praised his experimental 
genius without qualification. Hartley includes only the 
essential chronology of events, and gives only enough 
space to Davy’s philosophy and poetry to keep the reflec- 
tive man in balance with the investigator. The chemistry 
is the thing and Hartley manages very well that most 
difficult of the historian’s tasks: to keep before the 
reader’s mind the problems as they were seen at the time. 

The discovery of new elements was Davy’s most obvious 
achievement, but he was not as poor a theorist as 18 often 
said, and Hartley claims that his break with Lavoisier’s 
oxygen theory of acids was a great, and Davy’s greatest, 
contribution to chemistry. Berzelus had to point out 
that Davy lacked a systematic training so that he farled 
to promote progress as consistently as he might have 
done; nevertheless, he could speak of him, on his death, 
as the greatest chemist of his time. 

Hartley’s excellent book endorses this opinion, with 
learning and affection. Frank GREENAWAY 


FRENCH MODELS 


Eléments de Logique Mathématique 

Théorie des Modéles. By G. Kreisel et J. L. Krivine. 
(Monographies de la Société Mathématique de France 
Nr. 3.) Pp. vin+212. (Paris: Dunod, 1967.) 58 france. 


Tas little book derives from a course of lectures given by 
the senor author in the University of Paris; it is an 
account of some elementary results in the theory of models 
with indications of apphoations which the theory has in 
other branches of mathematics. 

Model theory 1s a study of the relationship of formal 
systems to mathematical structures (the so-called models) 
which satisfy them. In place of the notion of formal 
inference model theory introduces the concept of conse- 
quence, & conclusion A being a consequence of a set of 
formulae A if every model which satisfies all the formula 
_A also satisfies A. The principal result of the theory of 
models is that a consequence A of a set of formulae _4 
(in first order predicate logic) is a consequence of a finite 
subset of 4. This result may be applied to show, for 
instance, that in a first order caleulus with equality, 
addition and multrplication and constants 0,1, a formula 
which is satisfied in every commutative field of charac- 
teristic zero is also satisfied in every commutative field of 
sufficiently great characteristic. 

To facilitate a comparison of the models of a system the 
notion of one model being rigidly contained in another is 
introduced, and a model M (not necessarily a model of _ Á ) 
is said to be rigidly contained in the class of models of a 


set_4 if Mis rigidly contained in every model of 4. It 
is shown that the field of rational numbers is rigidly con- 
tained in every commutative field of characteristic zero, 
but that the field of complex rational numbers is not 
rigidly contained (though contained) in every algebraically 


e closed commutative field of characteristic zero. 


R. L. Goopsram 
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WHAT SCIENCE IS LIKE 


The Art of the Soluble 
By P. B. Medawar. Pp. 160. (London: Methuen and Co., 
Ltd., 1967.) 25s. net. 


Tuts collection of essays (not to mention one presidential 
address to the British Association) is in every way a proof 
that Sir Peter Medawar is one of that small company whose 
writings lose nothing, and may even gain, by being reprin- 
ted. For in this way it is easier to distinguish the con- 
sistent thread in what Medawar 1s saying about the charac- 
ter of science from the particulars of the circumstances 
which have prompted the separate pieces. It is also 
easier to enjoy the way he writes when there are pages and 
pages to wallow in. 

Defence against the heterodox takes up a good deal of 
space in the Art of the Soluble, and it 18 all good construc- 
tive stuff, and entertaiming as well. Medawar’s review of 
Teilhard de Chardin’s The Phenomenon of Man, published 
in Mind in 1961, has of course done much to call that 
particular spade a spade. One of his literary tricks 12 to 
give his knives an occasional extra twist under the guise 
of indulgence or even something pretty close to affection, 
and ıt is in this spirit that he writes in his preface: “A 
good deal of Telhard is nonsense, but on further reflection 
I see ıb as a dotty euphoristic kind of nonsense, very 
greatly preferable to solemn long-faced germanic nonsense. 
There is no real harm in it”. 

Those whom Medawar attacks should plainly fear most 
of all the chance that he may soften, and half forgive 
them. And yet he can write with great affection for 
Herbert Spencer, do much to make the memory of 
Spencer’s love-hate relationship with Darwinism respect- 
able gives Spencer’s attempt to describe a great evolving 
system for the whole universe the credit of being a “‘great 
adventure” whose failure stands honourable comparison 
with the ways in which the combined forces of modern 
exponents of information theory, probability and thermo- 
dynamics have failed to produce a “theory of Order”. 
Perhaps the only jarring note is that Medawar himself, 
hke Spencer, may be asking for too much. 

Jonn Mappox 


ROAD WORK 


The Theory of Road Traffic Flow 

By Winifred D. Ashton. (Methuen Monographs on Applied 
Probability and Statistics.) Pp. vui+178. (London: 
Methuen and Co., Ltd.; New York: John Wiley and 
Sons, Ltd., 1966.) 308. net. 


DreveLormanTs in probability theory and in mathematical 
modelling of complex processes have caused a revolution 
in the management of situations where crowds interact 
with conflict or congestion, but where the individuals 
must retain some freedom of choice. The new analytical 
tools, collectively called “operations research” or “systems 
engineering’, were partly invented and brilliantly applied 
to telephone traffic by A. K. Erlang, inning about 
1906. Only in the past fifteen years have they been used 
effectively in the description and control of automobile 
traffic. While the theory is still fragmentary, there are 
already many situations where intuition and simple 
tabulation of past behaviour can be replaced by sys- 
tematic and accurate analysis. 

Although a previous book by F. Haight in 1963 
reviewed some topics, Miss Ashton offers the first fairly 
comprehensive text aimed at readers without knowledge 
of the original literature. Her basic presentation for flow 
on roads without intersections includes methods for 
measuring traffic stream parameters; the fundamental 
relation between flow magnitude and vehicle concen- 
tration, and models ranging from ‘follow-the-leader” 
differential equations to a compressible fluid analogy. A 
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chapter on signalization emphasizes a formula by F. V. 
Webster for delays at isolated intersections, based on 
computer simulation of a queueing analogy. Two chapters 
on stochastic modelling begin with derivations of basic 
distributions and proceed, through the formalism for a 
single channe) queue, to problems in overtaking, delays 
at intersections, merging and bottlenecks. After some dis- 
cussion of simulation techniques, the book closes with a 
somewhat irrelevant, though fascinating, discussion of 
accident statistics with emphasis on determmung aceident- 
proneness among drivers. 

The book 18 often turgid, uneven, and unnecessarily 
mysterious regarding foundations for the arguments used. 
For example, the stochastic material begins by assuming 
no previous knowledge, and there is even a derivation of 
the Poisson distribution, while the powerful Pollaczek— 
Khintchine formula is mtroduced without identification 
or discussion. In contrast, the treatment of stability in 
car following requires substantial external knowledge of 
advanced solution techniques for differential equations. 
A formula, for generating pseudo-random numbers alleged 
to follow “the” observed speed distmbution, is offered 
without any hint that it samples an approximately normal 
distribution. There is also little awareness of the need for 
experimental verification, and thus Webster’s ‘inter- 
section. queueing simulation is “verified” by an inevitable 
agreement with a queueing analysis of a similar model by 
G. Newell. When confronted by three explanations of the 
difference between space and time average velocities, the 
reader will remain confused because of an erroneous 
characterization, as a time average, of the space average 
obtained from two successive photographs of a long road. 
There are too few diagrams; there is none to illustrate 
parameter measurement or the behaviour of shock waves 
in the fluid analogy. 

In the absence of competition, this book is a marginally 
acceptable choice as a theory text for traffic engineers. 

WALTER HELLY 


CHAINS OF PROBABILITY 


Denumerable Markov Chains 

By John G. Kemeny, Laurie J. Snell and Anthony W. 
Knapp. Pp. xi+439. (The University Series in Higher 
Mathematics.) (Prmceton, N.J.: D. Van Nostrand 
Company, Inc.; London: D. Van Nostrand Company, 
Ltd., 1966.) 100s. 


Tar theory of denumerable Markov chains was set in 
motion by Kolmogorov in 1936, and ıts basic results have 
been accessible to students and research workers since 
the appearance of W. Feller’s classical text on Probability 
Theory and its Applications in 1950. A more detailed 
treatment, covering progress up to about 1960, is available 
in the monograph by K. L. Chung. The theory has been 
developing very rapidly, and there 1s certainly room for a 
new account which includes the most recent results. This 
the volume under review sets out to achieve. The treat- 
ment 18 almost self-contained, at a level swtable for 
research students rather than undergraduates, although 
the reader will find some familiarity with elementary 
probability theory helpful. 

The book, as the authors explain, ıs in four parts. 
Part I provides background material, mainly dealing with 
the particular parts of probability theory needed for 
Markov chains, and the authors succeed rather well in 
discussing things lke conditional probabilities and 
martingales clearly but without excessive generality. 
Part I deals with the basie theory of Markov chains— 
classification of states and the limiting bebaviour of 
transition probabilities. Parts IIIT and IV go beyond 
anything to be found ın existing monographs, because 
they deal first with discrete potential theory and its 
relation to Markov chain theory and then with the theory 
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of bouridaries. Essentially these are new aspects of the 
theory of Markov chains, uncovered within the last ten 
years by Feller, Doob and Hunt, and further developed 
by others including the first two of the three authors of 
this book. The treatment of boundary theory in Part IV 
will be particularly welcome to those who are hoping to 
learn about this important but rather difficult subject. 
The book ıs well organized, though one may suspect 
that the elaborate system of special notations could be a 
hindrance to those readers who are looking for some 
particular result. I confess that I found the rather 
formal style to have too little vamation of emphasis to 
hold the attention easily, but was certainly delighted to 
see such a lucid and coherent account of recent progress 
in Markov chains with an excellent ee oF references, 
including many papers published since 1960. 
ae eae G. E. H. REUTER 


OLD ADAM’S LIKENESS 


Man-Apes or Ape-Men? 

The Story of Discoveries mAfrica. By Wilfrid E. Le Gros 
Clark. Pp. vii+150. (New York and London: Holt, 
Rinehart and Winston, Inc., 1967.) $3.96. 


STUDENTS of human palaeontology should be exceedingly 
grateful to Professor Le Gros Clark. In his new book he 
presents an admirably clear and concise account of the 
australopithecine discoveries ın South and East Africa 
and of the scientific controversies that have bedevilled, 
befogged and, finaily, lluminated the subject. That the 
author was in the very eye of most of these storms makes 
his account all the more piquant. 

The book comprises a careful analysis of the com- 
parative anatomy of the known remains of sustralo- 
pithecanes at a level which will be acceptable to anatomists 
and non-anatomists alike: the illustrations are clear and 
helpful. The knowledge that the author has examined 
personally the majority of the bones discussed adds great 
weight to his conclusions. 

Profeasor Le Gros Clark leaves no doubt as to where he 
stands in reference to various “bones of contention”, 
notably those of Homo habilis, which he regards as “a 
geographical variant or just possibly a distinct local 
species (of Australopithecus)”. In an interesting section 
dealing with behaviour, the author favours the view that 
Australopithecue was a toolmaker. This view can scarcely 
be upheld without the evidence provided by the pebble- 
tool culture found on the Homo habits living sites at 
Olduvai. Might it not be valid to consider that this 
hominid population were behaviourally more advanced 
than the broadly contemporary South African forms? 
The author has long contended that the definition of man 
will ultimately have to be based on some aspect of their 
behaviour. Is not cultural toolmaking still the most valid 
criterion to determine the threshold between ‘‘men” and 
“ape-men”’ ? J. R. NAPEÆR 


UNDERSTANDING ECONOMICS 


The Economics of the Developing Countries 


By H. Myint. Third edition. (Hutchinson University 
Library.) 192. (London: Hutchinson and Co. 
(Publishers), Ltd., 1967.) 108. 6d. paperbound; 2658. 
clothbound. 


Export Instability and Economic Development 

By Alasdair I. Macbean. (University of Glasgow Social 
and Economic Studies.) Pp. 364. (London: George 
Allen and Unwin, Ltd., 1966.) 458. net. e 


Economos is a difficult subject. It is also becoming 

more and more unintelligible to anyone who is not highly 

specialized in the field. This is a pity, because obstacles 
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to intellectual communication among people of different 
experiences impoverishes us all, not least the narrow 
specialist himself. It is therefore particularly refreshing 
and valuable to have two books written by thoroughly 
professional economists in a way that makes them read- 
able with enjoyment and profit by the layman. Their 
quality is a result, first, of professional competence 
itself, and, second, of the authors’ ability to write about 
highly technical matters with great clarity. Both authors 
challenge in an exciting way some of the sacred cows that 
bedevil so much modern economic analysis and policy 
considerations. 

Professor Myint’s book is the paperback edition of his 
immensely valuable text-book first published in 1964, 
It has now run into its third edition and deservedly so. 
The author blends theory with great experience from field 
work in many parts of the world. He also makes full use 
of his knowledge of economic history, with the result that 
no casual catch phrase is safe in his hands. Concepts like 
“take-off”, “vicious circle’, “big push”, “balanced 
growth”, even “poverty” itself, do not look quite the 
same after his rigorous probing. And he brilliantly 
exposes the essential problems of choice that are so 
frequently conveniently overlooked in development 
policies. With a book so good it is all the more regrettable 
that opportunity was not taken in the third edition to 
up-date the few sections that required it. The reading 
list, for example, has had only one book added to it since 
the 1964 edition: surely Sir Arthur Lewis’s Development 
Planning deserved a mention. Similarly, much has 
-happened in the field of trade theory and policy since the 
1964 UNCTAD Conference which deserved more than 
the short footnote allowed to it. Also there have been a 
lot of statistics on international aid since 1960. 

Professor Macbean’s study is much more specialized 
than that of Professor Myint. His challenge is to the 
widely held view that the lesa developed countries suffer 
from export instability with consequent serious affects 
on their domestic economies. He probes with great 
subtlety into the precise meaning of terms that are loosely 
bandied about; and his research into the experiences of 
Uganda, Tanganyika, Puerto Rico, Chile and Pakistan 
has led him to the conclusion that the importance of short 
term export instability for less developed countries has 
been exaggerated. Professor Macbean does not overstate 
his case: he raises important doubts. The policy implica- 
tions of thia are far reaching, particularly with the im- 
minent gathering of trade experts at the forthcoming 
UNCTAD Conference to be held in New Delhi early in 
1968. His book should be studied by all who are directly 
or indirectly concerned with this. Tom Borer 
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ATOMS FOR STUDENTS 


Fundamental Atomic Physics 
By D. H. Tomlin. (The Student’s Physics.) Pp. ix+ 658. 
(London and Glasgow: Blackie and Son, Ltd., 1968.) 
Cloth 85s. net; paperback 46s. 


Toe volumes in The Student’s Physics series have a 
reputation for workmanlike thoroughness, and the present 
book will clearly maintain this reputation. It is divided 
into three parts. The first part concerns the more 
slementary experimental development of atomic physics, 
while the second—which is to be read concourrently— 
deals with classical theoretical physics as a background 
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SCIENCE FOR ALL 


The New Intelligent Man's Guide to Science 
By Isaac Asimov. Pp. xvi+864. (London: 
Nelson and Sons, Ltd., 1967.) 63s. net. 

For the layman, even if he is intelligent, scientific writing 
often has much in common with Monument Valley, 
Arizona. All too frequently it is an arid wilderness bf 
apparently insurmountable pinnacles of technical jargon, 
and only in the regions between these has he any chance 
of getting to grips with the subject. Every so often, how- 
ever, a leveller comes along who can bring these pinnacles 
crashing down and reveal their substance for what it is 
worth. Such levellers are, alas, all too few and far 
between. One such person is Professor Isaac Asimov, 
who has the even greater attribute of being able to sort 
out the pieces once they have been laid bare. 

Asimov’s latest venture is an extensive and drastic 
revision of his Intelligent Man's Guide to Science. By 
1965 he had become embarrassed by the shortcomings of 
his first edition. He set out not simply to add a few 
paragraphs here and there, but to add whole new sections 
on topics such as quasars, exploding galaxies, rocket 
research, the no longer “inert” noble gases, the internal 
structure of protons and neutrons, solar and fuel cells, 
masers and lasers, the genetic code, and the structure of 
the protein molecule. He has succeeded in more than this, 
however, and has managed to harmonize scientific know- 
ledge at mid-1965 and to bring all the results which 
acorued during the period 1860-65 into proper perspective 
with earlier knowledge and vice versa. The whole is a 
new and very successful work. Even though by profession 
he is a biochemist, there is a good balance between the 
physical sciences which he presents and the biological 
sciences. 

What strikes one first about this book is the lucidity 
and simplicity of Asimov’s writing and his great enthu- 
siasm for science. Ho has the enviable knack of being able 
to explain succinctly even the most complex structure, 
reaction or relationship in plain language without being 
patronizing about it. His descriptions of masers, lasers 
and interferon, to mention but a few, are outstanding 
examples of his skill with words. 

The information explosion continues to mushroom out- 
wards and is no doubt already embarrassing Asimov 
again. Alone no one will ever be likely to cope with the 
full flood tide of scientific research. So long, however, as 
we have people like Asimov to describe crisply the ad- 
vances in advances we shall at least know what is floating 
on it—and possibly even what is sinking. 

R. J. Frerenp 


Thomas 


Science 


to the wave mechanics, which are covered in the third 
part and occupy almost half the book. As regards 
content, the firat and third parts follow mainly orthodox 
lines, while the second part deals with classical mechanics, 
wave motion including electromagnetism, statistical 
mechanics and the special theory of relativity. The main 
purpose of putting these topics between the same covers 
as a treatise on atomic physics should be to show how 
the new grew out of the old. Unfortunately, this occurs 
on far too few occasions, and as the treatment is too 
brief to be complete, it would have been better to omit 
the second part altogether. 

The first problem that arises in the study of atomic 
physics and wave mechanios is that the concepts are new 
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and difficult. For that reason they must be clearly 
stated and not submerged im detail. Here the book 
fails badly, as can be instanced by its treatment of the 
Schrödinger equation. The usual Hamiltonian for a 
single particle 18 given on page 396 as a special case of 
the classical Hamiltonian in generalized co-ordinates, 
which in this particular form, that is H=T(p,,p. ...)+ 
Piduds . . .), has not been justified and does not appear 
in the chapter on classical mechanics, The Schrodinger 
equation then follows by means of a fundamental postulate 
re ing operators, which is relegated to a footnote. 
On page 418 we then have the Schrédinger equation in 
spherical polar co-ordinates, without any discussion as to 
how the kinetic energy operator is now to be expressed. 
The time-dependent Schrodinger equation is already given 
on page 396, but not used until 210 pages later, when no 
reference back is given. This account gives a fair mpres- 
sion of the difficulties a reader must face when trying to 
extract principles from this book. 

Where the book scores is in its detailed account of 
experiments. Thus five pages are devoted to J. J. Thom- 
son’s original experiment on positive rays, and this is 
followed by.a description of four different mass spectro- 
meters. At times, mathematical intricacies are treated 
with similar thoroughness, but at others, for example 
in the account of Rutherford scattering, crucial formulae 
are merely stated. The examples, of which there are 
only twenty-four for the whole book, are designed to 
increase mathematical dexterity rather than to promote 
physical understanding. 

This book can be used with profit as a work of reference 
for detailed points, for there is much in it and, as far 
as I have tested it, all of it is accurate. But as an 
account designed to stimulate interest in and provide an 
understanding of the great revolution in physics that 
took place in the first thirty years of this century, it 
fails utterly. The blurb states that the book “is directly 
relevant to university courses ın modern physica’. In 
view of the type of examination questions that are set 
all too frequently on this subject in this country, this 
may unfortunately be true. L. R. B. ELTON 


ELECTRONS FOR ENGINEERS 


Electrons, Neutrons and Protons in Engineering 

By J. R. Eaton. (International Series of Monographs on 
Interdisciplinary and Advanced Topics in Science and 
Engineering, Vol. 2.) Pp. xvii+ 541. (Oxford, London and 
New York: Pergamon Press, Ltd., 1966.) 106s. net. 
Tus title of this book is misleading in giving little idea 
of the contents. The book sets out to give the physical 
basis for the properties of matter and materials in terms 
of classical and modern theory at a level comprehensible 
to engineers. While a rigorous and admirable background 
to the subject is given in terms resembling the treatment 
given to pure physics under titles such as “Properties of 
Matter”, the follow-up which uses the physical principles 
described to explain real properties of materials is in 
many places extremely patchy. 

The general discussion of mechanical properties and 
structure of solids is given insufficient space and the use 
of orystallographic terms is far from rigorous. In partiou- 
lar the discussion of polycrystalline materials is naive 
and generally incorrect. 

The chapter on surfaces is gonerally good, but why are 
one and a half pages given to the most important topic of 
oxidation and corrosion, while six are given to electron 
emission from metals? A number of things are covered 
twice; for instance, in the chapter on high energy 
particles and again in the chapter on nuclear fission. 
More than one-fifth of the book is devoted to nuclear 
engineering. 
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The author admite that this book arises out of a course 
given to his students, and presumably to these students 
it is a most valuable source book. Further, the suthor’s 
field is electrical and nuclear engineering and the sections 
of this book dealing with electrical and nuclear effects 
are excellent. For these sections I would recommend 
this book as a reference for students in materials science 
and engineering, but would be loath to recommend them 
purchasing it bearing in mind the high price and the lack 
of balance in the rest of the book. B. RALPH 


GRAND OLD MEN 


Sources of Quantum Mechanics 

Edited with a historical introduction by B. L. van der 
Waerden. Pp. vii+ 430. (Amsterdam: North-Holland 
Publishing Co., 1967.) 50 guilders; 100s. 


For many people this collection of papers from the 
origin of quantum mechanics will have much the same 
value as a reprinting of Mark Twain or Jules Verne—a 
chance to read again or even for the first time (and in 
English) heroic tales now old enough to be legends. The 
notion that the critical papers in quantum mechanics 
should be collected together seems originally to have been 
due to Professor Max Born, but the selection has been 
made by Professor B. L. van der Waerden, who has also 
been responsible for the historical introductaon (and pre- 
sumably for the occasional whimsy in translation). Like 
the volumes of memoirs which are now beginning to 
appear, this collection will be an important tool for those 
who would reconstruct what happened in physics between 
the appearance of Planck’s first quantum theory at the 
end of 1900 and the sweeping original statements of the 
quantum theory which were being used, not just pro- 
claimed, three decades later. 

Van der Waerden has done his best to help, not least 
of all by asking some of the participants in the drama to 
spell out the reasons for some of the more surprising 
things they wrote. The result is rewarding in a number 
of ways. In one of these informal comments, for example, 
Heisenberg makes it plain how he and his contemporaries 
were convinced, in the middle of 1925, that “something 
in the atom must vibrate with the right frequency” if the 
Hinstein—Bohr relationship between frequency and energy 
increment were to be satisfied, and how Slater’s talk of 
virtual oscillators (Nature, 113, 307; 1924) helped them 
to this view. (Many readers will be surprised to find that 
even though the papers are all translated into English, 
many of the informal comments by their authors are left 
in German.) The comments are also revealing of the 
people who took part. Slater records (in 1964) that he 
was persuaded by Kramers and Bohr “quite against my 
better judgment” that in his joint paper with them (Phil 
Mag., 47, 785; 1924), the central doctrine of the virtual 
radiation field should be clouded by a woolly discussion 
of the statistical conservation of energy and momentum 
in the radiation field. And there is Dirac’s marvellously 
laconic description of how he came to generalize Heisen- 
berg’s first statement of quantum kinematics (Zeits. 
Phys., 33, 879; 1926). ‘The first I heard of Heisenberg’s 
new ideas was in early September, when R. H. Fowler 
gave me the proof sheets of Heisenberg’s paper. At first 
I could not make much of it, but after about two weeks 
I saw that it provided the key to the problem of quantum 
mechanics. I proceeded to work it out by myself”. 

In making his selection, van der Waerden has been 
admirably tough-minded. Planck’s first paper is not 
included, even for sentimental reasons. On the other 
hand, Kramers gets the showing he deserves for feeling 
his way to a quantum equivalent of the classical dis- 
persion relations, and Ladenburg is singled out for his ẹ 
confident use of the classical formula for the strength of 
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an absorption line in working out oscillator strengths in 
quantum theory. 

The correspondence between classical and quantum 
theory is the strongest thread running through the col- 
lection of papers, and it is sobering to see how much people 
were having to feel in the dark. The “Principle of Corre- 
spondence” was the biggest muddle, and one of the merits 
of this compilation (and van der Waerden’s introduction) 
18 that it shows how even Bohr tended to be inexplicit 
and even ambiguous in his statements about when quan- 
tum theory and classical theory would coincide—large 
quantum numbers or low transition frequencies ?—until 
van Vleck produced a paper in 1924, the outetanding 
merit of which was its superb clarity of exposition (Phys. 
Rev., 24, 330; 1924). If ever there has been a case for 
believing that the literature is really intended to change 
the way in which people think, this may be it. 

The frequent repetition of that lesson is one of the 
most important virtues of this juxtaposition of documents 
now classical. Wan der Waerden is quick to point out 
how much Heisenberg’s first construction of matrix 
mechanics owed to what Kramers had already done with 
the dispersion relations and how much of the strength 
of the paper by Born, Heisenberg and Jordan (Zetts. 
Phys., 35, 557; 1926) stemmed from Born’s feeling for 
the ins and-outs of Hilbert spaces—-which is why it is odd 
that they did not recognize that eigenfunctions must 
represent stationary states. Perhaps, after all, there was 
a grain of truth in Pauli’s gibe about the addiction of the 
people at Gottingen to ‘tedious and complicated formal- 
ism”. Certainly, his own much more down-to-earth 
calculation of the energy levels of the hydrogen atom has 
a cheerful directness which could not fail to be enormously 
stimulating. 

All these undercurrents would have been easier to 
follow if van der Waerden’s selection had been wider. 
Quite deliberately he has stuck to the mainstream of the 
succession from Planck to Dirac, and hopes to produce a 
second volume dealing with wave mechanics. But is it 
really sensible that Schrodinger should be mentioned only 
once or twice, in asides, and that the word ‘“comple- 
mentarity’ should not appear at all? The trouble, which 
assails all compilers, is, of course, that original papers 
take up an enormous amount of space. This collection is 
well justified by its inherent interest, and may help to 
stimulate a really well connected history. In the nature 
of things, it cannot be a substitute for it. 


Jons Mappox 


FLUID DYNAMICS 


An-Introduction to Magneto-Fluid Mechanics 

By V. ©. A. Ferraro and C. Plumpton. Second edition. 
Pp. 254. (Oxford: Clarendon Press; London: Oxford 
University Press, 1966.) Cloth 50s, net; paper 25s. net. 


Tas, the second edition of a book which has been 
available since 1961, contains a considerable amount of 
new material as well as a change of emphasis in some of the 
earlier text. The authors intend ıt to be an introduction 
for research workers in magnetohydrodynamics and 
plasma physics and hope that it will be found suitable for 
third year undergraduates studying these topics. They 
succeed admirably. I have used the first edition in both of 
these contexts; the new edition is even better and the 
paperback version could be recommended aa a ‘‘best buy” 
for a new student. 

The work is that of those who have taught the subject 
as theoreticians, but behind the formal presentation the 
physical implications are always evident. Reference to 
experimental work remains almost non-existent, and æ 
collection of experimental references relevant to each 
chapter would be most helpful. Unless a student is a 
dedicated theoretician much of this excellent text will not 
come to life until he relates it to experimental work. There 
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is no lack of experimental evidence on many of the topics 
discussed. here. 

The book divides into two sections: magnetohydro- 
dynamics, in which the electrically conducting fluid is 
treated as a continuum, and plasma dynamics, in which the 
particle description is dominant. The main aspects of 
these two approaches are covered in varying degrees of 
detail, and where they have made changes in this new 
edition the authors have recognized areas of interest which 
are likely to be important in the next few years. 

J. Paw 


LECTURE NOTES 


Notes on Thermodynamics and Statistics 

By Enrico Fermi. Pp. viii+182. (Chicago and London: 
The University of Chicago Press, 1966.) $4.50; 338. 6d. 
Tus book consists of a reproduction of the lecture notes 
which Fermi used in his 1951-52 course on thermodynamics 
and statistical mechanics. The notes are, as one should 
expect, very condensed, being mostly composed of mathe- 
matics with occasional sentences linking it up. The course 
is quite conventional and the book could well be used by 
someone lecturing in this field, and also by students 
taking such work. Fermi’s other lecture notes which have 
been pubhshed already have been used to a surprising 
extent in leu of regular text-books. But their maim 
interest 18 to see into the mind of a great scientist a little 
further than usual, to see which points he thought worth 
writing out in detail, and which were classified as 
“résumé”. Interesting also for us to see that Fermi—Dirac 
statistics are just “Fermi Statistics”, but the Thomas 
Fermi atom is ‘‘the statistical atom”. 

I expect most people who lecture in this area would 
like to write notes as clear and as cogent as these, and also 
apparently write effortlessly (because there was no thought 
of publication in Fermi’s mind); let alone to use one’s 
own name on & major section. 8. F. EDWARDS 


PUBLISHING PLASMA PHYSICS 


Journal of Plasma Physics 

Vol. 1, Part 1 (February 1967). Pp. 156. Published 
quarterly. Annual subscription: 140s. net; separate parts, 
50s. net. (London: Cambridge University Press, 1967.) 
THE past ten years have seen the arrival of plasma physics 
as a fashionable subject. The initial impotus was given by 
the promise of thermonuclear fusion, and the momentum 
is being maintained by the current space research pro- 
gramme. Plasma as the fourth state of matter occupies 
99 per cent of the volume of space known to man. Its 
study embraces disciplines which, even now, are widely 
separated ın undergraduate courses. The modern aero- 
nautical engineer must solve problems in non-classical 
flows of very low number density, and the geophysicist 
seeking the origins of the Earth’s magnetic field will have 
much in common with the engineer designing a hydro- 
magnetic pump. Astronomers, astrophyaicists, laboratory 
spectroscopists and specialists in electromagnetic theory 
overlap in their common interests in the behaviour of 
plasma. Even solid state scientists have plasma problema. 
The rapid growth of publications from so many sources has 
meant that the early work found its way into a large 
number of journals, but this situation has been ration- 
alized to some extent in the past few years and the process 
is continuing. In this context the appearance of this 
new quarterly journal must be welcomed as a step in the 
right direction. 

The Journal of Plasma Physics obviously derives from 
the Journal of Fluid Mechanics, which has increasingly 
carried papers on the fluid behaviour of plasma. The style 
and typography of the two journals are very similar. 
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The effect of an electromagnetic body force on an 
electrically conducting fluid permits a range of problems 
widely exploited by both theoreticians and experimental 
workers, but it is disturbing to note that, although the 
first words in this journal assert its existence to publish 
experimental and theoretical research papers, none of the 
eleven papers in the first issue ıs experimental. One 
éontribution considers ambipolar diffusion in a semi- 
conductor ın the presence of a magnetic field and the 
remainder deal with aspects of wave propagation. 

It will require the publication of three or four issues 
before the general pattern emerges, but I would plead 
with the editors, a mathematician, an astronomer, a 
theoretical physicist and an aeronautical engineer, to 
strke a healthier balance between theory and experiment 
in the future. 

In its present form, as a journal of plasma physics, it has 
a limited appeal. JOHN PAIN 


TABLES BY COMPUTER 


X-Ray Diffraction Tables 

By J. H. Fang and Donald F. Bloss. (Carbondale and 
Edwardsville: Southern Illinois University Press; London 
aoe cae Feffer and Simons, Ine., 1966.) $12.75; 


Fourruw years ago Philips Technical Library brought 
out the Charts for Solution of Bragg’s Equation, compiled 
by Parrish and Irwin, which rapidly gained a place beside 
every diffractometer. Now the computer age provides us 
with tables rather than graphs, bulkier but directly 
readable to more decimal places. Each page of the tables 
by Fang and Bloss covers 50 hundredths of a degree 20, 
in the range 0:11° to 180°, with columns giving correspond- 
ing interplanar spacings, to five figures, for diffraction of 
the a, «a, æ (weighted mean of a; and a,) and 8 components 
of the K radiations of copper, iron, molybdenum, and 
chromium, and of Wa, radiation; sin*@ is also given to 
five figures. The source of the wavelength data ia not 
stated, but the Ka values are those of the International 
Tables for Crystallography, 1962. Stopwatch timings 
show little difference between the Philips charts and the 
new tables when looking up Bragg angles of known 
interplanar spacings, but for finding interplanar spacings, 
given the Bragg angle, the new tables are about twice as 
fast as the charts and are pleasant and easy to use. It 
was especially for the latter operation that the tables 
were designed; for such use they can be recommended, 
and should become popular. A. R. Lane 


ELECTRONICS REFRESHER COURSE 


Basic Electronics for Scientists 

By James J. Brophy. Pp. xin+471. (New York: McGraw- 
Hill Book Company, Inc.; Maidenhead: McGraw-Hill 
Publishing Company, Ltd., 1966.) 76. 


Tars is an excellent book. Its contents cover circuit 
theory, the physics of electronic devices and the use of 
both these in electronic systems. This is in itself welcome, 
for while there are many books that cover one or two of 
these topics together there are very few that treat all 
three together and as well as this one. 

The circuit theory includes Thevenin and Norton 
equivalent cirouits, complex impedance methods and 
simple filters, tuned circuits and transient phenomena. 
It is done at the level of a first course and avoids the 
mathematical elaboration of general circuit theory. 

A good attempt is made to present briefly and simply 
the physics of semiconductors so that the workings of the 
junction diode and transistor can be understood without 
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a previous course in solid state physics. Zener and tunnel 
diodes, field effect transistors, integrated circuits and 
other recent developments are touched upon. Therm- 
ionic devices are not neglected. 

Solid state and valve amplifiers and oscillators are 
described. The discussion of digital and pulse tech- 
niques includes an introduction to digital logic and 
computers. The various types of feed-back are covered, 
including operational feed-back and its use in control and 
analogue computers. There is a welcome emphasis on 
instrumentation which includes electrometers, phase 
sensitive detection, various transducers and recorders, 
counters and timers. 

All these matters are clearly described. Little back- 
ground in mathematics, electromagnetism or solid state 
physics is required, yet the reader becomes acquainted 
with the way electronica is currently used in research and 
instrumentation. This book can be recommended not 
only to students (each chapter has a set of problems with 
numerical answers) but also to those more mature who 
may wish to be refreshed or brought up to date. 

E. Q. Winson 


MAKING FILMS 


Physics of Thin Films 

Advances in Research and Development, Vol. 3. Edited 
by Georg Hass and Rudolf E. Thun. Pp. xiii+318. (New 
York: Academic Press, Inc.; London: Academic Press, 
Inc. (London), Ltd., 1966.) 112s. 


Tue third volume of this useful series is devoted largely 
to matters concerned with the techniques of preparation 
of films. This is a timely volume. Over the last two 
decades, a considerable body of expertise has grown up in 
this field. It has not hitherto been possible to find, in a 
single volume, a thorough discussion of the really basic 
laboratory problems involved in thickness—and rate- 
measurement, cathode sputtering, gas-phase deposition 
and in activation and recrystallization of II-VI semi- 
conductor films. 

Although ın the realm of film monitormg there have 
been no radically new methods in recent years, many 
existing methods have been refined and translated from 
the laboratory lash-up to the stage of commercial hard- 
ware. A useful summary of the present state enables 
immediate assessment of the available methods. The art 
of sputtering (for art it surely is) is in the throes of making 
a come-back after temporary eclipse by the “better under- 
stood” method of thermal evaporation. Tlusions are 
probably shared equally between the two methods. The 
techniques and applications of cathode sputtermg are 
usefully summarized. in this volume. 

The radically different process of film-making by pyro- 
lytic decomposition or by surface polymer formation has 
excited interest in recent years, giving promise of stable, 
hole-free films in conditions where previous methods failed. 
A bird’s-eye view of the present situation 1s given. The 
latter type of film is likely to play a significant part in 
the development of microelectronics, as is also the IX-VI 
semiconductor film, for which the technology and pro- 
perties are fully discussed. 

The study of the mechanical properties of films, not- 
withstanding their importance for technological applica- 
tions, has given rise to many headaches, partly because of 
the experimental difficulty and the consequent variation 
in the results of different observers. The article by 
Hoffman gives a useful summary of the present state, 
bringing out clearly how great is the need for more 
definitive experiments. e 

The activities of the near-infra-red region of the spec- 
trum depend heavily on the lead salt photoconductorse 
used for detection. Although probably most of us are 
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simply users of the devices provided by the manufacturer, 
it is of interest to have a brief look at the current state 
of this particular technology. 

This volume continues to maintain the high standard 
of the previous volumes; its list of future attractions 
suggests that this trend might well continue. 

Oriver 8. Haavens 


THE LITERATURE OF SPECTROSCOPY 


Bibliographie des Spectres des Molécules Polyatomiques 
dans l'Ultraviolet à Vide 

By A. Johannin-Gilles. Pp. iv+ 166. 
des Sciences de Brest, 1966.) n.p. 


BPEOTROSCOPISTS will be grateful for this guide to the 
literature on the vacuum ultra-violet of polyatomic 
molecules. This is a field which hes developed consider- 
ably in recent years and has naturally played an important 
part in the development of the theory of molecular 
electronic structure. The references to work on this 
topic contained in this compilation are complete to 1964 
and cover photoionization as well as spectroscopic studies. 
W. C. Prion 


(Brest: Faculté 


ANGLO-GERMAN ELECTRONICS 


Handbuch der Physik 

Herausgegeben von S. Flugge. (Encyclopedia of Physics.) 
Band 23: Elektrische Instrumente/Electrical Instru- 
ments. Bandherausgeber: A. E. Pannenborg. Pp. vii+ 
535. (Davon 354 Seiten in Englischer Sprache.) (Berlin 
and New York: Springer-Verlag, 1967.) 168 D.M. 


Tars volume, with about half ite articles written in English 
and half in German, covers a field rather different from 
what might be inferred from its title, for the moving coil 
instruments and bridge cirouit of classical electrical 
measurement are not specifically dealt with. There are 
instead sections on low noise amplification, on measure- 
ments of electrical quantities at microwave frequencies, 
and the measurement of magnetic fields. There are also 
seotions on the definitions and standardization of time 
and frequency, on the temperature measurement, and on 
the theory and practice of temperature regulation. There 
is also a seotion on the methods of recording data, both 
analogue and digital, and this is a particularly good 
example of a matter in which a comprehensive listing of 
the available methods is of great value to a person 
designing an experiment. It would be fair to say that the 
general level of the volume is that of a comprehensive and 
critical descriptive catalogue rather than that of fully 
detailed description. Adequate references to descriptions 
in books and papers are provided. There are two subject 
indexes, in England and in German, with a translation of 
each title into the other language. H. Brapprox 


RADIO COVERAGE 


Radilo Astronomy 

By John D. Kraus. With a Chapter on Radio-Telescope 
Receivers by M. E. Tiuri. Pp. x+481. (New York: 
McGraw-Hill Book Company; Maidenhead: McGraw- 
Hill Publishing Company, Ltd., 1966.) 110s. 


Rapo astronomy is old enough to have accumulated a 
large body of fundamentals but is still so rapidly changing 
as to deter potential authors from attempting to compass 
1t. This book is welcome, therefore, as one of the very 
few which treats the subject more deeply than merely 
gaping at the infinite. It is also a good book. It aims to 
cover all aspects of radio astronomy. Fundamental 
definitions, electromagnetism and propagation of waves, 
< 
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radio telescopes and receivers and the astronomical results 
are discussed in turn. There is also a short account of 
basic astronomy so that the book is open to physicists 
and engineers with no knowledge of astronomy. This 
accessibility is gained by giving emphasis to the radio 
and much less to the astronomy. 

The heart of the book comprises the chapters on radjo 
telescopes and radio receivera which give detailed accounts 
of the different systems used and analyses of their operation 
and relative advantages in different circumstances. These 
are perhaps the best surveys of the fleld now available. If 
we ask what the problems are that these instruments 
solve and which systems are most suited for a particular 
kind of problem, then we are disappointed. In the space 
available the astronomical results can be scarcely more 
than a catalogue of the different types of objects that can 
be studied, and there is not much indication of how the 
design of instruments 18 related to the objects of study. 
This is a pity, but we must be pleased that half of radio 
astronomy has been covered so well. 

J. E. BALDWIN 


SATELLITES OBSERVED 


Observing Earth Satellites 
By Desmond King-Hele. Pp. x+ 220. 
millan and Co., Ltd., 1966.) 30s. net. 


Looxine at Earth satellites has become a popular sport 
among amateur astronomers, but it is still a somewhat 
esoteric activity. A person cannot hope to see satellites 
in the night sky as easily as he can find shooting stars 
in the right season. What Dr. King-Hele has done is 
to provide a guide to help those who wish to take the 
observations of satellites seriously and a much more 
general, and eminently readable, handbook for those who 
would know more about the ways in which Earth satellites 
(excluding the Moon) interact with the atmosphere of the 
Earth. The whole is put together gracefully, so that the 
book should be read with pleasure even by those whose 
attempts to see satellites are frustrated, for example, by 
a cloudy sky. 

It seems that the most important piece of equipment 
for the satellite watcher is a deckchair. An overcoat is 
clearly another urgent need. The satellite watcher will 
first have placed the predicted path of the satellite he 
wante to find from a star atlas. A few minutes before the 
arrival of the satellite, he picks out with binoculars a 
group of stars through which the satellite will pass. 
Dr. King-Hele reckons that a reasonably bright and well 
predicted satellite should be detected nine times out of 
ten. ‘The surprise is that the timing of the passage of the 
satellite can be as accurate as 0-1 of a degree in right 
ascension and declination, chiefly by the skilful use of 
a stopwatch and a telephone speaking clock. 

This is only half the story. Dr. King-Hele’s book 1s 
fall of detailed hints for watchers, no doubt clearly 
gathered from the deckchair, with enough to suggest to 
all readers how the job might be done even more accur- 
ately, with fast sky cameras and with a clear picture of 
the great discoveries which have flowed from the use of 
Earth satellites in the past ten years. The way in which 
the observation of satellites has been used to determine 
more accurately the shape of the Earth, to make inferences 
about the interior of the Earth and to study the atmo- 
sphere a hundred miles and more above the Earth, is 
surely in many ways an unexpected consequence of the 
development of Earth satellites. Throughout the past 
decade, understanding of these matters has been accumu- 
lating steadily. Especially at the beginning but, with 
care, even now when the techniques of observation have 
become more sophisticated, unprofessional observers have 
been able to play an important part. 


(London: Mac- 


JOHN SpEyoRR 
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EVER IN ORBIT 


The Earth-Moon System 

Edited by B. G. Marsden and A. G. W. Cameron. (Pro- 
ceedings of an International Conference, January 20-21, 
1964, sponsored by the Institute for Space Studies of the 
Goddard Space Flight Center, NASA.) Pp. xiv+288. 
(New York: Plenum Press, 1966.) $12.50. 


Tue present rate of publication of new books on the Moon 
is so great that one automatically questions their need 
and asks how they differ in their coverage from previously 
published volumes. This volume provides outlines of all 
the interesting aspects of the dynamics of the Harth— 
Moon system and the origin of the Moon, and the only 
comparable book is Munk and MacDonald’s The Rotation 
of the Earth. Although some topics in Munk and Masc- 
Donald are repeated in The Harth-Moon System, the 
emphasis is, naturally, different; and other topics in the 
two books are distinctly different. There is therefore a 
need for a book of this nature: it is the only complete 
modern reference on this aspect of solar system astronomy. 

The list of contributors is impressive. It includes such 
well known authorities as Brouwer (now deceased), 
Schatzman, Kaula, Munk, Runcorn, Gold, Dicke, Masc- 
Donald and Urey. As may be expected when a collection 
of concise lectures by leading authorities is published in 
book form, the reader will require an adequate back- 
ground of the often very advanced subject matter before 
he will be in a position to understand all the implications 
of the various chapters. 

There is a five-page summary of the discussions that 
were offered at the conference. The editors have suffered 
the important drudgery of producing a very good author 
index and an adequate subject index. 

i Q. FELDER 


FULL TREATMENT OF ALUMINIUM 


Metallurgy of Aluminium Alloys 

By Marc Van Lancker. Translated by E. Bishop. : 
xvi+ 488. (London: Chapman and Hall, Ltd., 1867.) 
140s. net. 


Ir is many years since a book claiming to deal specifically 
with the metallurgy of aluminium and its alloys appeared 
in English. The translation of M. Van Lancker’s work 
is therefore of considerable interest, especially because 
it ıs the author’s expressed intention to provide ‘‘the 
means of translating the results of metallurgical thought, 
research and invention directly and effectively into indus- 
trial applications in both the manufacture and the 
utilization of light alloys”. 

Within the limit of 488 pages ıt is hardly possible to 
be comprehensive, and the degree of emphasis given to 
different topics varies considerably. Thus, thermo- 
dynamics of the aluminium production process are 
discussed in some detail and so are the properties of 
aluminium and aluminium alloy single crystals. <A 
useful chapter on master alloys is next. This is followed 
by a detailed description of work relating to precipitation 
from aluminium alloy solid solutions; a briefer discussion 
of recovery and recrystallization from the same point 
of view of the metal physicist follows. 

The remaining half of the book deals with certain of the 
more technological aspects of aluminium metallurgy 
(it comprises machining, welding, riveting, adhesive 
bonding, surface finishing and corrosion), at times in a 
somewhat superficial manner. No unusually effective 
synthesis of metallurgical theory and practice is evident. 

Unsatisfactory features from the point of view of the 
British reader are that much of the discussion of com- 
mercial alloy properties uses the nomenclature of French 
alloy specifications and translation appears to have given 
mse occasionally to obscurity. Another demerit is that 
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httle account appears to have been taken of work pub- 
lished after 1962. Few references bear the date 1963 
(although at least one publication of 1965 is referred to) 
but, for instance, grain boundary precipitation pheno- 
mena in aluminium—zinc-magnesium alloys are discussed 
entirely in terms of solute depletion, no mention being 
made of recent explanations based on a vacancy depletion 
mechanism. Other examples can be cited. 

At £7 the book cannot be recommended to the individual 
buyer, but should find a place on library shelves as a 
general introduction to aluminium metallurgy and as a 
convenient source of thermodynamic data of interest 


in the field. 
H. W. Map 
D. C. MOORE 


CHEMICAL METALLURGY 


Physical Chemistry for Metallurgists 

By J. Mackowiak. (Institution of Metallurgists-Modern 
Metallurgical Texts, Vol. 2.) Pp. vii+311. (London : 
George Alen and Unwin, Ltd., 1966.) 42s. net. 


Tams book, the second in the series of Modern Metallurgical 
Texts commissioned by the Institution of Metallurgists, is 
intended as & student text-book. At brisk trot it covers 
thermodynamics, chemical kinetics and electrochemistry 
from the point of view of the metallurgist. In order to 
fit the material into a volume of quite modest size, some 
compression is evident, but many may feel this to be a 
positive advantage—in comprehensive texts on these 
subjects it is often hard to see the wood for the trees. 
Absolute rigour, far from clarifying the issue, often seems 
to confuse it. 

There is nothing new about Dr. Mackowiak’s treatment, 
though—-the second law of thermodynamics is attacked 
through the Carnot cycle—and it would be hard to justify 
repeating treatments as familiar as nursery rhymes if it 
were not for the clarity and common sense of the text 
that accompanies them. Particularly good is the chapter 
on Ellingham diagrams. Studenta who feel drawn to 
thermodynamics, kinetics or electrochemistry will doubt- 
less pass on to more elevated—and expensive—texts, 
but for the majority of metallurgists this book supplies 
all that most examination syllabuses call for. It ia a 
worthy addition to what is becoming a valuable series. 

Nicest Hawxus 


ANALYSIS CONTINUES 


Treatise on Analytical Chemist 

Edited by I. M. Kolthoff and Philip J. Elving. Part 2: 
Analytical Chemistry of Inorganic and Organic Com- 
pounds. Vol. 13: Functional Groups. Pp. xxi+ 528. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1966.) 160s. 


Tars volume of Kolthoff and Elving’s comprehensive 
treatise begins with a general introduction by J. Mitchell, 
jun.; the main orgame functional groups are catalogued, 
the general problems are reviewed, and a brief account of 
the chemical and instrumental methods most frequently 
used is given. Thereafter various functional groups are 
reviewed. 

The determination of active hydrogen is discussed by 
F. T. Weiss in what I consider to be the best chapter in 
the book. The C-methyl grouping is treated by the late 
K. G. Stone, and, in another short chapter, D. N. Bern- 
hardt gives an account of phosphorus-based functions, 
including some for which few analytical reactiong are yet 
known. 

Hanna and Siggia contribute a chapter on carbonyl , 
and derived functions, and carboxyl and derived functions 
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are considered by Stig Veibel. To conclude, one-third of 
the book is devoted to a discussion of divalent sulphur- 
based functions by J. H. Karchmer. 

The compilation of such a volume ıs a gigantic task. 
In general, the book is well produced, but it is not com- 
pletely free from errors; the proof reading has been very 
vanable. In the space allocated to this review, criticism 
must be restricted to three general points: the book 1s 
already ‘“‘dated’’—very few references in any chapter 
refer to work later than 1963; some of the chapters tend 
to be too general, rather than analytical, in outlook; the 
price is such that private individuals should not contem- 
plate its purchase. D. M. W. ANDERSON 


HANDLE WITH CARE 


Chemistry and Technology of Explosives 

Vol. 2. By T. Urbaúski. Authorized translation by W. 
Ornaf and 8. Laverton. Pp. xi+517. (Oxford, London 
and New York: Pergamon Press, Ltd.; Warszawa: 
PWN-—Polish Scientific Publishers, 1965.) 120s. net. 


THE second volume of Urbatishi’s Chemistry and Technology 
of Explosives bas now been published and the high standard 
set as a comprehensive source of information on explosives 
in the first volume has been maintained. 

In twenty chapters the subjects covered are as follows: 
nitric esters—general outline, nitroglycerme, other gly- 
cerine esters, glycol esters, monohydroxylic alcohol esters, 
polyhydroxylic alcohol esters, polyhydroxylic branched- 
chain and cyclic alcohol esters, nitrocellulose, nitric esters 
of other polysaccharides, nitro-dorivatives of lignin and 
abietic acid, esters of oxy-acids of chlorine, salts of nitric 
acid and salte of oxy-acids of chlorine. 

Particular attention is given to describing the physical 
and chemical properties of, for example, the nitric esters 
and chlorates, as well as giving a considerable amount of 
information on manufacturing processes and plant equip- 
ment. Many of the chapters are introduced historically, 
and details on various Polish, Russian and Japanese pro- 
cesses and procedures are particularly interesting. 

The book is very readable and clear and is well illus- 
trated by photographs, diagrams and flow sheets and is 
adequately indexed. It will be useful to explosives tech- 
nologists because it collects a great deal of otherwise 
scattered information, particularly concerning industrially 
important nitric esters such as nitroglycerine, P.E.T.N. 
and nitrocellulose. In addition, however, the book should 
also be helpful to chemists other than explosives experts 
as @ comprehensive source of information on nitric esters 
generally. 

There are, however, ẹ number of criticisms that can be 
made. The increased sensitivity of a mrxture of liquid and 
crystalline nitroglycerine is said to be caused by friction 
between the crystals and liquid. This explanation is 
scarcely tenable and the reason is more likely to be the 
aeration of liquid nitroglycerine that occurs on melting 
the solid. On the question of detonation breaks in nitro- 
glycerine transfer lines three methods are described, none 
of which would be very reliable. These are: inclusion of 
bends in the pipeline, the use of 10 mm bore tubing, and 
a siphon arrangement. In discussing the detonation 
properties of aqueous emulsions of nitroglycerine it is not 
clear whether parts by weight or volume are intended, 
and in the case of nitroglycerine and water this dis- 
tinction is important. 

It is said in the text that spent acid from nitroglycerme 
manufacture 18 not used to prepare nitrating mixtures 
because the organic matter present would make nitration 
difficult to control. This 18 not correct and, 1n fact, this 
very oferation, of fortifying spent acid with fresh mixed 
acid is carried out in the NAB process—a process which 
is described in the text. The reason for denitrating nitro- 
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glycerine refuse acid is that the amount of water produced 
in the nitration reaction dilutes the spent acid to such an 
extent that fortification is uneconomic. It would be true, 
however, to say that nitric and sulphuric acids recovered 
by denitrating nitroglycerine spent acid need to be care- 
fully purified before being used for nitroglycerine mixed 
acid preparation. 

In the chapter on monohydroxylic alcohol nitrate esters 
it 18 stated that isopropyl nitrate can only be prepared 
from isopropyl iodide and silver nitrate. This is not 80; 
two industrial processes have been disclosed which involve 
nitration of isopropyl alcohol, one using mixed acid at 
low temperature, the other nitric acid at elevated tem- 
perature in the presence of urea. Mention might have 
been made of the use of such alcohol nitrates as mono- 
fuels and as cetane improvers for diesel oul. 

The seven chapters on nitrocellulose cover the field very 
well and manufacturing methods and equipment are given 
particular prominence. In the section on cellulose nitra- 
tion, however, the main emphasis is on linters nitration 
and little is said about woodpulp nitration the conditions 
of which differ from linters. In the section on continuous 
methods of nitration it is said that no continuous method 
of cellulose nitration has yet been used commercially. 
This may well be true for Europe, but not for the United 
States, where a continuous industrial nitrocellulose process 
has been operated for several years. In.the chapter on 
salts of nitric acid it is a pity for the sake of completeness 
that the various methods of manufacture of ammonium 
nitrate are not covered apart from some mention of 
priled ammonium nitrate manufacture. R. 8. Gow 


SOURCES OF CHEMISTRY 


Kingzett’s Chemical Encyclopaedia 
A Digest of Chemistry and Its Industrial Applications. 


Ninth edition. General editor: D. H. Hey. Pp. xi+ 
1092, (London: Bailliére, Tindall and Cassell, 1966.) 
150s. net. 


The Condensed Chemical Dictionary 

Seventh edition, completely revised and enlarged by Arthur 
and Elizabeth Rose. Pp. xxı+ 1044. (New York: Rein- 
hold Publishing Corporation, 1966.) 140s. 


The Encyclopedia of Chemistry 

Edited by rge L. Clark and Gessner G. Hawley. 
Second edition. Pp. xxi+1144. (New York: Reinhold 
Publishing Corporation; London: Chapman and Hall, 
Ltd., 1966.) $25; 200s. 


REFERENOE books which aim at becoming standard texts 
for a subject should be of use to a wide spectrum of 
people from layman to specialists. Because the fleld of 
chemistry is so vast, attempts to produce s good standard 
book of reference in one volume are almost certainly 
doomed to failure unless the volume is of immense size. 
Alas, Kingzett’s Chemical Encyclopaedia is not of immense 
size, and although it is pleasant to read and nicely pre- 
sented it fails on sheer lack of information. Concepts such 
as bonding, valency and quantum theory are dealt with 
very briefly, if at all, and for the professional chemist the 
book is generally too elementary. 

The Condensed Chemical Dictionary and the Encyclo- 
pedia of Chemistry, published by Reinhold, deal with the 
practical and theoretical sides of the subject, respectively. 
The two books complement one another well; while the 
encyclopaedia contains intelligible and authoritative 
articles, the dictionary has comprehensive lists of chem- 
icals, chemical teehniques and technical terms. Particular 
attention has been paid in the dictionary to trade names, 
and there is also a list of manufacturers from which the 
chemicals can be obtained. That the manufacturers cited 
are without exception American is regrettable, while the 
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American tone of the book generally must reduce its 
usefulness outside the United States. The presentation 
of the encyclopaedia 1s pleasing, but that of the dictionary 
is not, and although the editors have clearly done wonders 
in saving space, unfortunately this is at the expense of 
the layout. One criticism of the encyclopaedia is that no 
bibliography is appended to any of the articles, though 
this would considerably increase the usefulness of the 
volume. However, these two books together make an 
excellent standard reference for chemists of all leanings. 
A. M. MARSHALL 


FOUNDATIONS OF GEOLOGY 


Principles of Lithogenesis 

Volume 1. By N. M. Strakhov. Translated by J. Paul 
Fitzsimmons. Edited by 8. I. Tomkeieff and J. E. 
Hemingway. Pp. vii+ 245. (New York: Consultants 
Bureau; Edinburgh and London. Oliver and Boyd, Ltd., 
1967.) 120s. 


Marty for political and linguistic reasons, the develop- 
ment of scientific ideas in the Soviet Union haa followed a 
course somewhat different from that in the west. The 
appearance in English translation of a geological book 
widely influential over the past five years in ite own 
country is therefore an event to be welcomed by all 
engaged on research in sedimentary geology, no matter 
how one eventually judges Strakhov’s evidence and 
theses. Strakhov subordinates to climate all other 
factors which can be shown to exert an influence on the 
characteristics of sedimente and sedimentary formations. 
The present volume—the first of three—introduces his 
ideas on the production, transportation and deposition of 
sediments under different climatic regimens. In the final 
chapter of the volume a sketch is given of the changing 
distribution of climate through Phanerozoic time. The 
sweep of Strakhov’s ideas cannot but excite admiration 
for their author. His development of them is, however, 
perhaps too diffuse and dogmatic, as well as wanting in 
seemingly decisive evidence, to have aroused conviction 
in me. Nevertheless, a reading of this book provided a 
stimulating exercise in the comparative methodology of 
the study of sedimentary rocks. One looks forward to the 
two later volumes. 

The translator has served Academician Strakhov well. 
The editors might have included, with enormous advantage 
to the reader, an outline geological map of the Soviet 
Union and an index map of the places referred to, while a 
glossary of terms would also have helped. Many of the 
figures would have been improved by redrawing, and they 
often lack any indication of scale. There are some annoy- 
ing typographical errors and blemishes. The price 1s 
considerable for a book of 245 pages. J. R. L. ALLEN 


PETROLEUM GEOLOGY 


Géologie du Pétrole 
By Alain Perrodon. (Bibliothèque de )’Ingénieur-Géo- 
logue.) Pp. viii+440. (Paris: Presses Universitaires de 
France, 1966.) n.p. 


Tue North Sea has yielded up some of its hidden treasures 
in the way of the recent gas discoveries. The drill has not 
only tapped the underground reservoirs, but has also 
checked the forecasts of those geologists who have, since 
the subject began, studied the sedimentary rocks of the 
North-West Europe geological province. This checking of 
hypotheses and adding to the existing fund of knowledge 
are part of the service provided by oil companies all over 
the world. This service is a quid pro quo for the valuable 
preliminary information provided by those teaching 
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geologists who study their own local problems. It is 
advantageous for the oil geologist to have his fellows at 
the university aware of his needs, and a comprehensive 
work such as that written by Dr. Perrodon serves this 
purpose well. 

Oil is mostly formed in shallow marine conditions, and 
therefore its geological association is with sedimentary 
rocks. The study of on formation has led to research in 
geochermustry, and the oil companies have pioneered such 
powerful geochemical tools as the gas chromatograph. 
The behaviour of orl in its reservoir rock poses problems 
similar to those met in hydrological studies. There are 
many other ways in which commercial s ing for 
petroleum impinges on geological subjects and they are 
well set out in this book. 

The four main sections of the book cover (a) the 
reservoir rocks; (b) petroleum, its formation, migration 
and change of character; (c) the typical oi traps and 
estimation of reserves of oil and gas; and (d) the petroli- 
ferous areas of the world and their geological charac- 
teristics. The last section is a dangerous one; there are 
many parts of the world, such as Kuwait, Bahrain or 
Saudi Arabia, which were turned down by expert opinion 
in the past. This author, however, provides a most 
interesting approach to the world distribution of oul. 

There are many good books on petroleum geology in 
English, so that it ıs possible that this one does not 
warrant an English translation. It will, however, be 
invaluable in those new oil areas which were part of the 
old French colonial empire. T. F. GASKELL 


CONSIDERING DRIFT 


Continental Drift 

Edited by G. D. Garland. (The Royal Society of Canada 
Special Publications, No. 9.) Pp. 140. (Toronto: Univer- 
sity of Toronto Press; London: Oxford University Press, 
1966.) 48s. net. 


Ters volume consists of nine chapters, each based on 
& paper given at the meeting of the Royal Society of 
Canada at Charlottetown ın 1964. The first five bear on 
general ideas of continental drift; the last four are detailed 
papers on aspects of the Arctic and eastern seaboard areas 
of Canada. 

The first paper is a review by J. Tuzo Wilson of some 
rules for continental drift. It has the piquancy one asso- 
ciates with the author, who for long opposed the idea of 
drift because his own early field-work in the Canadian 
shield did not suggest anything other than long stability 
and continuity. This chapter is deliberately limited 
ın its aims; those who seek an exhaustive cntique may 
be somewhat disappointed, but all who are concerned 
with continental drift will find much to stimulate thought 
in Wilson’s consideration of grabens, rifts, mid-ocean 
ridges and large transcurrent faults. G. F. Macdonald 
follows with a chapter on mantle properties and conti- 
nental drift, in which he discusses some of the contradic- 
tory views that may be held about the mantle, and in 
particular about long- and short-term “‘strength’”’, mantle- 
crust decoupling and mantle correction, and the interpre- 
tation of heat-flow measurements. He is a well known 
opponent of the mantle convection explanation for 
continental drift, and his clearly stated arguments are 
most valuable to the general discussion. His emphasis 
on the likelihood of creep-strength in the outer mantle 
being relatively low, and on the dynamic consequences, 
is very strong. The palaeomagnetic evidence is discussed 
by E. R. Deutsch in a concise and useful way. The possi- 
bilities arising from polar wandering, from contifental 
drift, and from combinations of these are explored, and 
the use of palasomagnetic evidence to test ideas of an 
expanding earth (in which the continental crust does not 
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expand, but fragments) is also discussed, with the con- 
clusion that present evidence does not support very 
large-scale expansion. N. W. Radforth then considers 
the palaeobotanical evidence; this is a field in which violent 
disagreement has been the rule. Some important new 
evidence from the Canadian Arctic is briefly mentioned, 
and emphaas on functional and adaptive morphology 
of plants rather than routine palaeco-floristic studies is 
emphasized. R. W. Tanner gives a valuable short sum- 
mary of the possibility of measuring rates of drift by 
means of astronomical observations of latitude and 
longitude. After eliminating as far as possible the matru- 
mental and other sources of error, it 18 shown that latitude 
determinations appear to exclude N-S movements 
greater than about 1 cm/yr at present, but that longitude 
differences have been subject to instrumental inaccuracies 
and most of them have not been able to exclude a relative 
movement up to 0:5 m/yr. The use of flashing satellites, 
with numerous stations and recording to m.seo accuracy 
or better, might well give information over a few decades 
of systematic change of the order of 1 em/yr; this is the 
order required to satisfy most theories of drift, as noted 
earlier by Deutsch. 

The second section provides a wealth of bathymetric 
and geophysical information, much of it new, for the 
Canadian Arctic (B. R. Pelletier), the Nova Scotian Shelf 
(by J. Berger, A. E. Cok, J. E. Blanchard and M. J. Keen), 
and the Gulf of the 5t. Lawrence (by A. K. Goodacre and 
E. Nyland). Finally, H. L. Cameron considers the 
Cabot fault zone of Newfoundland and the Maritimes; 
this zone is of interest because J. T. Wilson has su 
that the Cabot fault may be a continuation of the Great 
Glen fault of Scotland. Using air-photographs, sero- 
magnetic survey maps and bathymetric maps with ground- 
control, he suggests that the faults are probably ‘“‘high- 
angle thrusts” with only small horizontal movement, 
beginning in Devonian (7?) or possibly earlier times. 
There is much useful material, but some of the weight 
of the conclusions is lessened when it is accepted as possible 
that faults with lateral shift may run along the trend of 
fold-structures and not necessarily, as classical wrench- 
faults do, across them. 

This is a well produced book in which I noted only a 
few typographical errors. It should find a place in the 
library of those interested in continental drift, and those 
concerned with the morphology of eastern and northern 
Canada. T. S. Wesroxn 


HYDROLOGY IN RUSSIA 


Theory of Stream Runoff 

By N. P. Chebotarev. Translated from tho Russian by 
Adolf Wald. Edited by M. Diskin. Pp. v+ 4864. (Jeru- 
salom: Israel Program for Scientific Translations; 
London : Oldbourne Press, 1966.) 108s. 


Tis translation provides a valuable insight on Russian 
hydrology before the mid-1950s and it is presumably as a 
historical document that it has been published. Certainly 
its hydrological content verges on the antediluvian in 
terms both of the age cf the data presented (almost one- 
third of the listed references bear a pre-1954 date, while 
only 2 per cent—seven references—are dated after 1955), 
and also of the empirical nature of the argument which is 
reminiscent of much American hydrological literature in 
the 1930s and 1940s. 

Both in the title and in the early paragraphs the reader 
may be mistakenly led to believe that the emphasis will 
be on hydrological theory. Instead the author’s reliance 
on empirical and statistical relationships, frequently 
in thé form of simple linear regressions between complex 
hydrological variables, is emphasized by some rather 
fundamental omissions. Thus, the determination of the 
groundwater component of total streamflow by means of 
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hydrograph analysıs is dismissed ın less than one page, 
with no diagrams, in favour of a method based on ante- 
cedent precipitation which is not properly described; 
Horton’s classic work on the role of infiltration in stream- 
flow is mentioned only once—no reference 1s given— 
and in the concluding paragraph of the chapter on high- 
water runoff the author suggests, in typically tautological 
fashion, that: “An important factor frequently overlooked 
ın theoretical and practical investigations of runoff 
and discharge is the reduction of infiltration with time” ! 
The reader conversant with English and American hydro- 
logy will find other equally significant omissions; thus 
Sherman’s work on the unitgraph is mentioned, al- 
though no reference is given, while in the fleld of eva- 
potranspiration the names of Dalton and Meyer appear, 
but nowhere is there a mention of Thornthwaite or 
Penman. 

Russian parochialism is further evidenced by the 
author’s frequent statements, in apparently general terms, 
of what, in fact, applies only to Russian conditions; 
by the dearth of non-Russian references, and by peculiari- 
ties of terminology. All of this is surpassed by a single 
paragraph on page four in which the author not only lists 
a number of Russian and Soviet hydrologists as among 
“the founders of hydrology”, but also notes that “... 
Soviet hydrology has firmly acquired the status of a 
science, whereas in foreign countries, particularly in the 
U.S.A., hydrology has not yet overcome the empirical 
stage” | 

Deficiencies in presentation seam to be the responsibility 
partly of the author, for example, unlabelled résumés 
at the ends of chapters, no list of illustrations, poor 
quality of line drawing and frequent ambiguities in the 
maps and diagrams, and fragmentation of discussion on 
particular topics among several chapters. The translator 
is partly to blame, too, for example, for numerous typo- 
graphical errors; diagrams frequently located away from 
the relevant text; stilted translation resulting in phrases 
such as “calendaristic dates” and “calendaristic seasons” 
and, most important of all, the absence of an index, which 
adds further to the reader’s problems. 

Despite its shortcomings the book contains a large body 
of hitherto unknown experimental data, some of which, 
for example those relating to snowmelt contributions to 
streamflow, will be of general interest, and in addition, 
clearly illustrates many of the applications of statistical 
techniques in hydrological problems. If only for these 
reasons it will be read with considerable interest. 

R. C. Warp 


VOLCANOES OF THE SOUTH SEAS 


Geology of the State of Hawall 
By Harold T. Stearns. Pp. xxii+266+12 plates. (Palo 
Alto, California: Pacific Books, 1966.) $8.50. 


Harotp Srmagns is a field geologist par excellence, and 
this is apparent in his new book on the geology of Hawaii. 
Drawing together his previous work he has produced a 
book which is charming, easy to read and well presented. 
The text leans heavily on the field side of the subject, 
that is, geomorphology and general geology, and Stearns’s 
treatment of volcanic landforms is authoritative to the 
point of being classic. Almost every term used in the 
book is defined, so that the text will doubtless become an 
established text for young students as well as appealing 
to the general reader. 

Having given praise where praise is due it must be said 
that, although the petrology of the Hawaiian lavas is a 
classic part of geologic lore one would not guess it from 
reading this book—the petrology, geochemistry and 
geophysics are dealt with quite inadequately in a chapter 
at the end of the book. No indication is given of the 
tremendous problem of the origin of magmas and the 
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identification of primary magmas, while many geologists 
may feel that Stearns’s statement “It is believed from the 
above data that the alkalic suite of rocks are derived by 
crystal settling, gas transfer, and filter pressing, from the 
parent tholeiitic magma in compartments within the 
upper crust” is misleading if not wrong. (The data 
referred to are the proportion of alkah rocks in Hawaiian 
volcanoes.) 

Many may enjoy reading about the real nature of the 
jewellery which passes for Pele’s hair, but nevertheless 
this book is for the dabbler in geology rather than the 
specialist. . M. MARSHALL 


HOW IT ALL WORKS 


Physics and Chemistry of the Earth 

Vol. 7. Edited by L. H. Abrens, Frank Press, 8. K. 
Runcorn and H. C. Urey. Pp. v+337. (London and 
New York: Pergamon Press, 1966.) 105s. net. 


For various reasons studies of the physics and chemustry 
of the Earth are proceeding at a faster rate now than ever 
before, and there seems to be no prospect of a slackening 
of the effort being put into attempts to understand 
conditions within the Earth. This ıs the seventh volume 
in a substantial series which has commanded the respect 
of all geo-scientists for its wide ranging authonty, and 
the four editors have been among the most prominent 
m mamtaining the momentum in the Earth sciences. 
One therefore looks forward to every new volume as not 
only an up-to-date authoritative summary but as prophetic 
of where future developments should occur. 

This volume differs from its predecessors in contaming 
only three contributions, each of them of substantial 
size and, particularly with regard to the first and last, 
in conception almost of book dimensions. 

The firat contribution on orogenic fold-belta and a 
hypothesis of Earth evolution by R. Dearnley is goopoctry 
at its most expansive. Dr. Dearnley rightly points out 
the limitations that ignorance of the Pre-Cambrian 
imposes on anyone interested in the development of the 
Earth, and attempts to rectify this by an impressive, if 
exhausting, catalogue of folding from the “Superior 
regime” (3,500-1,950 million years ago) through the 
Hudsonian to the Grenville regime (1,075 million years 
to the present). He collects a vast amount of data on 
this subject but loses plausibility as soon as he slips into 
the geopoetic, which he is prepared to do at a moment’s 
notice. Wordsworth’s “It is not now as it hath been of 
yore” would seam an appropriate line, for Dr. Dearnley 
caste admiring glances at core expansion, polar wandering, 
changes in G and variations in Coriol’s force controlled 
convection current patterns. The edifice is inevitably 
shaky and invites destruction by a medium-sized. push, 
but the paper is not by any means pointless, as it should 
trigger argument. It is unfortunate that it was finished 
before the appearance of the Royal Society Symposium 
on Continental Drift, which one must feel would have 
helped considerably in its construction. 

Professor Markus Bath of Uppsala has for many years 
been deeply concerned with the thorny problems of 
earthquake energy and magnitude, and it is therefore 
appropriate that he should contribute an article on that 
subject. It has never been a very fashionable topic 
among seismologists, lacking the immediate interest of 
body-wave and surface wave time analysis, and those 
who have pursued the problem have, as Professor Bath 
points out, gone about it in very diverse ways. His 
account errs on the side of all-inclusiveness and, although 
the essay is the shortest in the book, it is by no means 
an easy read. One feels that a more personal approach 
m which the author did not feel the need to cover all the 
ground comprehensively might have paid off. That the 
subject is by no means sewn up is shown by Båth’s wry 

bd 


61 


comment that one recent estimate is “probably forty 
times too low’’. In this subject we are barely getting 
below the order of magnitude level. 

I viewed with some foreboding the last, very substantial 
essay by Haskin, Frey, Schmitt and Smith on meteoritic, 
solar and terrestrial rare earth distributions, as my 
knowledge of the subject was trivial. Such is the verve 
and vitality of the authors and so great is their ability to 
convey a huge number of facts rapidly and digestibly, 
however, that I emerged, if not infinitely wiser, certainly 
aware of the importance of the subject and with the 
knowledge that here is an excellent mine of information. 
The authors really attempt to cover too much of the 
enormous literature in 150 pages, and this article, above 
all, might well have been expanded into a book. They 
convey the healthy impression of a sceptical community 
who do not believe that all the work has been done 
already. But not a paper to attempt to read if slightly 
jaded I 

The whole book is handsomely produced, and although 
1t is heavy reading it is strongly recommended to all who 
are struggling to keep up with the vastly expanding field 
of the Earth sciences. D. Davizs 


BASIC SEDIMENTOLOGY 


Developments in Sedimentology, Vol. 9B 

Carbonate Rocks: Physical and Chemical Aspects. 
Edited by George V. Chilingar, Harold J. Bissell and 
Rhodes W. Fairbridge. Pp. 413. (Amsterdam, London 
and New York: Elsevier Publishing Company, 1967.) 
150s. 


Tas symposium, with its companion volume, sets out to 
be a comprehensive treatise on carbonate rocks. With the 
exception of the discussion of the physical chemistry of 
formation of carbonates by W., H. Taft, contributions are 
reviews rather than the result of original research. 

Nearly a third of the volume is devoted to a paper on 
elemental composition of carbonate skeletons, minerals and 
sediments by K. H. Wolf, G. V. Chilingar and F. W. 
Beales. This, together with W. H. Taft’s paper and those 
on stable isotope distribution in carbonates by E. T. 
Degens and chemistry of dolomite formation by K. J. 
Hsu, summarizes the organic and inorgamio factors known 
to contrel carbonate composition, and shows how some 
components can be used in environmental reconstruction. 

The discussion of techniques of examining and analysing 
carbonate skeletons, minerals, and rocks, by K. H. Wolf, 
A. J. Easton and 5. Warne, provides a convenient and 
comprehensive synopsis not available elsewhere, although 
many of the methods are already well known. 

The origin of petroleum in carbonate rocks, considered 
by J. W. Hunt, and properties and uses of carbonates, 
by F. R. Siegel, are also valuable. Siegel’s lists of selected 
physical constants are an unusual addition to a geological 
work of this kind, and perhaps overdue. 

The most disappomting contribution is that on the 
influence of pressure and temperature on limestones by 
B. L. Mamet and M. d’Albissin. More experimental work 
has been done than the authors present, particularly on 
compaction of recent sediments and the textural effects of 
deformation. 

The book lists 1,051 references (some duplicated) and 
gives, with the authors’ contributions, a précis of a large 
and important volume of literature, including many 
Russian works. Graphs and tables, while contributing to 
the high cost, provide convenient summaries of data. 

This work fulfils three useful functions. First, it can 
inform the new worker what has been done, how, and 
where remaining problems lie. Second, it provid% for 
specialists a reference book for fields other than their own. 
Third, it may also be of value to more advanced uni- 


versity students. C. J. R. BRAITTAWAITE 
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BOOK FOR THEORISTS 


Value Distribution Theory 

By Leo Sario and Kiyoshi Noshiro. (The University 
Series in Higher Mathematics.) Pp. xi+236. (Princeton, 
N.J.: D. Van Nostrand Co., Inc.; London: D. Van 
Nostrand Co., Ltd., 1966.) 60s. 


Compiex analysis, like so many other mathematical 
disciplines, started easentially in the nineteenth century 
with the pioneering work of Gauss, Riemann, Cauchy and 
Weierstrass. If f((z) is a regular, that is differentiable, 
function of a complex variable z in a plane domain D then 
f(z) not only possesses derivatives of all orders, but is 
locally expansible as a Taylor series. From this result 
many other important and elegant properties can be 
deduced, which lke the above have no analogue for 
functions of a real vanable. Value distribution theory 
starts with Picard’s fundamental theorem, which states 
that a function f(z) regular in the whole plane, other than 
a polynomial, assumes all values with at most one excep- 
tion infinitely often. Meromorphic functions, which are 
locally ratios of two regular functions, form a natural 
extension of regular functions. For these œ 1s a possible 
value and two exceptional or Picard values are possible. 
The theory of meromorphic functions in the open plane 
on a finite circle was built into an imposing edifice by R. 
Nevanlinna, who, using an idea of Collingwood and Little- 
wood, significantly extended Picard’s result. 

fn this book the authors consider a further extension, 
namely maps of one Riemann surface R on to another S. 
Regular functions correspond to the case where S is the 
open plane, meromorphic functions to that where S is the 
closed plane including œ. The formidable problems 
which arise are overcome on the whole very successfully. 
If S is a compact surface then, following Chern, it is shown 
that in rather general conditions the largest possible 
number of Picard values is —e;, where e, is the Euler- 
characteristic of S. I found Chapter 5 particularly mter- 
esting, because in it functions meromorphic in the plane 
outside a perfect set E of essential singularities are dis- 
cussed, Following Carleson and Matsumoto, conditions 
on # are given under which such a function can have at 
most p+2 Picard values, where p is any positive integer. 

Considering the somewhat abstract nature of the 
material the exposition is clear. The book will be of 
interest to function theorists and to differential geometers 
willing to stray a little beyond the boundaries of their 
discipline. 

W. K. HAYMAN 


MORE SOURCES OF CHEMISTRY 


The International Encyclopedia of Physical Chemistry 
and Chemical Physics 

Topic 9: Transport Phenomena, Vol. 1. Statistical 

Mechanical Theories of Transport Processes. By Robert 

M. Mazo. Pp. xin+166. (Oxford, London and New York: 

Pergamon Press, Ltd., 1967.) 60s. net. 


BOLTZMANN expressed the transport coefficients of a 
dilute gas in terms of the non-equilibrium distribution 
function of molecular velocities. His equation was solved 
by Chapman and by Enskog early in this century. This 
story 18 recounted briefly in the first suxty pages of this 
book, of which the greater part is an account of efforts 
made in the past 20 years to develop a rigorous theory 
that is also valid for dense fluids. 

These efforts fall into four main groups. First there is 
the ‘‘kinetio theory” approach (Enskog, Bogoliubov) in 
whic} one seeks an expansion in powers of the density. 
Unfortunately, the imperfect. methods so far used are 
plagued with singularities. A second route (Kirkwood, 
Rice) is more closely related to the theory of Brownian 


motion and introduces a rather ill-defined friction- 
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constant. A third (Kubo) is based upon “‘fluctuation- 
dissipation” relations, whereby a transport coefficient 18 
related to an equilibrium fluctuation. The fourth 
(Prigogine, Résibois) exploits the resemblance to Schro- 
dinger’s equation of Liouville’s equation in operator form 
in order to develop perturbation methods of solution. 

It is clear that we lack in this field the mgorous gnd 
agreed procedures for relating molecular and macroscopic 
Properties that we have in equilibrium statistical 
mechanics. The few books so far written are biased 
towards one or other of the four mam routes, but this 
work is well balanced and, in spite of its brevity, most 
clear on the nature of the physical assumptions made in 
each case. Coherence is achieved by relating each approach 
to Liouville’s equation. 

Those coming to the subject for the first time may be 
puzzled by a few omissions. Thus Boltzmann’s H theorem 
is discussed at length, but the relation of H to entropy is 
not mentioned. One equation is described as ‘‘a general- 
ized Fokker-Planck equation”, but the equation itself is 
not defined, although it appears seven times in the index. 
We are given, however, a brief guide to the technique of 
functional differentiation, and must pardon some omis- 
sions in an author who achieves so much, so clearly, in 
166 pages. J. 8. ROWLINSON 


NIELS BOHR 


Niels Bohr: His Life and Work as Seen by his Friends 
and Colleagues 

Edited by 8. Rozental. Pp. 355+60 photographs. 

(Amsterdam: North-Holland Publishing Company, 1967.) 

29 guilders; 58s. 


Tis memorial to Professor Niels Bohr is reverential in tone, 
which 1s neither surprising nor reprehensible. For it has 
long been known that Bohr’s great influence on his con- 
temporaries and his students was a magio which worked, 
in part at least, through his ability to capture the respect 
and the liking of those who worked with him. He was a 
friendly quick-witted voluble magnet of a man. One of 
the virtues of these contributions by Bohr’s colleagues— 
Dirac and Heisenberg as well as those now working ai the 
Institute of Theoretical Physics ın Copenhagen—is that 
it includes such a great wealth of anecdote that nobody 
can fail to appreciate the likability of this great Nordic 
father-figure. The translation of the first Danish version 
of this volume ıs a considerable public service. 

The account by Léon Rosenfeld and Erik Rudinger of 
Bohr’s early work m Cambridge and Manchester is 
particularly valuable for the light it throws on the 
character of work at the two universities. Bohr spent 
much of his time at Cambridge in the autumn of 1911 
listening to the lectures of Thomson, Larmor and Jeans. 
According to letters to his brother in Denmark, he was 
from time to time buoyed up by helpful and encouraging 
conversations with J. J. Thomson, who at one pomt 
promised to read a long thesis which Bohr had written on 
the properties of electrons in metals—an argument which 
sought to carry further what Sommerfeld had done to 
account for metallic characteristics in terms of freely 
moving electrons. But in the event, Thomson never 
seemed. to find the tıme for a critical reading of the thesis. 
Although it seems that Bohr had plenty of other activities 
with which to occupy himself, ıt would be asking too much 
of flesh and blood—even that of a consistently modest man 
like Bohr—to expect that this disappointment would not 
have added something to the pleasure with which he 
moved to Rutherford’s laboratory at Manchester in 
March 1912. 

Rosenfeld and Rudinger have drawn on letters by 
George Hevesy (then at Manchester, later at Copenhagen) 
to provide a keener understanding of the development of 
Bohr’s thinking at this point at which he had not contri- 
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buted anything of his own to the literature of quantum 
mechanics. Bohr, they write, took Rutherford’s atomic 
model more seriously than most people, ‘including Ruther- 
ford himself’ Even in the few months he spent at 
Manchester, Bohr was usmg implicitly the notions of 
atomic number and of isotopes which afterwards were 
published by Soddy, Fajans and van den Broek. But why, 
thén, did Bobr not pubbsh them? Rutherford, devoted 
experimentalist that he was, wanted data bearing more 
directly on the argument before he would be convinced. 
Rutherford was not alone in taking such a remote point 
of view, and this volume quotes a letter to Bobr in which 
even Sommerfeld admits to being “‘for the present sceptical 
about atom models in general”. In the event, of course, 
Bohr’s mastery in the field was established by his calcula- 
tion of the spectral lines of hydrogen, even if it took the 
best part of a decade to defend himself against Ruther- 
ford’s view that the first atomic calculations were 
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a ‘‘mixture of Planck’s ideas with the old mechanics’. 

The steps by which Bobr filled out this story, and went 
on to erect his epistemological foundation for quantum 
mechanics, are patiently dissected in a separate contribu- 
tion by Professor Leon Rosenfeld. Bohr’s son, Professor 
Aage Bohr, provides an authoritative account of what 
Bohr did durmg the war to help the development of 
nuclear weapons. One thing which emerges is that Heisen- 
berg and Von Weizsacker, on their visit to Copenhagen 
in the autumn of 1941, did not suggest that German 
scientists might come to a mutual agreement with scien- 
tists elsewhere not to develop nuclear weapons but, 
rather, they left Bohr with the impression that the German 
effort in this direction would be conmderable. Running 
through the whole volume is the theme of Bohr’s relation- 
ship with Einstein and of his continumg disappointment 
at being unable to convince Einstein of the rightness of 
his way of looking at things. 


Blological Sclence 


NERVOUS DISEASE GENETICS 


The Genetics of Neurological Disorders 

By R. T. C. Pratt. (Oxford Monographs on Medical 
Genetics.) Pp. vii+310. (London: Oxford University 
Press, 1967.) 80s. net. 


Srno technical advances made the human chromosomes 
identifiable a little more than ten years ago the study of 
their aberrations has gradually become one of the main 
interests for students of human genetics. Consequently 
there has been a tendency to forget the overriding signifi- 
cance of variations m the genes. Dr. Pratt’s monograph 
on the genetics of neurological disorders is a welcome 
corrective to excessive cytogenetical enthusiasm. Infor- 
mation is given about more than 300 diseases, in effect, 
and there are nearly 3,000 references. To deal usefully 
with a task so prodigious would be expected to involve 
the ponderous and unprepossessing treatment which 
almost invariably characterizes an efficient text-book. The 
intention, as indicated in the preface, was to omit clinical 
descriptions except when rarity or dishomogeneity of 
disease type made this necessary. Although the references 
are very numerous, a great deal of selection must have 
been exercised and this has been done with good judgment. 
The reader will be astonished on every page at the 
engaging and pertinent brevity both of the clinical notes 
and the relevant genetical information supported by key 
references. Let us take an example, almost at random, 
from page 109, “Epilepsy Induced by Reading”’. 

“Of the reflex epilepsies seizures induced by reading are 
amongst the most curious. This group is heterogeneous, 
some patients having a focal lesion. Others show no focal 
abnormality, and attacks are specifically precipitated by 
reading, with movements of the jaw often proceeding to 
grand mal (530). Two similarly affected asters have been 
reported (1496A) amongst a total of about twenty cases.” 

The treatment of important conditions, like the ataxias 
and the lipidoses, is, of course, more extensive though the 
pattern is the same, and in this way information can be 
absorbed by the reader so easily that he is hardly aware 
of what is happening. One of the reasons for this is the 
inclusion of many conditions in the catalogue which, 
though they may be commonplace to neurologists, are 
likely to be new to the genetically minded student. Of 
special interest is the chapter on higher level disordera in 
which dyslexia, cerebral dominance and number form 
imagery are discussed. 

A characteristic feature of the treatment throughout is 
the absence of speculation. Many writers might have 


attempted to give their own explanations when nothing is 
known, but Dr. Pratt resista these temptations. I, for 
example, would not have been able to mention the peculiar 
inheritance of Leber’s diseaso without theorizing on the 
subject of gametic selection, nor to have refrained from a 
pronouncement on biological philosophy m discussing the 
genetics of insensitivity to pain. The genetical informa- 
tion which 1s given is always reliable and this 18 what the 
clinician needs. 

Perhaps there is something to be desired ın the arrange- 
ment of the order of the diseases within the chapters, but 
there is a compensatory pleasure ın not knowmg exactly 
what is coming next. Furthermore, in a book devoted to 
the genetics of neurological diseases, the inclusion of 
chapters on disorders of muscle and on inborn metabolic 
errors might seem, at first sight, out of place. Their 
presence is defended in the preface on the ground that 
diseases in these categories are encountered in neurological 
practice and they certeinly add value to the book. Mal- 
formations of the nervous system are examined in the 
first chapter and here the reader might have wished for a 
little more information. There is no mention, for example, 
of the nervous system malformations which are liable to 
occur in twins, but ıt may have been in accordance with 
the editorial policy for the series of books on clinical 
genetics, of which this is one volume, not to encourage the 
extension of this section. The author has succeeded in 
presenting his collection of varied and complex material 
as an artistic whole. He has produced an admirable work 
and he has been well supported by the pubhlshers with 
clear printing and a supplementary analysis of the 
bibliography: there is also a good index. 

L. 8. PENROSE 


IN AND OUT OF CELLS 


Problems of Cell Permeability 

By A. 8. Troshin. Revised and Supplemented Edition. 
Translated by M. G. Hell. Translation edited by W. F. 
Widdas. (International Series of Monographs, Vol. 26.) 
Pp. xiv+ 549. (Oxford, London and New York : Perga- 
mon Press, Ltd., 1966.) 120s. net. 


In this work Dr. Troshin follows Nasonov’s approach to 
the interpretation of permeability problems. Accdétding 
to the introduction, the term “permeability” would better 
be replaced by the words “sorptional activity”. Muoh of 
the material presented concerns ratios between internal 
e 
ry - 


64 


end external solute concentrations such as those made by 
Fenn and Ins colleagues in the ’thirties. A disproportionate 
part of the total space seems to be devoted to the subject 
of isolated muscle, which is possibly the unhappiest 
material to use for permeability studies because of uncer- 
tainties about relative rates of extra- and intra-cellular 
diffusion, changes in the labile internal components 
dependent on both time and the nature of the medium, 
and the complex structure. The basic ideas of the fibres 
find parallels in the work of Ernst and tho theory of Ling, 
which is discussed but regarded by the author as not 
completely satisfactory (on page 349). It is almost an 
articlo of faith for western cell physiologists to describe 
permeability phenomena in terms of a resistive membrane 
endowed with varieties of carmers. Model membranes 
with time-dependent non-linear electrical properties and 
capable of generating electrical oscillations from a salt 
gradient have been described (by Rudin and Mueller’), 
and so many complex cellular phenomena can be mimicked 
without there being an appreciable volume of “proto- 
plasm” on one side of the membrane. On the other hand, 
these interesting effects are only obtained when special 
agents are adsorbed on the lipid membrane. To that 
extent ion adsorption and possibly local ordering of water 
molecules become important. Dr. Troshin devotes two 
short chapters to coacervates, in which the work of 
Bungenberg de Jong is summarized. Recent work on the 
induction of structure in water (for example, ref. 2) and 
demonstrations that unstirred layers impose a diffusion 
limitation even in the simple case of water exchange 
across a bimolecular lipid membrane? teach us to be 
cautious about insisting that the membrane resistance is 
the only operative control of permeation rate. The dis- 
crepancy between water movement under an osmotic 
gradient and the tracer exchange under a similar difference 
in activity of the marked molecules has been used to 
estimate pore radii. The same disparity is found, however, 
with the model membranes unless they are formed across 
a very thin support, ao that vigorous stirring can produce 
an adequate flow across their surfaces; then the difference 
vanishes. Unfortunately, the inevitable delays associated 
with preparation, publication, and in this case translation 
too, mean that we cannot expect to find any disoussion 
of such recent work; the latest references I noticed were 
dated 1963. It is certainly valuable to have a collection 
of references to both western and Russian work on 
permeability. There are more than 100 pages of references 
complete with titles. The translation is excellent. 

It is interesting that there are currently proceeding in 
the same institute in Leningrad studies of the selective 
properties of both lipid and glass membranes. Lev has 
been using ion-selective glass membranes to measure 
intracellular sodium and potassium ion concentrations, as 
noted in the bibliography, but I was unable to find the 
reference back to discussion of these results. Probably 
Lev’s work will eventually influence the interpretations 
of permeability offered by his associates. 

E. J. Harris 
‘Mueller, P., and Rudin, D. O., Nature, 218, 603 (1067). 
*Symp.in Ann. N.Y. Acad. Ses., 125 (1985). 
3 Hanar, ase D. A., and Redwood, W. R., Ana. N.Y. Aonad. Sei,, 137, 


Cass and Finkelstein, J. Gen. Physiol. (in the press, 1987). 


VITAL FACTORS 


The Vitamin Co-Factors of Enzyme Systems 
By F. A. Robmson. Pp. ix+896. (Oxford, London and 
New York: Pergamon Press, Ltd., 1966.) 160s. 


Tas book records much that is known about the nine 
B vifsmins. For each vitamin, a historical introduction 
is followed by a discussion of about twenty topics which 
melude the isolation, chemical constitution, chemical 
synthesis, biosynthesis, chemical and physical properties, 
« 
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methods of estimation, metabolism, pharmacological 
action, nutritional aspects, biochemical function of the 
vitamin and the nature and properties of its analogues. 
Many of these topics, particularly the isolation, the 
determination of the chemical constitution, the various 
synthetic routes to the vitamins, their properties and 
their nutritional importance, are dealt with in great detail, 
well supported by bibliographical references, and the bdok 
constitutes an excellent reference work for these faceta of 
the B vitamins. 

In view of the title of this book and the fact that its 
preface records the atuthor’s claim to review ‘‘these sub- 
stances from the point of view of their significance in 
enzyme reactions rather than as factors of nutritional 
munportence ...”, it is a serious criticiam that the book 
lacks up to date information about the biochemical func- 
tions of these vitamins as coenzymes. Much of importance 
in this field which has been reported in the past five or 
more years is omitted. Thuis is illustrated by the fact that 
out of ninety-four pages on nicotinic acid, only six are 
devoted to a discussion of the functions as coenzymes of 
NAD and NADP; the stereospecificity which NAD- and 
NADP-linked dehydrogenases exhibit for the A or B 
form of the reduced coenzymes is not mentioned. Simi- 
larly, the possible umportance of transimination (rather 
than tranaamination) reactions involving enzyme-bound 
pyridoxal phosphate and the evidence from relaxation 
spectroscopy reported in 1962 that at least one enzyme 
transamination follows a reaction path analogous to that 
of non-enzyme transaminations are not discussed; the 
role of the highly electrophilic thiazole nitrogen atom of 
thiamme in promoting the decarboxylation of pyruvate 
is not mentioned. This criticism would not have been so 
apposite if the title had been more physiological. 

The division of the review of each vitamin nto sections 
covering the various aspects of the subject, each section 
supported by its own bibliography, greatly facilitates the 
use of this book as a reference work. It is a pity that the 
style of presentation of the structural formulae, par- 
ticularly the purine and pyrimidine rings, is not the 
modern one. K. BROCKLEHURST 


EXPERIMENTS WITH CELLS 


Methods In Cel! Physlology 
Edited by David M. Prescott. 
(New York: Academic Press, Inc.; London: 
Press, Inc. (London), Ltd., 1966.) 140s. 


Tms is a worthy successor to Professor Prescott’s first 
volume, and covers an equally wide range of techniques 
u cell biology. There are fourteen articles of very different 
length and approach. Some of them describe new tech- 
niques such as the isolation of metaphase chromosomes 
(Maio and Schildkraut) or a simple and ingenious method 
of using a glass wheel cutter to enucleate giant mammalian 
cells (Marcus and Freiman). Others deal with what are 
now more classical techniques such as amphibian nuclear 
transplantation (King), preparation of amphibian lamp- 
brush chromosomes (Gall) or plasmolysis of plant cells 
(Stadelmann). Others again extend the description of 
techniques given in the first volume. Both Salpeter and 
Stevens write on high resolution autoradiography, and 
Thrasher and Gelfant contribute seotions on the analysis 
of growing cell populations with tritiated thymidine 
labelling. There is one article of a rather different nature, 
that by Hutner and his colleagues on culture media for 
Euglena graciits. This is not out of place, especially 
because there were several similar articles in the first 
volume (for example, on Huplotes and Amoeba), but 
culture media for cells and micro-organisms are a big field 
and possibly want a more extended treatment. Perhaps 
this will come m further volumes, for there is no doubt 
that this series is invaluable for workers at all levels ın 
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cell biology and the editor should have every encourage- 
ment to contmue them. J. M. Miromison 


ENERGY FOR LIVING 


Current Topics in Bloenergetics 
Vol. 1. Edited by D. R. Sanadi. Pp. xi+ 292. (New 
York: Academic Press, Inc.; London: Academic Press, 
Ine. (London), Ltd., 1966.) 928. 


Tus is the first volume of a new series which ia intended 
“to bring together authoritative and timely reviews on 
the closely related multidisciplinary research in such 
fields as photosynthesis, bioluminescence, nerve con- 
duction, oxidative phosphorylation, muscle contraction, 
stretch reception, phototaxis and protoplasmic stream- 
ing”. The aim is to emphasize the molecular basis of 
these energy transduction systems, but where appropriate 
higher organizational levels will also be discussed. 

It is difficult to predict from the contents of the first 
volume how successful the series will be, but it 18 probably 
fair to say that many workers will welcome this attempt 
to provide a forum for the discussion of the various topics 
in bioenergeties. Its success will, of course, depend to a 
large extent on the originality and scope of the articles 
and topics selected. The first volume, however, sets a 
fairly good standard in this respect. 

The first three articles are concerned with photo- 
synthesis, The first of these, by B. Kok and G. M. Cheniae, 
is a timely review of the oxygen evolution step in photo- 
synthesis. The second is an excellent discussion of 
fluorescence yield in photosynthetic systems and its 
relation to electron transport by W. L. Butler, while the 
third is a stimulating account of uncoupling and energy 
transfer inhibition in photophosphorylation by N. Good, 
8. Izawa and G. Hind. There follows a comprehensive 
article on bioluminescence by J. W. Hastings and two 
interesting ones on muscle; structure and function of 
myosin 1s discussed by A. Stracher and P. Dreizen, and 
energized calcium transport and relaxing factors by A. 
Weber. The book ends with a short review of ion transport 
in mitochondria by E. J. Harris, J. D. Judah and K. 
Ahmed. 

Chemists, biochemists and biologists working in this 
active and often controversial fleld of research will find 
much to interest them in this volume and the rest of the 
series, which should also provide an excellent source of 
references to the current literature. B. R. REDYEAEN 


MICROBES IN THE LABORATORY 


Laboratory Methods In Microblology 

By W. F. Harrigan and Margaret E. McCance. Pp. x1+ 
862. (London: Academic Press, Inc. (London), Ltd.; 
New York: Academic Press, Ine., 1966.) 79s.; $13.50. 


Tas authors state that their “primary object... is to 
provide a laboratory handbook for use by students of food 
science, dairying, agriculture and allied courses, in addition 
to being of value to students reading microbiology or 
bacteriology”. The title of this book is somewhat mis- 
leading and the reader anticipating a broad coverage of 
microbiological methods may be disappointed. Pre- 
dominantly this is a manual of practical bacteriology-—the 
fungi receive rather scant attention while the other 
protists are mentioned hardly at all—and is strongly 
orientated towards food and public health requirements. 
Part I of the book deals with basic methods and includes 
details of microbial culture and culture media, simple 
staining procedures, enumeration, biochemical tests for 
bacteria and some introductory serology. Also in this 
section are useful directions on the cleaning of are 
and equipment, and sterilization. Finally, moulds, 
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yeasts and coliphage are considered. This latter material 
is treated all too briefly and deserves a more thorough 
representation in a book of such comprehensive title. 
The second third of the book describes the techniques 
peculiar to applied microbiology, but, with the exception 
of sections on the examination of water, soil and silage, 
the accent is on the bacteriological examination of food- 
stuffs and equipment. «gain certain items appear to 
me to have been under-treated, for example, the delibera- 
tions on soil microbiology are too selective and conse- 
quently unbalanced. Generally the descriptions of the 
microbiological analyses of foods are comprehensive, 
carefully organized and constitute one of the principal 
attractions of the volume. The authors conclude their 
book with two major appendixes. The first comprises 
schemes for the identification of micro-organisms, 
and is in the form of simplfied tables and keys, 
followed up by concise group and genus descriptions. 
The second appendix contains the recipes and details for 
preparing a wide range of microbiological reagents and 
growth media. Pleasing features throughout are the most 
useful indications of relevant laboratory suppliers and the 
well arranged lay-out indispensable to any laboratory 
manual. On the other hand, much of the information 
contained in this volume is to be found in other practical 
handbooks which have the additional virtues of greater 
breadth of subject and lower price. Anan T. BULL 


DRUGS AND THE MAN 


International Encyclopedia of Pharmacology and Thera- 
peutics 

Executive Editor: ©. Radouco-Thomas. Section 6: 
Clinical Pharmacology. Editor: L. . Vol. 1: 
Pp. xiii + 1-374. 80s. Vol. 2: Pp. xxx + 375-667. 63s. 
(Oxford, London and New York: Pergamon Press. Ltd., 
1968.) 


Most books on clinical pharmacology describe the actions 
of drugs in man, izing the results of research in 
clinical pharmacology and relating them to therapeutics. 
Such books are essential for medical students and their 
teachers, but until now there have been very few books 
about the methods used in human pharmacology and the 
special problems of assessing drug effects in different 
clinical situations. These volumes provide hard-headed 
advice on the investigation of drugs in man, and on the 
interpretation of the findings. 

Clinical pharmacology exists because many critical 
questions about the use of drugs can only be answered by 
experiments in man. This is really the theme of the book, 
and every chapter illustrates it in detail. The contribu- 
tors are all experienced in their fields and write with 
refreshing directness. They discuss the study of drugs 
not only in patients, but also in healthy volunteers and, 
where relevant, in the laboratory. Every chapter ıs clear 
and interesting to read—a remarkable editorial achieve- 
ment. 

The thirty-three chapters by forty-four authors are 
arranged by organ systems. ’a excellent intro- 
duction on the many faces of clinical pharmacology 
begins each volume. Volume 1 deals with the central 
nervous system (sixteen chapters) and the endocrines; 
Volume 2 deals with cardiovascular and renal pharma- 
cology (six chapters), anticoagulants, drugs used in 
arthritis, bacterial infections, malignant diseases and 
respiratory allergies, and with adverse reactions to drugs. 
Multiclinic trials and the use of computers are two recent 
developments that are becoming important and are well 
discussed in several chapters. The author and subject 
indexes are not comprehensive enough; by an ové@rsight 
they appear only in Volume 2. 

Subjects that have been omitted are of two kinds: those 
for which suitable authors were not found though they 
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were ripe for inclusion, and those that are still rather 
undeveloped. The most obvious of the first kind are the 
pharmacology of the alimentary tract, the uterus, the 
bronchi and the eye. A great deal is known about methods 
of investigating these in man. Less developed subjects 
include the clinical pharmacology of the skin, the ear and 
nose, and the action of drugs in infants and children. A 
third volume would therefore be most welcome. 

This is a very useful book for everyone interested in the 
study of drugs in man. It is a book to possess, not just to 
consult in the library. A. HERXHEIMER 


PREVENTING DISEASE 


Foundations of Immunochemistry 

By Eugene D. Day. Pp. xiv+209. (Baltimore, Md.: 
The Williams and Wilkins Company, 1966. Distributed 
in the United Kingdom by E. and S. Livingstone, Ltd., 
Edinburgh.) 688. 

Prorsssor Day has made a very successful attempt at 
relating the activity of antibody to its structure, rather 
than the reverse. By applying modern views on the 
structure of proteins, particularly immunoglobulins, to a 
reappraisal of earlier work, he secures a firm foundation 
for further building, with a surer understanding of the 
principles involved. 

It ıs inevitable that no book dealing with a rapidly 
growing subject can be completely up to date, and the 
very recent discoveries on the nature of the N-terminal 
ends of the polypeptide chains of immunoglobulins will 
probably cause some modifications m the author’s tenta- 
tively expressed views on the sequence of steps in the 
biosynthesis of antibody. Nevertheless, his original 
approach to the subject is extremely stimulating, and the 
book will undoubtedly be acclaimed by all interested in 
immunochemistry. 

The application of phase diagrams to protein—anti- 
protein serological interactions leads to some interesting 
views on the mechanism of the precipitin reaction and a 
reinterpretation of much earher work. Many of the con- 
fusions arising from earlier work are also resolved or 
brought into better perspective by the author’s clear and 
critical approach to the subject. 

The coverage is very thorough, leading from a con- 
sideration of the physical chemistry of serum, through 
the structure of antibodies to their reactions with haptens 
and full antigens, and the effects on these reactions of 
chemical modification of antigen or antibody. The last two 
chapters are devoted to a critical consideration of antibody 
purification methods and the nature of antigenicity. 

In several cases the relationship between the figures, 
their legends, and the general text is somewhat lacking 
in clarity, and no attempt has been made to consider the 
genetic implications of antibody structure and hetero- 
geneity, but these are minor faults in an otherwise 
excellent book, which one hopes will be corrected in later 
editions. G. E. Francis 


LOOKING FOR A CURE 


Anticancer Agents 

By Frances E. Knock. (A Monograph in the Bannerstone 
Dıvision of American Lectures in Living Chemistry.) Pp. 
xix+ 272. (Springfield, Illinois: Charles C. Thomas, 1967.) 
$15.50. 


Dr. Knoox would seem to be admirably equipped to 
write a book on the wide aspects of cancer treatment. 
She was originally an organic chemist trained by Dr. 
Morris Kharasch in Chicago and is both a surgeon and a 
physician in the United States. In this book she con- 
siders almost all the means which are available for the 
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treatment of cancer m man, including surgery, radio- 
therapy, chemotherapy and the immunological attack. The 
treatment of cancer and other diseases by new drugs raises 
ethical problems and these are discussed by Dr. Knock. 

During the five years after the Second World War 
there appeared to be rapid progress in chemotherapy, 
but since then the rate of progress has been slower but 
continuous. Many drugs established as anti-cancer agents 
are considered. Most of these are either alkylating agents 
that can be considered as nitrogen mustard derivatives, 
anti-metabolites that are antagonists of amino-acids, folic 
acid, purines or pyrimidines, steroid hormones and anti- 
hormones, antibiotics and alkaloids. There is also a mis- 
cellaneous group of compounds which mecludes methyl- 
hydrazine derivatives, urethane and hydroxyurea. The 
problem of deciding which drug or clinical procedure 
should be used for any particular patient requires know- 
ledge and consideration. 

One group of substances which are considered in this 
book are the sulphydryl inhibitors that may inhibit enzyme 
systems concerned with repair after treatment by radia- 
tion or radiomimetic substances. These mhibitors would 
seem to deserve particular attention. 

The problem of treatment of cancer involves a full 
understanding of chemical and physical processes and also 
mvolves understanding the patient. One of the difficulties 
with cancer is that each case appears to be unique, but 
it is hoped that these difficulties will be understood and 
possibly made use of in successful treatment of the 
disease. Dr. Knock considers briefly the causes of cancer, 
the abolition of which should lead to the prevention of 
cancer; both the treatment and prevention require 
energetic investigation. 

This book, which 18 very wide in its approach, should 
be useful to clinicians concerned in the treatment of cancer 
patients and to workers who are entering the fleld of 
cancer research. E. BOYLAND 


AFRICAN BIRDS IN DEPTH 


The Bird Faunas of Africa and Its Isiands 

By R. E. Moreau. Pp. viii+ 424. (London: Academic 
Press, Inc. (London), Ltd.; New York: Academic Press, 
Inc., 1966.) 100s. $18. 


Tue author of this book is a distinguished ornithologist 
who has spent much of his life in two strongly contrasted 
parts of Africa, also visiting others; and he has devoted 
many years to assembling the mass of data here ably 
deployed and discussed. The book is an authoritative 
scientific contribution, but not one only for specialists, 
for there is much in it that many biologists and naturalists 
should find of interest, with implications extending to 
other taxa and other continente. 

The study is both geographical and ecological, and the 
author has taken full account of the known changes in 
climate and habitat during the Pleistocene. He has 
applied two main criteria to the bird faunas of different 
areas-—the number of native species, and the extent to 
which these are endemic. The incidence of breeding 
seasons is another important consideration. 

The work covers the whole of Africa and the islands 
include Madagascar. An account of the various environ- 
ments is presented in terms of physical features, climate 
and vegetation. Much of the geographical distribution of 
birds is explicable on this basis alone, but many puzzles 
remain and the discontinuous distribution of certain 
species has to be considered in the light of climatic 
vicissitudes during the past 20,000 years. Characteristic 
of the African tropics are the apparently isolated montane 
populations of identical forms; because recognizable sub- 
speciation can occur within a hundred generations, ıt 
seems likely that some of the gaps are traversed more 
regularly than has been supposed. 
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Difficulty in accounting for regional differences in the 
numbers and endemism of species ıs enhanced by the 
dearth of precise information about the ecology of so 
many of the birds concerned, and here Moreau points the 
way to further research that naturalists might undertake. 
Birds of the evergreen forest are highly specific to that 
habitat and need to be considered separately from all the 
others; both groups can be sub-divided mto typically 
lowland and typically montane species, with a few inter- 
mediates. Comparison of separate areas of roughly similar 
habitat reveals wide differences in the richness of the 
fauna; the southern tropics are richer than the northern, 
Kenya than West Africa, and so on. 

Seasonal change is as strongly marked in the greater 
part of tropical Africa as in northern Europe, and much 
more so than in the Mediterranean basin. Most native 
species, nevertheless, persist as residents, even im areas 
with severe and prolonged dry seasons. A few are migra- 
tory within the continent, usually from higher to lower 
latitudes, but sometimes across the equator; there is also 
a migration of Madagascar birds into Hast Africa. It is 
remarkable that during the (summer) rains the belt just 
south of the Sahara 1s sought both by birds coming there 
to breed and by others arriving from elsewhere in Afnca 
to spend their off-season. 

Every year, also, the native faunas are seasonally 
augmented by vast hordes of Palaearctic migrants. This 
movement, contrasting with that of land birds in South 
America, extends continuously (except probably m ever- 
green forest) to the southern extremity of the continent. 
Many migrants, however, do not go beyond the northern 
tropics, and are there at the most arid season—yet they 
must fatten themselves for the homeward flight across the 
Sahara. 

This is a zoogeographical study ın depth and 1s likely 
to remain a valuable source book for a long time. 

LanpspornoucH THOMSON 


AND MORE FROM NEW GUINEA 


Handbook of New Gutnea Birds 

By Austin L. Rand and E. Thomas Gilliard. Pp. x+ 
612+81 plates. (London: Weidenfeld and Nicolson, 
1967.) 1268. net. 


Tue Papuan sub-region, the area covered by this work, 
is for its size one of the richest avifaunal regions in the 
world, both in number and variety of unique forms. It 
has attracted the attention of many notable ornitho- 
logista, from Salvadori to Stresemann and Mayr, but few 
have been more competent and devoted than Austin 
Rand and the late Tom Gilliard; between them they have 
spent more than six years in the field and many more 
studying specimens in museums in Chicago and New York. 

Identification of the 650 species is the main purpose of 
the book. This ıs achieved by a process of descriptive 
guidance through orders, families and genera, including 
keys based mainly on field characters, down to detailed 
descriptions. This is supplemented by brief notes on 
range, sub-species, nesting and a summary of other points 
of interest under the heading of remarks. There is also 
a representative sample of illustrations, twenty-seven 
species ın colour and 130 in half-tone sketches. 

The quality of the text and its presentation, with a few 
exceptions such as the form of the keys, should satisfy 
anyone interested in identifying a New Guinea bird; but 
to the bibliophile this pleasing appearance may be marred 
by the quality of the ulustrations. The user with some 
idea, of the bird he wishes to “look up” may be irritated 
by the lack of an index. 

The fact that few of the million and a quarter Papuan 
inhabitants may be greatly interested in avian systematics 
18 no reason for not producing a work of this kind, but 
there is little doubt that it will be of great use to any who 
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are, and also to museum ornithologists elsewhere. Both 
are fortunate to be so well served. J. D. MAODONALD 


DOWN TO EARTH 


Soil Organic Matter 

Its Nature, Its Role in Soil Formation and in Soul Fertility. 
By M. M. Kononova. Second Enghsh edition. Trans- 
lated from the Russian by T. Z. Nowakowski and A. C. D. 
Newman. 544. (Oxford, London and New York: 
Pergamon Press, Ltd., 1966.) 106s. net. 


Sruprss on soil organic matter have been greatly extended 
during the past fifteen to twenty years, not only in Western 
Europe and North America but particularly m the Soviet 
Union. Although the many studies carried out in the 
Soviet Union had been admirably summarized and re- 
viewed by Professor M. M. Kononova in her book on Soi 
Organic Matter, first published in Russian in 1951, ıt was 
not until the publication of a German translation in 1958 
that her work became available to most soil scientists 
outside the Soviet Union. The pubheation of an Enghsh 
translation ın 1961 greatly extended the availability of 
her work and that of her Ruasian colleagues. The appear- 
ance of a second English edition so goon 18 indicative of 
the high regard in which her book is held and of its value 
to soil scientists generally. Undoubtedly the book was 
imitially of prime interest to Western workers because of 
the access ıt gave to Russian ideas, but 1b is not in any 
way one-sided and fairly representa the state of research 
work and knowledge of soil organic matter on a world-wide 
basis. 

The general pattern of the second edition follows very 
closely on that of the first, but there have been some 
extensive revisions particularly in the chapters on the 
nature of soil organic matter and 1ts role in soil formation 
and soil fertihty. The portion dealing with the effect 
of humus on higher plants has also been very much revised, 
particularly in view of the extensive work bemg carried 
out in Eastern Europe and especially in the Soviet Union. 

After an introductory section dealng with historical 
aspects there is a detailed account of the chemical com- 
position of soil organio matter. This illustrates very well 
how the present state of our knowledge is an unhappy 
mixture of what might best be termed “chemical folk-lore” 
and modern scientific evidence. Professor Kononova 
has been very careful to present as objectively as possible 
the views of many different authors and to avoid bias, but 
I believe that many readers would have appreciated a 
somewhat clearer statement of her own estimate of what 
much of the evidence is worth. It is becoming increasingly 
clear that the humic materials owe most of their properties 
to the fact that they are high molecular weight polymers 
formed by the condensation of a variety of building blocks 
and are not simple molecular species of the older organic 
chemists. 

The chapter dealing with the biochemistry of humus 
formation emphasizes how little we really know about 
this problem despite 1ts umportance. Throughout the 
author makes a clear distinction between materials which 
are classed as strictly “humus substances” and organio 
substances of “individual nature” such as the fats, 
carbohydrates, tannins, resins and terpenes. Very often 
the importance of these materials is overlooked. Chapter 
4, dealing with soil formation and soil fertility, raises a 
similar problem in relation to the presence of vitamins, 
auxins and antibiotics in the soil as distinct from the 
humic materials. The second half of the chapter, which 
discusses the physiological effects of organic matenals in 
the soil, deserves to be widely read by plant physiologists. 
The unfortunate squabbles over “muck and magic’s and 
“chemical” fertilizers in the country have prejudiced many 
physiologists against any studies in this field. The issues 
are still clouded, but there is increasing evidence indicating 
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the importance of soil organic materials in controlling 
plant growth. 

Chapters 5 and 6, dealing with humus formation and 
the distribution of organic matter in the main soil types 
of the Soviet Union, together with Chapter 7, which is 
concerned with the changes in soil organic matter under 
different soil ent regimes, will be a very consider- 
able help to pedologists as distinct from soil chemists. A 
summary of the various methods used for investigating soil 
organic matter will be found helpful particularly to workers 
beginning a study of problems of soil organic matter. 
The final part of the book has a short survey of the main 
soil types in the Soviet Union prepared by N. N. Rozov 
which, although containing little new, is of considerable 
help to readers unfamiliar with the major Russian, soils. 

The task of preparing a translation of any work is 
always made difficult by the need to compromise between 
the exact translation of the original and the desire to 
render it in a naturally flowing form in the new language 
without obscuring the meaning. There are a number of 
occasions on which the translators have not achieved the 
latter as, for example, in the use of aromatic “rings” and 
“neta” when writing of the structure of humic materials. 
Although the general presentation of the volume is good, 
there is a surprising group of misprints and imperfections 
in the type in Chapter 2; on page seventy-one, for instance, 
there are three errors within ten lines. These are, how- 
ever, small matters and soil scientists will all be grateful 
to have & revised “Kononova” in English. 

ALAN BURGES 


LOWER PLANTS IN AMERICA 


The Hepaticae and Anthocerotae of North America 
East of the Hundredth Meridian. Vol. 1. By Rudolf M. 
Schuster. Pp. xvii+ 802. (New York and London: 
Columbia University Press, 1966.) 144s. 


Tars is a scholarly and admirable work. It is perhaps 
pertinent that it starte with a quotation from Richard 
Spruce the study of whose work would often reward 
present hepatic systematists. Professor Schuster is con- 
versant with Spruce’s and others’ work as is shown in the 
100 page bibliography. 

This is the first volume of a projected three volume work 
which will include all of the approximate 450 species of 
liverworts known in North America, Greenland and the 
Arctic Archipelago east of the hundredth meridian. The 
author states that he has attempted to make the text 
sufficiently elementary for non-profeasional botanists, 
and sufficiently comprehensive for specialists. He has 
probably succeeded, but he is obviously unaware of the 
zeal of amateur bryologists. 

The book is divided into general, and specialized mor- 
phological and taxonomic sections. Throughout Schuster 
summarizes his predecessors’ work skilfully, discusses 
theories concisely, and gives numerous original observa- 
tions and views. The general section, though crammed 
with information on every aspect of hepaticology, is 
chaotically organized. Thus, if we want information 
on the origins and evolution of the class Hepaticae we 
find it in Chapters 2 (relationships and ancestors), 3 
(possible ancestral types and origins), 6 (their age, origin 
and fossil history), and in the specialized section (phylo- 
geny of the sub-class Jungermanniae). These references 
are widely separated by subjects such as dispersal mech- 
anisms, nuclear cytology and genetics, and culturing 
techniques. Chapter 4 is a jumble of unrelated topics 
such as evolutionary peculiarities, species concepts, 
culture, collection, literature and nomenclature. 

Sqhuster divides the Hepaticae into two sub-classes, 
Jungermanniae and Marchantiae; the former starts the 
specialized taxonomic section. Keys to all levels of taxa 
are abundant and normally well constructed, but in a key 
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to genera without asexual reproduction gemma, characters 
are frequently used. Six genera are described—Haplo- 
miirium, Herberta, Lophochaete, Blepharostoma, Ptilidium 
and T'richocolea——so, but for the nomenclatural confusion 
surrounding Herberta, there is nothing potentially contro- 
versial. Each species is given full and carefully prepared 
treatment consisting of an original description (with 
diagnostic features italicized), notes on distribution and 
ecology based on personal study over several years, and 
on differentiation and variation. The volume is illustrated 
with over eighty plates of superb drawings mostly by the 
author. 

The index is poor and inclusion of a subject therein 
seems to have been arbitrary. I recommend this work 
highly, but hope very much for a complete index in the 
final volume. A. R. Perey 


SOURCES OF BIOLOGY 


Biological Sclence 
By William T. Keeton. Pp. xiii+ 955. 
W. W. Norton and Company, Ino., 1967.) 


Development In Flowering Plants 

By John G. Torrey. (Current Concepts in Biology.) 
Pp. viilit184. (New York: The Macmillan Company; 
London: Collier-Macmillan, Ltd., 1967.) 21s. 


Aparr from appealing to lethargic tendencies in their 
readers, who are not inclined to consult more than one 
source for their information, there seems to be little in 
favour of single volumes which purport to deal with the 
whole of biology. Students, for whom these books are 
usually mtended, can usually find more comprehensive 
treatments of ecology, physiology, embryology and so on 
in volumes devoted to these topics. Better still, they can 
go to original papers, which are not usually beyond their 
comprehension in the biological sciences—this does not 
necessarily apply to the physical sciences where there 
seems to be many more papers which are too high powered 
for the undergraduate mind. The polemics which tend 
to abound in biological literature can be found in the 
raw here, and the various arguments can be judged on 
their individual merite. This seems to be preferable to 
spoon-feeding by the authors of multifarious volumes. 
Thus, Keeton’s Biological Science, as its name implies, 
starts out at a disadvantage. 

In the four parts; the chemical and cellular basis of 
lufe—the physical and chemical background; the biology 
of organisms; the perpetuation of life-—-reproduction; the 
biology of populations and communities, and the origin 
and diversity of life, the author has arranged his material 
sensibly. Each topic is treated in sufficient detail to make 
this a useful book in a school library, as a supplement to 
the text-books. But it can hardly be more of a success, 
because nobody is likely to read it mght through; such a 
large volume can only function as an encyclopaedia. 

Torrey’s Development in Flowering Plants is, in contrast, 
a small volume and concerns a small aspect within the 
scope of biological science. It is obviously difficult to 
write a small book when there is as much experimental 
evidence and hypothesis as in the case of plant develop- 
ment. The author has, however, succeeded in collecting 
together much of what is perhaps the more significant 
information into ea useful introduction to the subject. 
The coverage is comprehensive; it includes all aspects of 
development and differentiation, stressing the causal 
aspect, from seed to fruit, with abscission and senescence 
receiving brief mention too. The treatment of each topic 
is insufficient for the student, and he must go to other 
sources to collect much of his information. This book, 
however, may well help him to put this information into 
perspective, and if there should be any non-specialists 
interested in plant development it will serve as a painless 
introduction for them. Mary LINDLEY 
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INSIDE THE CELL 


International Annual Review of Cytology 

Vol. 20. Edited by G. H. Bourne and J. F. Danuelli. 
Pp. xvi+380. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1966.) 
136s. 


Tut combined efforts of electron microscopisis and 
biochemists have recently led to the view that both the 
enstae of mitochondria and the grane of chloroplasts 
consist of arrays of particles which behave as multi- 
molecular biochemical units for electron transport and 
phosphorylation. The review by R. B. Park traces the 
development of the concept of the quantasome as a macro- 
molecular photosynthetic unit about 200 A in diameter 
arranged in an orderly array within the grana membranes 
of chloroplasts. Light-induced changes ın chloroplast 
volume and structure are described by L. Packer and P. 
Siegenthaler. The review by A. H. Maddy demonstrates 
that for the plasma-membrane the biomolecular leaflet 
of lpid model, proposed about thirty years ago by 
Harvey and Danielli, is still a most useful concept. It 
is favoured by permeability and electrical measurements, 
chemical analysis and electron microscopy. Yet the 
biological properties of the membrane indicate that it 
must be more complex than is suggested by the classical 
model. There are three reviews of different aspects of 
mammalian physiology: the concentrations of potassium 
and sodium ions in the brain (H. Hillman), the triggering 
of ovulation by coitus in the rat (C. Aron, G. Asch and 
J. Roos) and the fine structure and histochemistry of 
prostatic glands in relation to sex hormones (D. Brandes). 
The latter two reviews are well lustrated. J. T. Bagnara 
describes and illustrates the non-melanophore pigment 
cells of amphibians and fish, and suggests practical defini- 
tions for the terms “xanthophore’’, “erythrophore” and 
“iridophore”. Finally, the enzymology of the cerebellum 
is reviewed by L. Arvy. Cytologists and cell biologists 
may profit from these eight scholarly reviews in the course 
of which 1,154 references are quoted. G. G. SELMAN 


Applied 


POLLUTING THE ENVIRONMENT 


Organic Pesticides In the Environment 

(Advances in Chemistry Series No. 60.) Edited by Robert 
F. Gould. Pp. x+309. (Washington, D.C.: American 
Chemical Society, 1966.) $8.50. 


CaEMIOAL pesticides are unique among the many con- 
taminants of the environment, including the motor car 
and detergents, in that their method of use consists of 
distributing them in that environment. The problem of 
pesticides in foodstuffs has long been recognized and has 
been studied at length and in detail; the distribution and 
fate of the pesticides in the environment have not yet been 
so extensively studied, but considerable data have been 
acoumulated. The symposium, the contributions to which 
are included in this volume, dealt with the non-food 
aspects of pesticides in the environment. 

The subject is of topical interest to scientists and lay- 
men. The symposium attracted original and review 
papers covering the use of pesticides; methods for 
detecting their presence and determining the quantities 
present; their movement in the environment; their fate 
in soil, water, air, plants and animals. Twenty-three well 
documented contributions are included in a volume which 
is well indexed and contains very few errors. 
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ASPECTS OF CULTURE 


Cells and Tissues In Culture: Methods, Biology and 
Physiology 

Vol. 3. Edited by E. N. Willmer. Pp. xvi+826. (Lon- 

don: Academic Pres, Inc. (London), Ltd.; New York : 

Academic Press, Inc., 1966.) 1898.; $29. 


I wave to confess a prejudico agamst compilations of 
articles on distantly related aspects of a very broad field. 
Wilmer, however, has done an extraordinamly good job 
of editing the three volumes of Cells and Tissues in Culture 
and must be congratulated on coping so resolutely and 
successfully with a daunting task. This third volume, 
which completes the trilogy, deals with some applications 
of tissue culture and some special techniques. 

The chapters on applications are concerned with fibro- 
genesis, radiobiology, virology, immunology, pharma- 
cology and research in plant developmental biology and 
phytopathology. _ Sylvia Fitton-Jackson is responsible 
for the interesting chapter on fibrogenesis. The article 
on the use of tissue culture in radiobiology by O. A. 
Trowell is an excellent review; it is both critical and 
complete. The contribution by Frederick K. Bang on the 
effects of invading organisms on cells and tissues in 
culture also provides an extensive discussion of the differ- 
ent parasitic agents in tissue culture. The following 
article by Fred Rapp and Joseph L. Melnick is a useful 
complementary outline of the more technical aspects of 
the same topic. Nossal’s article on antibody production 
in tissue culture, and Rosenoer and Jacobson’s discussion. 
of tissue culture in pharmacology, are useful in bringing 
together pertinent information from two dispersed fields. 

Next comes a short section on the rapidly developing 
field of invertebrate tissue and organ culture by Bryn M. 
Jones; this is a good comprehensive account. 

The last four chapters comprise, in effect, a small 
text-book of plant tissue culture. They are authornte- 
tive, up to date, and clearly written. The names of the 
contributore—Street, Henshaw, Braun and Lipetz— 
speak for themselves. Joun Pav. 


Science 


Although a few of the papers will be of interest only to 
chemists, many of them will appeal to biologists, agri- 
culturists, spray contractors, and naturalists. They 
should be read by all with an interest in the land and in 
atmospheric pollution. The papers are meaty and cannot 
be skimmed over; they contain references to practically 
every aspect of the subject and many interesting facts. 
For example, the total world production of DDT up to 
the end of 1965 was about 3,500,000,000 lb.—practically 
1 1b. for every living person. Spread over the Earth’s land 
surface it would give a “‘deposit’’ of leas than 20 mg/m‘. 

This is an interesting and very useful book of reference. 

R. A. E. GALLEY 


THE UNWILLING HOST 


Textbook of Veterina 
By E. J. L. Soulsby. Vol. 1: Helminths. Pp. xxxi+ 
1120. (Oxford: Blackwell Scientific Publications, 1965.) 
1893. net. Š 

“Tem purpose of this book is to present an up-to-date 
account of the clinical and pathological aspects of the 
helminth infections in domestic animals’. The author 
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has succeeded admirably in his purpose. This very com- 
prehensive text-book of more than a thousand pages 
should remain for a long time a standard work on the 
subject, and his claim that there is at present no other 
such text in the English language is justified. The subject 
is treated from a global aspect, a valuable approach in 
these days of world food shortage in view of the economic 
effects of helmmth parasites in relation to food animals 
and their importance as zoonoses. Furthermore, although 
many kinds of helminths are restricted in their geo- 
graphical range by factors such as climate, presence or 
absence of suitable intermediate hosts and food habita, 
other kinds can invade new territory successfully and the 
resultant overlapping makes it difficult to produce accurate 
check lists of helminths of any one country. Thus the 
international coverage of this book 18 praiseworthy on all 
counts, and under the heading of any given species of 
helminth one can find, with few exceptions, good in- 
formation as to the country or region that it inhabits as 
well as a list of its hosts, both natural and experimental. 

The format of the text follows a well chosen pattern 
which is convenient for the veterinarian in search of a 
laboratory or climcal diagnosis of an infection, and ite 
treatment; for the parasitologist who is terested ın life 
cycles, ecology and epidemiology; and students of para- 
sitiam who nowadays are inevitably involved in other 
disciplines such as physiology, biochemistry, immunology 
and pathology. The subject matter is treated on a host 
species basis rather than on the zoological classification of 
the parasites; the latter course 1s demrable when dealing 
with a single host, for example, man, and 18 usually fol- 
lowed in, text-books of medical helminthology, but the 
author has to some extent adhered to it by the presenta- 
tion of the parasite species under cach kind of host animal 
or group of related animals, for example, cats and dogs, 
sheep and goats. The consequent separation of zoologic- 
ally closely related parasite species is of little consequence 
when one accepts this large book as a series of mono- 
graphs on different hosts and their parasites. For reasons 
of space this has led to a reduction in details of morphology 
to those required merely for identification and this is aided 
by keys and tables. The reader, therefore, should possess 
some previous basic knowledge of the morphology of 
helminths. 

The book is in twelve parts, each with a main heading 
such as nematodes of cata and dogs, cestodes and trema- 
todes of cats and dogs, and so on through the other hosts 
or host groups, pigs, sheep and goats, cattle, horses and 
poultry. Each part is sub-divided in the case of the 
nematodes into sub-headings (chapters) indicative of the 
host organs infected, an important consideration in 
diagnosis, and within these the individual species are 
dealt with from every aspect. (There is occasionally some 
inconsistency in the arrangement of the sub-headings 
under major headings which no doubt will be rectified in 
future editions, for example (page xii), under the heading 
“Nematodes of the Respiratory System” there are nema- 
todes of, for example, the eyes, blood vessels and skin, and 
on page viii, part 3, “Nematodes of Pigs” includes cestodes 
and trematodes. Spelling mistakes are few but tend 
to hit the eye, such as Filaroidea for Filarioidea; Æ. 
pancreatum for E. pancreaticum; irradication for eradica- 
tion; anthropod for arthropod; Oncomalania for Oncome- 
lania. These are minor criticisms in a work of such excel- 
lence and massive proportions.) 

The final part, entitled “Zoonoses and Anthropo- 
zoonoses”, deals only with trichinosis, cysticercosis and 
echinococcosis; other zoonoses are discussed elsewhere 
and can be found on page 1075 (host helminth list—man) 
and by reference to the subject index. 

The usefulness of this work is much enhanced by the 
list ef references at the end of each of the forty-two 
chapters and by a host helminth list, a list of intermediate 
hosts, an author index and a subject index at the end of 
the book. J.J. ©. Buoxiey 
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COMPULSORY CLOSURE 


Optimal Shutdown Control of Nuclear Reactors 

By Milton Ash. (Mathematics in Science and Engineering, 
Vol. 26.) Pp. xiv+169. (New York: Academic Press, 
Inc.; London: Academic Press, Inc. (London), Ltd., 
1966.) 688. 


AMONG the nuclei produced by the decay of nuclear 
fission products, xenon-136 is particularly objectionable 
because it has a large neutron absorption cross-section. 
During steady state operation of a nuclear reactor an 
equilibrium concentration of xenon-135 develops and extra 
fuel must be provided to compensate for the consequent 
neutron absorption. : Furthermore, when a power reactor 
is suddenly shut down after a period of operation the 
concentration of xenon slowly increases to more than the 
equilibrium value for several hours, after which it decays. 
If, therefore, the reactor is to be capable of restarting at 
short notice after shutdown (and this could be important 
in @ propulsion reactor), a great deal of extra fuel is 
necessary to override the maximum shutdown concen- 
tration of xenon. The latter can be minimized by shutting 
down in a predetermined manner over a period of several 
hours. 

This book illustrates how the mathematical technique 
of dynamic programming can be used to determine 
optimum shutdown procedures. The first third introduces 
the physical background and the principles of dynamic 
programming. These topics are so intermingled that the 
nuclear engineer or reactor physicist who hopes to learn 
something of dynamic programming would do well to 
seek elsewhere. I was bewildered by the use of undefined 
terms, by changes in nomenclature, by inconsistencies 
between some statements and by the ill-ordered pre- 
sentation. I also found the author’s style annoying (for 
example, “. . . since less neutrons are being gobbled up 
by xenon”). 

Chapters 5 and 6, which form the backbone of the 
book, are an expansion of a recent paper by the author. 
Although the style and presentation are much better, 
there is a great deal of unnecessary repetition of earlier 
chapters and of digressions which I found unhelpful. 
The remaining third of the book compares the theoretical 
predictions with experiments carried out on a reactor. 

W. MURGATROYD 


SORTING OUT CHEMICALS 


Laboratory Handbook of Chromatographic Methods 
Edited by O. Mikes. Translation edited by R. A. Chalmers. 
Pp. 434. (London: D. Van Nostrand Company, Ltd.; 
Princeton, N.Y.: D. Van Nostrand Company, Ine., 1966.) 
758. 


Advances In Chromatography 

Edited by J. Calvin Giddings and Roy A. Keller. Vol. 2. 
Pp. xvi+ 377. 120s. net. Vol.3. Pp. xiii+271. 95s. net. 
(London: Edward Arnold (Publishers), Ltd.; New York: 
Marcel Dekker, Inc., 1966.) t 


Tus present edition of the Handbook of Ohromatographic 
Methods is the English version of the original Czech 
edition published in 1961 with some added up to date 
information. The book is a collective work with con- 
tributions from thirteen authors, of whom all but two are 
Czech. All the different types of chromatogram are 
covered, namely, adsorption and partition, paper, thin- 
layer, ion exchange, gel filtration, gas chromatography 
and mechanization and automation of column chromato- 
graphy. For good measure there is a chapter on electro- 
phoresis. It is virtually impossible to cover such a vast, 
rapidly growing field adequately in a single book and 
inevitably the treatment of some topics falls short of 
what is expected from a handbook. For example, the 
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reader wanting information about the separation of serum 
protems on ion exchange celluloses, or about the separa- 
tion of amino-acid, sugar and steroid derivatives on gas 
chromatograms, or about technical developments in gas 
chromatography in the past five years, will need to refer 
to sources outside this book. To make matters worse, 
valuable space is devoted to a number of methods like 
tha separation of amino-acids and proteins on parti- 
tion columns, separation of proteins on ion exchange 
resins and preparative paper chromatography which have 
largely been superseded. This lack of balance is also 
reflected in the absence of oritical evaluation in descrip- 
tions of many of the methods, and far too frequently 
passages about applications are little more than indis- 
criminate lists of references. Some topics are reasonably 
well covered, for example, paper chromatography, ion 
exchange, chromatography of amino-acids, thin-layer and 
mechanization. There are many practical tips and ample 
illustrations and tables. The literature is covered fairly 
thoroughly up to about 1961. 

That the days of the single general book on chromato- 
graphy are probably numbered must be clear from a 
glance at the two volumes of Advances in Chromatography. 
These contain articles which range far and wide, from 
highly theoretical expositions of particular processes to 
descriptions of very sophisticated apparatus. It is not 
clear why in both volumes, and presumably in others to 
come, gas chromatography haa a special section occupying 
half the space while all other forms of chromatography 
are lumped together in a general section. Some of the 
articles cannot be regarded as strictly appropnate under 
the heading of “Advances”. Nevertheless, they are worth 
including if they provide historical background or suggest 
possible fields of application. Thus, N. Pehck, H. R. 
Bolliger and H. K. Mangold in Volume 3 give an instruc- 
tive account about the development of thin-layer 
chromatography and provide translations of historically 
interesting papers not readily available to English readers. 
Also, A. G. Ritchie, in his first article in Volume 2, preaches 
the chromatographic gospel to geologists and claims m his 
second in Volume 3 that geological processes themselves 
are often chromatographic, though most geologists do not 
realize ıt. Space does not permit more than a brief 
mention of the remaining contents of these volumes. All 
the articles are interesting and well written; some are 
outstanding. While some articles throw new light on 
traditional stationary phases and processes, others deal 
with the very latest developments. If these volumes are 
anything to judge by, this series promises to be of major 
mportance for users of chromatographic methods. 

I feel, however, that the books are too expensive. 

R. CONSDEN 


NO ROOM FOR LUDDITES 


Induction Machines for Special Purposes 

By. E. R. Laithwaite. (Newnes International Monographs 
on Electrical Engineering and Electronics.) Pp. xii+ 
33744 plates. (London: George Newnes, Ltd., 1966.) 
84s. net. 


THERE was a time when general interest in electrical 
machines was waning. The principles of all the usual 
types were well known, and the experienced machines 
man knew, or thought he knew, all the answers. This 
state of affairs had two bad effects. The first was that the 
impression was given that all was known and the few 
problems left in the field were rapidly being cleared up. 
The second, which was perhaps more serious, was that 
teaching about machines was directed at the few types of 
commercial interest, the teachmg emphasis being more 
on the ability to predict the behaviour by set methods, 
rather than a truly basic understanding of why the 
machines worked at all. Professor Laithwaite has spent 
many years on the development of an entirely new range 
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of machines, and this new book goes a long way towards 
explaining clearly how these new induction machines work 
and how their characteristics can be predicted. Some of 
the work in the book has appeared elsewherein the specialist 
journals, but a great deal of it is new. 

The book opens with an introduction to linear machines 
and a thought-provoking chapter on equivalent circuits, 
@ comparison of “constant vol ” and “sonstant cur- 
rent” systems, and the “goodness” factor which deserves 
to be better known. 

Possibly Professor Laithwaite 1s best known to the 
general public for his appearances on television in con- 
nexion with high speed traction. This is a field in which 
there is a very lively interest, and a chapter is devoted to 
the practical and theoretical problems involved. Other 
chapters are concerned with linear machines for low speed 
and standstill applications, actuators, liquid metal pumps 
and conveyor belts. The emphasis here 1s not on efficiency 
but rather on the criterion “‘does the machine chosen do a 
better job than any other machine could do ?” 

Then the author deals with self-oscillating motors, 
levitation by duction, induction machines as accelerators, 
medium speed applications, and variable speed motors, 
including the log-motor and the sphemcal motor. The 
book finishes with a section on two-phase servo-motors 
and a.c. tachometers. 

Typical of Professor Laithwaite’s approach to the 
subject is his ingenious use of equivalent circuits con- 
forming with the physical conditions of the problem, rather 
than representing identically their mathematical expres- 
sion. A very readable style is maintained throughout 
with the mathematics easily within the reach of most 
engineers. 

This book will be weleomed by all who are interested in 
electrical machines, and will take its place as a standard 
work of reference on the subject. E. M. FREEMAN 


FLOW OF AIR 


The Measurement of Air Flow 

By E. Ower and R. C. Pankhurst. Fourth edition, com- 
pletely revised. Pp. viii+367. (Oxford, London and 
New York: Pergamon Press, Ltd., 1966.) 658. net. 


For the past thirty years the three earlier editions of this 
book have been widely recommended to all those concerned. 
with the measurement of air flow. Dr. Pankhurst has 
joined Mr. Ower ın this new edition which has been com- 
pletely revised with more than 150 additional references 
and includes a comprehensive review of nearly every 
aspect of this work up to 1965. 

Starting with a general introduction and the principles 
of the pressure tube anemometer, the following chapters 
on pitot and static tubes introduce the work which will 
probably form the basis for the revision of the only out- 
standing section of B.S. 1042: 1943. The authors have 
been careful to refer the reader to the revised B.S. 1042: 
Part 1: 1964 (Methods for the Measurement of Fluid 
Flow in Pipes) ın the chapter on the plate orifice, nozzle 
and venturi tube which obviously cannot cover the entire 
standard, but for flow at low Reynolds numbers the 
conical entrance orifice plate has a somewhat lower range 
of application than the other types mentioned. Care 
should be exercised in consulting the European work 
cited as references because the discharge coefficient œ in 
the European work usually includes the factor (1—m})1/?, 
where m is the ratio of the orifice area to the pipe area. 
Most British and American authors use the symbol O 
or Oa for the discharge coefficient when it is derived, as 
Ower and Pankhurst derive their a with this factor written 
as a separate term. The European g should be multiplied 
by (1—m*)/* to obtain the British (and Ower and Pank- 
hurst’s) equivalent. 
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The penultimate chapter gives an excellent background 
to the problems of pulsating flow and there are separate 
name and subject indexes at the end of the book. 

Dr. Pankhurst’s valuable contribution has helped to 
make this attractive book a worthy aucceasor to the earlier 
editions and it should continue to be the basic reference 
on air flow measurement for many years. 

J.C. McVuiex 


EMPTY SPACE 


Introduction to the Theory and Practice of High 
Vacuum Technology 

By L. Ward and J. P. Bunn. Pp. vii+216. (London: 

Butterworth and Co. (Publishers), Ltd., 1967.) 48s. 


AFTER introducing basic vacuum concepts, this book 
deals with gaseous flow, pumps, gauges, the construction 
of vacuum systems, their design and operation, leak 
detection, and finally gives a brief account of some 
important processes requiring high vacuum. 

Within this conventional framework, the scope for 
distinctive treatment lies in selection and emphasis, and 
here the authors appear to be influenced by what is con- 
venient for a lecture course. As a result, the book is less 
likely to be of assistance to laboratory workers actually 
faced with vacuum problems. The impression that the 
needs of the classroom are paramount is reinforced by the 
authors’ habit of listing advantages and disadvantages of 
particular pieces of equipment; while no doubt useful for 
examination purposes, this approaches the ludicrous when 
it is said to be a disadvantage of the Pirani gauge that it 
requires calibration against an absolute instrument. 

The aim of the authors was to emphasize physical 
principles, and they are on the whole successful, although 
their touch is sometimes unsure. In particular, their dis- 
cussion of viscous flow of gases in terms of sliding layers 
of molecules is a piece of physical nonsense which should 
certainly be removed if the book reaches a second edition. 

W. L. Wrooor 


DIGGING FOR COAL 


The Strength, Fracture and Workabillty of Coal 

By Ivor Evans and C. D. Pomeroy. (A Monograph on 
Basic Work on Coalwinning carried out by the Mining 
Research Establishment, National Coal Board.) Pp. 
x+277. (Oxford, London and New York: Pergamon 
Press, Ltd., 1966.) 639. net. 


Som the Second World War, in most coal producing 
countries, mines have become increasingly mechanized. 
The development of coal winning machines, in Britain 
as probably elsewhere, has been largely empirical without 
thorough understanding of the mechanical behaviour 
of coal. This is possibly because coal is a particularly 
difficult material to study: from the point of view of rock 
mechanics, coal is heterogeneous in petrographic structure, 
anisotropic in elastic properties, reticulated with fine 
cracks, and tends to behave as an incipiently fractured, 
semi-coherent granular mass. Coal thus deviates so far 
from the concept of an ideal solid that one might have 
once doubted whether it could ever yield meaningful 
and useful data concerning its mechanical properties. 
The present monograph describes some basic investiga- 
tions carried out by a team of workers at the Mining 
Research Establishment (M.R.E.) of the U.K. National 
Coal Board into this much neglected field of coal mech- 
anic% It convincingly demonstrates that, despite the 
difficulties of studying coal, problems associated with coal 
winning can be analysed, and the design of mining 
machines placed on a scientific basis. 
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The book deals with some of M.R.E.’s basic work on 
coal winning, conducted mainly on the laboratory scale, 
concerned in one way or another with the effects of 
instrumental forces on the deformation or rupturing of 
coal specimens. The demgn of experiments is compli- 
cated by the several independent variables, such as coal 
rank, the size, shape and mechanical history of the coal 
specimen, hydrostatic pressure and the variety of ways 
of applying forces, and also by sample variation. The 
first half of the book is on the measurement of mechanical 
properties of coal, namely elastic moduli, compression 
and tensile strength, and on devices for empirical tests 
of the strength of coal as it occurs at the seam face. The 
basic data thus gamed provide comparative information 
on the strength of different coal seams and an assessment 
of their relative workability. The two middle chapters 
give an analysis of coal breakage, this being important 
in predicting the extent of size degradation that could 
be expected to occur as the result of mining operations. 
The third line of approach is on the measurement of 
friction between coal and various metal surfaces in order 
to gain some understanding of the problem of relatively 
high friction losses which inevitably occur between the 
machine and coal strata. The last five chapters are 
devoted to the various aspects of coal cutting, namely 
to the examination of how such factors as coal strength, 
friction, tool geometry, depth of cut and overburden 
pressure determine the force and energy requirements for 
cutting, and the size of the product. Considerable em- 
phasis has been given to the technique of coal ploughing, 
because this evidently had a certain potential in the 
mining of thin seams in the U.K. without producing too 
much undersize. A theory of coal ploughing had been 
developed by one of the authors from observations of the 
mode of breakage of coal, somewhat on the lines of Mer- 
chant’s theory of metal cutting, and from this theory 
attempts were made to deduce relations between cutting 
force and wedge angle of the tool and other relevant 
factors. This latter aspect of the work has helped to 
formulate some basio principles of coal cutting, to make 
recommendations on tool and pick design, and, in general, 
to suggest practical ways of improving the design and 
performance of certain types of coal cutting machines. 

The chapters are readable and well illustrated, and only 
a few minor printing errors have intruded. The mathe- 
matical treatment is kept at a relatively simple level, 
and no extensive knowledge by the readera of the 
theory of elasticity or other concepts is assumed. 
Theoretical concepts, such as the “weakest link” theory of 
breakage, are introduced and explained as and where 
required. 

While the work described in the chapters has un- 
doubtedly made outstanding contributions to the science 
of coal winning, there seems to be little justification for 
the book itself: it is essentially a collection of papers 
which have been extensively published in scientific and 
technical journals and at symposia during the period 
1954 to 1962. Indeed, most chapters are virtually ver- 
batim reproductions of previously published articles, 
while the remaining chapters, excepting the introductory 
one, are partially recast versions, and the book does not 
offer anything new in this specialized area of mining 
research. Because the book is essentially a set of reprints, 
it lacks unity and continuity, despite the few intro- 
ductory remarks in the first and at the beginning of each 
following chapter which are no doubt intended to draw 
the threads together. i 

It seems unfortunate that the authors did not use their 
knowledge and experience to write a review type of text- 
book on coal mechanics, as the title of the book might 
lead us to believe, drawing on similar work carried out 
elsewhere; such a book would be of lasting value to 
mining students and engineers both for educational 
purposes and as a source of references. 

P. L. WATERS 
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(Continued from page 44) 


mountain laboratory, and results in considerable vertical 
mixing of the lowest layers of the atmosphere with air at 
the mountain. In effect, the atmosphere above the 
mountain, is displaced upwards, resulting in a greater mass 
of air in the column above the station, as suggested by 
Pyle. The diurnal oscillations there will have a maxmum 
during midday. 

The convective activity is almost absent in winter. It 18 
found that at the mountain the diurnal component of 
temperature variation during winter 1s very small relative 
to that at summer. This diurnal component is. in fact, less 
than at any time at Socorro, although the summer daily 
temperature ranges for both stations are roughly equiva- 
lent. Thus. during winter, as far as the temperature 18 
eoncerned, the mountain closely approximates an isolated 
observatory at its equivalent altitude mm the free atmo- 
sphere. The mountain mdge itself is a heating surface 
which causes the diurnal pressure oscillations. Because 
the temperature range at this surface is very small during 
winter, 80 too is the diurnal pressure oscillation 

Arithmetic means of bi-hourly pressure data for various 
months were calculated. The results indicated that at 
Socorro a maximum occurred at 8 a.m.—10 a.m. and at 
10 a.m.—12 noon at the mountain. Two distinct rumma 
ocourred at both stations; one in the early morning and the 
other in the afternoon. At Socorro, these occurred at 
0 am.~4 a.m. and 4 p.m.-6 p.m. (in most months at 
4 p.m.) and at mountain at 4 a.m.—6 a.m. and 4 p.m ~6 p.m. 
(in most months at 6 p.m ). 

Power associated with 8 h and 6 h period oscillations 18 
much smaller than that associated with 24 h and 12h 
waves. In contrast to the diurnal wave, these waves are 
most energetic in winter and least powerful in summer. 
This seasonal behaviour lends weight to the view that 
terdiurnal and quartodiurnal oscillations are not mere 
harmonics of the diurnal oseilation. Possibly the seasonal 
behaviour of 12, 8 and 6 h waves could be explained by 
the theory of tides. 

This work was supported by a grant from the Atmo- 
spheric Sciences Section of the U.S. National Science 
Foundation. 
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Subsidence near the Equator 


AcooRDING to the classical concept of general circulation 
of the Earth’s atmosphere, two tropical Hadley celis 
give a large scale vertical upward motion on both sides of 
the equator. Contrary to this concept, there were some 
early observations, and many more satellite cloud observa- 
tions in the past few years. which suggest subsidence 
somewhere very close to the equator. These observations 
are briefly summarized as follows. 

(a) Pilots crossing the equator during the Second World 
War frequently reported relative clearance of clouds over 
the equator compared with two regions of cloudiness on 
either side of it. On the basis of these reports, Fletcher 
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attempted to buid up a hypothesis of two equatorial 
indirect cells, one on each mde of the oquator, with a 
common limb of subsidence over the equator. Rossby? 
attributed the well known semi-desert climate of Christmas 
Island in the Pacific at 2° N. to subsidence of this type. 
(b) Radiosonde ascents at Gan Island (00° 41’ S., 73° 09’ E.) 
and a few available upper air observations at mid-oceanic 
equatonal locations in the Indian Ocvan during the 
International Indian Ocean Expedition of 1963-64 show 
characteristic dryness suggestive of subsidence’. (e) 
Recent daily satellite cloud photographs over the equatorial 
Indian Ocean regularly received here generally confirm 
the lack of much cloudiness in the mid-ocean. Sadler’s 
monthly mean cloud data (personal communication) 
suggest that this clearance of the equator in mid-oceans is 
even more marked in the Atlantic and the Pacific than in 
the Indian Ocean. (d) The well known non-formation of 
tropical cyclone centres in a belt of 3°-4° latitude on either 
side of the equator appears to be connected with some 
persistent feature of subsidence in tho region. 

We suggest the following hypothesis to explain the 
observed or inferred subsidence in the neighbourhood of 
the equator. (a) In the lower troposphere, the equatorial 
circle is split up into regions of cross-equatorial flow, air 
crossing into the northern hemisphere at some longitudes 
and into the southern hemisphere at other places. In the 
upper troposphere, the flow is in the opposite directions. 
(b) One theory of hydrodynamic stability has shown that 
at least for large scale semi-permanent meteorological 
systems, absolute vorticity should be positive in the 
northern hemisphere, negative ın the southern hemisphere 
and zero at the equator. Furthermore, the equation of 
vertical component of absolute vorticity 4 can be written 
approximately as 


1 Dy 
3 Dt +V-v=0 (1) 
D P are i 
where Dr denotes substantial derivative with respect to 


time ¢ and y.W is the divergence of the horizontal wind 
vector Y. For an air parcel in the viemity of the equator 
approaching the equator either from the north or from the 


D: 
south y and D have opposıte signs. Thus, an air parcel ap- 


proaching the equator suffers horizontal velocity divergence 
and one receding from the equator suffers horizontal 
velocity convergence. (c) In a cross-equatorial flow, say 
from south to north in the lower troposphere and from 
north to south in the upper troposphere, we shall then have 
(i) south of the equator: y.y positive in the lower tro- 
posphere and negative aloft; (ii) north of the equator: 
y.y negative below and positive aloft. 
From the equation of continuity, 


(2) 


It can then be shown easily, through the lower boundary 
condition w=0, that the air in the troposphere has to 
descend south of the equator and ascend north of the 
equator. The vertical velocity in the preasure co-ordinate 
18 ©; positive w denotes downward motion. Qualitatively, 
the picture of circulation emerges as an equatorial cell as 
shown ın Fig. 1. The sense of the circulation in the equa- 
torial cell of Fig. 1 would be reversed when the flow in the 
lower troposphere is from north to south. 

` (d) Fig. 1 shows an equatorial cell separating the two 
Hadley cells of the tropics, because it can be shown that 
the classical picture of Hadley cells extending right up to 
the equator and giving vertical upward motion on both 
sides of it cannot be reconciled with the concepts given in 
(b) and (ce) above. Fletcher’s two equatorial cells giving 
subsidence on both sides of the equator cannot be recon- 
ciled with these concepts either!. (e) If there be forced 
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Fig. 1. Aferidional seotion Ulustrating equatorial cell with aur crossing 
eqnator from south to north ın lower layers. 


vertical motion caused by orographic features, œ cannot be 
assumed to be zero at the lower boundary of the atmo- 
sphere. The picture of vertical circulation across the 
equator would then be far more complicated than that 
shown in Fig. 1. The simple picture given above is 
therefore likely to verify better near mid-oceans far 
removed from large-scale terrain effects than near land 
masses. 


G. ©. Aswant 
Institute of Tropical Meteorology, 


Poona—65, 
India. 
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Widely distributed Species, Land Bridges and 
Continental Drift 


Waen discussing continental drift Melville wrote!: “It 
is evident that during the Cretaceous the crreum-Antarctic 
land bridge postulated by plant geographers from Hooker 
to van Steenis actually existed. The reason for such sub- 
Antarctic distributions as that of Juncus scheuchzeriotdes 
in Kerguelen, Tasmania, New Zealand, Fuegia and the 
Falklands is now olear. The separation of the New 
Zealand block from the Chilean fragments of South 
America was late enough to account for the identity 
of the small number of Hebe species in the latter area 
with their New Zealand congeners.” 

If, however, the same species occurs in widely separated 
lands or islands, should we not seek evidence of a relatively 
recent trans-oceanic dispersal to explain this distribution ? 
For had the present distribution resulted from continental 
drift or land bridges, with separation long ago, would 
not the isolated segments of the original species be differen- 
tiated by now into different taxa ? 

The Juncus of Kerguelen and the Crozets has been 
clagsified as J. pusillus’, also found in southern South 
America, New Zealand and the Auckland Islands. J. 
scheuthzertoides ig found on Auckland, Campbell and 
Macquarie Islands, southern South America, Falkland 
Islands, South Georgia, and apparently Tasmania. A 
satisfactory explanation for the occurrence of such widely 
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distributed species as J. pusillus on isolated Kerguelen 
was given by Schimper‘, who recognized two elements 
in the flora. Such species as Pringlea anttiscorbutica and 
Lyallia kerguelensis, both members of isolated monotypic 
genera, were considered to be relics of an ancient flora 
surviving the glacial periods. J. pusillus and most other 
widely distributed species were considered to be post- 
glacial immigrants brought to the island by oceanic 
birds flying from Fuegia before the westerly winds; and 
a few species were considered to have come from the east. 
Examples of bird dispersal of Juncus are well known. 
Dispersal by oceanic currents can be ruled out, because, 
hke most species of the genus'*, the seeds of J. pusillus 
are probably not buoyant in sea-water. In J. scheuch- 
zertoides I found that of eighty-six seeds from Campbell 
Island, thirty-six had sunk after 3 days and the remainder 
after 8 days. J. pusillus and J. scheuchzertotdes are almost 
certainly autogamous. 

Post-glacial colonization by trans-oceanic dispersal 
has also been proposed for South Georgia’, Macquarie 
Island*.*, and old and young elements were recognized 
in the Auckland and Campbell Islands!*. In contrast 
to this concept of a relatively recent wide dispersal in the 
south, Dr. Melville’s proposal implies that a Juncus 
species has had its present distribution for at least 60 


‘ million years with the isolated segments remaining 


conspecific. 

In the case of Hebe (Scrophulariacese), only two of the 
seventy-nine species in the New Zealand region are found 
elsewhere’. H. salicifolia is a lowland and montane 
shrub of South and Stewart Islands, and occurs in the 
south Chilean channels from 43°-51° 20’ 8.13. H. eliptica 
variety ellipiica, a coastal shrub, grows on South, Stewart 
Snares, Auckland and Campbell Islands, possibly on the 
Chathams, and from 48° 8. in southern Chile to Tierra 
del Fuego and the west Falklands". 

The presence in South America of only two species of 
Hebe, and these shared with New Zealand, is evidence 
for relatively recent trans-oceanic dispersal. Otherwise 
we must once again assume that these isolated segments 
have remained similar for 60 or more million years. 
Certainly, in New Zealand, Hebe shows no signs of stagne- 
tion either morphologically or in chromosome number's. 
It is the largest genus of flowering plants and occupies 
niches from the sea-shore to the alpine zone. 

The small flat seeds (about 1 x 1 mm) of H. salicifolia 
and H. elliptica sink in sea-water as soon ag they are fully 
wet, and thus the main agents in trans-oceanic dispersal 
are probably oceanic birds. I do not know of any close 
association between such agents and H. saliotfolia, but 
H. elliptica is brought into association with oceanic birds 
in the islands south of New Zealand. Albatrosses, which 
nest on the higher slopes, are probably not dispersal agente, 
but the giant petrel frequents the shore-line and I know 
of one close association between this bird and H. elliptica. 
At the western tip of Adams Island (Auckland Islands) 
H. eliptica forms a shrubbery behind the boulder beach 
and immediately above this the giant petrels nest. Be- 
neath the shrubs the peat is bared by the passage of sea- 
hons and birds and in well formed sea-lion tracks is a 
sticky churned mud. On to these surfaces fall each year 
innumerable seeds which could occasionally become 
attached to the feet, legs, or, more safely, the plumage 
of the giant petrel, either in mud or stickiness because of 
regurgitation or carrion feeding. Macronectes has a vast 
circum-Antarctic range, including southern Chile, and 
Falla** gives examples of recaptures showing “extensive 
wandering in short periods of time”. 

Both H. saltetfolia and H. eliptica are aelf-fertile™. 
The Chilean chromosome numbers are not known. 

It is emphasized that whatever land bridges have 
existed, and whether or not continental drift has occurred, 
trans-oceanic dispersal of many species will also have taken 
place; and that such dispersal has been very important 
in the Southern Ocean with its far-flung islands, almost 
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all of volcanic origin, left relatively bare after the glacial 
periods and the home of wide-ranging oceanic birds. 


E.J Gopiey 


Botany Division, 

Department of Scientific and Industrial Research, 
Christchurch, 

Netw Zealand. 
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PHYSICS 


High Gain Pulsed Laser 


Tms communication reports the finding of a super radiant 
transition at à = 1-793 um. Three lines have been 
observed between 1-27 pm and 2-4 um, and these are 
assumed to be due to the transitions listed in Table 1. 


Table 1 
4 (um) Transition 
1-270 Argon I 8d,-2P, 
1:793 Argon I 8d,-2P, 
2897 Argon I 8d,-2P, 


The tube used in these experiments is 1-5 m long and 
2-5 cm in diameter, made of silica, with optically sealed 
Brewster angle windows. The tube is normally filled with 
a helium—neon mixture and 1s excited by means of external 
electrodes to which are applied 0-5 usec pulses of high 
voltage, as described by H. A. H. Boot et al.1. 

The helium-—neon mixture gives, as is well known, a 
strong line at à = 1:15 um. There 1s, however, a marked 
saturation in output power with increasing input power. 
In an attempt to overcome the output saturation, a small 
amount of argon was added to the helium—neon mixture. 
The addition of small amounts of argon was initially 
proposed to reduce the radiation trapping effects of neon 
metastables by a collision process. It has been found 
experimentally that the addition of argon changes the 
operating wavelength from 1-15 um to 1-79 ym. The gain 
under these conditions 1s sufficiently high to allow super 
radiant operation. 

At a pulse repetition frequency of (1 ke/s) 1 KHz a 
peak output power of 50 W has been measured with a 
single plane mirror coated in aluminium. A laser cavity 
formed by the addition of a plane uncoated optical flat 
as the output mirror gives a power of 72 W. 

Tentative measurements of beam divergence using & 
single mirror give a figure of 7-3 mradians. 

Single" pass gain measurements have been made using 
a mirror costed with aluminium with an assumed reflec- 
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tivity of 90 per cent. This gave a gain of 10-5 dB/metre 
or the 1-79 um transition. 


A. D. BRISBANE 
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Reduction of Audible Flame Noise by the 
Application of Ultrasonics 


As early as 1858, Leconte! pomted out that the character 
and appearance of ignited gas jets were altered when 
subjected to small amounts of discrete acoustic frequen- 
cies. An early study of these “sensitive flames”?! showed, 
however, that the sensitivity of the jet was essentially 
independent of the combustion process. Most subsequent 
investigations?* have been concerned with unignited jets. 
In general it has been shown that the disturbances gener- 
ated by acoustic waves directed across the top of the jet 
orifice grow to form vortices which are shed downstream 
from the nozzle on either side of the unignited jet. 

Our experiments show that the application of acoustic 
energy transversely to ignited jets of town gas produces 
a marked reduction in the audible output of noise’. This 
effect has been found to occur with applied frequencies 
of about 2 ke/s upwards and with ignited town-gas jets 
issuing, at Reynolds numbers of up to 4,000, from ‘Amal’ 
nozzles. At ultrasonic frequencies of the order of 40 ko/s 
reductions of about 6 dB (standard “A” weighting‘) 
in the total audible output have been observed. The 
change was produced by an applied field of 100 dB sound 
pressure level at the nozzle orifice, generated by an energy 
input of 20 mW to the barium titanate transducer. This 
was less than 0-01 per cent of the heat energy released 
by the flame. 

As shown ım Fig. 1, the acoustic field has the effect of 
slightly shortening and broadening the flame, while near 
the nozzle an intensification in the emission of blue light— 
indicating a stabilizing effect—was observed. Shadow- 
graphs of the ignited jet taken in the presence of the 
acoustic field also showed that the jet core tip oscillated 
at a relatively low frequency (Fig. 2). 

We have also found that the audible noise generated 
by unignited jets can be reduced in a similar manner. 
Further experiments with both serated and non-aerated 
Bunsen burner flames showed that significant reductions 
in noise could be obtained. 

These results clearly show that it is possible to influence 
appreciably the flow pattern of an issuing jet with small 
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Fig. 2 Schematic illustration of flame shadowgraphs. 


amounts of energy and so produce the desirable effects of 
flame stabilization and noise reduction. 

Further experiments are being carried out in an attempt 
to clarify the nature of the phenomenon so that quieter 
burners can be designed. F. B. J. BRIFFA 
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Drop Coalescence in Liquid-Liquid Systems 


Ir has long been known that a liquid drop at an ol /aqueous 
interface does not coalesce spontaneously, the drop resting 
at the interface for some time before coalescing’. This rest 
time phenomenon is attributed to the presénce of a thin film 
of the surrounding liquid (the continuous phase) trapped 
between the drop and the interface, as shown in Fig. 1 
(refs. 2-4), This film drains radially under the influence 
of gravitational forces until it is approximately 1-10u in 
thickness, when rupture and subsequent coalescence take 
lace. 
j Direct observation of binary systems reveals that, 
where the drops are small, with radius less than 6-mm, 
and the interfacial tension is greater than 30 dynes/cm, 
there is little distortion of the interface and the drop 
deforms in such a way thet it presents a flat circle of 
contact to the interface (Fig. 1). This phenomenon was 
also observed and analysed by Charles and Mason‘, who 
were able to estimate the deformation of the drop by 
considering it as contamed in a fluid between two parallel 
planes which are pushed together with constant force 
until equilibrium is reached. By further equating the 
approach of a drop to an interface with the case of a rigid 
surface immersed in a viscous fluid and rotationally sym- 
metrical about the z-axis approaching a stationary plane, 
they were able to derive the expression 
tah ty 3 
dt 3 nart ] 4 (1) 


dh 2 F 
for the rate of thinning of the continuous phase film, 
whore F is the force exerted by the drop, 7; the viscosity 
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of the continuous phase, h the thickness of the continuous 
phase film, and r the radius of the circle of contact. 
Integration of equation (1) gives 





3rmrir l l 
t= ER Lhe ie ] (2) 
If the intial film thickness h, is assumed to be very much 
greater than the thickness at rupture h, then 1/h? tends 
to zero and equation (2) provides a means of caloulating hy. 

So far as we are aware, the equations produced from 
models such as that of Charles and Mason are the only 
means available for calculating the film thickness at 
rupture and the rate of film thinning. The limiting 
assumptions and approximations made in such models are 
self evident and need no further elaboration. The very 
nature of the system makes direct physical measurement 
extremely dificult. The shape of the drop and the smali 
dimensions of the film preclude the use of photographic 
techniques with any degree of accuracy. Interferometry 
provides another possible method of obtaming the rate 
of film thinning. Such techniques are usually extremely 
difficult to use, however, because the phases have very 
similar refractive indices. 

Where the droplet phase is electrically conducting and 
the continuous phase non-conducting, the rate of thinning 
of the film and the thickness at rupture can be found very 
simply by means of a capacitance technique. The appar- 
atus for these experiments is shown m Fig. 2. The 
coalescence cell is made entirely of glass and comprisea a 
compartment at constant temperature and an external 
mercury reservoir through which connexion is made to a 
bridge circuit. The other connexion is made through an 
enamelled wire to a platinum electrode, comprising a wire 
some 2 em in length suspended horizontally about 2 mm 
above the interface. Droplets are injected by means of an 
‘Aglo’ micrometer syringe, which allows very fine control 
of the volume of the drop and hence a high degree of 
reproducibility from one drop to the next. The external 
circuit comprises a Wayne Kerr capacitance bridge and 
autobalance unit, types B221 and AA221, respectively, 
the signal from which is fed to a high speed recorder. 

The system used for these experiments consista of a 
0-5 moles/l. aqueous solution of potassium chloride and a 
solution of Nujol in kerosene. The drops are injected so 
that their fall is broken by the platinum electrode. 
Because of the high interfacial tension of the system, the 
drops do not split up but, having lost most of their 
momentum, roll gently to one side of the wire and come 
to rest at the interface while still maintaining contact 
with the electrode. The arrival of the drop at the inter- 
face is accompanied by a sudden upsurge in the capaci- 
tance of the system. Thereafter the capacitance increases 
with time, terminating abruptly when rupture oceurs. A 
typical plot of capacitance against time is shown in Fig. 3. 





Fig. 1. Drop at Interface. 
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Electrical effects on the coalescence process can safely 
be neglected because the a.c. potential developed by the 
capacitance bridge is only 0:3 V. Previous work has 
shown that the associated field is far too small to have 
any detectable effect on the rate of film thinning*. 

If the drops used are small and the interfacial tension 
of the system is large, distortion of both the drop and the 
interface is at a minimum. In such circumstances, the 
trapped oil film can be regarded as the dielectric medium 
separating two oppositely charged parallel plane surfaces 
(that is, the system resembles a parallel plate condenser). 
Because the film is only a few mucrons thick and the 
curvature of the drop surface is very great with such 
small drops, end effects due to the capacitance arising 
from the charge distributed on the curved surface can be 
neglected without introducing appreciable errors. Charles 
and Mason‘ were able to show that 


Fa 
— 3 
2r o (3) 


where a is the interfacial tension and a the radius of the 
drop. Hence the area of the circle of contact is given by 


Fa 
Ë 4 
A de (4) 


m= 


Now, capacitance C = Q/V 
Eeo A 
= 5 
h (5) 
where e is the dielectric constant of the oil and e, the 
permittivity of free space (8-8547 x 10-1 F/m). 
Combining with equation (4) 
hes Pate, 
~ 240 





Now F = -næ Apg 


GO ee 


where Ap is the difference in density between the two 
phases. Therefore 


2n at ee, Apg 
300 
Substituting values of the various constants 
ate Ao 
h = 1-819 x 10 Gena (7) 
aC 


where C is measured in pF, a m em, and A m p. 








(6) 


h = 





Fig. 2. Coelescence cell and eloctrical circuit. J, Auoronpiar syringe; 
2, phase 2 bquid, a, phase 1 Itqguid; 4, mercury, 5, capa tance bri 


and av ce unit; 6, high speed recorder, 
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E 
Fig. 3, Change of capacitance with tıme, 


Typical results obtained for the system Nujol-kerosene/ 
0-5 moles/l. aqueous potassium chloride are shown in 
Table 1. For comparison, values for h, calculated from 
equation (2) are also included. 


Table 1. RATS OF THINNING OF CONTINUOUS PHASE LIDM AND THICKNESS AT 
POINT OF RUPTURH FOR COALESOBNOR OF AQUEOUS DROPS IN THE SYSTHM 
WUJOL-KEROSENE/0'5 MOLES/L. AQUEOUS POTASSIUM CHLORIDE 


(Drop volume, 0 05 cm*) 


a Rate of film Pim sre te 
ganio phase at rupture 
(% Nujol in thinning TR at rupture, A, calculated from 
kerosene (v/v7)) {(ujmin}) (u) equation 2 (4) 
0 1-18 116 2-00 
20 #86 1-80 2-91 
40 0 78 202 2 85 
60 045 2-80 8-42 


It can be seen that values of A, obtamed from equation 
(2) are somewhat larger than those found from direct 
capacitance measurement. This almost certamly arises 
from the limiting assumption of Charles and Mason that 
h, > hy. Capacitance measurements indicate that this 
assumption 18 not justified, h, being only of the order 
of 10z. 

Measurement of capacitance in the manner described 
therefore provides a simple and rapid method of obtaining 
results both on film thickness at the point of coalescence 
and on the rate of film drainage in lquid-hquid systems 
comprising an electrically conducting and a non-conduct- 
ing liquid. 

A. H. Brown 
C. Hanson 


Postgraduate School of Studies in Chemical Engineering, 
University of Bradford. 
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Reflexion Scanning Electron Diffraction from 
Growing Films 


For thin films to be of use, in microelectronics, for 
example, they must be deposited on bulk substrates. Little 
is known, however, of the nucleation and structure of very 
thin films deposited in this way, because the usual methods 
of study, electron diffraction or microscopy in trans- 
mission are not applicable. If the film is polycrystalline 
and thinner than 100 A, reflexion electron diffraction can 
provide crystallographic information; if the film is a 
single crystal film then low energy electron diffraction is 
algo possible. To study the film in the early stages of 
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formation, 16 must be deposited inside the diffraction 
camera. Rather few in stiu studies by reflexion electron 
diffraction have been reported!*, perhaps because con- 
ventional reflexion cameras suffer severe disadvantages 
compared with transmission cameras. The chief dis- 
advantages are that (a) large numbers of secondary and 
loss electrons are produced which obscure the elastically 
scattered electrons carrying the crystallographic informa- 
tion; the total intensity of the loss electrons usually 
exceeds that of the elastically diffracted ones; (6) the 
effects of contamination are troublesome unless partial 
pressures of contaminant gases are below 5x 10-* torr; 
(c) the mtensities are greatly affected by the surface 
condition of the specimen and by small changes of the 
angle of incidence of the electron beam. 

In scanning electron diffraction instruments, however, 
the diffracted electrons are filtered according to energy, 
thus eliminating nearly all the loss electrons from the 
intensity measurements. Intensities can be directly and 
rapidly measured, the problem of drift is avoided and 
the contribution of the substrate to the observed diffraction 
pattern can be assessed. Transmission work tn situ? + 
therefore shows @ gain in sensitivity compared with a 
conventional photographie instrument. Scanning electron 
diffraction ın reflexion from externally prepared specimens 
has shown that a remarkable improvement in “contrast” 
may be achieved by filtering®»*, but in reflexion the scan- 
mng method demands high stability of the angles of 
incidence of the electron beam and of diffraction con- 
ditions, and its application to growing films in reflexion 
has not hitherto been reported. 

Fig. la shows intensity profiles from which almost all 
loss electrons have been removed. The profiles were 
recorded while a lead film was being deposited inside a 
modified reflexion electron diffractometer’. The substrate 
was polished stainless steel, giving the initial trace in 
the figure. Successive profiles recur at thickness incre- 
ments less than 6 A. They resemble those developed in 
the early stages of the growth of face-centred cubic metals 
on carbon in transmission‘; Fig. 1b shows another growth 
made in identical conditions but unfiltered. The inten- 
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.laandl. Two growths of lead on polished stainless steel, usin 
:V electrons. Ina the profiles are of filtered electrons which have los 
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sities are then greatly changed and the shapes of the 
curves are much altered; parts of the profiles actually 
fall as lead 1s deposited. In both the filtered and unfiltered 
families of curves the relative intensities are changed 
grossly by altering the angle of mcidence. By using the 
diffraction profile of the substrate as a guide, however, 1b 
18 possible to set up the diffraction condition so that the 
curves of Fig. la and b may be repeatedly reproduced. 
The two growths took about 20 mun to record. 

The intensity profiles of elastically scattered electrons 
are still difficult to interpret. The observed curves have 
the same topology as those from randomly oriented very 
small crystals, but the relative intensities of the (111) 
peaks aro too weak. Table 1 shows the comparison of the 
final trace of Fig. la with the theoretical profile from 
twenty-seven atom lead microcrystals’. 

Table 1. COMPARISON OF THE OBSERVED FILTERED LAST PROFILE OF FIG. la 
WITH THR THAORMTIOAL PROFILE FROM TWENTY SHVEK ATOM MIOROORYSTALS 


‘Min’ means the minimum between adjacent peaks, there Is no (200), and 
(331) and (420) are merged 


(381) and 
Feature (111) min (220) min (311) min (420) 
Position 174 241 281 800 820 BOL 488 Theory 
(sa) 172 837 284 201 B14 878 4-41 Observed 
Intensity 440 O41 1 095 112 024 067 Theory 
145 O40 1 098 108 039 068 Observed 
With this particular angle of incidence quite good 


agreement is obtained after the (111) peak. At the stage 
of growth studied, the lead would be in the form of poly- 
crystalline globules. Comparison with the theoretical case 
for randomly oriented twenty-seven atom crystals 
amounts to treating the diffraction mechanism as if it 
were by transmission of the primary beam through the 
tops of lead islands. If so, refraction effects cannot explain 
the weakness of the (111) ring. Scanning electron miero- 
graphs of the substrate revealed that it was wavy but 
fairly smooth. With this kind of surface it is easy to show 
that shadowing effects could reduce the numbers ct 
crystallites contributing to the (111) ring, compared with 
the numbers producing the remainder of the profile. 

P. I. TOLETT 

C. W. B. Grrason 
Engineering Laboratory, 
University of Cambridge. 
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THE SOLID STATE 


Towards Automatic Measurement of 
Birefringence 


Tam measurement of optical anisotropy 18 more difficult 
ın photoelastic analysis than in other fields because of the 
variation in the birefringence from pomt to point. In 
addition, in three dimensional “frozen” systems the 
relative retardation 1s at most a few wavelengths, fre- 
quently less than one, and a discrimination of 0-01 wave- 
length can produce an accuracy of solution, of only 5-10 
per cent. The method at present in use is to recognize 
conditions of minimum intensity of transmitted light 
under various orientations of optical filters of various 
kinds'. An alternative method using rotating filters would 
seem to be feasible, and might lead to automatic recording 
of all the optical information needed to evaluate the 
stresses in an elastic system. 

With birefringent material having principal optical 
directions 0,, Ga making angles } and (+ 7/2) relative to 
an arbitrary cartesian set of axes 0(ay), as shown in Fig. 1, 
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and with a polarızed beam of amplitude / polarized at an 
angle a to the first principal optical direction and an analys- 
ing polarizer inclined at an, angle B, if the relative retardation 
is 2Nx+e, where N is the integral fringe number and e 
the “fractional” phase difference, the emergent plane 
polarized wave is given by R cos (wt+e’) where 
R?=1{cos*a costB+sinta sin’8+ 4 sin 2a sin 28 cos e}, 
and ? denotes time. The intensity is proportional to R°? 
which can be written, as 


13 
t=>5 {1+ R’ cos 2(a—9)} 


Hence (R’)*= 1—sin'28 sin’ e 
with R’ cos 2p =cos 26 (la) 
R’ sin 29 =sin 28 cos e (1b) 


If the analyser is caused to rotate with frequency n revolu- 
tions per unit time, then « becomes 2nnt and the emergent 
intensity will oscillate with an angular velocity twice that 
of « and will be out of phase by a lag angle “p”. 
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Fig. 1. 


If a signal is generated proportional to the intensity of 
the emergent light it can be seen that if 6 is varied slowly 
the emergent intensity variation, R’ (maximum signal to 
minimum signal), will also vary from a maximum 
amplhtude at'B=0 to a minimum at 26 = 7/2, in the ratio 
cose: 1. If the analyser ıs rotated so as to optimize the 
intensity variation, it will align iteelf along the principal 
direction, and that direction, p, can be recorded from the 
analyser position. The fractional phase difference e can 
be inferred from the ratio cos e as above, or ıb can be 
obtained from the phase lag, , using equations 1. The 
integral fringe number can be inferred from values of e for 
more than one wavelength of light, or fringe recognition 
and counting can be incorporated since phase angle 
changes in a differentiable manner. 

It would seem to be opportune to explore these alterna- 
tive methods of measurement of optical anisotropy using 
the very powerful techniques and sophisticated equip- 
ment that have been developed in the electronica field. 

C. Swern 
Department of Civil Engineermg, 
University of Nottingham. 
Received January 5; revised March 1, 1967, 
2 Tardy, H. L., Rev. d'Optique, 8, 50 (1929). 
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CHEMISTRY 


Mossbauer Effect Spectra of Ammonia 
Adsorption on a Supported Iron Catalyst 


Tam Mossbauer effect has been used to obtain structural 
information on ferric oxide supported on silica and on 
alumina!*; the experimental conditions under which 
these studies were carried out did not, however, alow 
observations on chemisorption or reduction of the cata- 
lysts. This communication reports some initial work 
applying the Mossbauer effect to a study of supported 
iron catalysts which have been reduced with hydrogen. 

A catalyst was prepared by impregnating silica gel with 
sufficient ferric nitrate solution enriched in iron-57 to 
produce a 3 weight per cent sample of iron on silica gel. 
After calcining in air at 500° C the catalyst was placed in 
a thin window glass cell and reduced by alternately adding 
hydrogen and outgassing at 450° ©. A final outgassing 
at 450° C attained a pressure of 8 x 10-7 torr. The Moss- 
bauer effect spectrum of this preparation is shown as 
spectrum A in Fig. 1. The spectra in Fig. 1 are all nor- 
malized to a scale of zero to one between the baseline and 
the maximum of the largest peak, and represent a Lor- 
entzian function fitted by computer to the experimental 
data. A constant acceleration spectrometer was used 
with the source moving. A total of approximately 
1,000,000 counts were obtained for each point, and the 
largest peak exhibits about a 7 per cent effect in each 
spectrum. On admitting ammonia to a total pressure of 
1-35 torr, spectrum B in Fig. 1 was obtained. Prolonged 
pumping on the catalyst sample at room temperature 
did not change spectrum B appreciably. Outgassing at 
100° C until a pressure of 1 x 10-* torr was obtained did, 
however, result in a partial recovery of the initial spec- 
trum as shown by spectrum C in Fig. 1. The original 
spectrum was obtained by outgassing again at 450° C. 
The values for the differential chemical shifte’, that is, 
relative to sodium nitroprusside, and the quadrupole 
splittings are given in Table 1. The error is 0-01 mm/sec 
for all these results. 

The spectrum of the reduced and outgassed catalyst 
must be representative of iron atoms in at least two 
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Fig. 1. Mossbauer effect spectra of the tion and desorption of 
E ammonia on an tron-on-silica plaea at 25° ©, 
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Table 1. DIFYBRENTIAL CHEMICAL SHIFTS, Öp, AND QUADRUPOLB SPLITTINGS, 
AKQ, FOR SPROTRA IN FIG. 1 


8, (mm/sec) AEQ (mm/sec) 
Spectram 1-8 1-2 2 1-8 1-2 
A +129 +0 96 +146 164 0-90 
B +1 28 +0 84 +134 178 1:00 
C +125 +001 +141 1:67 0-98 


different states on the surface. There appears to be no 
theoretical justification for a triplet in the absence of an 
applied magnetic field. Furthermore, the half-width at 
half-maxmumum is much smaller for the middle peak than 
for the other two. Numbered from left to right, peaks 1 
and.3 appear to constitute a doublet caused by quad- 
rupole splitting at one iron site. The values for the 
differential chemical shift, + 1-29 mm/sec, and the quad- 
rupole splitting, 1-64 mm/sec, are typical of a high-spin 
ferrous state. The middle peak presents a problem. It 
appears to be a singlet, but it is difficult to magine an 
atom on, or just in the surface, as having a symmetrical 
electrical field gradient surrounding the nucleus. If an 
asymmetric electrical field gradient obtains at the nuclei 
of the iron atoms producing peak 2, then peak 2 is half 
a doublet with the other half superimposed on peak 1 or 
peak 3. 

. Kinetico studies on ammonia decomposition over iron 
catalysts indicate that dissociative chemisorption of 
ammonia takes place. If one assumes that ammine 
radicals are formed by chemisorption of ammonia on this 
catalyst, then peak 2 of spectrum A is probably produced 
by.a high-spin ferric state. The ammine radical, with 1ts 
strong tendency to donate electrons to the adsorption 
site, complexes with the 3d orbitals of the ferric 10ns and. 
produces a high-spin ferrous complex on the surface, as 
indicated in spectrum B. The reversible nature of the 
surface complex is demonstrated by obtaining spectrum 
C on outgassing the sample. 

In order for peak 2 to represent a ferric species it must 
be half a doublet with the other peak at the peak 1 
position. The differential chemical shıft for peak 2 alone 
is + 1-46 mm/sec, a value much too large for a ferric ion. 
A doublet with one peak at position 1 and the other at 2 
would have « differential chemical shift of + 0:96 mm/sec, 
a value a little large but not unreasonable for a ferric ion. 
The probable state of the reduced iron on this supported 
iron catalyst is therefore a mixed ferrous-ferric oxide in 
the form of very small particles on the surface of the 
silica gel. The ferric ions must be on, or very near, the 
surface since they readily react to chemisorption of 
ammonia. 

Further Mossbauer effect measurements are being made 
on supported iron catalysts as a function of catalyst 
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preparation, support materal, and chemisorption of 
various compounds in hopes of defining more precisely 
the nature of the active sites. 

I thank the U.S. Air Force Office of Scientific Research 
for a grant in support of this work. I also thank Dr. J. J. 
Spijkerman for many helpful discussions on Mossbauer 
techniques. 
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Electron Spin Resonance Spectra of Heated 
Polynuclear Hydrocarbons 


Freer radicals, suiteble for study by electron spin reson- 
ance spectroscopy, can be obtained from diamagnetic 
molecules in a number of ways, such as by dissolution in 
acids, by electrolytic reduction, or by exposure to various 
forms of radiation. Electron spin resonance spectra have 
recently been reported from heated compounds, both in 
solution! and in the pure state’?. The latter spectra 
have not, however, been well resolved, and coupling 
constants were not reported. 

In the course of investigating free radical formation 
in polynuclear hydrocarbons, 16 was found that well 
resolved and reproducible electron spin resonance spectra 
could be obtained from some of these compounds simply 
by heating them in an open electron spin resonance tube 
to temperatures above their melting points. The narrow 
lines and stability of the signals at these temperatures 
permitted the assignment of coupling constants for some 
of these compounds. For example, triphenylmethane 
gave rise to an electron spin resonance signal sufficiently 
well resolved (40 mG between points of maximum slope) 
that the assignment of most of the 196 theoretical lines 
of the trityl radical could be carried out (Fig. 1). This 
indicated that hydrogen abstraction had taken place 
(compare ref. 2 where hydrogen transfer had been postu- 
lated). The splitting constants obtained (2-770, 2-569, 
1:140 G) agreed reasonably well with those reported by - 
previous investigators‘. 


Fig. 1. Electron spln resonance spectrum of triphenylmethane, heated in arr, with appropriate stick diagram (half spectrum only shown). 
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Fig. 2. Experimental and computed electron spin resonance spectrum of 
azulene, heated in air to 187° C (half spectrum only shown). 


On heating to 137° C, azulene afforded a speetrum which 
gould be simulated in terms of the following parameters: 
ay=0-781, 1:160, 1-689, 2-074, 2-710, 6-656, 7:139; 
line width 0-080 G; g-value 20033. This highly resolved 
signal could not be obtained in the absence of air (Fig. 2 
and compare ref. 2). In the absence of air, a different 
signal is obtained with no detectable hyperfine structure, 
possibly because rapid electron transfer between azulene 
and the azulene radical gives rise to line-broadening. 
These data suggest the formation of an aryloxy radical and 
molecular orbital calculations? indicate that the oxygen 
atom is bound to the 8-, rather than to the 1- or 5-positions. 
Substitution in the 2- or 6-position would not give sever 
different coupling constants. Moreover, free valency 
calculations show that the 8-position has the highest free 
valency®, This spectrum is drastically altered by addition 
of iodine (increase 100 times in intensity and loss of 
hyperfine structure) or by addition of antioxidant (2,6-di- 
t-butyl-4-methylphenol), the latter reducing the free 
radical concentration, of the heated azulene sample. 
Highly resolved electron spin resonance signals were 
also obtained on heating l-methylazulene, trimethyl- 
azulene, 3,4-benzpyreno and other compounds. Benz- 
pyrene, on heating in vacuum, affords one type of spectrum 
(see Fig. 3), but another if air is admitted to the heated 
compound. Neither of these spectra is identical with the 
spectra of the benzpyrene anion or cation radicals. The 
formation of such radicals is of particular interest, because 
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the carcinogenicity of tobacco smoke condensate has been 
reported to be greater than that of its components, which 
include the well known carcinogen 3,4-benzpyrene’*; 
the present investigation shows that 3,4-benzpyrene gives 
rise on heating to additional reactive radicals which could 
account for this increased carcinogenicity®. 

The spectra were determined by standard methods on 
a JES-3BX spectrometer using a field-selector unit. 
Splitting constants are believed accurate to £ 0-5 per 
cent. 

We thank Mr. A. B. Barabas for excellent technical 
assistance, and Mr. P. D. Sullivan for discussions. This _ 
research was supported by the National Cancer Institute 
of Canada, by a grant to W. F. F. from the Defence 
Research Board of Canada and by a research grant from 
the National Center for Radiological Health, U.S. Public 
Health Service. 
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BIOPHYSICS 


Absence of Organic Phase in Echinoderm 
Calcite 


Ir has long been recognized that the magnesian calcite 
skeleton of echinoderms is laid down as a erystal network 
by a syncytial protoplasmic mass that permeates the 
cavities within it. It is usually stated that all com- 
ponents except echinoid teeth!, be they spines, thecal 
plates, pedicellaria valves, or any other skeletal feature, 
behave crystallographically as a single crystal of caleite®-*. 
Tn other metazoan tissues that have been investigated the 
arrangement of the skeleton is that of a two phase system, 
with a softer and a harder phase intimately mingled. This 
is true, for example, of bone’, dentine, enamel’, arthropod 
cuticle?’*, brachiopod shell, molluse skeleton?! and 
coral!?. Two phase construction is also seen in wood), 
This double component nature of hard skeletal elements 


Fig. 3. Electron spin resonance spectrum of 3,4-benapyrene, heated in vacuum to 197° G 
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appears to impart considerable mechanical strength, 
The almost universal oceurrence of two phase construction 
in skeletal materials elsewhere and the considerable ad- 
vantages such a structure clearly bestows make its lack 
in echinoderms surprising. 

Two lines of investigation have suggested to previous 
workers that echinoderm skeletons are not composed of 
single crystals but have a structure like that of the other 
phyla which have been investigated, First, the deposition 
of the larval skeleton of echinoids has been examined by 
Okazaki, who states that after dissolving the proto- 
plasm-free skeletal material there apparently remains a 
“cord of the same shape” that can be seen by phase 
contrast or after staining with nile blue sulphate. On the 
basis of this observation Okazaki concludes that “the 
skeletal envelope of sea-urchin larvae functions as an 
organic matrix for the spicule; that is, the growth of the 
spicule is not a purely physical erystallization of calcium 
carbonate within the envelope but a successive arraying 
of calcareous elements on to an organic substratum”. 
Secondly, Garrido and Blanco'® and Nissen!’ give X-ray 
data that suggest that some echinoderm skeletal elements 
are actually composed of tiny crystal units, apparently 
nearly parallel to the c-axis of the element as a whole. 

















Fig. 1. 


Electron micrograph of the broken edge of the shell of Cepaea 
nemoralis (i). a terrestrial gastropod, showing the highly accidented 


surface appearance. The scale represents 5g. (Figs. 1-5 are all taken by 
the Cambridge ‘Stereoscan’ scanning electron microscope on freshly 
broken material.) 


Fig. 2. Fart of Fig. 1, as indicated, at greater enlargement, showing 
particularly the calcium carbonate crystallites, The scale rey resents OS. 
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Fis. 3. 
Cidaris fare (L), a regular echinoid, after the organic material has 


Electron micrograph of the broken surface of a primary spine of 


been removed, at approximately the same magnification as Fig. t, show- 
ing the large-scale network of calcite surrounding the spaces formerly 
occupied by protoplasm. The scale represents 5u. 
Fig, 4. Part of Fig. 3, as indicated, at approximately the same magnifi- 
cation as Fig, 2. The broken surface is almost smooth, except for 
cleavage steps. The scale represents 0-54, 








In those invertebrate hard tissues previously mentioned 
that have been examined, and in enamel, electron micro- 
scopy of surface replicas reveals the lack of continuity of 
the inorganie phase. In the case of bone, in which the 
tiny apatite crystals are too small to be detected in this 
way, the surface replica shows an extremely irregular 
fracture surface!®, as would be expected. Unfortunately, 
echinoderm skeletons are extremely difficult to deal with 
by surface replication, principally because the re-entrants 
and overhangs of the network prevent the stripping of the 
replicating surface. 

The pees electron microscope does not require 
surface replication, but can be used to view the surface 
of an object. directly. Various skeletal elements of the 
echinoid genera Echinus, Cidarts and Heterocentrotus, the 
shell of the t terrestrial gastropod Cepaea nemoralis and 
natural crystalline calcite were investigated using the 

“ambridge Instrument Company ‘Stereoscan’ in the 
Textile Physics Laboratory, University of Leeds. All the 
test objects were dry and were broken by hand immedi- 
ately before investigation. 

The differences between the echinoderm skeleton and 
that of the snail are obvious. The broken surface of the 
snail shell has a highly accidented appearance, and is 
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Fig. 5. Electron micrograph of the broken surface of a crystal of natural 

calcite, at approximately the same magnification as Fig. 4, showing the 

similarity in general appearance between this and echinoderm calcite. 
The scale represents 0-54. 


clearly a conglomeration of many very small sub-units 
(Figs. 1 and 2). On the other hand, the echinoderm 
skeleton shows a flat smooth surface without visible 
features except the expected cleavage steps typical of a 
fractured crystal and, of course, the large-scale structure 
of the network (Figs. 3 and 4). The fractured surface of 
the calcite crystal (Fig. 5) has a similar appearance. 

The resolution of the microscope, though less than that. 
of conventional electron microscopes, is easily sufficient 
to resolve irregularities of the size shown by Scott et al.1* 
in enamel, by Gregoire”? in molluscs and by Wainwright’? 
in corals. The almost flat surface of the broken spine 
over considerable distances also indicates that there are 
probably no irregularities even well below the limits of 
resolution obtained here; if there. is a discontinuity of 
the crystals in these echinoid skeletons, then it must be 
of a very low order. 

It is possible that the unique open network of echino- 
derm skeletal material, permeated as it is by protoplasmic 
cells and strands, serves a similar mechanical purpose to 
the dual phasing of other skeletons. The mechanical 
properties of echinoderm calcite have yet to be analysed 
fully, but it is probable that the frequent cavities of soft 
material into which any travelling crack will inevitably 
run will tend to interrupt the further spread of these 
cracks, rather in the same way as cracks forming in the 
apatite in bone will become lost in the collagen surround- 
ing the apatite crystals*’. Another possibility is that the 
cells permeating the calcite network could have the 
function of keeping the surfaces of the network com- 
pletely smooth. It is known, for example, that the dan- 
gerous surface flaws that reduce the strength of glass to 
much less than its theoretical strength are about ly deep, 
and if these are removed the strength of the glass increases 
dramatically??. If, in echinoderms, the cells in such 
intimate contact with the surfaces were able to detect 
and remove such flaws by solution and/or recrystalliza- 
tion, this could greatly enhance the strength above the 
expected values. 

Furthermore, some of the fenestrae of the open network 
are frequently used as insertions for connective tissue 
fibres, helping to attach adjacent skeletal elements or 
muscles. The intimate knitting together of the skeleton in 
this way imparts considerable strength to the skeleton as 
a whole, particularly in the thecate forms, such as most of 
the Echinozoa, and sometimes flexibility as well, as in the 
Crinoidea and Asterozoa. This may be a more important 
consideration in echinoderms than in other phyla. 

Although, therefore, the echinoderms seem to lack a 
two phase skeleton, their skeleton has morphological 
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characteristics that. may allow it to be as strong as the 
frankly two phased skeletons of other phyla. 

We thank Dr. J. Sikorsky, of the Textile Physics 
Laboratory, Textile Industries Department of the Univer- 
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Mechanism of Characteristic Behaviour of 
Cells in an Alternating Electric Field 


Smith and Chance? have reported the behaviour of 
coacervates in an alternating electric field. Earlier, Furedi 
and Ohad? observed similar behaviour by live red blood 
cells in isotonic sucrose suspension of enthrocytes in a 
high frequency electric field. These microscopic particles 
show a characteristic elongation at right angles to the 
electric field followed by a slow rotation of the deformed 
particle until its longer axis aligns itself parallel to the 
electric field in a final stable shape. A physical attempt 
is made below to explain the mechanism of this behaviour. 
Following Furedi and Ohad we regard the living cell or 
coacervate as a spherical elastic charged particle with a 
finite dimension, of dielectric constant ¢,, suspended in a 
solution of dielectric constant s, subjected to an alternating 
electric field. The electric force per unit area acting on 
a dielectric enclosed by a Maxwellian surface S passing 
through the liquid of dielectric constant e, is given by è 


-> 2 > > 
df, = a = e,H (B.n) g Btn 


where n is a unit outward drawn normal to the surface 
(Fig. 1). Similarly, the force/unit area acting on the liquid 
surface layer in immediate contact with the particle is 
given by 


-> 


F -> -> A A 
df, = a =e E(E.n)~ 3 En 


If s>£, that is, the dielectric constant of the particle 
is more than that of the liquid, 
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Hig. 1. 


> dF, ~dF, > > a Eta) 
df= =g T = - ere) (Bm) G al 


> 
A 
If 0 is the angle between n and Æ, when, 


0 = 0,df = — Rene) E? 
9 = n/2, df = Heyes) E? 


If # is an alternating electric field given by E = E, 
sin pt, E? when averaged over a time period of oscillation 
gives Bt = E 3/2. Thus it is obvious that in an alternating 
electric field, the particle is effectively pressed inwards 
at the equatorial belt and pulled outwards at the poles 
(Fig. 1), thus causing gradual elongation in shape at right 
angles to the field until the elastic forces arising as a 
result of strain are in equilibrium with stresses causing 
deformation. These forces of deformation are expected 
to be small in magnitude because of small value of (Ep-€q) 
in the case of cells or coacervates in a solution, The 
process of deformation therefore takes place slowly, 
fairly independent of the frequency of the applied field. 
It is then very likely that the particle would respond 
more rapidly to deformation with increasing field strength 
within a certain range. Superimposed on the elastic 
deformation, there may be forced oscillations on the 
surface membrane of the particle caused by impressed 
field (Fig. 2). These sympathetic oscillations, caused by 
the presence of a heavy damping effect, are of smaller 
frequeney and will soon fall out of phase from the field 
oscillations, as the frequency increases. Thon it can be 
concluded that the particle would cease to respond to 
higher frequencies after a certain cut off value. This 
cut off frequency will depend on the elastic properties of 
the cell membrane, matter underneath the membrane, 
and the surrounding medium. At frequencies of resonance 
the particle will respond to deformation more quickly, 

While the gradual deformation of the particle is in 
progress, if there exists a non-uniformity in the field 
along the axis of elongation, an uneven concentration of 
charges (which lio around and underneath the mem brane) 
will be built up near the poles. This will lead to the 


i 


i 


Fig. 2. Induced oscillations on the membrane of an elastic particle 
immersed in a Hquid dielectric in an alternating electric field, 
e 

*e 





The deformation of an elastic sphere of dielectric constant e, immersed in a 
liquid of dielectric constant e, in an alternating electric field, (a) when >e, and 
(b) when ey € ëg. 
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rotation of the particle about the pole of 
lower charge concentration, similar to the 
one observed in cells in an alternating 
field. The particle as a whole cannot move 
because the field alternates rapidly. The 
thickness of electrodes taken by Smith and 
Chance was only 0-0125 em. which is bound 
to produce non-uniformity in the field 
along the thickness side of the electrode 
(which is also the direction of observation 
under the microscope) because of the edge 
effect. The rotation of the particle would 
continue until its longer axis is parallel 
to the field, a position of minimum energy 
and maximum stability. 

The amoebic type of deformation seen by 
Furedi and Ohad can be explained as a 
probable consequence of three effects: (a) 
the particle, which consists of a very flexible 
membrane covering a liquid matter, under- 
going a gradual deformation, (b) presumably some local 
rotations set in the cell matter as a result of deformation 
of inhomegeneous fluid insidet, and (c) the rotation of the 
whole cell subjected to electrical stress. The local rotation 
in (6) will only take place if there is inhomogeneity present 
in the matter. 

In cases where <,<e,, the particle will be elongated 
parallel to the field (Fig. 1) and the rotational motion may 
be absent. If, on the other hand, ¢,= 2,, the cell will not 
elongate, but it is likely to undergo slow rotation because 
of lack of uniformity in the field. According to this 
work the rotation will be very feeble in all the eases, if 
there is any rotation at all. 

In their discussion Furedi and Ohad seem to ignore the 
alternating nature of the applied field. To some extent 
the dielectric behaviour in an alternating field differs 
from that in an electrostatic one. Tn an alternating field 
a permanent dipole will keep on rotating’ or vibrating 
(if it is induced dipole) in sympathy with the field and a 
resonance will occur when the applied field has a frequeney 
equal to the natural rotational or vibrational frequency 
of the dipole, whereas in an electrostatic field dipoles orient 
themselves in the direction of the field, causing thereby 
static charges on the dielectric surface. 

The chain-like formation can only be explained if it is 
assumed that opposite electrical charges appear on the cell 
surface a short time after the application of the electrical 
field. The appearance of electrical charges leads to coales- 
cence of the cells and the coacervates. What. causes the 
creation of these charges is hard to explain. It seems that 
with the ageing of the cell, many changes take place in 
elastic properties of the cell membrane and in the dielectric 
constant of the cell. 

I thank the National Research Council of Canada for 
financial assistance. 
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BIOCHEMISTRY 


Acute Hypercapnia and Eggshell Formation 


THE domestic fowl forms an eggshell of about 5 gin 20h 
and during this process the oviduct derives about 3 g of 
carbonate ions from the blood stream. This results ip a 
fall in both pH and bicarbonate content of the blood 
and a state of metabolic acidosis! The bird partially 
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compensates for this condition by hyperventilating, 
thereby lowering the carbon dioxide tension of its blood 
and reducing the fall ın pH*. Obviously, this does not 
restore the bicarbonate content of the blood, and a number 
of attempts have recently been made to do this on the 
theory that the availability of this ion might be a limiting 
factor during shell secretion. The most common tech- 
nique which has been used for this purpose 18 to allow the 
bird to breathe various concentrations of carbon dioxide 
during the tıme when ıt is forming the eggshell. Unfor- 
tunately, the results obtamed from birds made hyper- 
capnic in this way are contradictory, as some workers 
find an increase* whereas others obtain a decrease in the 
thickness of the shells‘. This has led to some discussion 
as to whether ıt is the pH or the bicarbonate content of the 
blood which affects the process of shell formation most. 

Discussion of these problems is complicated by the fact 
that it 1s not known how the oviduct obtains the carbonate 
10n. from the blood stream. The followmg assumptions 
have therefore been made in order to extend the analysis 
of this problem. Enther (a) the carbonate 10n is removed 
directly from the blood, or (b) the carbonate ion 18 formed 
by the oviduct from carbon diomde or its hydration 
products which are present in the blood. In this latter 
case it 1s suggested that the actual concentration of 
carbonate in the blood will be a measure of the difficulty 
which the oviduct will have in producing more of this ion. 
Thus a high concentration, of carbonate ions in the blood 
would indicate that the oviduct would have to perform 
less metabolic work than if the carbonate content of the 
blood were lower. 

If these assumptions are accepted it is possible to calcu- 
late the concentration of carbonate ions by applying the 
law of mass action using the nomenclature and constants 
given by Murray and Hastings’ for mammalian blood, 
that is 


K a [H] . [COs] 
+ ~ THCO.T 
or 
pCO, = pHCO,—pH + pK, (1) 


where pX = —logip X; Ky=10-"7*, 

The influence on this system of an increase in the carbon 
dioxide tension will depend entirely on the buffering 
abilities of the fluids, that is, any change in carbonate will 


ApHCo, : noi 

AE If this ratio is 1:0 
changes in carbon diomde tension will have no effect 
on the carbonate content of the blood. If the ratio were 
less than unity the carbonate content would decrease, 
whereas if it were greater than this the carbonate content 
would increase. The important question in the present 
hypothesis, therefore, is whether the bird is sufficiently 


be a function of the ratio 
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zali ans Changes in pH and bicarbonate content of the blood of cockerel 

and hen 2216 when the carbon dioxide tension of the blood is 

increased from s normal level of 40 mm mercury to 80 mm mercury. 

Note that ın both animals the bicarbonate inoreases but to a greater 
extent in the better buffered cockerel. 
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4p 
Fig. 2 Changes in pH and carbonate content of the blood of the two 
mis shown ın Fig. 1 when subjected to the same treatment. Note that 
increasing the carbon dioxide tension above the normal value of 40 mm 
leads to a fallin the carbonate concentration of the blood. The 


effect us greater in the hen with 1ts lower haemoglobin content. 


well buffered to allow an mcrease in carbonate with an 
increase in carbon dioxide. If it were, then hypercapnia 
would assist shell formation, whereas if it were not it 
would increase the difficulty of the shell gland in forming 
carbonate ions. 

The buffering ability of the blood of the domestic fowl 
has been determined by taking anaerobic samples from 
the brachial veins of ‘Shavers 288’ pullets. A radio- 
meter microelectrode unit at 41-5° C was used to measure 
the pH. of the blood both before and after it had been 
equilibrated with known mixtures of carbon dioxide and 
oxygen in an Astrup microtonometer. The results were 
plotted as pH against the logarithm of carbon diomde 
tension. This gives a linear relationship which makes 1t 
possible to determine graphically the blood pH for any 
given carbon dioxide tension. The bicarbonate content 
of the blood can then be calculated from the Henderson- 
Hasselbalch equation and from this the carbonate content 
can be calculated using equation (1). 

In the absence of any marked hypercapnia there are 
two main factors involved in the buffering of carbonic 
acid by blood. The first 1s the concentration of haemo- 
globin present in the blood, and the second is the change in 
the buffering ability of this protein when it passes from 
the oxygenated to the deoxygenated form. This latter 
effect accounts for a considerable part of the buffering 
properties of the blood when it passes from the artenal 
to the venous part of the circulation. Under these 
conditions, Murray and Hastings found that in the human 
ApHCO, was 1-2 


ever, the change in the oxygenation of arterial blood will 
be relatively insignificant and most of the buffering 
effect will be related to the total haemoglobm content. 
This differs betweon male and female birds, and advantage 
was taken of this fact in order to demonstrate its impor- 
tance in the buffering responses of the blood. The haemo- 
globin content of the blood was determined by the 
Gibson—Harrison method although there 1s some evidence 
that alkaline haematin methods tend to give high readings 
with avian blood’. 

The results for two birds are shown in Figs. 1 and 2. 
The cock (No. 2211) had a haemoglobin content of 14-5 g 
ApHCO 

ApH | 
0-82. The hen (No. 2216) had a haemoglobin content of 
ApHCO, 

ApH was 0-80. The 
effect of increasing the carbon dioxide tension of the 
blood from 40 to 60 and 80 mm mercury is shown in 
Fig. 1 and both the cock and the hen show an increase 
in bicarbonate although this is greater in the male. The 


In acute hypercapnia, how- 


per cent and the ratio ———— for oxygenated blood was 


11-2 g per cent and the ratio 
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results in Fig. 2 show that both birds produce a fall in 
carbonate content when made hypercapnic, but this 1s 
greater in the less well buffered hen. This particular hen 
has also been studied in another series of experiments 
and it has been found’ that when it 1s made hypercapnic 
during eggshell formation it produces shells much thinner 
than 1t does normally. This is in keeping with the sugges- 
tions made here. 

If the assumptions which have been made were correct 
the following conclusions would be obtained: (1) For 
most birds acute hypercapnia should produce a thinning 
rather than a thickening of the eggshell. (2) A thickening 
of the shell is more likely in birds with high hacmoglobin 
contents. (3) If other organ systems in the bird can 
modify the buffering effects of the blood, then it may also 
be possible to use hypercapnia to increase shell thickness. 
The avian kidney is capable of excreting protons and 
ApHCO, 

ApH. 
in the blood would then increase despite a low content 
of haemoglobin. The renal response 1s, however, slow to 
develop and it is to be expected that chronic hypercapnia 
extending for many days would be necessary before the 
carbonate content of the blood started to rise. (4) An 
increase in blood carbonate might occur if advantage 
were taken of the increased buffering abikty which occurs 
with the deoxygenation of haemoglobin. This would 
be most obvious uf the total change in blood pH during 
hypercapnia were small and if the blood were not over- 
oxygenated. Thus, theoretically, the optimum conditions 
would be to give the bird amall amounts of carbon dioxide 
ın air rather than oxygen. It is of interest to note that 
where an increase in shell thickness has been obtamed it 
has been under conditions similar to those discussed under 
(3) and (4). 


generating bicarbonate ions? so that the ratio 
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Large Amounts of Ribosomal RNA in 
Colchicine-induced Tetraploids of Solanum 
tuberosum L. 


Caanezes of ploidy cause various phenotypic effects, 
and alterations in metabolism have also been noted?-‘. 
These alterations are reflected in differences in concentra- 
tion of certam metabolites in the various ploid levels. 
The variation in amount of a given metabolite depends on 
genotype and species involved**. A consistent relationship 
has, however, been established between the amount of 
DNA and ploid level regardless of genotype*:’. This 
communication presents a relationship between ploid 
level, DNA content, and RNA fractions in 2n and 4n 
potato analogues. 

RNA and DNA were extracted by homogenizing 10 g 
of new fully expanded leaves in a solution containing 
50 ml. of 0-01 molar trts-hydrochloric acid, pH 7-6, 0-06 
molar potassium chloride and 0-01 molar magnesium 
chloride; 2 ml. of 11 per cent sodium lauryl sulphate; 
2 ml. of bentonite and 50 ml. of liquid phenol. The 
aqueous extract was removed and treated once with 
25 ml. phenol together with 1 ml. of bentonite. The 
nucleic acids were precipitated by the addition of two 
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volumes of cold 95 per cent ethanol and a small quantity 
of potassium acetate. After centrifugation at 30,000g 
for 20 min, nucleic acids were dissolved in 10-15 ml. of 
0:05 molar phosphate buffer, pH 6-7, and dialysed for 48 h 
against the same phosphate buffer. All extraction and 
dialysis procedures were carried out at 4° C. 

RNA and DNA were chromatographed on methylated- 
albumin columns*®, The nucleic acids which had been 
extracted with phenol were separated into the following 
fractions: two peaks in the soluble RNA region, DNA, 
ribosomal RNA and messenger RNA (Fig. 1). 

The content of DNA in 4n leaves was approximately 
twice that in the 2n leaves (Fig. 2). Swift* compared the 
content of DNA in scutellar and endosperm tissues in 
maize and found a direct relationship between DNA and 
chromosome number. Nuclei in the scutellar tissues con- 
tained 2, 4, 8, 16 and 32 times the haploid gametic content 
of DNA and endosperm tissues contained 3, 6, 12 and 24 
times the basic haploid DNA content. List? reported 
simular geometric relationships in developing metaxylum 
tissues in maize and found that the DNA content was 
directly related to the level of chromosome replication 
and appeared to increase in pulses of 2, 4, 8, 16 and 82 
times the gametic amount of DNA. 
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Fig. 1. Separation of phenol extracted nucleic acids from potato leaves 

Q fresh weight) on a column of methylated-albumin on kese: 4 

uriiled nucleic acids were eluted from the column with a linear ent 

of sodium chloride from 0-3 to 1-2 molar in 0 06 molar phosphate buffer, 
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Fig. 2. Amounts of total RNA, sRNA, mRNA, and DNA in tetraploid 
aid diploid tissues from the linea 5,278 1 and 5,886-4 of Solanum tuber- 
oum L. D, 4n; W, 27. 
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Fig. 8. Comparison of rRNA in tetraploid and diploid tiss from 
line 6.2781 of Solanum tuberosum L. pi on 





100 120 180 200 


77, any —, 


22 


zaa 


p 
Ñ 


x 
w 


r 
Ò 


0-8 


Optical density (260 my) 











100 


120 140 
Tube No. 
Fig. 4. Comparison of rRNA ın tetraploid and ploia tissues from line 


160 180 200 


5,8864 of Solanum tuberosum L 


n; ——, 2n 


Higher amounts of total RNA were found in 4n 
analogues; however, sRNA and mRNA were lower in 
both 4n lines (Fig. 2). The inverse relationship between 
sRNA, mRNA and chromosome dosage may be due to 
more rapid degradation of these fractions in the 4n cells. 

The tetraploid tissue had 30 per cent and 20 per cent 
highor amounts of rRNA in 5,278-1 and 5,336-4 lines of 
potato, respectively (Figs. 3 and 4). The rRNA has a 
higher concentration because it is associated with relatively 
stable bodies in the cell, the ribosomes. The higher 
amounts of rRNA may be directly related to larger cell 
size in 4n plants. The greater volume of the 4n cells 
would provide more membrane surface for the location of 
ribosomes resulting in more ribosomes per unit of fresh 
weight of tissue. The quantity of rRNA in cells may be 
directly or indirectly related to the metabolic activity!?44, 

Higher protein content and higher rates of enzyme 
activity, that is, phosphoriboisomerase, phosphoribulokin- 


87 


ase, and peroxidase, have been observed in the 4n potato 
tissues*, This suggests that the tetraploid tissues may 
have greater catalytic potential than diploid tissues in 
potato. It is therefore conceivable that genetic selection 
could channel and utilize this catalytic potential at the 
tetraploid level for more efficient production per unit 
area of land than could be attained at the diploid level. 
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Correlation between Serine and Thermal 
Stability of Collagen 


Tus first suggestions of a correlation between the thermal 
shrinkage of collagen and its amino-acid composition 
were made by Takahashi and Tanaka! and Gustavson". 
They found that the shrinkage temperature (7's) increased 
with the amount of hydroxyproline, and interpreted this 
as being a result of the hydrogen-bonding capacity of 
the hydroxyl group of this imino-acid. Later work, in 
particular that of Piez and Gross‘, has shown that Ts 
correlates equally well with proline content and that the 
sum of these two imino-acids gives the best correlation. 
Other workers*.* have shown that the melting point of 
tropocollagen molecules in dilute solution (Z'p) varies 
in the same way with proline plus hydroxyproline. Re- 
gression coefficients obtamed by Piez and Gross‘ for plots 
of T's versus proline plus hydroxyproline indicate that 
these residues contribute equally to the thermal stabiliza- 
tion of the molecule and the bulk material, that is, it 
seems that hydroxyproline 1s ether not hydrogen-bonded 
or, if it is, its contribution is negligible. It is thought 
that the basis of this correlation is the steric hindrance to 
rotation of one imino-acid residue with respect to another 
imino-acid residue when they are in adjacent positions 
along @ chain’*. In addition, Leach? has pointed out 
that for the collagens he examined (serine plus threonine) 
appears to decrease with increase in T's, while the sum of 
the hydroxyamino-acid (serine, tyrosine, threonine and 
hydroxyproline) remains approximately the same. 

I have made a more thorough examination of the 
correlations between T's, Tp and the amino-acids of the 
following eleven collagens: rat tail tendon, calf skin, 
human skin; the skins of cod, carp, pike, tuna and dogfish 
shark; body wall of snail (Helix aspersa) and the cuticles 
of Lumbricus and Ascaris lumbricoides. These were chosen 
to give a wide range of species and to take advantage of 
large differences in imino-acid and hydroxyamino-acid 
content (see Table 1). 


Table 1 
Ascaris 
outico Lumbdriews Hehax 
Residues/1,000 Fish Mammal (mean (mean asperes 
values) values) 
Proline 102-129 117-188 271 10 104 
Hydroxyproline 58-82 89-102 24 160 100 
Prono plus hydroxy- 155-199 217-232 205 170 204 
proline 
Serine 84-69 28-41 81 100 61 
Threontne 28-29 17-24 29 63 28 
Meansumofhydroxy- 156 160 87 316 206 
amino-acid 
Reference 8 6 10,11,12 10, 11, 15 
18, 14 
°. 
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Detaus of Ts and T'p for tuna and Ascaris as well as an 
amino-acid analysis for tuna will be given later. All Ts 
values were determined in 0-9 per cent saline by a method 
described elsewhere!*. (Tp values in Fig. 2 were taken 
from ref. 10.) 

Results obtained were as follows. (1) The sum (proline 
plus hydroxyproline) shows the known positive correla- 
tion with Ts and Tp for all collagens, except that of 
Ascaris cuticle. (2) The serine content of all collagens, 
including Ascaris, correlates negatively with Z's and Tp, 
although, as Figs. 1 and 2 show, the data are best fitted 
by separate lines for fish and non-fish collagens. (3) The 
threonine content for all collagens examined, except that 
of Lumbricus, does not vary significantly (see Table 1). 
The values of Ts and Tp for Lumbricus, however, in 
relation to its threonine value suggest that there may be a 
correlation between thermal stability and threonine for 
non-fish collagens. (4) No other amino-acids showed any 
correlation with T's or Tp. 

The T's values obtained by me are consistently smaller, 
by about 4° C, than those obtained by other authors 
(see ref. 4). This is because different techniques of 
measurement were used. If adjustments are made 
accordingly to the T's values of other workers the serine 
correlation is further accentuated. This is illustrated by 
the insertion of data for python, crocodile and toad, from 
Leach’. The data for Tp are meagre, although, as Fig. 2 
shows, the separate correlations for fish and non-fish are 
evident. 

Were it not for Ascaris, Lumbricus and Helix aspersa 
collagens whose total of hydroxyamino-acid is quite 
different from all others, the negative correlation shown 
by serine would appear to be a consequence of the positive 
correlation between T's, T'p and hydroxyproline, assuming 
constancy of total hydroxyamino-acid content. This 
could be the explanation for fish collagens. For non-fish, 
however, this explanation would obviously not hold. 
Furthermore, the known hydrogen and ester bonding 
potentialities of serine suggest that an increase in its 
content would tend to stabilize the molecule rather than 
the reverse. A possible explanation of this anomalous 
situation is suggested by the recent finding!’ that free 
D-serine is present in the amino-acid pool of earthworm 
tissues. If D-serine is incorporated in the collagen of the 
earthworm, and if this applies to collagens generally, the 


Ts (° 0) 








30 —— 


20 40 80 80 100 





tS 1. Relation between shrinkage tempera tire Txa and serine content 

(e points taken from ref. 9; ( 

crocodile; P) python; tT) toad. Non-fish points: w Tat tendon; (2 

; (3) human skin; (4) Ascaris cuticle; (6) Helix aspersa b 

wall; (6) Lumbricus cuticle. Fish points: (1) cod skin; (2) carp akin; 
(3) plke skin; (4) dogfish; (5) tana skin. 


NATURE, VOL. 214, APRIL 1, 1967 


30 


Tp (° 0) 


20 


10 





20 40 60 80 100 
Serine (reaidues/1,000 total) 
Tig. 2. Relation between melting point of molecule in solution (Tp) 
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serine content. Code as for Fig 1. Fish point 6, shark skin. Data 
obtained from Josse and Harrington’. 


resulting instability’? could perhaps account for the 
observed negative correlation between serine content and 
Ts and Tp. 
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Effects of Puromycin and Actinomycin D 
on the Increase of Cystathionase and 
Cysteine Sulphinic Acid Decarboxylase 

Activities in the Liver of Thyroidectomized 
Rat 


Previous investigations carried out in this laboratory 
have shown that the concentration of two cytoplasmic 
rat liver enzymes dependent on pymdoxal phosphate, 
namely, cysteine sulphinic acid (CSA) decarboxylase (L. 
cysteine sulphinate carboxylase W.O. 4.1.1.29) and 
cystathionase (L. homoserine hydrolyase H.C. 4.2.1.15), 
are adaptively increased in thyroidectomized animals!’. 
The events underlying these changes in response to 
thyroidectomy are not known; however, we have sug- 
gested that the crease of activities may be attributable 
to an increased biosynthesis of the two apoenzymes’, and 
recently we have obtained results which agree with such 
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a hypothesis‘. The experiments reported here were under- 
taken in order to determine whether these increases are 
prevented by injections of inhibitors of protein bio- 
synthesis—puromycin’—and of the DNA-directed RNA 
synthesis—actinomyem D (ref. 6). Both experiments were 
carried out in similar conditions except that in the first 
rats were given intraperitoneal injections of puromycin 
daily for 4 days at a dose each of 5 mg/100 g of body 
weight, whereas in the second actinomycin D was injected 
by the same route and for the same time at a dose of 
3 ug/l100 g of body weight. The animals were killed 
4 h after the last injection. The amounts of inhibitor 
injected were chosen taking into consideration the report 
of Weber et al.” and the results of preliminary assays. 

The expermments were performed on female Wistar 
rats with a mean body weight of 100-120 g and main- 
tained on a commercial diet. The rats were distributed, 
in each case, among five groups each of between eight and 
eleven animals. The first group was used as the control, 
and the second, which consisted of normal (non-thyroid- 
ectomized) animals, was mjected with puromycin or 
actinomyem. in order to determine whether the inhibitor 
had any effect on the concentration of the two enzymes 
in the liver. The rats of groups 3, 4 and 5 were thyroid- 
ectomized and were given 1 per cent calcium lactate to 
drnk. Members of group 3 were killed 3 days after 
surgery, and these acted as controls for the time when the 
injections of inhibitor were started. Animals in group 4 
and 6 were killed 7 days after surgery; the rats in group 5 
were injected for 4 days with puromycin or actinomycin 
as already described. The preparation of the cell sap of 
the liver and the methods used in the measurements of 
enzyme activities were the same as those previously 
described!'**, For oystathionase, the total amount of 
apoenzyme was measured, because all determinations 
were performed with coenzyme added to the incubation 
mixture. Similarly, for the determination of CSA decarb- 
oxylase activity, pyridoxal phosphate was routinely added 
even though we had observed that there was sufficient 
coenzyme to saturate the enzyme already present in the 
hver tissues*. Activities are expressed as moles hydrogen 
sulphide produced/h/g of liver for oystathionase, and as ul. 
carbon dioxide evolved/h/g of ver for the decarboxylase. 
Furthermore, because some of the treatments modify the 
liver weight and the body weight, activities were also 
expressed as moles hydrogen sulphide or ul. carbon 
dioxide/h/total liver and moles hydrogen sulphide or 
ul. carbon dioxide/h/100 g of body weight. 

Table 1 presents the results obtained ın the first experi- 
ment when puromycin was used. It can be seen in group 4 
that 7 days after thyroidectomy the concentration of both 
enzymes were significantly increased (this was to be 
expected from previous observations‘), while 3 days after 
surgery (group 8) they had not yet become affected. When 
puromycin was administered to intact (non-thyroid- 
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ectomized) rats (group 2) the concentration of both 
enzymes fell. The changes are far more marked when the 
activities are expressed per 100 g of body weight or per 
total liver than per g of liver, as a result of the net loss 
in body and liver weights after treatment with puro- 
mycin. The most noticeable result, however, is the com- 
plete prevention by puromyom of the increase of the 
enzymes ın response to the thyroidectomy, because the 
concentrations of both enzymes in the liver of thyroid- 
ectomized rats treated with puromycin (group 5) are 
clearly lower than those of the rats of groups 3 and 4. 

The data obtained in the second experiment when 
actinomycin was used are shown in Table 2. It appears 
that so far as oystathionase is concerned, the results are 
similar to those obtained in the first expermment; im 
other words, the increase of oystathionase in response to 
thyroidectomy was completely prevented by actinomycin. 
The situation is quite different for decarboxylase, however, 
because injections of actinomycin had no effect on the 
basal concentration of the enzyme, that is, the concan- 
tration in the hver of normal rat and, in addition, the 
enhancement of activity occurring after thyroidectomy was 
not suppressed by this mhibitor. Indeed, the activities 
of decarboxylase/100 g of body weight of rats in groups 2 
and 6 are similar to those of groups | and 4, respectively. 
The reason for the lack of effect of actinomycin on this 
enzyme 18 not known at present. It 1s worth noting that, 
according to Garren et al.1°, the administration of actino- 
mycin to rats does not affect the concentration of trypto- 
phan pyrrolase for at least 6 h; it is also interesting that 
Rosen et al.1! recently established that, under selected 
conditions, treatment of rate with actinomycin resulted 
in marked increase of four hepatic enzymes which are 
known to be induced by cortisol—as we have also observed 
for CSA decarboxylase'*—while hydrocortisone is without 
significant effect on cystathionage™. 

When puromycin is injected for 4 days mto thyroid- 
ectomized rats ıt suppresses the increase of both cysta- 
thionase and CSA decarboxylase which would be expected 
to result from thyroidectomy; there is therefore good 
evidence to believe that thyroidectomy increases the rate 
of biosynthesis of the two apoenzymes. 

On the other hand, we previously observed that in rate 
deficient in pyridoxine the response of cystathionase to 
thyroidectomy is lowered but by no means suppressed‘. 
Taken, as a whole, these results are consistent with the 
increased rate of biosynthesis of the two apoenzymes in 
the liver of thyroidectomized rats and with a decreased 
stabilty of apocystathionase in the liver of rats deficient 
in pyridoxine. 

These results are in good agreement with the observa- 
tions of Knox! and of Schimke et al.44, who found that 
hormonal factors influence the biosynthesis of apoenzyme 
m animals while substrates and cofactors affect the 
stability of the apoenzymes. 


Table 1. BFFHCT OF PUROMYOIN ON OYSTATHIONARE AND CSA DRGARBOXYLASE IN THR LIVER OF INTAOT AND OF THYROIDECTOMIZED BAT 


CSA Neamakaan forint nl, CO,fb per eS aes umoles H,3/h 
Groups Treatment Body Liver Fresh 100 @ Total 
and No. of rata weight (g) welght (g) liver liver body weight oo liver body waleht 
1 N (9), 185 6-1 658 + 54* 8,419 + 441 2,565 88-141- 229 + 11-9 171:8 
2 N + Puro (10) 128 44 582 + 69 2,838 £81 18 1,906 4005 177 44105 148 9 
8 Te-8 days (8) 180 6-8 706 + 120 4,041 + 766 8,148 48'828 258 8416 104-8 
4 To-7 days IR 182 5-8 843 + 57 4,811 + 848 8,715 62-5 +2 857 + 404 2758 
ty Te+ Puro (11 111 40 606 + 49 2) 812 t 218 2,551 $8 741-5 165-847 140-2 


N, Oontrol; N + Puro, control + puromycin (5 mg 
thyroldestomized Ke days) and infected with puromycin for the 
* Standard deviation of mean. 


r 100 g body weight dally for 4 da: 
i last days. Tho rats were 


ae thyroideotomized (from 8 days or 7 days); T'e+ Puro, 
4 h after the last injection of puromycin. 


Table 2, HFFECT OF AOTINOMYOIN ON OXYSTATHIONASE AND OSA DEGARBOXYIASH IN THE LIVER OF INTAOT AND OF THYROIDECTOMIZED EAT 


CSA dosathotyinsa gl. CO,/b per Oystathionase pmoles H,8/h a 
Groups Treatment Body Liver g Fresh otal 100 g Fresh Total 7 
and No. of rate weight (g) weight (g) liver liver body welght liver liver body weight 

1 (9) 188 5-9 448 + 44 2,617 +214 1,081 89-8 + 7 236 249 170-2 
2 N+Act (11 131 57 582445 8,068 + 841 2,808 "41:6 159 +53 128 
3 Te-8 days (8) 125 6-0 487471 2767 +840 2,216 41 +22 "1179 102 2 
4 Te-7 days (10) 130 5 5:3 811495 4,700 + 527 8,646 67-5 + 2-6 3896 +21-3 $04 
5 Tot Act ( 109 42 871 +92 8 808 + 897 8,530 46016 1955 +49 175 

Legonds are the game asin Table 1. 

Ad, actinomycin D (8 ug dauy/100 g body weight for 4 days). 

e @ 


90 


This work was supported in part by a grant from the 
U.S. National Institutes of Health. We thank Merck, 
Sharp and Dohme for a gift of actinomycin D. 

FRRNANDH CHATAGNER 
Opira Dormu-TRravrmMann 
Manrm-Curistine RAIN 


Laboratoire de Chimie Biologique, 
96, Boulevard Raspail, 
Paris 6e. 


thes (ides B., japona Ta and Obatagner, F., Bull. Soo. Ohim. Brol., 40, 
in Jollds-Bergeret, B., and Trautmann, O., Biochim. Biophys. 


Chatagne 
, soe a File t, B., in Chemical and Biological Aspects 
or, an fe) 8. Te 
ut By Sueli, E. B., Fasolls, P., Braunstom, A E., 


of latalyers (odis: 
and yridoaal hh A.), 477 (Pergamon , London, 1963). 
t Chatagnor, F , and Durleu-Trautmann, O., Nature, 207, 1390 (1965). 


* Yarmonlt , M. B., and de la Haba, G. L , Proc. U.S. Nat. Acad. Soi., 45, 
1721 (1958). 


Been abe Doa, R. M., Shatkin, A. J., and Tatum, E. L., Soisnce, 184, 

7 Weber, G., Singhal, R. I. aaa N, B., Fisher, B. A., and Mentendiek, 
MA., A Bueyme Regulation, 2, (1964). 

* Chatagnor, P 


Jolan Be ret, B, a Labonesse, J., OR. Acad Sci., 
Paris, Bbi, $007 (1960) 


Jollee Bor Srey B. Tapani, J.,and Chatagner, F., Bull. Soc. Chim. Biol , 
** Garren, L. D., Howell, R. B., Tomkins, G. MI., and Crocco, R. M., Proc, U.S. 
Nat. Acad. Ser., 52; 1121 (1964). 


"RT Oa Raina, P. N., Mulholland, R. J , and Nichol, O. A., Sersnce, 146, 


‘3 Chatagner, es and Rain, M. C , C.R. Acad. Sci., Paris, 281, 581 (1965). 
se Darlen-Trautmenn, 0., and Chatagner, F., Bull. Soc. Chim Biol., 48, 77 


^ Knox, W. E., Adv. Enzyms Regulation, 2, 811 (1064). 


1 S B. T. , Sweeney, B. W., and Berlin, 0. M., J. Brol Ohom., 240, 822 


Cyclic 3’,5’-Nucleotide Phosphodiesterase: 
Localization and Latent Activity in Rat Brain 


Tue pioneering investigations of Sutherland and his 
co-workers have focused considerable attention on adeno- 
sine 3’,5’-phosphate (cyclic AMP) and its relation to 
cellular metabolism. Cyclic AMP is synthesized by adenyl 
cyclase! and destroyed by cyclic 3’,5’-nucleotide phospho- 
diesterase*, Brain cortex is of special interest in that it 
exhibits the highest activity in both cyclase* and phospho- 
diesterase activities, with phosphodiesterase present in 
overwhelming excess. We have evidence suggesting that 
phosphodiesterase in vivo might exist in a greatly in- 
hibited state. Using the subcellular fractionation tech- 
nique of De Robertis et al.".’, we find that the enzyme is 
partly soluble and partly particulate, with a considerable 
portion concentrated inside nerve endings, and that 
‘Triton X-—100’ revealed substantial latent activity in a 
microsomal fraction. 

Phosphodiesterase was assayed in a mixture of 1 ml. 
which contained 40 mmoles iris, pH 7-5; 1:8 mmoles 
magnesium sulphate and 2 mmoles cyclic AMP. The 
incubation was kept at 25° for 30 min. After 20 min, 
0-1 mg Orotalus atroz venom dissolved in 10 mmoles tris, 
pH 7-5 (for 5’-nucleotidase activity, see ref, 4), was added. 
and incubated for another 10 min. The reaction was either 
terminated by the addition of 0-1 ml. 55 per cent tri- 
chloroacetic acid or by heating in a boiling water bath for 
4 min. Denatured proteins were removed by low speed 
centrifugation and the supernatant fluid assayed for 
inorganic phosphate. Normally, we used the method of 
Fiske and Subbarow®. ‘Triton X~-100’ interferes with this 
assay. When ‘Triton’ was involved, the reaction was 
stopped by heating and Pi was measured by the procedure 
of Lowry and Lopez® with slight modifications. Addition 
of more ascorbate (final concentration 1-2 per cent) and 
more ammonium molybdate (0-6 per cent) were necessary 
to overcome the inhibitory effect of sucrose (carried over 
from the sucrose gradient) on colour development, which 
was a slow process. Once colour was formed, it increased 
continuously, reaching a steady rate efter 30 min at 
room temperature. It was necessary to time the steps after 
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addition of ascorbate and ammonium molybdate. Phos- 
phate standards also contained sucrose in comparable 
quantities. Protein was determined by the biuret reagent 
in the presence of deoxycholate using bovine serum 
albumin as standard. One unit of enzyme hydrolyses 
1 pmole of cyclic AMP in 30 min at 25°. 

Fig. 1 depicts the distribution of phosphodiesterase in. 
the different fractions, usmg isotonic sucrose solution as 
homogenizing medium. Fig. LA shows that the mito- 
chondrial fraction (MIT) accounts for 40 per cent, super- 
natant (SUP) 30 per cent, microsome (MIC) 20 per cent, 
and nuclear (NUC) 10 per cent of the total activity in 
these primary fractions. Subfractionation of MIT with a 
discontinuous sucrose gradient reveals that the bulk of 
activity was present in subfractions O and D, Fig. 1B. 
Subfraction O alone accounts for half the activity in MIT. 
Both O and D are nerve ending fractions; biochemically 
they are different, O being rich in acetylcholine, nor- 
adrenaline, and serotonin’®. Hypo-osmotic shock of MIT 
into subfractions M,, M, and M, clearly shows that the 
majority of activity in MIT resides in M, and M, Fig. 1C. 
Tho latter, essentially diluted synaptoplasm, has the 
highest specific activity of all fractions. Part of the 
soluble enzyme in SUP might have originated from 
nerve endings, which are known to be broken to some 
extent during homogenization. 

Hypo-osmotic treatment of MIT in the presence of 
3 mmoles calcium (L) ions or 20 mmoles magnesium (IL) 
ions gave & pattern similar to Fig. 1C, suggesting that the 
soluble enzyme in M, originally was not attached to mem- 
brane structures and became solubilized as a consequence 
of homogenization, as in the case of glutamic decarboxy- 
lase™. 

Summarizing the results in Fig. 1, we find that when 
homogenates were made in isotonic sucrose solution, 
phosphodiesterase was about evenly distributed between 
the soluble and particulate fractions. Of the soluble 
activity, 30 per cent was in the SUP and 20 per cent in the 
synaptoplasm, solubilized as a result of hypo-osmotic 
treatment. 

Fig. 2 shows the effect of ‘Triton X-100’ on the un- 
masking of latent phosphodiesterase activity in the 
various fractions. These fractions were prepared as 
usual and then exposed to ‘Triton’ before assay ofenzymatic 
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Fig. 1. Subcellular distribution of phosphodlestarase Lz in brain tsue 
homogenized in 0'82 molar sucrose solution. In Fig. 14, the abscissa 
nts 100 per cent of the total protem, and the ordinate the 
activity in units/mg protein. Since the cerebrum has about 100 mg 
protein/g tissue, for practical purposes, the area co by each fraction 
ote! the unite ofenrymatic Ree tissueofthatfraction. InFig.1B, 
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Fig. 2. Effect of “Triton X-100' on unmasking of latent phosphodiester- 
aso activity in various subcellular fractions, Fractions were pre 

as usual and each fraction was divided into two, one serving as control; 
the other was diluted with 0 32 molar sucrose to a protem concentration 
of 5 mg/ml. and thon treated with 0 2 per cent ‘Triton X-100 (final con- 
centration), White block, control; solid block, ‘Triton’. Separate 
experiments established that this concentration of ‘Triton’ exposed all 
latent activity (Cheung, to bo published). Both sets of samples were 
kept at 0° for 80 min beforee ticassay. The activity ofeach fraction 
is oxpreased as unite/g tissue. The total activity in the control exhibited 
77 ani tissue while that treated with 0 2 per cent ‘Triton’ 122 units/g 
tissue. ta are average of two riments using a pool of ten brains 
in eaoh ent. Recovery of phosphodtesterase from the vartous 

tions in these experiments was 80-85 per cent. 


activities. With the exceptions of SUP and M, all 
fractions display an increase in activity. MIC was most 
pronounced, giving a 4-fold increase. The increase in all 
other fractions could be caused by the small contamination 
by microsomes which would be expected. In the presence 
of ‘Triton’, MIC accounts for more than half the activity 
in the whole brain. The fact that there was no increase of 
activity in the soluble enzyme in SUP and Mf, would 
suggest that ‘Triton’ did not activate the enzyme as such, 
but possibly exposed the enzyme which would otherwise 
have been maccessible during the assay. In order to see 
whether phosphodiesterase was associated with lysosome- 
type particles, we submitted the microsomal fraction to 
vigorous mechanical disruption in a ‘VirTis 45’ homo- 
genizer for times up to 9 min. Samples were taken at 
various intervals and no increase was observed in any of 
them. Repeated freezing and thawing of the microsomal 
fraction also caused no appreciable increase. More than 
90 per cent of the activity was still attached to the sediment 
(100,000gx 45 min) after such physical disruption. 
Parallel treatment of the microsomes with ‘Triton’ gave 
the usual burst of activity. It seems that the latent enzyme 
might be embedded in the lipoprotein matrix of micro- 
somes in such a manner that it could only be exposed by 
the detergent. In this respect, the behaviour of phos- 
phodiesterase is different from acid phosphatase, a typical 
lysosomal enzyme, the latent activity of which could be 
released by all the treatments described above". It is also 
different from cholinesterase in that the latter is a 
microsomal enzyme but shows no latent activity}. 

Both MIC and M, are composed of membrane fragments, 
accounting for more or leas the same amount of protein. 
Whereas there is virtually no effect of ‘Triton’ on the 
activity associated with M,, the increase of activity in 
MIC amounts to 400 per cent, suggesting that phospho- 
diesterase might be preferentially distributed in certain 
membrane structures. 

Drummond and Perrott-Yee“ reported that a cyclic 
3’,5’-nucleotide phosphodiesterase from rabbit brain was 
localized entirely in the 100,000g supernatant. Nair 
noted that a similar enzyme prepared from frozen dog 
heart was present exclusively in the supernatant. These 
observations are at variance with our date and those of 
Butcher and Sutherland‘, who found that phospho- 
diesterase from beef heart is mostly particulate. .The 
reason for such a discrepancy is not apparent to us. 
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Our results indicate that phosphodiesterase as frac- 
tionated in isotonic sucrose solution does not exhibit its 
full potential activity. The majority of the activity in the 
microsomes is latent and is unmasked by the actıontof 
‘Triton’, but not by mechanical disruption or repeated 
freezing and thawing. In the presence of ‘Triton’, miero- 
somes account for more than half the total activity. The 
remauung activity distributes about equally among 
synaptoplasm and a 100,000g supernatant. 

We thank Professor B. Chance for his interest and 
encouragement throughout the course of this investigation. 
We also thank Mrs. A. E. Strichartz for technical assistance. 
This work was supported by the U.S. Public Health Ser- 
vice. 
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Aminoacyltransferase Stimulation of 
Protein Synthesis by Pig Adrenal Polysomes 


ADMINISTRATION of adrenocorticotrophin tn vive increases 
the incorporation of ™C-glycine into protein by the 
supernatant of adrenal homogenates centrifuged at 
15,000g1. A factor of the soluble cell fraction (105,000g 
supernatant) has been shown to be rate limiting for in 
vitro protein synthesis and its activity is doubled by ACTH 
administration in rats. This factor was reported to be 
proteinaceous; its elution pattern from DEAE-cellulose 
columns? was identical with liver aminoacyltransferase?. 
The increased activity of the microsomal fraction by 
treatment with ACTH was reported to be delayed compared. 
with the soluble cell fraction‘. Thus it was of mterest to 
find whether polysomes, which are polymeres of ribosomes 
and messenger-RNA**, or the protein from the soluble 
adrenal cell fraction were rate limiting for protein syn- 
thesis. 

When polysomes were incubated with constant amounts 
of soluble cell fraction, the incorporation of 1C-glycine 
increased only slightly and by no means in proportion to 
the amount of polysomes added. Thus incubation of 
polysomes with 0-4 ml. of 105,000g supernatant (80 mg- 
equivalents) showed the following mcorporations. Poly- 
somes: 0-1 ml. (240 o.p.m.); 0-2 ml. (269 ¢.p.m.); 0-4 ml. 
(337 c.p.m.); pclysomes omitted (179 ¢.p.m.) (for incuba- 
tion conditions see Table 1). We conclude that the amount 
of polysomes and therefore the amount of messenger RNA 
present in the incubation mixture did not limit the rate of 
amino-acid incorporation. 

The protein factor prepared from pig soluble adrenal 
cell fraction (Fig. 1) and likely to be aminoacyltransferase* 
did, however, stimulate the incorporation of 4C-glycine by 
constant amounts of polysomes in approximate proportion 
to the amount added. Samples VI and VII (Fig. 1) con- 
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Table 1, INCORPORATION OF '40-GLYOINA BY ADBANAL POLYSOMRS AB STIIV- 
LATED BY AMINOAOYLTRANSFRRASR 


Sample 

(Fig. 1) 0'2 ml. 0-4 ml, 
y 270 208 
VI 615 1,288 
Vil 754 1,835 
VII 210 811 
Ix 255 - 

lyzomes wero prepared from fresh pig ‘Tand 0'1 ml. = 160 mg- 
oie (conta! 


protein* and sud approximately 18mg RNA 
were incubated with 0-3 ml. H 0007 07 papom t of fresh pig adrenals 
(60 mg-squivalent). O-glycine, A FTP, G PEP and P-kinass were added 
as m . 1. In this system 0 2 or 0-4 ml. of samples V-IX (Fig. 1) were 
assayed or stimalation of 4C-glycine incorporation in a total volume of 
1:05 ml. (60 min, 87° C), The com tet seen with no addition showed an 
incorporation of 209 c.p.m ; 105. 

when polysomes were omitted. pees o 
following incorporations: VI, 176 ¢.p.m.; VIT, 3 
IX, 206 op m. 


ernatant omitted and 5 ¢ p 
0'2 ml. of samples prod 
42 0.p.m.; eee 


tamed aminoacyltransferase and stimulated amino-acid 
incorporation when they were added to incubation 
mixtures (Table 1). 


Hinam 
2 p 


ERABIENT 
v 


mg Protein (@——@) 
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IMMUNOLOGY 


Inter Heavy-Light Chain Disulphide Bridge 
n Immune Globulins 


Tam immune globulins are a heterogeneous family of 
proteins made up of light and heavy* chains joined by 
disulphide bridges. Immunological techniquest* *and 
chemical investigation? indicate that most or all of the 
normal population of light chains is a mixture of two types 
of polypeptide—x and 2. The majority of heavy chains 
can be classified as y, p or œ. In humans, the y chains 
have been further subdivided, making use of common 
antigenic determinants, into four major sub-classes: 
y2a (or Ne), y2b (or We), y2o (or Vi), and y2d (or Ge)*. 
Combination of either x or 4 chains with y, p or « 
chains gives rise to immune globulins IgG (gamma- 
globulins), IgM (macroglobulins), or IgA. It bas been 
postulated? that a single disulphide 
bridge linking x or 4 chains to heavy 
chains occurs through the light chain 
C-terminal or next to C-terminal cys- 
teine residue, and this has been based 
mainly on the arrangements of disul- 
phide bridges in light chain monomers 
: and dimers produced in the urine of 
4 myeloma patients (Bence-Jones pro- 
© teins) A direct demonstration that 
this is the case has now been obtamed 
by isolating disulphide-bridged peptides 
containing the C-terminal peptide of 


20,000 


15,000 


10,000 








yoo Mi flee apg 7 the light chain and a half-cystine 

peptide from the heavy chain of 

ieee rarer rn -+ AE different types of human pathological 
Sample immune globulins. In addition, a 


Fig. 1. Proparation of aminoacyltransferase from pig adrenals. 137 g 
fresh pig adrenals were homogenized in 68 5 ml. mediam A (0-25 molar 
sucrose, 0025 molar potassium chloride, 0-005 molar magnesium 
chloride, 0-05 molar iris hydrochloric acid buffer, pH 7-5) as desorbed* 
and the 106 „000g supernatant was passed through dextran gel (‘Sephadex 
@-26’). It was then concentrated by ultrafiltration and subjected to anlon 
pipe ap a phy on a DEAE-cellulose column using a linear 
paduan made from J; 008 molar potassium chloride, 0-02 molar tris 
ydrochloric acid buffer, pH 7:5, and I. 0-5 molar potasium chloride, 
0-02 molar tris hydrochloric acid "puffer, pH 7-6 (ref. 2). The eluate was 


radioactive technique for the isolation 
of the corresponding carboxymethyl— 
cysteine peptides has been developed. 
This communication presents a com- 
parison between peptides derived from 
different classes and sub-classes. Pooled 
normal IgG is shown to contain in good 


recombined into samples I-X as indicated, concentrated by 

assayed Tor stimula- 
This con’ ed 1 uo. “O- 
te, 1 umole ATP, 


pyruvate kinase an valent of 

5,0007 8 upernatans of 1 of D pig adrenal homogenate in 30 mg eq volume of 
rated into 

ulation of 


filtration, dialysed against medium A and portions assa 

tion of protein synthesis ın a cell-free system 

GB rot (0-014 gota) 1 10 wmoles phosphoenol-p; 
emoles 


The assay of 'O-glycie Inco 
earlier’. ‘The data Tepresent the total 
incorporation in each sample (c.p.m.) 


106 mi a d 


Adrenocorticotrophin administered to rats leads to 
increased protein synthesis in a cell-free system because of 
elevated activity or amount of aminoacyltransterase*. 
Only after continued treatment with ACTH. is the activity 
of polysomes stimulated‘, but aminoacyltransferase 
remains the rate limiting factor for tn vitro protein 
synthesis. 

This investigation was supported by the Deutache 
Forschungsgemeinschaft. 
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yields the peptides found in the two 
chief sub-classes of y-chains. 

Disulphide-bridged peptides were 
isolated by the performic acid oxidation 
diagonal technique’ after peptic (1/20 
enzyme-substrate ratio m 5 per cent 
formic acid, 14 h at 37° C) and then 
tryptic digestion (1/50 enzyme-substrate ratio in pH 
7-0, 0-1 molar ammonium acetate buffer, 6 h at 37° ©). 
Peptides were purified by paper electrophoresis at pH 
6-5, and pH 3-5 before and after oxidation; with the 
macroglobulin Ale, a preliminary fractionation of peptides 
on a ‘Sephadex G-25’ column in 2 per cent acetic acid was 
necessary. Peptides with the sequences shown in Table 1 
were isolated from three different pathological immune 
globulins. 


ultra- 


Table 1. OYSTINE PEPTIDES CONTAINING THE DISULPHIDE BOND BETWEHN 
LIGHT AND HWAVY OHAINS OW BOMB PATHOLOGIOAL IAMUNH GLOBULING 


Heavy isnt 
Protein chain chain 
type 
Ale u Pro, Leu. Val. Ser.Cys. Glx. Asx. Ser(Asp,Ser,,Thr, Pro) 
Gly.GIn, 
Fle ¥ * ý gerne Lys 
Gly. Qiu. 
Vin Y Pro, Leu. Ala(Cys, Ser, Pro) 
A Pro. Thr.Glu.Cys.8er 


The occurrence of the sequences derived from Fie and 
Vin in pooled normal IgG and in other myeloma proteins 


* The nomenclature used for immune Klobalin molecules, chains and 
fragments is that recommended in ref. 
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was investigated using a radioactive labelling technique 
on partially reduced proteins. One per cent protem solu- 
tions were reduced m 0:5 molar iris-hydrochloric acid 
(pH 8-2) with 1-4 mmolar dithiothreitol’ (for 90 min at 
37° C under nitrogen), and alkylated by addition of radio- 
active iodoacetic aad (stock solution 50 mmoles/l.; 
500,000 c.p.m./umole), to give a final concentration of 
2 mimolar iodoacetic acid. Alkylation was allowed to 
proceed for 1 h at room temperature. After peptic and 
tryptic digestion as before, radioactive peptides were 
purified by paper electrophoresis. A rapid characterization 
of the radioactive peptides present m a 5 mg digest of 
several proteins was achieved by autoradiography of a 
carboxymethyl—cysteme diagonal. The digest was sub- 
jected to electrophoresis in the first dimension at pH 3:5, 
and the paper then oxidized with performic acid vapour to 
convert the carboxymethyl—oysteine present to the more 
acidic sulphone’. A second dimension was then run, 
again at pH 3-5, to complete the diagonal. By this 
procedure, almost pure radioactive peptides were obtained. 
‘When necessary they were further purified by electro- 
phoresis at pH 6-5, eluted and analysed. In each IgG 
myeloma protein, between four and six strongly labelled 
spots were seen and could be characterized by their 
mobilities before and after oxidation with performic acid. 

Fig. 1 is a composite map showing the positions of the 
main radioactive spots obtained from several myeloma 
protems. Spots marked x, >, and A, were identified by 
their electrophoretic mobilities and amino-acid analysis 
as belonging to the light chain C-terminal sequences 
shown in Scheme I (ref. 8). 


xchaing ~—Arg-Gly—Glu-OMCys-COOH 
x 


Seen 
A chains SLE reyni Ero Thr Che CM ye Ser COOH 
1 





As 





-a 


Scheme I 


Spots marked a, and a, in Fig. 1 were present in a y2a 
myeloma, but not in the two y2b myelomas mvestigated, 
while spots b, and b, were present in the y2b myelomas 
but absent from the y2a. The compositions of peptides a, 
and 6, are given in Table 2. They can be identified as the 
heavy chain portions of the disulphide bridges shown. in 
Table 1. Peptides a, and b, both contained two residues of 
oarboxymethyl—cysteine; their possible involvement in 
the disulphide linkage between the heavy chains is being 
investigated. 


MARKERS: 


ist DIMENSION 
+ve 


+ve 
2nd DIMENSION 


. 1. Composite diagram showing the main radioactive peptides 
ob by al reduction of several myeloma proteins. The prepara- 
tion of the pue ia degsoribed in the text. Peptides of which 
the mobilities are not affected by the oxidation with performic acid Ite 

within the broken lines. The ongin is marked by a cross. 
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Table 2. GARBOXYMWTHYL-~OYSTMINH PEPTIDES DERIVED FROM PARTIALLY 
REDUORD PAYHOLOGIOAL IMMUNH GLOBULING 


Heavy Light 
Protein chain chan Heavy chain peptide 
oa K x (Pro, Leu, Val, Ser, OMCys, Qix, Asxs, Tbr) 
V. ya a a,’ (Pro, Leu, OM Cys, Bor 
åJ. y2b A by: Bern Lya) ) 
Car y2b a bı: (Ser,OMCys, Asp, Lys 
B.C p A bı. (Ber, OMCyB, Asp, Lys. 
Fie y x bi (gor OMIOYS, AED, DYE 
Fre ? x bı: (Ser, OMCys, Asp, L 


Typing of heavy chains was undertaken by Professor H. H. Fudenberg 
(Vin, A. J., and Fre) and Professor H. O. Franklin (Car). Protein Fre did not 
react with antisera to y2a, y2b, or 720 myelomas. 


e a amet Wz Br SN i Ds OB lng 
Fahey (A J.); Mrs. B. F, Milstein (Ale), 

A diagonal propared from pooled IgG gave peptides 
b, and b, in good yields, whereas a, and a, appeared to be 
present in only small amounts. Estimated yields of b, and 
a, from pooled IgG in per cent moles/mole of protein were 
found to be 55 per cent and 15 per cent respectively 
(taking the yield of b, from a y2b myeloma to be 100 per 
cent). These proportions are in general agreement with 
the frequencies of occurrence of y2b and ~2a myelomas; 
the agreement is better in the case of y2a (reported as 
Il per cent of an unselected sample) than y2b (77 per 
cent)!*, 

Tho presence of b, and b, in partially reduced heavy 
chains was demonstrated by a non-radioactive method. 
A diagonal technique using ninhydrin staining rather than 
autoradiography requires a means of distinguishing the 
carboxymethyl—cysteine peptides from oysteic acid pep- 
tides, derived from unreduced disulphide bridges, which 
also move off a performic acid oxidation diagonal. Pooled 
IgG was partially reduced with 0-2 molar mercapto- 
ethanol, alkylated with iodoacetic acid, and separated into 
heavy and light chains according to Fleischman e al.™. 
The unreduced disulphide bridges of the heavy chains 
were then converted to the carboxamide form, the 
mobility of which does not change on oxidation with 
performic acid. Conversion was accomplished by reduction 
with 0-3 molar mercaptoethanol in 7 molar guanidine 
buffered with 0 5 M molar irts-hydrochloric acid (pH 8-2) 
and alkylation with 1 molar iodoacetamide. Digestion of 
the chains and preparation of a diagonal were carried out 
as before. In addition, a control sample m which alkylation 
after partial reduction was carried out with iodoacetamide 
instead of iodoacetic acid was run in parallel; spots moving 
off this diagonal were derived from non-cysteine-containing 
peptides (such as carbohydrate peptides). The only 
strongly staining spots moving off the experimental 
diagonal and not present in the control were spots b, and b, 
(see Fig. 1). Because a, and a, were present in lower yields 
(see above), they were not detected by this technique. 

Differences in peptide maps of the Fe fragments ob- 
tained from myeloma proteins of different y chain sub- 
classes have been reported'?. These mvestigations indi- 
cated differences, confined to a few peptides, between Fo 
fragments from y2b, y2c and y2d myelomas. Peptide 
maps derived from ~2a myelomas resembled those from 
2b proteins, but were diffloult to interpret due to the 
resistance of y2a to papain digestion. Investigations of the 
C-terminal octadecapeptide of y2b and y20 chains showed 
differences in only two residues!’, while no difference could 
be detected between y2a and y2b chains in this region". 
Our results show that y2a and y2b chains differ in the 
sequence of the peptide involved in the covalent binding 
of light chains; this peptide is derived from the Fd 
fragment of the molecule, because it is known" that the 
light chain is linked to this portion of the heavy chain. 
Furthermore, the corresponding peptide from u chains 
differed from both y chain peptides, although common 
allotypic determinants have been found in y, p and « 
chains of rabbit, localized in the case of y chains on the 
Fd fragment?1¢, 

The Fd fragment of pooled normal heavy chains pre- 
sumably contains amino-acid sequence heterogeneity, 

rd 
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because it is involved in antibody specificity?’1*, Hetero- 
geneity in the N-terminal peptide of rabbit heavy chains 
bas already been demonstrated!*. On the other hand, the 
presence in Fd fragments of “invariant” sequences, 
common to all members of a given sub-class, has been 
suspected, because these fragmenta can carry common 
antigenic determinanta”. The yields of the peptides 
obtamed from pooled IgG (see above) suggest that the 
inter heavy—light chain bridge occurs in an “invariant” 
portion of the Fd fragment. 

These resulta are compatible with a model of the Fd 
fragment sharing the overall general structure of the 
light chains, which consist of a C-terminal portion common 
to all molecules of the same type and of an N-termimal 
portion peculiar to each myeloma protein*!-*. 

J. R. L. Pork 
C. MILSTEIN 
M.R.C. Laboratory of Molecular Biology, 
Hills Road, Cambridge. 


Eecetved February 14, 1967. 
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Immunological Tolerance in the Absence of 
Cellular Chimerism 


Ir has been suggested that the immunological tolerance 
induced by parabiosing some strains of adult inbred mice 
with the F, hybrid of a cross between that and another 
inbred strain sharing the same H-2 histocompatibilty 
locus, but differing at weaker loci, is caused not only by a 
continuous exposure of the parental partner to trans- 
plantation antigens of the F, partner but also to the 
establishment of cellular chimerism in the parental 
partner’ at least as far as the spleen is concerned-——the 
lymphoid organ which has received most attention in this 
respect. 

To test this assumption in one weak antigenic com- 
bination, the inbred lines of mice CBA(H)T676 from 
Harwell, OBA from Carshalton, (immunological uniformity 
between these lines was shown by permanent acceptance 
of reciprocal skin grafts) and O3H from Carshalton were 
developed ın this laboratory. These strains share the same 
H-2 genetic locus and differ at weaker loci. Skin grafts 
from the (OBA xC3H)F, hybrid of these strains were 
rejected by the CBA(H)7T6T6 in twenty-six cases on an 
average of 19 days (12-45). 

Parabiosis between the OB A(H)7'67'6 with the (CBA x 
O38H)F, hybnd produces a one way immunological 
reaction, for the hybrid, because of the genetic situation 
cannot react against the cells of its parental partner. 

e 
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Measurable cross circulation begins by the fourth day’. 
The problem is whether the F, hybrid cells enter the 
lymphoid tissues of the parental partner and somehow 
play & part ın the induction of tolerance. In this com- 
bination, provided the host and donor cells are dividing, 
this can easily be resolved because of the 76 marker 
chromosome in the OBA(H)T6T6 mouse. Only the 
spleens were examined for dividing cells. This does not 
furnish any information about the types of cell involved. 

Groups of parent to F, hybrid mice were parabiosed and 
killed 1-12 weeks later. Chromosome preparations were 
made from the spleens of both partners immediately, and 
others were kept after soparation and tested for tolerance 
with F, hybrid skin grafts. About twelve weeks in para- 
biosis was required to induce tolerance consistently. A 
number of grafts were in perfect condition after 150 days 
while others slowly disappeared over several weeks or 
months, suggesting a waning of tolerance (Table 1). 

But Table 1 also shows that whereas OBA(H)T6T6 
dividing cells always appeared ın the spleens of the hybrid 
partner, never at any time were dividing F, hybrid cells 
found in the spleens of the parental partner. This applied 
at all time intervals and whether tolerance was induced 
or not. 


Table 1. REJECTION TIMES OF (OBd r AME HYBRID SKIN GRAFTS ON 

CBA(H)T67'6 PABABIOSRD WITH (CBA H, HYBRIDS AND SHPARATHD 

AT INTHRVALS AND ANALYSIS OF DIVIDING DONOR AND HOST CELLS IN TH 
TNERS 


SPLHENS OF BOTH PAR 
Rejection ın days of Percent dividing F, Percent divi 


ding 
T676 celis in F. 


Woeks in F skin gratt on colls ın TET 
parabiosis parental partner spleens/No counted spleens/No. counted 
1-2 ~ 750. */50: °/100 ae fina (sb 
2-8 9.14, 22: 48: °/50: 0/100: Hoe M8 
$25" °/25 "100 “80 100/25: Afio. 
4-8 13.14: 17° 21:28. */100:*/100.°* 50 “(50 50° 10/50 
82° 52: > 112 J50- */100: 4/100: mjo {100° 8/100, 
8 10° 12: 22: 100" +7100: 73/50° */100; 
12 aed > 160° > 150 sea 9/25. "J41 3/18; 1529 - 
> 133. 00. 5 
18 > 129° > 129; >180. None by irradiated /82: */25° 9/50. 
ohimera analysis. 


Table 2. ANALYSIB OF DIVIDING CELLS IN SPLBENS AND MARROW OF 
LETHALLY TRRADIATHD NORMAL (CBA Tox ODF, HYBRIDS (=T6+) OR 
NORMAL OBA(HYTOTO (m T6T8) RHOIPIRNTS RESTORED WITH 5-10 x 10* 
SPLENIO CHLLS INTRAVENOUSLY FROM TAREA TOLERANT CBA(H)T6T6 
PARABIONTS (F, SKIN GRAFT SURVIVAL 180 DAYS) 


Per cant dividing F, parabiont, 76+ and 7'67'6 dividing cells in sécondary 
uradiated 7'6+ recipients 


No. 
Fi T8 + TOT6 counted 
Spleen: 0 0 100 100 
w: 0 0 100 100 
Spleen: 0 0 100 100 
w: 0 8 9 27 
Spleen. 0 0 100 100 
wW: 0 2 50 
Per cent dividing Fi parabiont, colls and 7°67'6 cells ın secondary irradiated 
T6T6 recipients ~ 
0. 
F T6T6 counted 
Spleen. 0 100 100 
Marrow: 0 100 100 
Spleen 0 100 100 
w: 0 100 100 
Spleen: 0 100 100 
trow: - - - 


Splenic mitotic indices were very low ın these parabionts 
several months after separation and so metaphases were 
often hard to find. One parental partner was given 
Freund’s adjuvant and another phytohsemagglutinin 
intraperitoneally a few days before the chromosome 
preparations were made to stimulate mitosis in the spleens, 
but still no dividing F, hybrid cells were found. In another 
attempt to unmask non-dividing F', hybrid cells that might 
be lurking in the tissues of the parental partner, splenic 
cell suspensions from highly tolerant parental OBA(E)- 
T67T6 parabionts were used to restore lethally irradiated 
normal OBA(H)7T676 and normal (CBAT6 x O3A)F, 
hybrids. Chromosome analysis of the spleens and marrow 
of the secondary irradiated recipients during the second 
week after irradiation, at which time mitosis is very 
active’7, in no instance revealed dividing F, hybrid cells 
(Table 2). 
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Although it 1s possıble that slowly dividing populations 
of cells of considerable size may go undetected (H. Micklem, 
C. Ford, E. Evans and J. Gray, personal communication), 
the prolonged retention of the F, hybrid grafts by the 
parental partner found here is most unlikely to be caused 
by cellular chimerigm. A similar experimental situation, 
but involving a strong antigenic difference and using 
mamumological methods has recently shown that the 
parental partner is unlikely to be a chimeras. 

Cross circulation builds up comparatively slowly be- 
tween the partners and perhaps a continuous flow of 
transplantation antigens (or some other sort of antigen), 
conveyed by the blood stream, exhausts the lymphoid 
tissues of the parental partner and produces a form of 
immunological paralysis. Cross circulation investigations 
show that blood cells enter the parental partner, but 
competent cells never seem to penetrate the lymphoid 
system. Alternatively it may be that the 7'67'6 cells 
which circulate in the F, hybrid become tolerant of the 
O3H antigens and in this situation a tolerant population 
of cells appears. This might explain the transference of 
tolerance by parental splenic cells to isologous neonatal 
mice‘. These problems are under further investigation 
with particular reference to other lymphoid organs. A 
preliminary search for dividing F, hybrid cells in parental 
lymph nodes and thymuses has so far been negative. 

I thank Professor Morten Simonsen for help and advice. 
This investigation was aided by a grant from the Medical 
Research Council. 
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Haemolysin Responses to Sheep Erythrocytes 
in Neonatally Thymectomized Swiss Mice 


NronaraL thymectomy has been shown to be followed, 
under certain experimental conditions, by depression of 
immune responses‘, Does neonatal thymectomy depress 
the primary response to a greater extent than the secon- 
dary response, or is a greater degree of immunological 
depression found in the secondary response ? The answer 
to this question is of importance when attempting to 
describe the relationship between the activity of the 
thymus and the development of the antibody response. 
Hess et al. have reported that the secondary response was 
decreased to a greater extent than the primary following 
neonatal thymectomy and have recently confirmed this 
conclusion’. The present communication is concerned with 
a different experimental system which, in contrast to 
work of Hess et al., has given a clear demonstration that 
neonatal thymectomy affects the primary response to a 
far greater extent than the secondary response. 
Outbred Swiss albino mice were thymectomized, or 
sham-thymectomized within 24 h of birth (ref. 7 and 
Miller, J. F. A. P., personal communication) or not operated 
on at all. Mice used in the primary response were given an 
intraperitoneal injection of sheep erythrocytes (0:1 ml. ofa 
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10 per cent suspension) when the mice were 4 weeks old, 
while in the secondary response the mice were given 
intraperitoneal injections at 10 days and 4 weeks of age. 
The antibody response was assessed by measuring serum 
haemolysin activities at various times after injection of 
sheep erythrocytes. Serum haemolysin activity was 
determined in ‘Microtiter’ plates by a method described 
previously*. The number of mice at each point averaged 
8-6 mice in the primary response and 14 mice in the 
secondary response. 

The primary haemolysin response to sheep erythrocytes 
(Fig. 1) in neonatally thymectomized mice was much 
lower than that in the sham-thymectomized and normal 
mice, and the serum haemolysin activity was about 3-6 
per cent of the control values at most times after immuniza- 
tion. The secondary response in thymectomized mice 
(Fig. 2) was about half that m the sham-thymectomized 
mice and a quarter that in the non-operated mice between 
5 and 17 days after immunization. None of the differences 
in the secondary response between thymectomized and 
sham-thymectomized groups was found to be statistically. 
significant, whereas the difference between thymectomized 
and the control groups in the primary response was 
statistically significant (P=0-01). When the investigation 
of the secondary response was repeated it gave similar 
results, and the primary response investigation reported 
here already represents a number of repeat investigations. 
An experiment in which the same conditions were used, 
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except that the experimental subjects were CBA mice, 
indicated that the primary response was decreased to & 
greater extent than the secondary after neonatal thymec- 
tomy (response tested only at 4 days after immunization, 
when the antibody activity for primary and secondary 
responses in the thymectomized group was 1 per cent and 
20 per cent of controls, respectively). 

When the effect of neonatal thymectomy on the haemo- 
lysin response to the first injection of sheep erythrocytes 
is compared with that to the second injection of sheep 
erythrocytes, a much greater reduction in the response 
to the first injection of antigen occurs after neonatal 
thymectomy. 

It is difficult at the present time to give any definite 
reason why the results of Hess et al.5§ differ so markedly 
from those given here; however, there are a number of 
possibilities and these will be briefly considered. Strain 
differences of mice do not seem to have played an important 
part because outbred Swiss and inbred CBA mice gave 
similar results; these two strains are at opposite ends of 
the spectrum of effects which appear after neonatal 
thymectomy. Drfferences in the nature of the antigens 
used may have been an important factor, and are worthy 
of investigation, especially because there is a greater 
difference between the primary and secondary responses 
to tetanus toxoid (the antigen used by Hess et al.) than 
between these two responses to sheep erythrocytes. The 
timing of the first injection may be crucial if potential 
“memory” cells disappear over a period of time after 
neonatal thymectomy. In the present experiments, the 
first injection of sheep erythrocytes at 10 days may have 
provided a condition favourable for the demonstration of 
immunological ‘“memory’’. Lf, however, the animals were 
older at the time of first injection, immunological “‘mem- 
ory’? may be abnormal because of the loss of potential 
“memory” cells with time. Other experimental differences 
such as the route of injection, the relative dose of antigen, 
and the number of time intervals chosen between injection 
of antigen and bleeding may have contributed to the 
differing results. In the experiments of Hess et al. the 
bimodal distribution of antibody titres, most evident in 
the secondary response of mice thymectomized at 1 and 2 
days of age, differed completely from the unimodal 
distribution found in secondary response of the present 
investigation. 

The separate behaviour of the 19 S and 7 S sedimenta- 
tion classes of haemolysins is being investigated at the 
present time, because the timing of appearance of the 7 S 
antibody is the best available criterion of a secondary 
response when sheep erythrocytes are used as the antigen. 

I thank Sir Alexander Haddow for his interest in this 
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Royal Cancer Hospital) from the Medical Research Council 
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the National Cancer Institute, U.8. Public Health Service. 
T algo thank Mrs. Dianne Millican for technical assistance. 
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Isolation from Bordetella pertussis of 
Protective Antigen free from Toxic Activity 
and Histamine Sensitizing 

Factor 


In view of the untoward reactions which pertussis vaccine 
occasionally produces in vaccmated children, the im- 
portance 18 now generally recognized of developing a 
vaceine with protective properties yet free from those 
factors responsible for reactions. van Hemert, van Wezel 
and Cohen! described a method of extracting the protective 
antigen from Bordetella pertussis by treating a suspension 
of the organisms with Na-deoxycholate and then with 
DNase and RNase. This treatment was followed by 
gel-filtration to remove the Na-deoxycholate together 
with other low molecular weight compounds. The re- 
sulting extract, SDE, contained the protective antigen 
but also toxic factors. Further expermments have now been 
made, which are reported below, to obtain the protective 
antigen free from toxic factors. 

SDE preparations were centrifuged for 2 h in a ‘Bpinco 
L’ centrifuge at 4° C (60,000g) and the precipitate and the 
supernatant fluid separately collected. Tests for protective 
activity and toxicity were made in parallel on three 
fractions, namely, the original SDE, the precipitate and 
the supernatant. Protective activity was determined by 
the mouse protection test, in relation to the international 
standard for pertussis vaccine according to the method 
described by the World Health Organization! and the 
potency expressed in international units per ml. (ro/mil.). 
For these tests the precipitate fractions were dissolved in 
water to 1/8 the volume of the original SDE, while the 
SDE and supernatant fractions were tested in the un- 
diluted form. Toxicity tests were made in groups of 
twenty mice and the effect of injecting a single dose of 
0-5 ml. examined by measuring gain in weight during the 
7 days following injection (World Health Organization, 
1964). Toxicity was also tested in the same groups of 
mice by injecting a second doso of 0-5 ml. 1 week after the 
first dose and observing the number of deaths ocourring 
within 1 week’. For both toxicity tests, the SDE and 
the supernatant fractions were diluted equivalent to a 
concentration of 16x 10° organisms/ml. andthe precipi- 
tate fractions to 32x 10° organisms/ml. A further test 
was made, by the method described by Preston‘, for 
histamine sensitizing factor (HSF) present in the fractions, 
as there is a strong possibility that this factor is closely 
related with toxic effects of the vaccine. The assay of 
HSF was done in relation to the international standard 
for pertussis vaccine and the potency expressed in the 
arbitrary units assigned to the standard by Cohen" as no 
international units exist. The concentrations of the 
fractions used for this test were the same as those used in 
testing for potency. 

The results of testa made on five different batches are 
given in Table 1. It is clear that ultracentrifugation of 
SDE preparations gave precipitates P containing the pro- 
tective antigen without the histamime sensitizing factor 
which remained in the supernatant fraction. It is also 
clear that the precipitate fractions were free from toxicity 
as measured by both one or two injections in mice and that 
toxicity was retained by the supernatant fractions. 
Although the protective antigen was freed from histamine 
sensitizing factor and toxicity, the separation was by no 
means complete since some protective antigen was still 
retained by the supernatant fractions. It is difficult to 
make a precise estimation of the yield of antigen in the 
precipitate fractions. but taking all tests into account it 
would appear that a yield of about 15 per cent was ob- 
tained. It is possible that by differential centrifugation 
an improvement on this yield can be obtained and experi- 
ments along these lines are in progress. 

I thank Miss D. Evers for her accurate technical 
assistance, Mr. P. A. van Hemert and Mr. A. L. van 
Wezel for providing the starting material and Dr. 
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Table 1. TESTS FOR PROTECTIVE POTENCY, HISTAMINE SENSITIZING FACTOR AND TOXICITY 


Protective 
Batch No. Fraction potency 
wim. 
33 SDE 49 (22-111) 
P 116 (45-300) 
S 34 (10-78) 
. B4 SDE 47 (20-108) 
p 14 (3-86) 
s 5o (1-31) 
33/34 SDE 58 (28-118) 
P 74 (26-203) 
8 11 (4-87) 
55 8DE 63 HET 
P 40 (10-159) 
8 37 (16-81) 
P 50 (13-198) 
S 20 (8-49) 
56 8DE 58 (28-122) 
P 8 (< 1-254) 
s 51 (21-127) 
F #4 (23-388) 
8 15 (1-159) 
P BG (44-169) 
S 34 (12-100) 


95 per cent confidence limits in parentheses. 
* Indicates number of mice dying. n.t., Not t 


J. D. van Ramshorst and Mr. J. A. Smith for performing 
the biological tests. 
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Salt Solubility of Reaginic Antibodies 


--Purie1eD preparations of the immunoglobulin A (IgA) of 
human sera are often contaminated by some other protein 
constituents. In the course of attempts at further puri- 
fication of IgA isolated from the sera of atopic patients, 
interesting observations were made on the salt solubility 
of the reaginic activity present in those preparations. 
Such observations are the subject of the present report. 
As a result of preliminary tests, sodium sulphate in a 
concentration of 118-125 molar was chosen for all the 
- subsequent fractionations, The procedure adopted was as 
| follows. To a volume of the IgA preparation, or of the 
suitably diluted whole serum (see later), 1-2-1-25 volumes 
of a 2-18 molar sodium sulphate solution were added, so as 
to obtain a 1-18-1-21 molar concentration of the salt in 
the mixture (1:18 molar was the concentration most 


often employed). The mixture was left at room temperature 


for 30 min and then centrifuged at 3,000 r-p.m. (about 
2,000g) for 15 min at 20° C. The supernatant was carefully 
and completely removed and set aside, and the precipitate 
was redissolved in about half the initial volume of distilled 
water. Both the supernatant and the redissolved pre- 
cipitate were separately dialysed against phosphate- 
buffered saline solution (pH 7-2), with continuous magnetic 
stirring in the cold. After 4 h of dialysis with repeated 
changes of the outer fluid, the contents of the dialysis bags 
were reduced by pervaporation down to a little less than 
the initial volume of the material being fractionated. 
Dialysis was continued overnight as above. On the 
following day, after checking the absence of sulphate 
from the dialysates, the contents of the bags were taken 
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IN DIFFERENT FRACTIONS OF B, pertussis 


Histamine Toxicity r. 
sensitizing Average wt, gain g Proportion of 
factor in 20 mice after deaths after 
U/ml. one injection two injections 
26 (14-50) 3-6 17/20 
<1 o-4 2/20 
27 (13-57) n.t. n.t. 
& (2-31) 7-0 0/20 
<1 8-0 0/20 
15 (8-28) n.t. n.t. 
27 (13-45) 4-0 (2*) 16/18 
<1 84 0/20 
27 (14-52) nt. nt 
63 (39-100) 8-5 (1*) 14/19 
<1 76 0/20 
24 (15-89) 4b 13/20 
<l 68 0/20 
Li (3-40) 49 11/20 
32 (21-48) 4-9 130 
<1 y 79 0/20 
34 (14-81) 57 (3*) 14/17 
<1 U3 0/20 
20 (O46) ST 4/20 
<1 T 0/20 
34 (18-66) 55 8/20 


ested; P, precipitate; $, supernatant. 


out and made up to the initial volume with buffered saline 
solution. The sub-fraetion soluble in 1-18-1-21 molar 
sodium sulphate was called fraction S, and the one pre- 
cipitated in the same conditions fraction P. Both. frac- 
tions, as well as the serum or IgA preparation from which 
they were derived, were tested for reaginic activity by 
passive transfer (P.K.) tests, and analysed for their 
protein contents by immunoelectrophoresis (Scheidegger’s 
micromethod) and agar gel diffusion tests (Ouchterlony 
plates) using appropriate antisera. ; ° 
Fractionation was first carried out on purified IgA 
preparations obtained, essentially after Heremans’s method 
IL, from the sera of atopic patients (sensitive. to grass 
pollens). All the reaginie activity of the initial preparation 
was recovered in fraction S; fraction P was completely 
devoid of skin-sensitizing activity. Six atopic sera ‘were 
tested in this way, with consistent and reproducible 
results in each case. Passive transfer tests in a typical 
experiment of this kind are shown in Fig. 1. It was possible. 
that the peculiar behaviour of reaginic activity might ‘be 
caused by some change in IgA which took place during 
its isolation from serum. For that reason the fractionation 
was also performed on whole serum diluted ten. times in 
buffered saline, using the procedure outlined above. 
Whole sera used for that purpose were aliquots of the 
same serum samples from which the IgA preparations 
used in the previous stage had been obtained. Reaginic 
activity was again confined to fraction S in all cases; 
fraction P was in every case inactive. Fractionation of 
whole undiluted serum was also attempted, but the 
precipitate which formed was so heavy that it trapped a 
large amount of the supernatant and prevented a clear 
separation of both fractions, as was shown by washing the 
precipitate in saline and examining the washing fluid after 
centrifugation. 
An analysis of the distribution of serum proteins among 
fractions S and P, by means of immunoelectrophoresis 
and agar gel diffusion, showed that, although most of the 
IgA contained in the purified preparation or in the whole 
serum was present in fraction P, fraction S, the only one 
endowed with reaginic activity, always contained signi- 
ficant amounts of IgA. The IgA contents of fraction S 
were relatively larger when it came from purified IgA 
preparations than when it came from whole serum. 
This is not surprising considering that, even with the 
best methods of preparation now available, IgA isolated 
from serum samples is only a small proportion (5 per cent 
to 10 per cent) of the total, and may not be representative 
of the whole?. IgA preparations used for fractionation in 
m, e 
at 
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Fig. 1. Prick test with grass pollen antigen on sites sensitized with: 
{A} IgA from atopic serum; (B) fraction P, and (C) fraction S; 
(D) control site (unsensitized). 


this work were contaminated with small amounts of 
haptoglobin, another alpha-2 globulin, a beta-1 globulin, 
anda trace of IgG. The distribution of these impurities 
among fractions S and P was as follows: IgG and the 
unidentified alpha-2 globulin accompanied the quanti- 
tatively greater part of IgA contained in the inactive 
fraction P, whereas the small portion of IgA contained in 
fraction S, endowed with reaginic activity, was con- 
taminated with haptoglobin and a beta-1 globulin the 
exact identity of which is still unknown. 

The above findings can be interpreted in at least two 
ways. (a) Reaginic activity is not associated with IgA, 
but with some other protein often contaminating IgA 
preparations. That would agree with recent observations 
by Ishizaka and Ishizaka?, which suggest that reaginic 
antibody is a unique class of immunoglobulin, different 
from IgA. Nevertheless, that view can hardly be re- 
eonciled with the complex body of data on which the 
widely held opinion that reagins are associated with IgA 
is basedt, (b) Alternatively, reaginic activity could reside 
in a protein which, being antigenically identical or at 
least closely related to the heterogeneous class of globulins 
at present called IgA, nevertheless differs from the bulk 
of IgA in several points, including its ability to sensitize 
human tissues and its solubility in 1:18 molar sodium 
sulphate. Whether these and probably other peculiarities 
are properties of individual immunoglobulin molecules 
themselves, or are conferred on them by their state of 
aggregation, their association with other protein molecules 
or by any other means, it is not possible to decide at 
present. 
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HAEMATOLOGY 


Haemoglobins and Transferrins of European 
Bison and their Cattle Hybrids 


Tue European bison (Bison bonasus L.) was present in 
great numbers in the forests of Europe at the beginning 
of the modern era. With the increase of human attivity 
and the more intensive cultivation of the land, the 
population of bison decreased to such an extent that the 
species was near to extinction at the beginning of this 
century. Now, however, thanks to the care which Polish 
zoologists and authorities took of a few individual bison, 
their number is steadily increasing. The population is 
centred in the Bialowicza forest. 

Bison bonasus L. can be crossed with cattle, and we 
have had the opportunity of investigating haemoglobins 
and transferrins from such hybrids and their parents. 
The technique used was starch gel electrophoresis’. 
The appearance of haemoglobin phenotypes from bison, 
cattle and hybrids on stained starch gels is shown in 
Fig. 1. 

The photograph shows the haemoglobin phenotypes of 
the mother (cow), the father (B. bonasus) and an F, and 
an F, hybrid. The cow has a regular haemoglobin A 
phenotype. The bison has two haemoglobin bands of 
which the faster is the stronger. The slower migrates at 
the same rate as haemoglobin A of cattle. Altogether, 
four bison were examined. All of them had the same 
haemoglobin phenotype. The F, hybrid had three 
haemoglobin components, the two fastest of which match 
those of the bison and the cow. The slower of these two 
was, however, considerably stronger. The third additional 
haemoglobin band in the F, hybrid is weaker than the 
other two. 

The fourth specimen represented in Fig. 1 is from an 
F, hybrid—in other words, from an offspring of an F, 
hybrid backcrossed to cattle. The F, animal has two 
haemoglobin bands matching those of bison, but the two 
bands are of about equal strength. Further results from 
investigations of F, hybrids will be given elsewhere. 

Altogether blood samples frorn ten F, hybrids were 
examined. They all had the same three band haemo- 
globin phenotype. Samples from the parents of six of 
them were available for investigation. One bison bull 
had five offspring whereas the sixth hybrid had a bison 
mother. The cattle parents of the F, hybrids were all 
of phenotype haemoglobin A. 

The two bison haemoglobin components were isolated? 
and run in starch gels at pH 2 (ref, 3) together with cattle 
haemoglobin. The cattle haemoglobin A appeared as two 
bands of which the slowest is assumed to represent the 
polypeptide chain and the faster the non a-chain‘. 
The isolated haemoglobin bands of bison also each showed 
two bands in gels of pH 2. It was, however, not possible 
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Fig. 1. Photograph of a benzidine stained gel. Tris, borie acid, EDTA 
buffer, pH 8-0. For explanation see text. 
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Fig. 2. Photograph of a gel stained with amido black. Gel buffer tris, 
citric acid, pH 7-6, For explanation see text. 


with our technique to distinguish clearly between the 
migration rates of the two bands of cattle, bison fast 
and bison slow haemoglobin, respectively. 

“The occurrence of three haemoglobin components in 
hybrids of the European bison and cattle must be com- 
“pared with the finding of three (ref. 5) and four (ref. 6) 
haemoglobin components in man. Such cases had been 
-predicted by Itano and Robinson’ in individuals doubly 
heterozygous for two abnormal haemoglobins. Although 

we were not able to demonstrate clear differences between 
‘bison and cattle polypeptide chains in acidic starch gels, 
-it- is nevertheless possible that the bison—cattle hybrids 
eould be doubly heterozygous for structural haemoglobin 

(Hb) genes, and that the extra haemoglobin component 
_eould be a result of a similar mechanism operating during 

aynthesis of haemoglobin, as in man. There are, however, 
other explanations. We could, for example, assume the 
existence of a “silent” Hb gene in cattle, the “silence” 

being caused by a system of inhibition or repression by 
genes. In bison the corresponding genes do not have 
the same inhibition effect. Accordingly, in the hybrid 
the “silont” cattle Hb gene could have been brought into 
action by a non-inhibiting gene from bison. 

' Results from transferrin investigations are presented in 

Fig. 2, which is a photograph of a stained gel. The tech- 
nique used is based on Poulik’s* discontinuous system. 

Six phenotypes are apparent. The sample marked Bo is 
from a European bison, and that marked Bi is from an 
American bison (Bison bison), Our technique does not 
“distinguish between these two. They both appear as a 
three band pattern with a very faint fourth band in 
‘front. Altogether, samples from fourteen European bison 
were examined. No differences between their transferrin 
patterns could be seen. 

At the left side of the bison phenotypes (Fig. 2) is shown 
a sample from a cow of transferrin phenotype AA. This 
phenotype has four bands of which the fastest is very 
weak. The three other bands are very close to those of 
bison in rate of migration, but the slowest band of cattle 
AA is slightly slower than the slowest bison transferrin 
band. The second slowest band of bison is slightly broader 
than the second slowest band of cattle AA and the third 
slowest band of cattle is slightly faster than the third 
slowest band of bison. In an investigation? of American 
bison no differences between transferrin AA of cattle 
and bison transferred could be detected. An improved 
technique’ showed, however, that differences exist. 
To the left of the transferrin AA phenotype is shown 
the transferrin pattern of a hybrid (F,) between the 
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European bison and the transferrin AA cow the pheno- 
types of which were described earlier. The trans- 
ferrin pattern of the hybrid appears as a combination. of 
the transferrin phenotypes of the two parent species. The 
same occurs for the hybrid between the same European 
bison and a transferrin D,E cow. The phenotypes of the 
cow and the hybrid (#,) are shown on the right side of 
Fig. 2. Altogether eleven hybrids were examined. Five 
of them had the cattle A bands, four the D, bands, one 
the D, bands and one the E bands in addition tò the 
bison transferrin bands. No extra transferrin components 
could be detected in the hybrid samples by use of our 
starch gel electrophoresis technique or by. the use’ of 
iron-59 autoradiographs. 
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PATHOLOGY 
Asthma and High Frequency Sound Perception 


ASTHMA is a disturbance of the respiratory mechanism 
involving partial reversible airway obstruction, especially 
on expiration, and which is marked among other things, 
by a raised emotional sensitivity in human relationships. 
There are also indications that asthmatics may be par- 
ticularly sensitive to some physical stimulit. It has, for 
example, already been shown by Tromp that asthmatics 
show an increased sensitivity to temperature changes in 
their environment?. When we consider the way in which 
the hearing system of man has evolved, it seems possible 
that connexions might still exist between it and the 
respiratory control centres’. This letter describes an 
unusual sensitivity to high frequency sound waves in 
asthmatics. 

The limits of high frequency sound perception are said 
to lie at 20 ke/s at 5 yr of age and to fall to 16 ke/s at 
30 yr and 10 ke/s at 60 yr of aget. At, or slightly above, 
these frequencies, some individuals ‘hear’ and some ‘feel’ 
sound waves. At still higher frequencies all ‘feelings’ 
disappear and the point at which this occurs varies with 
the individual and his age‘. 

The subjects tested included twenty-eight children and 
nineteen adults who, at one time or another, had exhibited 
asthmatic attacks. The severity of these attacks ranged 
from mild to severe as did their frequency and persistence. 
As controls twenty-two children and thirty-five adults 
were tested, taken as far as possible from the same 
families as the asthmatics. This tended to minimize 
variations caused by different heredity and home en- 
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Fig. 1. The subjects’ ‘end points’ are marked in two groups. The open 
circles are asthmatics and the solid circles non-asthmatics. The ordinate 
is the Highest frequency perceived by the subject; the abscissa is the age 
of the subject, It will be noted that at all ages the average ‘end points’ 
for the asthmatic group are consistently higher than the ‘end points’ of 
the nom-asthmatic group. The ‘end points’ of the subjects retested with 
the Tonofane loudspeaker are marked with a cross inside the circle. 


vironment. In this trial, the upper limit of age was 64 yr. 
The lower limit was, in general, 5 yr, although it was found 
possible to test successfully two children of 4 yr. 

The subjects were placed on the line of the axis of the 
loudspeaker and were allowed to sit, or stand, as far as 
3 ft. or as near as 1 ft. from the loudspeaker. The appa- 
ratus consisted of an Advance variable frequency oscillator, 
connected via an amplifier to a Mordaunt high frequency 
loudspeaker, with a useful output up to 25 kejs. The input 
voltage to the loudspeaker was measured. The test 
sound produced by the apparatus was a pure tone, and 
the subject was warned to disregard any clicks or transient 
sounds. 

Starting at 8 ke/s, the subject was tested by increasing 
the sound intensity to the point at which the note was 
just heard. The voltage on the loudspeaker was recorded 
and the volume control slowly turned down to zero. The 
procedure was repeated and, at any given frequency, the 
threshold voltage was found to be almost constant, 
provided the subject did not move his position. 

The frequency was then raised by one ke/s, and the 
threshold measured up to a frequency at which the 
subject. could no longer perceive any presence of the 
sound wave, even at the maximum achievable sound 
intensity. The highest frequency perceived was taken as 
the ‘erid point’ of the subject. 

Three other procedures were used to check the reliability 
of the results. (a) At intervals, from 8 ke/s to the ‘end 
point’, the volume was raised to well above the sensing 
level and the subject was asked to say when the sound 
disappeared on reducing the volume. The voltage on the 
loudspeaker was checked with the previous recording 
made when the intensity of sound is raised from zero to 
threshold. (6) Occasionally the subject was asked if he 
could hear the sound when the volume control was set 
to zero. (c) The ‘end point’ was checked by setting the 
frequency of the oscillator to 30 ke/s, at which point no 
sound would be emitted from the Mordaunt loudspeaker 
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and the volume control set. for-maximum sound intensity, 
consistent with the non-production of harmonics. The 
subject was then asked to say when the sound was first 
heard, as the frequency was gradually reduced. This 
routine was repeated until a consistent ‘end point’ was 
recorded. If a subject gave different ‘end points’ to the 
different procedures, he was tested again at a later date 
and the lowest ‘end point’ taken as correct. . 

Recently, an Ionofane loudspeaker has been obtained. 
This has a useful frequency range from 3 ke/s to 50 kejs, 
a linear response, and is free from resonances in this - 
range. Subjects retested with this apparatus are specially 
marked with a cross in Fig. 1. 

In Fig. 1 ‘end point’ is plotted against age. Asthmatics 
and non-asthmatics follow the expected pattern, ‘end 
point’ decreasing with age, but at any given age the 
asthmatic group have consistently higher ‘end points’ 
(children, 4-15 yr old, P=0-001; adults, 16-45 yr old, 
P=0-02), Further work is in progress to discover to 
what extent asthmatic children are exposed to high 
frequency sound in their normal environment. Recent 
tests with the Ionofane loudspeaker indicate that æ 
possible upper limit of at least 30 ke/s ‘end point’ exists 
in some asthmatic children. 

This investigation was made possible by the generosity 
and help of the Plymouth Technical College. T thank 
Mr. B. R. Webster, head of the Electrical Engineering 
Department, Mr. C. J. Henson, senior lecturer, and Mr. 
A. Cooper, senior technician, for the design and the 
assembly of the apparatus; also Dr. I. C. Whitfield for 
information on the characteristics of loudspeakers at 
high frequencies, and Professor E. J. Denton, Dr. Q. Bone 
and Mr. J. V. Howarth for helpful discussions. 
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Effect of Deoxyribonuclease on the Course 
of Lymphatic Leukaemia in AKR Mice 


Tue lymphoid tissues of AK mice with spontaneous 
leukaemia are known to contain a filtrable component 
capable of inducing lymphoid leukaemia in normal mice 
of the strains AK, C3H, C57Br and in rats’. This 
filtrable leukaemogenic agent is the Gross virus. 

The ability of deoxyribonuclease (DNAse) and ribonu- 
clease (RNAse) to inhibit the reproduction of a number of 
pathogenic viruses has been the subject of several 
investigations*-", It was thought that viral nucleic acids 
free of their protein coats in the host cell could be more 
susceptible to nucleases than the native virus outside the 
cell. Degradation of viral nucleic acid by nuclease could 
interrupt the process of replication and thus inhibit. 
virus reproduction. It has been demonstrated that. 
DNAse inhibits the reproduction of a number of DNA- 
containing viruses like vaccinia virus, herpes virus and 
adenovirus, and does not affect these viruses outside the 
cell3-§. DNAse inhibits the synthesis of DNA of vaccinia 
virus as revealed by tritiated thymidine incorporation into 
the cytoplasm of infected cellst. RNAse inhibits the repro- 
duction of influenza virus*-7, It has been demonstrated 
that inhalation of RNAse aerosol considerably increases 
the survival of mice infected by influenza virus’! and 
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that RNAse inhibits the reproduction of poliomyelitis 
virust. 

Clinical tests carried out at the suggestion of one 
of us (R. I. S.) have demonstrated a high therapeutic 
effect of DNAse against severe stromal forms of herpetic 
keratitis insensitive to 5-iododeoxyuridine, and against 
keratouveitis, adenoviral keratitis and conjunctivitis, and 
herpesezoster!?-!7, Special investigations have confirmed 
that DNAse at concentrations lethal to viruses is not 
harmful to normal animal cells'4-19, 

Bearing in mind the essential role of virusoid agent in 
the development of spontaneous leukaemia in AK mice, 
we investigated the effect of DNAse and RNAse on the 
course of the disease. We have reported before that 
DNAse exhibits a protective action if in jected into mice 
during the preleukaemic period®*. The present testa were 
carried out on 9-10 month old AKR mice with spontaneous 
lymphatic leukaemia. The experimental group involved 
twenty-nine animals and the control group nineteen 
animals. The animals of the experimental group were 
injected subcutaneously every second day with 5 mg of 
DNAse in 1 ml. of balanced salt solution, from the be- 
ginning of the experiment until death, but not longer than 
4 months if the animals survived. The control group was 
injected with 1 ml. of balanced salt solution. DNAse of 
specific activity 6-7 x 103 Kunitz units/g was used for 
injection. In all mice the dimensions of the peripheral 
lymph nodes were measured at the beginning of the experi- 
ment and then weekly during the whole observation period. 
Total and differential leucocyte counts were made weekly. 

The lifetime of leukaemic mice increased considerably 
after treatment with DNAse: mice of the control group 
died on average 4 weeks after the appearance of the first 
symptoms, whereas mice treated with DNAse lived 
on average about 16 weeks (see Table 1). The animals 
treated with DNAse were active and looked healthy. 
Lymphatic leukaemia leads to an enormous increase in 
size of lymph nodes, thymus, liver and spleen. At autopsy 
the mice of the control group had very large thymuses, 
occupying a considerable part of the thorax, and very 
large spleens, livers, and lymph nodes. The action of 
DNAse resulted in the remarkable decreases of size shown 
in Table 2. The decrease in size of the lymph nodes was 
already well marked 6—7 days after the beginning of DNAse 
injections; later the nodes were reduced to a size that 
made them undetectable by palpation. In eleven of the 
twenty-four mice of the DNAse group the peripheral 
lymph nodes were not macroscopically visible at autopsy, 
in ten their size was about 0-8 + 0-3 mm, and only in three 
were they still large (about 6 mm). In the control group, 
the size of the lymph nodes was 6-2+0-2 mm. 

Cytological investigations demonstrated that lymphatic 
tissue infiltrating the thymus, spleen, liver and nodes in 
leucosis degenerated under treatment by DNAse. Usually 


Table 1, THE EFFECT OF,DNASe ON THE LIFE-SPANS OF AKR MICE WITH 


LYMPHATIC LEUKAEMIA 
Average life- 


No.of Average age at time after the 
leukaemic the beginning beginning of 
animals oftheexperi- the experi- 

ment (months) ment (weeks) 


ILZELI 16-04 1-1 
11-040-7 4042-0 


Treatment 


Injection of 0-5 per cent DNAse fea 
ection of physiological solution 19 


Table 2. EFFECT OF DNAse ON THE WEIGHTS OF LIVER, SPLEEN AND THYMUS 
OF AKR MOR WIH LYMPHATIC LEUKAEMIA 


No. of 
Treatment leukaemic Average weight (mg) 
animals Liver Spleen = Thymus 
941+ 33 378429 38421 


ete of 0-5 per cent DNAse 24 
In 


ection of physiological solution 19 23704117 858478 530455 


Table 3. EFFECT oF ‘DNAse ON MITOTIC INDICES. IN LYMPH NODES OF 


LEUKAEMIC AKR MIOR 


Number of Number of Mitotic index 
Experimental series mice cells examined (per cent) 
Control (normal mice) 5 39,000 0-144 0-08 
Leukaemic mice 4 31,000 0-92 + 0-07 
Leukaemic mice after 
treatment with DNAse 4 31,000 013 +002 
° 
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the lymphoblasts of lymphoid organs in animals with 
lymphatic leukaemia have large brightly staining nuclei. 
In the DNAse group, the first injections of enzyme resulted 
in a more intense staining of lymphoblast nuclei by the 
Feulgen reagent, and in their pathological multilobulation 
(Fig. 1, a and b). 

In these multilobular lymphoblasts, some nuclear 
lobules leave the parent nucleus and form “micronuclei”. 
In some lymphoblasts, injection of enzyme caused frag- 
mentation of the nuclear substance and led to pycnosis or 
caryorrhexis and to mass death of the cells (Fig. 1, e). 

These processes necessarily produced huge local or 
diffuse zones of necrosis in the sites of lymphoblastic 
infiltration of thymus, spleen and liver (Fig. 2, a and b). 








Fig. 1. 
(e) treated with DNAse: (b) hyperlobulation of lymphoblast nuclei ; 


Lymph nodes of leukaemic AKR mice (a) not treated, (b) and 
(c) fragmentation and pycnosis of lymphoblast nuclei, 


Feulgen 
staining. {x 675.) 
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Fig. 2. Livers of leukaemic A KR mice (a) before, and (b) after treatment 
with DNAse. Haematoxyiin-eosin. (x 225.) 


Gradually the cellular detritus was digested. This was 
probably the reason for the diminution of the lymph 
nodes, liver, spleen and thymus, and the return towards 
normal structure. These various changes do not occur in 
normal mice or in untreated leukaemic mice. 

The mitotic index in the nodes of leukaemic animals was 
six times greater than normal; treatment with DNAse 
decreased the index to the normal level (Table 3). 

Examination of the blood cells revealed that the number 
of leucocytes in the blood of leukaemic mice injected with 
DNAse was almost half that of the control group. The 
number of lymphoblasts and Gumprecht cells decreased 
concurrently. 

It is well known that leukaemia can be induced in 
normal mice by the inoculation of suspensions of lymphoid 
colls from loukaemic animals®!, DNAse treatment deprived 
lymphoid tissue cells of leukaemic animals of the power to 
transfer leukaemia. For example, after subcutaneous 
injection into normal 3 week old AKR mice of 0-2 ml. of 
cell suspension from the lymphoid tissue of leukaemic 
mice, subcutaneous tumours at the site of inoculation and 
goneral lymphatic leukaemia developed within 2-3 weeks 
in twenty-six of the thirty-seven inoculated animals. Not 
a single tumour developed. after the inoculation of forty- 
five normal mice with cell suspensions obtained from 
lymphoid tissue of leakaemic animals treated with DNAse. 
Our preliminary data suggest that the injection of ribonu- 
clease does not produce a similar effect on the course of 
lymphatic leukaemia in mice of the AKR strain. 

At present there is not enough evidence to explain the 
mechanism of the action of DNAse on leukaemia, It may 
be that lymphoblasts, in contrast to normal cells, have an 
increased sensitivity to DNAse. The loss of the ability 
of leukaemie tissue of DNAse-treated AKR mice to 
induce leukaemia after transfer to normal mice may 
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suggest a direct action of DNAse on filtrable leukaemic 
actor. 

The Gross virus, like other leucosis viruses, probably 
contains RNA. An intermediate DNA template may, 
however, be involved, analogous to that which arises 
during the reproduction of Rous virus”*. This assumption 
is susceptible to experimental verification. 

The results of the present work served as the basis of a 
test of the therapeutic effect of DNAse in lymphoid 
leukaemia in man. Preliminary data point to a positive 
effect’ of DNAse: injection of enzyme leads to rapid 
decrease of the size of hypertrophic lymph nodes and of 
the spleen and liver; the general condition of patients also 
improves’, 
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RADIOBIOLOGY 


Lymphoblastoid Transformation of 
Lymphocytes in vitro after Microwave 
Irradiation 


Tr is well established that lymphocytes grown with various 
added substances in vitro can transform into cells resemb- 
ling blastoid forms (lymphoblastoid transformation)™? or 
macrophages (lymphoid macrophages)'*. The added 
compounds can be classed as unspecific, including phyto- 
haemagglutinin (PHA) and streptolysin A, and specific, 
such as tuberculin and diphtheria toxoids’; lymphocytes 
can also transform when incubated with allogenic cells*-’. 

During experiments on the influence of microwaves on 
mitosis, it was found by chance that this type of pheno- 
menon could also be induced by a physical factor, namely, 
microwave irradiation. Human lymphocytes were separ- 
ated in plastic containers? and then placed in 2 per cent 
calf serum in medium 199 containing antibiotics, The 
cultures were irradiated in an anechoie chamber with 
pulsed 10 cm microwaves from a box horn antenna. The 
test-tubes containing the cultures were placed in a 
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‘Table fs PERCENTAGES OF TRANSFORMED LYMPHOCYTES IN IRRADIATED 


AND CONTROL CULTURES 


‘Transformation 


j d Control non-irradiated 
following irradiation 
(90)* 


) {spontaneous trans- 
Power incu- formation) (%)* 
density bation Lympho- Macro- Lympho- Macro- 

E plastoid phages Mitoses blastoid phages Mitoses 


Day of 


TmWiem' 3 20 12 0 10-8 0 0 
5 60 12 2 12-5 0 0 

20 mW/qn? 3 2 9 1 i 0 0 
= 5 61 14 3 17 2 o 


=S Lymphocytes to 100 per cent. 


‘Plexiglass’ thermostat maintained at 37° C. ‘Plexiglass’ 
has a similar impedance to that of air. 

A series of control experiments was carried out to 
measure the eventual heating effect. Thermocouples 
“were immersed in the culture media, which were then 

subjected to power densities of 7 mW /cm? over 4 h and 

20 mW/cm! over 15 min. There was no rise in tempera- 
ture under these conditions. Two series of cultures were 
‘then irradiated for a period of 3-5 days. The first series 

-was irradiated for 4 h daily at a power density of 7 mW/ 
em? and the second for 15 min daily at a power density 
of 20 mW/em?. 

The results of the control experiments show that the 
observed effects can be attributed to the effect of micro- 
wave irradiation and not to any effect of heating. Selec- 
tive overheating of cells suspended in medium is theoreti- 
cally possible under these conditions. In view of the 

patio of cell volume to the volume of the medium, however, 
and given the heat exchange characteristics of the medium 
and the cells, such “pin point” heating seems improbable. 

Moreover, our experience with cell cultures, mixed cultures 
of human lymphocytes, and phytohaemagglutinin cultures 
has been that increases in temperature of the order of 
9°_3° C cause degeneration and cell death. 
= Non-irradiated cultures obtained from the same 
individuals served as controls. The cultures were collected 
‘yn the usual manner after 3 and 5 days’, and smears 
-prepared and stained by the Giemsa method. 

“The percentage of transformed lymphocytes (lympho- 
blastoid forms and macrophages), lymphocytes and 
‘mitoses was determined by counts of 1,000 cells each. 
The results are shown in Table 1. After incubation for 
3 days in cultures irradiated at a power density of 7 
mW /em? the percentage of transformed cells was twice as 
high as in control cultures. 

Similar results were obtained in cultures irradiated at & 
power density of 20 mW/cm?. 

1: After incubation for 3 days a slight increase in the per- 
centage of macrophages was noted, and in some cases 
‘sporadic mitoses were observed. 

After incubation for 5 days similar changes were 
observed at both power densities. The changes were more 
distinct at the higher power density. The percentage of 





Fig. 1. “Lymphoblastoid’” transformed. celis in a culture after pulsed 
10 cm microwave irradiation at 7 mW/jem? for 4 h daily for 3 days. 





Fig, 2, Same preparation as Fig. 1. Lymphoid macrophage. 


transformed lymphocytes was five times as high as that 
in control cultures; the percentage of macrophages was 
also high, and there were 2-3 per cent of mitoses. More- 
over, fragmented nuclei could be seen among the trans- 
formed cells. Bridges joining separated parts of nuclear 
material, complete breakdown of nucleus into small 
fragments and vacuolization of cell nuclei were also found. 
The macrophages ingested fragments of damaged nuelei, 
cytoplasm and chromosomes. 

These observations indicate that lymphoblastoid, trans- 
formation can be induced by the action not only of specifie 
or unspecific antigenic substances but also of a purely 
physieal factor. I have no explanation of this. pheno- 
menon at present, but further investigations are under way. 
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PHYSIOLOGY 


Intrinsic Innervation of the Human Placenta 


Tue placenta and foetal membranes are usually deseribed 
as being devoid of neural elements ?. In other descrip- 
tions, the possibility of an innervation is not considered?4. 
Nevertheless, reports of the presence of nerve elements in 
these foetal tissues continue to appear in the European 
literature®-?. Improvements in techniques for the examina- 
tion of neural elements in fresh tissue have allowed us to 
re-investigate this apparent contradiction. Samples of 
fresh placentas and their attached foetal membranes 
were removed by sharp dissection for staining in methylene 
blue within 30 min of delivery. The excised pieces (about 
2 mm thick) were stained and prepared for examination as 
whole mounts with the use of an immersion technique’. 
In this method, fresh tissues are immersed in methylene 
blue solution, fixed in chilled ammonium molybdate 
solution, washed with water, rinsed in 95 per cent alcohol, 
and dehydrated in absolute alcohol. The dehydrated 
tissues are cleared in xylene and benzyl benzoate and 
stored and examined in the latter fluid. 

The most striking finding in the placenta was the 
presence of numerous large nerve trunks coursing among 
the placental villi. These trunks were readily identified 
by their organization and the relative acellularity of the 
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stroma as compared with a placental villus. A cross- 
action of one of these trunks is shown in Fig. 1. Each 
nerve fascicle (f) is enclosed by a perineurium (Pe) and the 
entire bundle is enveloped within the epineurium (Ep). 
Immediately adjacent to the nerve trunk illustrated in 
Fig. 1 there is an aggregation of nerve cell bodies approxi- 
mately 1 mm in diameter. A portion of this aggregation 
is shown in Fig. 2. Several multipolar cells, with their 
looping and twisting processes, are indicated by arrows. 
An example of the fine neural investment of foetal 
placental blood vessels is shown in Fig. 3. The beading on 
these fibrils (>) is a characteristic of fine neural elements 
when stained with methylene blue®. Such fibres are found 
closely related to both large and small vessels and are 
present throughout the placenta. The small blood vessels 
within the amnion and chorion (Fig. 4) are similarly 
accompanied by these fine nerve fibres. 

We have confirmed the presence of neural elements in 
the placenta as reported in the non-English language 
journals. In addition, the use of the immersion technique 
described above showed organized neural trunks and 
aggregates of nerve cell bodies. How these morphological 
findings could relate to the activity of placental smooth 
musele? or to the well known physiological functions of 
the placenta, such as foetal-maternal exchange, foetal 
blood flow, and hormone secretion, remains to be determ- 
ined. 

This work was supported by grants from the Rickley 
Fund and the American Cancer Society. We thank Drs. 





Fig. 1, Cross-section of nerve trunk: f, nerve fascicle; Æp, epinenrium: 
Pe, perineurium, (x e, 96.) 
Fig. 2. Area of placenta containing nerve cell bodies (>). (x 160.) 
e 
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Nerve fibres (->) along placental blood vessel. (x e. 405.) 


Nerve fibres (~=) along blood vessel in foetal membranes, 
(x #435.) 
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Determination of Gas Solubility and Satura- 
tion Capacity of Blood under Hyperbaric 
Conditions before and after Food Intake 

INVESTIGATIONS of various human reactions, both physio- 
logical and psychological, to a hyperbaric atmosphere all 
require specialized quantitative techniques to register the 
changes involved, This is of particular importance to 
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divers. Previously, a number of parameters could only 
be estimated roughly by means of many subjective 
observations. There has always been a great demand for 
analysis of the gas solubility and saturation capacity of 
tissues in varying conditions, Symptoms of decompres- 
sion sickness may sometimes occur after deep diving 
(more than 50 m) even if decompression tables and other 
safety precautions have been followed carefully. These 
facts inspired the present investigation into the question 
whether the diet of a diver could be of importance, because 
the fat content of blood increases some hours after a meal. 
For that purpose a simple method for the determination 
of the gas solubility and saturation capacity of blood has 
an developed. 
‘he present method, which is entirely different from the 
ious one‘, has the advantage of being very simple 
ean easily be used for routine investigations as long 
-@ pressure chamber is available. A sample of blood 
(10-15 ml.) was taken from the patient and put into a 
flat container such as a Petri dish. The dish was placed 
in a pressure chamber and exposed to compressed air (or 
desired gas mixture) for a period long enough to assure 
maxinium saturation. From the blood a plastic tube 
passed through the wall of the chamber, and joined on to 
-& pipette. The pipette was in a vertical position and had 
a stop-cock at the top. After the saturation period the 
atop-cock was carefully opened and the pipette was filled 
with blood. After decompression the gases dissolved in 
the blood were collected in the top of the pipette. The gas 
volume could easily be read from the pipette, and the 
composition of the gases could be analysed.. Most of the 
gas left the blood in the first few minutes. Readings were 
made every 15 min for 4 h. At the same time the sedi- 
mentation rate was noted. 

Using this method, blood from ten persons was analysed 
before and 2 h after a meal. In all cases more gas was 
dissolved in the blood after the meal (1-4-6 times more; 
mean value 2-5). A certain correlation was found between 
the size of the meal and the amount of gas dissolved in the 
blood. Thus, it seems that diet could be of importance to 
divers who are exposed to high pressures. 
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Effects of Gastrin and its Analogues on Isolated 
Smooth Muscles 


SrimuLarion of smooth muscle is one of several physio- 
logical activities of natural gastrin that are shared by the 
C-terminal tetrapeptide sequence Try-Met-Asp-Phe-NH, 
and other structurally related peptides'. The stim- 
ulation by gastrin I and gastrin IT of tone and motility 
of a denervated fundic pouch in a conscious dog is inhibited 
by atropine*. Stimulation of gastrointestinal motility in 
man by gastrin is also diminished by atropine*. Contrac- 
tions of the isolated ileum of guinea-pig are probably 
mediated by stimulation of postganglionic parasympath- 
atic nerves, leading to the liberation of acetylcholine’, 

Tn a search for a smooth muscle preparation sensitive 
to gastrin for use as a bioassay, the contractions of various 
smooth muscles in response to gastrin and its analogues 
have been investigated. The mode of action of gastrin 
on. two muscles sensitive to it has also been investigated 
by the use of specific antagonists. The smooth muscle 
preparation was taken from the freshly killed animal 
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and suspended in a polypropylene jacket so that it could 
be superfused? with Tyrode or Krebs solution as. pre- 
viously described®. The bathing solution, warmed..to 
37° C, superfused in series three different isolated organs 
at a rate of 15 ml./min. Contractions ‘of the organs were 


recorded on a kymograph with frontal writing auxotonic™ 


levers? of magnification 16:1 and with an initial load on 
the tissues of 1-3 g. In some experiments the ‘organs 
were mounted in conventional organ baths of 10 ml. 
capacity. Drugs used were acetylcholine perchlorate, 
hexamethonium bromide, hyoseine hydrobromide, mepyr- 
amine maleate, morphine sulphate, nicotine acid tartrate, 
synthetic human gastrin I, natural hog gastrin I, 


and four compounds, one of which is the analogue ofo 


the C-terminal pentapeptide and the other three of which 


are analogues of the C-terminal tetrapeptide of the gastrin 


molecule, The structures are shown in Table l, the 
numbers corresponding to those used by Morley, Tracy 
and Gregory*. Doses of salts are expressed as base. 

The sensitivity of the smooth muscles was tested. by 
introducing amounts of gastrin II to give a final concen- 
tration in the organ bath of a maximum of 2 pg/ml. In 
the superfusion experiments the maximum dose injected 
was 2 ug. 

From the rat, strips of fundus and antrum from the 
stomach, pieces of oesophagus, duodenum, ileum, ascend- 
ing and descending colon, caecum and rectum were all 
tested. Only the descending colon showed high sensitivity, 
responding to concentrations of 2-10 ng/ml. Similar 
isolated organs were taken from the hamster and, of these, 
only the stomach strip (cut:to preserve the circular musele) 
showed high sensitivity, responding to concentrations of 
10-15 ng/ml. In similar preparations from the cat, only 
the fundus of the stomach and the descending colon 
contracted in response to gastrin TI, but its concentration 
had to exceed 100-200 ng/ml. Pieces of rabbit ducdenum, 
ileum and rectum showed no response to concentrations 
of 200 ng/ml. or more, nor did pieces of mouse stomach, 
duodenum, ileum, ascending and descending colon and 
rectum. Pigeon small intestine sometimes contracted to 
high concentrations of gastrin II, but chick rectum did 
not. Therefore, of all the tissues tested only the strip of 
cireular muscle from the fundus of the hamster stomach 
and the descending colon of the rat showed high sensiti- 
vity; these were chosen for further investigation. with 
the superfusion technique. Human gastrin I, hog gastrin 
II, and the four analogues were compared for potency on 
both tissues by adjusting doses to give comparable 
contractions. Since both preparations showed tachy- 
phylaxis to gastrin and related compounds, the peptides 
were given at intervals of 10 min or more and acetyl- 
choline was given between each injection of peptide. 
Equiactive molar potencies calculated from five experi- 
ments on the rat descending colon showed that gastrin I, 


Table 1, RQUIACTIVE MOLAR POTENCIES OF SOME GASTRIN ANALOGUES 
No. of molecules required 
to cause a similar effect 
Rat Gastric Gastrit 
Ham- descend- secre- seere 
Compound ster ing tionin tion in 
stomach colon ratt dogt 
Gastrin T (buman) 2 1 t tE 
Gastrin II (hog) 2 1 1 ++ 
a cr MN ERE NI 1 1 12 ++ 
li 
ICT 50,123 (29) 
H,.N.C.—-Try-Met-Agp-Phe. NH, 2 2 48 tt 
H 
ICI 51,864 (32) 
Phi Che O -Teya N Ha But Rep Ee NH; 42 40 1,200 + 
i 
ICI 51,251 (14) 
Me,.C.0.C-Try-Met-Asp-Phe. OH > 200 > 200 Cl 0 
H 
0 NH, (10) 
ICI 50,759 
* Figures kindly supplied by Dr. J. S. Morley, I.C.I. 
t Derived from Morley, Tracy and Gregory’. 
e 
+ e e 
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gastrin ID and compound 29 were equiactive; compound 
32 was about half as active and compound. No. 14 only 
one-fortieth. Compound No. 19 had no contractor activity, 
even in doses of up to 200 ug, and therefore had less than 
1/1000th of the activity of the parent compounds. On 
the hamster fundal strip compound 29 was about twice 
ag active as gastrin I, gastrin II and compound 32, all 
of which had similar potency. The potency of compound 
14 was again about one-fortieth and No. 19 was inactive. 
‘These results are summarized in Table 1, from which it 
can be seen that the relative potencies of gastrin and its 
analogues on smooth muscle are similar to their potencies 
on gastric secretion! §, 

In the hamster fundal strip preparation the contractions 
produced by gastrin I, gastrin TI and compounds 29 and 
32 were unaffected by hyoscine (107-10 g/ml), mepyr- 
amine (107 g/ml.), hexamethonium (10-5 g/ml.), nicotine 
{10+ g/ml.) and morphine (10°* g/ml.). The concentra- 
tions of antagonists were higher than those needed to 
block the actions respectively of acetylcholine, histamine 
and- ganglionic transmission. On the rat descending 
colon, however, the actions of all the peptides were sub- 
stantially decreased or abolished by hexamethonium, by 
hyoseine or by morphine. Fig. 1 shows the results of an 
experiment in which a hamster stomach strip and a rat 
descending colon were superfused in the same stream of 








fluid. The contractions of the hamster stomach caused 
i 
i 
l 
100M 
| 
A OUG 
ACH. ; i 
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10 MG/ML 


Fig L A circular muscle strip from a hamster stomach and a rat descending 
of acetylcholine (0-1 pg at A) wore alternated with injections of compound 20 
eontractions’of the rat colon Induced by compound 29 were abolished, whe 

of the rat colon gradnally returned after removing the hexamethonium. 
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Fig. 9, A circular musele strip from a hamster stomach and two rat des 
of acetyleholine (0-2 ug a 
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A) were alternated with Injections of compound 20 (02 ug at 
rompound 29 were abolished, whereas those of the han 








by compound 20 were unaffected by -hexamethonium 
(10° gimi) whereas those of the rat descending colon 
were abolished. When the hexamethonium was stopped 
the contractions of the rat descending colon to compound | 
29 gradually returned. Fig. 2 shows an experiment it 
which the stimulant action of compound 29 on the hamster 
fundal strip resisted the actions of morphine (10-* g/ml.) 
whereas the actions of compound 29 on two rat desgending 
colon preparations were abolished. 
These experiments show that the action of gastrin 
and related peptides on the hamster fundal strip was a> 
direct one, but that the actions on the rat descending 
colon were indireet, presumably through stimulation of 
preganglionic cholinergic nerves. On the guinea-pig: 
ileum! gastrin has an indirect effect but different in so far- 
as it is not affected by hexamethonium. : 
The stimulant actions of gastrin and its analogues on) 
smooth muscle may therefore be direct or indirect, ard 
there are probably at least two types of indirect stimula- | 
tion. In this respect gastrin is like 5-hydroxytryptamine, 
which activates the smooth muscle of the guinea-pig 
ileum both directly and indirectly” but contracts the rat 
stomach strip only by a direct effect’*. Histamine also 
has both direct and indirect actions on smooth muscle, 
depending on the species and type of intestine used" 0%, 
The similarity of the equiactive molar potencies of 
gastrin and related peptides on smooth muscle prepara. 
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¿tions and on gastric secretion suggests that thé receptors 
for gastrin in smooth muscle, in nervous tissue and for 
secretion have similar configurations. Gastrin can have 
both direct and indirect effects on smooth muscle, and so 

it may also induce secretion of acid by a direct or an 

“indirect effect, or by both. 

- We thank Professor R. A. Gregory and I.C.I., Limited, 
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Smith Kline and French Research Institute for a grant 
supporting this work. i 
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Induction of Histamine Forming Capacity 
in Canine Liver by Endotoxin 


Tehas been reported from this laboratory that the extreme 

susceptibility of adrenalectomized dogs to endotoxin is 
mainly a result of the development of an endogenous factor 
which produces marked hepatic engorgement of the 
shocked animals'?, This factor seemed to be formed in 
the liver when its glycogen becomes depleted in the 
absence of glucocorticoids. The appearance of this factor 
in the circulating blood could be detected by injecting the 
shock serum into a normal recipient dog under pento- 
barbitone sodium anaesthesia when a delayed depressor 
response caused by induction of hepatic engorgement 
could be observed. This “‘shock-factor” in the serum was 
found to be non-dialysable, heat-unstable (inactivated by 
heating at 56° C for 30 min) and contained in the serum 
protein fraction precipitable by 20 per cent to 34 per cent 
saturation with ammonium sulphate. Further experi- 
ments, shortly to be published, showed that there was no 
appreciable release of histamine from the liver of endo- 
toxin-shocked adrenalectomized dogs and that the ‘‘shock- 
factor” does not act as a histamine-releaser. The ‘“shock- 
factor” and the hepatic engorgement were examined, 
therefore, in relation to an induction of histamine forma- 
tion in the liver. Dogs are known to have no detectable 
histamine forming capacity in their tissues*, and so the 
possibility that histamine forming activity was induced 
in the liver of endotoxin-shocked adrenalectomized dogs 
was therefore examined, using the method of Waton* 
to determine this capacity. 

Adrenalectomized dogs well maintained with deoxy- 
corticosterone acetate (DOCA) (1 mg daily) were given 
endotoxin (Salmonella typhosa, Difeo: 10 pg/kg, intra- 
venously), After about 2 h, when the animals became 
profoundly shocked, they were bled under pentobarbitone 
sodium anaesthesia and the livers removed. The liver was 
homogenized with Tyrode solution (1 ml./g. tissue), cen- 
trifuged at high speed and the supernatant removed and 
dialysed in order to minimize its histamine content. This 
tissue extract (6 ml.) was incubated with and without 
histidine (15 mg) and 2-0 ml. of M/15 phosphate buffer 
(pH 7-4) containing aminoguanidine (1 mg) and benzene 
(20 mg) at 37° C for 2 h. Dialysed serum (5 mil.) was 
incubated in the same way. After stopping the reaction 
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Fig. 1. Histamine forming capacity after endotoxin, expressed as pg of 


histamine formed/g of liver or 160 ml. of serum for normal (@) and 
adrenaleetomized (b) dogs. 


by cooling, the histamine content was determined on the 
atropinized guinea-pig intestine. Histidine in an amount 
contained in the test aliquot did not show any histamine 
reaction. 

As shown in Fig. 1, small but definite histamine forming 
activity could be detected in the liver homogenate and 
although the value was much less it could also be detected 
in the serum, whereas in intact dogs, which showed no 
circulatory shock or hepatic engorgement with the same 
dose of endotoxin, only trace activity could be detected 
in liver homogenates and none in sera 2 h after endo- 
toxin. Similar results were obtained in adrenalectornized 
dogs when the endotoxin shock was prevented by pre- 
treatment with cortisone or by making the dogs endo- 
toxin-tolerant beforehand. The induction of histamine 
forming capacity in the liver of adrenalectomized dogs 
could only be observed when the animals became pro- 
foundly shocked and the liver had become engorged and. 
its glycogen content was almost completely depleted. 

The shock sera of adrenalectomized dogs, which 
showed relatively larger values of histamine forming 
capacity, could induce intense hepatic engorgement 
accompanied by a marked depressor response when 
infused intra-portally (40 ml.) into normal recipient dogs 
under pentobarbitone sodium anaesthesia. Whereas the 
sera with the lower values induced only moderate 
hepatic engorgement without an accompanying depressor 
response, the sera of intact dogs which have no histamine 
forming capacity could not induce any appreciable changes 
in the liver. Thus it is conceivable that the ‘“‘shock-factor’’ 
in the serum of endotoxin-shocked adrenalectomized 
dogs could be histidine decarboxylase itself. 

The “shock-factor” of the shocked liver could readily 
be extracted by soaking the liver slices for a few hours 
in cold saline solution, and it is thus possible that the 
activity in the serum could have originated in the liver. 
As for the nature of the factor, the optimal pH of the 
incubation medium was found to be about 7-4 and elimin- 
ation of benzene from the medium did not influence the 
value obtained. Addition of pyridoxal-5-phosphate to the 
incubation medium (10-4 molar) did not appreciably 
enhance its activity. In blood, the “shock-factor” was. 
found to be in the serum protein fraction precipitable by 
20 per cent to 34 per cent saturation with ammonium 
sulphate. Thus, it seems possible that the histamine 
forming activity of the liver and serum of shocked adrenal- 
ectomized dogs is an enzyme, probably an induced form 
of the specifie histidine decarboxylase‘. 

Induction of histamine forming capacity in the liver of 
dogs must be a remarkable event, for the hepatic venous 
sphineter mechanism goes into action with minute 
amounts of histamine. The observed induction of histidine 
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: decarboxylase in the liver does not seem to be caused. by 


the direct action of endotoxin. It showed close correlation 
with the progress of endotoxin shock of adrenalectomized 
dogs which is characterized: by the derangement of carbo- 
hydrate metabolism leading to the liver glycogen depletion 
and hypoglycaemia. These findings are undoubtedly 
relevant. to the mechanism of the induction of hepatic 
histidine decarboxylase in the liver and the prevention of 
it by. glucocorticoids. Although a massive dose of endo- 
toxin is known to act as a histamine-releaser®:5, the 
problem discussed here is concerned with the effect of 
only small amounts of endotoxin which cannot display 
circulatory effects unless glucocorticoids are absent. 
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Subcellular Distribution of Norepinephrine 
in Uteri of Some Species 


Pag response of the uterus to catecholamines shows con- 


siderable variability from species to species as well as 
within the same species!*, Thus, norepinephrine has been 
reported to relax the uterus of non-pregnant rats and to 
contract the uterus of the gravid rat?. The mechanism of 
these variations has not yet been elucidated. Recently it 
has been reported that rat uterus shows cyclic variation in 
epinephrine concentration? and in uptake of tritiated 
epinephrine*. In contrast to heart, brain and other tissues, 
most. of the epinephrine and norepinephrine in the rat 
uterus was found in the soluble fraction’ (70 per cent). 
It seemed of interest, therefore, to compare the subcellular 
distribution of endogenous CA in uteri of various species 
in order to evaluate the possible relationship of this 
distribution to the variation in uterine responses to 
catecholamines. 

The animals investigated were rats (Sprague-Dawley), 
eats, rabbits and guinea-pigs. Rats were killed by dis- 
location of the neck; the other species were anaesthetized 
with: pentobarbital immediately before removal of the 
uteri, The uteri were homogenized in 10 volumes of ice- 
dold sucrose medium (0-27 molar) containing 0-1 per cent 
ethylene diamine tetra-acetic acid and 10-3 molar 
The homogenates were centrifuged at 
9009 for 10 min, the sediment separated (that is, the coarse 
sediment) and the supernatant centrifuged at 100,000g 


-for 30 min. The particulate or pellet fraction and the 


supernatant were separated. The coarse sediment and 
the pellet fraction were diluted with the sucrose medium to 
a volume equal to that of the soluble fraction. All fractions 


. were deproteinized with 10 per cent metaphosphoric acid 


{2 volumes) and adsorbed on alumina after adjustment of 
the pH to 8-4, The catecholamines were eluted with 0-2 
molar acetic acid and assayed with the trihydroxyindole 
method according to Kahane and Vestergaard® with the 
following modifications: epinephrine was oxidized in 
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citrate buffer at pH 3-0 for 6 min; norepinephrine + 
epinephrine was oxidized at pH 6-5 for 15.min at 0° C an 
irradiated for 7 min. Internal standards were run wit! 
every estimation. 

Epinephrine was not detected in the uterus of any 
species, in either the whole homogenate, the soluble, © 
the particulate fraction, that is, the concentration of this 
amine was below 001-002 ug/g. We have pherefore | 
neglected epinephrine in the data presented in the tables, 
and the catecholamines are expressed as norepinephrine: 
The mean concentrations of norepinephrine in ug/g in the 
uterus were: rat, 0-25; rabbit, 1-08; cat, 1-71; guinea-pig, 
0-65. The norepinephrine concentrations in rat and 
rabbit are similar to those reported by Oskarsson” and 
Miller and Marshall’. A 

Table 1 shows the subcellular distribution of norepine 
phrine in uteri of four species and, for comparison, the. 
subcellular distribution in rat heart prepared under 
the same procedure. In all the species investigated, the | 
particulate-bound norepinephrine accounts for 46-56 per. 
cent of the sum of the particulate + soluble fractions, a. 
proportion similar to that found in heart. The distribution. 
in rat heart is similar in our experiments to that reported 
by others**.!°, The proportion of norepinephrine in the 
coarse sediment: probably reflects the degree of complete- 
ness of homogenization and when plotted against the ratio 
particulate/particulate + soluble no significant correlation. 
was found. 

Table 2 shows the subcellular distribution of norepine- 
phrine in uteri of pregnant rabbits, pregnant rats and rats 
during oestrus and dioestrus. Again no significant changes 
were observed in the ratio particulate/particulate + soluble. 

In view of the very small effect of tyramine on the 
release of labelled norepinephrine in the rat uterus’, we 
have tested the effect of this and two other drugs on the 
endogenous norepinephrine. Table 3 shows that with 
repeated administration of large doses of tyramine, cop- 
siderable depletion of uterine norepinephrine results.: 
(High doses of tyramine are required to maintain effective ` 
tissue levels of the drug according to a recent report.) 
Phenoxybenzamine which blocks re-uptake of norepine- 
phrine released by nerve stimulation!?.“ also depleted a 
large proportion of norepinephrine from the uterus. 
Finally, in confirmation of previous reports®*, reserpine 
effectively decreased norepinephrine in the uterus. 

Our results indicate no significant differences in the 
subcellular distribution of endogenous norepinephrine in 
uteri from different species or at different phases of the 
reproductive cycle. We cannot confirm the previous ` 
report’ of the predominant localization (70 per cent) of 
labelled and endogenous norepinephrine in the soluble 
fraction of rat uterus. Differences in technique (for 
example, the use of potassium chloride as the homo- 
genization medium) may account for this divergence. It is 










Table 2. SUBCELLULAR DISTRIBUTION OF NOREPINEPHRINE AT DIFFERENT PHASES OF OFSTROUS CYCLE 


Per cent of total norepinephrine in fraction 


Animal Phase Coarse sediment 
Rabbit Non-pregnant (7) 
” Pregnant* (5) 
Rat Dioestrous (5) 
i OÖestrous (6) 
an Pregnant t (3) 











Table 1. SUBCELLULAR DISTRIBUTION OF NOREPINEPHRINE IN WETERI OF 
DIFFERENT SPECIES 
Per cent of total norepinephrine in 
fraction Particulate 49 
Animal Coarse Particulate+ * 1 
sediment Particulate Soluble Soluble 

Rabbit (7) 29-2411:3 39-6467 81-2485 56-3 + 7-3 

Cat (6) BBB+ 86 823448 33-9468 40-84 5-6 

Guinea-pig (6) 382+ 4:3 813445 305410 505 + 3-6 

Rat (10) 39-O+ 80 277462 32-343-9 45-8 + 5-6 

Rat (heart) (8) 346+ 21 381-2427 83322 48:9435 

Figures in parentheses, number of experiments; results expressed as mean 
+ standard error of mean. 
Particulate 
Particulate Soluble Particulate + Soluble * 160 
30-6 + 65 BL248-5 56-3 + 7-3 
B4-2443 27-b4 81 5444 8-0 
24-64 2-6 28-9+2-0 45°6 +2-0 
251+ 3-4 29-2435 46-5 + 4-0 
35-6 33:3 $1-0 


Figures in parentheses, number of experiments; results expressed ag mean + standard error of mean. 


* 3-4 weeks pregnant. 
+.16-20 days pregnant. 
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Table 3. EPFECT OF DRUGS ON NOREPINEPHRINE IN UTERUS 


Tee Per cent norepinephrine 
Animal 


Drug depleted 
Hat (6) Tyramine 853 t21 
Rat (6) Phenoxybenzamine 5009+25 
Rabbit (3) Reserpine 786 


Figures in parentheses, number of experiments; results expressed as mean 
+ standard error of mean. . 

‘Tyramine hydrochloric acid 50 mg/kg intraperitoneally every 16 min for 
ëch: -Phenoxybenzamine hydrochloric acid 10 mg/kg intraperitoneally 
toh before removal of uteri. Reserpine 2 mg/kg intravenously 30 min before 
removal of uteri, 


interesting that Weil-Malherbe and Posner’ have reported 
larger spontaneous release of epinephrine from adrenal 
particles suspended in potassium chloride medium as 
compared with sucrose medium. 

The present experiments suggest that the distribution 
and characteristics of norepinephrine stores in the uterus 
are generally similar to those in other tissues, and therefore 

“cannot account for the variability of uterine response to 
catecholamines. The similarity of uterus to other tissues 
is further supported by a recent report which shows in- 
hibition of uptake of labelled epinephrine and norepine- 
phrine into the rat uterus in vitro in the presence of cocaine 

Jor tyramine’, Our finding of partial depletion of endo- 
genous norepinephrine in rat uterus following phenoxy- 

-benzamine is also consistent with the report of Farrant’ 
on the logs of a considerable proportion of norepinephrine 
from rat uterus after administration of cocaine which has 
been shown, like phenoxybenzamine, to block uptake of 
released norepinephrine". This may indicate either high 
spontaneous release of norepinephrine or a limited capacity 
for synthesis of norepinephrine in the uterus or a com- 
bination of these factors. 
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Effect of Changes in the Chemical Environ- 

ment of the Retina on the Two Components 
: of the Early Receptor Potential 
Yur early receptor potential is a fast electrical response 
elicited from the vertebrate retina when it is presented 
with an intense flash stimulus’. The potential consists 
of two components of opposite polarity, each of which 
apparently depends on separate processes for its genera- 
tion. This conclusion was based on the findings that the 
two components vary differently with temperature and 
that the earlier, positive component (positive peak) can 
be isolated by cooling*. In this communication we pre- 
sent evidence that the alteration of the chemical environ- 
ment of the retina also results in independent changes in 
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the amplitudes of the two components of the early receptor 
potential. 

The present series of experiments was performed at 
room temperature and at about 2° C using isolated retinae 
of the frog (Rana pipiens). The intensity of the stimulus 
flash was so adjusted that several responses could be 
elicited from the retina without an appreciable change 
in amplitude. The effect of hydrogen ion concentration 
on the early receptor potential was exarnined by obtaining 
the response from a retina which had been soaked in 
frog Ringer solution buffered at various values of pH. 
The buffers were usually 50 mmolar. An equivalent 
amount of sodium chloride was taken out of the bathing 
solutions to keep them isotonic. The pH was varied 
between 3 and 11. Citrate or acetate buffers were used 
for pH 3-6, phosphate or tris maleate buffers for pH. 6-9, 
and glycine-sodium hydroxide or carbonate~bicarbonate 
buffers for pH 9-11. A response was first obtained from a 
retina which had been immersed in a solution of given 
pH for 15 min. This solution was then changed to a 
solution of a different pH, and the second response was 
recorded after soaking in the second solution for 15 min. 
The first solution was then replaced in the chamber and 
the response recorded after 15 min in this solution. In 
most cases this sequence of operations could be repeated 
many times. 

In general, a change in hydrogen ion concentration 
results in a reversible change in the amplitude of the 
vitreous negative component (negative peak) of the early 
receptor potential (Fig. 1, A-F). As was shown by Brind- 
ley and Gardner-Medwin, the change in amplitude is 


iC) 





pH 52-64-52 87-97-87 87-1907-87 


tF) 
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B55 -2.7-5.5 


pH: $5$-45-55 85-36-55 


Fig. 1. Effect of change in pH on the early receptor potential In, each 
figure the top trace was obtained 15 min after the etina had been soaked 
in a solution of given pH; the middle trace was obtained 15 min after 
the pH of the solution had been changed; and the bottom trace, 15 min 
after the original pH had been restored, The values of pH at which the 
responses are obtained are indicated below each figure. Each pair of 
figures D and G, E and H, and F and J was obtained at approximately 
the sequence of pH values shown at the bottom of the lower figures. 
Figures 4-2 were obtained at room temperature and G-I at about aC. 





take place. 
declines both for high and low ‘values of pH. 


HAG 
small'. Nevertheless, distinctly observable changes do 


attains its optimum value near neutral pH and reversibly 
As the 
pH departs from its neutral values, the signal becomes 
leas and less reversible. At extreme values of pH (less 
than 3 or more than 11) the response is abolished if the 
retina is immersed in the solution for 30 min or more. 

At room temperature the dominant component of the 
early receptor potential is normally the slower, vitreous 
negative component (negative peak), As can be seen 
from Fig. 1, #-F, at pl 4 or below the earlier, vitreous 
positive component (positive peak) becomes dominant even 
at room temperature. Continued immersion of the retina 
in. solutions of such low pH eventually abolishes the early 
receptor potential. Before the potential is abolished, 
however, the vitreous positive component becomes con- 


‘ siderably larger in amplitude than the negative component. 


ture of about 2° C, 


No similar effect is observed at high values of pH 
(Fig. 1,8). 

~The dominance of the positive component at low pH 
appears. to be associated with a reversible enhancement 
of the positive component as well as a decline in amplitude 
of the negative component. The fact that the positive 
componetit is enhanced at low pH may be seen by observ- 
ing the effect of hydrogen ion concentration at a tempera- 
because at this temperature the 
positive component is known to be essentially isolated’. 


Fig. 1H, shows that at about pH 4 or below the positive 


component becomes strikingly prolonged and enhanced. 
The effect is reversible, at least in part. At higher values 
of pH the effects of change in pH on the positive com- 
ponent appear to be essentially similar to those on the 


negative component. 


Proviously we reported that the slower, vitreous nega- 


ive. component (negative peak) of the early receptor 


potential is preferentially enhanced in isotonic potassium 
chloride, This component is enhanced 100-200 per cent, 
while the positive component is left relatively undis- 
tarbed. We have now extended our investigation to 
isotonic solutions of other monovalent cations. 

The effects of various monovalent cations on the ampli- 
tudes of the two components are shown in Fig. 2, A-H. 


“The top trace in each figure was obtained from a retina 


“iramaersed in Ringer for 10 min, the second trace 10 min 





(A) KCI 


(B) RbCI (C) NHgC! (0) Cs Cr 


(E) NaCl {F} Lich (G)Choline Ci (H) TEACH 


foams 


2m sec 


Fig. 2, Effect of monovalent cations on the early receptor potential. 

In-each case the top trace was obtained 10 min after the retina had 

been introduced in oxygenated Ringer solution: the middle trace, 10 

nitn-after isotonic solution of the salt indicated had been substituted for 

the Thinger; and the bottom tnde, a min after the Ringer had been 
restored, 


The amplitude of the negative component: 
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“after the Ringer was replaced by a test solution, and thi 


bottom trace 10 min after the Ringer was restored- in th 
chamber, It can be seen that the vitreous negative coni 
ponent is preferentially enhanced in isotonie rubidiar: 
chloride and ammonium chloride as well as in potassiún 
chloride. No such selective potentiation can be observet 
in isotonic chlorides of choline, sodium, lithium, or tetra, 
ethyl ammonium. The results in caesium chloride werk 
irregular—although selective enhancement of the noga 
tive component does often occur in isotonic caesium 
chloride, no consistent pattern could be established ir 
this case. 

The amount of enhancement appears too large to be 
ascribed to small differences in conductivity. A likely 
explanation might be that the test solutions affect the 
two potentials (positive and negative components) differ- 
ently at some point in their generating circuit. Such an 
explanation tends to suggest that the generation of the 
two components of the early receptor potential depends 
on separate processes. This view is strongly reinforced 
by the hydrogen ion concentration studies since at low pH 
the positive component alone is substantially enhanced, 
and prolonged while the negative component is depressed. 
Thus, the present conclusion based on the alteration of 
the chemical environment of the retina agrees with the 
results of our temperature studies. 
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CYTOLOGY 


Differential Sensitivity of Some Phases of the 
Mitotic Cycle to Temperature Effects in Two 
Types of Cell Populations in Day Old Rats 


Tue different sensitivity of some phases of the mitotic 
cycle to the effect of low temperatures has been demon- 
strated on cells of human amnion cultured in vitro. It 
was of interest to compare these results with the evidence 
of an analogous investigation of cell populations in natural 
conditions from in vive experiments. Animals used were 
day old rats which had no complex thermoregulatory 
mechanisms**, All investigations were made on two 
types of cell population of the wall of the duodenum: 
renewing {intestine epithelium) and expanding (smooth 
muscles) cells, 

The normal temperature of day old rats was found 
with a thermocouple; it was 29-1° © (28-3° C to 322° C). 
When the temperature of the surrounding medium de- 
creases the sharpest fall of body temperature is observed 
within the first 15 min. A constant body temperature was 
reached 2 h after the onset of the heat treatment. By that 
time, at a surrounding temperature of 25° C the tempera: 
ture of the body cavity was 28-2° C (27-2° C to 28-8? Ch 
at a surrounding temperature of 20° C it was 247° C 
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(239° C to 25-4° C); and at a surrounding temperature of 
17° C it was 21-6° C (200° C to 22-6° C). cee 
i The analysis of changes in ‘the length of some phases 
of the mitotic cycle (@,, G, and S) in the cell populations 
¿was made autoradiographically on liquid emulsion of the 
P and M type, tritiated thymidine (Soviet production 
" with specific activity 3-6 c./g, and from the Radiochemical 
Centre, Amersham, England, with specific activity 2-2 
~¢,/mole) was used in the dose of 1 uk/g weight. A total of 
-ninety-seven animals was used for three series of experi- 
ments. 
In the first series the sensitivity of the G, period was 
_ determined and, for this, temperatures were taken in the 
idest possible range (17° C to 25° C). Changes in the 
length of the G, period were determined from the changes 
<in the percentage of labelled mitoses with timet. At 
25° C, 50 per cent of labelled mitoses was found in the 
epithelium 3 h after the injection of tritiated thymidine, 
- that is, the G, period was twice as long as usual (G in 
normal conditions is 1:5 h). At 20°C a four-fold increase 
of G, was observed (50 per cent labelled mitoses 6 h 
after treatment with tritiated thymidine); at 17° C no 
| labelled mitoses were noted even 12 h after the injection 
‘of tritiated thymidine. At 25° C, 6 h after injection of 
tritiated thymidine, labelled mitoses in smooth muscle 
cells were found to constitute as much as 26 per cent of 
all mitoses, which is consistent: with a three- to four-fold 
increase of Ga. (Ga in normal conditions is 4 h.) At 
90° C only 10 per cent to 12 per cent of labelled mitoses 
was observed, even 12 h after injection of tritiated thym- 
idine; this suggested cell blockage for the period in 
question. Thus, smooth muscle cells in G, proved to be 
“more sensitive to low temperatures than epithelial cells 
in the same period of the cycle. 
“<= Tn the second series of experiments changes in the rate 
© of cell transfer from G, to S were observed by a comparison 
of the number of labelled nuclei induced by one and three 
injections of tritiated thymidine (6 h intervals) in control 
- and experimental animals (experiment carried out at 
-90° 0). Table 1 shows our results. 
=o The data show that in the epithelium and smooth 
muacle cells of control animals the index of labelled nuclei 
was increased about two-fold in 12 h because of the transfer 
of cells from G, to S. When temperature was decreased 
(20° C) the number of labelled nuclei in the epithelium 
after three injections of tritiated thymidine increased by 
20 per cent, whereas in smooth muscles they increased 
by only 3-5 per cent. Thus, in the epithelium only half 
of the cells which were in the S phase at the beginning 
of the experiment were replaced within 12 h, in contrast 
to the complete replacement seen in the control animals. 
Yn smooth muscles only one-fifth of the cells which 
-cwere in the S phase at the beginning of the experiment 
“were replaced within 12 h; the number was much smaller 
“than in the case of the intestinal epithelium. 






















Sable 1. INDICES OF LABELLED NUCLEI (IN PERCENTAGES) AFTER ONE AND 
THRE INJROTIONS OF TRITIATED THYMIDINE IN EPITHELIUM AND SMOOTH 
: MUSCLES AT NORMAL TEMPERATURE AND AT 20° © 


Index of sac nuclei 


Gan No. of Epithelium Smooth muscles 
: “Injections animals Maxi- Mini- Maxi- Mini- 
Miau mum mum Average mum mum Average 
‘One injection 8 433 327 308 251 168 192 
‘Three injections: 
< Qontrol 7 90-4 77-2 84-4 49-9 87-6 46-0 
Experiment 7 65:5 53-0 59L 23:5 218 22:7 


‘Table 2. LENGTH OF SOME PHASES OF THR MITOTIO CYCLE IN THE DUODENUM, 
RÉITABLIUM AND SMOOTH MUSCLES OF DAY OLD RATS AT NORMAL AND 
LOWERED TEMPERATURE 


5 bla ts ty, 
Tempera- o h) (h) (h) 
turo Enithe- Smooth Epithe- Smooth Epithe- Smooth 
Hum muscles liam muscles lium muscles 
Normal* 15 4-0 70 12-15 65 <10 
25° Q 3-0 <12-0 m= — -— 
20° 6-0 Block 14-0}  60-70t 13-0 < 60 


2 The length of the period in the normal state was taken from a previous 
report’. 

The length of the S period was determined by analysing the labelling 
intensity 6 h after the beginning of the thermal treatment. 


Pty 


In ‘the third series of experiments changes in the inten- 
sity of DNA syntheses in conditions of reduced tempera- 
tures were determined by a comparison of the intensity. 
of nuclear labelling in control. and experimental cells. 
At 20° C, 6 h after the temperature treatment and 1 h 
after injection of tritiated thymidine the average number 
of grains/nucleus was reduced in the epithelium from 
13-4+0°75 (normal condition) to 6-9 + 0-54 (experimental 
condition) and in smooth muscles from 23-9 + 0-77 (normal 
condition), to 4-8 +017 (experimental condition), that is, 
about five times. Two hours after tritiated thymidine 
had been injected into animals kept at 17° C the intensity 
of nuclear labelling in smooth muscles decreased in three 
cases, while in epithelium it remained practically the same 
as in controls. It can be concluded that when tempers- 
tures decrease there is a more rapid increase in the length 
of DNA synthesis in smooth muscles and so the rate of 
DNA synthesis is reduced to a level which is much lower 
than that in the intestinal epithelium. 

The results of the investigation are summarized: in.. 
Table 2. The length of some phases of the mitotic cycles 
was calculated in hours on the basis of the experimental 
results. 

As indicated here, decreased temperatures: in both 
types of cell populations inhibited the preparation of cells 
for division in all the periods of the mitotic cycle which 
were investigated. This inhibition is determined. by. 
decrease in the rate of chemical reactions. The effect of 
changes in the rate of chemical reactions on proliferation 
usually shows as a more or less synchronous inhibition of 
all the phases of the mitotic cycle on decrease in the 
temperature of the surrounding medium*-*, We have 
also observed an increase in the duration of all the phases 
of the mitotic cycle which depends on the action of some 
physico-chemical factors. In our experiments, however, 
the inhibition was uneven for various phases of the cycle 
within one cell population and for similar phases of the 
cycle within two populations. 

Thus, in the cells of the epithelium and emooth muscle 
G, proved to be more sensitive than G, and 8. On the 
other hand, the sensitivity of all the phases of the mitotic. 
cycle in cells of smooth muscle was found to be consider- 
ably higher than in the intestinal epithelium (Table 2). 
In contrast to our results the in vitro evidence! shows that 
G, is the least seusitive as compared with other periods 
of the mitotic cycle. A differential sensitivity of some 
phases of the mitotic cycle and various sensitivity of some 
cell populations to treatment with the same temperature: 
is determined by the action of biological regulatory 
mechanisms. The difference between our experimental 
data and the results from the experiments with. cell 
population in in vitro cultures indicates that regulatory 
mechanisms of a higher extracellular order could play a 
significant part in such differential sensitivity of phase 
of the mitotic cycle. Different sensitivity of all phases 
of the mitotic cycle in cells of the epithelium and smooth 
muscle cells does suggest, however, that it is conditioned 
by a difference between the cell populations with respect 
to the intensity of the processes of proliferation and with 
respect to mechanisms regulating proliferation. 

G. LEBEDEVA 
A. ZAVARZIN 
Laboratory of Cell Morphology, 
Institute of Cytology, 
Academy of Sciences of the U.S.S.R., 
Leningrad. 
1 Sisken, J., Morasca, L., and Kibby, S., Ezp. Cell Res., 39, 103 (1965), 


2 Gulick, A., Ontogeneats of the Thermal Requlation in New-born Rats, Abstracts 
of the XV International Congress of Physiologists, 134 (1085), 


3 Antoshkina, E., Physiol. J. (.8.8.R.), 26, 2 (1939), 
* Stanners, C., and Till, J., Biochem. Biophys. Acta, 37, 406 (1980). 


5 Zavarzin, A.,in The Research of Cell Cucles and Metabolism of Nuclete Acid, 
at Cell Differentiation, 37 (M-L, 1965). á Aar 


t Evans, H., and Savage, J., Exp. Cell Rea,,17, 51 (1959). 

7 Savage, J., and Evans, H., Exp. Cell Res.,16, 364 (1959), 

* Hinegardner, R., Rao, B., and Feldman, D., Eep. Cell Res., 36, 55 (1964), 
* Dictlaff, T., Adv. in Morphogen., 3, 323 (1984). 

















GENETICS 
DNA and Genes 


Tuere have appeared new hypotheses'? concerned with 
the amount of nucleic acid, its relation to the number of 
genes and its great variation in different animal forms. 
Without denying their value and validity at all, it seems 
necessary to direct attention to some facts in this con- 
nexion. 





a b 


Fig, L Squash preparations of mouse testis. For explanation see texi. 


The two micrographs show variation in the size of the 
ehromosomes and in the intensity of their staining in 
aquash preparations of mouse testis. Fig. la shows three 
neighbouring metaphase plates of the first meiotic division. 
The darkest (normal) and the lightest differ in their light 
absorption by a factor of four. Fig. 1b (from a different 
male) shows the chromosomes in two metaphase plates, 
and they differ greatly in size (the large one is normal). 
On the slides the nuclei of each pair were only a few 
microns apart, and had therefore been subjected to the 
same treatment. They differ from each other as much as 
do nuclei from different species. 

Although such extreme differences within the same 
genotype occur very rarely (about 1: 1,000) they call for 
caution in relating the amount of Feulgen positive material 
to the number of genes. 
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BIOLOGY 


Co-operation of Three Males in Nest 
Construction by Chiromantis rufescens 
Gunther (Amphibia : Rhacophoridae) 


Art species of the genus Chiromantis Peters (Amphibia: 
Rhacophoridae) have evolved the habit of constructing 
foam nests over seasonal pools of water. These nests 
contain up to 200 white eggs (about 2 mm in diameter) 
which develop through the external gill stage before the 
nest deliquesces and drips, together with the tadpoles, 
into the water below. 

In August to December 1964, during the first stages of 
an ecological survey of the Liberian segment of Mount 
Nimba, it was possible to observe the mating habits of this 
amphibian. A single nest was observed and photographed 
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under construction, on the night of August 31, 1964. 
The female was attached to the lamina margin of a large 
Harungana madagascariensis leaf with a single male on 
her back and two additional males placed laterally. In 
this position the female produced a small quantity of a 
pale fawn liquid which all four animals beat into a stiff 
white foam by swimming movements of their hind limbs. 
The eggs were produced at the earliest stage "of nest 
construction so that by the time it was completed they 
were covered and protected by a thick layer of foam. 

In May 1966, I returned to Mount Nimba, where I was 
able to confirm this unusual behaviour in detail. The 
sequence over seven observed matings was as follows. 
l, After heavy rain in the early evening, which filled 
seasonal pools along forest tracks, males began to aggre- 
gate on branches overhanging the water. 2. When up to 
twelve males had collected in an area of about 2 ft.” they 
began to utter a low infrequent call, the gular fold being 
extended in two bilaterally symmetrical pouches as 
described by Schiotz!. 3. One or two females approached 
froma higher level in the vegetation and moved close to the 
calling males. When the female had approached to within 
2 ft. of the males their calling increased in frequency. 
4, As the female was approached by a number of males she 
arranged herself so that she hung vertically from a leaf, 
which was always directly over the water, however small 
the pool. The height of the nest above the water varied 
from 3 to 40 ft. A single male then mounted onto her back. 
In all cases observed it was the male that called most 
vigorously that was successful. 5. Two more males now 
attached themselves to the first male and slowly arranged 
themselves bilaterally. 6. The male in copula now began 
to call very rapidly and at the same time squeeze the 
female rhythmically. All other males in the vicinity now 
dispersed. 7. In a very short time (5-10 min) the female 
produced her first foam fluid which all four animals beat 
into a stiff white foam by swimming movements of their 
hind limbs. This action was made more effective by the 





Vig. 1. Female Chiromantis rufescens building a nest with the assistance 


of three mates. Note the large size of the female and one male that has 
arranged himself laterally. A single white egg can be seen close to the 
webs of the female's left hind foot. 


NATURE, VOL, 214, APRIL 1, 1967; ° “> 


webs of the feet being spread to their fullest extent. 
8. The whole operation lasted 2 h. Wager? described the 
nest building of the South and Central African species 
O. xerampelina in which only a single male assisted the 
female. Duff-McKay informs me that he has observed 
the construction of nests by the East African species O. 
petersii in which, again, only one male participates. 

The-co-operation of several males in this activity seems 
most unusual in the vertebrate kingdom. The con- 
struction of a foam nest is by no means an unusual adapta- 
tion among the amphibia for rendering their eggs inde- 
pendent of water during the early stages of their develop- 
ment. It seems possible that the advantage of using 
more than, one male may be that a larger nest can be con- 
structed and thus a larger number of eggs can be reared. 
In addition, because this activity leaves the female 
exhausted, the assistance afforded by extra males may 
render her less susceptible to predation at the end of the 
operation. 

Matoorum J. Coz 

Department of Zoology, 
University College, 
P.O. Box 30197, 
Nairobi, Kenya. 


1 Behiotz, A., Vedensk. Medd. Dansk. Naturh. Foren., Kbk., 127, 19 (1064). 
1 Wager, V. A., Trans. Roy. Soc. S. Afr., 163 (1926). 
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A Method of Marking Fish Eggs and Larvae 


Ax entirely satisfactory method of marking very young 
fish has not yet been found, but an experiment carried 
out at the Windermere laboratory of the Freshwater 
Biological Association has yielded promising resulte. 

The method is based on two observations; first, that 
sudan black can be used to dye adult living carp', and, 
second, that ın trout the fat soluble carotenoids appar- 
ently pass unchanged from a female parent trout into the 
egg and from there into the young fish?. These observa- 
tions suggest that if a fat soluble substance is fed or 
injected into an adult female parent fish it may pass 
into the egg and young fish in detectable quantities. 

Female brown trout Salmo trutta L. were fed with dry 
hatchery pellets that had been mixed with a small quantity 
of dry sudan black powder. The brand of pellets used 
contained 4 per cent fat and the dye was quickly taken up. 
These pellets were readily eaten and within 2 weeks the 
whole fish took on a blue-black appearance that was 
particularly marked around the jaw and inside the 
mouth. When one of the fish was dissected it was found 
that the blue colour was present throughout the flesh, 
gut and all internal organs, particularly in the fat around 
the alimentary canal. The surface mucus from this fish 
was also distinctly blue. Later the live fish were stripped 
and yielded dark blue eggs which were fertilized with 
sperm from an undyed male. The eggs were treated in 
the normal hatchery manner and were kept in running 
Lake Windermere water, the temperature of which 
fluctuated naturally from 4-2° to 10-2° C. After 10 weeks 
the eggs hatched to yield dark alevins with dark blue 
yolk sacs. The late stage alevins were given artificial 
trout-fry food and after feeding commenced it was noted 
that the blue colour became less noticeable. It persisted, 
however, to a useful extent for more than 6 weeks after 
feeding commenced. The faeces of the blue fry were 
noticeably darker than those of normal trout of the same 
age fed the same food. The colour lasted longest in the 
region of the lower jaw and in the brain. The fry appeared 
to be completely unaffected by the dye and deaths through- 
out the rearing period were low. 

Although this method of marking has some disadvan- 
tages, it does allow the eggs from particular parents to be 
used in population experiments in the field and makes 
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it possible to follow the fry as a group to the stage when 
they are free feeding individuals. The method is clearly 
capable of further refinements, for example, it may prove 
possible to inject the dye into the parent fish so that 
different-coloured individuals can be kept together, or to 
uso ® more persistent colourless substance that can be 
identified chemically in trace amounts. 


T. B. BAGBNAL 
The Ferry House, 
Ambleside, 
Westmorland. 
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Area Treatment to Combat Mosquitoes 


FEMALH mosquitoes may become “aware” of a nearby 
host by a rise in the prevailing concentration of carbon 
dioxide which causes them to fly off and begin a generally 
up-wind search!*. Once activation has taken place the 
“attack programme” uses multiple clues to target location 
of which the most important are convection currents from 
the body of the host, and, during the day, visual stimuli. 
If the insects fail to detect these emanations from the 
host, and if the raised concentration of carbon dioxide 18 
maintained, they soon come to rest again, presumably 
because they adapt to the new concentration of carbon 
dioxide’. 

If the mosquitoes were adapted by previous exposure to 
a very low concentration of some chemical other than 
carbon dioxide, it is possible that their ability to seek out a 
host would become impaired. An area treatment with such 
a chemical may be a useful supplement to the usual pro- 
teotive measures, especially in regions where resistance to 
insecticides has developed. The object would not be to 
expel the mosquitoes from the treated area but to render 
them less capable of responding to emanations from the 
persons or animals that share it with them. 

The normal response of Aedes aegypti and of Anopheles 
quadrimaculatus to a riso in the concentration of carbon 
dioxide can be inhibited in just this way by continuous 
exposure to the vapour of 2-ethylhexanediol-1,3 (“Rutgers 
612"). 

The experiments were made in an apparatus that passes 
a pre-conditioned air stream (or pair of streams) upward 
through a chamber containing the test insects’. Using a 
single air stream and female mosquitoes of mixed ages and 
demonstrated avidity, and with the air stream drawn from 
outdoors and conditioned to 27° C and about 50 per cent 
relative humidity, the number of mosquitoes actually 
flying was counted at intervals of 1 min to establish the 
basic activity. The content of carbon dioxide in the air 
stream was then raised to 0-1 per cent by volume and the 
counting continued. 

Fig. 1 shows typical results for the two species. Ex- 
citation by carbon dioxide is rapid with both, but A. 
aegypti becomes adapted more quickly than An. quadri- 
maculatus. The first effect of the repellent vapour is to 
excite the mosquitoes, but the effect lasts only a short 
time and once adaptation has occurred the addition of 
0-1 per cent of carbon dioxide has none of its previous 
effect. The concentration of ‘612’ vapour was determined 
by gas chromatography and was generally between 0-5 
and 6 p.p.m. This is well below saturation at the pre- 
vailing ternperature. 

In view of the other ways that repellents interfere with 
the attack programme, it is hkely that area treatments 
with ‘612’ or other chemicals could produce a substantial 
reduction in the number of bites, and thus in the amount of 
irritation or disease transmission. The chemical might be 
absorbed in a porous material, such as expanded vermi- 
culite, and scattered broadcast, or it could be sprayed 
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alone or in conjunction with a residual ingecticide. The 
fact that clothing impregnated with ‘612’ and other 
repellents can afford protection for several weeks shows 
that evaporation would be slow enough to give a lasting 
effect. The rather poor resistance to washing of ‘612’ may 
make it less useful outdoors than substances with better 
water resistance, but it should work well under cover‘. 
Limited practical trials would be more useful at this 
stage than additional laboratory tests like those reported 
here, but it would be necessary to test any substance so 
used to ensure that it is not toxic to mammals. 
The work was done under contract with the U.8. Army 
Medical R and D Command. 
J. E. Smceson 
R. H. WRIGHT 
British Columbia Research Council. 
Vancouver 8, 
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Sexuality and Apomixis in Taraxacum 


UNTE 1949, the available evidence indicated that species 
of Taraxacum in the Mediterranean region and in Asia 
were sexual, and that those in north, west and central 
Europe were apomiuctic (apart from two small sexual 
populations in Sweden and Switzerland). In 1949, 
Tschermak-Woess' discovered sexual plants m apomictic 
populations in south Austria and these have been further 
studied by Furnkranz*+. He established the rule that 
sexual plants are diploid and apomictic plants polyploid 
{although Sorensen and Gudjonsson* had shown that 
plants with (3n—1) chromosomes may show sexuality). 
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Furnkranz also found that diploid sexuals have regular 
pollen and polyploid apomicts irregular pollen, presumably 
because of multivalent formation and partial restitution 
during male meiosis in the apomicts. He found that most 
populations in the sections Vulgaria (= T. officinale 
Weber) and Hrythrosperma (= T. laevigatum (Willd.) 
DC.) in south Austria showed some sexuality; some- 
times the proportion was as high as 50 per cent. Hoe was 
able to obtain artificial hybrids between sexuals and also 
between sexuals and apomicts, using the apomiocts as 
male parents. 
In Europe we have found one population near the 
Jungfrau in Austria, believed to belong to the section 
Fontana (described by van Soest*), which may be totally 
sexual; this is comparable with T. obtustlobum Dahlst. 
from Sweden, or T. pieninicum Pawl. from Poland’. 
Moreover, in seven populations in the Vulgaria and 
Erythrosperma from Czechoslovakia and Poland which 
have been sampled, triploid apomictic and diploid sexual 
plants occur together; the diploid plants differ from 
the apomicts only in size. 
Much larger samples have been taken in Great Britain. 
Of 132 seed collections from all parte of the country on 
which chromosome counts have been made, only two have 
proved to be diploid and, as expected, the plants are 
sexual. They are from lowland localities in County Durham. 
Firnkranz’s technique of pollen examination was found 
to be valuable in diagnosing sexuality, though it must be 
used with caution. Some Hrythrosperma show perfectly 
regular pollen of considerable size, derived from dyads; 
such plants are tetraploid and apomictic. Other apomictic 
Erythrosperma have pollen as small as that of sexuals 
but slightly irregular. 
The pollen of 1,200 plants in 195 Kopu enoni from 
thirty-one vice-counties, ranging from pshire to 
Butherland, has been examined. In eight populations, 
presumed sexual plants have been found of which 15-50 
per cent have regular pollen; these plants all belong to 
the sections Vulgaria or Erythrosperma. Six of the popu- 
lations are in County Durham, one in Northumberland, 
and one in north Yorkshire, although only 40 per cent of 
the populations of these sections examined come frem 
these three counties. It is worth noting that sexuality 
has only been recorded in populations where the apomicte 
are triploid. No sexuals have been found in the section 
Spectabilia, which is usually tetraploid or pentaploid, or 
among tetraploid Hrythrosperma. 
Analyses of six populations in Durham and Northumber- 
land in which Vulgaria and Erythrosperma biotypes occur 
together indicate that hybridization has occurred (sexual 
plants have been recorded from two of these populations). 
About 70 per cent of the plants in the populations have 
intermediate characters, and scatter diagrams indicate 
that introgression is occurring. The differences between 
the sections, normally so clear-cut, have been blurred. 
These investigations, which are being continued, are of 
interest in relation to the genetic control of the breeding 
system in Taraxacum; a question of particular interest is 
whether the diploid sexuals are of primary or of secondary 
origin (see also Sorensen®). 
We thank the Science Research Council for financial 
support in this investigation. 
D. H. VALENTINE 
A. J. RICHARDS 

Department of Botany, 

University of Durham, and 

University of Manchester. 
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FORTHCOMING EVENTS 


(Meeiinga marked with an asterisk are open to the publio) 


Monday, April 3 


ROYAL GROGRAPHIOAL Soormry (at 1 Ke 
at 8.15 p.m.—Mrs. Norman D. C. Hammond: “ 


n Gore, London BW T) 
loring Ancient Seistan' 


Tuesday, April 4 


SOCIETY OF INETRUMENT TEOHNOLOGY, AUTOMATION Comurrren (at the 
Oty, University, 8t. John Street, London, B.0.1), at 10 a.m.—Symposinm 
‘Education and Tranung of Instrument Personnel”. 


Iastrrvrion OF ELECTRICAL ENGINBERS, CONTROL AND AUTOMATION 

EL and ae eee AUTOMATIO CONTROL GROUP OF THR onroro or 

AL ENGINEERS (at the Institution of Electrical Engineers, Savoy 

Place, Tondon, Wit C.2), a 2.80 p.m —Colloqnium on “‘One-Line Scheduling 
for Production Purposes 


INBTITUTION OF Bumomms0At ENGINBERS (at Bavoy Place, London, W.O. 2) 
at 5.80 Be 5-80 pm m.—Discussion Aleet on ‘Discharge teotion-—Integrates 
Response ?” opened by Dr. G. Mole 


PLASTIOS INSTITUTE, LONDON Sworionr (at Imperial, Chemical House, MHI- 
bank, London, 8.W. i) at 6.80 p.m.—Symposaium on “New Materiala”, 


Tuesday, April 4-—Thursday, April 6 


RITISH INTHRPLANWTARY Soormry (at the University of Technology, 
s AE Lelcestershıre)—8prng Meeting. 


Wednesday, April 5 


BRITISH OQOUPATIONAL HYGIENS Boowry (at the London School of 
Hygiene and Tropical Medicine, Keppel Street, London, W.C.1), at 9.80 a.m, 
nference on “Noein Industry—Becent Developments”, 


IS6TITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W.1), at 
5.80 p.m-—Bir. K. G. Alun and, Mr. E. 3. Forbes: “The Load-Carryin 
Properties of Organic Sulphur Compounds, Part 2: The Influence o 
Chemical Structure on the Anta-Wear Properties of Organic Disulphides”. 


ri eae OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.0.2) 
at 5.30 p.m.—Discusston Meeting on “Distribution System Control” opened 
by Mr. TE Rockliffe and Afr. J. BR. HUI. 


ASLIB (at the Royal coeur 21 Albemarle Street, London, W.1), at 
Batten: “The Future of Information Work” (irst At b 


SOOTY OF ENTMONNENTAT ENGINEHRS, PaoKAGING Group (in the 
Mechanical Engineering Department, Im Tportal college, Exhibition Road, 
: “Development and Use of a 


London BWT, at apm. 
Drop Heigh 
liani oF Lie ae ENGINEERS, LONDON GRADUATE AND STUDENT 
BECTION (at Savoy Place, London, W.O. 2), at 6 80 p.m.—-Dr. G. F. Gains- 
borough will answer questions on O.E.I. and the Electrical Engineer. 


SOCIETY YOR ANALYTICAL CHMASTRY (in the Lecture Theatre, Tha Phar- 
maceutical Society of Great Britain, 17 Bloomsbury Square, London, W.0.1), 
at 7 p.m.—Meetang on “Peroxidation”. Mr. W. H. “Anal 
of Peroxy; eroxygon Compounds”; Dr. I. D. Morton: “Peroxide Ohanga in ble 
Oils and pability’”’. 


Wednesday, April 5—Thuréday, April 6 


Instrrvra OF FOOD SONON amp TROHNOLOGY (in the Hoare Memorial 
Hall, Church House, Westminster, London, S.W 1), at 10 a.m. dalily— 
Symposium on “Quahty Control in the Food tndustry". 


Wednesday, April 5—Friday, April 7 


Bris COMPUTER Soorery (in conjunction with the London School of 
Economics at fhe London 8chool of Roonomics, Houghton Street, Aldwych, 
London, W.. )—Bymposium on “Systems Analysis and Design”. 


Thursday, April 6 


BOOTY FOR ANALYTIOAL CHEMISTET, AUTOKATIO METHODS GROUP, and 
the ASSOCIATION OF CLINIOAL BIOCHAXIBTS, SOUTHERN REGION (at Imperial 
College, Imperial Instituto Road, London sw WD at 10.16 a.m.—Joint 


stances ted on Paper and Thin Layer Chromatograms b 
saose Separa p te ake Eee 


ROYAL Soorery (at Burlington House Piccadilly, London, W 1), at 4 80 

p.m.—Mr. P, 0" Dotad “On the ¢ avolutlon of Dominance, Over-Dominance 
and Balanced Polvmorphıism”; Afr. D. Broadbent and Miss Margaret 

gregory: “Psychological Refractory Pariod ‘and the Length of Tume Required 
to Make a Decision’, 


COLOUR GROUP (GREAT BRITAIN) (in the Ia: 
Department, Impera! College of Sclence aena hnol „ Prince Consort 
Road, London, 8.W. 7), at 6 Basten PAN S. Stiles, F. “Mechanism 
Concepts in Colour Theory” n Lecture). 


INSTITUTE ny Canaan | (at the National College for Heat! 


Leotare Theatre, Physics 


Ventila ration and Fan Engineering Southwark Bridge R 
London, a. R 1), a 6 OE aM, W. B. Gosney: “Compound tago Road, 
geration 


Thursday, April 6—Friday, April 7 


COLOUR GROUP genT BRITAIN) (at Imperial College, Prince Consort 


Road, London, 8. , at 9.30 a.m. daly—Symposiam on "Colour Measure- 
ment in Industry”. 


INSIITUTS OF ANTAL TEOHMIOLANS (at the University, H Annual 
en ( ty, Hull)}—. 


Friday, April 7 


INSTITUTION OF MEOCHANIOAL ENGINENRS, LUBRICATION AND W2BAR 
GROUP (in association with the Britiah Ortho; o Association, at the 
Institution of Mechanical Engineers, 1 Birdcage Walk, Westminster, ‘Lond ndon, 
8.W.1), at 0 a.m.—Symposium on “Lubrication and Wear in Taving and 


Human Joints”. 


re iia! OF ELECTRICAL ENGINEERS (at ; Bavoy Pisce, London, W.O. g2 

at 6.80 —Dr. B. J. Chalmers and Dr. B. J. Bennington: “Digtal Co 

for Design Synthesis of Large Squirrel-Cage duction 
INSTITUTION OV H.BOTRIOAL ENGINEERS (at Savoy Place, London, W.C.2) 

at 6.80 p.m.—Mr. 8. W. Bokett: “Development oft Fluid Damped. Plectrica 

Measuring Instruments”. 


Monday, April 10 


UNIVARSITY OF LONDON (at the London School of Hygiene and m- Prat. 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 
P. Kalevi Koski (Turku): “Oramal Growth Centres: Facts or F pe 


INSTITUTION OF HLECTRIOAL ENGIXHERS (jolnt meeting with the iosita 


tion of Electrical and Electronica Technician Engineers, at Savoy Place, 
London, W.0.2), at 6 p.m.—8ir Robert Cockburn, K.B.E., On. 2 “Elo 
tronics in Aircraft”. 

Soonmry oF INSTRUNBNT TrouwoLoay (at the Manchester Li and 


Philoeophical Souety, 86 George Street, Manchester, 1), at 6.45 p.m. ee 
Ormerod: “Instrumentation of Nuclear Power Stations”. 


Monday, April 10—Wednesday, April 12 


PHYTOCHEMICAL GROUP oe (at Imperial College, London, S.W.7}—Symposlum 
on “Plant Cell Organelles’ 


Soorery OF CHEMICAL INDUSTRY PESTIODES GROVP—-PHYSICO-CHEMICAL 
AND BIOPHYSICAL PANEG (at tho Bchool of Pharmacy, Brunswick Square, 
London, W.C.1)}—Symposlum on “Phyaloo-Chemucal and Biophym 
Factors Affecting the Activity of Pesticides”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
Co fizoronan (pref bly qualified In the flelds of mineral d petrology) 
BE (preferably qua. n the flelds of min Jogy an 
GROLOGY at Victoria University of Wellington, New Zealand! oe 
‘Aescetation of Commonwealth Universities (Branch Office), Marlborough 
Honse, Pall Mall, London, §.W.1 (New Zealand and London, April 7). 
TECHNICIAN Or SENIOR THOHNICIAN (with hospital or animal physiol 
experience) with the W.E. Dann Unit of Cardio! to work with a = rolo- 
t and a surgical team in the Investigation of open heart ag A 
ong term (iy (five veers) at least) project—The Registrar, The Universi r eole, 
S 


PRINOIPAL Neen Ah IN ELEOTRONIO ENGINSERING-—-Clerk to the Govern- 
ing Body Body, Borough Polytechnic, Boron h Road, London, S.E.1 (April 10). 
AKT LROTUREE (porferably wi interests In historical moal nares pee 
Mee Darien OF GuOGRAPHY—The Secretary, Unive: 
Tondon, Gower Street, Sete WC. (Aprl 18). 
LEOTURAR (with spocial interests in rimental solid state physics or 
related RREAN IN THE DEPARTMENT oF o3s-—-The Registrar, King’s 
College (University of London), Strand, London, W.C. 2 (Aprili 19. 
ASSISTANT KREFEE IS mica Awtno LOGICAL Mosuo (Cultaral Anthro- 
pology}—The Secretary, U mity o of Aberdeen, Marischal College, Aber- 
deen, quotini quoting Ber No. aanva (April 17) 


DAMONSTRATORS in the DHPARTNENT OF Botany—The 
Wales (i aire, Univority College of Swansea, Singleton Park, Swansea, South 
p 


TANT LHOTURBR or LEOTURRR (with special Interest and research 
Beet in reaction kinetics in tho DEPARTMENT OF Onmastry—The 
trar, University of Essex, Wrvenhoe Park, Coldhester, Esox (April 21). 
FROTURER IN ANAESTHETICS at the Western I. “Secretary o of the 
University Court, The nivernty, Glasgow (April 21). 
Peoria LROTURER 0 IS COMPUTATIONAL Scorgnos—The 
Cad of Bt. Andrews, College Gate, Bt. Andrews, Fife, 


atten oiland (april 22 

or asiant PROFESSOR IN SOCIOLOGY at Haile Bellassto I 
vee Rthiopia—The Inter-University Council, 88 Bedford Place, 
London, W.0.1 (April 24), 

SENIOR LECTURER referably medically qualified) IS PARASITOLOGY in 
tho DEPARTKANT OF BACTERIOLOGY, University of Ibadan, Nige ria The 
Inter-Univermty Council, 38 Bedford Place, London, W.G C.1 (April Ra. 

READER IN STATISTIOS at Birkbeck College—Th 
University of London, Senate House gondon, w Hi 1 enn 20). 

READER IN ANATOMY at the Royal Free tal School of Medicine—The 


és demle tiles of London lee House, London, W.0.1 
The Secre = tary to r University of kdtabureh, Old. College, 
of 
South Pride Matuburdh t (Apri N 
PROFBBSOR PLANT PATHOLOGY tn the Faculty of Agri- 
culture Univers! of the o West Indies, Trinidad—‘The Inter-University 


Council, 88 Bedford Place, London, W.C.1 ae (April 30). 
Poe Maxeabartce—Ths Registrar, University of York, Hes- 
Lingo, York k Gay. 


ARTMBNTAL D Rioxsrraror (preferably with training and 1 experience 
in genetics or related flelds) in Oxford br Meta y Botany Department—The 
Admin r, Botany Department, South Parks Road, Oxford ( May 1). 

Han (with ‘an honours degree in physics or H apron Yelevant solenos and 
able to co-ordinate the research programme of a department which ts con- 
cerned with the application of the physical bina to problems associated 
with many aspecte of milk production and the utilization of milk producte) 
of the PHYSICS DEPARTMENT---The Seoretary, National Institute for 
in Dairying (University of Reading), Shinfield, Reading, quoting Ref. 67/8 


PT nmi Qroforably with an interest in crop peie, parti particularly with 

tropical countries) in ENTOWOLOGY the DEPARTMENT OF 
‘BIOLOGY, Makerere University Co! , Uganda (University 
2 Best ro iia Inter-University Connell, 33 ord Place, London, 
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T DEOR R (with high attainments in a relevant science and some experience 
in administration "oL the Enar eon eon London Road, 
Slough, Bucks— tary, cultural Research Council, Cunard Buld- 
ing, 16 Regent Street, London, 8.W.1 (Alay 17). 

‘ASSISTANT or ABSOCIATE PROFESSOR IN PLANT ANATOMY—Head of the 


wat * Botany Department, University of Alberta, Edmonton, Alberta, Canada. 


BIOCHEAMIST APBMIOR GRADA) (with an honours degree in scionva, or its 
equivalent, and considerable experience in hospital biochemustry) in the 
DEPARTMENT OF PATHOLOGY to be in charge of a busy, expanding laboratory 
-The Secretary, Darlington Memorial Hospital, Darhngton. 

PLANT BREBDER (with a gos university degree and preferably previous 
research experience) in the RESHAROH DEPARTARNT to continue and develop 
the present programme of coconut improvement with emphasis on 

-resistance——The Director of Research, Coconut Industry Board, 18 Waterloo 
Road, Kingston 10, Jamaica, West Indies. 

RBABARCH ASSISTANT (graduate of a university or the Royal Instutute of 
Chemustry) ın Mass SPECTROMBTRY In the School of Chemistry, to organize 
and maintain a mass spectrometry service in the School of Chemistry and to 
aist in the interpretation of spectra—The Registrar, University Senate 


House, Bristol 2, 
ood honours degree) in the CENTRAL SOLANTIYIC 
10AL REA UNOIL’S COMAMTTAE ON PRO- 
TEOTION AGAINST IONIZING RADIATIONS for duties which will include the 
oreo and correlation of physical, biological and metabolio data relevant 
been of permissible doses of and the preparation of of 
reports on specific problems concerned with radiation hazards to 

neral public—~The Director, Radiological Protection Service, Oon 

venue, elmont, Button, Surrey. 
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OLD MATHS FOR OLD 


THe unspoken conviction that mathematicians are 
born and not taught seems destined to inform the 
teaching of mathematics in British schools for many 
years to come. Although many of the recent essays 
in curriculum development have been embraced with 
enthusiasm by some of the schools, and although some 
of this good work may well rub off on the curriculum 
as a whole, there has not yet been much sign of change 
in the interaction between the schools and the univer- 
sities., In particular, it looks as if the mathematical 
curriculum in the schools will continue to be influenced 
to an unwarrantable degree by what British universi- 
ties consider to be their own specific needs. In other 
words, those students at schools who may think of 
becoming professional mathematicians will still have 
to declare themselves at fifteen or sixteen, and will 
then have to spend roughly two-thirds of their academic 
energy on the study of mathematics. The folly of this 
system is now, of course, well recognized. The fact 
that the system provides potential mathematicians 
with too narrow an education may be less serious than 
the way in which it undoubtedly serves to diminish the 
supply of able mathematicians. The chances are that 
only exceptional young people will know their own 
minds with such certainty so early in. their careers. 
The irony, of course, is that one public committee 
after another in the past few years has found it neces- 
sary to complain of an acute shortage of professional 
mathematicians. 

It is only against this background that the latest 
report of the Universities and Schools Committee of 
the Mathematical Association is a disappointment 
(Suggestions for Sixth-Form Work in Pure Mathematics, 
Bell and Sons, London, 2s. 6d.). For the most part, 
the committee has set out to provide the schools which 
teach mathematics with advice intended to smooth 
the passage from school to university. Quite properly, 
it has seized on the way in which students fresh from 
school are dismayed by the rigour, mathematical and 
otherwise, of their new environment, and by the way 
in which university teachers are offended by the 
frequently sketchy preparation of their undergraduates. 
The report is full of horror stories of how students 
sometimes allow themselves to put log(a+b)=log a+ 
log b, and a good part of what the committee has to 
say to schools is concerned to make sure that, in 
flirting with innovations of the mathematics curriculum, 
the thorough preparation of students in simple hum- 
drum mathematical techniques is not neglected. 

To say this, of course, is sound enough, although the 
committee too lightly overlooks the way in which new 
methods of teaching may easily improve the quality of 
understanding among school leavers. But in any case, 
a great many of the deficiencies which apparently 
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cause such distress in the universities are as much a 
consequence of the difficulties of recruiting teachers of 
mathematics in the schools as of neglect or even 
waywardness. But the tenor of the advice is somewhat 
patronizing, to say the best of it. And there is a much 
less open acknowledgment of the deficiencies in the 
universities. The committee says that some university 
teachers of mathematics are neglectful of their students, 
and expect too much of them, and it piously hopes 
they will mend their ways. But is this enough? Is 
there not also room for deliberate study of methods for 
teaching mathematics at universities? If curriculum 
development is valuable in the schools, may it not 
also have some part to play in the universities ? 
Without questioning its implicit assumption that there 
is to be no radical transformation of the relationship 
between the schools and the universities on mathe- 
matics, the committee could have said much more. 

Al this, however, is only scratching the surface of 
the problem. The real need is for a thorough re- 
examination of the principles underlying the relation- 
ship between universities and schools. For one thing, 
departments of mathematics must be persuaded to 
abandon their insistence that potential mathematicians 
must swallow a double dose of mathematics at school. 
The educational advantages of this arrangement, 
such as they may be, are far outdone by the dis- 
advantages, both in the balance of the curriculum and 
in the restriction of recruitment. 

It is true that giving up the system would increase 
the difficulty of using school-leaving examinations as a 
means for selecting the best students, but this might 
be a help and not a hindrance. For mathematics 
should lend itself more easily than other kinds of 
studies to methods of assessment designed to measure 
aptitude, not just attainment. And there is, of course, 
no reason why dedicated students at schools should 
not be as free as they are at present to read plenty of 
mathematics if they choose. Unfortunately, however, 
this is only the most obviously necessary reform. In 
the long run it is even more important that the mathe- 
matics taught in British schools should be tailored 
sensitively to the needs of those who will numerically 
make most use of it—the scientists, the economists 
and even those for whom mathematics may be impor- 
tant chiefly as an element in a liberal education. 
The talk there has been, in recent months, about the 
design of what is called a “core syllabus” for senior 
mathematics students at schools shows that the 
importance of this problem is recognized. The 
Universities and Schools Committee is even planning 
to produce a report on the subject. There is even a 
hopeful rumour that the next instalment of the report 
of the Dainton Committee on the recruitment of young 
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people into science will take a strong line against 
specialization as such and in favour of the same kind 
of mathematics for all intended scientists. But 
reports, unfortunately, are almost too easy to produce; 
their appearance is all too often mistaken for activity. 

So what, then, should be done? Must the first 
moves come from the schools or from the universities ? 
And who is to twist whose arm? It is perhaps worth 
recognizing that although the universities put pressure 
on the schools by exacting demands on the curriculum 
of those who would specialize in mathematics later on, 
the schools have grown to like things as they are. 
They know where they stand, and they have the right 
to grumble as well. Certainly proposals for radical 
change are often resisted as much by teachers of 
mathematics in the schools as in the universities. 
This, no doubt, is why the Schools Council has found 
it so hard to know the right heads together. (So far, 
the council has also failed to create some common viow 
among the several interested parties about a common 
approach to curriculum innovation in the schools, 
with the result that the teaching of mathematics is 
becoming a greater muddle.) The universities collec- 
tively show no signs of budging, and the Department 
of Education is doing very little to help. Yet the 
distortion of the school curriculum continues, as does 
the waste of talent. Only the universities individually 
are free to make reforms of the right kind. The best 
hope is that one or more of them will be persuaded to 
the right and radical course of action. 


PROGRAMME FOR BIOLOGY 


Tau International Biological Programme seems to 
have surmounted its final planning conference in Paris 
last week. Although it would be unreasonably cheerful 
to say that everything is now ready for the five years 
of experimental work intended to begin on July 1, 
enough has been done to ensure that the International 
Biological Programme will not be a damp squib. 
Indeed, a few of the seven sections into which the work 
of the programme has been classified seem to be 
buzzing with ideas, and the voluntary work of the 
seven conveners is now being supported by that of 
paid scientific co-ordinators, usually part-time. There 
is a headquarters organization in London—which is 
only one of the reasons why the IBP is sometimes 
referred to as the International British Programme— 
and the promise and often the reality of documents 
intended to bring uniformity to the collection of 
information about the natural environment. Then 
there are the national programmes of the forty nations 
taking part in the IBP, the consideration of which 
was one of the objectives of the meeting in Paris. The 
fact that most of the national committees had done a 
respectable amount of homework by then is not 
entirely hopeful, for the documents vary enormously 
among themselves. The forward planning of the less 
developed countries has understandably been hampered 
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by lack of funds and technical assistance, but some 
much more advanced countries have also produced 
documents which are most charitably described as 
enthusiastic declarations of intent. Details, it is 
hoped, will follow. 

In spite of the long gestation period of the pro- 
gramme, the origins of which can be traced back to 
1959 and the after-glow of the International Geophysi- 
cal Year, this diversity is not necessarily a reproach. 
Comparisons with the IGY are unavoidable but they 
may also be misleading. First, of course, there is 
little doubt that the IBP owes its existence in part at 
least to a demand among biologists for an inter- 
national venture that would stimulate certain kinds 
of biology a8 much as the IGY had stimulated geophy- 
sics. But the IGY was given urgency and pattern 
by the occurrence of the last maximum of the cycle of 
solar activity. There was a strong case for asking 
that certain kinds of observations should be made 
repeatedly, simultaneously and at stations strategically 
placed about the surface of the Earth. In other words, 
the objective helped to fix the right scale of operations. 
The IBP, by contrast, is not bound to such an easily 
recognizable chariot wheel. It is understandable 
enough and unimportant that one result should be a 
somewhat fuzzy timetable. 

It is less easy to put up with the confusion which often 
attends statements of what the IBP is for. The shortest 
statement of the objectives of the IBP is the sub- 
title origmally agreed with the International Council 
of Scientific Unions—the biological basis of produc- 
tivity and human welfare. The several organs of the 
IBP tend to make much of the rate at which the popula- 
tion of the world is growing and the prevalence of 
malnutrition. A recent handbill, for example, says 
that these developments “call for greatly increased 
food production coupled with rational management of 
natural resources. This can be achieved only on the 
basis of scientific knowledge which, in many fields of 
biology and in many parts of the world, is at present 
wholly inadequate”. The same document goes on 
quite properly to draw attention to the way that several 
human activities are changing the character of the 
natural environment and problems created by these 
developments are also within the terms of reference | 
of the IBP which is, of course, entirely laudable. The 
difficulty is that promises about the link between 
scientific research and the problems of food and 
population can easily be oversold. For one thing, 
although famine and malnutrition still abound, food 
production is more than keeping pace with the growth 
of the population. Then many of the problems with 
which the IBP is properly concerned would be trans- 
formed by the wider application of solutions which 
already exist. Remedies for shortages of capital and 
the lack of education are often more urgently necessary 
than the rounding out of scientific understanding. 
This does not mean that the work the IBP would 
sponsor has nothing to contribute, but it will bring 
long-term benefits, not an immediate remedy. Modesty 
and less humbug on this point would have won more 
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friends for the IBP, especially among those organiza- 
tions, international and otherwise, which have been 
created specifically to deal with the more immediate 
problems. 

Even. within its chosen terms of reference, however, 
the IBP is not entirely consistent. Sometimes it has 
been interpreted as a licence for conservationists, or 
as a charter for whole organism biology. But if, for 
example, one of the objects is to lay foundations for 
the more efficient conversion of sunlight into carbo- 
hydrates, do not the biochemists and molecular 
biologists working with chlorophyll have at least as 
much to contribute as the ecologists and plant physio- 
logists ? And what about the chemists who are for 
ever dreaming of edible protein from petroleum ? 
As the programme gathers momentum, they may have 
a place in the section called UM (which is short for 
“Use and Management of Biological Resources”), 
although this seems to have been one of the least 
promising to reach the starting gate at Paris. In 
general, however, the gulf between the IBP and the 
laboratory biologists is too sharp for comfort. 

What, then, is the prospect for the next five years ? 
In the long run it will be best for the IBP if its friends 
as well as ita critics do not expect too much. The 
IBP is not and cannot be an executive agency, with a 
budget to use for sponsoring research and thus the 
power directly to influence events. It is not, there- 
fore, a surprise that many of the research projects 
listed in the national programmes would probably 
have been undertaken in the ordinary course of events. 
What the organization must hope for is that by drawing 
attention to the ways in which research can help with 
the solution of wider problems, it will in the long ran 
influence the pattern of research—-and increase its 
usefulness. This is an intricate task—a kind of public 
relations within biology. Five years is by no means 
too long a time. In the long run, everything will 
depend on the people involved and on the quality of 
what they have to contribute. This explains the 
diverse attainments of the various sections so far. 
One section seems, for example, to have made an 
impression at Paris by the soundness and the originality 
of its proposals for studying human populations in 
different natural environments, Another seems well 
off the mark with suggestions as to how the careful 
atudy of large artificial lakes may turn out to be 
economically important. 

In these and other connexions, there are useful jobs 
to be done. The IBP may be able to help by seeing 
that projects like these are carried out on a sufficiently 
big scale, and in such a way that the findings are 
readily usable elsewhere. If anything, there are 
too many opportunities to be seized on, so that the 
organizers will have to live like opportunists, backing 
obvious winners, gaining friends and influence where 
they can. Now that the enterprise is about to start in 
earnest, there are dangerous tendencies to bumbledom 
and immodesty if the organization is not to do more 
harm than good. The biggest danger is that the IBP 
may outrageously overplay its hand. 
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JUPITER AND IO 


PEOPLE have been wondering why Jupiter should 
emit radio waves in the decametre region ever since 
the first discovery in 1955, but the problem has taken 
on a somewhat bizarre flavour in the past two years, 
with the recognition that the strength of the signals is 
closely correlated in time with the periodio motion 
about Jupiter of the satellite Io, the innermost of the 
five satellites. Why should a satellite as far from the 
centre of Jupiter as the Moon is from the Earth exert 
such a continuing influence on the upper atmosphere 
of the planet ? And what, in any case, is the mechanism 
by which the radiation is produced? Observations 
at centimetre wavelengths have supported the 
supposition that Jupiter is surrounded by a region in 
which protons and electrons are trapped in the magnetic 
field in much the way in which the van Allen belt is 
trapped around the Earth, and it has even been 
possible to infer that the magnetic axis of Jupiter is 
inclined by 10 degrees or so from the axis of rotation. 
It is only natural that the origin of the radiation 
synchronous with Io should be sought in the same place. 
The sheer size of Jupiter is enough to raise the possi- 
bility that Io may interact directly with the belt of 
radiation. 

Two theories starting from this point of view have 
now appeared. Dr. L. Marshall and Professor W. 
Libby (Nature, this issue, page 126) argue that the 
stream of particles moving outwards from the Sun 
should leave a long wake behind the satellite Jo in 
exactly the way that the Solar Wind leaves’a wake 
300,000 km long behind the Moon. Even though the 
velocity and density of the outward stream of particles 
will be much diminished at the orbit of Jupiter, Io is 
bound to cast a shadow of some kind on the trapped 
radiation belt beneath. One important feature of 
this theory is that it suggests why the pattern of 
radiation from Jupiter should not be centred precisely 
on the position of Jo, but rather displaced from it by 
15 degrees—the wake surrounding Io acts as if it were 
a huge proboscis pointing towards Jupiter. Dr. J. A. 
Gledhill (Nature, this issue, page 155) takes a different 
line. He points out that the comparatively rapid 
rotation of Jupiter as a whole, and the existence of a 
magnetic field, will push out the trapped plasma 
centrifugally, so that the radiation belt will be more 
like a disk than a doughnut, and sufficiently extended 
for Io to pass through it twice on every revolution. 
This theory also accounts for the displacement of the 
pattern of radio waves from the position of Io in its 
orbit, perhaps more directly than that of Marshall 
and Libby. Uncertainties about the magnetic field 
of Jupiter and the density of particles in the radiation 
belt imply that it is much too soon to know which 
of them carries the greater conviction. Events may 
even show that both are wrong, but for the time being 
what matters is that there are at least some tangible 
ideas to test—and that the decametre radiation 
promises to yield a surprisingly rich haul of information 
about Jupiter. 
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NEWS AND VIEWS 


World Weather Watch 


Tua fifth World Meteorological Congress, meeting in 
Geneva from April 3 to 28, has some important decisions 
to make. Most important of all to the 300 delegates 
from the weather services of United Nations countries 
will be the programme for the World Weather Watch, 
an attempt to cover the whole world with an adequate 
network of meteorological stations. At the moment 
the developed countries and air routes and terminals 
are well served with weather information, but there 
aro large areas of ocean and land which are not served 
at all. New developments in numerical forecasting, 
and the hope of extending the range of forecasts for 
up to 14 days, have made this situation intolerable to 
meteorologists. The World Weather Watch is an 
attempt to do something about it. 

To produce forecasts for more than a few days 
ahead, it is necessary to know meteorological condi- 
tions throughout the world. This will involve new 
stations in developing countries and on isolated islands. 
Weather ships are expensive, so methods may be 
developed for using merchant ships to provide weather 
information. Balloons are already being used, and 
sometimes stay up for as long as six months, with solar 
batteries providing the power to transmit information 
to stations on the ground. In a few years satellites 
may take over. Another serious gap in knowledge 
is at the interface between the oceans and the atmo- 
sphere; buoys anchored in the sea may help to fill this 
gap. For short range forecasting it is reasonable 
to ignore completely the energy input from the sea to 
the atmosphere, but for long range forecasting it 
becomes absolutely vital. 

There are clearly a number of technical problems to 
be solved before all these techniques can be put into 
action. More immediately, there is the problem of 
how it is going to be paid for. The budget up for 
approval for the next four years amounts to almost 
$13 million, while the cost of the weather watch may 
amount to several hundred million dollars annually. 
The majority of this will continue to be paid by 
developed countries as part of their own weather 
services, but if new stations are to be set up in under- 
developed parts of the world, the money will have to 
come from somewhere. Different financing arrange- 
ments, either in the form of aid to underdeveloped 
countries or as substantial subventions to the W.M.O. 
itself, may be necessary. Much time will doubtless be 
spent discussing this at Geneva. 


Boom in the Sea 


Tar groundswell of support for marine science in the 
United States is strengthened by the first report of the 
National Council on Marine Resources and Engineering 
Development (U.S. Government Printing Office, Wash- 
ington, 60c.). The President, for whom the report is 
also a proof that he has not been neglecting his respon- 
sibilities to explore and exploit the oceans, urges in 
his introduction that Congress should respond gener- 
ously to the budget request for an increase from 
$409 million to $462 milion in federal support for 
„ ccosnography in the year immediately ahead. The 
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National Council itself, whose chairman, is the Vice- 
President and which includes several members of the 
United States Cabinet, emphasizes that since its 
creation in June 1966 it has made only a start on the 
development of a long-term strategy. The council is 
plainly anxious to encourage two tendencies already 
apparent in the statistics—the increase of the percent- 
age of federal support for civil as distinct from military 
purposes, and the increase in the amount spent on 
technology as distinct from pure research. Nine fields 
of activities have been singled out for special attention, 
and the importance attached to international co- 
operation may be gauged from the way in which Dr. 
Edward Wenk, executive secretary of the council, is 
trudging around the capitals of Europe with Mr. 
Hubert Humphrey. But this is frosting on the cake. 
The council is also proud of the extra $40 million to 
be spent each year on a number of applications of 
oceanography, mostly on the development of machines 
and techniques for moving about at great depths, and 
on the more thorough but conventional exploration of 
the sub-polar regions. The seriousness of the programme 
for submarine exploration is clear from the table 
in the report which names thirty-two of the research 
submarines which will start (or will have started) 
work in the years 1964-69, and which will be able to 
operate at depths as great as 20,000 ft. The council 
is evidently hoping that private industry in the United 
States will play an increasingly important part in this 
work. 

The council’s enthusiasm has most clearly been 
tapped, however, in the sections of the report which 
argue that the sea could become a much more prolific 
source of protein. A five-fold increase of protein 
production from the sea is held up as a rough target, 
and the council is hoping to encourage a programme 
in which fish protein concentrate or fish flour, recently 
declared innocuous by the Food and Drug Administra- 
tion (see Nature, 218, 643; 1967), will be tried out on a 
big scale. As a source of protein, the council reckons 
that fish flour will be roughly two-thirds the cost of 
dried milk and one-sixth the cost of frozen chicken. 
In another liberal venture, the council is hoping to 
encourage a programme designed to control sea pollu- 
tion (to which end U.S. Army engineers will build a 
gigantic model of Chesapeake Bay), and some of this 
interest is likely to spill over into town planning and 
the better use of the coastline. If only half of these 
good works are successful, the council will also be 
able to boast of having created a precedent. For, after 
all, it has no money of its own but only influence, and 
it operates in a field in which the vested interests are 
traditionally powerful and quarrelsome. If events 
show that it is possible in this way for the Administra- 
tion to co-ordinate its interests in oceanography 
without setting up a separate operating agency, the 
pattern is likely to commend itself more widely—and 
vice-presidents will no doubt be more busily occupied 
as chairmen of the co-ordinating councils. 


Help for the Teachers 


Tam Secretary of State for Education and Science, 
Mr. Anthony Crosland, and the National Union of 
Teachers seem to be nearer agreement on a subject 
which has bitterly divided them in the past—auxiliary 
help for teachers within the classroom. At least they 
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< have reached the stage of calling helpers by the same 
name. In his speech. to the N.U.T. conference at 
 Searborough last week, Mr. Crosland followed the 
_ Plowden report in. calling them ancillaries rather 
than auxiliaries, a distinction invisible to all but 
the keen eyed fundamentalists of the N.U.T. Mr. 
< Crosland seemed eager to conciliate—“This is not a 
topic ‘on which we want to take up entrenched or 
intransigent positions’’—and said that the growth 
of ancillary help in the schools had been remarkable. 
_ There were, he said, 16,000 full time and 70,000 part 
time helpers in the schools today. He might have 
added that most of these are secretaries, welfare assist- 
ts and meal assistants who are welcomed by the 
rofession, and have no duties within the classroom. 
-= Teachers fear that the profession will be “diluted” 
if ancillaries are allowed to take on teaching duties, 
_ but Mr. Crosland seemed heartened by a recent report 
© by a working party of local authorities and teachers 
associations. This recommended that ancillaries 
should be allowed within the classroom, making it 
elear at the same time that they should be concerned 
exclusively with non-teaching duties. Mr. Crosland 
glossed over this point, but if this type of structure 
: were adopted, the scope for legalistic quibbling and. 
- demarcation disputes would be enormous. Cleaning 
_ the blackboard is clearly a non-teaching duty, but what 
"about writing on it? Or operating a projector ? 
«Having made his concession on nomenclature, Mr. 
_ Crosland moved on euphorically to what he deseribed 
-last year as the “dawning revolution in the technology 
_ of education” or more prosaically as the use of audio- 
= visual aids in the classroom. He said that teachers 
-should not be cynical about this—the Plowden report 
_ had not been cynical. He announced a new body, 
“= tobe called the National Council for Educational 
- Technology, to cover training in industry and the 
| services as well as in education. Finally, Mr. Crosland 
< gavé some impressive figures which show that he is at 
- least as tough with the Treasury as he is with everybody 
else. In 1965 and 1966 he said, the Gross National 
‘Product had risen by 5 per cent, while educational 
< spending had risen by 12 per cent. This year he 
“> optimistically forecast a 1-2 per cent increase in GNP, 
anda 5 per cent increase in educational spending. 



















- Darwin’s Notebooks 


 Caartes Darwin was in the habit of cutting from his 
notebooks those pages which were most useful to him 
when he was preparing to write his large book on natural 
~ selection, of which Origin of Species was but an abstract. 
‘This book never appeared and the vital pages were 
lost, although the rest of the notebooks were published 
after Darwin’s death. Two sets of pages have since 
een found in the British Museum (Natural History); 
the second set of 202 pages is now published by the 
museum as Darwin’s Notebooks on Transmutation of 
Species, Part VI (Bull. Brit. Mus. Nat. Hist., Historical 
- Series, 3, No. 5, 1967, £100). 
Because the notes are concerned with transmutation 
of species, most of them refer to examples which illus- 
< trate some aspect of adaptive variation. Geographical 
- distribution was very important to Darwin and he 
recorded examples of species which are peculiar to 
_ particular areas and of closely related species living 
together, such as two bears in Borneo and Sumatra 
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which differ only in the form of a white mark on the 
breast, He was, of course, interested in hybridization 
——“one ought to be able to hybridize the camel’. He 
considered that the ability to produce fertile hybrids 
is related to the capacity for variation. . He says, 
however, that “my definition of species has nothing to 
do with hybridity, is simply an instinctive impulse to 
keep separate”. In considering “a repulsion amounting 
to impossibility holds good in plants between all 
different forms” he recognized the external symptoms 
of genetic incompatibility. 

A note written on September 28, 1838, shows how 
T. R. Malthus’ Essay on the Principle of Population 
influenced Darwin in the formulation of the theory of 
natural selection. He wrote in his notebook “‘Popula- 
tion is increase at geometrical ratio in FAR SHORTER 
than 25 years—yet until the one sentence of Malthus 
no one clearly perceived the great check amongst 
men”. The sentence of Malthus is identified in a 
footnote by the editors of the notebooks as “It may 
safely be pronounced, therefore, that the population, 
when unchecked, goes on doubling itself every twenty 
five years, or increases in a geometrical ratio”. This 
made Darwin realize that the forces which check” 
populations push favourable adaptive variants. into 
their own ecological niches, and thus constitute 
natural selection. 


Electrical Research 


Tue Electrical Research Association has had a difficult 
year. The Electricity Council, which represents the 
supply industry in the United Kingdom, withdrew 
from membership of the association, taking with it a 
substantial annual subscription and eleven members 
of the association’s governing council. The association 
has now drawn up a new constitution and at an extra- 
ordinary general meeting last week elected the nucleus 
of a new council. Eighteen members of the council 
were elected out of a total of 41. The other 23 members 
will be made up of one representative from the Insti- 
tution of Electrical Engineers, one from the General 
Post Office, one from a firm of consulting engineers, 
one representing technical colleges, four representing 
associate members, four from trade associations and, 
extending the olive branch, two from the electricity 
supply industry. With the chairmen of the five 
divisions of the association and the electronics advisory 
board, and three official representatives from govern- 
ment departments, the full complement of 41 is made up. 

In its anxiety not to exclude anybody, the associa- 
tion seems to have created a council only marginally. 
smaller than its previous one. 
are still in the minority. Speaking after the meeting, 
the director, Dr. Harry Taylor, may have been wishful | 
thinking when he said that the council would seldom 
meet, Actual running of the association will be carried 
out by a management committee of eight. 

The action of the Electricity Council has clearly 
put the association on the defensive. The reason given . 
by the council for leaving the association was that with 
its own research centre at Capenhurst, it was “no 
longer appropriate” for the supply industry to support — 
the association on a fixed annual basis. For some 
years the council expects to place individual research 
contracts with the association, though ultimately 
these will have to be justified in strict economic terms. 





Elected members: 
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Appleton Tower 





Tue east gable of the recently inaugurated Appleton 
Tower of the University of Edinburgh. The building 
was designed by Mr. Alan Reiach for the use of first 
year science students and named after the late Sir 
Edward Appleton (Principal and Vice-Chancellor of the 
University until his death in 1965). It consists of 
seven floors of teaching laboratories with ancillary 
facilities and a block with five lecture theatres able to 
seat 1,250 altogether. The tower post-dates its com- 
panion tower, the Hume Tower (not shown), by some 
three years and like it (writes an architectural corre- 
spondent) offers the compensation of excellence in its 
effect on its immediate environment, in its handling 
of function and space and in its quality of detail and 
finish. Away from central Edinburgh, city of fragile 
pinnacles, they would be beyond reproach. But in 
the eyes of many citizens, their university has dealt 
the Selaca skyline a second knock. To them the 
new tower does not convey a message of cool and 
slender elegance. In all fairness, however, it must be 
admitted that the economics of tower building are such 
that bulkiness is ever a hazard to success and the 
architectural problem posed to the designer of both 
these buildings was nothing if not severe. While the 
suavity of the design of the towers has gone far to 
mitigate the adverse effects of such large buildings, an 
architectural language is still required which can be 
equally understood by client, architect, planner and 
public at large. 


Ribosome Proteins 
from a Correspondent in Molecular Biology 


ALTHOUGH the way in which ribosomes function in 
the promotion of the synthesis of polypeptide chains 
is obscure, it is perhaps hardest of all to explain the 
reasons for the remarkable multiplicity of their struc- 
tural proteins. These are nearly all basic, have rela- 
tively low molecular weights and (at least in Æscherichia 
coli) show essentially no other N-terminal amino-acids 
than alanine and methionine. An almost incontestable 
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body of evidence appears by now to have built up that 
these components are genuine, and not artefacts of 
the preparation. 

This year’s Abstract issue of Federation Proceedings 
has now appeared, and among the 3,500 abstracts a 
few nuggets of gold as usual lie buried. In particular 
there are a number of interesting reports bearing on 
the nature and function of the ribosomal proteins. It is 
now well known that by centrifugation in concentrated 
caesium chloride solutions a sizable fraction of the 
proteins may be removed from Æ. coli ribosomes: 
the 50S and 30S ribosomal sub-units give place to 
protein-deficient “cores” of 40S and 238. Traub 
and Nomura (Fed. Proc.,26, 285; 1967) have now taken 
the fractionation further, and demonstrated the 
existence of functionally distinct sets of ribosomal 
proteins. Thus the proteins which are extracted in 
caesium chloride are electrophoretically distinguishable 
from those remaining in the cores of both sub-units. 
The cores are inert, and will not incorporate amino- 
acids or bind transfer RNA, but fully functional 50S 
and 305 sub-units are regenerated when the cores are 
mixed with the corresponding separated proteins. 
Traub and Nomura have now fractionated the separ- 
ated proteins from both sub-units into two groups by 
ion-exchange chromatography. These were then 
returned separately to the cores, and the following 
gratifying results are reported: only one of the two 
groups of the separated proteins from the 50S particles 
proved essential for protein synthesis, the others 
having some kind of enhancing effect; similarly, only 
the one set of proteins was required by the smaller 
sub-unit for amino-acid incorporation, as well as 
specific binding of transfer RNA, and again the remain- 
ing proteins enhanced both functions. 

The relation of these results to another report in the 
same issue (Gottesman, ibid., 612) is not yet clear. 
Here the ribosomes are washed with 0-5 M ammonium 
chloride, and protein-depleted particles are said to 
result. Presumably the extent of depletion is less 
than in the caesium chloride-treated ribosomes, for 
some amino-acid incorporation can be made to occur. 
It is found, in fact, that only one peptide bond is 
created in the poly A-lysine system, but that when 
the ammonium chloride supernatant and GTP are 
added, polypeptide synthesis proceeds normally. The 
putative peptide synthetase thus appears to be present 
in the depleted ribosomes. Analysis of the stripped 
proteins is not reported. Further fractionation of the 
ribosomal proteins will doubtless produce some inter- 
esting results. It may be mentioned that core particles 
have now been prepared also from mammalian ribo- 
somes (Petermann et al., ibid., 285), which appear not 
to be susceptible to caesium chloride, by a procedure 
involving the use of lithium chloride. 

Another approach to ribosome function comes from 
Szer and Nowak (J. Mol. Biol., 24, 333; 1967), who 
report the interesting observation that polydihydro- 
uridylic and poly N-methyluridylic acids, neither of 
which is capable of forming a two-stranded complex 
with poly A, though they have no messenger activity, 
attach to the messenger binding site (in competition 
with poly U) of the 30S sub-unit. This strongly sup- 
ports earlier evidence that the messenger is not held 
by base-pairing, but rather by some interaction most 
probably involving the messenger phosphate groups, 
and perhaps ribosomal proteins. 
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Gene Regulation 


from a Correspondent in Cell Blology 


Tuz familiar model of gene regulation in bacteria due to 
Jacob and Monod (1961) predicts the existence of operon 
specific repressor molecules. If such repressors exist, 
it should be possible to isolate them and to study their 
function in vitro. In spite of intensive efforts in several 
laboratories, the first detection of repressor molecules 
on vitro, the repressor of the lac operon of Escherichia 
colt, was achieved at Harvard only last year by Gilbert 
and Miiller-Hill (see also Nature, 218, 329; 1967). From 
the same laboratory, Ptashne now reports the isolation 
of the ìà phage repressor, the product of the O, gene, 
which is responsible for maintaining the ìà phage in 
the prophage state and for the immunity of lysogenic 
bacteria to superinfection (Proc. Nat. Acad. Sci., 57, 
306; 1967). With a double labelling technique and 
chromatography on a DEAE column, this repressor 
has been isolated free from other proteins. The repres- 
sor molecule was identified by showing that amber 
mutants of the C, gene fail to make it and that tempera- 
ture sensitive mutants make a modified form. The 
repressor is an acidic protein which sediments at 
27-28 S and has an estimated molecular weight of 
30,000. It is much smaller than the lac repressor which 
sediments at 7-8 8 and has a molecular weight of 
about 150,000-200,000. 

These experiments of Gilbert and Miiller-Hill and 
Ptashne demonstrate the existence of specific repressors 
in bacteria, but there is no decisive evidence for their 
existence in animal cells, and Harris (J. Cell Sci., 2, 
23; 1967) questions whether the Jacob and Monod 
mechanism of gene regulation operates in them. 
The important discovery that certain viruses inactiv- 
ated with ultra-violet light can be used to induce the 
fusion of cells to produce viable heterokaryons has 
provided an experimental system for studying gene 
regulation. Harris, at Oxford, has studied hetero- 
karyons of HeLa cells and chick erythrocytes. He 
finds that when erythrocyte nuclei in heterokaryons 
enlarge, their chromatin—which in intact erythrocytes 
is highly condensed—becomes dispersed and they 
begin to synthesize RNA and DNA. (In intact 
erythrocytes, the nuclei are unable to synthesize 
nucleic acids.) RNA synthesis is in fact directly 
related to the degree of nuclear enlargement. It is 
not known whether all or only part of the genome is 
functioning as a template for RNA synthesis, but 
since all the chromatin becomes dispersed it seems 
likely that the whole genome is active. 

Tt is indeed difficult to envisage how these changes 
in chick erythrooyte nuclei could be induced by highly 
specific signals from Hela (human) cell cytoplasm 
which would be required if the Jacob and Monod 
mechanism were operative. Harris therefore suggests 
that in animal cells, cytoplasmic signals of a low order 
of specificity might control the state of dispersion of 
chromatin and hence both the amount and type of 
RNA being made. It is also possible, as the experi- 
ments of Hammerling (1963) and Spencer and Harris 
(1964) suggest, that precise genetic regulation may occur 
at the level of translation rather than transcription. 
Further studies of the properties of both repressor 
molecules and heterokaryons are awaited with 
interest. 
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Parliament in Britain 


Oceanography 

LORD SHACKLETON said in the House of Lords 
that the establishment of the Natural Environ- 
ment Research Council had improved support for 
and co-ordination of all kinds of marine science. 
He added that Britain was spending more than any 
other country except the United States on the oceano- 
graphical sciences. As an example of a new initiative, 
Lord Shackleton cited the Atomic Energy Authority’s 
Conference on the Technology of the Sea and the Sea- 
bed, held on April 5, 6 and 7 under the auspices 
of the Ministry of Technology. (Reply to question, 
March 21.) 


Wash Barrage 

Mr. J. MacCott, joint parliamentary secretary to the 
Minister of Housing and Local Government, said that 
his ministry had decided not to authorize, at this 
stage, the feasibility study for the Wash barrage 
scheme recommended by the Water Resources Board. 
The Minister thought that other schemes might be 
more economical. (Written answer, House of Com- 
mons, March 22.) 


Post Office 

Mr. J. SLATER, the Assistant Postmaster General, said 
that the Government was studying very closely the 
more technical recommendations in the report of the 
Select Committee on Nationalized Industries for the 
reorganization of the Post Office (Nature, 218, 1168; 
1967). If the Bill received its second reading before 
the end of 1967 and Royal Assent before the Summer 
Recess of 1968, vesting day was likely to be April 1, 
1969. Over the next ten years, he said, £45 million 
was to be invested in the mechanization of the postal 
services. (Debate, House of Commons, March 22.) 


Dragon Reactor 

Dr. J. Bray, joint parliamentary secretary to the 
Ministry of Technology, said that the delay in extend- 
ing the Dragon programme beyond 1967 was not 
caused by his ministry but that it was trying to secure 
an early decision from Euratom. The Belgian govern- 
ment had been assured that any delay in placing the 
Hinkley B order was not because of doubts about the 
Advanced Gas Reactor system being installed at that 
power station. (Reply to question, March 20.) 


Hovertrains 

Dz. J. Bray for the Ministry of Technology, replying 
to criticisms of the rate of development of hovercraft 
in Britain, said that the next stage in the development 
of the hovertrain was being considered. Hovercraft, 
he said, came into their own only at speeds of more 
than 180 m.p.h., and at that speed the propulsion 
system became a problem. The linear induction 
motor, he suggested, was the natural means of pro- 
pulsion. While interested in what the French are 
doing, Dr. Bray said that Britain was not losing any 
ground by carrying out simulation studies and smaller 
scale work. (Debate, March 20.) 


Fish 

Mx. E. Dar, for the Ministry of Technology, said 
that the Torry Research Station had solved a number 
of technical problems in the pre-packaging of wet 
fish. The advances would allow the introduction of 
such packs on a wide scale. (Question, March 21.) 
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Chemical Synthesis by Gas-phase Discharge 


by One of the themes at the Conference of the American Chemical 


P. L. SPEDDING 


Chemical Engineering Department, 
University of Newcastle upon Tyne 


Gases are normally good electrical insulators and are 
widely used as auch. Under the influence of an applied 
electrio field of sufficient strength, however, gas molecules 
can be ionized; electric conduction then takes place and 
an electrical discharge appears. The most familiar type 
of gas discharge which can be formed is the hot locahzed 
aro, but given the right current limitmg conditions, an 
incomplete gas breakdown called the silent discharge 
can be maintained. Its nature is very different from the 
aro in that it is cooler and more diffuse, actually filling 
the gap between the electrodes with a soft glow. Depend- 
ing on conditions of gas pressure and electric field uniform- 
ity, this type of discharge can also be termed glow or 
corong discharge. Perhaps the best known silent dis- 
charge phenomenon is the corona, which sometimes appears 
around power transmission lines in bad weather. This 
18 an unwanted and troublesome phenomenon because it 
adds to the power transmission loss and must be minim- 
ized by careful design. There are, however, other areas 
of technology in which the characteristics of the silent 
discharge, particularly its chemical activating properties, 
are proving very useful. 

The silent discharge starts with an applied voltage 
accelerating the few stray electrons always present ina 
gas. These acquire kinetic energy as they move towards 
the positive electrode. They strike and normally rebound 
from any gas molecules in their path with little loss of 
energy, because of the great difference in mass between 
the two particles. After collision the electrons are again 
accelerated towards the anode. Occasionally, a path 
opens which 18 so long that the electrons can gain enough 
energy to activate gas molecules on collimon. Such 
inelastic collisions can either cause the molecule to decom- 
pose into free radicals or an orbital electron can be 
emitted leaving a positive particle. More usually, an 
orbital electron in the gas molecule is raised to an un- 
stable orbit at higher energy, thus creating an excited 
molecular state. Emitted electrons are, of course, capable 
of further gas molecule activation. The positive ions in 
the discharge drift back towards the cathode under the 
influence of the applied field, where their neutralization 
plays an important part in maintaining the electron 
emission and subsequent gas molecule ionization. When 
the applied voltage is switched off, electron emission 
ceases and deactivation, processes quickly extinguish the 
discharge. Typical voltage current relationships are 
shown in Fig 1. 
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in which the various discharges occur. 


Society, Miami Beach (April 9-13), Is the role of silent electric 
discharges in the Industrial synthesis of chemicals. 
developments are described in what follows. 


Some recent 


The motion of the large positive 10ns ın the discharge 
is much slower than that of the electrons. This results in 
a concentration of a space charge in front of the anode 
which tends to oppose the applied voltage and thus to 
mbhibit excitation. When the field is reversed, as in the 
case of alternating current, these space charges are dis- 
sipated at each half cycle and chemical activation 1s thus 
promoted. Although chemical activation is aided by 
increased frequency, the effect is noticeable only up to a 
certain fairly low frequency range. At very high fre- 
quencies, when the pulse time approaches the flight time 
of the positive ion, in the electrode gap, it is possible that 
other subtle chemical activation effects can also develop. 

Each of the energized species formed in the discharge 
by electron collision is chemically reactive and can enter 
into a whole variety of involved reactions. Determination 
of the actual reactions and the rates at which they proceed, 
even in the simplest cases, is an umportant challenge. 

In the past few years there has been increased interest 
in, novel methods of synthesis and product fabrication. 
for a large range of specialized chemicals. The gas phase 
discharge route is one of the unusual techniques which 
18 receiving a great deal of attention. The underlying 
reasons for this are not hard to find. In a silent discharge 
the energy necessary for carrying out the desired reaction 
can be supplied at a reasonably low cost without appreci- 
ably meoreasing the gas temperature. This is in contrast 
to most other synthesis techniques. Radiation techniques 
mvolving ultra-violet radiation or radioisotopes are by 
comparison very much more expensive, for example, 
even though they are more selective. The position is 
likely to become even more attractive when even cheaper 
methods of power generation are developed. Moreover, 
most of the products required to be made by electrical 
discharges are temperature sensitive and would be subject 
to considerable thermal decomposition in conventional 
methods of preparation. Another attractive feature of 
discharge synthesis is that it ıs possible to make com- 
pounds which are more reactive than the starting material. 
This 1s contrary to the normal course of chemical reactions. 
In such circumstances 14 would be expected that the 
product electrical energy yield would rapidly fall as the 
less stable product tended to accumulate in the discharge. 
This ıs because the electrons in the silent discharge also 
enter into product reactions; in fact they are prone to 
attack preferentially the most vulnerable materials in the 
discharge. 

Although the chemical activating properties of silent 
electrical discharges have been recognized for more than 
a hundred years and much experimental work has been 
carried out, little progress has been made in the general 
commercial utilization of the method—with the notable 
exception of the production of ozone. The basic reasons 
for this are the complexity of the actual discharge pheno- 
menon and an inadequate knowledge of the effect of dis- 
charge and operational variables on yields. In the past 
few years a much clearer picture has to emerge, 
however, making synthesis and fabrication of particular 
materials by this technique appear more attractive. 

Ozone production from air is the long standing example 
of a commercial process using the silont discharge method!. 
The formation of ammonia from nitrogen and hydrogen 
18 another synthesis which can be carried out in the silent 
discharge. The method is of no technical importance, 
however, for the commercial high pressure catalytic 
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process operates at about 1 per cent of the cost of tho 
silent electrical discharge route. 

Hydrazine is another possible product from the silent 
discharge synthesis, and is an important chemical nter- 
mediate and a fuel for both rockets ard fuel cells. The re- 
action mechanism is thought to be that activated ammonia 
molecules are decomposed into NH, radicals and atomic 
hydrogen. Subsequently, the NH, radicals combine to 
give hydrazine-N,H,. Unfortunately, the atomic and 
hydrogen and nitrogen concentrations in the discharge 
zone are relatively large, and mgnificant quantities of 
hydrazine are decomposed by the back reaction. In order 
to overcome this and increase the yield of hydrazine, the 
product is removed from the discharge by absorption m a 
suitable liquid spray of ethylene glycol. The design of 
such a spray reactor system is illustrated in Fig. 2. 
Further improvements in yield can be achieved by 
pulsing the power fed to the discharge. Another 
industrial chemical which, like hydrazine, could be made 
commercially by the gas phase discharge technique 18 
hydrogen peroxide. 

The silent discharge can succesafully synthesize certain 
unusual and highly reactive compounds which are so 
unstable that they decompose during conventional 
synthesis*. Some of these compounds are diboron tetra- 
chloride (B,Cl,), decaborane (B,,H,.) and oxy-fluorides 
(O,F,, O,F,). Even more unusual compounds involving 
the rare gases can be formed using discharge techniques, 
for example, krypton and xenon tetrafluonide (KrF,, XeF,). 
While such compounds are interesting they are only of 
minor industrial importance, but their synthesis does 
show the power of the discharge process. 

One of the most rmportant of the possible applications 
of the silent discharges in chemical processing appears 
to be in the decomposition or transformation of organic 
compounds, either alone or together with other reactants 
such as oxygen, halogens or hydrogen. Partial oxidation 
reactions have an important industrial potential in 
the manufacture of plastics and other organic chemicals. 
Reactions such as the cyclohexane to cyclohexanol trans- 
formation for nylon production are of particular interest 
and are under intensive study. In hydrocarbon cracking 
processes, on the other hand, the mlent discharge appears 
unable to compete economically with catalytic methods, 
although the arc process is used on a relatively large 
industrial scale for acetylene synthesis. The situation 
may be very different in specific cases of petrochemical 
processing, however. For example, fuel oil has a conaider- 
able sulphur content which is troublesome in air pollution 
and plant corrosion. Particularly in the U.S.A., health 
authorities are seeking ways of removing the troublesome 
sulphur in order to alleviate the pollution problems in 
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Fig. 2 Gas discharge reactor for the synthesis of hydrazine from 
ammonia employing a hquid spray for rapid product withdrawal. 


125 


Gas Flow 






h Radio Frequency Hgh 


Material Roll 


Wig. 8 Electrodeless gas discharge for polymer coating of materials. 


large cities. One possible method 1s the silent dischargo 
treatment of the oil under a hydrogen atmosphere, for in 
this way sulphur can be readily removed from the hquid 
phase. 

Another possible application of the two phase gas-liquid 
discharge is for sewage and water treatment. Indirectly 
the silent discharge has played a principal part in water 
purification, particularly in Europe, where ozone has been 
used extensively for municipal water treatment. Ozone 
18 effective in this regard in eliminating both bacterial 
and virus activity in the water. The direct action of a 
discharge on water brings about the same chemical and 
bacteriological changes even more effectively. This 
purifying action of the silent discharge has been attributed 
to the peroxide ion HO; which not only has a bacterial 
action but also effectively oxidizes orgamic impurities 
often encountered in water or effluent treatment. 

Early workers with discharges were often wormed by 
gummy deposits which encrusted equipment in the 
vicinity of the discharge zone. It was eventually found 
that these were polymerized oil deposits formed from the 
oil vapours from the vacuum pump. Investigation has 
since shown that the low pressure glow discharge is effec- 
tive ın initiating polymerization of practically any organic 
vapour. The polymer forms an adherent thin uniform 
pin-hole free film over the electrodes. Film properties 
can be varied by changing such operating conditions as 
pressure, monomer flow rate, temperature and discharge 
power level‘. If the pressure is raised much above about 
10 mm of mercury, the deposit becomes tacky and bulk 
polymerization can take place in the discharge gap to 
give fine suspended dust. With high discharge power, 
the film can be discoloured and actually degraded. The 
basic physical mechanism for this type of silent discharge 
reaction is first the adsorption. of the monomer on the 
electrode surface followed by its polymerization. Further 
steady build-up of the polymer film takes place as the 
activated species subsequently impinge on the film surface. 
It is possible to coat non-conducting surfaces such as 
paper, fabrics and the like by using the radio frequency 
electrodeless discharge and allowing the glow discharge 
to impinge physically on to the material to be coated. 
Fig. 3 illustrates such a reactor. The great advantage of 
the glow polymerization is that a finished coating can be 
produced from inexpensive materials in one operation. 
The two great difficulties with the method at the present 
stage are to scale the operation to atmospheric pressure 
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and to achieve acceptable rates of deposition of the 
polymer film. 

It is also possible to lay down inorganic and metallic 
films using the silent discharge technique’. Certain 
halides and hydrides of elements such as silicon, titanium, 
aluminium and tin, when subjected to the silent discharge 
either alone or with other reactants, form films on a 
substrate of either the pure element, or its oxides, carbides 
or nitrides, depending on the reactants fed to the dis- 
charge. Such a development has interesting possibilities 
in the electronics industry and for component fabrication. 
Furthermore, a recent modification of the silent discharge 
technique bas now mado it possible to actually “machine” 
ceramic materials‘. 

The primary activation of a molecule in the electrode 
gap depends on two quantities—the energy imparted 
during an inelastic collision and the frequency with which 
collisions occur in the discharge. The former depends on 
the energy imparted to an electron in the discharge 
between collisions; and is some function of the applied 
voltage gradient and the mean free path in the gas. Col- 
lision frequency will depend on the electron or current 
density and the residence time of a molecule in the dis- 
charge. 

If the desired reaction proceeds through a secondary 
mechanism, complications can be expected, but the energy 
yield and conversion still will be some function of these 
variables. Yields can be increased considerably if the 
product can be preserved in some way from the adverse 
effects of the discharge. This principle holds if the pro- 
duct is formed either by primary or by secondary processes. 
When secondary processes govern the product forrastion 
yields can be further inoreased by promoting the relevant 
secondary reaction steps. Although these principles are 
relatively clear, the way in which they are to be carried 
out is difficult to determine because of the complex and 
largely unknown nature of the discharge reactions in- 
volved. Clarification has thus become one of the chief 
areas of interest. 
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In the design of gas discharge reactors, the reactant 
flow pattern will depend on the required residence time 
of the reactant in the discharge. Ifthe presence of a third 
body or wall reaction is necessary for the attainment of 
acceptable yields, flow through a porous electrode or a 
packed discharge space would be suitable. The electrode 
configuration. should be such as to ensure a uniform field 
avoiding field concentrations around curved surfaces and 
edges. With a reaction which requires rapid product 
removal to achieve good yields, liquid absorption or solid 
adsorbents can be used to advantage. ‘Increasing the 
flow rate is another possibility, but a more acceptable 
technique is to pulse the discharge and to match the pulse 
frequency to the flow rate so that no by-paasing takes 
place. Some of the desirable aspects of reactor design 
are shown in Figs. 2 and 3. 

Scaling up a laboratory to an industrial reactor can be 
done in two ways. Thus-reactors can be built in parallel 
to give the required increased throughput. Alternatively 
the reactor can be sealed up following the discharge 
similarity principle which states that, for discharge 
similarity, the reactors must possess identical voltage ° 
gradient/operatmmg pressure ratios. This means that as 
the physical dimension of the discharge is altered, a 
corresponding change must be made in either the operating 
pressure or the applied voltage. This principle, however, 
only holds if the desired reaction proceeds through primary 
activation processes. When secondary reaction mechan- 
isms govern the synthesis, it is not possible to achieve 
discharge similarity without altering certain other para- 
meters. Examination of the factors affecting the scale up 
of discharge reactors is an important aspect of gas phase 
discharge synthesis which is receiving much attention. 
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The radio emission from Jupiter has become well known! 
since it was discovered in 1956 (ref. 5). The planet emits 
strong narrow band (few Mc/s) decameter radio signals 
which vary in the range of 12-40 Mejs in a more or less 
regular way as the planet rotates. In 1964 Bigg con- 
clusively showed’ that this emission was stimulated by 
one of the five Jovian moons, Io. Dulk” has demonstrated 
the close correlation between signal strength and the 
Jovian longitude of Io. Two sharp maxima occur at 
90° and 240° when 0° is on the Earth—Jupiter line and 
directly behind Jupiter, the correlation being best for 
frequencies above 30 Mojs. 

These two positions, 90° and 240° longitude. at which Io 
excites emission are thought to result from the forward 
wake (or more properly fan shaped proboscis) reaching 


è Reocived November 20, 1966; revised March 28, 1967. 


Variations In the decameter radio signals from Jupiter are known 
to be associated with one of the planet's five satellites. 
suggested that lo travels In the analogue of the Inner Van Allen 
radiation belt surrounding Jupiter, giving rise to a plasma wake 
which streams ahead of it by about 130,000 km and stimulates the 
radio emission from the Jovian atmosphere. 


It Is now 


some 15° (130,000 km) ahead to give 105° and 255° as the 
actual excitation longitudes. These are symmetrical with 
respect to the Earth—Jupiter direction. The emission will 
occur in the plane tangential to the surface at the point of 
impact of the downward moving disturbance, and this 
consideration (which by itself would give 90° + 270°) 
together with the consideration that the area seen would 
be larger when the impact occurs in a more visible region 
explains the observed angles, both of which are 75° with 
respect to the Earth—Jupiter line. 


Stimulation by lo 

We think that of the five moons of Jupiter only Io 
travels in the inner Van Allen radiation belt of the planet 
and that this gives it a plasma wake (or more properly a 
fan shaped “‘proboscis’’) which streams ahead of it by 
some 15° of longitude (130,000 km). This turbulent 
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plasma agitates the Jupiter ionosphere some six Jupiter 
radu (460,000 km) below by magneto-hydrodynamic 
Alfvén waves which form shocks as they travel along the 
magnetic lmes, These impinge m the polar regions of the 
planetary ionosphere, carrying energy down in a manner 
analogous to that in which solar wind energy “deposited” 
on the surface of the Earth’s magnetosphere is carried 
down to heat the ionosphere**. This stimulates the 
plasma frequency which probably is close to the electron- 
cyclotron and free radical spin-firp frequencies in the 
Jovian field of 5-15 gauss in the ionosphere. It has been 
found expermentally that thoro is a strong coupling 
between the plasma oscillation and the electron cyclotron 
emission when the two frequencies match, as they may well 
do on Jupiter, and it is our suggestion that spin-flip of free 
radicals 1s similarly stimulated. 

In addition, because the reducing nature of the atmo- 
sphere (containing methane and ammonia) very probably 
ensures a large free radical population created by the solar 
ultra-violet light, the spin mechanism may be important, 
and cause the high mtensity of the Jovian decameter 
signals. In the low density of the Jovian ionosphere, spin 
states of higher energy may be more densely populated 
and magnetic dipole spin-flip transitions may be stimu- 
lated by magneto-hydrodynamio shocks. 


Origin of the “Proboscis” 


In order to explain the forward reaching plasma probos- 
cis that we postulate for Io, we shall consider the geo- 
physics of the planet. Jupiter’s radius is eleven times 
that of the Earth, and its moon Io moves in a circular 
orbit at 6 radii from Jupiter’s centre with about the same 
absolute diameter as that of the orbit of our moon. 

The Earth's ionosphere extends about 300 km where 
the total matter in the atmosphere above is a few micro- 
grams per square centimetre—the range of the ionizing 
solar ultra-violet light which produces the ionosphere. 
Taking the height of the top of Jupiter’s ionosphere to be 
determined by the same condition, we calculate the height 
for which the same weight of overlying gas would emst, 
that is, for which the amount of overlying matter would 
be the same, would be about 400 km above the cloud 
tops where the pressure is thought to be about 3 atmo- 
apheres**, For pure hydrogen the height would be 
about 560 km, and for pure helium about 280 km, so 
400 km appears to be a reasonable estimate. This means 
that the top of Jupiter’s ionosphere will be at 0-004 Jovian 
radii and, because Io’s orbit hes at 5-4 radii above this, Io 
does not touch the ionosphere. 

In order to test whether Io’s orbit could lie in the Jovian 
mner Van Allen radiation belt we assume that the mag- 
netic field on Jupiter is dipolar and 5-15 G in the iono- 
sphere at 1:0 radii. In support of this is the fact that such a 
field would give the observed radio signals if they arose 
from electron cyclotron (or spin-flip) radiation; certainly 
this is in keepmg with our theory. The Earth’s belts 
centre around equatorial fields of about 0-1 and 0-01 G 
respectively, and on this basis we can expect that the 
Jovian belts will centre at the equator around 5 to 6 and 
10 Jovian radii respectively. These radii would place Io 
in the inner belt, but considering the uncertamties of the 
calculation it is probably better to say that we merely 
assume that the mner Jovian Van Allen belt encompasses 
Io’s equatorial circular orbit. 

The period of rotation of Jupiter (9 h 50 min) is much 
less than the time taken by Io to circumnavigate it (1-7 
days). Therefore the inner belt probably streams by Io 
at about 60 km/sec making a forward leading plasma 
proboscis analogous to the tail created on our moon by 
the solar wind?°-'4, 


The Triggering Action 


It has been found expermentally's-!* that strong elec- 
tron cyclotron frequency emission occurs from plasma 
when the plasma frequency is excited, provided it matches 
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the electron cyclotron frequency. This appears to be a 
very general result which we expect may apply to free 
radical spin-flips as well, and we shall use it because the 
plasma frequency of the Jovian ionosphere probably 
lies near the electron cyclotron frequency of 16-50 Mc/s. 
The ion densities are probably 10?-107/e.c. which corre- 
sponds to a plasma frequency of 0-1-30 Mo/s. Such values 
agree well with the observed emissions possibly resulting 
from electron cyclotron radiation or perhaps from spin-flip 
radiation of free radical and free electrons. (This mechan- 
1am was previously proposed!’ for free electrons in the 
ionosphere as emitters, but the hypothesis of free radicals 
as the source is a more probable one because of their much 
greater abundance.) It is probable that free radicals and 
free electrons are produced in non-thermal distributions by 
solar ultra-violet light in the Jovian ionosphere, and that 
with its low density the lifetimes of the excited states may 
be long enough for them to be stimulated to give mag- 
netic dipole spin-flip emission by magneto-hydrodynamuic 
shocks, (For free radical populations produced by solar 
ultra-violet radiation in low density regions where coll- 
sions are negligible, spin states of higher energy may be 
more densely populated than those of lower energy and 
transitions to lower states can be stimulated. All radicals 
have g factors close to that for the free electron, and 
because of this all their spin-flip frequencies lie in a com- 
mon frequency band about that for the free electron. 
Thus spin-flip radiation from a collection of radicals of 
many different species differs from that emitted by a single 
species only in displaying a somewhat broadened emission 
band. The broadening may be caused by spreading of the 
spin density over several atoms in the molecule, and also 
by interaction of the magnetic moment with rotation of the 
molecule. Free radical populations stimulated by the 
same wave train will emit coherently. So a Jovian ‘“‘broad- 
cast” may originate from several sources simultaneously, 
incoherent between sources, but each source intrinsically 
coherent, or from several sources mutually coherent.) 

We suggest that the plasma proboscis of Io induces 
magneto-hydrodynamic waves which rapidly pile up in 
shock waves!*-*** as they travel down the magnetic hnes 
of force. When they impinge on the polar ionosphere in 
part they make plasma oscillations which in turn cause 
spin-flip and cyclotron emission. In part they are reflected 
and travel back along the lines of force to strike the other 
polar ionosphere and be similarly absorbed and reflected. 
In a large number of Jovian emissions observed by Dulk 
and Warwick (personal communication) multiple reflexions 
spaced a few minutes apart occurred which were mani- 
fested by rhythmic increase and decrease of the emission 
frequency. These we interpret as emission caused by 
successive wave trains travelling down through the 
ionosphere, reflecting, and passing back to higher altitudes 
along a line of force. 

The waves travel with an Alfvén velocity, va, of 10,000 


km/sec or higher 
Bo 
er Ni Pa 


* Displacements of plasma perpendicular to the local magnetlo field of 
Jupiter B, will produce hydromagnetio waves of magnitude B, going out in 
both directions along the lines of B,. It is a general property of hydro- 
dynamics that a compression wave geta steeper in front aa it propacstes, 
forming shocks, as in a water wave ruming üp a beach, In shook fronts there 
exist gradients of electric and magnetic fields and density gradients which 
produce non-linear effects, generat ug plasma osoillations ~1/2 Mc/s), 
and feeding energy into Larmor oscillations (œz ~ 1/4 Mc/s). e quote from 
Longmire" (page 158): "The shock front, thon, is a region of amphfication of 
wave ene and the amplified wave ene: 18 enough to fill the downstream 
region with waves. The waves produced have fairly large amplitude, so that 
the non-linear terma in the equation of motion cause energy to be fed into 
shorter and shorter wavelengths.” The unit of tıme which enters the egua- 
tions of motions 1s essentially ~1/op That significant amplification can occur 
in between ten and twenty plasma periods has been estumated by O. Bune- 
man™, Nevertheless no general solutions of the equation of motion yet 
exist” 


Petschek** in discussing implications of the JALP satellite experiments 
says’ “The best experimental evidence for collision free shock waves at the 
resent time has been obtained from recent measurements on the IMP 
tellite”, and “It 1s clear that shock thickness of the order of the 10n gyro 
radius or leas occur and that significant turbulence is produced in a strong 
shock.” 
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where B, is the magnetic field strength of about 0-1 G at 
To rising to about 10 G at the ionosphere and d is the mass 
ion density of about 10-2" g/c.c. at Io and 10-* or less in 
the interspace between Io and the ionosphere. 

The power that could be transmitted in this way can be 
estimated by ing a specific mechanism for the 
development of the power that has been proposed by Drell, 
Foley and Ruderman**. We can apply their mechanism 
to the present situation as follows: Io, a body with finite 
conduotivity, moving with a velocity ve of 60 km/sec 
relative to the local magnetic field B, of Jupiter, carries a 
motionally induced charge separation on its surface. The 
Van Allen plasma in which Io travels carries a current into 
the conductor on one side and out on the other. A 
magnetic impulse is induced in the lines of force By as Io 
passes by, and this disturbance is then propagated along 
the lines of force toward the ionosphere with Alfvén 
velocity va, after the passage of Io (in the forward swept 
proboscis of Io, causing the fan ahape). The magnitude 
of the transverse magnetic disturbance h is given by 


6 x 108 
h =(-)\B, ~ =~ (01) ~ 6x10+G 
Gee 
The flow of power in the form of Alfvén waves is given by 


At 
pa (=) ua ~ 15 orga/om? sec 


Then over the ares of Io the total power developed might 
be 15x10 ergs/sec. The Jupiter radio emission? 
amounts to some 101—1018 ergs/sec, less than the power 
hitting Io. 

Of course, according to our theory, the energy is trans- 
mitted mainly to the polar regions and therefore a higher 
flux would be involved than if emission were to occur 
uniformly over the whole planet. If the active polar 
regions are taken to be a sixth of the area of the planet, 
they would correspond to 10% cm*. Actually we think of a 
small part of this area as being active at any moment, 
perhaps a hundredth, and therefore we calculate the flux 
to be about 10> to 1 erg/em*/sec. 

For the magnetic acoustic Alfvén wave of velocity 
10° em/sec to carry such power, the mean perpendicularly 
directed magnetic field perturbation, H,, would have to 
amount to 10-*-10-* G or 1-10 gammas. This is a very 
reasonable range in view of recent experience with solar 
wind plasma'. 


Peak Power Longitudes 


Dulk (personal communication) has pointed out that a 
15° lead on Io’s position gives two symmetrical positions 
with respect to the Earth-Jupiter line, each position 
having an acute angle of 75° from this line of sight. There- 
fore, our problem is to explain the 15° and 75° angles. 

The lead of 15° ıs our fan shaped plasma proboscis 
caused by the Jovian inner Van Allen radiation belt 
streaming around Io. 15° of longitude (130,000 km) is a 
reasonable value for the distance over which the turbulent 
region may extend. Perhaps the best way to estimate the 
length of the proboscis of Io is to compare it with the 
plasma tail made by the solar wind on our moon-i4 
which stretches some 300,000 km. It seems reasonable 
that the plasma tail of Io might be somewhat shorter 
because the plasma velocity is about one-eighth of that of 
the solar wind’ even though its energy density is probably 
higher as a result of the spiralling motion of the energetic 
ions around the magnetic lines. Thus we conclude that 
the 15° lead is reasonable. 

The matter of the 75° depends on the angular depen- 
dence (1+ sin* 6) of the intensity of magnetic dipole radja- 
tion (such as the cyclotron or spin-flip radiations) as 
excited by perturbations perpendicular to the main strong 
magnetic field, where 6 is the angle of the direction of 
emission with respect to that of the main field. Thus we 
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expect that the downward travelling perturbations will 
cause emission mainly in the plane tangential to the 
surface of the ionosphere at the point of contact with the 
lines of force. Thus the maximum intensity seen at the 
Earth would be expected when the activated area was at 
pointa the position vectors of which relative to the centre 
of Jupiter and the line of sight from the Earth formed an 
angle of 90° versus 75°. The area visible from thd Earth 
would be greater, however, if the activated spots were on 
the near side of Jupiter and not exactly on the horizon. 
The balancing of these two factors presumably gives the 
75° angle with the observed mean spread of about 10°-15°. 


Why only lo? 


On the basis of the foregoing hypothesis, one would 
expect tho second moon of Jupiter to be a barely observ- 
able trigger, because the present instrumentation of radio 
receivers is sensitive only over a factor x30. The next 
moon, Europa, with a relative velocity of 110 km/sec, at 
an altitude of 9-4 Jupiter radii, is in a Jovian magnetic 
field smaller by (6/9-4)*= 0-24 compared with that of Io. 
Using the Drell—Foley-Ruderman formula” and assuming 
the local density to be the same ag or smaller than at Io 
(corresponding to an equal or greater Alfvén velocity), we 
compute the magnetic turbulence which it produces to be 
<0-40 that produced by Io. The electromagnetic power 
is therefore <0-16 that triggered by Io, which would be 
difficult to detect by existing receivers. 

No analogous decameter radiation has as yet been 
observed from Venus. Recent satellite measurements“ 
allow an upper limit of ~ 0-02 G to be set for the surface 
magnetic field of Venus. If Venus were emitting similar 
radiation, the emission would be expected at frequencies 
~60 ke/s and would be observable only with satellites 
above the Earth’s ionosphere. Of course, Venus may have 
no magnetic fleld, in which case this radiation would not 
occur, 
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Structure of a Monocarboxylic Acid Derivative 


of Vitamin B12 


One particular monocarboxylic acid derived from cyanocobalamin 
can be grown in very large crystals on which both X-ray and neutron 


diffraction measurements have been made. 


Calculations lead to the 


placing of some 205 atoms in the crystal asymmetric unit, Includin 
98 hydrogen atoms, and thus to the detalled definition of the chemica 
structure of the molecule. i 


Crystal and Molecular Structure from X-ray 
Analysis 


Tam mild acid hydrolysis of cyanocobalamin gives rise to a 
mixture of mono- and di-carboxylic acids and one tri- 
carboxylic acid, a finding consistent with the view that the 
propionamide side chains on the molecule are the first 
objects of attack. The exact structure of one of these 
acids, which has particularly mteresting properties, is the 
subject of the present investigation. This acid, first called 
E,, constitutes more than 90 per cent of the monocarboxy- 
lic acid fraction of the B,, hydrolysate’; it crystallizes in 
large monoclinic crystals, easily separated by fractional 
crystallization from the isomeric acids. It also occurs as a 
natural product in the fermentation liquors of Proponi- 
bacterium shermanis (OMS, OMS-e?; Zone 14) where it 
behaves as an intermediate in the biosynthesis of the B,, 
vitamuns*. It has antimetabolite activity compared with 
B,, in Escherichia coli and Ochromonas malhamenstiss. 
The very large size of the orystals of the acid 
prompted an attack on its structure by a combmation of 
X-ray and neutron diffraction. It was hoped by such 
measurements to define the crystal structure of the acid 
itself, to place the acid group on the molecule and to add 
the details of the arrangement of the hydrogen atoms to the 
structure of vitamin B,,. The X-ray analysis began on 
the air dried crystals because particularly perfect speci- 
mens of these, several mm on edge, had already been given 
to us by Dr. E. Lester Smith. Later, as experionee with 
neutron diffraction indicated that the more stable crystals 
in their mother liquor should be the main subject of 
attack, wet crystals were also investigated by X-rays. 
Preliminary data on the orystals are given in Table 1. 


Table 1, PRELIMINARY DATA ON THH B,, MONOAOID, Oas HarOrs Ni PCO 


Probable No. 
Umt cell dimensions Space of water 
a b c B group Density molecules 
Airdried 14-51 1709 16-85 108° P2, 12335 18 
Wet 14915 17-486 16-409 104-11° P2, 1-389 16 
a 0 000 0 007 0-047 


The preferred values for the wet orystals were derived by neutron diffraction. 


The air dried crystals of the acid gave very good X-ray 
data, extending to the limit of the copper sphere and 
showing marked Bijvoet differences due to anomalous 
dispersion at the cobalt atom. A total of 6,323 individual 
hkl and Akl reflexions were measured visually. Average 
F? values were derived and used for the initial three- 
dimensional Patterson calculations to place the cobalt 
atom. Two alternative phase angles were then calculated 
by the expressions given by Ramachandran and Raman’. 
Trials of a number of functions and variations of their 
expressions were made which will be described elsewhere. 
Evidence for the correct atomic arrangement was most 


easily obtained from an electron density distribution 
caloulated with 2,567 terms phased from the Bijvoet 
differences, with a chosen as the alternative nearest the 
cobalt atom contribution. The structure was, in fact, 
solved first from a less favourable approximation and the 
atomic positions improved in successive electron density 
distributions and least squares calculations. The present 
reliability mdex is 0-142; the average standard deviation 
in the carbon-carbon single bonds is 0-04. Fig. 1 shows the 
agreement at this stage between &e calculated on the 
present atomic parameters, and œa, the phase angles 
derived from the Bijvoet effect. The curve shows that for 
72 per cent of the reflexions, the first phase angle chosen 
was within 45° of the final value. 

Once the structure of the air dned crystals was known, 
it was easy to derive that of the wet crystals, starting 
from a cobalt atom phased map alone, and sorting out the 
correct mirror image atoms by inspection of the three 
dimensional distribution. This route was followed at 
Harwell (F.M.M.). An alternative route using Bijvoet pairs 
of reflexions measured on oscillation photographs was 
taken at Auckland (T. N. M. W., J. M. W.). This alterna- 
tive has some general interest as a possible method for 
deriving rapidly the general atomic distribution within a 
molecule in the correct absolute configuration. 

The crystal structure of the air dried monoacid is 
illustrated in Fig. 2. It shows no resemblances to that of 
cyanocobalamin, wet or dry™!, nor to that of 5’-deoxy- 
adenosylcobalamin*®. The molecules are arranged in broad 
layers within which the planes of the corrin rings are 
inclined at about 80° to one another. Between the layers 
there is a marked cleavage; contact is made across the 
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Fig. 1. Phase analysis, Here n ıs the number of reflexions in each 10° 

Tange and W(|ae-d,}) is the normalized cumulative function for each 

valne of [aee] where ae is the phase from the Bijvoet effect, ae the 
fina! phase cal ted. 
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gap through hydrogen bonds between water molecules 
and the active groups at the ends of the side chains. The 
terminating atoms of two of the acetamide groups occupy 
alternative disordered sites and many of the water mole- 
cule positions also show disorder. There does not appear 
to be any obvious feature of the molecular arrangement 
that would suggest the position of the carboxylic acd 
groups among the amides. Direct observation of the 
electron density maps favours a definite orientation of 
each of the three acetamide groups in agreement with the 
neutron diffraction data below; the longer side chains, 
however, are less well defined in position and conclusions 
from the peak heights or interatomic distances are un- 
reliable here. 

The general atomic distribution in the molecule is closely 
similar to that in cyanocobalamin with one quite interestng 
difference. This is illustrated by Fig. 3, which shows a 
projection of the atomic positions on to a calculated least 
squares plane passing through the cobalt and four inner 
nitrogen atoms. When the corresponding projection of 
cyanocobalamin is compared with this, it is clear that 
there is a variation in the position of the nucleotide-like 
side chains in the two molecules. The phosphate and sugar 








Fig. 2. Projection of the atomic positions found in air dried crystals of the 
B, Monoasid: a, along [010]; b, along [100]. ed curcles represent 
atoms at y, open circles at y +}. 
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Fig. 8. Projection of atomic taons on the least squares plane through 
cobalt, N21, N22, N23 and N24. Solid line, B,, monoacld, dotted line, 
syanocobalamin (both air dried). 


group particularly have moved about 1 A relative to the 
positions they occupy ın cyanocobalamin’. The benz- 
iminazole, sugar, phosphate, and propanolamine groups 
are rather flexible and the new positions may represent no 
more than an adjustment to new packing conditions 
within the present orystal structure. They do not seem 
to be connected specifically with the position of the acid 
group. 

We thank Dr. E. Lester Smith, Professor Bernhauer, 
Dr. Beisbarth and Dr. Wagner for crystals used in this 
research and for interesting discussions. Computing was 
carried out on the KDF9 computer, University of Oxford. 
One of us (8. R.) thanks the Science Research Council for 
the award of a senior research fellowship. 
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Crystal and Molecular Structure from Neutron 
Diffraction Analysis 


The distinction between an amide and a carboxylic 
acid can be made more easily by neutron diffraction than 
by X-ray diffraction. In contrast to X-ray scattermg, the 
coherent neutron, scattering lengths of nitrogen (b= 9-4f*) 
and of oxygen (b=5-8f) are widely different and in ad- 
dition the coherent neutron scattering length of hydrogen 
(6=3-8f), although negative, has a magnitude approxi- 
mately equal to that of other atoms. Consequently it has 
been possible by neutron diffraction to define in detail the 
structure of the monocarboxylic acid derivative of 
cyanocobalamin. 

The neutron diffraction data for this purpose were 
measured using a wet crystal of weight 11 mg and density 
1:339 g/c.c. All unique reflexions from planes with inter- 
planar spacings, d>1-3 A, were investigated and 1,531 
reflexions were classed as observable. The mean peak 
(including background) to background ratio for the 
observable reflexions was 1:3:1, but the count rate was 
sufficient to give a fractional standard deviation o (f)/F ~ 8 
per cent for the structure amplitudes after counting for 
30 min equally divided between peak and background. 

The structure analysis is summarized in the flow sheet. 
The neutron Patterson synthesis first calculated proved, 
as expected, to be uninterpretable because there are 
many atoms present in the unit cell, scattering with both 

* f210— am (fermi unit). 
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Fig. 4. Neutron scattering density over the oerrin nuclens, 


positive and negative phase and no heavy atom dominating 
in neutron scattering power. First atomic co-ordinates 
were therefore derived from the parallel X-ray investiga- 
tion and used to obtain approximate initial phases for the 
first neutron Fourier synthesis. This synthesis was used 
solely to refine the co-ordinates of the eighty-four non- 
hydrogen atoms used in the initial phasing. Subsequent 
neutron Fourier and difference Fourier maps were used to 
obtain further atomic positions and to refine the structure. 
Of the 228 atoms inthe crystalasymmetric unit, of formula 
C,;H,;0,,N,,PCol16H,O, the co-ordinates of all the atoms 
in the acid molecule have been determined and fourteen 
water oxygen stoms and eleven water hydrogen atoms 
have been located. Because 820 parametera have been 
determined using 1,531 observations, the standard devia- 
tions of these parameters are large and the analysis has 
been terminated at the seventh Fourier synthesis while 
further data are being collected. 

The accompanying diagrams, of the nuclear scattering 
density over different parts of the molecule, illustrate 
various features emerging from the analysis. These will be 
described using the numbering system given in II. Con- 
tours are drawn at intervals of 1 fermi/A* and hydrogen 
atoms which have a negative scattering length are repre- 
sented by broken contours. 

Fig. 4 shows a composite Fourier map over the corrin 
nucleus. - In contrast with the X-ray case, the central cobalt 


NHigCO-CH; Cth, (lly Chis tly CONH, 


NHCO-C Mee YH-CHe CH CO:N 
BN PR 
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bn, 
CHy Ao pOH O60 CH3 
o \ N” cH 
gH | . 
TENi 
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I. Structure found for B,, monoacad #2. 


atom (b= 2-5f) is the “lightest” atom in the molecule and 
the nitrogen atoms, (b= 9-4f) the “heaviest”. Of particular 
interest are the hydrogen atoms bonded to carbon atoms 
3, 8, 10, 13, 18 and 19 and the absence of hydrogen atoms 
at positions 1, 4, 5, 6, 9, 11, 14, 15 and 16. These demon- 
strate clearly that a conjugated single-bond/double-bond 
sequence extends from atom N21, through atoms 4, 5, 6, 
N22, 9, 10, 11, N23, 14, 15 and 16 to atom N24, and does 
not extend beyond atoms N21 and N24. 

The methyl group C53, 53H,, 58H, and 58H, bonded to 
C15 is illustrated in Fig. 5. As with all the other methyl 
groups in the molecule, the anelysis has shown that the 
group does not have a range of orientations corresponding 
to free rotation about the C15-C53 single bond. This 1s 
shown by the definite peaks corresponding to the hydrogen 
atoms 53H,, 58H, and 53H,. It is doubtful whether the 
elongation of the hydrogen peaks corresponds to a small 
degree of rotational freedom about the C15-C58 bond; the 
effect is observed on all hydrogen peaks in the Fourier 
maps and probably arises from the low resolution ob- 
tainable from the data. 

Figs. 6a and b illustrate the chemical assignment of the 
atoms in the acetic group bonded to atom C7 of ring B. 
Fig. 6a is a composite Fourier map phased with atoms 39 
and 40 as oxygen atoms and without hydrogen atoms. The 
peak corresponding to atom 40 is significantly higher than 
that corresponding to atom 39 and there are also two 





IO. Numbering scheme usod. 
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Fig. 5. Noutron scattering density over methyl group centred on C58. 


negative peaks correspondmg to hydrogen atoms bonded to 

atom 40. Tha gonp was therefore assigned as an amide 
ma 

group| — i with atom 40 as the nitrogen atom. 

Fig. 6b is a composite Fourier map phased using all atoms 


Flow sheet. STRUCTURE DATBRMINATION VROM XRUTRON DIVFRACTION DATA 


X-ray data collection (wet crystal) Noutron diffraction feasibility study. 
(Wolsmonberg) Neutron data collection, data norma 
a hzation and reductio; 
(Data with d> 1-8 ie collected) 


Neutron Pattorson syn- 
eais 
(uminterpretable) 


X-ray Patterson synthesis 
(Oo-ordinates of cobalt, phosphorus 
and four nitrogen atoms detar- 
mined 


ordinates determined in the X-ray 
study of dry crystals) 


X-ray Fourier synthesis 1 (84 
atomic posltlon determined) 








Neutron Fourier synthesis 1 
ie of ees atomie positions 
e! rom X-ray Fourier syn- 
thesis 1) 7 “ 


t 
1 
‘ 


1 
Determination and refinement of atomic 
poutions us! Fourter and difference | 
‘ourier me! 


Neutron Fourier synthesls 7 (final), 
All vitamin atomic oo-ordinates 
determined. Total of 205 atoms 
(duding 08 hydrogen atoms) 
located. 


Diacrepanoy Index R = 0 23 
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Fig. 6. Neutron scattering density over acetamide group attached to 

a a, phased with € 40 as oxygen atoms and with no hydrogen 

atoms included; b, phased bg a roms given appropriate scattering 
e: i 


of the group with their appropriate scattering lengths. 

Although all the acetic groups were readily assigned as 
being acetamide groups, the assignment of the propionic 
groups was not definite until the structure had been 
refined considerably. Fig. 7 gives contour maps from the 
seventh Fourier synthesis. Figs. 7a-c correspond to 
composite Fourier maps over the propionic groups 
bonded to rings A, B and O respectively. In the phase 
calculations for the Fourier synthesis, the terminal non- 
hydrogen atoms of each group were given the scattering 
length of oxygen and the terminal hydrogen atoms were 
not included. 

In the Fourier map over the propionic group bonded to 
ring A (Fig. 7a), the peak corresponding to atom 34 is 
stronger than that corresponding to atom 33 and has two 
negative peaks corresponding to two feasible hydrogen 
atom positions near it. This group is therefore a propion- 
amide group. 





Fig. 7. Neutron scattering density over propionamide and propionate groups attached to: a,ring A, b, ring B; and e, ring C. 
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The Fourier map over the propionic group bonded to 
ring B (Fig. 7b) mdicates that there is disorder of the 
terminal atoms between their respective positions. The 
peaks corresponding to atoms 44 and 45 are both higher 
than expected for an oxygen atom and lower than expected 
for a nitrogen atom. In addition there are hydrogen peaks 
near both of the positions 44 and 45. Again a propronamide 
group is‘indicated. It seems likely that the disorder is due 
to the position of this group between two negative atoms 
which do not bear hydrogen atoms, the cyanide nitrogen 
atom and an oxygen atom of the remaining side chain; 
the two alternative positions for the amide nitrogen atoms 
permit different types of hydrogen bonded contact. 

The evidence from the Fourier map over the propionic 
group bonded to ring O (Fig. 7c) indicates that this group 
is a propionate 10n. Both terminal peaks are only slightly 
lower than expected for oxygen atoms and thero is no 
evidence for terminal hydrogen atoms. On the other hand, 
a peak of height —2-3f appears in the neighbourhood of 
the phosphate oxygen atom, P5, together with a smaller 
one, height —1-8f, near P4, which indicates that the 

(0) 


phosphate group here is uncharged >K and again 
O 


H 
there may be some disorder between =0 and — OH. 
That the propionate group on ring O is the acid group in 
our monocarboxylic acid as in Formula I is in agreement 
with the view recently expressed by Bernhauer et ai.?. 
This view was based on observations of reactions of the 
monocarboxylic acid which appear to involve interaction 
between the phosphate group and the acid group within 
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the molecule. Thus the acid, left in aqueous solution, is 
slowly hydrolysed with loss of the nucleotide-like group to 
give mcomplete corrinoid compounds, whereas cyano- 
cobalamin and the isomeric acid, Æ}, are quite unchanged 
under these conditions. 

One of us (F. M. M.) was on attachment to Harwell from 
the University of Oxford during the course of this work and 
received a research grant from the Medical Research 
Council. The computing was carried out on the Science 
Research Council ATLAS computer, Chilton. 
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Body Burden of Caesium-137 in Japan 


by 

T. A. INUMA, M. UCHIYAMA 
T. NAGAI, T. ISHIHARA 

M. SAIKI 


National Institute of Radiological Sciences, 
Chiba, Japan 


N. YAMAGATA 
National Institute of Public Health, Tokyo, Japan 


CamsiuM-137 18 incorporated in human beings as a result 
of contamination of the biosphere, and therefore it is 
important that its content in the body should frequently 
be monitored. Whole body counters were installed at the 
National Institute of Radiological Sciences, Chiba, Japan’, 
in 1962. From the end of 1963 the amount of caesium-137 
started to increase markedly and therefore a programme 
of measuring monthly the contents of caesium-137 was 
undertaken on selected groups of adult males, using a 
plastic scintillator whole-body counter. 

The counter consists of a cubicle made of iron, 15 em 
thick, lined with lead 3 mm thick, and eight plastic scin- 
tillator units 50 x 50 x 15 cm, each of which is viewed 
by four 5 in. diameter photomultiphers. The scintillator 
units are so arranged that four of them (each 200 cm long) 
are above and four below a bed. Two channel analysers 
make it possible to measure simultaneously the potas- 
sium-40 and caesium-137 content of a subject. The 


A monthly monitoring programme at the National Institute of 
Radiological Sciences, Chiba, Japan, has recorded changes in the 
body burden of caesium-I137 and of other radioactive Isotopes. 
Caesium and potassium appear to be correlated In distribution. 


counter was calibrated for potassium-40 and caesium-137 
using three human-shaped phantoms of different sizes 
and weighing between 36 and 70 kg. Dean has shown, 
using a Humco II counter, that the counting efficiencies 
of potassium-40 and caesium-137 fall hnearly with body 
weight in both human subjects and phantoms in the 
range 30-70 kg’, Because of the similamty of the geo- 
metry of our counter to that of the Humco II, ıt can be 
expected that the same kind of relationship will hold. 
Counting efficiencies were plotted against the weight of 
the phantoms for potassium-40 and caesium-137 and 
linear equations were fitted by the least squares method. 
The absolute values of the calibration constants for the 
two isotopes were determined for an adult male weighing 
60 kg. Data for the counts and body weights of the 
subjects were processed in a digital computer (Burroughs 
5500) and the amounts of potassium-40 and caesium-137 
present calculated. 
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‘With a counting time of 15 min the statistical accuracy 
for potassium-40 and caesium-137 measurements in an 
adult male of 60 kg weight (assuming 150 g and 10 ne.) 
are + 1-5 and + 6-5 per cant, respectively; however, the 
absolute uncertainties which result from the calibration 
errors may amount to + 5 per cent. A sodium iodide 
spectrometer was sometimes used to check that there 
were no radionuclides in the body other than potassium- 
40 and caesium-137. 

Changes in the body content of caesium-137 for the 

period July 1963-March 1965 are shown in Fig. 1 and 
Table 1. Most of the subjects measured during 1963 were 
selected for an investigation of the variation of potassium 
content with age. Individual measurements were not 
repeated in this experiment and therefore true variations 
of the amount of oaesium-137 with time are not known. 
It can be seen, however, that the body burden of caesium- 
137 increased markedly. The subjects consisted of 
between five and seven members of the staff of the 
Institute of Public Health, Tokyo, who were between 22 
and 47 years old, and five members of the staff of the 
National Institute of Radiological Sciences, Chiba, aged 
between 26 and 35. They were all physically healthy 
and their body burdens of caesium-137 were considered 
to be typical of persons of their age and sex in the Tokyo 
area. 
In Fig. 1 the variations of the average content of 
cacsium-137 with time for the two groups are plotted 
‘separately. The plots of the two groups show similar 
tendencies although the absolute values are different, and 
a maximum was observed in October 1964. The cause of 
this sudden increase is not known. The average monthly 
contents of caesium-137 for 1964 were the highest and a 
transient maximum occurred at the end of the year. 
After that time the plot tends to decrease to a steady 
value; measurements are being continued. 

In order to find the individual variations in the body 
burden of caesium-137, seven subjects, whose ages were 
between 22 and 29 years, were chosen for comparison 
from the two groups, because it had been found that the 
content of caesium-137/unit body weight is largely 
dependent on age*. Table 2 lists the monthly variations 
of the average values of the body burden of caesium- 
137 (nc.), cassium-187/body weight (pe./kg), caesium- 
137/weight of potassium (po./kg) with maxima and 
minima for the values and the number of subjects 
megsured (NV) together with the relative standard devia- 
tions (2.8.D.= + lo) for each value, The R.S.D. includes 
variations in individual contents and statistical errors for 
the measurements. The mean R.S.D. of the individual 
variations corrected for the statistical errors are also 


{no.} 


10 
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Table 1 DESCRIPTIONS OF THE SUBJECTS MHASURBD IN CORRESPONDHNOR: 
WITH 


FIG. 1 


No repeated measurements were made on the same subjecta during July 
1963-March 1964, but selected groups of subjects were measured monthly 
from April 1964 to March 1965. 


Mean Average #7Ce 

Date Sym- Sex Age body eight ke oF body pasden 
ene Q Mx 1e18 662 9 aa 
® F = 1618 52-6 9 s2 
yess aug: O x 18-15 8 434 6 84 
A F 1s 43-4 8 29 
aan: O M 1835 476 8 48 
(i F u 47-0 1 rı 

© MF 1042 M619F508  M3F3  M02LFO2L 
1968 Oct. D M 242 547 7 49 
@ r 23 505 4 19 
aas Nove, Q M 27-57 B73 17 62 
@ TF 253 443 7 69 
A M 61-88 627 18 77 
peg A F 61-76 40 8 9 51 
A M 68B 477 19 75 
prsi A F 604 414 14 48 
1. O M 247 -56 6-7 _ 
1984 July- X M 2635 ~ 58 4-5 = 


shown in Table 2. It can be seen that the individual 
variations for Cs, Cs/BW and Cs/K are 14-0, 13:3 and 
11:9 per cent, respectively. The values for caesium are 
much larger than those for the weight of potassium and 
the weight of potassium/body weight, which are 9-2 and 
4:9 per cent, respectively. The &.9.D. for Ca/K is always 
smaller than those for Cs and Cs/BW. 

In order to investigate the effect of different dietary 
intake on the body burden of caesium-137, measurements 
were made on twelve students (19-23 years old), who 
daily ate an identical kind and amount of food. The 
corrected R.S.D. for Cs, Ca/BW, Ca/K and K/BW for the 
students are 17-7, 14-8, 14-0, 8-2 and 5-1 per cent, respec- 
tively. Comparing these values with those in Table 2, it 
can be seen that the effect of different intakes of caesium- 
187 on the individual variations of burden of caesium-137 
is small. 

In view of the large individual variations, the Cs, 
Cs/BW and Cs/K for three subjects are plotted against 
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Fig. 1. Vanation of the average body burdens of caesium-137 with time for various 


groups of subjecte, A marked 


increase occurred from the end of 1968 to early 1964 


anda maximum was reached at the end of 1964. Detailed descriptions of the subjects 
are given in Table 1. 
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Table 2 2. MONTHLY VARIATIONS OF MEAN VALUES (ALSO SHOWING THE MAXI- 

AND MINIMUM VALUES) OF THE BODY BURDEN OF GARSIUM-187 (Cs) 

sae: ou-187/BODY WRIGET (Cs/BW), OAHSIOM-187/WHIGHT OF POTASSIUM 

(Cs/K) AND NUMBHR OF SUBJROTS MAASURBD (N) FOR THR SUBJECTS AGED 
BETWHEN 22 AND 


time in Fig. 2a, b and c. Despite differences in absolute 
levels between the three individuals, the pattern of 
secular change was similar for all three. 





Date Cs (ne.) Os/BW (po./kg) Ca/K (pe-/g) N 
1964 July max, 13-9 max. 260 mar: 112 
110 {Te 0i 227 dme i a 8d 
(14 2 percent) (28 percent) (12 pe Dare cent) 
1964 Aug. 12-2 mar 14:9 226 mar: zoo 100 ma 117 
(170 per cont) (148 percent) (14-3 per cont) 
1064 Bopt. max. 162 max. 800 max. 126 
i 138 {min 108 min 204 10°] min. 87 
(14:6 per re {18 8 per cent) (11-7 per cent) 
roe Oo 108 {Inia 186 802 {Thin s3 128 min. 105 
7 (G21 percent) (141 percent) (11-1 per cent) 
= 1964 Nov. max, 16°7 max, 208 max. 130 
148 {Mie dis 251 {min sii 208 {mia “Bs 
(12:0 per cent) (127 per cent) (118 per cent) 
1064 Deo. 18-8 ‘oe 167 289 (max. 293 98 a 120 
min. 9-1 mn., 182 min. 78 
(18:0 per cent) (17:5 percent) (15-0 per cent) 
1065 Jan. max. 15 9 max, 277 max. 119 
126 {mm p2 221 {min ia 8% {ma 72 
(17-7 percent) (166 per cent) (16-8 per cent) 
1905-Feb, ano {MAE-TES on {mae OEE on (mer 1H 
(17-5 percent) (16:3 percent) (16:1 per cent) 
AMITJABONDIJIFM Mean R.S.D. 15-4 per cant 14-8 per cent 13 6 per cent 
1964 1905 RSD. 14:0 per cent 18:8 per cant 11:9 per cent 


a Relative standard deviations (R.S.D.) for the three factors are shown In 


brackets. The mean R.S.D. for 8 months and the R.8.D. corrected for 
statistical errors in the measurement of caesium-137 and potassium-40 are 
listed at the bottom of the table. 


That the differences found with the caesium-137 were 
much larger than those with potassium-40 may have 
resulted from: (i) differences in daily diet; (i) differences 
m the metabolism of caesium and potassium. From the 
measurements made on the students it can be seen that 
most of the individual vamations are caused by (ii). 
Although caesium and potassium are concentrated in 
muscle, it has been reported that the concentration 
(pe./g of wet tissue) of potassium-40 shows a normal distri- 
bution compared with a log-normal distribution of the con- 
centration of caesium. Consequently, the body burden 
of caesium-137 may also have a log-normal distribution. 
As Rundo’ has pointed out, this results essentially from 
differences in the individual biological half-life of caesium, 
which can also explain the lasting individual differences 
in the content of caesium-137 (Fig. 2). On the other 
AMIJTASONDIEM hand, because potassium is an essential element for living 

1964 1065 organisms, the amount present is maintained at a con- 
b stant level, in a simular manner to sodium. 

The fact that the R.8.D. for Cs/K was found to be 
slightly smaller than those for Cs and Cs/BW suggests 
that there may be some correlations between the dis- 
tribution patterns in the body of caesium and that of 
potassium. In fact, our scanning studies revealed that 
the distribution of potass1um-42 and caesium-132 was 
rather similar once equilibrium had been reached. It was 
also found that caesium was concentrated more in muscle 
than was potassium‘. Onstead et al.? reported that the 
ratio of caesium-137 : potassium was less dependent on 
the age and sex when. the subject was older than 22 years. 
The ratio of caesium-137 : potassium is thus one of the best 
indices for estimating the mean concentration of caesium- 
137 in a population of the same age and sex as those of 
the subjects measured. 

We thank 8. Yashiro and other members of our staffs 
who co-operated in this work. 
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Magellanic Cloud Stars 


by 
A. D. THACKERAY 
Radcliffe Observatory, Pretoria 


The Magellanic Clouds, 
the nearest external galaxles. 
guished unamblguously with the spectroscope. 
of the 194 brightest known stars in the Large Magellanic Cloud has 
provided new Information on the evolution of massive stars. 
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visible in the Southern Hemisphere, are 
Their brightest stars can be distin- 
A spectral survey 


Such 


short-lived superglants should be seen close to their birthplace in 


the sky. 


Tse Magellanic Clouds offer by far the best opportunity 
to study properties of stars at the upper limit of stellar 
luminosities and masses. In particular, the distribution 
of spectral types and colours of Cloud supergiants is of 
interest in testing theories of the evolution of massive 
stars. 

Slit spectra of these stars have been accumulated over 
a considerable time at the Radcliffe Observatory, Pretoria. 
A report on work up to 1960 (ref. 1) on more‘than a 
hundred objects in the Large Magellanic Cloud (LMC) 
was inevitably biased in its selection of early-type stars 
(classified as “B” on Harvard objective prism spectra) 
because nearly all such stars in the direction of the Clouds 
are true Cloud members and do not he in the galactic 
foregound. On the other hand, of more than 1,400 stars 
“within?” the LMC with Harvard (HDE) classifications 
F, G, K or M probably more than 95 per cent belong to 
the galactic foregound. The remaming ‘red super- 
supergiants”’ first detected mdividually by Feast and 
Thackeray? are difficult to find but are perhaps the more 
interesting from an evolutionary point of view because 
they are probably stars in a rapidly transient stage during 
a total life-time of only a few million years. 

Visual inspection of a single slit-spectrogram is usually 
sufficient to say conclusively whether a 12 m star belongs 
to the Large Cloud or to the Galaxy. Three criteria 
for Cloud membership are: (a) a large Doppler shift cor- 
responding to a velocity of about +240 to +320 km/s; 
(b) spectral characteristics of high luminosity; (c) position 
on direct photographs relative to Cloud nebulae and 
clusters. The third criterion oan serve as a useful guide 
in selecting probable members for test by (a) and (b). 

The objective prism technique for measuring radial 
velocities, developed by Fehrenbach’, is an excellent sieve 
for distinguishing the numerous galactic foreground stars 
according to criterion (a). Experience with slit spectra 
has shown, however, that of the Fehrenbach high-velocity 
stars of late-type in the direction of the LMC some 20 per 
cent must be attributed to the Galaxy. Many of these 
are Population II objects the velocities of which relative 
to the Sun are similar to that of the LMC as a result of 
galactic rotation. Ultimate proof of Cloud membership 
must rest on application of both criteria (a) and (b). 

The Radcliffe slit spectra have additional value in that 
they can be classified with fair accuracy on the MK 
system. It appears that the Cloud supergiants classified 
as F, G, K, M on the Harvard objective prism spectra 
(near the faint limit of the plates) should be placed on 
the average as much as one whole spectral class earlier. 
The Harvard “B” stars are mostly of B and A type on 
the MK system. 


All Fehrenbach’s high-velocity stars of late type m the 
LMC region down to about 12-2 have been studied 
with a slit spectrograph and preliminary MK classifications 
assigned. Forty-seven stars (classified as “B” or “Con” 
by Harvard) already have Radcliffe MK classifications; 
105 similarly classified Harvard stars down to 12-2 m have 
been assumed to follow the same distribution (O, B, A) 
as the forty-seven stars and to be entirely composed of 
true Cloud members. In this way, we have a total of 194 
Cloud supergiants distributed among the various classes 
as shown ın the first row of Table 1. Stars fainter than 
12-2 m with Radcliffe slit spectra must be subject to 
strong selection effects and therefore are excluded from 
the table. 


Table 1. PRROENTAGE DISTRIBUTION OF SUPERGIANTS AMONG ME SPECTRAL 
OLASSES 


Wor Total 
ie Pee O BO0/4 B59 A F G K M X 
Zips 68: 6 18 40 227 227 #46 15 05 0 104 
Galaxy Ia 0 40 865 20 20 06 6. 12 82 252 
Galaxy* Sn ecg nr” 


My< —3 45 17 82 6 63 


* The four spectral groups for these stars (nearer than 880 po) are given as 
‘Main Sequence’, F0-G0, G0-K6, “Later than KG". 


In the second row the percentage distribution of 252 
stars classed as ‘Ia’ in the Jaschek catalogue‘ is shown. 
This catalogue quotes MEK classifications by many different 
workers and s certain amount of personal judgment had 
to be exercised in discordant cases as to the acceptance 
of a star as of true luminosity class “Ia” and as to its 
spectral class. Unhke the Magellanic Cloud stars, the 
absolute magnitudes of individual “Ia” galactic stars are 
most uncertain. In fact, some stars may not be true 
supergiants at al. FU Ors is an example according to 
Herbig', but this star enters into the statistics of Table 1. 

In the third row the distribution is given of sixty-three 
supergiants nearer the Sun than 380 parsec (pe) as 
derived by Kraft and Hiltner’, the spectral grouping 
being indicated in the footnote to the table. These stars 
are mostly of luminosity class Ib with M, < —3-0, and 
are thus very much less luminous than those in the two 
foregoing rows. Moreover, the stars lie in a highly re- 
stricted region, of the Galaxy, whereas those in the second 
row must extend to great distances up to 5 kpe or more 
from the Sun. 

Although the LMC statistics in the first row cannot be 
regarded as complete, the percentage distribution is 
unlikely to be seriously affected by future additions to 
the list. The Fehrenbach survey is likely to have picked 
up most late-type members, except in the most crowded 
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regions and in those regions the Harvard survey will also 
have missed some of the commoner O, B, A stars. It 
seems unlikely that the total number of LMC stars 
brighter than 12-2 mpg will be increased to appreciably 
more than 250. If the proportion of stars per mass is the 
same in Large Cloud and Galaxy, this would lead to an 
estimate of about 5,000 such supergiants (with Mpg < 
—6-8:) in the Galaxy. Most of these are obliterated from 
our view because of their heavy concentration in the 
galactic plane and associated interstellar absorption. 

The actual distribution of the LMC and Ia galactic 
supergiants among the spectral classes agrees remarkably 
well. Only at the two extremes (W or Pec and M) are 
there serious discrepancies. W stars have most uncertain 
luminosities and the “Ia” class cannot be assigned to any 
of their galactic representatives. Their luminosities must, 
in fact, be calibrated via the Magellanic Clouds’. The O 
stars begin to appear in the LMC near the lmit of the 
Radcliffe survey and their proportion may well have to 
be increased. Extra-terrestrial photographs (on an 
adequate scale) might offer the most efficient means of 
detecting such objects. 

At the other extreme, although some M stars in the 
Galaxy have been classed “Ia”, experience in the Magel- 
lanic Clouds suggests that these objects are less luminous 
(at least ın Mep) than the super-supergiants of types A-G. 
In bolometric magnitude there may be little difference. 
Westerlund? has found more than 600 M stars in the 
region of the LMC of which a considerable fraction must 
be Cloud supergiants, but their visual magnitudes appear 
to be of the order of 13 (mpg ~ 15-5) so that slit spectro- 
scopy is difficult. It would appear that the visual lumin- 
osity of M Ia stars is fainter than the figure of My = —7 
provisionally allotted by Blaauw’. 

The third row ın Table 1, which refers to supergiants 
several magnitudes fainter, shows an entirely different 
distribution. Kraft and Hiltner® directed attention to the 
rather surprising number of supergiants of intermediate 
types F-G. These stars are believed to be evolving from 
the main sequence rapidly across the Hertzsprung gap m 
the HR diagram towards the right. They are expected 
to be less massive than the main sequence stars of equel 
visual but brighter bolometric magnitude. 

Perhaps the most important feature of the tabulation 
is the steady decrease in numbers m the first two rows 
from type B to K and M. These numbers can be com- 
pared with predicted evolutionary times for massive stars 
provided, of course, that there 1s no marked crossing-over 
or “funnelling” of evolutionary tracks in this uppermost 
part of the HR diagram. Evolution of stars of mass 15-0, 
15-6 and 30 © has been computed by Iben", Hayashi 
and Cameron#!, and Stothers}’, respectively. Although the 
masses of the Cloud super-supergiants are probably still 
higher, it 13 of interest to compare the duration of the 
various phases computed by Hayashi and Cameron and 
Stothers with the statistics of Table 1. Such durations 
are quoted in Table 2. 


Table 2. EVOLUTIONARY TIMES YOR MASSIVE STARS 
(unit = 10° years) 
M=1560 M=800 Spectrum 
Pre m-s contraction ~l 02 
H-burning 158 48-0 
H-exhaustion 14 09 
Gravitational (core) contraction 07 01 
He pnming 116 54 B1 to B8 
Gravitational (core) contraction ~O5 ~Olor ~038 9A tO K 
C-burning and later phases ~12 ~O o~? Tat 


According to these calculations one would expect 
the numerous LMC B stars with Mpg < —8-8 to be in 
the helium burning phase, which only lasts 5-4 x 10° 
years for mass 30 O. The rarer stars of type A-K are 
thought to have exhausted the helium (as well as hydro- 
gen) in their interiors and to be passing rapidly to the 
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right in the HR diagram before settling down to a brief 
stage of carbon burning and later phases. We cannot as 
yet detect any signs of such later phases in the LMC 
observations; such a phenomenon should reveal itself in 
a secondary maximum in the spectral type distribution. 
The possibilty of such a secondary maximum near Go 
cannot perhaps be entirely excluded on the basis of the 
statistics available, but it is more likely to be found among 
the fainter M stars studied by Westerlund. The regular 
dimimution of numbers of B~A-~-F-G-K stare suggests, 
however, that the end of the helium burning phase does 
not occur quite so abruptly as the theory would indicate 
—at least as revealed by the observable parameter of 
surface temperature. A spread in stellar masses will, of 
course, tend to smooth out the predicted sudden drop to 
some extent, but this can scarcely be the whole explana- 
tion. Precise magnitudes and colours of these supergiants 
would test the possibility. They are being observed photo- 
electrically by Dr. P. J. Andrews at the Radcliffe 
Observatory. 

A final point of evolutionary interest is that these very 
short-lived supergiants in the Clouds must be seen cloze 
to their birthplace in the sky. In a few million years 
their proper motions are unlikely to move them more 
than a few minutes of arc. The preliminary conclusions 
regarding their association with diffuse nebulae (A 0 
regions) reached by Feast et al.1 have been strengthened 
by the additional statistics now available, namely: 

(a) Stars of type O-B2 are strongly concentrated in 
diffuse nebulae (as found many years ago by Hubble m 
the Galaxy). 

(b) Stars of type B3 to A5 show a much smaller con- 
centration within diffuse nebulae of order 50 per cent. 

(c) The rare stars later than 45 again show & strong 
concentration within diffuse nebulae like the O-B2 stars. 

Stars of group a are of sufficiently high temperature to 
ionize hydrogen and render the nebulae visible, but this 
is not so with group b, and still less so with group c. 

Two especially intimate associations of F super-super- 
giants with nebulosity are exemplified by the Large Cloud. 
stars R 143 and R 150 (ref. 1). In the Galaxy, the super- 
giant HD 92207 (A2 Ia-0) is directly mtuated within the 
bright rim of a nebula excited by an O-type star (visually 
three magnitudes fainter)". One may ask whether such 
stars have been born as supergiants rather than reaching 
their observed states by way of the main sequence. 

In conclusion, it can be stated that the new Cloud 
members revealed by Fehrenbach’s survey and by the 
extension of the Radcliffe survey have served to fill in 
the gap between early 4 and late F types which appeared 
m the earlier HR diagram}. That gap was a result of 
unavoidable selection effects. The top of the HR diagram 
of the Large Cloud clearly crosses right across the Hertz- 
sprung gap (and in particular above the Cepheid in- 
stability zone) with the frequency of spectral types 
diminishing fairly steadily from 4 to G and K. This 
diminution 18 very similar to that exhibited by known 
galactic “Ia” supergiants except that the fainter M types 
do not yet appear among the Cloud statistics. 
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Moisture Content of Living Trees 


by 
CHARLES M. STEWART 


CSIRO Division of Forest Products, 
69 Yarra Bank Road, South Melbourne, 
Victoria, Australia 


first, b 


the rays. 


Tan water content of wood is of scientific interest to the 
plant physiologist and of great practical importance to 
many wood users. The moisture content of wood of living 
trees is a very variable property; the reason for the varia- 
tion is not known}. This communication represents an 
attempt to provide an explanation for systematic varia- 
tions in the moisture content of woods of different arbores- 
cent species of angiosperm (pored wood) and gymnosperm 
(non-pored wood). 

The moisture content of wood appears to undergo 
marked variation during different seasons and during the 
transition of sapwood into heartwood. Investigation of 
the seasonal variation in the moisture content of wood 
and bark of many species has shown that the changes 
in the wood are confined largely to the sapwood'; that is, 
to the outer living xylary tissues. The minimum moisture 
contents seem usually to be within the ranges 35 per cent 
to 60 per cent, 60 per cent to 75 per cent and 75 per cent 
to 100 per cent (on the basis of dry wood), respectively, 
for the sapwoods of ring-pored, diffuse-pored and non- 
pored species. 

Values as great as 150 per cent or more may be obtained 
for the sapwoods of most species, but there is also a slight 
tendency for these maximum values to increase through 
the above-mentioned series. In addition, especially in 
the case of the young sapwood of deciduous angiosperms, 
the mean moisture content rises to a maximum in the 
spring and early summer, then decreases to a mmimum 
during the summer and autumn and finally tends to 
increase somewhat during late autumn and(or) winter. 

Furthermore, data have been obtained! which suggest 
that the average moisture contents of the sapwoods of 
ring-pored, diffuse-pored and non-pored species are, 
respectively, <75, about 100 and >1380 per cent. The 
moisture content of water-saturated wood can be calcu- 
lated according to the following equation®* 


Ms = 100 (1/Dg — 0-65) per cent 


where Dz is the basic density of the wood im g/em?, on 
the assumption that the density of wood substance is 
1-54 g/em?. Ms was calculated from mean basic density 
values® of the species examined. The difference between 
Ms and the observed moisture content? appears to de- 
crease, in general, from ring-pored, through diffuse-pored, 
to non-pored woods**. 

Systematic variations of the kinds indicated above 
suggest that the moisture content of wood in living trees 
is governed by factors related to its anatomy. The 
upward transport of water is confined largely to the 
conducting cell elements of the outer sapwood. The 
unobstructed length of these elements decreases very 
markedly from ring-pored, through diffuse-pored, to 
non-pored woods, and variations in this length seem to be 
reflected in the rate of upward flow of the aqueous trans- 
piration stream. Typical rates in ring-pored, diffuse- 
pored and non-pored species may be taken as 50, 5 and 
0-5 m/h respectively*. 

A possibility which was considered initially is that the 
difference in moisture content of various sapwoods is 


The variation of the water content in the stems of living trees occurs 
mainly within the sapwood and seems to be controlled in two ways: 
the variation of pressure, resulting from transpiration 
demand, within the dead water-conducting cells; and, second, by 
the water demand of living parenchyma cells, especially those of 


related mainly to the rate of flow of the transpiration 
stream, because, according to Bernoulli’s principle, the 
pressure drop in a moving stream of fluid varies as the 
square of its velocity. On this view, the greater the velo- 
city, the less water 1s available to the sapwood (or the 
greater the tendency for water to be withdrawn from the 
sapwood into the transpiration stream). 

Although the above explanation appears, at first sight, 
to be consistent with the results of Peck? and Gibbs', the 
magnitude of the pressure drop (calculated, for a transpira- 
tion stream velocity of about 50 m/h, as about 10-6 atm.) 
is so small that, for all practical purposes, it may be 
neglected. Thus, the main suction forces, which tend to 
withdraw water from the sapwood into the transpiration 
stream, must arise from the tension which exists in the 
moving sap stream of actively transpiring trees. Such 
tensions appear to be of the order of one or more atmo- 
spheres®’. 

The various resistances to flow in the water conducting 
system of a tree must govern the axial gradient in tension 
within the transpiration stream. The tension gradient, 
in turn, will tend to govern the vertical variation in the 
moisture content of sapwood, that is, the moisture content 
will tend to vary inversely with the tension in the sap 
stream. The vertical variation in water content is not 
great and the moisture content tends to increase with 
height in many trees‘, and so it can be concluded, first, 
that the tension gradient within the transpiration stream 
of the stem is not great and, second, that the maim 
resistance to flow within the transpiration stream occurs 
in the roots. The rate of flow of water, under a constant 
pressure difference, has been measured both before and 
after severing the roots from a stem, and it has been found 
that the rate of water movement after the removal of the 
roots was eighty times as great as before their removal. 

If it is assumed that the resistance to flow in the roots 
of trees is not only large but is similar in the root systems 
of all trees, it may be deduced that the tensions within the 
transpiration streams of stems will increase with the 
rates of flow of the sap streams. The above deduction is 
consistent with the moisture contents of living xylary 
tissues, as observed by Gibbs! and Peck*. Water has been 
shown to rise to the apices of detopped trees in the com- 
plete absence of foliar surfaces and even when all wounds 
are sealed against the loss of water*; in ring-pored trees, 
the initial rate of water ascent is about half of that in 
normal entire trees, and, thereafter, the rate gradually 
decreases. In the above conditions, transpiration cannot 
provide the free energy which is necessary to lift water 
to the apices of detopped trees, that is, the tension which 
is normally developed in actively transpiring trees, and 
which is often assumed to be wholly responsible for the 
ascent of water in living trees, cannot arise in detopped 
trees which are sealed against loss of water. The necessary 
free energy must therefore be obtained by the operation 
of an alternative mechanism (for example osmosis, 
respiration). The decrease of the rate of water ascent in 
detopped trees is probably related to the gradual elimina- 
tion of the diffusion pressure deficit within the stems. 
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The operation of an alternative mechanism probably 
results in the increase in the moisture content of sapwood 
during the early spring; as the leaves develop and the 
external conditions become warmer during the summer 
and autumn the tension in the transpiration stream in- 
creases with resultant decreases in the moisture content 
of the sapwood. Sunilarly, the rise in the moisture content 
during the late autumn and(or) winter seems to be asso- 
ciated with the decrease in the tension of the transpiration 
stream which results from leaf abscission and(or) the 
commencement of winter dormancy. 

The above discussion indicates that the water in the 
sapwood, especially in the outer sapwood which contains 
the transpiration stream, can be regarded as a supplemen- 
tary reservoir for the tree, particularly during drurnal peak 
conditions. It is probable that the transpiration stream 
withdraws water from adjacent dead fibrous elements 
because these cells have lost the capacity to control their 
water content. Likewise, the living parenchyma cells 
may acquire water, by osmosis, from neighbouring dead 
prosenchyma cells. Transport of water along the ray 
parenchyma cells would be aided by cytoplasmic streaming 
(mass flow); thus, the ray cells probably represent the 
maim channels for the withdrawal of water by the transpira- 
tion stream from the sapwood, especially from the central 
and inner sapwoods. The appearance of air and(or) water 
vapour ın prosenchyma cells of living trees may occur 
simultaneously with the osmotic removal of water from 
these cells, the released air being that which was dissolved 
in the cell fluids. The aspiration of pits ın the central and 
inner sapwoods could be related to the process of water 
reclamation. 

The information available on the radial distribution of 
moisture across tree trunks is rather meagre. The moisture 
content falla very rapidly across the differentiating tissues, 
that is, those xylary tissues situated between the vascular 
cambium and the outer limits of the transpiration stream. 
The decrease has been attributed to increasing amounts of 
structural materials deposited during the differentiation 
of xylary cells}. 

In pored woods the transpiration stream appears to be 
confined to the fully differentiated tissue of the outermost 
growth ring of the xylem and, to a decreasing extent, to a 
few of the inner neighbouring growth rings. The decrease 
in the efficiency of the transpiration stream across the 
outer sapwood is thought to be largely a result of the 
breaking of the tensioned columns of sap within the veasels 
of hardwoods (Gibbs) with the concomitant loss of water 
which results in the appearance of air and(or) water 
vapour in the vessels. 

Christensen and Barnacle (unpublished data) and 
Stewart and Smelstorius (unpublished data) have shown, 
for the inner tissues of the outer sapwoods of certain 
eucalypts, that the moisture content decreases in the 
direction of the pith. The suction forces of the flowing 
transpiration stream should result in an increase in mois- 
ture content of the sapwood in the direction of the transi- 
tion zone between sapwood and heartwood. These condi- 
tions apply in the case of some gymnosperms because 
the moisture content throughout the sapwood of Pinus 
radiata and P. elliottii has been shown to increase in the 
direction of the sapwood—heartwood boundary?!:!*15, 
In the case of the eucalypts mentioned above, an ana- 
logous increase in moisture content occurs across the 
central and inner sapwoods. Fig. 1 depicts the general 
moisture distribution from the cambium to the pith 
in the stems of gymnosperms and angiosperms. Gradient 
I represents the rapid decrease in moisture content which 
results from the displacement of water during the deposi- 
tion of cell-wall substances in the differentiating cells of 
the xylem; gradient IT of Fig. 1b is a result of the snapping 
of tensioned columns of water in the vessels of angio- 
sperms, and gradient ITI seems to be the result of the 
return. of water from the tissues of the transition zone 
to the central sapwood and of decrease in suction pressure, 
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transmitted from the tension in the transpiration stream, 
in the direction of the transition zone. 

It ıs usually assumed that the moisture content of 
sapwood is greater than that of heartwood. For example, 
in gymnosperms'!4*18 the moisture content rises to 8 
maximum near the sapwood—heartwood transition region 
and then falls rapidly, sometimes approaching fibre- 
saturation values (about 30 per cent), across the transition 
zone and into the heartwood (Fig. la, gradients IV and V). 
Thus, in gymnosperms, considerable dehydration of the 
wood occurs during the transformation of sapwood into 
heartwood. In many species of angi a similar, but 
less marked, dehydration, also occurs during the transition 
of sapwood into heartwood? (Fig. 1b, gradients IV and V). 

It 1s probable that the dehydration described takes place 
in the folowing way. Because of the increases in the 
inhibition of mitochondria and in the state of disintegra- 
tion of the cell nuclei of the ray cells of the inner 
sapwood'-16, the senescent parenchyma cells in this 
region can release their water both to the surrounding 
prosenchyma cells and to the more active outer neigh- 
bouring ray cells, which gradually transport the water 
back to the transpiration stream. The deposition of 
extraneous materials insoluble in water would also result 
in the return of water to the central sapwood, so that the 
moisture content of the wood of the transition zone would 
be reduced. 

In contrast, Peck* has shown that the heartwoods of 
certain, angiosperms, more particularly species of Ulmus, 
Populus, Oarya, Quercus, Nyssa and Juglans, contain 
more water than the sapwoods, and give the effects 
depicted in gradients VI and VII of Fig. 1b. Similar 
conditions exist in Hucalyptus regnans wood (unpublished 
data of Christensen and Barnacle) and in E. viminalis 
wood (unpublished data of Barnacle, Christensen and 
Cuevas). Stewart and Smelstorius (unpublished data) 
have shown, by freezing the fluids of the sapwood and outer 
heartwood of living trees of E. regnans, that the observed 


MOISTURE CONTENT 








CAMBIUM 


DISTANCE FROM CAMBIUM 
Fig. 1. Diagrammatic representation of the distribution of water across 


stem sections of gymnosperms and angiosperms. T.Z. and 8.-H.B. 
represent, respectively, the outer limite of the transition rone between 
sapwood and heartwood, and the sapwood-heartwood boundary. 
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moisture distmbution is not caused by excessive loss of 
fluids from the veasels of sapwood during sampling. 

I have suggested!*.+° that the increase in the moisture 
content of wood during ite transition from sapwood to 
heartwood, in certain species of angiosperm, results from 
an increase in suction pressure, in a direction opposite 
to that produced by the tension of the transpiration stream, 
this in turn being caused by an increase in osmotic 
pressure which occurs a8 a consequence of the accumula- 
tion of water-soluble extraneous substances in the ray 
cells of the transition zone. ‘Thus, the excretion! of 
extraneous materials, especially when contained within 
tyloses, would tend to refill with aqueous solution those 
prosenchyma cells which had lost or partially lost their 
free water in the inner tissues of the outer sapwood. Once 
within the heartwood, where all cells are dead, the accumu- 
lated water would tend to become more evenly distributed. 
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INVESTIGATIONS of synchronized cultures of unicellular 
algae have given much information about the physiology 
of these organisms'?. There have been observations of 
the alterations in photosynthetic activity that occur 
during the life cycle of these green algae. The published 
data for the photosynthetic capacity of cultures of these 
algae were obtained with white light and mostly with a 
saturating intensity, and so it is not possible to deduce 
whether the observed changes are a result of alterations 
in the photochemical or the biochemical portion of the 
overall mechanism of photosynthesis. In attempts to 
resolve this question the relative quantum efficiency of 
photosynthesis has been measured’ for Chlorella elipsoidea 
and for the high temperature strain of Chlorella pyrenot- 
dosa‘. The values obtained indicated that an apparent 
change ın quantum efficiency occurred during the life 
cycle of synchronously developed cells, but, because no 
determination was made for the percentage absorption of 
light by the algal suspensions and, furthermore, because 
white light was employed in their measurements, we believe 
the problem to be unresolved. Because of the theoretical 
importance of the absolute value for the quantum 
yield of photosynthesis, and because of our own special 
interest in the mechaniam of the light induced synchronous 
development of unicellular algae, we have examined this 
problem in more detail. We have compared the white 
light saturation curves for photosynthesis of cells at 
different stages of their synchronous life cycle, and exam- 
ined the absolute quantum yield of both photosynthesis 
and photoreduction (in the light limiting region) at 
specified wavelengths of light. Data will be presented 
which demonstrate that not only does apronounced change 
in quantum efficiency ocour during the life cycle but also 
that this change results from alterations in the mechanism 


of Scenedesmus obliquus seems to be associated with the second light 
reaction of photosynthesis. 


of photosystem II of photosynthesis. (For information 
concerning the hypothesis of two light reactions function- 
ing in photosynthesis, see refs. 5 and 6.) 

Cultures of Scenedesmus obliquus, strain Ds, were grown 
in inorganic liqud medium in glass culture tubes into 
which a mixture of 3 per cent carbon dioxide in air was 
introduced from the bottom. The tubes were mamtained 
in & growth chamber at 25° ©. Light was provided by a 
combination of warm-white and grow-lux fluorescent 
lamps. The algal cultures were synchronized by providing 
a light-dark regime of 14 and 10 bh’. All cultures were 
collected, washed and brought to the desired concentration 
by centrifugation. Packed cell volume was determined 
in. cytocrit tubes. Chlorophyll was extracted from the 
cells with hot methanol and its concentration was determ- 
ined spectrophotometrically using the specific absorption 
coefficient of Mackmney*. Photosynthesis and photo- 
reduction were measured manometrically in a Gilson 
differential respirometer with the all-glass differential 
volumometer. Tho contents of both reaction flasks were 
identical, but one was maintained in the dark to compen- 
sate for dark respiration. Photosynthesis was determined 
in Warburg’s No. 9 carbonate-bicarbonate buffer (0-2 
molar) with air as the initial gas phase. For photoreduc- 
tion measurements algal cella were suspended in 0-06 
molar phosphate buffer, pH 7-0, and adapted for 12 hin a 
gas phase composed of 96 per cent hydrogen—4 per cent 
carbon dioxide. Before initiating measurements, a solu- 
tion of 3-(3,4-dichlorophenyl)-1,1-dimethyi-urea) (DCMU) 
was tipped in from the sidearm of the reaction flask to 
stabilize photoreduction’. Standard rectangular reaction 
flasks were employed for all manometric determinations. 

Actinic light was provided by a Sylvania quartz-iodine 
lamp (Sun Gun, 1,000 W, type DXN). Desired wave- 
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lengths of light were obtained with either Baird-Atamic 
or Schott-Jena interference filters. The light trans- 
mission characteristics of all filters were checked in the 
visible and infra-red regions of the spectrum. A Corning 
filter, 1-69, was used to eliminate any extraneous energy 
in the infra-red region. 

Intensity of the actinic light at the lower surface of the 
reaction flask was measured either with a small surface 
bolometer (Model 65-Radiometer, Yellow Springs Instru- 
ment Co.) or a large surface bolometer (H. Rohrig, Berlin, 
Germany). Both devices were calibrated against lampa 
from the U.8. Bureau of Standards. As an additional 
check on the light intensity measurements a chlorophyll- 
thiourea actinometer was also employed. A quantum 
yield value of 1 (ref. 10) for the chlorophyll sensitized 
photo-oxidation of thiourea was used for calculations of 
intensity. 

The percentage absorption of the incident light by the 
suspension of algal cells was measured with an integrating 
sphere sumilar to that described by Rieke’. Absorption 
values, at each of the wavelengths of light utilized, were 
calculated from comparison measurement made between 
the suspension of algae and two standards; black ink 
was used for total absorption values (0 per cent trans- 
mission) and a suspension of methanol-extracted cells 
equivalent to the volume of cells in each experiment was 
employed for the 100 per cent transmission value". 
The quantum requirements (the reciprocal of quantum 
yield) to be reported in this paper are based on the 
determination of rates of oxygen evolution or carbon 
dioxide consumption. For such measurements 15 min 
periods of equilibration of the algal suspension in the 
desired wavelength and 5 min for each intensity of light 
was allowed before a 10 min measurement period. 

It was determined that synchronized cells of Scenedes- 
mus obliquus have a maximum photosynthetic activity 
8 h after the onset of illumination and a minimum at 
16 h. Shortly after the sixteenth hour of illumination 
autospore separation occurs. For our initial experiments, 
these two times, for completely synchronized algal cul- 
tures, were selected for collecting cella for quantum 
requirement investigations. An example of the photo- 
synthetic competences of such cultures is shown in Fig. 1. 
At high light intensities, that is, saturating levels, the rate 
of photosynthesis of the 16 h old culture is 34 per cent less 
than that of the 8 h culture. It is also apparent that this 
decreased capacity of the 16 h culture carries over into the 
light limiting region, that is, in the linear portion of the light 
curves, The experiments presented in Fig. 1 were obtained 


xl. Oxygen evolved/10 min 
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Light intensity (10t erg/om" sec) 
Tig 1. Bates of pho thesis (oxygen erence of 8 and 16 h old 


30 al coll volume/vessel) of synchronized cultures of 
Si us obliguus at various white t intensities. Temperature 
was 25° O. For additional experimental conditions see text. 
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Fig. 2. Bates of pho' thesis (oxygen evolution) of 8 and 16 h old cells 
ted obli P tensities 


of synchronized cultures of Scenedesmws obliquus at different in! 
of monochromatio light (670 mn), 7c conditions were as 
indicated in Fig. 1. 


with equal volumes of packed cells (30 pl. in 3 ml. of 
buffer in each Warburg vessel). This is an experimental 
convenience, for we have found that equal cell volumes of 
the eighth and sixteenth hour cultures of synchronized 
cells also have about the same chlorophyll content, dry 
weight, and light absorption characteristics; only the 
cell number of the two samples changes markedly between 
the two times. The decreased rate of photosynthesis in 
the light limiting region of the sixteenth hour curve already 
gives evidence that a decrease in quantum efficiency has 
occurred. To evaluate this observation further, rates of 
photosynthesis in monochromatic light of low intensity 
were also determined. Light intensity response results 
obtained with the two types of culture, with 670 my light, 
are presented in Fig. 2. The slopes of the two curves differ 
by approximately 32 per cent, which is almost identical 
to that observed with white light (Fig. 1). Using the 
light absorption values determined with the integrating 
sphere, the quantum requirements of photosynthesis for 
the cells of the different stages of the life cycle were calcu- 
lated. These values (Table 1) were determined for each 
of the three light intensities used to obtain the data 
shown in Fig. 2. The increase in the quantum require- 
ment that occurs between the eighth and the sixteenth 
hour of the life cycle of Scenedesmus is very similar to 
that observed for the change in the maximum rate of 
photosynthesis observed in white light. The observed 
decrease in, photosynthetic efficiency, that is, the photo- 
chemical system, explains, we believe, the change in 
photosynthetic activity which occurs during the life cycle 
of Scenedesmus. We have also noted that similar age 
groups of synchronized cultures of Chlorella pyrenoidosa 
show similar changes in their respective values for quantum 
requirements. 

We have also utilized the ability of hydrogen adapted 
cultures of Scenedesmus to assimilate carbon dioxide 


Table 1. QUANTUM REQUIREMENTS FOR PHOTOSYNTHHSIS AND PHOTO- 
REDUCTION AT WXTREME STAGES OF POTENTIAL PHOTOSYNTHATIO ACTIVITY 
IN A SYWOHRONISED LIEH OYLY OF Scenedesmus obliquus 


Light uantum requirements 

intensity Potoa Photoreduction 

erg/om? Bec 8h 16h 8h 16h 

2-15 x 10** 108 16-4 

L72 x1 F 201 21:0 

5-85 x 10" 107 16-5 

4 68 x 10* 105 21-1 

8-85 x 10" 10:7 169 

6 68 x 10" 18-9 20-8 
Average 10-7 16-6 196 21-0 


* Intensity at 670 my. 
+ Intensity at 691 my. 
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through only a photosystem I reaction'*-"* to determine 
which of the two photoreactions of photosynthesis is 
affected during the life cycle of a synobronized culture. 
The values for the quantum requirements of photosyn- 
thesis and of photoreduction are compared in Table 1. 
Little or no change m this value was noted for photo- 
reduction between the eighth and sixteenth hour of the 
life cycle. Apparently, then, the changes in the photo- 
synthetic competence during the life cycle of Scenedesmus 
obliquus are caused by alterations within the mechanism 
of photosystem II. It is possible to arrive at this same 
interpretation by comparison of the light curves of the 
two differen’ age cultures (Fig. 1) with those light curves 
of photosynthesis obtained in the presence of inhibitors 
now known to influence preferentially photosystem I. 
The inhibitory effects of hydroxylamine, phenylurethane, 
DCMU, manganese deficiency and other characteristic 
inhibitors of photosystem IT, are also manifested by a 
decrease in the rate of photosynthesis both in the light 
saturation region and also in the light limiting region. In 
addition Gerhardt** has shown that the rates of the 
quinone-Hill reaction, an exclusive photosystem IT 
reaction, and of photosynthesis change in a parallel 
fashion during the life cycle of synchronized Chlorella 
cells. 

The conditions employed for the culture and syn- 
chronization of the algae used in the investigations 
reported here were selected to give cells with the maximal 
and minimal rates of photosynthesis, that is, the eighth 
and the sixteenth hours of growth. These conditions 
included selection of the proper light-dark intervals for 
growth of an optimal nutrient solution, of proper light 
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Durie an investigation of 6-glucuronidase from bovine 
liver we observed that the rate of hydrolysis of phenol- 
phthalein glucuronide is significantly affected by the ionic 
content of the medium and we suspect that some unex- 
plained differences in the activity of the same preparation 
of B-glucuronidase when assayed in different laboratories! 
can be explained in these terms. Variations of the con- 
centration of acetate buffer in the incubation medium may 
be particularly relevant. In this communication we 
present some results of our observations on the effect of 
ionic strength on the activity of B-glucuronidase from 
bovine liver. 

Enzyme activity was assayed by incubating 6-glucuroni- 
dase (‘Ketodase’) at 38° C+0-2° C for 30+0-2 min with 
40x 10+ molar phenolphthalein glucuronide at pH 5-0. 
The enzyme was diluted to a nominal activity of 150 
Fishman units/ml. with 10-* normal acetate buffer (pH 
5-0) immediately before incubation. The volume of the 
diluted enzyme solution used was 0:2 ml. in a total volume 
of 1:5 ml. The incubation medium usually contained 
sodium chloride and acetate buffer (pH 6-0) each at 0-2 
molar. The reaction was stopped by adding 5-0 ml. of 
1-0 molar glycine buffer (pH 10-5) and the optical density 
at 545 my was determined with a Bausch and Lomb 
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intensity during culture, and so on. Nevertheless, the 
lowest quantum requirement obtained in this investiga- 
tion was 10-1. Values higher than this were easily obtained 
by simply selecting cells older by only a few hours than 
those giving the above indicated quantum requirement 
value. As a consequence, it has become apparent to us 
that quantum requirement determinations with algae 
such as Scenedesmus or Chlorella can easily result in a 
variety of values which are dependent primarily on the 
physiological age of the cells employed. Any attempt to 
determine a theoretical “best value” for the quantum 
requirement of photosynthesis by unicellular algae must 
recognize the importance of the life cycle of these 
organisms. 

This investigation was supported by a grant from the 
U.S. Public Health Service. 
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Hydrolysis of phenolphthalein glucuronide by ß-glucuronidase has 
been Investigated in the presence of varying concentrations of sodium- 
chloride or acetate buffer. 
activity of the enzyme are caused by differences in the tonic strength 
of the medium. 


Results Indicate that differences in the 


‘Spectronic 20’ colormeter. When the concentration of 
sodium acetate was 0:4 normal (acetate buffer, p= 0-4) or 
greater, 2-0 molar glycine buffer (pH 10:8) was used instead 
of the 1:0 molar glycme buffer. Separate standard 
curves were used to relate the optical density at each con- 
centration of sodium acetate (at y= 0-4 and higher) to the 
number of ug of phenolphthalein liberated. 

To validate the method of assay, the quantity of 
phenolphthalein liberated as a function of the concen- 
tration of enzyme was determined at two concentrations of 
substrate. At 4x 10-4 molar the relationship is lmear up 
to the greatest concentration of enzyme used. With half 
of this concentration of substrate, the relationship was 
non-linear with the higher concentrations of enzyme. 

To determine the effect of concentration of acetate 
buffer and of sodium chloride, solutions of acetate buffer 
of constant ionic strength (u=3x10 to u=1-8) were 
prepared by diluting a stock solution of sodium acetate 
with acetic acid and water to pH 5-0. Solutions of sodium 
chloride of constant ionic strength were prepared by dilut- 
ing a stock sodium chloride solution. In order to keep the 
pH of the sodium chloride solutions constant, 0-003 
normal sodium acetate was added to each solution. and the 
pH was adjusted to 5-0 with dilute hydrochloric acid. The 
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incubation mixture consisted of 1-0 ml. of acetate buffer or 
sodium chloride solution, 0-3 ml. of substrate (pH 5-0) and 
0-2 ml. of enzyme solution. No change of pH was noted on 
mixing the latter components or during the 30 min 
incubation. ‘Ketodase’ (20 ml.) was dialysed overnight 
against 4 1. of deionized distilled water at 4° O and the 
supernatant was stored in the refrigerator at 4° C. This 
preparation was called dialysed ‘Ketodase’. A series of 
incubations was carried out with dialysed and undialysed 
‘Ketodase’ employing the routine assay procedure except 
that sodium chloride or sodium acetate buffer was added 
to the final incubation media in a wide range of concen- 

Bae The results of this investigation are summarized 
in Fig. 1. 

The activity of the dialysed or undialysed enzyme is 
plotted against the ionic strength, both of acetate buffer 
and of sodium chloride. Undialysed ‘Ketodase’ contains 
a high concentration of acetate buffer (approximately 7 
normal) but only a trace of chloride ion. From the dilu- 
tion of ‘Ketodase’ used in the assay procedure, the con- 
tribution of acetate buffer to the ionic strength in un- 
dialysed ‘Ketodase’ was estimated to be 0-02, and the data 
shown in Fig. 1 have been corrected accordingly. All of 
the effects shown there were found to be reversible. Tho 
activity of the dialysed ‘Ketodase’ changed in much the 
same way as that of undialysed ‘Ketodase’, but was 
diminished. It was also observed that once maximum 
activation by sodium chloride was obtained, the addition 
of acetate buffer caused a loss of activity. The difference 
in activity between specimens containing 0-2 normal 
sodium ohloride with and without acetate buffer (0-2 
normal), for example, was only a few per cent. It appears, 
from the increase in activity to a constant value as the 
concentration of sodium chloride is increased and the 
smaller increase and later decrease in activity as the con- 
centration of sodium acetate is increased, that acetate ion 
inhibits the enzyme. 

Many workers have investigated the concentration 
of urinary 6-glucuronidase in patients with a variety of 
diseases and it has been reported, for example, that it is 
increased in patients with carcinoma of the bladder’. It 
is, however, doubtful whether any value for the concen- 
tration of endogenous -glucuronidase in urine is 
ful unless the effect of endogenous inhibitors of the 
enzyme*~* is first eliminated by dialysis, dilution or some 
other procedure! and the ionic strength is controlled. 

Cox“ working on kinetics of hydrolysis of phenol- 
-~ phthalein glucuronide by molluscan 8-glucuronidase did not 
include ionic strength as one of the variables in his work. 
Becker™ investigated the hydrolysis of phenolphthalein 
glucuronide by several types of f-glucuronidases in 
several buffers (all at 0-1 molar) and reported differences 
between the effects of the different buffers; but he did not 
investigate the effect of the concentration of the buffers. 
Verity, Caper and Brownt? reported that the activity of 
murine hepatic 6-glucuronidase is affected by the buffer 
employed and showed that the pH. optimum was altered 
by different buffers in an assay based on fluorescence with 
l-naphthyl-8-p-glucuronide as the substrate. We have 
found in some preliminary work that the pH-rate profile is 
altered by the ionic composition, but that the difference in 
activity at pH 5 and the pH optimum is not sufficient to 
account for the observed effect of ionic strength. 

Fernley!” demonstrated that several heavy metal ions 
inhibit mammalian f-glucuronidase, and Levvy and 
Marsh?*1® showed that heavy metal ions inhibit rat and 
mouse-liver 8-glucuronidase. It has been shown also that 
B-glucuronidase is activated by chitosan, protamine, 
albumin, DNA and a variety of other substances and by 
extracts of rat liver?!, It is possible that some solutions of 
activators or inhibitors also contained sodium, chloride or 
other ions, added during the adjustment of pH, and that 
some of the reported effecta were influenced by the ionic 
composition of the test solutions. Somewhat similar 
effects on. sulphatase of ox liver by sodium chloride have 
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Fig. 1. The effect of ionio strength on the activi 
undtalysed 6-glucuronidase from bovine liver. 


been reported’! and on human arylsulphatase by acetate 
buffer*®, 

The measurement of §-glucuronidase activity in biologi- 
cal fluids is particularly difficult because some means must 
be employed to bring the ionic strength to a known value. 
A possible solution to this problem is to dialyse the fluid to 
remove ions as well as dialysable inhibitors and then to 
adjust the fluid to some standardized ionic composition. 
The selection of a concentration of 0-2 normal sodium 
chloride for the routine incubation procedure reported here 
was based on the observation that maximum activity was 
obtained at this concentration. The selection of 0-2 
normal acetate buffer was made to minimize changes of 
pH which are encountered frequently during incubations 
in which biological fluids such aa urine are added to poorly 
buffered incubation media. 

Evidence has been obtained in investigations which we 
have carried out after those described in detail here that 
B-glucuronidase from the limpet Patella vulgaia and the 
bacteria Escherichia colt is reduced in activity as the ionic 
strength is increased. It appears, therefore, that the effect 
of ionic strength on the activity of B-glucuronidase from 
different sources is not uniform™)*, 

This investigation was supported by a grant from the 
National Institute of Arthritis and Metabolic Diseases, 
U.S. Public Health Service. One of us (8. K.) is a 
recipient of a Career Development Award from the 
National Institutes of Health. “Ketodase’ was supplied by 
the General Diagnostic Division of Warner-Chilcott 
Laboratories. 

1 Bernfeld, P., and Fishman, W. H., J. Biol. Chem., 208, 757 (1963). 
*Nimmo-Smith, R. H., Biochim. Biophys. Acta, 50, 166 (1961). 

* Levvy, G. A., Biochem, J., 52, 464 (1052). 

*Talatany Pi , Fishman, W. E, snd Huggins, O. J., J. Biol. Okem., 166, 757 
* Pian W. H., Springer, B., and Brunetti, B., J. Biol. Okem., 178, 449 
“Oohen, 8. L., Canad. J. Biochem., 42, 127 (1064). 

id Borland. B., Gasson, J. E., and Williams, D. O., Brit. J, Cancer, 11, 120 


' Fishman, W. H., Altman, K. I., and Springer, B., Fed, Proc., 7,154 (1048). 
* Abul-Padl, M. A. M., J. Olan. Pathol.,10, 887 (1957). 

1° Abul-Fadl, M. A. M., Biochem. J., 66, 16P (1957). 

u Fripp, P. J., Btochom. J., 89, 75P (1968), 

™ Marsh, O. A., Biochem. J., 86, 77 (1983). 

u Beling, C. G., Acta Endocrinol., suppl. 78 (1908), 

4 Oox, B. I., Biochem. J., 71, 763 (1959). 

2$ Booker, J. F., Broohim. Biophys. Acta, 100, 582 (1985). 

us T apedy’ Oeper, B., and Brown, W. J., Arch. Biochem. Biophys., 106 , 


1t Fernley, H. N., Biochem. J., 88, 500 (1962). 

a Levvy, G. A., and Marsh, 0. A., Nature, 180, 197 (1957). 

 Levvy, G. A., and Marah, C. at Brwochem, J., 66, 21P (1957). 

ba Bemisia, I P., Bernfeld, H. Miewolbaum, J. A., and Fishman, W. H. 
Rem. 300., 76, sabe (1054) 

un Danae e P. J., and Fishman, W.H. Biol. Chem., 286, 2169 (1961). 

“ Roy, A. B., WNochem. J., FI, 880 (1.980). 

“ Dodgson, K. 8., and Wynn, O. H., Biochem. J., 68, 387 (1058). 

u Fripp, P. J., Comp. Biochem. Physiol., 15, 361 (1985). 

u Hygstedt, O., and Jagenburg, O. R., Scand. J. Lab. Invesi.,17, 565 (1065). 


e 


144 


Inter-hemispheric Comparison of Visual Stimuli 


in the Pigeon 


NATURE. VOL. 214, APRIL 8, 1967 


by Monocularly trained pigeons show inter-hemispheric reversal of 


NANCY K. MELLO* 


Stanley Cobb Laboratories for Psychiatric 
Research, Harvard Medical School, Massachusetts 
General Hospital, Boston, Massachusetts 


left-right mirror Images. This cannot be explalned by binocular 
“confusion” 
between crossed lines and parallel oblique lines. The response In 
binocular viewing conditions showed that pigeons do not confuse 


Pigeons were monocularly trained to discriminate 


crossed and oblique lines when each line is simultaneously presented 
to opposite eyes. 


Ir is common experience that our judgments of the 
spatial orientation of patterns are equivalent, whether the 
patterns are viewed binocularly, or with each eye in turn. 
Inter-ocular equivalence of visual perception is consistent 
with a capacity for sumultaneous binocular integration 
which is characteristic of mammals. A variety of species 
have large binocular visual fields; however, voluntary 
conjugate eye movements? and projection of the macular 
portion of each retina equally to both hemispheres are 
peculiar to the mammalian visual system. The capacity for 
simultaneous binocular integration of visual experience 
in non-mammalian vertebrates has been questioned?-?, 
because in, for example, birds and fish, the direct afferent 
visual input is anatomically restricted to a single hemi- 
sphere* and eye movements are independent}. In birds 
such as the pigeon, a laterally placed eye, a central fovea 
and a small binocular visual field (24°)! place a further 
constraint on binocular integration. Observations of gross 
behaviour have suggested that pigeons normally use one 
eye at a time!*, Furthermore, it has been shown that 
birds can discriminate depth monocularly?:*, which suggests 
that a predominantly monocular mode of visual behaviour 
would not impair the functional capacity of birds to ap- 
preciate depth and distance. 

Examination of the kind of inter-ocular equivalence that 
existe within the binocular field in pigeon has been prompted 
by reports of an inter-hemispheric reversal of left- 
right orientation of patterns after monocular training*. 
Pigeons monocularly trained to discriminate left-right 
mirror image patterns respond maximally to the negative 
rather than to the positive stimulus during tests 
with the opposite, “untrained” eye open‘* (and paper 
read by R. 8t. Claire-Smith at the Eastern Psychological 
Association in New York City, April 1966). For example, 
pigeons reinforced for pecking at a 45° oblique line (/) 
respond maximally to its mirror-image, 135° (N), during 
tests with the “untrained” eye even if these stimuli have 
been differentially reinforced during training’. Inter- 
hemispheric reversal has only been observed after training 
on left-right, mirror image patterns‘~*. After monocular 
training on up~down mirror image patterns, pigeons 
respond appropriately to the stimuli trained as positive 
and negative during tests with only the “untrained” eye 
opent. 

There are no anatomical or physiological data available 
for the pigeon which would predict an inter-hemispheric 
reversal of patterns distinguishable only by left-right 
orientation. In each of the experiments demonstrating 
inter-hemispherio reversal of left-right mirror-image 
patterns‘ pigeons wore goggles which restricted stimu- 


* Present address’ National Center for Prevention and Control of Alco- 
holism, National Institute of Mental Health, 5454 Wleconsin Avenue, Chevy 
Chase, Maryland 20203. 


lation to the frontal visual field, independent of head 
position. If stimuli presented in the binocular visual field 
are not simultaneously integrated, but rather are viewed 
alternately with each eye in turn, then conflicting visual 
information would not necessarily disrupt adaptive 
behaviour. 

The fact that pigeons treat objectively differont stimuli 
(for example, 45° and 135° oblique lines) as if these were 
identical stimuli when presented to each eye in turn does 
not indicate that pigeons perceive the same stimulus in 
two different ways when using both eyes simultaneously. 
If, however, pigeons were to “confuse” the orientation of 
two parallel oblique lines, when each of the lines 18 
simultaneously presented to only one eye, such a result 
would be consistent with the observed mter-hemispheric 
reversal of left-right mirror-image patterns. This possi- 
bility is examined in the following experiment. 

Six white Carneaux male pigeons (Columba livia), each 
maintained at 75 per cent to 80 per cent of ite free-feeding 
weight, were trained to peck a translucent response key 
for access to food. Each pigeon wore brass goggles which 
restricted visual stimulation to the frontal visual field 
(see ref. 7). Goggles were covered with red and blue 
filters encased in plastic, constructed from Kodak Wratten 
filters No. 45 and No. 29, during training and testing 
sessions. (The dominant wavelength of Wratten filter 
No. 45 is 486:8 with a range of transmittance between 
440 and 540 mp. The dominant wavelength of Wratten. 
filter No. 29 is 632-7 with a transmittance range between 
610 and 700 mz.) The discriminative stimuli, shown in 
Fig. 1, were also constructed from Wratten filters No. 45 
and No. 29. This arrangement permitted the discriminative 
stimuli to be presented to each eye separately, because the 
red stimuli could not be seen through the blue filter 
nor could the blue stimuli be seen through the red 
filter. 

All single and parallel oblique lines, oriented at 45° and 
at 135°, were associated with reinforcement during training 
(S+). All crossed lines (.X’s) were never associated with 
reinforcement for responding (S—). These discriminative 
stimuli were presented successively in an irregular sequence 
each day. Whenever a positive stimulus (9+) was pro- 
jected on the response key, only the first peck after a 
variable interval of time (which averaged 1 min) resulted 
in access to grain for 6 sec. Five minute presentations of 
an S + alternated with presentations of a negative stimulus, 
S—, during which no reinforcements were available. Ter- 
mination of an S— and return to an S+ were contingent 
on at least 1 min without pecking. Any peck during an 
S— reset a clock and lengthened the time that S— was 
present. This combination of reinforcement schedules 
produces a high steady rate of response during S+ anda 
low or zero rate during S— (chain DRO VT I). 
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Pigeons were trained on this discrimination problem for 
between eighty and a hundred sessions, each terminating 
after sixty reinforcements had been received. The position 
of the red and blue goggle covers was interchanged daily 
according to an irregular sequence, in order to ensure that 
each eye had equivalent training experience. 

Once pigeons learned to discriminate oblique hnes (5+) 
from érossed lines (S — ), using each eye in turn, tests were 
run in extinction conditions so that the occurrence of 
reinforcement itself could not serve as a oue as to the ap- 
propriate pattern of response to a particular test stimulus. 

Test stimuli are shown in Fig. 1 (right). Pigeons were 
tested in monocular viewing conditions during which test 
stimuli were presented successively to each eye in turn 
(Fig. 1, top right), and ın binocular viewing conditions 
during which test stimuli were presented simultaneously 
to both eyes (Fig. 1, lower right), Each test session con- 
sisted of eight alternate, 2 min presentations of the eight 
test stimuli arranged in an irregular sequence. Each 
pigeon was tested in each viewing condition three times on 
successive days. 

If pigeons “confuse” the orientation of parallel oblique 
lines, simultaneously presented to each eye separately in 
the binocular field, then there should be a response to the 
crossed lines (S—) as if these were parallel oblique lines 
(S+) and there should be @ response to the parallel 
obliques as if these were crossed lines. 

A comparison of the percentage of total responses to the 
parallel oblique lines (S+) during testa in monocular 
and binocular viewing conditions 1s shown in Fig. 2. 
These data represent the percentage of the total responses 
to both S+ and S—, accounted for by responses to S -+ 
during three separate testa in each viewing condition. The 
number of total responses for each pigeon was between 
400 and 1,880 in each viewing condition. 

Although this discrimination problem was difficult, as 
shown by the low percentage of total responses emitted 
to $+ during the monocular tests by pigeons B and F, all 
Pigeons performed beyond the chance level. These data 
indicate that the discrimination, between crossed and 
oblique lines had been learned. Although four of the six 
pigeons made more errors in binocular viewing conditions, 
performance was beyond chance in every instance. 
Pigeon A performed with considerably greater accuracy 
in the binocular viewing condition. 

These data show that when each eye is simultaneously 
confronted with an oblique line oriented in the same 
direction, the pigeon responds to these stimuli as if they 
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were parallel lines and not as if they were crossed lines. 
It is therefore reasonable to infer that in the conditions 
of the present experiment, pigeons do not judge the 
orientation of two objectively simular stimuli (that is, 
parallel oblique lines) ın two different ways when using 
both eyes simultaneously. It is not possible to determine 
from these data whether pigeons were viewing the binoov- 
lar test patterns simultaneously or by rapid alternation 
from eye to eye, but it is clear that the opportunity for 
simultaneous, binocular appreciation of stimuli presented 
to each eye separately does not significantly disrupt 
discrimination performance. Furthermore, an appropriate 
response to single crossed lines (X’s) during the binocular 
test must have required an inter-hemispheric comparison 
of information presented separately to each eye. This 
finding that pigeons do show “interocular equivalence” 
of left-right orientation in binocular viewing conditions 
agrees with Walls’s suggestion that the capacity for inde- 
pendent eye movements “does not make it inevitable 
that there shall be sensory independence as well’’?. 

These data reatrict possible interpretations of the basis 
for inter-hemispheric reversal of left-right mirror image 
patterns after monocular discrimination training and 
argue strongly against an explanation in terms of & lack 
of left-right directional equivalence in the binocular visual 
field. This conclusion is indirectly strengthened by the 
fact that rhesus monkeys in which visual input has been 
restricted to the ipsilateral hemisphere by midline transec- 
tion of the optic chiasma also show inter-hemispheric 
reversal of left-right mirror image patterns®. Although 
these data testify to the interspecies generality of the 
mirror-image reversal phenomenon, possible anatomical 
and physiological bases for inter-hemispheric mirror- 
image reversal have not been demonstrated. 

Finally, the results of the present investigation indicate 
that interocular transfer and the capacity for binocular 
integration of perceptual stimuli are not equivalent 
paradigms because predictions made on the basis of 
inter-ocular transfer data do not obtain in conditions 
where both eyes can be used simultaneously. 

This work was supported by a grant from the U.S. 
Air Force, Office of Aerospace Research. 
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Tam observation that nitrous oxide decreases the rate of 
mammalian cell proliferation in monolayer culture’ led 
us to examine the effect of this gas on the mammalian 
embryo and foetus. Nitrous oxide is known to be lethal to 
the chick embryo’, but has not been shown to cause con- 
genital abnormalities in mammals. In the conditions of 
our experiments it is clearly teratogenic in the rat. 
Female Sprague-Dawley rata, determined to be in 
oestrus by the method of Blandau, Boling and Young’, 
were placed with males at midnight. If vaginal sperm and 
copulation plugs were found the next morning, pregnancy 
was diagnosed and the time was considered to be the 
start of day 0. On day 8, pregnant rats were placed in a 
transparent box, singly or in pairs, and kept there for 
2, 4 or 6 days. this period a gas mixture flowed 
through the box at a rate of 2 1./min. Tho mixture con- 
sisted of 45 per cent to 50 per cent nitrous oxide, 21 per 
cent to 25 per cent oxygen, and nitrogen for the experi- 
mental animals, and either air from a compressed air 
cylinder or a mixture of 21 per cent tank oxygen and 79 
per cent nitrogen in the case of the controls. There were no 
noticeable differences between the results with the two 
types of controls. The box waa provided with a wire-mesh 
floor under which was spread a layer of sodalime carbon 
dioxide absorbent. The composition of the atmosphere of 
the box was determined twice daily by infra-red nitrous 
oxide and carbon dioxide and paramagnetic oxygen gas 
analysers. The concentration of carbon dioxide did not 
exceed 0'3 per cent and generally was below 0-1 per cent. 
The absorbent never needed to be changed. The tem- 
perature in the box was about 3° C greater than room 
temperature, and generally at 23° C-26° C. Food and 
water were available ad libitum. While in the box the 
experimental animals ate and drank and gained weight at 
rates comparable with the controls, and were of normal 
appearance and behaviour. After removal from the box 
the animals were kept in a cage until day 20, when they 
were killed and examined. The implantation sites (foetuses 
plus resorptions) and the corpora lutea of pregnancy on 
each side were counted; the number of corpora lutea of 
pregnancy generally corresponded exactly with tho 
number of implantation sites. The sex of the foetuses was 
determined by measuring the distance from the anus to 
the genital tubercle. This distance is about 1 mm longer 


Exposure of pregnant rats to an atmosphere containing nitrous oxide 
resulted In foetuses with abnormalities of vertebrae and ribs, and 
in death and resorption of foetuses. 
selective, for surviving foetuses showed a smaller male/female sex 
ratlo than did the controls. 


The lethal effects seemed to be 


in males than in females. The reliability of the diagnosis 
was verified by examination of the gonads during sec- 
tioning, performed in more than one-third of the embryos. 
No errors were detected. The weight and the crown-rump 
length were also recorded. Some of the foetuses were 
fixed in Lillie’s fluid and subsequently sliced with a razor 
blade and examined for anatomical anomalies of the brain 
and viscera. The remaining foetuses were fixed in 95 per 
cent alcohol, cleared in 2 per cent potassium hydroxide, 
and stained with alizarin in order to demonstrate the 
skeleton. 

The commonest disturbances produced by nitrous oxide 
were death and resorption of embryos, and abnormalities 
of the vertebrae and ribs. The n of survivors 
and average foetal weight decreased with the duration of 
exposure to nitrous oxide (Table 1). The experimental 
litters comprised 105 live foetuses, of which fifty-seven 
were stained with alizarin; every one of the latter ex- 
hibited defects of vertebral ossification. Fifteen of the 105 
were dwarfs, defined as foetuses with a crown-rump length 
of 2-5 om or leas. Other common types of skeletal ab- 
normalities were partial or total absence of ossification of 
one or more ribs, and partial fusion of ribs, often associated. 
with irregular development of the centra of adjacent 
vertebral bodies (Fig. 1). Centres of ossification were 
absent on one side in some vertebrae. There were many 
instances of fusion between ossification centres in adjacent 
vertebrae. With one exception, all of the controls had 
normally developed viscera and skeletons with a full 
complement of vertebral and costal ossification centres‘. 
One control foetus had a supernumerary rib rudiment. Of 
the forty-seven experimental foetuses sectioned, four were 
found to have major visceral malformations, including 
one hydronephrosis, one cardiomegaly and three with 
hydrocephaly. In the small group of foetuses exposed for 
6 days, skeletal clearing was not carried out, perhaps 
accounting for a low incidence of malformations observed. 
(Table 1). The average weight of the foetuses in the group 
treated with nitrous oxide was 2:9+ 0-1 g (standard error) 
as against 3-7+0-1 g in the control group. The crown- 
rump length averaged 31:8+0-3 mm in the treated, as 
compared to 36-6+ 0-2 mm in the control. Applying the 
single-tailed ¢ test, the differences between these means 
are highly significant (P<0:001). Shortening of the spine 


Table 1. WHIGHT, LENGTH, SHX RATIO, AND INOIDENOR OF MALFORMATIONS IN RAT FORTUSHS FROM MOTHERS PLAORD IN 50 PWR ONNT NITROUS OXIDH-21 PHR 
ORENT OXYGEN-NITROGHN ON DAY 8 OF PRAGNANOY, AND FROM 21 PER OANT OXYGER-NITROGEN CONTROLS 


8 4 
Implantations Resorptions 


5 
Ave 
wel 
(E 


1 
Days in 60 per cent 
nitro 


us oxide Survivors 


0 (Controls) 77 6 1 

2 36 8 7 19 
4 88 (7 22 (25 
8 2) 18 57 


23 
147 (12) 42 (28%) 


76 

29 (81 3-2 
66 (76 28 
10 (48 27 


Total 105 (72%) 


STEFI 


2OL0-1 


6 7 8 9 
A © Survivors 

length Sex ratio with skeletal Other 

(mm) M-F malformation malformations 
36-5+0-2 89-87 1 48) Q (29) 
84 11-18 15 483 0 14 
31 22-44 42 42, 4 (ss a 
38 2-8 0) 0 10 
31:8 +08 85-70 57 (567) 4 (47) 


Tn column 2, the number of Htters is in parentheses; in columns 6 and 6, + indicates standard error; M, male; F, fomale; in columns 8 and 9, the 


number, of foetuses examined ia in parentheses. 
e * Hxoluding one dwarf preserved intact for photography. 
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Big. 1, Aluzarin-stained skeletons of day 20 rat foetuses; A, Control: B and O 

i ewe Be examples of skeletal anomahes after osure to bÔ per cent 

nitrous oxide on days 8-11 of Pregnancy. B Paice a dwarf. eation uniform, 
millime e. 


was apparently not accompanied by corresponding shor- 
tening of the limbs, for the length of the ulna in the 
cleared skeletons did not differ significantly in the treated 
and control groups. The placental weight : foetal weight 
ratio did not differ significantly in the two groups. 

The sex ratio among the surviving foetuses of the group 
treated with nitrous oxide was thirty-five males to seventy 
females, whereas in the controls the ratio was thirty-nine 
males to thirty-seven females. We believe the difference 
in the two ratios to be significant (y7= 5-2, P=0-023). It 
is noteworthy that of the 147 implantation sites in the 
group exposed to nitrous oxide, forty-two were resorptions, 
as against only one resorption in the seventy-seven controls. 
In the 2 and 4 day treated group the number of surviving 
females exactly equalled the sum of the surviving males 
and resorptions. We presume that the resorptions were 
mostly males and that the lethal effect of nitrous oxide 
on embryos apparently occurred selectively on those of the 
male sex. In the 6 day group there were more resorptions 
than survivors, suggesting that in this group some of the 
female embryos had also died. A selective mortality of 
this degree in the male has not been observed previously in 
experimental models but is known to occur in the human 
foetus during early pregnancy®. Whether this effect is 
mediated by direct gene action or through sex hormones 
produced in the foetal gonad cannot be decided on the 
present evidence, although it should be noted that most 
of the embryos in this investigation were treated before 
differentiation of the gonad. Sexual differences in the 
reactivity of adult animals to drugs are well recognized*’, 
but little information is available about the selective 
vulnerability of male and female embryos. Table 2 sum- 
marizes the sex ratios from the various experimental 
teratologic models that we have found so far. The effect of 
radiation on the sex ratio has been extensively investi- 
gated and, although not conclusive, male embryos appear 
to survive this treatment in greater numbers than the 
female®-!, Hahn and Hays’ found that a progesterone- 


147 


oestrone regime administered to pregnant 
rats increased the male/female ratio and that 
ovariectomy combined. with the same regime 
reversed the ratio. Although these authors 
felt the results were statistically significant, 
` our calculations of their data using the ehi- 
square test with Yates correction for con- 
tinuity! yielded an insignificant probability 

(see Table 2). Fox and Goss!? reported a 

statistically significant decrease in male 

offspring of mice treated with blue, 

while Waddington and Carter found a 

significant increase in male mice after 

maternal injection of trypan blue. Haring" 
observed a decrease in males after exposure 
of the maternal rat to oarbon dioxide. 

Although the latter author felt the data were 

statistically significant (P< 0-001), our own 

method of calculation!*, which allows for 
variability in the control, yielded a prob- 

ability of only 0:273. 

We believe that our experiments demon- 
strate a clearly selective destruction of 
male rat embryos by a foreign substance. 

They also reveal a high susceptibility of rat foetuses 
to skeletal and visceral abnormalities when the mothers 
are exposed for several days to a relatively weak nitrous 
oxide atmosphere during organogenesis. The sex 
incidence of the malformations proper remains to be 
investigated, although it was noted that the sex ratio 
among dwarfs wes five males to ten females, about the 
same proportion as that of survivors in the two sexes. 
Thus the mechanisms of male mortality and dwarfism may 
be partly independent of each other. 

The skeletal defects are to some extent reminiscent of 
the results of gross anoxic hypoxia in mice, reported by 
Ingalls and others!*, where an atmospheric pressure of 
oxygen of about 60 mm of mercury produced a 33 per cent 
incidence of skeletal anomalies in the embryos, though 
without any change in the sex ratio. In view of the normal 
pressure of oxygen breathed by our rats and the absence 
of visual evidence of respiratory depression, any hypoxia 
in our experiments would have been of the histotoxic 
rather than the anoxic variety. This idea 1s supported 
by the results of a control experiment in which thirty-five 
foetuses were exposed for 2 days to a mixture containing 
50 per cent nitrous oxide and 40 per cent oxygen. They 
manifested the same incidence and distribution of skeletal 
anomales as the foetuses receiving 50 per cent nitrous 
oxide with 21 per cent oxygen. Ebert and Hornsey" 
have produced evidence that inert gases like nitrous oxide 
compete with oxygen for access to as yet unidentified, but 
specific, sites within the cell, perhaps within the nucleus. 
The skeletal anomalies and the sex ratio effect we have 
described may help to narrow the search for some of these 
sites. 

Species differences, and the long duration of the present 
experiments, prevent any extrapolation to clinical con- 
ditions. Yet the rat and man are similar enough in the 
susceptibility of their nervous and haemopoietic systems to 
depression by nitrous oxide! to raise the question of a 
sımilar vulnerability in respect of congenital malformations. 


< 
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Table 2, SEX RATIOS OF SURVIVORS VROM EXPRRIMANTAL TERATOLOGIO MODELS 


Control Treated 
Author Animal and treatment numbers numbers 
n F M F (18) -P 
1 Hahn B. W., and Hays, R. 'L.* Progesterone and oestrone to rata intact 171 189 248 203 16 0221 
Ovanectomized 171 169 164 204 21 0147 
2 Rusl, L.B.” Radiation to mica 207 162 228 186 005 082 
8 Job, T, T., etal! Radiation to rats (eighth to eleventh day) - - 128 109 - ~ 
4 Rugh, R., and Wohblfromm, M.S Radiation to mice 667 618 516 378 67 0-01 
5 Fox, M. H., and Goss, O. M.i Trypan blue to rats a4 8&0 31 55 46 0-082 
6 W n, C. E, and Carter, T. 0.1! Trypan blue to mice 102 86 49 15 90 0003 
7 Haring, 0. M." Carbon dioxide to rate 79 288 12 0278 
8 Fink, g. B., et al. (this publication) Nitrous oxide to rats 89 87 85 70 62 0-028 
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muscle. 


IN 1950 Prof. A. V. Hill’ issued his famous “Challenge 
to Biochemists” to prove that changes in adenosine tbri- 
phosphate (ATP) actually occur in muscle during con- 
traction. This was shown to be the case both for single 
isotonic tetanic contractions’ and for single isotonic 
twitches* when it was found that 2,4-dinitrofluorobenzene 
(DNFSB) can effectively and irreveraibly inhibit creatine 
kinase (adenosine triphosphate : creatinephosphotransfer- 
ase, EC 2.7.3.2) in vivo at 0° C without affecting the 
ability of the muscle to contract and relax normally‘. 

In these and similar experiments from this laboratory, 
carried out mostly on frog (Rana pipiens) muscles which 
were frozen during single contractions, the following con- 
clusions have been reached. 

(1) Very little, if any, adenosine triphosphate (ATP) or 
phosphorylcreatine is broken down while the muscle is 
being activated*. It was not possible to observe a bio- 
chemical equivalent of the heat of activation at the time 
activation occurs. On the other hand, activation involves 
the release of bound calcium into the sarcoplasm and this 
calcium must be pumped back into the sarcoplasmic 
reticulum during the decay of the active state*.”. A break- 
down of ATP at this time and in the expected amount 
has been observed?. 

(2) ATP is broken down while the muscle is working in 
amounts quantitatively sufficient to account for the work 
done*.*.*, Experiments on fully activated sartorius muscles 
contracting against a Levin-—Wyman ergometer at a con- 
stant predetermined velocity from fully extended to fully 
shortened lengths show that there is a linear relationship 
between the total ATP used and the external work, even 
when very large amounts of work are done in a single 
contraction’®. At velocities between 0-6 and 2-5 cm/sec 
at 0° C the overall thermodynamic efficiency (external 
work/free energy change at 10 keal/mole of ATP) is about 
55 per cent. It decreases to zero at the lowest (0-0 cm/sec) 
and highest (6-0 om/sec) speeds when no external work is 
done*?®, 

(3) In single brief isometric tetani ATP utilization 
follows approximately the diagram of length and de- 
veloped tension. Some ATP is used at lengths so long or 
so short that no tension is developed), This ATP is 
- 


Prof. A. V. Hill has challenged biochemists to find whether the heat 
of shortening of muscle has any equivalent In the chemlstry of 
it Is shown that the heat of shortening, which Is reab- 
sorbed as tension disappears, is not degraded free energy from the 
splitting of ATP. 
a repeated cyclic reaction such as coll-hellx transitions in part of 
the myosin-actIn cross bridges. 


It must be reversibly transformed entropy from 


presumably that needed for pumping calcium, whereas 
the extra ATP used at intermediate lengths when tension 
is developed and maintained." is probably associated 
with continuous internal work within each sarcomere as 
it dithers to and fro, as was shown by Nicolai”. 

(4) There is no evidence for any breakdown of phos- 
phorylereatine associated with sho: per se in frog 
rectus abdominis muscles treated with 2,4-dinitrophenol*’. 
This conclusion was reached from experiments in which 
maximally activated muscles were allowed to do a con- 
stant amount of work in a single contraction. Some 
muscles lifted a heavy load a short distance; some lifted 
a lighter load a longer distance. In other experiments 
muscles lifted light or heavy loads through a constant 
distance. They were all frozen before relaxation and in 
all cases the phosphorylcreatine breakdown was constant 
for constant external work done and was quite inde- 
pendent of the amount of shortening. 

These conclusions are of interest in view of Hill’s 
original finding that the heat of shortening varies with 
the distance shortened but is independent of the work 
done™. His recent results show that the heat of shortening 
per em gets smaller as the muscle moves faster with a 
lighter load!*. The heat change associated with work is 
only observed as the muscle relaxes and the load is 
allowed to fall and dissipate its gravitational potential 
energy as heat™ (Fenn effect}*). 

A similar conclusion concerning the lack of a break- 
down. of phosphorylereatine associated with shortening 
per se was also reached by Mommaerts, Seraydarian and 
Maréchal!” and by Carlson, Hardy and Wilkie!’ on the 
basis of measurements of a series of contraction—relaxation 
cycles of muscles treated with iodoacetate. Hil has 
objected to this particular experimental design because 
no one knew what happened during relaxation. This 
objection would also apply to Jébsis’s finding?’ (see also 
ref. 21) based on spectrophotometric changes in cyto- 
chrome c that the total energy turnover in a series of 
lightly loaded isotonic twitches is less than in isometric 
twitches. 

(5) Finally, when an activated muscle is stretched at 
slow speeds there is a negative heat of lengthening™. This 
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Table 1. ATP USB BY DNFB TRHATED* SARTORIUS MUSCLES AT 0° O GIVEN 
SINGLE HLECTRIOAL PULSES AT DIFFHRERT FREQUHNOIBS AND ALLOWED TO 
SHORTEN FROM ly IN AN UNLOADED ISOTONIO CONTRACTION 


Number of pulses Frequency 4ATP TE por pulse Number of 
given { por sec (amole/g) muscle pairs 
I. 5, 10, 20 or 80§ 1 0 080 + 0 009 15 
I. 10 or 20 1 0-054 + 0-008 18 
I. 10 or 20 10 0-021 + 0-010 14 
IV. 1 60 0-005 + 0-002 6 
V.95 to 649 5 to 20] 0-008 + 0-008 14 
The muscles were froxen for chemical assa: amay at the peak of the last pulse by 
immersion into liquid Freon (CF, Ol, and OF, and Cl) at —185° O. ATP changes 
were measured a as APt AP by previously desoribed reat “all amays were 
done ın dy reased (+ atandard error of the mean) 
are tho ae otween maonbenn't of a pair, one an unstimulated control, 


the other treated experiment 

* 40 min exposure to 0 38 mmolar DNFB in frog Bunger’s solution at 0° © 
following tho m method of Cain, Infante and Davies 

t Inertaal and frictional force at maximal velocity equals 0-85 g. 

t Within each group there was no atgativent difference between the results 
of muscles given different numbers of pulses and go the resulte were taken 


together, 
Experimental z caah twat fn ali other groupe the me y re-extended to 
h (rest length) after each twitch; other groups the muscles shortened 


only once and remained shorte 
Pee 1n this A ane ead Tòr a iin at 0 pila We mmolar 


D frog Ringer's eofation made 640 mosmolar by the addition of sucrose 
Bo they gave no cal response, 
g.a Eeeauenee chosen so that the maximum duration of a contraction was 
9-2 pec. 


process is associated with a reduced rate of splitting rather 
than a resynthesis of ATP (ref. 23). 


Prof. Hill’s Further Challenge 


Prof. Hill’s first challenge! was the first paper in 
the complimentary volume for Prof. O. Meyerhof, and in 
the first paper!’ in the recent com) plimentary volume for 
Prof. H. H. Weber he has issued “A Further Challenge 
to Biochemists’’. He wants to know, and wants biochemista 
to find out, whether the heat of shortening of muscle has 
any equivalent in the chemistry of muscle. He published an 
experimental design and calculated what the equivalent 
change in phosphorylereatine should be if shortening heat 
were degraded free energy from the splitting of this 
compound. 

Now, as Wilkie** has made very clear, heat changes in 
an isothermal mechanochemical machine such as muscle 
may be the result of the degradation of free energy or the 
transformation of entropy. Degraded free energy causes 
an irreversible heat output, whereas transformed entropy 
may lead to @ reversible heat output or uptake. This 
depends on the relative values of AF, AH and TAS and 
the thermodynamic efficiency with which the free energy 
is used to produce external work. 

In order to investigate the source of the heat changes 
it is necessary to know what reactions are taking place. 
Intensive investigations**.!° have shown that in muscles 
pre-treated with DNIFB under the conditions worked out 
by Cain and Davies‘, the only effective source of energy 
is the content of ATP. For the first 1:5 sec of heavy 
work, only the actomyosin ATPase and the calcium pump 
use ATP, and the splitting of ATP exactly equals tho 
appearance of inorganic phosphate. During the next 
0-6-1 sec, myokinase (ATP: AMP phosphotransferaso 
EC 2.7.4.3) becomes active, followed by AMP deaminase 
(AMP aminohydrolase EC 3.5.4.6), and after 3 sec the 
enzymes involved in making hexose phosphates from 
jinorganio phosphate. It is important that for 3 whole 
seconds of intense activity at 0° C of frog sartorius muscles 
treated with DNFB, the net breakdown of ATP can be 
measured linearly by the appearance of inorganic phos- 
phate’. Oxidative phosphorylation is blocked‘ and no 
lactate is formed during this time (refs, 26 and 26, and 
Delluva, A. M., and Davies, R. E., to be published). 
Lactic acid is produced much later, when the muscle is 
in rigor mortis‘. 

Another problem was that most heat measurements 
have been made with untreated muscles or after treat- 
ment with iodoacetate, whereas treatment with DNFB is 
necessary to observe changes in ATP. This has been 
resolved in two ways. Dydyńska and Wilkie™* and 
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Wilkie?” (see also ref. 28) have shown that all the initial 
heat changes at 0° C in frog sartorius musclea pre-treated 
with DNFB are quite similar to those in normal muscle 
and concluded that the enthalpy for ATP splitting in vivo 
is the same as that for phosphorylereatine and is 10-11 
kcal/mole. This value includes the heats of neutralization 
of the hydrogen ions formed and is in the range expected 
from some recent work of Wu, Witonsky, Phillips, George 
and Rutman (personal communication). 

This means that the results for heat changes in normal 
muscle can be applied to muscles treated with DNFB. 
The complementary finding is that for at least 1:5 sec of 
an isometric tetanus (the longest time tested) the rate of 
inorganic phosphate production and hence ATP break. 
down of a frog sartorius muscle treated with DNFB at 
0° O is exactly the same as a normal untreated muscle’. 
This is very convenient because in normal muscle the ATP 
which has been split is immediately resynthesized from 
phosphorylereatine even while the contraction is in pro- 
gress. The inorganic phosphate liberated is, however, an 
accurate measure of the energy metabolism for a few 
seconds until glycolysis and oxidative phosphorylation 
become activated and utilize the inorganic phosphate and 
resynthesize ATP and phosphoryloreatine. 

With this background of information we were able to 
design experiments?® which would give very much more 
accurate values for the ATP usage associated with 
activation and shortening than had hitherto been pos- 
sible5:*:14, 


Activation 


We compared a series of control DNIFB-treated sar- 
torius musele (Rana pipiens) with their pairs which were 
stimulated five, ten, twenty or thirty times by single 
supramaximal electrical pulses at various rates. These 
muscles were unloaded and were either allowed to remain 
at the shortened length or were mechanically re-extended 
to rest length after each twitch was over. The results are 
given in Table 1. The first series shows that with this 
experimental design a small but significant change in 
ATP could be detected and certainly occurs in these 
muscles on stimulation when negligible or no external 
work is done. The change in ATP per pulse at slow rates 
(1/se0) is the amount expected from studies of the energy 
requirements for pumping calcium in isolated vesicles*. 
At faster rates less ATP is used for each pulse, which sug- 
gests that under these conditions less calcium is liberated 
at each pulse and consequentially less per pulse must be 
pumped back to the sarcoplasmic reticulum. Incidentally, 
at very fast rates (50/sec) much of the ATP was used 
after the final pulse. When muscles treated experimentally 
as in series IV (Table 1) were compared with muscles 
which were given the game number of pulses but frozen 
3 seo after the last pulse, there was a further breakdown of 
ATP (AATP = 0:002 + S.H. 00007 pmole/g; 0:02 <P 
< 0-06). 

This all fits with the recent findings of Gibbs, Ricchiuti 
and Mommaerts”? that the activation heat is independent 
ot length and is less at pulse rates of more than 2/sec, and 
also of Jébsis and O’Connor’, who followed a spectro- 
photometric change in toad sartorius muscles treated with 
murexide which seems to show directly a transient 
appearance of calcium in the sarcoplaam, which was less 
per pulse at high rates of stimulation. 

Activation heat is 1-2 mecal/g in normal muscles*®*!, 
and the results in Table 1, especially for muscles in hyper- 
tonic solutions (series V), show that the ATP utilized in 
these DNFB muscles is insufficient to account for this 
amount of heat even if all ita free energy were degraded 
and its enthalpy were —10 kcal/mole. If the ATP were 
used for pumping calcium at 50 per cent thermodynamic 
efficiency and its free energy change on hydrolysis under 
conditions in the muscle were — 10 keal/mole, then only 
5 keal of heat/mole ATP would appear from ATP at that, 


+ 
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Sımılar very amall changes in phosphorylereatıne 
have also been found recently by Pool and Bonnenblick?? 
for activation of cat papillary muscle. Activation heat 
may well be the heat released when bound calcium is 
liberated into the sarcoplasm when the musole is activated 
and thus may not require a splitting of ATP for it to be 
observed durmg activation??. 


Heat of Shortening 


The results in Table 1 are also relevant to the energy 
source for the heat of shortening. In the experiments in 
series I the mean shortening heat per twitch was 
83:5 + S.E. 6-8 g-om/g. This is based on Hill's new 
relationship!’ for the constant of the heat of shortening, 
a = 016 (+ S.E. 0-015)P, + 018 (+ S.E. 0-027)P, 
where P, is the maximum force developed in an isometric 
contraction, and P is the load against which the muscle 
is shortening. For this series of sartorius muscles, the 
average weight was 90 mg and P, was takon as 50 g, 
which was a minimal value and thus slightly under- 
estimates the true value of the calculated shortening 
heat’. This heat would therefore require 0:16 + S.H. 
0-014 umole ATP/g/twitch to have its free energy degraded 
at an enthalpy change of —10 kcal/mole ATP, and cor- 
respondingly more if the ATP were carrying oub some 
useful function with an appreciable efficiency. In fact, 
the total ATP used was only 0-08 + S.E. 0-009 umole/g/ 
twitch. Even uf the whole of this ATP were contributing 
solely to shortening heat it would still be far too small to 
account for it (P <& 0-001). In any case, most of it must 
have been used for pumping back the calcium released 
during activation. The only alternative is to assume that 
a larger amount of ATP was broken down during con- 
traction and that much of it was resynthesized during 
relaxation. Earlier experiments have, however, already 
shown that ATP is not resynthesized during relaxation 
under these conditions so this possibility is excluded*.5. 
We believe that these findings, together with previously 
published results®®1"18, are overwhelming evidence 
against the source of shortening heat being degraded free 
energy from ATP. 

Nevertheless, we decided to take up Professor Hull’s 
challenge’ directly and to follow his protocol exactly as 
he described it. The results are given in Table 2 for both 
normal muscles and muscles treated with DNFB. In 
principle, a lightly loaded (1 g) muscle that contracted 
isotonically was compared with its pair that contracted 
isometrically, and shortening heat was the extra heat 
output of the isotonic over the isometric muscle, as cal- 
culated previously. 

Both muscles of a pair were stimulated with supra- 
maximal pulses at 25/sec for 170 msec and then rapidly 
frozen. The changes in voltage of the stimulus monitored 
on an oscilloscope showed that by 200 msec from the 
start the muscles had frozen sufficiently to prevent the 
passage of longitudinal currents. As expected, the results 


Table 2. OBSERVED ATP OHANGES OOMPARMD WITH EXPROTHD HAAT OF 
SHORTENING 


No. of 
AATP (smole/g) Probability muscle 
pairs 

I, Untreated sartorit — 0186 + 0-047 0001<P<001 18 

IL DNFB treated —0 004 + 0-051 0:05 <P<01 20 
HL Mean value for all muscles — 0:128 + 0-085 P<0 001 88 
ines I and IT) 
TV. Difference between mean 0 071 + 0 069 O2<P<03 88 
values of DNFB and un- 
peated sartorii (lines I 
an 
V. ATP utilization calculated 0-228 + 0-021 P € 0001 38 
for shortening heat* 
VI. Total discrepancyt (lines 0-366 + 0 041 P «& 0001 38 
DI and V) 

One of a pair of musclea was grven a 170 msec isometric tetanus at h; the 
other was n a 170 msec isotonic tetanus with a 1-0 g load. o muscles 
were pretreated, frozen and assayed as desorfbed in Table 1. Free began 
170 msec after the first electrical pulse was given and was virtu oom- 


pleted at 200 msec. 

* amB8-18, Pe = 50 g 10r thla series of muralas: Ben seo text. 

+ Expec ted ATP from calculated shortening heat plus ATP use in 
fhe Fryer ın excess of the isotonic contractions, 
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for the normal muscles and for the muscles treated with 
DNFB were not significantly different and were taken 
together. The remarkable finding, however, was that the 
isometric contraction utilized more ATP than the isotonic 
contraction (AATP = 0-128 + S.H. 0:035 umole/g; P 
< 0-001). The mean shortening heat per muscle caloulated 
from the accurately measured observed shorteni was 
96-5 + S.E. 88 g-om/g equivalent to 0-228 + S.E. 0-021 
umole ATP/g at 10 kcal/mole. Thus, the total discrepancy 
was 0:356 + S.E. 0-041 umole ATP/g (P < 0-001). This 
result, which was expected on the basis of the previous 
experiments cn short isometric and lightly loaded isotonic 
contractions’ *»12:17,28, rules out the possibility that 
shortening heat comes directly from ATP, which could 
not contribute more than 10-11 kcal/mole ‘and probably 
contributes much less. Even if ATP delivered 20 kcal/ 
mole the P value would still be far below 0-001. 

This finding raises acutely the problem of the changes 
which lead to the ap ce of shortening heat. The 
free energy from the ATP must drive some reaction which 
has a big decrease in entropy so that the ratio AF/AH is 
both small and positive. Furthermore, it must be cyclic 
because of the important conclusion which reconciles the 
apparent contradiction between the results of Hill4+15 and 
of Carlson, Hardy and Wilkie'*, that is, that shortening 
heat is observed only during the time the musele is 
actually shortening. It is not seen in the whole contrac- 
tion-relaxation cycle. 

These are just the properties that obtain for the change 
from the randomly coiling form to the a-helix in poly- 
peptides, and in a recent molecular theory of muscle 
contraction"? such a transformation plays a key part in 
the mechanism of muscle contraction and can account 
qualitatively and quantitatively for the properties of 
shortening heat and for the reduced ATP usage” and the 
negative heat of stretching*™* an activated muscle. Newer 
results for the heat changes in the helix—coil transforma- 
tion actually give an even better agreement than that 
obtained with the original calculation*®. The theory 
assumes that the thick and thin filaments interact after 
activation because calcium forms a link between a bound 
ATP on a flexible part of the myosin cross bridge and the 
bound ADP of actin. Recent work from Ebashi’s labor- 
atory*4 strongly suggests that tropomyosin and troponin 
are important parts of the thin filaments and confer 
specificity for calcium in this interaction of myosin and 
actin during the splitting of ATP. The belief that the 
myosin. cross bridges move cyclicly during contraction is 
strongly supported by recent X-ray pictures” of living 
contracting muscle by H. E. Huxley and Elliott. Evidence 
for a small coil—helix transition has been obtained from 
changes in absorbance in the far ultra-violet during the 
interaction of heavy meromyosin (an enzymatically active, 
soluble fragment of myosin) with ATP and actin®*, and 
from recent measurements on the changes in optical 
rotatory dispersion as heavy meromyosin acts on ATP 
(ref. 37). 

Thus, Prof. A. V. Hill’s “Further Challenge to Bio- 
chemists” has been taken up. The heat of shortening 
of muscle is most certainly not degraded free energy from 
the splitting of ATP and must therefore be transformed 
entropy from some other process. A reaction which could 
account for this transformed entropy is available in 
hydrogen-bond formation during a coil—helix transition, 
as was suggested in a recent molecular theory of muscle 
contraction**, 

We thank Mrs. Alice D. Corsey for skilled technical 
assistance. This investigation was aided by a grant from 
the U.S. Public Health Service. 
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Tus development by Nachmansohn?* of the theory that 
permeability cycles in exortable cells are regulated by 
acetylcholine (Ach) is based to a very large extent on 
pharmacological evidence. Inlubition of impulse con- 
duction in excitable cells due to the application of cholin- 
ergic inhibitors (such as atropine and curare) or anti- 
cholinesterases such as eserine has been interpreted as 
positive evidence for the role of an Ach receptor-cholines- 
terase system in normal conducting processes?-*. To reach 
such a conclusion, on the basis of this type of evidence it is 
essential that the drugs used have specific, limited, and 
well defined pharmacological actions, so that their effects 
can readily be interpreted on a mechanistic basis. It has 
already been repeatedly observed that the absolute 
specificity of several of these drugs, especially at the high 
concentrations used, is highly questionable*-"*. 

One olass of drugs, the local anaesthetics, whose ability 
to abolish conduction of impulses in nerve and muscle is 
well known, has been, used extensively to demonstrate the 
importance of the Ach-receptor system in the process of 
impulse propagation’: 5.16, The close chemical-structural 
relationship between Ach and such local anaesthetics as 
procaine and tetracaine has led to the development of the 
hypothesis that these drugs act as . . . “anti-metabolites of 
Ach by competitively blocking the active site of the Ach 
receptor’’?. Furthermore, this concept has been expanded 
to show . . . “that electrical activity is inseparably 
associated with the Ach-receptor, since it 18 well known 
that all electrical activity in all excitable membranes is 
blocked by local anaesthetics’’*. 

The conclusion that local anaesthetics are competitive 
inhibitors of Ach at the active site of the Ach-receptors is 
based primarily on the observation that procaine and 
tetracnine inhibit the depolarization of electroplax 


regulates the permeability cycle in excitable cells, has led to the find- 
ing that blockade of impulse conduction by local anaesthetics cannot 
be accepted as proof that a cholinergic mechanism is In operation. 
Local anaesthetics do not react with the actlve site of acetylcholine 
receptors but rather act directly on the movements of ions In cells. 


membrane by carbachol (carbamylcboline), and that this 
effect can be reversed by increasing the concentration of 
carbachol. The pharmacological evidence for this hypo- 
thesis of local anaesthetic action is not, however, con- 
clusive and ıt should be tested more rigorously, especially 
in view of the very important theoretical conclusions 
derived from it. 

We have therefore investigated the antagonism of Ach 
and carbachol by tetracaine ın a more systematic manner. 
Theoretically the dose-response curves of any agonist 
drug in the presence of a constant concentration of 4 
competitive antagonist undergo @ parallel shift to the 
night on the log dose axis!”. Non-competitive antagonists 
should produce a proportionate decrease in both slope and 
maximum of the symmetrical sigmoid curves. The effect 
of tetracaine on the dose-response relationship for carba- 
ohol (and Ach in some experiments) was investigated in 
isolated frog rectus abdominis muscle and in isolated 
mammahan smooth muscles, namely, rabbit taenia col, 
guinea-pig ileum and taenia coli. Thus the so-called 
“nicotinie’’ and “‘muscarinic’’ Ach receptors were both 
investigated. Fig. 1 shows dose-response data relating to 
the action of tetracaine in frog rectus abdominis muscle, 
It is evident that the mode of action of tetracaine can 
clearly be distinguished from that of d-tubocurarine. 
d-Tubocurarine produces a parallel shift to the right of the 
log dose-response curves for carbachol with only a small 
reduction in maximal response at high concentrations of 
d-tubocurarine (10-5 g/ml. or greater). Tetracaine, on the 
other hand, decreases the slope of the curves and markedly 
depresses the maximal response. The action of tetracaine, 
which is reversible in this preparation, is therefore char- 
acteristic of a non-competitive antagonism towards 
carbachol. 


° © . kad 





152 
100 Paar) 
7 aes ogó C 
g 90 ; 
a 
3 80 
g 70 
g 80 
J 0 
3 40 
Ş so 
8 20 
g 
® 10 
8 7 6 5 4 3 
—Log{carbachol] 


Fig. 1. Dose-response relationship for carbachol in five isolated frog 

rectus abdominis muscles. Concentrations of d-tabocurarine (C), tetra- 

caine (T) and carbachol expressed as g/ml. In the presence of 6 x 107 

tetracaine no response to carbachol was obtalned with concentrations as 

high as 8x10. Responses to carbachol were determined after 30 min 
exposure to the inhibitor drag. 
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Fig. 2. Dose-response relationship for carbachol in five isolated rabbit 


taenia coli (35° O). Concentrations of atropine (A), tetracaine (T) and 
carbachol expreased as g/ml. Responses to carbachol were determined 
80 min after exposure to the inhibitor drug. 


In the rabbit taenia col: the curves describing the dose- 
nse relationship to carbachol are radically shifted to 

the right by low concentrations of atropine (Fig. 2). No 
reduction in maximal response is seen, and the antagonistic 
action of atropine at these concentrations therefore appears 
to be of a competitive nature. In rabbit and guinea-pig 
taenia coli tetracaine also induces some parallel shift of 
the curves but, more importantly, also a marked decrease 
in maximal response. Again this effect of tetracaine is 
reversible, and is characteriatic of a non-competitive type 
of antagonism. The shift to the right of the carbachol 
dose-response curves brought about by tetracaine may be 
attributed to an ability of carbachol to produce essentially 
maximal response in this tissue by occupying only a small 
fraction of the total number of available receptors!™18. 
This view is supported by our observation that competitive 
irreversible inhibition of carbachol by dibenamine!* 
also resulted initially in a parallel shift of the dose-response 
curves. We have determined the apparent dissociation 
constant (Kp) for the carbachol-receptor complex in this 
tissue by the method described by Furchgott®. Kp for 
carbachol was found to be approximately 3 x 10-* g/ml., 
which is in very close agreement with the value found by 
Furchgott and Burstyn’! in other smooth muscles. The 
proportion of receptors ocoupied by a drug at any given 
drug concentration (D) is given by the expression (D)/ 
Kp + (D), from which it was determined that about 90 per 
cent of maximum response in the taenia coli could be 
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attained by carbachol with occupation of only 10 per cent 
of ita receptors. 

To determine more direotly whether the parallel shift of 
the log dose-response curve in the presence of a low con- 
centration of tetracaine (1 x 10-° g/ml.) could be attributed 
to competitive antagonism, the dose-ratio test was carried 
out as described by Paton and Rang’. The dose ratio 
DR is defined as D,/D, where D, is the dose of an agonist, 
in the presence of an inhibitor, required to produce the 
same response as a concentration of the agonist, D, in 
the absence of inhibitor. If two antagonists, giving dose 
ratios DR, and DR, are both competititve inhibitors of 
carbachol the dose ratio obtained in the presence of both 
inhibitors simultaneously, DRii:, should equal DR,+ DR, 
—1. If the two inhibitors do not compete for the same 
active site on the receptor, DR,..=DR,, DR}. At 10-5 
g/ml. tetracaine the dose ratio was found to be 3 and for 
10-" g/ml. atropine the dose ratio was 60. The combination 
of both inhibitors gave a value for DR+, of 200, close to 
the expected value of 180 for inhibitors acting at different 
sites, 

In another smooth muscle, the guinea-pig ileum, the 
maximal response to carbachol was also markedly re- 
duced by tetracaine without a parallel shift of the log 
dose-response curves even at low concentrations of 
tetracaine. The antagonism to carbachol was freely 
reversible by washing out the tetracaine. Another experi- 
mental observation that illustrates the non-specificity 
of the antagonism of tetracaine to carbachol is its action 
towards other agonists such as histamine. The histamine 
dose-response curves were also flattened by tetracaine in 
contrast to the parallel shift induced by the competitive 
antagonist diphenhydramine. Equivalent concentrations 
of tetracaine also depressed the maximal responses to 
carbachol and histamine to the same extent. In other 
smooth muscles we observed that 5-hydroxytryptamine, 
oxytocin (rat uterus) and norepinephrine (rabbit aorta) 
were also antagonized non-competitively by tetracaine. 

It seems clear to us that there are only two possible 
explanations of the wide range of non-competitive antago- 
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Fig. 8. Effect of tetracaine on the response to calcium of rabbit taenia 

coli maintained in a depolarizing solution of isotonic potassium chloride. 

Kp and Ky values for calolum and tetracaine respectively were calculated 

from the values of the intercepts on the abscissa of the linear rectprocal 

dose-response plots. Tetracaine and calcium concentrations are ex- 
preseod in moles/l. or mmoles/l. 
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nistic actions of tetracaine: (1) the receptors 
of each of the agonists antagonized contain 
æ similar allosteric site at which tetracaine 
reacts, thus producing a non-competitive 
type of antagonism toward each, or (2) the 
antagoniam of tetracaine 1s directed against 
some critical step in the sequence of events Ch, 
leading ‘to actual contraction of the muscle b wt 
fibres, beyond that of drug-receptor inter- 
action. It is well known that a common À 
requirement for the stimulatory action of 

drugs (for example, Ach, norepinephrine) 

in smooth muscle is the presence of calcium, 

and that calcium influx 1s actually increased 
in many cases by such drugs*-**, Con- 
tractions of isolated depolarized smooth 
muscle can be elicited by adding calcium 
to the bath fluid, ın the absence of any 
agonist drugs, and this effect of calcium was 
found to be competitively antagonized by 
tetracaine (Fig. 3, see also ref. 27). Fig. 3 
shows a double reciprocal plot (1/response 
against 1/cealcium concentration) of a typical 
experiment illustrating the competitive 
nature of the antagonism of calcium by 
tetracaine in rabbit taenia coli. The same 
concentration of tetracaine produced a 
decrease of about 70 per cent in the maximal 
response to carbachol. The calculated 
apparent JX; (tetracaine-receptor dissocia- 
tion constant) in this experiment was 
approximately 2-4x10-9 g/ml. (8x10- 
moles/l.). In six preparations of taenia 
coh the average apparent Kr value for 
tetracaine was 8x10-§ g/ml. (2-6x 10-5 
moles/l.). 

We therefore conclude that local anaesthe- 
tic blockade of impulse conduction in excit- 
able cells is not proof of the existence of a 
cholinergic mechanism controlling this pro- 
cess. It is clear that in some smooth 
muscles, at least, antagonism to carbachol 
by local anaesthetics is probably the result 
of a direct competitive antagonism of the 
latter to the calcium ion. The non-com- 
petitive anticholinergic action of local anaesthetics in 
other tissues can probably also be attributed to ther 
direct inbibition of ionic permeability changes induced 
by the cholinergic drugs, and not to an inhibition of 
drug-receptor interaction. 

Similarly it can be demonstrated that at the concen- 
trations required to block nerve conduction", or de- 
polarization due to calcium deprivation‘, atropine, eserine 
and curare are not specific cholinergic antagonists—at 
least ın other excitable tissues. In smooth muscles, for 
example, such high concentrations of atropine and eserine, 
which abolish responses to electrical stimulation, also 
antagonize histamine, serotonin, and, what is particularly 
significant, calcium (Fig. 4a-c). Even d-tubocurarine 
(10+ g/ml.) inhibited contractions of depolarized guinea- 
pig ileum induced by calcium. Eserine, at a concentration 
similar to that found to depress conduction in squid 
nerve’, effectively abolished electrical excitability and 
caffeine rigor in frog sartorius muscle (Fig. 4d, e). Novotny 
et al. found that eserine and procaine prevented the 
increased oxygen consumption of frog muscle exposed to 
caffeine or high potassium, and this action was linked to an 
inhibition of the associated increase in calcium exchange- 
ability?®#*, 

There is no convincing evidence which would account 
for all these varied actions of eserine, atropine and curare 
on the basis of a reaction with an acetylcholine receptor. 
Rather, what evidence is available suggests that their 
effects on excitable cells, like those of local anaesthetics, 
are due to antagonism of cellular ion movements. 
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Fig. 4. a, Contractions of guinea-pig Wewm elicited by carbachol (Och) and 
histamine (H). Atropine (Ai) at 10-7 g/ml. selectively inhibited carbachol. 
At 5x10* g/ml. atropine abolished contractions due to histamine as well, In 
depolarized muscle (isotonic potassium chloride) contractions elicited by 0-5 
mumoles/l. calum chloride (Ca) were antagonized by 10 to 10“ g/ml. atropine. 
b, Contractions of guinea-pig Heum due to carbachol, histamine and serotonm (S) 
inhibited by eserine (Hs) 3x 10+ g/ml. Contractions due to calotum chloride in 
depolarized muscle were abolished by 10~ to 8 x 10 g/ml. eserine. c, Antagonism 
of electrically (alternating current) elicited responses of guinea-pig ileum, super- 
ımposed on spontaneous activity, by atropine and eserine. d, 
sartorius muscle; contro] twitch response and caffeine (Caff) rigor (6 x 10> g/ml). 
6, Frog sartortus muscle (mate of muscle in d); control twitch response, inbfbition 


Frog 


of twitch and caffelne rigor by 10- g/ml. eserine, 


This project was supported in part by a grant from the 
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LETTERS TO THE EDITOR 


PLANETARY SCIENCE 


Long-term Variation in the Magnitude of the 
Diurnal Anisotropy of Cosmic Rays 


Or the several effects of modulation of cosmic rays which 
are solar in origin the diurnal variation is the most 
difficult to investigate because of its small amplitude. The 
precise determination of both the long term and day to day 
characteristics of the diurnal anisotropy is of prime rele- 
vance in the development of theoretical models of the 
processes whereby the Sun exercises control over electro- 
magnetic conditions in the inner solar system. Different 
workers, however, have reached widely divergent con- 
clusions concerning even the gross features of the yearly 
average solar diurnal variation vector, ranging from 
essential invariance’ to a change with the level of solar 
activity dependent on latitude’. The objective of the 
present investigation was to ascertain, by the critical 
application of rigorous statistical techniques to the 
considerable body of data that has now become available, 
what can be concluded quantitatively concerning the 
long term behaviour of the solar diurnal variation. 

The yearly average vector determined from data re- 
corded at each of a number of stations with a wide geo- 
graphical distribution appears to be the only suitable 
candidate for investigating the “steady state” nature of 
solar control of the diurnal anisotropy. The transient 
effects in the daily variation of cosmic rays associated with 
disturbed periods (Forbush decreases) do not contribute 
significantly to the yearly mean harmonic coefficients. 
Furthermore, seasonal variations introduced by imperfect 
meteorological corrections as well as other effects arising 
from the orbital motion of the Earth are likely to be 
averaged out in a yearly diurnal vector. We have therefore 
fooused attention on 12 month means, invoking all 
neutron monitor data ourrently available to us, and 
recognizing that, if the yearly average solar diurnal varia- 
tion were dependent on the level of solar activity, the 
greatest difference might be expected between the years 
of minimum (1958) and maximum (1965) cosmic ray 
intensity. 

The results of an analysis of the data recorded at 
thirteen stations in 1958 and 1965 are given in Table 1. 
Comparison of 12 month means of monthly vectors 
determined by harmonic analysis reveals a significant 
change in amplitude. Taking the results at their face 
value, in only one out of thirteen cases was a decrease in 
amplitude not indicated. From the binomial distribution 
(P= 0: 5), the probability that this would happen by 
chance is 0-0016. The average reduction between 1958 
and 1965 was 26 per cent. 


Tablo 1. AMPLITUDE OF THE YWARLY MBAN DIURNAL VARIATION VROTOR, DBTHRMINED FR 














NATURE, VOL. 214, APRIL 8. 1967 
ae (=T iS a Cera Sa AA N Sai E. 
mr 20 + 
=] 
Sigh 
g 
Siet 
oO 
Zut 
o a 
$ 12} 
q 10 L 
3 8 
É 
g 6 
4 
1988 40 42 44 46 48 50 62 54 656 58 60 62 64 
Yoar 
sam litude of annual mean 24 h wave in cosmic ray intensity 
1onization var T-tree at Cheltenham, ericka- 
Dan Par Huancayo (Ie (1987-85) ab Obnstchureh (1987-61), 
normalized to Ohelte Bowdon 3 the residual variance from an 


analysis of variance of Of ewan ino normalized means 
{and not on the “counting rate” whioh 1g often A erOnAualy used), the 

probable error of mean for each year is + 0-000 per cont Tom 1087 to 
1961 and + 0-012 per cent fon 1962 to 1 


In order to teat further the statistical significance of this 
decrease, a normalization procedure that takes into 
account differences in the asymptotic directions of 
viewing was carried out ing first that the annual 
mean diurnal variation is independent of threshold rigidity 
(AN/N=kR™, m=0). The mean differance in amplitude 
between 1958 and 1965 was found to be significant at the 
0-9995 percentile level using the ¢ test. The variance 
pooled for the two years for this test was determined from 
the dispersion of normalized amplitudes at the thirteen 
stations. Normalizations with m= +0-4, respectively, 
yielded the same result. In contrast, identical tests applied 
to the comparison of the solar diurnal variation in 1958 
and 1964 (data from sixteen stations) revealed no signi- 
ficant decrease. 

Greater insight into the origin of the variance, which in 
the foregoing method includes scatter arising from im- 
perfections in the normalization in addition to other 
effects, is afforded by an analysis of variance which 
embraces thirteen stations and 2 years——1958 and 1965. 
The a (anti-solar direction) and b (90° W. of the Sun—Harth 
line) components of the diurnal variation vector were 
treated separately. 

This analysis revealed that there was no significant 
difference in a between years, or among stations, whereas 
there was a significant difference (> 0-9995 percentile) in b 
between years, but not among stations. It showed that the 
absolute value of the component in the 1800 h direction 
was 30 per cent less in 1965 than in 1968. 

These results, based on neutron monitor observations, 
indicate that the mean anisotropy is not invariant, and 
that the year of cosmic ray maximum of the last solar 
cycle was characterized by a statistically significant 
reduction in amplitude from the epoch of cosmic ray 
minimum. To determine whether this amplitude variation 
had occurred during earlier solar cycles, we have recourse 


DATA RECORDED AT THIRTHEN NHUTRON MONITOR STATIONS, 


DURING THE MOST REOHNT YEARS OF F NINUN (1958) AND AXDU (1965) COsMIO RAY INTENSITY 


Amplitude, per cent pai (68)-Amp. (e5) veu 
Statlon Geographic latitude Geographic longitude, E 1958 1065 Amp. (58) pe 

Thule 76-8 291:6 0-005 0 068 — 284 
Uppsala 59-9 17-9 0-223 0-279 +251 
urchill 58-8 2659 0-331 0-209 ~ 86-9 
Leeds 68 8 358-5 0-198 192 —3-0 
Sulphur Mountain $12 2444 0-206 0 256 18-5 
Deep River 46-1 282-5 0-312 0-226 ~ 27 8 
Mount Washington 448 288-7 0-341 0-265 — 22-3 
Rome 419 125 0:258 0-119 — 53-9 
41-8 2723 0-272 0-198 —20-0 
Climax 80-4 253-3 0:279 0:176 — 86-8 
Mount Norfkura 86-1 187-6 0 287 0-125 ~ 54 
Mount Wellington — 42-0 147:2 0-318 0-180 42-5 
Mawson. ~ 67-6 62:9 0-217 0-188 18-4 
Mean — 26-0 
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to the records, extending over the period 1937-66, 
obtained by the Carnegie Institution ionization chamber 
network. It is apparent in Fig. 1 that amplitude reduc- 
tions also occurred in 1944 and 1954, the two preceding 
years of maximum cosmic ray intensity. Furthermore, the 
ionization chamber observations corroborate the decrease 
in 1965. The changes that appear to occur at other times 
areg the solar cycle have not yet been investigated in 


The implications of these changes in the amplitude of the 
solar diurnal variation with respect to theoretical models of 
the modulation mechanism remain to be investigated. 
Thus, for example, in terms of the generally accepted 
model*‘, the effect might be accounted for by changes in 
scale size and/or distribution of magnetic field irregularities 
superimposed on the Archimedean spiral structure. 
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Magnetosphere of Jupiter 
Tue rotation of Jupiter is very rapid (36°/h). If its 
magnetospheric plasma corotates with the planet, the 
effect of centrifugal force on the plasma distribution will 
be considerable. At 6 equatorial radii from the centre 
(which corresponds roughly to the orbit of the satellite Io) 
the centrifugal force on a corotating body is eighteen 
times that of gravity; the two forces are equal at 2-8 
radii. Thus, we may expect that the corotating plasma 
trapped in the magnetic fleld will be thrown out to those 
parts of the lines of force which are the most remote from 
the axis of rotation. There is, however, a maximum 
plasma density which can corotate at a given distance from 
the axis. The magnetic field must be able to exert enough 
force on the plasma to provide the required centripetal 
accelaration, If the plasma density is too great, it will 
break away, carrying the magnetic field with it. We may 
estimate the maximum number density of the plasma in 
the equatorial plane by equating the magnetic and rota- 
tional kinetic energy densities 

B24 = 1/2 N mam Lar, (1) 
B 1s the magnetic induction at radius r= Lra where rp 
18 the equatorial planetary radius and L will later be used 
to identify the magnetic field line on which this plasma 
lies. Nmax is the maximum electron or ion number density 
which can corotate, m the mass of an ion, Q the angular 
velocity and u, the permeability of free space. Assuming 
the magnetic field to be that of a dipole aligned along the 
rotational axis, of induction B, at the equatorial planetary 
surface, we find 

Bè 
Nii pom ALS (2) 

This equation has been derived by a different method by 
Hines?. 
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We may now use a method similar ın prmerple to that 
of Angerami and Thomas? to calculate the distribution of 
plasma along the line of foree L. The potential energy of 
unit mass at the point r, 0 in the gravitational centrifugal 
field has the form 


a 
V= =p = — 1/2 Asin? + constant (3) 


where go is the gravitational acceleration on the equator 
at the surface of the planet. From this, the equation of 
hydrostatic equilibrrum of plasma along the field line 
crossing the equatorial plane at Lr, is readily solved to 


give 
rowan oe (HEG-D- Fae BH 


where k 1s Boltzmann’s constant and T is the temperature 
of the plasma, which is assumed to be uniform. 

It is known from observations of the plane of polariza- 
tion of Jupiter’s decimetre radiation? that the magnetic 
axis is inclined at an angle of 10° to its rotational axis, the 
northern hemisphere pole lying on the system ITZ longitude 
of 190°. An approximate calculation shows that with this 
tilted dipole the points on the field lines which are farthest 
from the rotational axis lie nearly in a plane tilted at 7° to 
the equatorial plane of the planet and intersecting the 
latter in longitudes 100° and 280°. 

When reasonable numerical values are substituted in 
equation (4), assuming a fully ionized proton electron gas, 
the effect of the centrifugal force is to confine the plasma 
to a region shaped like a discus about the plane at 7° to 
equatorial plane (see Fig. 1). As the planet rotates, this dis- 
cus of plasma goes round with it, and Io, the orbit of which 
lies in the equatorial plane, must pass obliquely through it 
twice every revolution. Thus the plasma frequency in the 
vicinity of Io will rise to a maximum and fall again during 
each such passage. 

Now an examimation of typical spectra of the “early” 


-or B source‘ shows that their most prominent feature is a 


narrow band emission which rises to a maximum fre- 
quency of about 40 Me/s and then falls again. This suggests 
that we should make this the plasma frequency corre- 
sponding to N mex at L= 5-9, the radius of Io’s orbit being 
5-9 r,. From equation (2) we then find B,=30 G. The 
time taken for the observed frequency to increase from 
20 to 40 Mc/s is typically of the order of 1 h. A plasma 
temperature of 1,800° K in equation (4) gives a distribution 
such that it takes an hour for the plasma frequency at 
Io’s orbit to rise from 20 to 40 Mc/s. It is assumed that 
mechanisms exist which will allow the generation by Io of 
radio waves at or near the plasma frequency, 

Numerical caloulations based on equation (4) using 
these values then lead to the magnetospheric model shown 
in Fig. 1. These calculations give the maximum plasma 
densities which can corotate. Processes such as recombina- 
tion would act to reduce the values. especially where they 
are very high inside 4r,. Any increase above the amounts 
shown would presumably result in the ejection of plasma 
near the equatorial plane. This instability offers a possible 
source of radio noise which is not related to Io. On the 
other hand, densities less than those shown should be 
stable. An objection to models which identify the radio 
frequencies emitted with the plasma frequency has been 
that the spectra of the different sources are remarkably 
reproducible from revolution to revolution and from year 
to year. Many authors have therefore preferred to regard. 
the maximum frequency of 40 Mc/s as the gyro-frequency 
in the emitting region, arguing that only the magnetic 
field strength is likely to be sufficiently constant to give 
the observed stability over long periods. It should be 
noted that, in the present model, the maximum plasma 
frequency is directly controlled by the magnetic field, thus 
accounting for the reproducibility of the spectra. 
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Fig. 1. Model of Jupiter's magnetosphere. B,=30 G; T =1,800° K. The numbers on the contours are log, N, whore N Isin em~. 


All four of the ‘‘sources”’ related to Io on Jupiter appear 
to correlate, at least qualitatively, with the model. The 
configurations are set out in Table 1. 


Table 1 
Io phase from 
Central superior 
Source meridian geocentric Relation of Io to plasma discus 
longitude conjunction 
Karly (B) 70°-190° 70°-100° Being overtaken by denser plasma, 
entering discus from above. 
Main (4) 190°-280° 200°-260° Emerging from denser plasma to- 
wards upper surface. 
Third (0) 280°-860° 220°--260° Being overtaken by denser plasma, 
entering discus from above. 
Fourth (D) 0°--70° 90°-110° Being overtaken by denser plasma, 
en discus from below. 
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Density of.the Lunar Soil 


Previous models of the lunar surface layer have neces- 
sarily been constructed on the basis of indirect evidence, 
such as the way in which the surface reflected sunlight 
and radar pulses, or the manner in which it cooled during 
an eclipse. The photometric properties, in particular, 
have been utilized in model construction, because they 
were considered to be very unusual?, Widespread accept- 
ance of the Hapke “fairy castle’? model? led to general 
belief that the uppermost layer on the lunar surface 
must have a bulk density of the order of one-tenth that 
of solid rock. 

Recent photometric research by Oetking* has shown 
that, contrary to general belief, the photometric proper- 
ties of the lunar surface at small phase angles are not 
unique, but can be caused by a wide range of terrestrial 
materials and standard diffusing surfaces with relatively 
high densities. In addition, the Surveyor 1 photographs 
do not suggest a layer of fine, underdense dust. This is 


not to say that there is no fine particulate matter or the 
surface. Despite the resolution-limited nature of the 
photographs, it is apparent that the bulk of the surface 
material must be, indeed, composed of fines. There is 
no suggestion, however, that the surface layer is composed 
entirely of fine (10-20) particles, aa implied by Gold and 
Hapke‘*. On the contrary, the photographs show an un- 
sorted surface layer composed of a range of grain sizes", 

In view of these recent developments, it appeara neces- 
sary to re-evaluate the problem of probable lunar soil 
density. If possible, limite on density should be estab- 
lished in order to improve calculations of bearing strength, 
thermal conductivity, dielectric constant, and seismic 
coupling of the lunar surface layer. 

Hapke and Van Horn? constructed their laboratory fairy 
castle soil models by using small grains, by insuring that 
the drop height (and therefore the impact velocity) of the 
grains was amall, and by sifting them so that grains fell 
individually. This was most easily accomplished in air, 
which produced a low terminal velocity, and with powder 
particles less than 15y in diameter. When attempted in 
vacuum, Hapke and Van Horn found that the maximum 
height from which löp powder could be sifted and still 
produce a fairy castle structure was of the order of 1 mm. 
Hapke and Van Horn did not, however, attempt to clean 
their powders, so ultra-high vacuum adhesive forces were 
absent. 
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Fig. 1. Average density values for coarse and fine olivine powders sifted 
ın air and In vacuum are plotted as a function of drop height. Impact 
velocities at drop heights of 5-1, 81 and 57 cm are $1-6, 246, and 834 
am/ses respectively. a, 105-150u olivine in vacuum; b, <44p olivine in 
vacuum; c, 105-150 olivine in air; d, <44u olivine in air 
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Because of the reduced gravity and extreme cleanliness 
on the lunar surface, Hapke and Van Horn? suggested 
that the grain size of a fairy castle material on the Moon 
might be larger and (or) that the impact velocity limit 
may be higher. 











15 à ee ® 
14 ROE 
13 Pixs 
is 1-2 . Gi p nuiis ae ® 
Ša a ee 
tù y” nRa En 
me PE - ps £ mer feet a 
bto o _ 
z wot 
o eT 
0-8 { Pee 
rT | Ps esha a 
| ae 
0-6: et 
05 + ees is a 
6 5 10 15 20 25 30 35 40 45 50 55 60 


Drop height (em) 


Fig.2. Average density values for the same size range (<105;.) of basalt 

and pumice powders sifted in air and in vacuum are plotted as a function. 

of drop height. Impact velocities as in Fig. 1. a, Basalt in vacuum; 
b, basalt in air; c, pumice in vacuum; d, pumice in air. 


We investigated this problem in our laboratory by 
sieving clean powders of different materials, with different 
ranges of grain size, and different drop heights, under 
ultra-high vacuum conditions. We made a particular 
effort to ensure a clean vacuum and clean powders, because 
our initial experiments* had demonstrated the importance 
of both for the development of high vacuum adhesion 
of the kind shown by the lunar surface materials adjacent 
to the Surveyor 1 space craft’. The powders were ground 
in an inert gas, and the experiments were repeated in 
two VI-19 ion-pumped chambers constructed by Varian 
Associates. Because roughing was accomplished by sorp- 
tion, rather than by mechanical pumps, there was no 
possibility of oil contamination of the powder samples 
during pump-down or sieving. 

Samples of powdered basalt, olivine, quartz and pumice 
were sifted in air and in vacuum within the simulation 
chamber as described here. Most of the samples were of 
size ranges either less than 105p. or less than 44u, although 





Fig. 3. 
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one sample of olivine was of a size range between 105 and 
150u. In all cases but the latter, the bulk of the material 
lay in the size range 0-10u, which is typical grinding 
behaviour for rock powders. Density was measured by 
means of small (approximately 1 cm?) cups into which 
powders were sifted. 

The results of typical density measurements are 
illustrated in Figs. 1 and 2. It is immediately apparent 
from the data that material sifted in vacuum is always 
more dense (at these impact velocities) than material’. 
sifted in air. The vacuum sifted samples displayed adhe- 
sive properties far in excess of those sifted in air, which — 
would normally lead one to expect a lower density. Their 
greater density is apparently the result of higher impact — 
velocity of grains in vacuum, which outweighed in impor- 
tance the adhesive forces. 

The convergence of the air-sifted and vacuum-sifted 
density curves towards lower density values for small 
drop heights and for smaller particle size ranges qualita- 
tively substantiates Hapke and Van Horn’s? prediction 
of the effect of high vacuum adhesion on density. That 
is to say, if we had confined our experiments to powder 
smaller than 44u at low drop heights, a low density 
material of the sort predicted by Hapke and Van Horn 
would have been produced. The size range of fragments 
visible in the Surveyor 1 photographs indicates by extra- 
polation, however, that 105y is a more reasonable size 
cut off on the scale of our experiments. Given such a 
relatively large maximum particle size, it appears from 
the experimental data that a highly underdense material 
will not be produced, even at small drop heights, The 
asymptotic character of most of the vacuum sifted density 
curves for greater drop heights indicates that increasing 
impact velocity very quickly ceases to cause denser pack- 
ing of the sample. 

Fig. 1 shows that increasing the particle size of a 
sample increases the density. The 105-150u size range 
would, however, not appear to be a reasonable estimate 
for the size range of a lunar soil produced by miero- 
meteoroid impact pulverization on any known target’. 

Fig. 2 shows that there is a very large difference between 
the density of powdered pumice and powdered basalt in 
both air and vacuum. Because the difference is present 
in air, the large difference in vacuum cannot be attributed. 
to adhesion. On the contrary, the low density of the 
pumice is apparently the result of the shape of individual 
grains. As Green and Osgood? pointed out, shear strength 
of a soil varies with grain shape. Volcanic ash and some 
other natural materials have grains with tortuous shapes, 
which interlock in the soil to produce a much higher 





Typical grain shapes of the pumice (A), olivine (B), and basalt (C) powders used in these experiments. The grains shown here are 


between 40 and 60 in their longest dimension. 
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shearing strength than that of @ material of equivalent 


composition and- grain size, but: less irregular imm grain 
shape. It appears, as illustrated in Fig. 3, that the 
relatively low density of the pumice is 2 function of this 
parameter. That is, the flat, irregular shards of pumice 
glass tend to stack themselves in such a way as to provide 
a relatively high void ratio. 

The density of the lunar surface materials may also be 
affected by grain shape. Gault ef al.* have shown that 
hypervelocity impact can produce grains with extremely 
tortuous shapes, and have suggested that, regardless of 
the parent rock, bombardment of the lunar surface by 
micrometeoroids could evolve a mantle of dendritic ejecta 
with very low bulk density during geological time. The 
presence of an underdense material composed of exotic 
fragments of the sort that Gault et al.” envisaged as a 
possible extreme result of hypervelocity impact does not 
appear. to be confirmed by the Surveyor photographs, 
but it is likely that shock melting and deformation have 
produced grains of more than usual tortuosity. Thus, 
of the materials tested, we believe that the behaviour of 
pumice grains may most closely approximate that of the 
lunar surface materials. 

In. drawing conclusions from simulation chamber 
experiments, it is always well to bear in mind that the 
results are entirely dependent on an incomplete set ot 
artificial environmental parameters selected by the experi- 
menter—-that is, one gets out of a simulation experiment 
exactly what one puts into it. Although obvious, this 
truism is often forgotten in the discussion of conclusions 
by an author or his critics. In the full realization of the 
limitations of simulation experiments, but reassured 
slightly by the resemblance of our powder deposits to the 
lunar surface materials, we think that the following 
conclusions can be drawn. (a) As the impact velocity 
rises, the density of powder deposits quickly rises above 
that of fairy castle structures. (b) There is, however, a 
limit on the density of powder deposits which is also 
quickly reached. (c) Based on Hapke’s work and the 
limited amount of data available from our experiments, 
it appears that reasonable limits of density for the bulk 
of the uppermost lunar surface layer (the fine grained 
portion) He between about 0-3 and 1-5 g/c.c. (d) Density 
limits are. controlled by grain size, impact velocity, and 
degree of high vacuum adhesion, but the most important 
parameter appears to be grain shape. (¢) In view of the 
apparent size range of surface material in the vicinity 
of Surveyor 1, as well as the likely distortion of individual 
grains of ejecta by hypervelccity impact, the laboratory 
experimental results obtained with less than 105y. pumice 
would appear to be most applicable to the Moon. The 
upper limit density of this material (1-0 g/c.c.) is considered 
to be a more likely density for the bulk of the uppermost 
lunar. surface layer than the lower figure suggested by 
Hapke and Van Horn?. 


Joun W. SALISBURY 
JoeL E. M. ADLER 


wd Physies Laboratory, 

Teadquarters Air Force Cambridge Research Laboratories, 
Laurence G. Hanscom Field, 

Bedford, Massachusetts. 
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Yellow-Green Luminosity accompanying the 
Injection of Triethyiborane into the Upper 
Atmosphere 


VALUABLE information about the state and motion of the 
upper atmosphere can be obtained by the release of various 
rocket-borne materials which emit light on reaction with 
the gaseous surroundings at high altitudes. Previously, 
experimenters have produced luminous clouds by in- 
jecting materials such as sodium (ref. 1 and unpub- 
lished results of Smith), nitric oxide®*, aluminium?:4:5 and 
trimethyl aluminium (TMA) (refs. 6 and 7 and unpublished 
results of Hoffman and Smith) into the atmosphere at 
altitudes above 80 km, either at night or during twilight. 
Injections of aluminium and TMA at twilight have 
been particularly fruitful because it has been possible to 
record well resolved spectra of the bluish-green light 
emitted by AlO molecules formed in the presence of 
sunlight. Analyses of the spectra have provided estimates 
of the vibrational temperatures of the gases in the upper 
atmosphere”. 

Spectroscopically, however, the AIO molecule is not 
particularly well suited for vibrational temperature 
measurements because of its relatively large moment of 
inertia; a more favourable gaseous diatomic oxide would 
contain a lighter metal atom. Thus, attention was turned 
to other materials which (a) could be dispersed easily at 
high altitudes, for example, a gas or a low boiling liquid, 
(b) would contain a light metallic atom, and (e) would 
react vigorously with the gases of the upper atmosphere 
with intense emission of light, hopefully from a gaseous 
diatomic metal oxide. 

The volatile hydrides and substituted hydrides of boron 
seemed to provide excellent possibilities because their 
combustion in air has been extensively investigated’, and is 
often accompanied by the brilliant emission of green light 
from the BO molecule®*. Of the many possibilities, 
triethylborane (TEB) was chosen for high altitude release 
because of its relative ease of procurement, transport, 
storage and handling, its physical properties (melting 
point — 93° C, boiling point 95° C) and its spontaneous 
flammability on contact with air at atmospheric pressure 
(personal communication from Callery Chemical Company). 

A two-stage Nike~Cajun rocket system was used to 
disperse 6-2 kg of TEB above Sandia Corporation’s 
Tonopah Test Range, Nevada. The range is located at 
38° 00’ N., 116° 30° W. The rocket was launched before 
local sunrise on December 8, 1966, at 0546 Pacific Standard 
Time or 1345 e.m.r. The liquid TEB was continuously 
ejected, beginning at 64-5 km on the ascent, continuing 
through apogee at 144 km, and downward to near 95 km. 
The liquid was forced out through two 1-3 mm diameter 
orifices in the nose eylinder by action of a piston that 
swept forward under a nitrogen pressure of 6-9 bars. The 
rate of ejection decreased from an initial 55 g/sec to 
25 g/sec during a flight interval which lasted 250 sec. 

With the Sun’s depression angle at 11° at launch the 
Earth’s shadow was 120 km above the site. During the 
ejection in the shadow the trail was dim but plainly 
visible. As the rocket ascended into the sunlight a brighter 
greenish-yellow cloud formed rapidly. 

Time sequence photography of the trail was attempted 
from three camera sites located at Cedar City, Utah; 
Hawthorne, Nevada; and Ridgecrest, California. Average 
line-of-sight distance from these stations to the cloud was 
315, 210 and 200 km, respectively. Unfortunately, both 
Hawthorne and Ridgecrest stations were obscured by 
high thin cirrus so that neither photographic nor spectro- 
graphic dccumentation was obtained from these two 
stations. At Cedar City a K--37 aerial camera and a 70 mm 
Beattie-Coloman ‘Veritron’ obtained excellent photographs 
of the trail for approximately 12 min. The K-37 camera 
had an f/2-5 lens of 3,048 mm focal length and recorded 
Eastman ‘Tri-X Aerecon’ roll film with a 23 mm x 23 mm 
format. A programmed sequence of 1, 4 and 8 sec time 
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"exposures was repeated every 30 sec, aided by appropriate 


neutral filters. Step wedges on the 70 mm film allowed a 


relative, but not absolute, calibration of cloud intensity. 


: E At maximum, the ratio of intensity of the central portion 
of the trail to the sky background was 2-5. 


In conclusion, the feasibility of using TEB for high- 


altitude wind, diffusion or turbulence observations was 


verified with subjective estimates indicating that in 
= sunlight the TEB trail was at least as bright as the sunlit 
TMA trail. The 12 min duration agrees closely with our 
“experience with TMA cloud photography at sunrise. It 
< was not possible to compare the brightness of the non- 
sunlit. TEB. trail with that of the corresponding TMA trail. 
The origin of the yellow-green emission is unknown at 
this time. 
: J. M. HOFFMAN 
L. S. NELSON 
L. B. §mrru 
‘Bandia Laboratory, 
Albuquerque, New Mexico. 
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Sedimentary-edaphic Control Theory of 
Cyclic Sedimentation 


Pouaniry coincidence correlation was recently applied 
to a lower Carboniferous sequence from the south of 
 Seotland' in an attempt to establish the existence of 
<ta fundamental cycle of about 145 ft. in the vertical 
--¢hange in sea level during the lower Carboniferous period 
-in Great Britain”. Some of the geological assumptions 


made in order to carry out the mathematical analysis 


are of arguable validity, but of more immediate interest 
are the conclusions. The authors decided (page 137) that 
“isostatic readjustments . . . drive the cyclicity”. Many 
other writers?-* have appealed to “external” factors to 
account for cyclicity in Carboniferous sequences. On the 
other hand, ‘internal’? mechanisms, such as normal 
sedimentary processes in a deltaic regime, have been 
invoked™? to produce Yoredale-type cycles. It has also 
been shown quantitatively® that the changes of environ- 
“ment evidenced in Coal Measures cyclic deposits are not 
regular, either vertically or laterally; and again a sedi- 


ve : mentary control has been suggested. 


It is not clear just how closely the various types of 

- Carboniferous cycles can be compared, but all theories 

- of origin have one important feature in common, They 
assume that relative rise of water level brings about the 
death of the “coal”-swamps. It is this flooding--whether 
due to a rise in sea level or to subsidence of the area due to 
isostasy, tectonism, compaction or combinations of 
these; whether it is slow or sudden—that has occupied the 
attention of geologists for more than 130 years. 

I think that a sedimentary “internal”? mechanism is 
the most likely in Coal Measures sequences. “Delta- 
“switching” or “channel-wandering”’ can satisfy the need 
“for periodic changes in the sites of deposition of various 

sediments, the rough vertical order in which they tend to 
occur and the by-passing of swampy areas where continued 
forest growth can lead to the accumulation of peat. But 
there still remains the difficulty of explaining why the rate 
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of accumulation of the peat should cease to keep up with 
the rate of subsidence. If we assume ‘that flooding causes 
the cessation of peat-forming conditions we are almost. 
forced back to the solutions given in one of the “external”? 
theories. It is not apparent, for example, that sediment 
overwhelms the forest swamps, otherwise. standing trees, 
ete., would surely be far more common. Changes in the 
rates of compaction of underlying sediments are, o ge. 
another possible “internal” mechanism, © But 
perhaps looking at the problem the wrong way 
Do we imply that peat accumulation: woul 
indefinitely if some outside influence did not. 
flooding of the forests responsible for its grow 
it not be possible that the accumulation. of pea’ 
down of its own accord, fails to keep up with $ 
and the swamp area is therefore flooded?) o Be 
There are two obvious ways in which this might be 
achieved. One is climatic, the other edaphic. Tho sug- 
gestion that repeated climatic changes are the reason for 
the periodic cessation of peat-forming conditions must be 
looked at in the context of the considerable lateral: and 
vertical variation in coal-bearing successions’, as indeed 
must any theory. The number of times such climatic 
changes occurred should surely be recorded in the succes- 
sion. Do we therefore look for the maximum number of 
cycles present in a given sequence and accept that in 
most places this sequence will not provide the evidence of 
climatic changes or concede that even in one coal-bearing 
facies all the cycles are not produced in the same way ? 
Such problems make edaphic factors worthy of considera. 
tion, Pe 
It is known, for instance, from studies in. both tropical 
and temperate swamps" that'a thick accumulation of 
peat can so alter edaphic conditions that a forest vegeta- 
tion can no longer be supported. Obviously, the accumula- 
tion of peat in an area undergoing subsidence must be at 
a rate sufficient to offset subsidence or flooding will occur: 
If the vegetation becomes sparser or smaller, because. of 
edaphic factors, then the rate of accumulation of peat 
must slow down. In this way flooding might. take place 
without the necessity of either increasing the rate. of. 
subsidence or raising sea level. Repeated changes of 
climate would also be unnecessary. Lateral and vertical 
variations could be expected. Given a delta-coastal plain 
environment, conditions suitable for forest growth on the 
delta, and subsidence, a vertical repetition through time 
of sediments-—forest swamps—sediments——forest swamps, 
etc., seems inevitable. Perhaps more palaeobotanical 
evidence, rather than recourse to mathematical. and 
geophysical arguments, is required if the mechanism of 
production of coal-bearing cycles is to be elucidated. 


P. MeL. D. Durr 
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Newer Granites of Foyers and Strontian and 
the Great Glen Fault 


Kennepy! regarded the Foyers and Strontian Granites as 
“mechanically separated parts of one mass’’. He inter- 
preted their present separation of 65 miles as one of the 
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“direct lines of evidence” of this order of lateral movement: 
along the Great Glen Fault. A similar displacement of the 
regional injection complexes and the metamorphic isograds 
developed in the Moinian and Dalradian metasediments of 
the Caledonian orogen gave additional direct evidence of 
the same movement. . 

My present detailed work on the Foyers Granitic 
Complex (Fig. 1) shows that it is not closely similar in 
structure to the Strontian Complex?-4. The eastern contact 
of the Foyers mass is sub-vertical (85-90°) or inclined 
towards the centre of the Granite at 70° or more, while the 
southern contact is sub-vertical except in the south- 
western corner where it dips inwards at moderate to high 
angles. Inward dipping contacts occur at Strontian except 
in the south-west and both masses deflect the strike of 
their envelope rocks into approximate concordance with 
their. margins, a characteristic of forcefully emplaced 
granite bodies*. The Foyers Granite extends westwards 
beneath an unconformable cover of Old Red Sandstone 
breecio-conglomerates to Loch Ness where it is truncated 
by the Great Glen Fault. The Strontian Granite is trun- 
cated on its south-eastern side by the same fault. 

The roughly concentric arrangement of the three igneous 
members at Strontian is lacking at Foyers. Igneous 
structures at Strontian define a flat bottomed trough-like 
structure closed at its northern end and connecting with a 
vertical stock at its southern end‘. The irregular distribu- 
tion of rock types at Foyers, the presence of low angle 
foliations, and areas largely within the complex of heavily 
veined envelope rocks beneath which granite foliations 
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pass, all show that the present erosion level is in the roof 
zone of the Granite. Foliation in the latter is approximately 
concordant with that in the overlying metasediments, 
accounting for the high angle igneous foliations around 
areas (a), (b), and (c) in Fig. 1, and the flat and low angle 
foliations in the northern corner of the Granite, where the 
overlying metasediments have been almost completely 
eroded off. The Strontian Granite is evidently exposed at 
a comparatively lower level. 

The Foyers Granite has a thermal aureole superimposed 
on regional metamorphism of lower-amphibolite facies in 
the metasediments to the east and south-east. Three 
miles south-west of the Granite, rocks of greenschist 
facies (biotite and chlorite grade) oceur. The absence of an 
aureole at Strontian is explained by its intrusion into 
metasediments that were still at a relatively high tem- 
perature because of their depth in the orogen. 

Petrologically and chemically the Foyers Complex 
differs little from other Newer Granites of similar acidity 
range with two or more members. The chemical fields of 
the tonalites and granodiorites at Foyers (based on forty- 
one analyses) do not show the strong overlap of their 
equivalents at Strontian®, the Foyers granodiorites being 
more siliceous than the Foyers tonalites which themselves 
are less siliceous than the Strontian tonalites. Nockolds 
and Mitchell’, as noted by Sabine, found titania and 
phosphate figures for the Strontian rocks to be higher than 
those from rocks of similar acidity in six other Newer 
Granites. The Foyers rocks show a range in weight per 
cent of titania of 0-07-1-89 and in phosphate of 0-01-0-58; 
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these figures are also relatively high. Without comprehen- 
“sive geochemical data from a larger proportion of Newer 
Granites, of which there are nearly forty in the Scottish 
Highlands alone, these figures have little significance as 
yet. Little is known about chemical variability in a 
vertical sense in granitic intrusions and so minor differences 
between the two Granites may likewise be of little sig- 
nificance; thus neither structural nor chemical differences 
¿exclude the possibility that the Strontian and Foyers 
Granites were connected during emplacement. 

A differing pattern of magnetic anomalies? for the two 
‘masses is to be expected because they are exposed at differ- 
“ent structural levels. If Munro’s! structural interpretation 
of Strontian is correct, then a greater volume of granitic 
‘rock would underlie the present land surface at Foyers 
‘than does at Strontian, producing a stronger anomaly at 
Foyers as observed by Ahmad’. 

To postulate a major tear fault along the Great Glen is 
the simplest and most satisfactory way of explaining the 
geological disparities along its length. Even if the Foyers 
‘and: Strontian Granites should prove to be independent 
intrusions this does not exclude a large component of 
‘lateral movement on the fault. The fault is part of a tear 
fault system with subsidiary sub-parallel members in the 
Northern and Central Scottish Highlands; a similar system 
has recently been identified in Donegal’. 

Dip-slip movement has probably occurred on the Great 
Glen Fault with a downthrow to the south-east. This 
component of movement in addition to the lateral one 
probably explains the absence of Dalradian rocks north 
of the fault (except in Shetland), the marked development 
of low grade metamorphic zones south of the fault, and the 
apparent absence of a structure comparable with the Loch 
Quoich Line! south of the fault. In other words, south of 
the fault the Caledonian orogen is seen at ahigher structural 
level than it is north of the fault. 

I thank Dr. P. E. Brown for his help. 


R. J. Marston 


Department of Geology, 
University of Sheffield. 


Received February 8; revised March 6, 1967. 


‘Kennedy, W. Q., Quart. J. Geol. Soc., 102, 41 (1946), 

* Macgregor, A. G., and Kennedy, W. Q., Sum. Prog. Geol. Survey Gt. Britain 
Sor 1931, 105 (1932). 

* Sabine, P. A., Bull, Geol. Survey Gt. Brit., 20, 6 (1968). 

+ Munro, M., Scot. J. Geol., 1, 152 (1965). 

ë Read, H. H., Liverpool and Manchester Geol, J.,2, 653 (1961). 

s Merey, BE. L. P., in The British Caledonides (edit. by Johnson, M. R. W., 
and Stewart, F. H.), 189 (Oliver and Boyd, Edinburgh, 1963), 

7 Noekolds, S, R., and Mitchell, R. L., Trans. Roy. Soc. Edin., 61, 538 (1948). 

8 Abmad, M. U., Nature, 218, 275 (1967). 

? Pitcher, W. S., Elwell, R. W. D., Tozer, C. F., and Cambray, F. W., Quart, 
J. Geol. Soc., 120, 241 (1964). 

% Dalziel, 1. W. D., Scot. J. Geol., 2, 125 (1966). 


Unusually Radioactive Fossil Bones from 
Mongolia 


Part of the fossil material excavated by Polish-Mongolian 
palaeontological expeditions to the Gobi Desert in the 
years 1963-65 (ref. 1) has been found to be highly radio- 
active. We have examined the following specimens: 
(1) samples of bone from various dinosaurs and turtles 
from Upper Cretaceous beds corresponding to Campanian 
or Maestrichtian from the Nemegt Valley in southern Gobi 
Desert (at Altan Ula IV, Tsagan Hushu and Nemegt); 
(2) bone samples of turtles and mammals from the 
Palaeocene beds of Nemegt Valley (at Tsagan Hushu and 
Naran Bulak); (3) dinosaur bone samples from the Upper 
“retaceous of Bain Dzak, corresponding probably to 
Turonian; (4) bone samples of mammals from the 
Oligocene beds of Hsanda Gol; (5) mammalian bones 
from the Miocene beds of Beger Nur; (6) bones of rhino- 
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ceroses from the Pliocene beds of Altan Teli; and (7) 
mammalian bones from Palaeocene beds of Hashyat 
(Gashato). Sandstone samples have also been collected 
from the majority of these localities and analysed. 
Measurements of the gamma radioactivity in these 
materials compared with 0-12 per cent uranium ore have 
been made with the gamma scintillation counter using 
mechanically pulverized samples of volume 10 ¢.c... The 
results of these measurements, given in Table: 1, show 
that only those specimens collected in the Nemegt Valley. 
have high radioactivity. Specimens of similar age from. 
other localities (400-1,200 km from Nemegt Valley) have. > 
been found to be much less radioactive. It is, however. | 
interesting that the radioactivity of the bones from ` 
Tsagan Hushu in Nemegt Valley is approximately seven 
times higher in Cretaceous specimens 75-80 million years | 
old than in the younger Palaeocene bones 10~15 million 
years old collected in the same area. This indicates that 
not only the locality of deposition of the bones but also 
the age of fossils influences their levels of radioactivity. 


Table 1, GAMMA RADIOACTIVITY OF FOSSILS FROM THE GOBI DESERT 
(Above the line: average values; pelo? aie line: minimum and maximum 
values, : 


Material (number 


% Equivalent: 
of samples in Locality Age of 0-12% 


parentheses) uranium ore 
Bones of dinosaurs Nemegt Valley Upper Cretaceous BOBS 
(9) Altan Ula 41-0-136-0 
Sandstone (1) ‘i i an is OB 
Bones of dinosaurs Nemegt Valley ti i 90D 
and turtles (9) Teagan Hushu ag G-U 
Sandstone (2) x 43 n 3 oe Bee 
7-3-9 
Bones of crocodile A ats Palaeocene 144 
and turtle (2) 92-105 
Bones of mammals Nemegt Valley ” __ 400 
(3) Naran Bulak 20-0-84-0 
Sandstone (1) oe is 5 od 
Bones of mammals Hsanda Gol Oligocene BS 
@) PIARES 
vor of mammals Beger Nur Miocene 95 
Sandstone (1) Sin <8 a 09 
Bones of mammals Altan Tel Pliocene 3:7 
(rhinoceroses) (1) 
Sandstone oo» n 6:8 
Bones of mammals Hashyat Palacocene 45 
Brown loam (1) an i Li 
Bones of dinosaurs Bain Dzak Upper Cretaceous 2:8 
(4) 10-39 
Sandstone (2) vn ay af a Ld 
10-1-2 





The radionuclides contained in samples of bone from a 
dinosaur and a turtle from Tsagan Hushu have been 
identified by gamma-ray spectrometry. The spectro- 
metric measurements were made using a sodium. iodide 
phosphor 1-75 x 1-25 in. and a 200-channel pulse-height 
analyser in the most efficient geometry. The character- 
isties of both spectra obtained were identical and were 
virtually those of uranium ore’. Gamma spectrometry 
was also used to determine the concentration of radium- 
226 in samples of bone taken from a turtle from Tsagan 
Hushu. The concentrations of lead-210 were determined 
in these samples by the dithizone extraction method? and 
the concentration of polonium-210 by electrodeposition 
on silver foil, The analytical error is considered to be 
within 20 per cent relative standard deviation. The mean 
concentrations of these three radionuclides in the bones 
of a turtle were 700 pe./g, 356 pe./g and 362 pe./g, respec- 
tively. These results indicate that the lead-210 and 
polonium-210 in the examined bones were in radioactive 
equilibrium, whereas both these nuclides reached approx- 
imately half equilibrium with their parent radium-226. 
This could be caused by the loss of the gaseous radon-222 
parent of lead-210. 

The microdistribution of alpha activity in the bones of 
a dinosaur was assessed by autoradiography of polished 
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“The radioactivity of the rock surrounding the bones — 


from the Nemegt Valley was found to be similar to that 


i from other localities, except that one sample from Tsagan — 






















Fig. 1 ‘Autoradiograph of longitudinal section of dinosaur rib (Ornitho- 
mimus sp.) taken from Tsagan Hushu. Section 1 mm thick. 
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Hushu was approximately four times more radioactive 
than the other sandstone samples. This indicates that the 
concentration of radioactive material in the rock immedi- 
ately surrounding the bone deposits has little influence on 
the level of radioactivity in the bones. Thus the parent ~ 
uranium probably accumulated in the bones, presumably 
from the percolating ground waters which might have 
transported minute concentrations of uranium even from 
distant sources of the nuclide. The duration of accumu- 
tion, the amount of percolating water and the concen- 
tration of uranium in this water were probably the main 
factors influencing the levels of radioactivity in the fossil 
bones examined. Our results do not support the suggestion 
of Diggle and Saxon‘ that excessive radioactivity can be. 
found only in particular kinds of fossil animals, because’ 
we have found such radioaetivity in the bones of different 
kinds of dinosaurs, turtles and mammals collected in the 
“hot” Nemegt Valley localities. We did, however, find 
that radioactivity was higher in bones containing greater 
amounts of organic matter. l 
We thank Professor Z. Kielan-Jaworowska of the 
Institute of Palaeozoology, Polish Academy of Sciences, 
for supplying the fossil material and for discussing mary 
problems connected with this work. The autoradiograph 
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Gamma ray spectra of turtle, dinosaur and uranium ore. Sample of weight 368-5 g measured for 30 min at a channel width of 14-3 keV. 
, dinosaur (total counting rate 26,741 ep.) 
counting rate 18,709 ¢.p.m.). 
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— -was kindly prepared by Dr. J. Kawiak, Department of 
_ Histology, Medical Academy, Warsaw. 
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PHYSICS 


_. Discontinuities in the Thermal Properties 
of Water and Aqueous Solutions 


‘Tuer is considerable controversy at present on discon- 
© tinuities in various properties of water as a function of 
temperature)", In particular, the discontinuities pos- 
tulated in the region of 37° C, that is, body temperature, 
have important biological implications. These discon- 
|. tinuities, however, are in the main so subtle that their 
_ | very existence is questioned. 
We. have studied the ultra-violet absorption spectrum 
_ of the first charge-transfer-to-solvent band of iodide in 
_ water over the range of temperature 15°-75° C in the hope 
> that: these ions would act as “probes” of their environ- 
-< mentë and that the spectrum would be sensitive to these 
discontinuities. While for many systems the band 
‘Maximum, Fma is a linear function of temperature’, 
small deviations from linearity have, in fact, been de- 
‘tected in aqueous solution and we shall present evidence 
elsewhere which seems to us to show conclusively that 
_ the discontinuities in shift are greater than experimental 
error. 
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Fig.1. Energy of absorption band maximum, Emaxfor iodide in mixtures 
“of water and butanol (mole fraction z) at various temperatures. 
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Fig. 2, Sensitivity of the absorption band maximum of iodide to addition i 
of added t-butanol, dZmax/da, ont the range 0 <a, $002, as a function of - 
mperature. OE EA r 


When small quantities of t-butanol (mole fraction 2) 
are added to the system, however, the discontinuities are. 
greatly magnified in the plot of d#,.,/da, as a function | 
of temperature, and it is to this aspect of our work that 
we direct attention. The results are summarized in Fig. 1 
and the effects depicted there are very large compared 
with experimental error. In particular, it will be seen. 
that there is a reversal in the trend of the initial slope in 
the region 35°-45° C, Fig. 2. Because these effects extra- 
polate back to the pure aqueous solution we feel that this 
lends strong support to the hypothesis that there are dis- 
continuities in the properties of water in this temperature 
region. oe 

We thank the Science Research Council for. financial 
support. ; 
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Sub-millimetre Wave Spectra of Non-polar 
Liquids and Crystals 


Ix a previous publication, the sub-millimetre wave spectra 
of polar liquids—and in particular chlorobenzene——were 
discussed'. It was shown that in addition. to the Debye 
absorption process at very low frequencies (<10 ëm?) 
there existed a more intense absorption at frequencies 
characteristically inthe range 20-100em—. Thisabsorption, 
which was in the form of avery broad (half width œ 40 cm-t) 
band with peak heights in the range 10-30 nepers/em, 
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was attributed to vibrational motion of the disordered 
lattice, that is, to “liquid lattice absorption”. Since then 
other work at the National Physical Laboratory and 
elsewhere (ref. 2 and Genzel, L., personal communication) 
has shown that absorption bands of this type are a general 
feature of the sub-millimetre wave spectra of polar liquids. 

It is plausible to suppose that an important factor 
determining the intensity of these bands is the magnitude 
of the static dipole moment, because a dipolar molecule 
oscillating in a cage of polarizable molecules will induce 
oscillating moments in these and thus lead to the ab- 
sorption of radiation’. It is therefore interesting to in- 
vestigate the sub-millimetre wave spectra of liquids the 
molecules of which—at least in the gaseous state—have 
no permanent moment. We have chosen to investigate 
“carbon tetrachloride, carbon disulphide and benzene 
because these molecules are representative of the molecular 
geometries sphere, rod and plane, respectively. 

‘The spectrum of liquid carbon tetrachloride is shown in 
Fig. 1, In this figure, the interferometer results are 
shown together with microwave and sub-millimetre 
maser (Chamberlain, J. E., Werner, C., Gebbie, H. A., and 
Slough, W., to be published) observations. The spectrum 
of liquid carbon tetrachloride has been reported before in 
the region above 33 em~ (ref. 4) and the present results 
agree broadly, but reveal the absorption maximum at 
47 em more distinctly. The microwave observations of 
Whiffen’ and Smyth et al.® indicate that at low frequencies 
(<5 em) the absorption coefficient is proportional to the 
square of the frequency and Whiffen conjectures that 
there must be a maximum somewhere in the sub-millimetre 
region (max <70 em). This conjecture fits the observed 
spectrum well, for it will be seen that the microwave 
curve and the interferometrically observed curve can be 
fitted together as parts of a single smooth curve. This 
eurve, which represents a very broad absorption feature, is 
thus quite similar in outline to the “liquid lattice” ab- 
sorption bands previously observed! with polar liquids 
but the integrated intensity is much less. The spectra 
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obtained with erystalline polar compounds at low tem- 
peratures show in general sharp lattice bands! in the same 
spectral region as the broad absorption observed with 
liquid samples and the integrated intensities are of the 
same order. The spectrum of a frozen sample of carbon 
tetrachloride has been observed by the same technique as 
was used previously! and this is also shown in Fig. 1. 
Four relatively sharp lattice bands are observed at 19, 38, 
52 and 55 em~! when the sample is at 130° K. It is difficult 
to determine the absolute intensities of these bands in a 
microcrystalline sample, but ar estimate of the integrated 
intensity is «80 em~-*, about half that of the integrated 
intensity of the liquid sample (œ 140 cm). These numbers 
are roughly one order of magnitude less than the corre- 
sponding values for strongly polar liquids and crystals 
such as those observed with chlorobenzene?. 

The spectra obtained with liquid and erystalline carbon 
disulphide are shown in Fig. 2. The “liquid lattice” 
absorption is very similar to that observed with liquid 
carbon tetrachloride but shows a higher frequency for the 
absorption maximum (70 em~). This band has previously 
been observed’ when the sample was subjected to varying 
hydrostatic pressures: the absorption maximum was 
likewise found to be at 70 cm~, but the integrated in- 
tensity was somewhat less than that now reported which 
is #400 cm., The present observation is probably the 
more reliable because the thickness of the sample and other 
variables are known more accurately. The crystal spectrum 
shows only one band at 66 cm~ with an integrated strength 
of a 230 cm, that is again roughly half the intensity of 
the “liquid lattice” band. 

Similar results are obtained with liquid and crystalline 
benzene. The “liquid lattice” band has its maximum at 
70 em~ and once again the low frequency tail of this band 
fits satisfactorily with the microwave absorption reported 
previously®*, The crystal spectrum shows four bands at 
53, 64, 72 and 97 em~. These frequencies are known to 
vary with temperature, but the observed values at 173° K 
agree very well with the predicted values derived from an 
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investigation of the Raman spectrum’. The integrated 
strengths are for liquid »450 cm~ and for the erystal 
aw 350 cm. The results are shown in Fig. 3. 

For the three molecules investigated, liquid state ab- 
sorption bands in the submillimetre region have been 
observed, These cannot be assigned to any fundamentals 
~ or difference bands known for the isolated molecules 

and probably arise from “liquid lattice” type motions’. 
However, they have intensities about an order of magni- 
tude less than similar bands observed with strongly 
polar liquids. Because the absorption of infra-red radiation 
results from a change in magnitude or direction of the 
molecular dipole moment it is plausible to account for the 
intensities of the polar “liquid lattice” bands in terms of 
the dipole moment induced in a polarizable molecule by a 
polar neighbour being a function of the distance separating 
them. This will vary periodically as the pseudolattice 
vibrates and will lead to absorption of radiation at the 
vibration frequencies of the pseudolattice. Theoretical 
work has frequently involved the use of the “point dipole” 
approximation, a concept which cannot be applied at 
distances of the same order as that which separates the 
charges in the dipole. This assumption can be avoided by 
expanding the potential field due to the charge distribution 
in terms of raultipole fields, when even for a dipolar 
molecule there will be contributions to the intensity from 
the quadrupole and higher moments. It is to be expected 
that the contribution from higher multipoles will be a 
sensitive function of intermolecular separation. Now 
because the three molecules investigated here have no 
permanent dipole moments, all the band intensity ob- 
served must arise from dipole rnoments induced by higher 
moment interactions and should thus show greater varia- 
tion with applied pressure than is shown by the corre- 
sponding bands of dipolar liquids. This is in agreement with 
observation’. Extra evidence for this interpretation is 
given by our observation that only very weak absorption 
is found in liquid cyclohexane, a molecule with a small 
polarizability and small quadrupole moment. These 
investigations of “liquid lattice” absorption spectra may 
add to our knowledge of the nature of intermolecular 
interactions and may do so especially when applied to the 
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spectra of dilute solutions of polar molecules in non-polar 
solvents, a subject to which we are now turning our 
attention. i 
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Heterodyne Detection of Sub-millimetre _ 
Radiation ee 


Tue development of the CN maser! as a continuous wave 
source of coherent radiation at a wavelength of 0:337 mm. 
has made possible the use of a heterodyne detection system 
for this wavelength. The advantages of heterodyne de- 
tection are well known’. To use this technique a source of 
coherent radiation and a suitable detector are required. 
It is a general characteristic of infra-red and sub-milli- 
metre wave detectors that their voltage output is pro- 
portional to the radiation power input so. that they are 
equivalent to radio-frequency square law detectors. If a: 
detector of this type is placed in a position at which two 
beams of radiation of similar wavelength interfere, the 
detector output will be proportional to (Py P,)? where 
P and P, are the powers received from the first. and second 
beams respectively. If P, is modulated in some way so 
that it contains components of frequency v; ‘differing 
slightly from the frequency v, of Pa, the output. from the 
detector will contain components alternating at “the 
difference frequency (v,~-¥,). If the intensity of the ùn- 
modulated beam P, is greater than that of P,, the output 
signal will be proportional to (P, Pa)? and correspondingly 
greater than the signal which would be obtained if a weak 
beam P, only were received by the detector (this assumes, 
of course, that the relative phases of the two beams at the 
detector are adjusted for maximum intensity). Thus the 
difficulty of detecting a weak signal P, can be reduced by 
using a heterodyne technique. In some applications the 
difference frequency (v,-v,) may be relatively large, so 
that for this technique to be of practical value a detector 
with a wide frequency response is required. On the other 
hand, in some applications in spectroscopy or radiometry 
long integration times can be used to facilitate the de- 
tection of very. weak signals. This is equivalent to a 
situation in which (v,~-v,) is very small. In measurements 
of this type, therefore, the use of detectors with low, 
frequency response ean be satisfactory. 

Fig. 1 shows the arrangement used to demonstrate 
heterodyne detection at 0-337 mm. The source of coherent 
radiation was a CN maser operated continuous wave and 
producing about 1 mW of power. The output was divided 
into two beams by the dielectric beam splitter A which was 
chosen to reflect about 10 per cent of the incident. beam. 
The stronger or “local oscillator” beam P, was then 
transmitted through the second beam splitter B into the 
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oe detector. The signal beam P,» was reflected at the: mirror 0, ea 
< modulated by means of a mechanical chopper and then 


re-united with P, by way of the mirror D and ‘the beam 
splitter B. The position of the mirror D was set to mini- 
mize the phase difference between the two beams at the 
detector. Attenuators consisting of black polythene plates 
1-5 mm thick can be inserted in either beam as required. 
With no attenuation in either beam, the intensity of P, at 
the detector was approximately 1 per cent of Pa The 
detectors used consisted of an indium antimonide sub- 
millimeter detector? operated at 18° K, a Golay cell 
operated at room temperature and a pyroelectric detector 
(Ludlow,J., Mitchell, W. H., Putley, E. H., and Shaw, N., 
to be published) also operated at room ‘tomperature. In 
Fig. 2 the normalized detector output is plotted against 
incide adiation power (a) when one beam is completely 
ADS owing that the putput varies as P, and (b) 
-when one beam is kept at constant level and the output of 
‘the other is varied, showing for this case that the output 
| varies as Pt.. Fig. 2 gives the results obtained for all three 
; “detectors dn both modes of operation and shows that 
«they ean all be used advantageously in the heterodyne 
~ mode. 
‘Phe: intensity of the strong beam received by the 
indium antimonide detector was estimated to be about 
50 uW. The weak beam was modulated at 800 c/s and the 
improvement in the noise equivalent power (NEP) was 
by a factor of about 20. Taking the noise equivalent 
power for the indium antimonide detector in the simple 
mode of operation as 15x 10-" W for 1 c/s bandwidth 
(ref. 3) gives the NEP in this case as 7 x 1073 W. Although 
“this represents a significant improvement, it is still con- 
siderably inferior to the performance predicted for this 
type of detector in a heterodyne system‘. The reason for 
this is probably the presence of excess noise and instability 
in the maser, Work on improving this type of maser is 
“in. progress, but the performance is also likely to be 
improved by operating with a balanced detector and at a 
higher modulation frequency. 

-The NEPs obtainable with the Golay cell (using 5 c/s 
modulation frequency) and the pyroelectric detector were 
also improved by a factor of about 20. These detectors 

; have the advantage that they operate at room temperature 
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Fig, 1, Diagram of the apparatus used in heterodyne detection of sub- 
E Til Himetre radiation, se 
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Fig. 2. Lower line shows linear behaviour of detector without local oscil- 

lator; upper line shows expected square root behaviour in the presence of 

a local oscillator. For the latter curve, the maximum signal power was 
1 per cent of the local oscillator power. 


but are less sensitive than the indium antimonide detector 
and their response times are longer (15 msec for the Golay 
and 2 usec for the pyroelectric detector compared with 
0-2 usec for the indium antimonide detector). For some 
applications the longer response time is not a disadvantage, 
while for others even the indium antimonide detector 
responds too slowly. Possible types of faster detector 
inelude a microwave point contact diode, a Josephson 
superconducting junction’ and an indium antimonide 
detector operating at 77° K (Putley, E. H., and Shaw, N 
to be published). All these detectors require further 
development before their usefulness in the heterodyne 
mode of operation can be assessed. 

The results reported here can be summarized by saying 
that a heterodyne detector for 0-337 mm radiation has 
been operated. It has shown a worthwhile improvement 
in detectivity over that attainable without the use of the 
heterodyne technique. Further improvements both in the 
maser and in the detectors are required before the per- 
formance approaches that of a perfect receiver. 
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THE SOLID STATE 


Stress Corrosion Cracking Susceptibility of a 
Titanium Alloy in a Non-electrolyte 


PRE-CRACKED specimens of an alloy of titanium, aluminium, 
molybdenum and vanadium (90:8:1:1) with a yield 
strength of 107,000 Ib. /in.? were stressed in saturated hydro- 
carbons using the cantilever beam test designed by Brownt. 
The hydrocarbons were n-propane, and n-heptane and 
n-hexane of commercial purity (99+ mole per cent). 
These were contained in ‘Tygon’ or polyethylene cemented 
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to the specimens with silicone rubber cement. During a 
test, the surface of the specimen containing a small fatigue 
erack was stressed in tension while submerged in one of 
the hydrocarbons. 

The results show that cracks propagate readily in the 
presence of each of the hydrocarbons in specimens loaded to 
an initial stress intensity, K, of 35-40 ksi 4/ (in.) or higher. 
Iderttical specimens stressed in water containing 3-5 per 
cent sodium chloride crack at K; of 23 ksi y (in.) or higher. 
In contrast, a K of about 85 ksi y (in.) is required to crack 
the specimens in air. Thus, stress-corrosion cracking does 


take place in n-propane, n-heptane, and n-hexane, al- 










“though a somewhat higher threshold stress intensity is 
required than in salt water. 

Electron fractographs of the stress-corroded area show 
that n-propane produces a cleavage-type fracture similar 
to that produced by salt water. The n-hexane fracture 
.. type could not be specified with certainty. 

C3. These findings are significant because the hydrocarbons 


should not sustain an electrochemical process. Evidently, 


the electrochemical mechanism of stress-corrosion cracking, 
as accepted for austenitic stainless steels, does not apply 
» here. 
This research was supported by the Advanced Research 
Projects Agency of the U.S. Department of Defense. 
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CHEMISTRY 


Enhanced Reactivity at Dislocations in Layer 
Structures 


Tus communication is concerned chiefly with the localized 
‘chemical reactivity of solids such as graphite, molybdenum 
sulphide and other substances which crystallize with 
layer structures and for which some information is 
available! about their dislocation content. Most specimens 
of such solids are known to contain extremely high 
densities (for example 103 cm? in graphite’) of basal 
dislocations which move freely through the layer planes 
even at low temperatures. But there is every indication? 
that the presence of these glissile basal dislocations does 
not lead to enhanced reactivities of the solids. (It could 
be argued, however, that, for graphite at least, basal 
dislocations, owing to their ubiquity, contribute to the 
intrinsic reactivity of the solid.) This communication 
draws attention to the role of non-basal dislocations, the 
existence and influence of which have, until recently, 
tended to be overlooked. 

Two types of non-basal dislocations are contemplated’: 
(i) the c-axis screw, where both the dislocation line and the 
Burgers vector lie in non-basal (prismatic or pyramidal) 
“planes; (ii) the c-axis edge, where the dislocation lies in a 
“-non-basal plane, but the Burgers vector lies in the basal 
plane. The name “non-basal” is sometimes also used for 
- dislocations which lie in, but which have Burgers vectors 
perpendicular to, the basal planes. Dislocation loops 
formed by the aggregation of vacancies or interstitials 
(in graphite® and molybdenum sulphide (ref. 7 and Hörl, 
E. M., personal communication)) are of this kind. They 
will not be considered further here. 

Non-basal dislocations, which involve the breaking of 


°° jntra-layer covalent bonds, require much greater ex- 


poenditure of energy for their formation and movement 
than basal plane dislocations which, in gliding, do not 
necessitate rupture, but merely minor extension or con- 


traction of covalent bonds (see ref. 8 for diagrammatic 


representation). Semi-quantitative estimates of the 
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difference in energy between a dislocation of unit strength 


in a prismatic plane of graphite (extent of slip 6-69 A) and - 


another also of unit igh in a basal plane of the same 
solid (extent of slip 2-46 


the elastic strain energy of a dislocation, G is the shear 
modulus of the solid, « is a constant that falls between 
05 and 1-0 and b is the extent of slip (with the same 
numerical value as the Burgers vector). This equation 
also enables us to see that a non-basal dislocation of 
multiple strength is energetically unstable with respect te 
its dissociated products. a, in 
graphite, a c-axis screw dislocation which. has a 
vector of, say, 10c, would have an elastic ‘strain 
proportional to 100c?, whereas the total strai 
of the completely dissociated (twenty) screw dislocation 
of smallest possible Burgers vector c/2 would be propor- 
tional to 5c’, It is not therefore surprising that the 
existence of non-basal dislocations in graphite and other 
layer structures has usually been discounted on energetic 
grounds. All this is tantamount to saying that one should 
expect very few non-basal dislocations and even fewer 
dislocations of multiple strengths in layer structures. 
Yet, for graphite, there is incontrovertible evidence, 
derived from optical™1°-12 and electron'*4 microscopic 
techniques, that non-basal dislocations of multiple 
atrength do oecur, sometimes in densities.as large as 
10° em-*, and occasionally aligned into low-angle boun- 

















) can readily be made from the: 
following approximate equation’: E = oGb*, in which # is. 


For example, in hexagonal — 





davies. Moreover, there is a strong tendency for multiple: 


strength dislocations to dominate. Burgers veet 
measured from the heights of cleavage steps) ranging 





comitant increase in energy of formation of this kind of 
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300 to 2000 A have been recorded; and only for one - 


co-operative defect. Furthermore, since it is possible to” 


introduce, by special kinds of deformation", pyramidal 
dislocations into hexagonal metals such as zine and 
cadmium, it can be imagined that pyramidal and prismatic 
dislocations may also be introduced to graphite and solids 
of similar structure after severe lattice distortion, (The 
recent statement of Muguruma*® that c-axis serew. dis- 
locations have never been reported in any hexagonal 
crystal is now untenable.) ; 

It has also been established’!° that non-basal. dìs- 
locations in graphite are the centres of enhanced reactivity 
when the solid is oxidized. For low rates and very low 
percentages of reaction!*, preferred oxidation on the basal 
planes always occurs at regions which correspond to the 
sites of emergence of non-basal screw and edge dislocations. 
At an “ordinary” site in the basal plane the kinetic aniso- 
tropy, Rea, the ratio of the rate of oxidation along the 
c-axis to that along the basal plane has been estimated by 
Hennig" to be approximately 10. But at serew and 
edge dislocations Rea has been found®:? to vary between 
10-! and 10? depending, among other things, on the nature 
and content of the impurity at the dislocation core. 

We now report that, when oxidized by oxygen, the basal 
surfaces of molybdenum disulphide, like those of graphite, 
develop etch pits* at the site of emergence of c-axis screw 
dislocations. Figs. la and b show that a hexagonal pit is 
formed wherever a cleavage step terminates on the basal 
surface. The mere existence of terminating cleavage 
steps signifies?! that non-basal screw dislocations are 
present in the solid. From gold shadowing the height of 
the steps seen in Fig. 1b was estimated at about 1500 A. 
It is clear that, so far as the initial stage of oxidation is 


* Oxidation was carried out in a quartz vessel at a temperature high enough 
(> 600° C) to ensure appreciable volatilization of molybdenum trioxide formed 
along with sulphur dioxide. 
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Fig. 1, 


Cleavage {0002} faces of single crystals of molybdenum di- 
sulphide after oxidation by oxygen at 600° C for a, 15 min, and b, 30 min, 
Preferential oxidation has occurred at the sites of emergence of c-axis 


serew dislocations (where cleavage steps end). Cnterference-contrast 
micrographs: a, x 225; b, x 280.) 


concerned, graphite and molybdenite have much in 
common., 

It is pertinent to speculate on the general implications 
of these results. First, the extent of enhanced reactivity 
may be proportional to the strength of the dislocation. 
Significantly, the size of eteh pits seen in Fig. la is roughly 
proportional to the height (and hence the Burgers vector) 
of the associated cleavage steps. Second, we should expect 
non-basal dislocations in numerous layer structures to 
play a part in oxidations and other reactions. Many 
minerals (especially the silicates) and simpler inorganic 
solids have layer structures (see compilation in ref. 22) 
which may well have regions of localized attack at the 
sites of emergence of c-axis dislocations. Take the par- 
ticular case of a transition metal chloride with a layer 
structure, «-titanium trichloride. If this solid contains 
many non-basal dislocations, then, even at {0001} faces, 
there can be an appreciable concentration of titanium, 
ions which are not fully co-ordinated by chlorine ions. 
Such sites, prevalent on {1010} faces according to the 
calculations of Arlman?4, are believed*4 to be the active 
centres in Ziegler-Natta catalysis. Moreover, if the 
dislocations are of multiple strength (Burgers vector 
greater than about 50 A), the cores of the screw disloca- 


tions would be hollow®, so that the effective number of 


active centres at “unfavourable” but well developed faces 
would be further enhanced. 

Investigations of the dislocation and vacancy contents 
of several layer lattice solids are in progress. 
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A., Elementary Dislocation Theory 


Optical Configurations of Complexes of 
Amino-acids with Cobalt(HH) 


COMPLEXES of cobalt(III) with «a-amino-acids have 
recently attracted much attention. Perhaps most interest 
has been focused’? on the interplay of the asymmetry of 
L-amino-acids with that of cobalt in an asymmetric octa- 
hedral site. For investigations of this type, a knowledge of 
the absolute configuration about the cobalt ion is required, 
and here an empirical rule has proved useful. This states? 
that any complex of cobalt(III) which contains two or 
three five-membered chelate rings and has a dominantly 
positive Cotton effect for the longer wavelength d-d 
absorption band has the p-configuration. There are two 
apparent exceptions to this rule, and it is the purpose of 
the present note to remove this contradiction. 

For the ¢tris-amino-acid complexes of cobalt(III), a 
crystal structure is available’ in the case? of 1,2,6-(+ )- 
[Co(L ala),|. This complex has the p-configuration 
(related to that of the (+)[Coen,]*+ ion). An earlier 
spectroscopic deduction? had tentatively assigned the 
opposite configuration to this molecule. The error arises 
from the application of parentage arguments relating the 
symmetry determined signs of Cotton effects for com- 
ponents of the d-d envelope in the D, point group to the 
signs of Cotton effects in the C, point group which are not 
symmetry determined. 

An exactly similar contradiction between a spectro- 
scopie assignment’ of configuration and the true con- 
figuration obtained® using X-ray methods arises in the 
series [Coon,(a«)]**, For the complexes (+)[Coen, (L 
glut)]* and (+ )[Coen, (t glut H)]?+, which have® the p- 
configuration, the dominant Cotton effect for the longest 
wavelength d-d absorption band is positive. On the other 
hand, the D configuration had also been assigned’ to the 
complexes (—)ss{Coen,(a«)]"* using a parentage argu- 
ment. It was also stated® that the solubilities of the dia- 





* Abbreviations: en, ethylenediamine: an, any amino-acid anion; alaH, 
alanine: glut Ha, glutamic acid. 


NATURE, VOL. 214, APRIL 8, 1967 


stereoisomers formed by [Coena] t and [Coen,(aa)]?* with 
resolving agents were consistent with this spectroscopic 
assignment of configuration. Comparison of unrelated 
diastereoisomers is known’, however, to be grossly un- 
reliable as a method of relating configurations. A detailed 
discussion? of the solubilities of diastereoisomers in the 
series [Coen,(a«)]** also used the wrong configurations 
for the complex cations. 

The complexes (+)[Coen,(aa)]"* and 1,2,6[Co(a«)s] 
with dominantly positive Cotton effects in the longest 
wavelength d-d band have the »-configuration. No 
exception is at present known to the empirical rule 
“quoted here. To assign configuration on spectroscopic 
=. grounds to complexes lacking axial symmetry is extremely 
-eunreliable, 
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Evidence for the Occurrence of N-Nitrosamines 
in Tobacco 

< Tug possible significance of N-nitrosamines as aetiological 

factors in human carcinogenesis is based on the wide- 

spread occurrence of nitrosamine precursors (S-amines 


: < and nitrites) in biological systems!’ and the remarkable 


way in which various nitrosamines can affect different 
organs in the same species of experimental animal’. These 
observations have prompted the development of improved 
analytical techniques for the qualitative and quantitative 
determination of N-nitrosamines in biological material*~’, 
and the application of these methods to the analysis of 
condensates of tobacco smoke has revealed the presence 
of small amounts of a number of carcinogenic nitrosamines 
in tobacco smoket*?, 

‘Although Neurath et al.’ have claimed that nitros- 
amines in tobacco smoke are formed in a time dependent 
chemical reaction occurring in the vapour phase and after 
the combustion zone, the possibility cannot be entirely 
eliminated that the nitrosamines in tobacco smoke origi- 
nate at least in part from the material of the tobacco 
plant because of the known carcinogenic properties of 
tobacco extracts’. 

An ether extract of 1 kg of Burley tobacco dried in air 
was therefore extracted with 10 per cent sodium hydroxide 
and 10 per cent hydrochloric acid to remove acids and 
bases, and the neutral ether solution concentrated to a 
final volume of 10 ml. Gas chromatographic analysis of 
this fraction, using various stationary phases, revealed 
a small peak with the same retention time as N-nitroso- 
piperidine. 

It was possible to enlarge this peak, without the 
appearance of any other additional peaks, by adding 
small quantities of an authentic sample of N-nitroso- 
piperidine. This result was confirmed by preparative gas 
chromatography. Fractions corresponding to the re- 
tention times of a few known nitrosamines as well as 
intermediate fractions were collected and analysed for the 
presence of N-nitrosamines by testing colorimetrically 
for nitrite after the samples had been irradiated with 
ultra-violet light according to the method of Preussmann 
et al”. The results revealed the presence of nitrite in the 
various fractions and thus indicated the possible presence 
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of unknown nitrosamines in the ether extract of tobacco. 


In view of the complex nature of the neutral ether extract . 


that was examined by means of gas chromatography, 
however, it seemed desirable to obtain independent 
chemical evidence in support of these findings. PES 
In a subsequent experiment 18 kg of Burley tobacco 
was extracted with methylene chloride in the usual manner. 
After the concentrated extract had been distilled, the 
neutral fraction was obtained as previously described and 
reduced with lithium aluminium hydride according to. 
the method of Neurath et al.. The newly formed. hydra- 
zines were made to react with 5-nitrosalicylie acid and — 
the red coloured hydrazone solution was analysed on ¢ 
Kieselgel column. The faintly coloured fractions that were 
eluted from the column, and which moved ahead of the 
reagent band, were collected and the residue that re- 
mained after removal of the solvent was examined by 
means of thin layer chromatography on silica gel G. ooo) 
In preliminary scanning experiments, in which the thin- 
layer plates were sprayed with methanolic potassium 
hydroxide to reveal “nitrosamine”’ spots®, at least. one 
spot on the plates showed characteristic changes.in colour. 
In subsequent experiments, it appeared that these spots 
could be separated from the other compounds in the 
mixture by means of repeated one dimensional develop- 
ment of the thin-layer chromatograms in the same mobile 
phase previously used. A typical thin-layer chromatogram 
obtained in this way is illustrated in Fig. 1. pos 
After the “nitrosamine zone” (spot 8, Fig. 1) had been. 
removed and the scrapings extracted with methanol, a- 
faintly yellow coloured solution was obtained which was 
used to record an ultra-violet spectrum. The spectrum 
revealed the typical absorption pattern and the dependency 
of this absorption on pH which is associated with the- 
5-nitrosalicylic aldehyde hydrazone derivatives of the 
asymmetrical hydrazines obtained from aliphatic nitros- 
amines (Fig. 2). When this spectrum is compared with 
that of the corresponding derivative obtained from an 
authentic sample of N-nitrosopiperidine (Fig. 3) it ean be 
seen that the two compounds concerned are not identical. 
The extremely low concentration of the unknown nitros- 
amine in the extract has delayed its identification. 
There were also indications that nitrosamine derivatives 
other than that shown in Fig. 2 were present in the hydra- 
zone mixture. Apart from the observed typical colour 
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_ ehanges of other spots on the thin-layer chromatograms 
© during spraying with methanolic alkali, the ultra-violet 
‘spectrum obtained from spots 5 and 6 (Fig. 1) showed the 
typical absorption pattern and pH dependency of nitros- 
amine derivatives. In this case the compounds seemed, 
_ however, to be contaminated with impurities which were 
"difficult. to remove because only small quantities of the 
‘material were available. Hydrazone derivatives derived 
from nitrosamines seemed also to be present behind the 
reagent band on the silica gel column used during the 
initial separation. These fractions as well as the “nitros- 
amines already mentioned are being investigated further. 
. Although no reliable estimate could be made of the 
-quantities of nitrosamines involved in this experiment, 
“the amounts are probably very low. These results seem 
to confirm, however, the views previously expressed by 
Druckrey! that nitrosamines are likely to occur in 
tobacco. 
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Structure of the Mo;O% lon in a Crystal of : 


Ammonium Heptamolybdate Tetrahydrate 
Terma decomposition investigations! have shown that 
ammonium heptamolybdate tetrahydrate gives three 
endothermic peaks on differential thermal analysis, four 
different crystalline states on X-ray analysis with a 
Guinier focusing camera, and four steps corresponding to 
them on thermo-gravimetrie analysis. The first endo« 
thermic peak corresponds to dehydration, and the second 
and third to loss of ammonium. In general, hydrates of 
polyacids are classified as containing structural water 
only*. In the case of ammonium heptamolybdate tetra- 
hydrate, however, the dehydration takes place without a 
change in the structure at first, and is eventually followed 
by structural collapse at the end of the dehydration. 
Some of the water molecules, therefore, seem to have a eo- 
ordinating function. It seems likely that the stepwise 
deammoniation is due to two types of ammonium ions in 
the structure. To interpret the results of these thermal 
decomposition investigations from the standpoint of 
crystal chemistry, a complete structural analysis of 
ammonium heptamolybdate tetrahydrate is required. 

This communication describes a partial structure 
determination in two dimensions of the compound, that 
is, the determination of the heptamolybdate ion. 

The structure of the heptamolybdate ion, Mo,O%, 
in the crystal of ammonium heptamolybdate tetrahydrate 
has been reported by Lindqvist‘. Lindqvist, however, 
determined only the molybdenum positions-—the skeleton 
of the polyanion—-and he did not determine the oxygen 
positions. Neither the structure of the whole molecule nor 
the arrangement of the molecules in the crystal has been 
elucidated. 

The crystallographic data for ammonium heptamolyb- 
date tetrahydrate obtained by Sturdivant’ were confirmed 
in the present investigation. Unit cell dimensions: a, 
8-382 A; b, 36-125 A; c, 10-464 A; p, 116-0°. Space group: 
Co,-~P2,/e. Absent spectra: OkO when k is odd. ROF 
when lis odd. Four molecules in each unit cell. The X-ray 
data were collected from a crystal with the dimensions 
0-18 x 0-13 x 0-95 mm. Intensities for Okl were recorded in 
a Weissenberg camera using copper Ka radiation. Because 
of the pronounced needle shape of the erystal, the in- 
tensities for hkO were recorded by the precession method 
with p= 20° and molybdenum K radiation. All intensities 
were estimated visually. Corrections for Lorentz and 
polarization factors were applied. No corrections were 
made for absorption. A total of 656 independent reflexions 
were examined. 

The structure determination was carried out by Fourier 
and difference Fourier methods using the co-ordinates 
of the seven molybdenum atoms given by Lindqvist as 
starting parameters, and was followed by least-squares 
refinements using isotropic temperature factors, which 
gave an R factor of 0-264. So far as the heptamolybdate 
ion is concerned, there seems tc be no possibility of further 
significant improvement in the value. 

A perspective view of the heptamolybdate ion is shown 
in Fig. 1. The skeleton of the polyanion proposed by 
Lindqvist was confirmed, namely, seven MoO, octahedra 
joined by shared edges to form a compact structure 
unlike the coplanar structure found for TeMo,O‘7. The 
distortion of the polyanion structure was, however, found 
to be even more pronounced than had previously been 
assumed by Lindqvist. The Mo-Mo distances between 
octahedra sharing edges lie in the range 3-076-3-593 A, 
which is wider than the 3-21-3-48 A reported by Lindqvist. 
The bond angle, Mo(5)~Mo(6)-Mo(7), was found to be 
160-4°, which is more deflected from the ideal value of 180° 
than the 170-2° reported by Lindqvist. Lindqvist pointed 
out that the mean value of the Mo—Mo distances includin: 
Mo(6) is longer than that of pairs excluding Mo(6). This 
is also the case in the present investigation, where the 
values were 3-430 A and 3-206 A, respectively. 
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There are two. Mo-Mo distances which share corners, 
namely, Mo(1)-Mo(3) and Mo(2)-Mo(4). They are 4-176 A 
and 4225 A respectively, both being a little shorter than 
_ those reported by Lindqvist, 430 and 4-27 A. And yet 
© they are longer than any value reported on molybdenum 
| oxides by Magnéli* and by Kihlborg’-'". The sharing of 
edges is, however, the primary factor determining the 
“structure of the heptamolybdate ion, while the sharing 
of corners is merely a result of the association of octahedra 
sharing edges. 
© The lower limit of the Mo-Mo distances between 
‘octahedron sharing edges is shorter than any comparable 
value in the molybdenum oxides*-"" and in a molybdenum 
ronze™, Because heptamolybdate is a compact poly- 
anion formed primarily by sharing edges, the repulsive 
effect between the molybdenum atoms seems to be weaker 
han that in the aforementioned structures, in which the 
‘sharing of corners is the primary factor. 
The Mo-O distances fall between 1-650 and 2-510 A. 
The lower limit agrees with those values in MoO,, Mo,,04;, 
= KoeeMoO,, CoMoO, (ref. 12) and in a molybdenum 
-oxalate complex’. The upper limit agrees only with 
> that in K,y...MoO,, and is longer than those in the other 
-= Compounds mentioned. 
The arrangements of each MoO, octahedra represent a 
- considerable distortion from the regular co-ordination. 
No. systematic variations in the Mo-O distances were 
found in the structure of the heptamolybdate ion. This 
finding is in contrast to the Mo-O distances found in 
MoO, (two short, two intermediate and two long), 
in.Mo,0,, (three short and. three long bonds), and in 
MoO (one short, four intermediate and one long bonds)**. 
A progressive increase in distortion of MoO, octahedra 
ftom the middle toward the slab boundaries was reported 
in the structures of Mo,O., and of Mo,O,, (ref. 14). In the 
_heptamolybdate ion, the distortion of octahedra is perfectly 
irregular, showing no such variation of bond lengths with 
thé location of octahedra. This may be due to the fact 
| that. Mo,0,, and MoO, have sub-structures of the 





























Fig. 1. Perspective view of the Mo,0%; ion. 
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ReO, type, which extend. infinitely in two: dimensions. 
and are of finite widths in the third dimension, while the 
heptamolybdate ion is a discrete polyanion. 00 e 0 
The terminal Mo-O distances are generally shorter. 
than the rest, as might be expected. The mean: value of 
the former is 1-943 A, while that of the latter is 2-149 A. 
A three-dimensional, complete analysis is in progress to 
determine the positions of ammonium ions and water 
molecules. ES 
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BIOLOGY 


Comparison of the Effects of Gibberellic 

Acid and Aflatoxin in Germinating Seeds _ 
One biological activity attributed to gibberellic acid is 
the stimulation of protein synthesis in germinating seeds. 
The first such effect was reported for a-amylage’$; Black 
and Altschul‘ reported a similar effect for the synthesis _ 
of lipase in the distal halves of cottonseed (Gossypium 
hirsutum). This was not true for all samples of cotton- 
seed investigated; in some there was apparently no 
need for exogenous gibberellic acid to support Hpase 
development. Aflatoxin inhibited lipase formation im 
cottonseed!, oar 

The distal half of the cottonseed cotyledon is therefore 
another model for investigation of the effect of gibberellic 
acid. Lipase activity in germinating oilseeds shows a 
relatively sharp maximum in the early stages of germina- 
tion’, and so measurement of activity at one stage (for 
example, after 3 days of incubation) might not reflect 
the complete picture. An investigation was made, 
therefore, of the course of lipase activity in the first 5 days 
of incubation and of the effects on the appearance of this 
enzyme of exogenous gibberellic acid and of several con- 
centrations of aflatoxin. By this procedure it was shown 
that exogenous gibberellic acid has an effect on. lipase 
formation even in those seeds where no effect was shown 
previously; the effect of aflatoxin was dependent on 
concentration. 

Fig. 1 shows the effect of gibberellic acid and of several 
concentrations of aflatoxin on lipase activity in. distal 
halves of cottonseed during the first 5 days of incubation; 
the sample of cottonseed was the one that had previously 
not shown any stimulatory effect of exogenous gibberellic 
acid or inhibitory effect of aflatoxin. Maximum activity 
for the untreated samples was reached between. 85 ard 
96 h. When gibberellic acid was added, this same level of 
activity was reached at approximately 72 h and ap- 
proached the same activity observed by St. Angelo and 
Altschul’ for germinating cottonseed. The effect of 
gibberellic acid at this concentration in this sample, there- 
fore, was to advance the entire pattern of development of: 
lipase activity by about 15 h. 
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Aflatoxin. at the highest concentration retaraed the 
formation of lipase; in the intermediate concentration the 
acceleration of lipase formation was about the same as 
obtained with gibberellic acid; at the lowest concentra- 
tion, the maximum of lipase activity achieved a higher 
level somewhat earlier. 

Gibberellic acid reversed the inhibition caused by the 
greatest concentration of aflatoxin and produced a pattern 
.. similar to that of the acid alone or of the medium concen- 
~ tration of aflatoxin. Gibberellie acid in combination with 
the lowest concentration of aflatoxin seemed to advance 
slightly the development of lipase activity compared 
with the development of activity with aflatoxin alone. 
Actinomycin D (40 ug/ml.) completely inhibited lipase 
development in the seed halves for the first 72 h, 

Expansion of the cotyledonary halves was greater and 
always much more rapid when gibberellic acid was added, 
Aflatoxin had no effect on expansion. Gibberellie acid 
“stimulated chlerophyll development while the highest 
concentration of aflatoxin was strongly inhibitory. 
Development of chlorophyll appeared to parallel the 
pattern of lipase activity and began just before the time 
when maximum enzyme activity was reached. Treatment 
with gibberellic acid plus the lowest concentration of 
aflatoxin resulted in the most rapid development of 
chlorophyll (55 h, compared with 68-72 h for the others); 
the most rapid manifestation of all three activities was 
attained by the treatment with gibberellic acid plus the 
lowest concentration of aflatoxin; actinomycin D com- 
pletely inhibited all three effects. 

We can now say that in all samples of cottonseed so 
far examined, exogenous gibberellic acid affects the pattern 
of lipase formation. Where there is lipase formation 
without exogenous gibberellie acid, this may be the result 
of gibberellic acid already present in the distal halves, 
In this instance, exogenous gibberellic acid accelerates the 
entire pattern of lipase formation and disappearance. 
It is now clear that inhibition of lipase formation by 
aflatoxin is a general property of cottonseed, but when 
added in low concentrations, it stimulates the formation 
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Fig. 1. Lipase activity in distal halves of cottonseed. Hulled cottonseed 
were halved by cutting perpendicular to the longitudinal axis, The 
tlistal halves (1-5 g fresh weight) were surface-sterilized for 15 min with 
J percent liypochlorite, rinsed in distilled water, and incubated in 125 ml, 
flasks containing 2 ml. of water, 0-01 per cent ‘Poly-Tergent J-300" and 
the appropriate treatment in a wrist-action shaker to assure adequate 
oxygen tension’. After the appropriate incubation period at 20° C and 
with constant ilumination, 2-0 g of the distal halves were homogenized 
in 12 mil, of 0-01 molar acetate buffer, pH 5-1, and strained through three 
layers of cheesecloth, Lipase activity was determined by the method of 
St. Angelo and Altschul’ and is expressed as jmoles of free fatty acids 
(FFA) released in 30 min. The curves are averages of at least two experi- 
ments; controls were run for each treatment. Although there was some 
variability from day to day, the behavioural pattern was always the 
same, and the relative values among the various treatments were the 
sume when expressed as percentage of control. The additives are 
expressed as molarity in the incubating solution. (1) No additives: 
(2) 9x 10+ molar gibberellic acid; (3) 15% 104 molar aflatoxin; (4) 
#5 10-9 molar aflatoxin: (5) gibberellic acid + 15x 10+ molar afla- 
toxin; (6) 6-5 10 molar aflatoxin; (7) gibberellic acid + 6-5 x 10-4 
molar aflatoxin; --- , extrapolated. 
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of lipase activity. The effects on the formation of chloro- 
phyll both by exogenous gibberellic acid and by aflatoxin 
parallel those for lipase activity, The effeet on cell 
expansion is a property of gibberellicacid alone; apparently 
in this instance there was insufficient gibberellic acid in 
the distal halves; the effect of this exogenous acid is 
pronounced. 

It is generally considered that gibberellic acid influences 
genetic expression leading to formation of messenger 
RNA*. Aflatoxin has been implicated as an inhibitor of 
protein synthesis':7~*; recent data indicate that it binds 
DNA and inhibits DNA dependent RNA synthesis'*", Our 
results on cottonseed may suggest that aflatoxin affects 
protein synthesis at a point beyond DNA dependent RNA 
synthesis. It may be when in large concentrations in 
the cottonseed, aflatoxin interferes with the function 
of messenger RNA; this can be overcome by formation of 
additional messenger through addition of gibberellic acid. 
At low concentrations, aflatoxin may stabilize the messen- 
ger RNA; the effect on the pattern of lipase formation 
might then be similar to that of exogenous gibberellic acid. 

We thank Drs. L. A. Goldblatt and J. A. Robertson, 
jun., for aflatoxin, Actinomycin D was given by Merck, 
Sharp and Dohme. One of us (H. C. J.) was supported 
by the National Cottonseed Products Association. 
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Information Transfer in Molluscan Embryos 


Fuickinger} first pointed out the possible use of actino- 
mycin to find out whether embryonic information transfer 
is sequential. According to him mRNA for particular 
organs is “released in the cytoplasm immediately before 
differentiation”. If this view is correct, it should be 
possible to suppress the differentiation of organs selec- 
tively by treating the embryos (with inhibitors like actino- 
mycin) at specific stages. Ideally, it should be necessary to 
follow up such experiments with autoradiographic and 
biochemical tests for suppression of RNA synthesis. Such 
selective organ suppressions, however, would be interest- 
ing per se and hardly any good examples are known. I 
have reported? the inhibition of pigmented sensorial 
organs of Ciona by actinomycin and chromomycin. The 
latter drug, known to inhibit synthesis of RNA®, also binds 
to DNA, like actinomycin*-§, and its effects on Ciona are 
similar to those of actinomycin*.’. 

Similar experiments have now been carried out with 
Limnaea, The eggs were collected from leaves of aquatic 
plants in the pond or in earthen vessels kept in the 
laboratory. 

Effects of 50 y/ml. of actinomycin and chromomycin 4, 
were similar. Short treatments (2 and 4 h) during early 
cleavage, from the two cell stage onwards, cannot stop 
organogenesis or even hatching. Prolonged treatment 
(26 h, 48 h or more) during the trochophore stage exerts a 
marked effect. Treated embryos do not develop much 
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beyond the trochophore stage; abnormal trochophores 
continue to rotate within the egg capsule while controls 
hatch. Such prolonged treatments at late trochophore or 
early veliger stages cannot stop the principal organo- 
genesis although abnormalities are induced (suggesting 
that the drugs have penetrated). Trochophores and 
veligers at different stages were treated with (100 y/ml.) 
actinorhycin for shorter periods (90 min). The results 
confirm that the drug is a very effective inhibitor of 
‘o morphogenesis at the early stage of the trochophore. 
Short treatments (with 100 y/ml.) produce results in the 
early trochophore which are comparable with those men- 
°° tioned above, while organogenesis cannot be suppressed 
“at later stages, though malformations and abnormalities 
«do occur. A possible explanation of these facts is that 
during the trochophore stage a large amount of informa- 
tion is released. Furthermore, treatments at successive 
stages indicate a “wave like” or rhythmic sensitivity to 
the toxie effect of drug, that is the embryos die (after 
organogenesis) if treated at certain later stages. Such 
> guecessive treatments did not selectively suppress any 
specifie organ but the posterior parts were always more 
sensitive and in a number of cases practically naked snails 
(with very rudimentary shells) were seen to hatch. This 
can also take place if treatment is given at the stages of 
gastrulation, late morula or early veliger. Sherbet and 
Lakshmi’ obtained similar results with Planorbis exustus, 
treated with certain inhibitors of protein and RNA. 
Similar results, however, have been reported also with 
lithium ehloride®. But at certain stages lithium chloride 
produces marked cephalic abnormalities®° while at no 
stage of development does treatment with actinomycin 
(50 y/ml.) exert such effects. 

Unlike gea-urchin'™*?, and Ciona®’, Limnaea eggs 
treated at the stage of early cleavage with actinomycin 
(50 y/ral.) and chromomycin (50 y/ml.) and then put back 
into water develop more or less normally and can hatch, 
although at the trochophore stage treatments of the same 
duration (4-5 h) or less (2 h) induce abnormalities and 
prevent hatching. Perhaps binding to DNA occurs more 
easily at later stages. The marked effects of treatment 
with 100 y/ml. of actinomycin show that the eggs are 
permeable to the drug at early cleavage. 

One of us (R. L. B.) thanks Professor G. Reverberi, 
Professor P. R. Gross and Professor R. A. Flickinger for 
their critical comments. 

Addendum: (1) Selective suppression of the “skeleton” 
in sea-urchin by actinomycin has now been achieved 
(personal communication from G. Grudice). (2) The 
problem of permeability of actinomycin in eggs of Limnaea 
at an early stage can be overcome, in principle, by employ- 
ing labelled actinomycin. 

Note added in proof. Incorporation of phosphorus-32 
shows indeed a peak at trochophore which gradually 
declines in the veliger stage. Actinomycin (100y/ml.) can 
suppress incorporation by 50u per cent. 


R. L. BranMacHaRy 
K. P. BANERJEE 
Unit of Embryology, 
Indian Statistical Institute, Calcutta. 
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“Foot-stomping” in the Gerbil: Rewarding 
Brain Stimulation, Sexual Behaviour, and 
Foot Shock 


In our programme of research directed toward under- 
standing brain mechanisms of motivation, we have con- 
sidered that other animals, as well as the white rat, should. 
be used to investigate the phenomenon of reward elicited 
by direct stimulation of the brain. While widespread: use 
of the white rat has the advantages of reducing variability 
within subjects, between, experiments, and among experi. 
menters, such standardization tends to limit generality — 
of findings. Even within the order Rodentia clear differ- 
ences in the open field and visual cliff may be obtained 
from mammals of different families. Thus the gerbil, 
Meriones, from the family Cricitidae, and the white rat, 
Rattus, from the family Muridae, demonstrate different: 
responses in an activity situation and in a depth percep- 
tion apparatus!*. It seemed worthwhile, therefore, to 
determine whether any differences existed between. these 
two mammals in the brain reward situation. Our brain- 
stimulation experiments on the gerbil have led to the 
observation of a unique pattern of behaviour not seen im 
the albino rat. Such a result has suggested new directions 
in the investigation of the brain reward phenomenon. 

Bipolar nichrome electrodes were implanted in seven 
male gerbils using the procedure outlined in Olds: and 
Milner’, Gerbils weighed between 70 and 100 g. Al 
week recovery period was followed by self-stimulation 
testing in which every depression of a lever caused a 
maximum of 0:5 sec of a 60/sec sine wave current to 
stimulate the area of tissue surrounding the tips of the 
implanted electrodes. Other durations of stimulation 
were used, but those results will not be reported here. The 
current was varied from 0-60 pamp in initial tests, and 
from 0-40 pamp in self-stimulation tests carried out just 
before the death of the animals. 

It was during the initial self-stimulation tests that- the 
unique pattern of behaviour was seen. After pressing 
several hundred times for rewarding brain stimulation, 
the gerbil would cease all activity and begin to make: a 
rhythmic tapping sound with its two back feet. The 
tapping sound was produced by an alternating rhythmical : 
(1/see) thumping. Such “foot-stomping” rarely occurred. 
during stimulation, but was most often seen after stimula» 
tion. 

What was the significance of this foot-stomping ? How 
did it relate to self-stimulation effects ? First, we measured 
foot-stomping after we had applied brain stimulation. 
Table 1 shows the maximum number of self-stimulation 
responses at 10, 20 and 40 pamp as well as the maximum 
foot-stomping duration elicited using 45 pamp current 
intensity and a stimulus lasting 0°5 sec. Tt can be seen 
that there was some tendency for the higher self-stimula- 
tion rates to be associated with longer foot-stomping 
durations; it is clear, too, that this relation is far from 
perfect. 

Second, how did this behaviour relate to the normal 
patterns of gerbil behaviour? Glickman (personal com- 
munication) has pointed out that such behaviour was seen, 
at times, during sexual behaviour and male-female 
encounters. To investigate this possibility, one female 
was ovariectomized and brought into heat with a sub- 
cutaneous injection of oestradiol benzoate, followed 36 h 
later by a subcutaneous injection of progesterone. Several 
male gerbils were placed individually with the female 
5-8 h after the progesterone injection. The first admini- 
stration of the hormone sequence did not elicit any sexual 
behaviour on the part of any of the male gerbils used. 
Foot-stomping was not seen in this situation. The 
hormone sequence was administered 3 days later, and 
this time one male was seen to perform many intromissions 
over a period of several minutes. We did not determine 
whether the male ejaculated during this encounter with 
the female. When sexual behaviour was evident, feot- 
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- Table 1, SUMMARY OF MAIN RESULTS 
oe ee a oo" Foot-stomping: 
; : E y Brain stimulation 
Nü of self-stimulation responses/min applied by experimenter Foot shock Histology 
; 45 pamp/0-5 sec $ 
Ss 10 wamp 20 pamp 40 vamp Latency Duration Duration Locus of electrode tips 
i (sec) (sec) (sec) 
19.: 3 85 143 10 15-0 45 Substantia nigra, pars compacta; cerebral peduncle 
20 5 62 125 13 59-0 82 Substantia nigra, pars compacta g 
24 1 50 53 40 140-0« 26 Medial forebrain bundle (ventral); fornix* 
25 4 29 51 27 24-0 48 Cerebral peduncle; medial forebrain bundle 
23 3 38 41 > 120 0-6 0 Subiculum; temporal cortex 
21 i 2 37 >120 0-0 50 Substantia nigra, pars reticulata 
22 2 1 28 45 0-5 65 Substantia nigra, pars reticulata; oculomotor nerve 
* Erratic, 


‘stomping was often seen; it was greatest at the beginning 
of the session, and typically occurred between intromis- 
‘These results show that there is a definite relation 
between the offset of rewarding brain stimulation and 





sexual behaviour, because foot-stomping appeared in both 
Third, what was the relation between foot-stomping and 

< the gerbil’s affective state ? Although our initial impres- 
sion from the self-stimulation data was that foot-stomping 
was related to a rewarding condition, our later observa- 
<: tions of the gerbil suggested the opposite possibility; 
namely, that the offset of reward was aversive and that 
_the foot-stomping was somehow a representation of this 
response to the aversive quality of the termination of the 
stimulation. That the termination of reward can produce 
aversive consequences is suggested by recent electro- 

_ physiological experiments of Grastyan®, who showed that 
hippocampal theta was present during rewarding stimula- 
tion. of posterior hypothalamus, but changed to de- 
synchronization at the offset of stimulation. That hippo- 
campal ‘desynchronization represented an aversive state 
was shown by another experiment in which aversive 
stimulation produced hippocampal desynchronization, 
but at the cessation of stimulation, hippocampal theta was 
observed. To obtain scme idea of the relation between 
aversive stimulation and foot-stomping, each gerbil was 
administered foot shock through an electrified grid floor 
for 2-10 sec until it showed a response to electrical stimula- 
tion to the feet. In six of the seven gerbils foot shock 
¿produced foot-stomping (see Table 1). In a recently 
completed experiment, foot-stomping after electric shock 
<. has been obtained from nine of a group of ten unoperated 
gerbils. As in our brain stimulation experiments there 
was complete cessation of all other activity during foot- 

- stomping. These results suggest, but certainly do not 
prove, that foot-stomping is associated with a high arousal, 

negative. incentive condition. 

Presumed loci of the electrode placements as seen in 
Nissl and myelin stained sections are presented in Table 1. 
We do not want to go into detail here of differences 
between the gerbil brain and that of the rat. While 
grossly similar, we have noted larger mammillary bodies 
relative to the rat. For the present, we wish to note that 
electrode placements yielding reward were rarely in what 
appears to be the medial forebrain bundle, although it is 

doubtful whether such an observation would have been 
made in the absence of previous data and theory on this 
point*. It appears that (1) the two placements yielding high 
rates of self-stimulation were in the substantia nigra, (2) 
there was no point where self-stimulation (10 responses/ 
min) was not obtained, and (3) the only point producing 
any foot-stomping at all during stimulation was in the tem- 
poral cortex (this was the only probe that fell outside of the 
ventral mesodiencephalic region). Before any firm state- 
ments. concerning anatomical locus of the self-reward 
phenomenon can be made, it will be important to determ- 
ine the extent to which individual differences of bar- 
pressing behaviour may influence anatomical conclusions. 
This is particularly relevant in the case of the gerbil, for 
we have. seen this animal perform at high rates (5-10 
responses/sec) while responding for food on a fixed ratio 
schedule (FR 30). Finer analysis of bar-pressing behaviour 





and other measures of motivation should assist in an 
accurate description of the gerbil reward system. 

The preliminary observations of the present work give 
us reason to believe that brain and behaviour problems 
can be further elucidated. It will be of considerable 
interest to attempt to understand why this foot-stomping 
behaviour is shown after foot shock, during sexual 
behaviour and after rewarding brain stimulation. As a 
working hypothesis we have assumed that foot-stomping 
reflects an aversive state and that the cessation of reward- 
ing brain stimulation, the interruption of intromissions 
and the “‘slow pain” following the foot shock are sufficient 
to produce this behaviour. Whatever the correct view, 


future experiments should further our understanding of — 


the relation between rewarding brain stimulation and 
both approach and withdrawal mechanisms. 
I thank Dr. Preston L. Perlman for supplying pro- 

gesterone, and Dr. Irving Zucker for his helpful suggestions. 
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Parasitic and Free-living Cycles in 
Entomogenous Nematodes of the Genus 
Deladenus 


Tars Australian Unit located in England is undertaking 
an investigation of siricid woodwasps and their natural 
enemies in coniferous forests in Europe; the ultimate 
objective is the biological control of Sirex noctilio F. in 
Australia. 

Nematode parasites of siricids were discovered by 
Zondag? in 1962 in S. noctilio in New Zealand. They 
were found in 1964-65 by Wilson and Spradbery (unpub- 
lished work) in S. juvencus L., S. cyaneus F., Urocerus 
gigas L., Xeris spectrum L. and the parasite Ibalia leuco- 
spoides (Hocken.) from various European countries, and 
in 1965 by Hocking* in two species of Rhyssa (parasites 
of siricids) introduced into Tasmania from India and 
Europe. I have investigated nematodes from these and 
allied hosts, and various unusual features have been 
revealed in relation to the nematodes’ life-history (Fig. 1). 

It has been found that nematode larvae removed from 
the adults of these hosts can be cultured on species of 
the fungus Amylostereum (which is symbiotically associated 
with the siricids), and that they develop in 3-8 days at 
24° C into adult males and two types of female. The 
commoner form continues to feed on the fungus and, 
after copulation, lays 50-500 eggs, which develop rapidly 
into males and both types of female. This non-parasitic 
cycle can continue indefinitely. The less common form 
is the infective female. 
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"Phe two forms are remarkably different, in many 
morphological features. The stylet shows striking func- 
tional dimorphism, being small and finely tapered in the 
fungus-feeding form, and very much longer and stouter 
“Gn the infective form. The fungus-feeding form (as well 
as the male) has the diagnostic characters of Deladenus 
: Thore (Neotylenchidae), whereas the infective form 
would be placed in the Allantonematidae. This situation 
bears critically on the status of these two families, and 
- possibly has wider taxonomic implications. 
“The infective female does not feed on the fungus, but, 
ithout copulating, enters a host larva, and develops in 
he. haemocoel. Males do not enter such hosts, and so 
reproduction is almost certainly parthenogenetic. The 
mature parasitic female is viviparous, and releases 500- 
_ 5,000 larvae in the haemocoel soon after the host emerges 
-as an adult from the pupa. If the host is a female siricid, 
the larvae migrate into its eggs, whereas if it is a male 
` siricid they congregate in the testes, which become 
: hypertrophied and devoid of spermatozoa. Thus both 
sexes of siricid hosts are rendered sterile. 
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Pig.1,. Diagram of the life-history of the nematodes Deladenus n. species, 

“showing the free-living fungus-feeding cycle and the parasitic cycle 

when female siricids are hosts. In other hosts, see text, the cycle is 
modified. or incomplete. 


mae piles beetle, Serropalpus barbatus (Schall.), from var 
ungus feeding European countries, have shown that. nematodes 
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The nematodes have different effects on the hyménop- 
terous parasites. For example, in Rhyssa persuasoria L., 
parasitism does not affect the male reproductive system; 
however, it often totally suppresses egg production in the 
female (though healthy eggs are sometimes present) and 
large numbers of nematode larvae congregate in the 
accessory glands and to some extent in the: ovaries, 
whence they often reach the ovipositor. 3 

In parasitized siricids oviposition itself is unaffected, ` 
and the eggs (each containing 20-150 nematode larvae) 
are deposited, together with oidia of Amylostereum, i 
timber. The nematode larvae then disperse throug 
tracheids, and feed on the fungus, usually in 
5 em of the wood. Parasitized R. persuasoria 
while drilling to locate siricids, probably also intro 
nematodes into timber. Male siricids and male paras 
which contain nematode larvae do not transmit them 
during copulation, and the larvae die within and soon. 
after their hosts, Aes 

A considerable increase in nematode numbers can occur” 
during the free-living cycle, and this would greatly. 
facilitate the finding of hosts. The parasitic cycle. is the: 
mechanism by which the nematode is transferred ‘to 
fresh timber infected with Amylostereum. o 

_No such nematode life-history, involving female 
dimorphism associated with free-living and parasitic — 
cycles, has been recorded previously. This dimorphism . 
suggests, however, the possibility that some fungus: 
feeding nematodes described as neotylenchid species may 
have parasitic form described separately as allanto- ce 
nematids. : 

The European nematodes investigated at this Unit can 
be separated into at least two new species of Delac 
Mr. R. Zondag kindly supplied from New Zealan: ected 
S. noctilio, from which a nematode culture was estab- 
lished, and comparison showed this nematode to be 
morphologically identical with one of the two species. 

Host specificity tests, using Deladenus fron = 
siricid species, two Rhyssa species, and an associated 



















































each of these sources will infect and develop in both 
siricid and R. persuasoria larvae. ae 
R. A. Beppie: | 
Sirex Biological Control Unit ee a 
(of the C.8.1.R.0. Division of Entomology, Australia), - 
Silwood Park, Ascot, Berks, England. ee 
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MICROBIOLOGY 


Identity of Feline Ataxia Virus with Feline — 
Panleucopenia Virus acg 


Kilham and Margolis? investigated the cerebellar hypo- 
plasia associated with feline ataxia (FA), a spontaneously 
occurring disease of kittens previously believed to be of 
genetic origin?. They demonstrated that the condition 
could be reproduced by passage of affected cerebellum 
emulsions in neonatal kittens or ferrets, and found that the 
transmissible factor was a filterable agent resistant to 
treatment with heat and ether; this they designated 
feline ataxia virus (FAV). The properties of FAV led 
them to compare the virus with the serologically distinet 
Kilham rat virus (RV)? and hamster osteolytic. virus 
H-I‘, of which the former can induce similar cerebellar 
hypoplasia in cats’, rats®, and hamsters’. From a different 
line of research, Johnson and Cruickshank® concluded 
that the properties of feline panleucopenia (FP) virus 
were similar to those of RV and H-I. Subsequent corre- 
spondence between the two groups led to the present 
report. i : : 
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In presenting various laboratory data which identified 
FAV and FPV as being one and the same agent, materials 
and methods are discussed only in outline because they 
have been presented more completely in preceding 
publications. The FAV virus was represented by 5 per cent 
suspensions in Eagle’s basic media (BME) of cerebellar 
tissue from kittens or ferrets which showed evidence of 
cerebellar hypoplasia. The strains of feline panleucopenia 
virus used were (1) a standard challenge strain in the form 
of splenic emulsions supplied by Pfizer, Ltd., (2) the 
leopard virus (LV) strain’ represented by a twelfth tissue 
culture passage, and (3) the mink enteritis (ME) strain! 
at the fifth passage level. In vitro infection with FP virus 
strains was carried out as described elsewhere, Briefly, 
primary kitten kidney monolayers (KKMP) were inoculated 
with test materials when the monolayers were between a 
quarter and a half complete. The extracts were adsorbed 
for 2 h at room temperature to the thoroughly washed 
monolayer, and then maintenance HSLS? or 199 media, 
containing 5 per cent of non-inhibitory serum, was added. 
The presence of FP virus strains was determined by the 
appearance in stained preparations of characteristic 
transient intranuclear inclusions®. If FAV were a strain of 
FPV, it would be expected that standard or known strains 
of FPV would induce a cerebellar hypoplasia in neonatal 
ferrets or kittens similar to that induced by FAV. To con- 
firm this, neonatal ferrets were used in preference to kittens, 
beeause these have been shown to be more regularly 
susceptible to the induction of cerebellar hypoplasia by 
FAV than kittens. Presumably, this is because FAV does 
not naturally infeet ferrets, while kittens, being the 
natural host, may obtain passive immunity to FAV from 
their dams'. The techniques used in these experiments 
have been deseribed elsewhere’. Equal volumes of heat 
inactivated test sera and virus suspension were therefore 
inoculated into the ferrets by combined intracerebral 
and intraperitoneal routes and histological examinations 
made. 


Table 1. IDENTITY OF TWO STRAINS OF THE VIRUS OF PANLECCOPENLA (FPV) 
WITH THAT OF FELINE ATAXIA (FAV) 


Virus* Neutralization Cerebellar 
ANAN test sera lesions t Days after inoc, 

RA No serum 8/3 ł 10 

LV Normal ferret 4/5 Band 14 

LV Ataxic ferret§ 0/5 13 and 14 

FAV Normal rabbit 2/3 12 

FAV FP antisera 0/3 14 

(cat) 
FAV FP antisera 0/2 14 
(rabbit) 


Note: FPV can induce the same histological changes in the cerebellum of 
neonatal ferrets as FAV and these effects can be neutralized by FPV and FAV 
antisera. 

* Inoculated by combined intracranial and intraperitoneal routes. 

+ These included formation of intranuclear inclusions with subsequent 
destruction of the external germinal layer. 

t Number of suckling ferrets involved, 

§ A ferret inoculated at birth with a third passage cerebellum suspension of 
FAY in ferrets, then bled 97 days later, 


Table 1 and Fig. 1 show the results, It can be seen that 
the pathological changes induced by FPV strains were 
indistinguishable from those obtained with FAV. Each 
agent selectively attacked the external germinal layer of 
the cerebellum and initially produced the characteristic 
sequence of intranuclear inclusion body formation, lysis 
of the affected cell population, and the resultant “hypo- 
plastic” state, featured by the virtual absence of a de- 
finitive granular cortex (Fig. 1). These effects were in- 
hibited when rabbit anti-LV or immune cat FP sera were 
incorporated into the inoculum”, while the incorpora- 
tion of normal rabbit serum did not inhibit the progress of 
lesions in inoculated ferrets. One of three ferrets in the 
control series did not develop histological changes, a 
finding consistent with our experience in previous in- 
vestigations with ferrets. 

What were, in a sense, complementary experiments to 
those already described are also shown in Table 1. Here 
the serum of a ferret, inoculated with FAV and subse- 
quently ataxic, completely neutralized LV activity in 
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five out of five ferrets, whereas four out of five ferrets 
developed characteristic histological changes when LV 
was given in the presence of normal ferret serum. Parallel 
investigations with cats, the natural host of FAV and 
FPV, revealed that a standard FPV strain can also induce 
histological changes in the kitten cerebellum which are 
identical with those described for FAV (Table 2). In this 
series of investigations only one of three litters tested was 
susceptible to the induction of these lesions, probably 
because the neonates acquired passive immunity from 
their dam. 

Results of these serum neutralization (S/N) tests per- 
formed in vivo were confirmed by further tests performed 
in vitro. The methods used for the FP virus strains have 
been described elsewhere, and standardized procedures for 
S/N tests’! were performed in KKMP. Paired ferret 
sera from an experimentally induced case of FAV cere- 












ifter inoculation 
ned with haema- 
showing pro- 








t postnatal day of leopard virus and serum (st 
in and eosin, x25). a, Positive neutralization te 
tive effect of serum obtained from a ferret with ata 
The complex evolving foliar pattern, the prominent 
external germinal layer, and the early stage of development of the 
definitive granular layer of the normal developing cerebellum can be seen. 
b, Negative neutralization test, showing lack of protective effect of normal 
ferret serum, The external germinal layer of the cerebellum has been 
destroyed, and there is no development of the definitive granular layer, 
but the Purkinje cell population and ue deep cerebellar nuclei are un- 
altered, 
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‘Table 2, RESULTS OF TESTS SHOWING THE ABILITY OF A STANDARD STRAIN OF 
FELINE PANLEUCOPENLA VIRUS* TO INDUCE CEREBELLAR CHANGES IN NEWBORN 


KITTENS 
Litter Day after inoc. Cerebellar lesion t 
jili H 2/2 
Uninoc, control Neg. 
2 11 0/28 
13 14 0/25 


* Kindly supplied by Pfizer, Ltd. 

+ See Table 1. 

4 Numbers of kittens involved. 

§ Natural immunity considered probable—see text. 


Table 3. DEMONSTRATION OF SEROLOGICAL RELATIONSHIP BETWEEN FELINE 
ATAXIA AND PANLEUCOPENIA VIRUS STRAINS, TESTED AGAINST PAIRED SERA 
FROM FERRET INFECTED WITH FAY 


Serum* Virust S/N titre t 
Pre-inoculation LV Lit 
ME lid 
Post-inoculation LV 1:180 
ME 1:256 


* Heat inactivated; taken at 3 weeks after inoculation, 
Strains of FP: LV, leopard virus; ME, mink enteritis, 
Final serum dilution against 10° 7O7D,, in 0-2 ml.: the end-point was 
taken as the four-fold inhibition of CPE. 


bellar hypoplasia were tested for antibody against FP 
virus strains, and the results are shown in Table 3. There 
were significant rises in 8/N antibody to both the ME and 
LV strains of FP virus. 
Suspensions of infected cerebella from ferrets inocu- 
lated with FAV, and infective tissue culture fluids from 
` KKMP infected with FAV, were checked for the presence 
of FP virus. Typical intranuclear inclusions frequently 
oceurred in paired cells (Fig. 2) and had the characteristic 
transient appearance of FP virus strains®, These were 
observed in both specimens to titres of 10% and 10% 
50 per cent tissue culture infective doses (T7CID,,)/ml., 
respectively. The cytopathic effect (CPE) of virus from 
both specimens was inhibited by anti-ME rabbit sera to 
titres comparable with those which neutralized equivalent 
-concentrations of stock FP virus. Because FPV is thought 
‘to belong to the same picodna group*:* as rat viruses, a 
final experiment was carried out to test for cross-serological 
reactions. Here hyperimmune rabbit anti-LV serum and a 
known positive FP cat serum were tested for S/N and 
haemagglutination inhibition (HI) antibody to RV and 
H-I. Antibody to these viruses was not found in either 
serum. 
The finding that feline panleucopenia may be associated 
with neurological manifestations provides, to our knowledge 
“an entirely new facet of the disease. No previous workers 
| have recorded any nervous affinity of the virus; indeed, 
Hindle and Findlay™ concluded that the virus had no 
neurotropism because they were unable to reproduce any 
but the classical panleucopenia by intracerebral inocula- 





Fig. 2. 
kitten kidney monolayers with LV strain of FP virus, (Stained with 
haematoxylin and eosin x 750.) 


Intranuclear inclusions in paired cella, 24 h after infection of 
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tion of susceptible cats. Moreover, our finding that the 
ferret is susceptible to FP virus is at variance with the 
findings of previous workers 4, Johnson”, for example, 
showed that although ferret tissues were susceptible to 
in vitro FP virus infection, no clinical signs could be 
induced in mature ferrets by parenteral inoculation, 
even though significant conversions in specific antibody 
resulted. It seems logical to assume that neurotropism 
and ferret infectivity of FP virus strains are only mani- 
fested under certain conditions, probably associated with 
the age of the animal at the time the virus reaches th 
nervous tissue, Cane 

Mayor and Melnick? proposed a new virus grouping, the 
picodnaviruses, which linked the FP virus with RV and 
H-I viruses. In addition to the general properties out+ 
lined for this group*, Kilham and Margolis!75 and John- 
son concluded that the viruses have a selective action on. 
cells in active mitosis. Margolis and Kilham reached their 
conclusion after they had noted that in histological sections 
from animals with experimental or natural cerebellar 
hypoplasia, the actively dividing cells of the external 
germinal layer were preferentially destroyed. Johnson 
reached the same conclusion after an investigation of the 
unusual transient in vitro CPE of FP virus strains, when. 
he noted that the degree of CPE was directly proportional 
to the mitotic activity of cells at the time of infection. A 
further coincidental finding by both groups of workers 
was that this tropism for actively dividing cells could be 
manifested in pregnant dams by an attack on the tissues. 
of the actively dividing foetuses'!, without necessarily. 
causing clinical manifestations in the dam. The resulting 
reproductive failures ranged from foetal resorption. 
mummified foetuses, stillbirths, abortions, early neonatal 
deaths, to cerebellar ataxia of neonates!, recognizable 
when they attained mobility. Kilham and Margolis! were 
able to reproduce cerebellar ataxia in kittens by intra- 
uterine infection of cats with FAV, and it would therefore 
seem logical to suggest that this group of viruses can only 
cause neurological disease during the stages of intrauterine 
or neonatal life when the germinal cells are actively. 
dividing. As mitotic activity in nervous tissue becomes 
minimal with increasing maturity, the virus of FP transfers 
its activity to the very actively dividing cells of the bone 
marrow and lymphopoietic tissue to produce classical 
panleucopenia, or to the bowel, to produce the enteritis 
characteristic of the clinical disease in felidae (and 
mink). Margolis and Kilham!* have concluded that 
the class of viruses is pantropic, rather than neurotropic, 
with mitotic activity as the chief determinant of sus- 
ceptibility of a cell population. 


R. H. Jouxson 
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Jniversity of Bristol. 
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Tobacco Necrosis Virus and its Satellite 
os Virus Ee 2 
In a recent letter! Grogan and Uyemoto reported that they 
were unable to obtain cultures of tobacco necrosis virus 
(TNV) free from satellite virus (SV) after repeated isolation 
of single lesions from mixed inocula, and they quote 
Kassanis and Nixon? as having the same experience. I 
write to point out that the paper quoted gives evidence to 
the contrary. It even shows photographic evidence of a 
gel-diffusion test to prove that when TNV is inoculated 
alone SV is not produced. Indeed, the fact that the 
Rothamsted tobacco necrosis virus contained two viruses 
and not two components of one, as previously seemed 
likely*, became evident when a culture of the same tobacco 
necrosis virus was found free from the other component’, 
-now recognized as satellite virus. The different strains of 
TNV used in all subsequent work*~? were free from SV and 
‘remained so as long as the plants in which they were 
propagated were grown in uninfested soil. 
` <I have received many isolates of TNV from many 
countries and most have been free from SV but able to 
activate 8V when mixed with it. Indeed, only a few from 
the United Kingdom and Holland were accompanied by 
SV. Grogan and Uyemoto’s conclusion that SV is always 
produced during multiplication of TNV is therefore not 
true, 

Last year! I reported a second strain of SV (SV,) 
serologically very different from the original (SV,). ‘The 
two satellite viruses can be activated by three different 
strains of TNV belonging to the two serotype groups of 
TNV, but the antigenicity of SV is not influenced by that 
of ENV. Perhaps the two satellite viruses reported by 
Grogan and Uyemoto are activated only by specific strains 
of TNV, but until their TNV cultures are freed from SV 
andthe appropriate mixtures tested no conclusion is 
possible. 
ee B. Kassanis 

Rothamsted Experimental Station, 

“Harpenden, Hertfordshire. 
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a Mutants of Simian Virus 40 which differ 
in Cell-transforming Activity 


Tum hamster tumour A, 26 induced by simian virus 40 
“(8 V40),-in contrast to most other hamster tumours 
induced by SV40, yields consistently small amounts of 
infectious SV40 (ref. 1). 

During the course of these investigations it was ob- 
served that virus isolated from the tumour A, 26 produced 
in all instances small to minute plaques, while the labora- 
tory strain 777 gave rise to large plaques which were easy 
to recognize. Addition of DEAE-—‘Dextran’ to the overlay 
‘had no effect on the plaque size. 

. The small plaque virus (SP) derived from tumour A, 26 
and the large plaque virus (LP) derived from strain 777 
were plaque purified, and the properties of the respective 
clones were studied. The results are given here. 

iP and SP appeared genetically stable in so far as SP 
never yielded LP and vice versa. The average diameter 
of plaques 24 days after inoculation was 10 mm for LP 
and 2 mm for SP. LP and SP adsorbed equally well to 
African, green monkey kidney cells. 

In single cycle growth curves, using an input multi- 
plicity. of ten, the multiplication of LP could first be 
detected after 24 h, that of SP after 30 h after inoculation, 


NATURE. VOL. 214, APRIL 8, 1967 


‘The rates of multiplication were similar for both mutants 


and decreased in both cases 48 h after inoculation. The 
final yields. per cell were 5,000 plaque forming ‘units 
(p.e.U.) for LP and 70 p.e.v. for SP. More SP remained 
associated with cells than did LP. These findings may 
explain the differences in plaque size. 

While the amounts of virus synthesized during a single 
growth cycle differ markedly for LP and SP, no such 
difference was found for the amount of neoantigen (tumour 
antigen) produced by either of the two viruses. 

The ratio of physical particles to e.r.u. was about 200 
for LP and 600 for SP. 

Cross-neutralization tests revealed no antigenic differ- 
ences between LP and SP, but the SP was less readily 
neutralized. 

On heating to 56° C the infectivity of SP was markedly 
more stable than that of LP (about thirty times). In both 
cases the kinetics of inactivation were not of first order. 

The transforming capacity of SP was more than 200 
times greater than that of LP as determined by trans- 
formation of primary weanling hamster kidney cells. 
The evidence so far obtained indicates that tumour cells 
induced by SP may again be virogenic, while LP tumour 
cells do not yield infectious virus. 

When SP was inoculated in BS-C-1 cells? it was found 
that after the initial, almost complete destruction of the 
cell sheets the few surviving cells could be serially propa- 
gated. During the course of more than twenty passages 
such cultures never showed any cytopathic effect, although 
SP production could consistently be demonstrated 
(10*-10° p.¥.u./ml. of culture fluid). 

The relation of the mutants described here to the SV40 
variants of Altstein et al. and Takemoto et al.‘ remains 
to be established. 

The bases for the different virus-cell relationships and 
the different oncogenic potentialities of these mutants 
are being investigated at present. Furthermore, the 
high yields of virus which ean be obtained with LP will 
make possible a thorough investigation of the virus 
structure. 

This investigation was aided by a grant from the 
Deutsche Forschungsgemeinschaft. 
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Tubingen, and Institut für Virologie, 
Justus Liebig-Universitat, Giessen. 
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IMMUNOLOGY 


Protective Effect of Anti-lymphocytic Serum 
on Murine Lymphocytic Choriomeningitis 


Lympnocytic choriomeningitis (LOM) virus inoculated 
intracerebrally into mice produces a disease that is usually 
fatal. Such infections are, however, rarely fatal in mice 
that have been X-irradiated'? or treated with radio- 
mimetic drugs’, although they carry the virus in high 
concentration indefinitely. These and other observations 
suggested that the lethal disease results from a hyper- 
sensitive reaction against the virus or against some pro- 
duct of the virus‘, and certain evidence seems to impli- 
cate cells of the central nervous system in this reaction®, 
Congenitally infected mice do not develop acute illness, 
although they maintain high levels of viraemia throughout 
their lives’. When such mice are inoculated with adequate 
numbers of histo-compatible lymphocytes from immunized 
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animals no sign of illness develops, but the level of 
| -viraemia is greatly reduced*. This observation appears to 
_ conflict. with the hypothesis that severe lymphocytic 
< choriomeningitis is a manifestation of a hypersensitivity 
: reaction. 

Table 1.. PROTECTIVE EFFECT OF ANTI-LYMPHOCYTIC SERUM (ALS) AGAINST 


_ ENTRACEREBRAL INOCULATION OF LYMPHOCYTIC CHORIOMENINGITIS VIRUS IN 
one MICE 


Result 
Mice which died 


Serum 
Dose schedule (days) 


Type Mice in group 
Exp. 1 Exp. 2 

ALS ~ 2,0, 2, 4, 6,8 0j4* 0/6* 
ALS ~2,0,2,4 ~ 0/4* 
ALS -~2,0,2 _ 03t 
ALS ~2,0 _ O/4t 

NBS —2,0, 2,4,6,8 — 9/10 

None 6/6 9/13 






03 ml. LOM virus trae (10°Z.D59) inoculated on day 0; ALS and 
ormal rabbit serum (NRS) inoculated gubeutaneously ; 0-4 ml, on day -2 
nd 0-2 ml. on subsequent days. 
<* Na mice in group showed any sign of ilineas. 

+ One mouse in group became ill but recovered. 
+ Two mice in group became ill but recovered, 


© Injections of anti-lymphocytic serum (ALS) produced in 
| one species by inoculation of lymphocytes or lymphoid 
-cells taken from another species give a lymphopenia and 
‘depress the immunological response concerned with 
_ delayed hypersensitivity and rejection of homografte?-'. 
If lymphocytic choriomeningitis is a result of a hyper- 
‘sensitivity reaction initiated by virus and depends on the 
activity of lymphocytes, mice inoculated with ALS 
- should not become ill and die after injection of LCM virus 
| intracerebrally. Experiments using rabbit anti-mouse 
_ lymphoid serum (ALS) prepared by the method of Levey 
and Medawar were set up to test this inference. Groups 
of VS mice weighing 10-12 g were injected intracerebrally 
with about 100 LD,, of LCM virus. Mice of one group were 
iso inoculated with normal rabbit serum (NRS), mice of 
other groups were inoculated with ALS in various dose 
schedules and the mice of the remaining groups received 
-noserum. The results, shown in Table 1, clearly indicate 
hat ALS in all the dose schedules used protected against 
the lethal action of the virus, although in groups where 
-fewer doses of serum were given some mice became ill. One 
month after injection of the virus, each of the four mice 
_ that had received ALS in the first experiment was bled 
from the infraorbital fossa into sufficient heparin to 
prevent clotting. Blood (0-03 ml.) from each mouse was 
` §noculated intracerebrally undiluted into three mice and 
also into three mice after dilution one hundred times. All 
twenty-four mice showed the usual signs of LCM and died. 
=: Because weaned mice infected with LCM rarely carry the 
| ‘virus after they have recovered and then only in minimal 
“amount, the infectiousness of each of the diluted bloods 
. showed that treatment with ALS suppresses the immune 
- response leading to elimination of virus two or three weeks 
after infection. In this respect also, the action of ALS 
-resembles that of X-irradiation and radiomimetic drugs. 
-| Further experiments are being undertaken to elucidate the 
effects of ALS on LCM and to determine whether ALS 
“modifies the course of other virus diseases. 
ee A. W. GLEDHILL 
‘National Institute for Medical Research, 
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Bone Marrow and Lymphoid Cell Injection: of 
the Pig Foetus resulting in: Transplantation 
Tolerance or Immunity, and Immunoglobulin 

Production ie 


Ir is known that the pig is capable at birth of immune 
responses to some antigens (phage *; animal viruses??*; 
toxoids’; and homografts?*). The finding that thym- 
ectomy in neonatal pigs is without effect on hor ft 
rejection® also suggests that the pig, unlike many 
atory rodents*:? acquires the faculty of graft 
before birth. Information on immune responses: 
foetuses to injected antigens has not been found 
literature. This communication outlines such res 
Large white pig foetuses at 60, 80 or 104 
gestation were injected intraperitoneally through the 
uterine wall at laparotomy of the dam with an allogeneic 
white cell suspension taken either from blood and biopsied 
lymph nodes (6 x 108 nucleated cells/kg of body weight) 
or from tibial bone marrow (13-5 x 10° nucleated cells/ 
kg of body weight). Pig lymph contains very few lympho- 
cytes", and so this rich source of lymphocytes in other 
species could not be used here. The foetuses were marked -` 
for postnatal identification by the subcutaneous injection 
of a carbon—Evans blue—‘Ampicillin’ mixture, which served 
also for antibiotic prophylaxis. Other foetuses in each 
litter were left as uninjected controls or were injected. 
with killed salmonella organisms and horse ferritin, ` 
‘Ampicillin’ and marker. Other piglets were exposed at 
birth to the transplantation antigens of a skin graft or _ 
cell suspension. ee 
All piglets were born and reared with their dams in 
standard husbandry conditions. The responses of trans- > = 
plantation antigen-treated piglets to thick spl kin. 
homografts from the cell donor, placed on the dorso- 
lateral thorax at 10 or 12 days of age, were investigated 
by daily observation and compared with those of the: 
untreated litter mates and litter mates which had received 
unrelated antigens. ee 
Definite differences were found between the homograft 
rejection patterns in untreated piglets and in piglets 
exposed én utero or at: birth to the transplantation antigens 
of an unrélated or distantly related donor (Table 1). 
Untreated piglets showed a primary type of rejection of 
the vascularized graft starting on the fifth day (forty-one 
grafts, comprising thirty-seven starting on day 5, two on 
day 4 and one each on days 6 and 7). The rejection was 
marked by a change in colour from pink through mauve 
to black. Piglets treated at 80 or 104 days gestation. or 
at birth had all started rejection of the skin graft at first 
inspection on the fourth day. A gross deficiency of 
vascularization of the test graft was seen in piglets pre- 
viously treated at birth (twenty-three grafts) or at 104 
days gestation, that. is, 10 and 18 days, respectively, 
before grafting. These grafts were white, lumpy and 
leathery (sometimes with pale mauve blotches) and turned 
pale brown after a late loss of epithelium. Accelerated 
and “white graft’ reactions were taken as evidence of 
sensitization by the initial cell inoculum. 
In contrast, piglets exposed to transplantation antigens 
at 60 days gestation showed no evidence of sensitization 
at the cell dosage used. Test skin grafts were either 
rejected at 5 days as in controls, or survival was prolonged 
(Fig. 1) and the rejection pattern differed from that of 
controls. The endpoint of rejection was indicated by a 
loss of 50 per cent of the graft epithelium. This was 
preceded by increasing redness and mononuclear cell 
infiltration of the graft. Trauma led to epithelial separ- 
ation and rapidly healing superficial lesions. The times of 
the first signs of abnormality and of rejection. of the 
homografts in three immunologically tolerant . piglets 
were, respectively: A, 41 and 56 days; B, 71 and 87 
days; and C, 100 and 111 days. Piglet A had been 
injected with blood and lymph node cells and B and. @ 
with bone marrow cells. B died under anaesthesia before 
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antibody production in wero and secondary reactions 
after birth, in response to treatment with salmonella 
flagella antigen, will be presented elsewhere. 

Thus, a high degree of immunological tolerance of 
unrelated donor skin homografts can apparently be 
induced by injection of pig foetuses with the appropriate 
dose of bone marrow or lymphoid cells at 60 days gesta- 
tional age. Similar cell doses injected after 80 days in 
utero apparently result in sensitization of the recipient to 
donor tissue. Tnoculation of foetuses with homologous 
cell suspension apparently always results in immuno- 
globulin production detectable by Immunoeleetrophoresi 
of piglets’ pre-suckled serum. 
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Fig. 1. Photomic s treated A, Adult, B, Normal 





rographs of biopsies from homografts on pigh 
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at 60 days gestation with: 4, contral conventional antigens: Band C, bone newborn piglet's precolostral serum (immune globulin trace), C, Cell 
marrow cell suspenaion from the skin graft donor (x 7-5) Garrow denotes injected (60 days in utero) newborn piglet’s precolostral serum immune 
danction of graft on left and normal skin on right). A, Conventional anti- globulin present). In the slots (AS) rabbit anti-serum pig and (AT) crude 
gen treated piglet 8 days after grafting. Primary homograft rejection. rabbit anti-pig immune globulin, 


B. Bone marrow cell treated male piglet 60 das 
C, Bone marrow cell treated female piglet 80 days 






after grafting. Tolerant. 
after grafting. Tolerant. 





graft rejection, Control autografts (and homografts on 
tolerant pigs) took, grew with the host, and produced hair. 
These tolerant piglets showed normal growth rates and 
health. 

Immunoelectrophoretic analysis of pre-suckled serum, 
taken from the anterior vena cava immediately after 
birth, showed the presence of a clear immunoglobulin line 
in all piglets injected with cells at 60 or 80 days gestation, 
whereas control uninjected newborn litter mates rarely 
showed more than the trace of immunoglobulin normally 
found in piglets at birth (Fig. 2). A similar clear immuno- 
globulin line was not found in piglets injected with cells 
8 days before birth. Presumably 8 days was too short a 
period for the development of sufficient serum immuno- 
globulin. The nature and source of this immunoglobulin 
are being investigated. Induced immunoglobulin produc- 
tion has been described in sheep foetuses?®. 

Injection of 80 day foetuses resulted in three of four 
cell-injected animals being grossly runted (Fig. 3). None 
of three conventional antigen-injected or five uninjected 
foetuses showed signs of runting. The immunological 
nature of this runting is not proved, though the clinical 




















features of the condition appeared, in some respects, to Fig. 3. Piglet litter mates (7 days old) injected at 80 days of gestation 
be similar hose di at . MESET N Aa with: A, killed salmonella suspension and ferritin (normal): B, bowl 
ye similar to those deseribed in miee, Data showing and Iymph node cells (runt). 


Table 1. VARIATION IX TEST 





SKIN HOMOGHAPP SURVIVAL ON PIGLETS, PRETREATED WITH PONOR TRANSPLANTATION ANTIORNS AT THREE DIFFERENT 
STAGES OF DEVELOPMENT in utero OR AT BYRTH 











Dose of Piglets Marked 
Relation Gestation vucleated exposed piglets 
Litter between age at Estimated cells Celt donor recovered Graft Conelustor 
donor and injection body weight TOV ke of type cell i survival 
litter in days (kg) body weight antigen (days) 
i Unrelated 104 OR 6-0 Lymphoid 3 ch ® Senaitized 
I Unrelated ao Ob 60 Lymphoid 4 ad sensitized 
(Bit Punts) 
LUE Common sire 60 0l 6-0 Lymphoid 4 i MB Tolerant 
Iv Dama distantly 
related 60 Ot WS Lymphoid 6 3 Normal 
v Unrelated 60 ed 13h Bone marrow 3 3 3, Two tolerant, 
one normaj 
Above and Belated and Birth OST <ü Lymphoid 23 23 <4* sensitized 
other litters unrelated akin graft 
Controls 
oveand Injected in utero or at birth with conventional antigens or TC 199 or left uninjected H 5 Normal 


other litters 





* Gross defect in graft vascularization (white grafts"). 
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Blood Groups of Baboons demonstrated with 
Isoimmune Sera 


SEIMIAN-TYPE blood groups of non-human primates were 
first demonstrated by isoimmunization in chimpanzees and 
gibbons'*. Since the original reports, ten distinct chim- 
panzee blood factors have been described belonging to four 
blood group systems? and additional blood factors are 
¿under investigation. 
In view of the increased use of baboons in experimental 
“research*-?, it appeared of interest to investigate the 
--simian-type blood factors of this primate species. Our 
initial attempts (in collaboration with J. Haglin) to 
“produce antisera by immunizing rabbits with baboon red 
-eells yielded inconclusive results, because the non-specific 
immune heteroagglutinins interfered and could not easily 

. be absorbed. Isoimmunization experiments were there- 
fore initiated. This communication describes the results 
of the first successful isoimmunization experiments. 

Four baboons (Papio cynocephalus) were isoimmunized 
by injecting 1 ml. of whole blood mixed with an equal 
amount of complete Freund’s adjuvant by the intra- 
muscular route. Two such injections were given at 
intervals of 6 weeks. Two of the four baboons responded 
by producing isoantibodies, which could be demonstrated 
weakly even after the first injection. 

As shown in Table 1, the two isoantibodies produced 
differ in specificity. They have therefore been assigned 
the distinctive symbols anti-AP and anti-BP*, respec- 
tively, where the superscript “P” stands for “Papio”. 
Both antisera have similar serological properties, in that 
they react weakly by the saline agglutination method, do 
not agglutinate ficinated red cells, and produce best 
reactions by the antiglobulin method, by which method 
both had similar titres of approximately 16 units. 


Table 1. RESULTS OF ISOIMMUNIZATION OF FOUR BABOONS 


Immunized Donor Reaction of serum with 
baboon baboo: Antibody red cells of baboon 
No. No. produced No.2 No.9 No, ti No, 13 
No. 2 No, 11 Anti-A? -~ + + - 
No. 9 No. 13 Anti-BP ~ - + 
No, 11 No. 2 None ~ ~ - - 
Na, 13 No, 9 None ~ -~ - - 


In our work on simian-type blood groups of chimpanzees 
and gibbons, anti-human globulin rabbit sera were used 
for the antiglobulin test, that is, reagents prepared for 
testing human blood which had been further absorbed with 

* To avoid ambiguity, symbols for blood factors and thelr corresponding 


antibodies are printed in bold type, and symbols for agglutinogens, pheno- 
types and blood group systems are printed in roman type. 
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red cells of these apes. The same antiglobulin reagents 
showed some reactions in tests with the isoummune baboon. 
sera; the reactions were not sharp, however, and anti- 
baboon globulin sera were theretore prepared and used in 
the present experiments. 
Tests with anti-AP and anti-B? isoimmune sera were 
carried out on a series of thirty-three baboons (Papie 
cynocephalus). All four of the theoretically possible types 


of red cell were found. As shown in Table 2, despite the > 





vident 





small size of the series, a definite association is 


between the two blood factors AP and BP. This supports _ 


the impression, derived from their similar serological 
behaviour, that they belong to the same blood g 
system. This system, which may be designated the simian- 
type A-B system of baboons, is probably the counterpart 
of the human M-N-S system and the chimpanzee V-A-B - 
system’, judging from the failure of the antibodies to. 
react with ficinated red cells. brs 





DISTRIBUTION OF THE A’-B? BLOOD TYPES AMONG THIRTY-EIGHT 
BABOONS (Papio cynocephalus) 


Table 2. 


Simian-type blood groups* No, of animals 


o 12 
A 8 
B E 

AB 10 


* As distinguished from the human-type A-B-O blood groups. 


Isoimmunization experiments on larger series of baboons 
are being pursued to prepare a panel of antisera of different 
specificities. Ce een 
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Effects of Extracts from Thymus on 
Homograft Survival in Rats 


Numerous investigators have reported the effects. of 
neonatal thymectomy on immunological responses!-*. 
Immunological competence has been restored by implant- 
ing thymic grafts!, by inserting a cell tight chamber con- 
taining thymus into the intraperitoneal cavity of the 
thymectomized animal’:* by injecting whole cells from 
spleen or thymus’ and by injecting a cell free extract of 
thymus’. None of these methods provided unequivocal 
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evidence for the. cellular origin of the active factor from. 


thymus. _ Bee 

We have devised a procedure for fractionating thymus 
tissue into its two major components, reticuloepithelial 
and thymocyte’. Studies were initiated to test whether 


lsewhere®. The thymocyte fraction was obtained 

y stirring the minced tissue in 0-25 moles/l. 
containing 0:0033 moles/l. calcium chloride 
g wet weight of thymus). The brei was passed 
_ through gauze and flannel to yield a filtrate containing 
» nuclei and soluble cytoplasmic components of thymo- 
-eytes, "The residue on the gauze was removed and washed 
with sucrose-calcium chloride as in the first step. The 
‘wash was discarded. The residue was then homogenized 
“in 0-15 moles/l. sodium chloride (4 ml./g wet weight of 
thymus) at top speed in a ‘Virtis 23’ homogenizer. The 
supernatant obtained after centrifugation at 8,400g for 
4 min contained soluble constituents of the reticular 
structure of thymus. The protein content of the sucrose~ 
ealcium chloride extract was approximately 6-8 mg/ml. 
and that of the saline extract 4-6 mg/ml. as determincd 
by the method of Lowry et al. using bovine serum albumin 
as the standard. 

Total: or partial thymectomy was carried out on 
Sprague-Dawley rats within 24 h of birth. Thymectom- 
ized animals were distributed into six groups immediately 

vafter surgery and were injected as follows: Group I, 
sucrosée-ealcium chloride; Group II, thymocyte extract; 
Group III, 0-15 moles/l. sodium chloride; Group IV, 
reticular extract; Group V, sham-operated controls, 
sucrose-calcium chloride; Group VI, sham-operated 

¿< controls, 0-15 moles/l. sodium chloride. Groups I and 






“IV received 0-2 ml. of freshly prepared thymocyte extract 


or reticular extract, and the other groups received the 
-appropriate injection of 0-2 ml. sucrose—caleium chloride 
or 0-15 moles/l. sodium chloride. All injections were 
given intraperitoneally. The remainder of the extracts 
- was frozen in separate portions and stored until needed. 
-Additional injections were made on alternate days for a 
total of ten injections. 
= Full thickness skin grafts from Long Evans strain rats 
were applied at 35-40 days of age. The method of 
~ Billingham and Medawar was used". Grafts were 
‘approximately 1-5 cm x 2-5 cm and were held in place by 
application of monomethyl-2-cyanoacrylate (supplied by 
Ethicon Co. Inec., Sommerville, N.J.). Because no differ- 
ence was observed between animals receiving injections of 
extracts from 5-7 day donors and extracts from 21 day 
“donors, the results have been pooled. 
~The effects of injecting the thymus extracts on the 
survival times of skin homografts on animals with varying 
‘amounts of residual thymus are shown in Fig. 1 and Table 
1, To emphasize the effects of the extracts on prolonga- 
tion of graft retention, only animals which had retained 
skin homografts for more than 25 days were included in 
Table 1. The results from forty-one sham-operated 
controls showed that all had rejected grafts by 8-19 days 
with an average time of 13 days. For all partially thym- 
ectomized animals regardless of the amount of residual 
tiasue no significant differences were observed in length 


Table 1. NUMBER OF ANIMALS SHOWING 


25 DAYS 
Residual thymus (mg) 
51-100 


HOMOGRAFT RETENTION OVER 


: Group 0-50 Over 100 
Group I sucrose 3/8 2/8 0/12 
Group IL sucrose extract 15/18 4/5 6/14 
Group [IT saline 1/9 1/6 1/16 
Group IV salins extract 3/10 3/13 1/11 
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Fig.1. Survival of skin homografts on Sprague-Dawley rats. Figures on 
abscissa represent weight of thymus found at autopsy. 


of graft retention in Groups I, ILI and IV. The majority 
of animals which were injected with the thymocyte 
extract, however, retained homografts for prolonged 
periods. Fifteen out of eighteen animals which had less 
than 50 mg of thymus retained grafts for longer than 25 
days and eight retained their grafts for more than 60 days. 
Four out of five rats with 51-100 mg thymus and six out 
of fourteen with more than 100 mg thymus showed 
prolonged graft retention. Nine animals were killed after 
6-12 months with grafts intact. Partially thymectom- 
ized animals which had become tolerant appeared normal 
and showed no evidence of rurting syndrome. 

Other investigators have reported homograft survival 
for thymectomized rats receiving no further treatment. 
Fisher and Fisher observed prolonged (longer than 1 
month) skin graft survival in only 40 per cent of com- 
pletely thymectomized Long Evans rats, 7 per cent of 
Simonsen and 3 per cent of Holtzman rats!®. Arnason 
et al, reported homograft rejection by 30 days in all 
thymectomized Sprague-Dawley recipients grafted with 
skin from Sherman strain rats', 

It is well established that tolerance of skin homografts 
can be induced by administration of a single intravenous 
injection of large numbers of viable spleen cells or 
by multiple intravenous or intravenous and intraperitoneal 
injections of spleen cells’? or disrupted spleen cells'* 
over a prolonged period. 

Nagaya and Bieker"? produced prolonged allograft sur- 
vival in rats receiving injections of antiserum to thymus; 
Levey and Medawar” have reported prolonged skin homo- 
grafts in mice treated with antiserum to thymocytes, 

In all reports on induction of tolerance the material 
injected to produce tolerance was taken from the strain 
of animals used as donors of the skin homografts. Recipi- 
ents were fully capable of rejecting allogenic grafts from a 
third party strain. The results reported here indicate 
that tolerance was produced in Sprague-Dawley rats to 
skin grafts from Long Evans strain rats by injecting an 
extract of thymus from the Sprague-Dawley rats. Toler- 
ance is seen only after the injection of cell free extract 
derived from the thymocytes. An extract from the 
reticular cells of the thymus is not active. An initial 
fractionation of the thymus has been accomplished. 
Work is in progress on further fractionation of the thymo- 
cyte extract. 

A satisfactory explanation of the results is not possible 
at this time. Perhaps the extract acts as an antigen and 
elicits production of antibodies against the animal's own 
thymus. If this were the case, the findings would ‘be 
similar to those of Nagaya and Sieker! and of Levey and 
Medawar*. It should then be possible to produce toler- 
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ance in this. way in the adult. animal. Such experiments 

“are in progress, as are others to determine whether new- 

- born. animals with intact thymuses will retain allografts 
after receiving the extract of thymocytes. 

.. This work was supported by a grant from the U.S. 

National Institutes of Health. 


WILLA BRUNKHORST 
ý AILENE HERRANEN 


nE Worcester Foundation for Experimental Biology, 


o Shrewsbury, Massachusetts. 


-3 Miller, J. F. A. P., Proc. Roy. Soc., B, 186, 415 (1962). 

Martinez, C., Kersey, J., Pape rmaster, B. W., and Good, R. A., Proc. Soc. 
Ezp. Biol. and Med., ioo i 193 (1962). 

Jankovio, B. 1 D., Waksman, B., H., and Arnason, B. G., J. Exp. Med., 116, 
Homphory, J. H., Parrott, D. M. V., and East, J., Zmmunology, 7, 419 
Osoba, D., and Miller, J. F. A. P., J. Exp. Med., 119, 177 (1964). 
ay H., Trainin, N., and Law, L. W., J. Nat. Cancer Inst., 31, 199 


"7 Dalmasso, A. P., Martinez, C., Siodin, K., and Good, R, A., J. Exp. Med., 
i 118, 1089 (1963). 

oE DeSomer, P., Denys, P., and Leyton, R., Life Set.,11, 810 (1963). 
OS and Brunkhorst, W. K., Proc. Soc. Exp. Biol. and Med,,111, 

4 Lowry, O , Rosebrough, N. J., Farr, A. L., and Randall, R. J., J. Biol. 

i Chem., 198, 265 (1961). 

m Billingham, R. E., and Medawar, P. B., J. Exp. Biol., 28, 385 (1951). 


ow Fisher, E. R., and Fisher, B., Lab. Invest., 14, 546 (1965). 


on Arnason, B. G., Jankovic, B. D., Waksman, B. H., and Wennersten, C., 


zi J. Ezp. Med., 116, 177 (1962). 
: 4 Mariani, T., Martinez, ©., Smith, J. M., and Good, R. A., Proc. Soc. Exp. 


Biol. and Med.,101, 596 (1959). 

-o 38 Shapiro, F., Martinez, C., and Good, R. A., Proc. Soe. Exp. Biol. and Med., 

coo LOL, 94 (1959). 

Brent, L., and Gowland, G., Nature, 196, 1298 (1962). 

i 4? Shapiro, F., Martinez, C., Smith, J. M., and Good, R, A., Proc. Soe. Eap- 

oc Biol. and Med., 106, 472 (1961). 

| 8 Medawar, P. B., Transplantation, 1, 21 (1963), 

-1E Nagaya; H., and Sieker, H, O., Science, 150, 1181 (1965). 

<0: Lovey, Re H., and Medawar, P. B., Seventh International Transplantation 
Conference, Ann. N.Y. Acad. Sei., 129, 164 (1966). 


Transformation, in vivo, of Basophilic Lymph 
Cells into Plasma Cells 


. Ir has been shown that large, rapidly dividing basophilic 
: ells containing specific antibody appear in the efferent 
“lymph about 70-100 h after a lymph node receives an 
antigenic stimulus!*. Electron microscope investiga- 
“tions®* showed that while the cytoplasm of these baso- 
philic cells contained large amounts of ribosomal material, 
often arranged in rosettes or spirals, there was little endo- 
plasmic reticulum even though some of these cells could be 
shewn to be synthesizing and releasing antibody*. The 
‘hypothesis has been advanced? that these mobile, lymph- 
~-porne cells are able to colonize lymphoid tissue remote 
. from the site of antigenic stimulation and thus bring about 
-othe propagation of the systemic immune response. 
Experimental support for this “messenger” concept was 
- provided by draining off the lymph from locally stimulated 
lymph nodes in sheep. When this was done no circulating 
antibody appeared in the blood, but when the washed 
© lymph cells were injected into an effectively syngeneic 


“recipient sheep (a chimaeric twin) a high titre of antibody 
» was later detected in the blood of the recipient’. 





; The 
-simplest explanation of these results is that, in the intact 
animal, the basophilic cells, which are released into the 
lymph by the node that receives the actual antigenic 


<: stimulus, enter other lymph nodes and then develop an 


extensive endoplasmic reticulum and so become the 
‘classical plasma cells that are responsible for the actual 
synthesis and release of most antibody protein. In order 
< to test. this proposition the basophilic cells in the efferent 
-lymph from an antigenically stimulated node were labelled 
<in vitro with tritiated thymidine. The labelled cells were 
-then infused by way of an afferent lymphatic into another 
lymph ‘node of the same sheep. 24 h later the node that 
chad received the infusion of labelled cells was excised 
and immediately fixed. Autoradiographs of sections of the 


1 83 


lymph node were prepared and then examined in: the ; 
electron microscope. In this way it was possible to observe | - 
the changes in the ultrastructure of the labelled basophilic 
cells that had occurred during 24 h in the environment of a 
lymph node. 

Yearling Clun Forest wethers were used in all the 
experiments. In each case one pre-femoral lymph node. 
was stimulated antigenically by implanting fragments of a 
rat sarcoma subcutaneously in the appropriate area of the 
flank‘, 70 h after the implantation of the tumour 
ments the efferent duct of the pre-femoral node we 


(1-4 h) collections of lymph between “the. o ; 
seventh day after the tumour had been implanted. The 
whole heparinized lymph was incubated for 1h at 39°% 0 
with tritiated thymidine (16 c./mmole) at a final concentra- 
tion of 1 e./ml. The lymph cells were then washed in 
20 ml. of sterile Hanks solution and finally suspended in 
5 ml. Hanks solution and loaded into a sterile syringe. 
A few drops of the final suspension were taken for the 
preparation of autoradiographs for examination under 
light and electron microscopes. : 

The sheep was anaesthetized by an intravenous: in- 
jection of ‘Nembutal’ and a fine plastic cannula was 
introduced into one afferent lymphatic of the popliteal 
lymph node in the direction of lymph flow. The syringe- 
containing the suspension of labelled cells was then placed 
in a slow infusion apparatus and connected to the infusion 
cannula. The cell suspension was infused at a rate of: 
10 ml./h. The total number of cells infused varied bet een 
10° and 10° in different experiments according to the 
of cells from the pre-femoral lymph node. When the 
infusion of cells was finished, 1 ml. of a 1 per cont solution 
of Evans blue was injected through the infusion cannula 
in order to stain the portion of the node which had been. 
directly in the path of the infused material. The infusion. 
cannula was removed and the skin wound repaired and- 
the sheep was then returned to its pen. 24 h later the 
sheep was killed and the popliteal node removed, bisected 
and placed in 6 per cent buffered glutaraldehyde... A 
number of 2 mm cubes were cut from the stained portion 
of the node and prepared for autoradiography and electron 
microscopy. 

Electron microscope autoradiographs were made by a 
modification of the method of Salpeter and Bachmann‘, 
Sections at about 0-1 were placed on glass slides: coated 
with carbon, dipped in diluted ‘Ilford L4’ emulsion and left: 
for periods of from 10 to 30 days. They were developed in 
‘Microdol—X’ for 5 min at 20° C; finally the carbon film was 
floated off from the slide and the sections mounted ‘on 
grids. In some cases the sections were stained with. lead 
solutions’. 

Electron microscope autoradiographs of the infused 
cells showed that 20-30 per cent were large cells, the 
remaining being small lymphocytes. Approximately 
half the large cells were labelled with thymidine, but no 
label was ever seen in the small lymphocytes. Micro- 
graphs of the large cells (Fig. 1) showed that they were 
typical basophilic lymph cells, rich in ribosome clusters or 
polysomes, and with only occasional cytoplasmic mem- 
branes which tended not to have attached ribosomes, In 
autoradiographs of the lymph nodes into which labelled 
cells had been infused 24 h earlier, labelled cells could be 
seen individually or in small clusters scattered throughout 
medullary regions of the lymph node. Other than this 
no constant relationship was found between the labelled 
cells and particular micro-anatomical structures or other 
types of cells within the node. Electron microscope 
autoradiographs of the nodes showed that the. labelled: 
cells (Fig. 2) contained extensive endoplasmic reticulum. 
In many cells the reticulum was in the form of distended 
sacs in which electron dense material could be seen; in 
some labelled cells (Fig. 3), however, the reticulum was in 
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the form of flattened sacs covered in particles and arranged 
concentrically around the nucleus identical with that in 
plasma cells. All the label was on the nuclei of cells filled 
with endoplasmic reticulum and label was never seen on 
any other cell type. 

Comparison of light microscope autoradiographs made 
ander identical conditions of the infused cells and the 
cells in the node showed that there was less activity in the 
nuclei of the cells when in the node, The decrease was 
about half, but changes in nuclear size and other factors 
make an exact interpretation difficult; nevertheless, the 
results would suggest that the basophilic lymph cells 
undergo at least one mitosis before differentiating into 
Send cells. This finding agrees with the high rate of 
mitosis seen in the lymph cells; however, sinee dividing 
cells were not seen in the cells in the node, one might 
conclude that differentiation into plasma cells inhibits 
further mitosis. 

In some experiments no labelled cells were found in 
sections of the excised nodes. On the other hand, it will 
be appreciated that because the popliteal nodes of sheep 
have a wet weight of between 1 and 2 g it was possible to 
prepare only a very small proportion of the available 
material for electron microscopy. The failure to find 
labelled cells in some of the lymph nodes was probably a 
result of this sampling error. It is also conceivable that 
some of the infused cells were not retained in the popliteal 
node, though this seems unlikely. In some preliminary 
experiments the number of cells in the efferent lymph 
from the popliteal node was monitored for several hours 
during and after the infusion of cells into the afferent 
lymphatic. It was apparent that all the infused cells 
were retained in the node during this period. This finding 
may, however, reflect the effects of anaesthesia and opera- 
tion, which are known to inhibit the release of lympho- 
cytes into the efferent lymph’. Yet another possible 
reason for failure may be damage to the cells by radiation 
from the tritium. 

The results of this investigation show that the large 
basophilic cells which are released into the efferent lymph 


by an antigenically stimulated lymph node are capable of 


developing an extensive endoplasmic reticulum and thus 
transforming into cells of the plasma series. This is not an 
unexpected result-—-work from other laboratories has 
suggested that such transformations occur although 
hitherto the evidence has been inconclusive. Harris et al.’ 
concluded, on the basis of an electron microscope investiga- 
tion of antibody-forming cells in blood and lymph, that 
large lymphoid cells with little cytoplasmic organization 
develop progressively more endoplasmic reticulum as they 





Fig. 1. Electron micrograph of a basophilic lymph cell in efferent lymph, 
N is part of the nucleus, M is a mitochondrion, The cytoplasm contains 
numerous polysomes but very little endoplasmic reticulum. (x 25,600.) 
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Fig. 2, An electron microscope autoradiograph of a cell after 24 hina 

lymph node, The accumulation of endoplasmic reticulum vesicles is 

typical of the labelled cells. ‘There are a few silver grains on the nucleus 
(10 days exposure). (x 25,600.) 





Similar to Fig, 2, but of a cell with the “classical” endoplasmic 
There are numerous grains of silver 
25,600.) 


Fig. 3. 
reticulum pattern of a plasma cell, 
on the nucleus (30 days exposure), (x 


age, and ultimately develop into classical plasma cells. 
Gowans and Knight’ labelled the large lymphoid cells 
in the thoracic duct lymph of rats with tritiated thymidine. 
After the labelled cells had been infused intravenously 
smaller, pyroninophilic labelled cells were found beneath 
the intestinal mucosa. These cells may or may not have 
been true plasma cells and, surprisingly, such cells were 
not found in the lymph nodes. 

It is noteworthy that the ultrastructure of the large, 
basophilic lymph cells is apparently identical to that of the 
large blast cells which arise by the in vitro transformation 
of small lymphocytes in response to phytohaemagglutinin!*. 
Furthermore, large cells of a similar type rich in RNA 
have been shown to arise in vive by the transformation of 
small lymphocytes" !*, In view of these findings it seems 
reasonable to conclude that the basophilic lymph cells also 
arise from the transformation of small lymphocytes. If 
this is the case, the experiments reported here demonstrate 
the final stage in the sequence of cell differentiation in vivo 
between the small lymphocyte and the plasma cell. 

The failure of transformed lymphocytes to differentiate 
further in vitro may be related to the difficulty of pro- 
viding such cells with the correct environment. Attempts 
to keep the basophilic lymph cells alive either in their 
own lymph or in standard culture media (Eagle's or TC 
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a : 199) have so far been uniformly. unsuccessful. The small 
__ lymphocytes survive, but the basophilic cells start to show 


_ morphological signs of degeneration after 8 h and are all 
-dead within 24 h. This result agrees with the findings of 


Gowans et al, who showed that the large lymphoid 


cells in rat thoracic duct lymph do not survive in culture. 


From this it seems reasonable to conclude that the 
| requirements of these cells for survival and development 
< are fairly critical and are best provided by their normal 
physiological environment, inside a lymph node. Only 
< under these conditions can such cells express their 
`| potential for rapid differentiation into cells of the plasma 
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Further Evidence for Macromolecular Nature 
of Human C'I 


“OF activity of human complement has been shown by 
 Lepow et al.1 to require three chromatographically isolated 
. “proteins: C’lq, Clr and C’ls. The C’lq component was 
identical to the 118 protein, originally described by 
< Miiller-Eberhard and Kunkel? and Taranta et al.” C’lr 
. Was a previously undescribed protein and C’ls the known 
- pro-esterase. Further experiments demonstrated that 
"> these sub-ecomponents formed a macromolecule in the 
“presence of calcium with a sedimentation coefficient of 
< 18, whereas in sodium ethylenamine tetraacetate 
NaEDTA), C’l dissociated into its three sub-components, 
‘lq, Clr and C’ls (ref. 4), with sedimentation coefficients 
of 11S, 78 and 48, respectively. The macromolecular 
nature of C’l was obtained by haemolytic data alone, and 
¿i g0.the following experiments were designed to demonstrate 
| these differences in sedimentation utilizing an antiserum 
- apecific for the 1LS protein or C’lq. 
-e Haemolysis was measured as described previously‘. 
The degree of lysis was expressed as percentage of com- 
< plete haemolysis. Tris hydroxyaminoethane buffered 
saline (0 ‘1 molar) pH 7:4 with 0-05 per cent gelatine was 
; “the main diluent and contained calcium and magnesium 
< when necessary. When NaEDTA solution had been used, 
-- exeess-calcium and magnesium ions were added. Non- 
haemolytic preparations lacking C’lq or 118 protein 
| {RC'lq or R119) and rabbit’ antisera rendered specific 
= for the 118 protein were prepared by methods already 
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described’. Immunoplates were made utilizing the 

specific anti-lLS antisera in 0-7 per cent.agar in veronal | 
buffer (pH 7-6) containing 0-33 molar glycine. The plates 

were calibrated using the known nitrogen content. of an 
115 protein preparation for a standard according to a. 
method previously described’. Sucrose density gradients 

were performed with 0-12 ml. of human serum in NaH DTA 

or calcium according to the method of Naff et al,4 „except 

that effluent fractions were obtained from a pinhole. in 

the bottom of the tube. One of the three simultaneous 

gradients contained porcine thyroglobulin and: 
IgG for 19S and 78 markers, respectively. The p 
concentration of eluates was estimated by- the Fo 
Ciocalteu technique’. 

Fig. 1 compares the differences in haemolysis o 
with an R118 reagent when density gradient fractions of 
normal human serum in either NaEDTA or calcium were 
analysed. The density gradient work showed the C’lq 
(118 protein) component to sediment faster in the presence 
of calcium than it did in the presence of NaEDTA. By 
comparison with a simultaneous gradient containing 198 
and 78 protein markers (not depicted), the sedimentation 
coefficient of C’lq was approximately 11 in NaEDTA 
and 18 or 19 in the presence of calcium. 

Fig. 1 also depicts in bar graph form the results obtained 
with the immunological measurement of the 118 protein. 
The serum controls illustrated on the right contained 
identical amounts of yN/ml. regardless of the presence of 
NaEDTA or calcium. The peaks of 1LS concentration 
corresponded well with the haemolytic titration: except K 
that the haemolytic method was far more’ sensitive. 
Also the precipitates obtained in the presence of calcium 
took longer to develop and were not always ag dense 
although the ultimate ring diameters were identical. 
Data identical with those depicted in Fig. 1 were obtained 
in investigations of six normal sera and of sera from. two 
patients with rheumatoid arthritis. 

Further evidence was obtained for the mactomolecular 
nature of C’l with the aid of an antiserum specific for 
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Fig. 1. Simultaneous sucroge density experiments of a serum in the z 
ppeaance of calcium (bottom) and in NaEDTA (top). Not depicted here 
was another gradient containing (porcine) iyroglobulin s and 7S (human: 
IgG) markers. , Protein concentration; aemolysis with: 
an RIIS reagent. The bar graph — ‘as protein re Iq) nitrogen... 
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Clq and a haemolytic agent lacking C’lq (R118). The 
observations. that C’lq sedimented more rapidly in the 
presence of calcium (approximately 19S) than in the 
NaEDTA (approximately 119 to 149) confirmed the 
results of Naff et al.t in their documentation of the macro- 
molecular nature of human C'I. The fact that Clq was 
not as easily detected in the presence of calcium after 
sedimentation by both haemolytic and immunological 
techniques suggested that either C’lq was covered up or 
sterically hindered by the interaction of C’lr and (or) 
Os or by the calcium ligand itself or, lastly, that IgM 
in the same 19S region interfered with its detection. The 
first possibility fits well with Becker’s postulate! that C'I 
obtained both a combining site and a separate enzyme 
site, now characterized as C’lq and O’ls, respectively. 

Only whole serum was used in these experiments as a 
souree of C’lq, and so the problem of its slightly faster 
sedimentation coefficient in serum‘, compared with that 
of preparations obtained from aggregated gamma, globulin 
eluates or from column chromatography of euglobulins, 
was not evaluated. 
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HAEMATOLOGY 


Effects of ‘‘Haematoporphyrin” on Adhesive- 
ness and Aggregation of Rabbit Platelets 


Is the course of investigations on the modification of 
tumour radiosensitivity by porphyrins!-*, we have found 
that haematoporphyrin (HP) decreases platelet adhesive- 
ness to glass and platelet aggregation induced by adenosine 
diphosphate (ADP). Recent reports have described micro- 
agglutination of erythrocytes® and destructive changes in 
platelets" produced by HP in the presence of light of wave- 
lengths corresponding to absorption maxima of HP. The 
present observations, however, were made in the absence 
of such radiation. 

Haematoporphyrin was used in the form of the repeatedly 
recrystallized hydrochloride. This HP, like all commercially 
available preparations, is made up of a mixture of many 
porphyrins. The HP consisted of approximately 64 per 
cent haematoporphyrin by counter-current analysis*. 
The porphyrin was dissolved in 1 per cent sodium hy- 
droxide and the solution titrated to pH 7-5-7-6 with 1 per 
cent hydrochloric acid. The final solution contained 
14 mg/ml. of HP. 

New Zealand white rabbits (3—4 kg) were kept in a room 
illuminated by a 25 W red lamp, to minimize photo- 


* We thank R, Fulmer and eollaborators, General Milla Research Laboras 
tory, Minneapolis, for this analysis, 
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Table 1. MEAN SEQUENTIAL CHANGES IN PLATELET COUNTS AFTER “HAEMATO- 
PORPHYRIN” (HP) 


Saline injected 
controls (6) HP injected (10) 

Control 377 +39 358 + 16 
Post injection 

30 sec 409 + 23 270419 

60 sec. 413 +30 280+ 21 

5 min 381 + 29 259414 

60 min 383 + 29 298 +31 

120 min 345+ 21 284 + 20 


Number of animals in parentheses, All values in thousands/mm?* t S.E. 
of mean. 


dynamic effects. The animals were anaesthetized with 
intravenous pentobarbital supplemented with diethyl 
ether by inhalation. One carotid artery and jugular vein 
were cannulated with polyethylene cannulae. 30 mg/kg of 
HP were injected intravenously in about 5 sec. 

Platelet adhesiveness was determined on arterial blood’. 
Both before and after injection of HP in five rabbits, 
2 ml. samples of blood were collected through glass bead 
filters into ‘Vacutainer’ tubes containing EDTA. Each 
animal thus served as its own control. The collection time 
varied from 12-20 sec in control samples taken before 
injection of HP. Five additional rabbits were investigated 
to evaluate the effect of possible changes in the time of 
collection of the blood sampled after HP injection. In 
the latter rabbits the collection time was measured before 
injection of HP and was kept constant for subsequent 
samples. Finally, platelet adhesiveness was determined in 
six rabbits before and after injection of 5 ml. of 0-15 
moles/l, sodium chloride. Platelet counts were carried out 
in duplicate, using a 1: 20 dilution of blood and Feissly— 
Ludin fluid’. 

For the determination of platelet aggregation, blood 
taken from the carotid arteries of rabbits was collected in 
glass tubes coated with silicone, using 3-8 per cent sodium 
citrate as an anticoagulant (9 volumes of blood to 1 
volume of citrate). Platelet rich plasma (PRP) having 
approximately 6x 105 platelets/mm? was separated by 
centrifugation for 10 min at 175 r.p.m. (4° C). Platelet 
aggregation was determined spectrophotometrically®. 
Light absorption was measured at 725 my. to avoid ab- 
sorption by HP. A 2 ml. sample, to which 0-1 or 0-2 ml. of 
HP was added, was continuously stirred at 1,000 r.p.m. in 
a colorimeter. Aggregation was determined at 37° C. 
HP was added to PRP and the mixture stirred for 3 min. 
ADP (2-3 x 10-* moles/L) was then added and changes in 
optical density were recorded. 

Moderate thrombocytopenia was noted after adminis- 
tration of HP to rabbits. With a dose of 30 mg/kg the 
largest decrease (28 per cent) was found 5 min after 
injection of HP (Table 1) 

Platelet adhesiveness to glass beads decreased markedly 
after HP, being 15 per cent or less during the first 5 min 
after injection (Fig. 1). Adhesiveness following saline 
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Adhesiveness (per cent) 











Control 80 sec 60 seo 5 min 60 min 120 min 
Time 
Fig. 1. Platelet adhesiveness at indicated time intervals after injection 


of “haematoporphyrin” (30 mg/kg). Open bars indicate mean platelet 
adhesiveness (+ S.E.) after saline injection (six animals), and shaded 
bars after “haematoporphyrin” injection (ten animals). 
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injection was essentially unchanged from the control, 
` pre-injection values at all the time intervals (range: 
- 40-56 per cent), Between 30 sec and 1h after administra- 
tion of HP, platelet adhesiveness was significantly less 
-(P<001) than in saline control animals. Thrombo- 
cytopenia and alterations in platelet adhesiveness could 
not be ascribed to an effect of particles, because similar 
effects were noted when HP was filtered through a Seitz 
filter before injection. Between 30 sec and 1 h after HP, 
platelet adhesiveness in five animals in which the collection 
-> timo remained constant was essentially equivalent to that 
“found in five animals with a fixed volume of blood collected 
after HP (mean difference less than 5 per cent). Adhesive- 
“ness values in the two groups were therefore pooled for 


“inclusion in Fig. 1. 


“Mean concentrations of HP in platelet-poor plasma in 
three animals after injection of HP were 73, 59, 33, 5 and 
4.mg/100 ml. for each of the sampling times between 30 sec 
and 2 h. Similar concentrations of HP were used in 
studies of platelet aggregation. Maximum platelet aggre- 
gation by ADP was inhibited by HP in a concentration of 
10-8 moles/l. (60 mg/100 ml.) (Fig. 2), while 1-5 and 2 x 10-* 
moles/l. had more marked effects. The initial rate of 
aggregation was not appreciably affected by HP; the more 
rapid disaggregation observed was clearly significant in 
limiting the maximum amount of aggregation found. HP 
added to citrated PRP alone, before addition of ADP, 
caused only small changes in optical density (a mean of 
0:02 OD units) in the 3 min period before addition of 

“ADP. When PRP containing HP was exposed to white 
‘light (60 W bulb) after addition of ADP, disaggregation 
was not observed. Under those conditions the platelets 
were probably damaged irreversibly®. 

Our results do not permit definite conclusions about the 
site of action of HP. Platelet aggrogation by ADP may 
take place in two stages, depending on reduced breakdown 
of adenosine triphosphate and then platelet aggregation 
through the formation of “bridges containing calcium, 

fibrinogen, or other proteins™™®. 

HP may act by: (1) competing for platelet binding sites 
necessary for “bridge” formation, because HP is adsorbed 
on platelets*, (2) complexing with plasma proteins re- 
quired for bridge formation, (3) altering the effective 
ratio of ADP to AMP to accelerate disaggregation, There 
is no known evidence that HP binds calcium ions in plasma 
sufficiently to alter adhesiveness or aggregation. Adhesive- 
ness was decreased 1 h after HP but not after 2 h, yet 


Optical density (at 725 my) 
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Fig. 2. Effect of adding ADP (2-3 x 10-* moles/L) on the optical density 

of citrated platelet-rich rabbit plasma. ADP added to all samples at zero 

time. The samples contained only added ADP (@) or ADP pius haema- 

toporphyrin at a concentration of 1 x 10 moles/l. (O), 1-5 x 10 moles/I. 

CA), 2% 10" molea/l. (CP, and 1x107 moles/l, (W) with exposure to 

white light at intervals between monang {camnple placed about 4 in. from 
a alb). 





187 


plasma HP concentrations were nearly equal (5 and 4 mg 
per cent) at these two time intervals. HP adsorbed on 
platelets may have decreased in amount less rapidly 
than did plasma concentrations during the first hour, 
causing decreased adhesiveness. 

An incidental observation of interest is that platelet 
adhesiveness of rabbit arterial blood was substantially 
greater than adhesiveness found in human venous blood? 
collected for approximately 15 sec. This finding is being 
investigated further. ae 
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Arylsulphatases of Human Blood Platelets 


THE presence of arylsulphatases in thrombocytes is 
still doubtful!. They are not thought to occur in human 
blood platelets’, although histochemical investigation of 
blood elements does not rule out their existence’. On 
the other hand, Mizuno et al. have proved, with an adapted 
histochemical method, the presence of the enzyme in calf 
thrombocyte concentrate, 

Dodgson et al.* have demonstrated the extensive 
oceurrence of arylsulphatases in human and animal tissues. 
The arylsulphatases can be divided into three groups, A, 
B and C. The first two groups have dipotassium 2- 
hydroxy-5-nitrophenyl sulphate -as their common sub- 
strate, and differ from one another by, for example, 
electrophoretic mobility and optimum pH, but they are 
referred to under the one heading of nitrocatecholsul- 
phatase’. 

We have worked out a method to show the presence 
of the nitrocatecholsulphatase in the extract of isolated 
human blood platelets. Thrombocytes were isolated 
from blood, made anticoagulant by adding one part of 
ethylenediamine tetraacetic acid (EDTA) solution to 
nine parts of blood and by fractionated centrifugation. 
The anticoagulant solution was prepared by dissolving 
1 g of EDTA in 100 ml. of 0-7 per cent sodium chloride. 
The platelet suspension was washed three times in saline 
at 4° C and then resuspended in 2 ml. of the saline; the 
number of platelets was determined under phase micro- 
scopy. The amount of erythrocytes and leucocytes was 
taken into consideration as well. The contamination by 
erythrocytes was negligible and the number of leucocytes 
did not exceed 100/mm?, The sample was then frozen 
three times (— 30° C) and melted at the temperature of 
the laboratory. The detritus was centrifuged at 3,000 
r.p.m. for 5 min and the activity of the enzyme was noted. 
Optimal conditions were determined from a mixture of 
blood platelets obtained from fifty healthy subjects. 

The determination was as follows. A mixture consisting 
of 0-6 ml. of platelet extract, 0-4 ml. of 0-15 molar sodium 
chloride, 0-5 ml. of 1 molar acetate buffer with pH 5-4 
and 0-5 ml. of 0-1 molar dipotassium 2-hydroxy-5-nitro- 

Kd 
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phenyl sulphate dissolved in 0-05 molar acetate buffer 


pH 5-4 was incubated ina test-tube for 2 h at 37° C and 
the reaction: was stopped by adding 1 ml. of 5 normal 
sodium hydroxide. Optical density was read in a 1 cm 
cell on the photometer at 530 mu. A unit of the enzyme 
activity is defined as the change of extinction by 0-001 
calculated to 5 x 10° platelets in 1 mm! of the suspension. 
The reaction had a linear course in dependence on the 
concentration of the enzyme in the conditions given here. 


Table 1 
Sex Men Women 
No. 10 10 
£ 141 units 174 units 
8 33 57 
8g 10 18 
Table 2 
Species Units of activity /5 x 10° platelets 
Guinea-pig 1,500 units 
Rabbit 1,220 units 
Calf 470 units 
Cattle 430 units 


Table 1 gives the value of nitrocatecholsulphatase in 
thrombocytes in ten healthy men and women. The 
activity of nitrocatecholsulphate in blood platelets was 
tentatively determined for some animal species in the 
same way as for humans. Values are shown in Table 2. 

The results suggest that, especially in small laboratory 
animals, the values are ten times higher than in humans. 
The role of arylsulphatases, and of sulphatases in general, 
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Cytological Demonstration of Carboxyhaemo- 
globin in Human Erythrocytes 


ALTHOUGH oxyhaemoglobin is oxidized by nitrite to 
methaemoglobin, carboxyhaemoglobin is not. This 
difference can be used to demonstrate the presence of 
carboxyhaemoglobin in single erythrocytes of a blood 
smear, simply by extending the methaemoglobin- (cyan- 
methaemoglobin-) elution technique of Kleihauer and 
Betke!. 

0:05 ml. of a 1-25 per cent solution of sodium nitrite is 
pipetted into a small test-tube, The tube is flushed with 
pure nitrogen and stoppered with a rubber cap. Five 
drops (about 0-1 ml.) of a citrated sample of the blood in 
question are added by a syringe which is inserted into the 
cap with a No. 12 needle. The content is mixed and left to 
stand for 10 min. Within a few minutes normal blood 
turns a deep brown colour, as a result of the formation of 
methaemoglobin; however, blood which has been pre- 
viously saturated with carbon monoxide remains red. 
Three minutes after a drop of 0-5 per cent solution of 
potassium cyanide has been added thin smears are 
prepared. These are treated according to the elution 
technique described earlier’. The smears are dried in air 


and immersed and agitated in a mixture containing 80 ml. 
of 96 per cent ethanol, 16 ml. of 0-2 molar citric acid and 
5 ml. of 30 per cent hydrogen peroxide for 3 min. After- 
wards, each smear is washed first in methanol and then 
in water for 30 see and then stained in Ehrlich’s haema- 
toxylin and erythrosin, 





Fig. 1, Left: Mixture of normal blood and blood with carboxyhaemoglobin 1 : 1 after 10 min at 2°-4° C. 


Essentially there are two populations 


of cells, namely, filled and eluted cells; only a few intermediate cells are present. Afiddle: Mixture of normal blood and carboxy- blood after 
1 min at 37° C. The proportion of intermediate cell types has increased. Right: 5 ml of citrated blood of a normal adult equilibrated with 0-5 mi. 


carbon monoxide for 2 min at room temperature. 


is still obscure. It may, nevertheless, be suggested 
that it will act not only in detoxication by the formation 
of sulphuric acid conjugates, but, what is more important, 
although not yet clear, in the metabolism of steroids and 
mucopolysaccharides’. 
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There is an uneven distribution of carboxyhaemoglobin within the cell population. 


Red cells which contained oxyhaemoglobin before the 
incubation with nitrite are eluted and appear as ghosts. 
Cells which contained carboxyhaemoglobin are not eluted 
and are stained red. 

This method is not suitable for determining small 
amounts of carbon monoxide in blood. It may, however, 
be useful in investigations of the duration of contact 
necessary to saturate red cells with carbon monoxide, 
and of whether or not all red cells combine with it at the 
same rate. Examples are given in Fig. 1. With a mixture 
of normal blood containing oxyhaemoglobin and blood 
containing carboxyhaemoglobin at 2°-4° C the exchange of 
oxygen and carbon monoxide between cells is very slow, 
while at 37° it is rapid; however, the speed differs with 
different erythrocytes. These differences also occur if 
blood is equilibrated with a volume of carbon monoxide 
which is not quite sufficient to saturate all the haemo- 
globin present. Erythrocytes take up the gas very un- 
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evenly as can be seen from the right-hand side of 
ig. i, 

This work was supported by a grant from the Deutsche 
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imary Structure of Hopkins-1 Haemoglobin 


lopKins~-1 haemoglobin (haemoglobin Ho~1) was origi- 
lty. described in twelve members of a large kindred in 
- 1958 by Smith and Torbert*. In this investigation the 
_ abnormal haemoglobin was estimated to make up about 
60 per cent of the total haemoglobin in affected heterozy- 
_ gotes. Although the @ chain has been established as the 
-site of amino-acid substitution by the recombination of 
haemoglobin sub-units’, the nature and exact locus of the 
substitution have not yet been elucidated. Because 
_-baemoglobin Ho-1 is of the rapidly migrating haemo- 
globin I type electrophoretically, and therefore differs 
from haemoglobin A by two charges per abnormal chain, 
-it čan therefore be presumed that the mutation in haemo- 
_ globin Ho-1 involves the substitution of an acidic for a 
- basic. amino-acid. 
| As determined by moving boundary electrophoresis in 
-= potassium phosphate buffer at pH 6-3n=0-02, haemo- 
__ globin Ho-1 was present as 39 per cent of the haemoglobin 
| in the sample kindly provided by Dr. E. W. Smith. Pep- 
tide maps of tryptic digests of chromatographically purified 
haemoglobin Ho-1 (ref. 3) failed to reveal displacement of 
any of the ninhydrin spots produced by the normally sol- 
_ uble haemoglobin peptides. Accordingly, Ho—1 8 chain was 
repared chromatographically on carboxymethylceliulose 
in 8 molar urea and 0:05 molar mercaptoethanol at pH 
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Table 1. AMINO-ACID COMPOSITION OBTAINED FROM 64Tp10, prmpIo+ u 
AND. guo- ; ; 
BAT DLO BATp1O+ 11 ot, 
Nearest Nearest : Nearest 
Amino-acid Residue whole Residue whole Residue ‘whole 
residue residue < residue 
Asp 10 1 30 3 29 ee 
Thr 2-0 2 19 2 19 
Ser 1-2 1 1:0 1 11 
Gla 0-9 1 21 2 3-0 
Pro ~ ~ 0-8 1 0-9 
Gly Lt 1 TI 1 PË 
Ala 10 1 Ld 1 BeBe’ 
Val ~ - 0-9 1 100 
AE-Cys 0-8 1 09 1 te eas 
Met = - ~ - "e 
Leu L7 2 28 8 27 
bie Ll 1 19 2 18 
in ro 1 ro 1 = 
He 11 1 1:8 2 1-9 
Arg ~ =- Ld 1 10 





6-8 (ref. 4). Pools of column eluates representing normal 
and abnormal $ chains were then treated with ethyleni- i 
mine for 4 h at pH 9-2 (ref. 5). Quantitative conversion of 
cysteine to aminoethyl cysteine resulted. Because amino- 
ethyl cysteine is susceptible to tryptic hydrolysis, mapping I 
of the previously insoluble “core” peptides of the 6 chaim 
was now possible. Peptide maps of the chemically modified _ 
BA and @Ho-1 chains revealed the disappearance of the _ 
peptide spots produced in the normal p chain by. BT plo. 


(residues 83-95 from the N terminus) and by uncleaved — - 


BTp10+fTp11 (residues 83-104) and the appearance of a 
single, new more acidic peptide which is readily distin- 
guished by the distinct green colour produced after reac- 
tion with ninhydrin (Fig. 1). 
new Ho-l peptide revealed that a fusion of BT p10 and 
p11 has resulted from the substitution of the C terminal 
lysine (895) of BTp10 by a glutamic acid (Table. 1). The 
substitution $5 lys>gl which occurs in haemoglobin 
Ho-1 has been previously described in haemoglobin 
NBaltimore (ref. 4) and haemoglobingenkins (ref. 6): 
an extensive investigation of the pedigrees of the ome 
globin Npattimore and haemoglobin Ho~-1 kindred, neither : 


: Fig, 1. Peptide maps of tryptic digests of ethylenimine weet pa (left) and 8971 (right). Chromatographie dimension is horizonta Ciutanal: j 


pyridine. : acetic acid: water (90: 60: 


1-72)), while electrophoresis is vertical coyridine acetate pH 6 











Amino-acid analysis of the < 
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a blood relationship nor an overlap of family surnames can 
be established (Conley, C. L., personal communication). 
A. J. GOTLIEB 
E. A. ROBINSON 
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Bethesda, Maryland. 
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BIOCHEMISTRY 


Activity of Phenethanolamine N-Methy! 
Transferase in the Adrenal Glands of Foetal 
and Neonatal Rats 


THE proportions of adrenaline and noradrenaline in the 
adrenal glands differ from one species to another and 
within a species during development. Comline and 
Silver! have compiled a list of reports showing the per- 
centage of noradrenaline in the adrenal gland catechol- 
amines of foetal, newly born and adult animals of seven 
species. In general, a higher proportion of noradrenaline 
is associated with the foetal state and a higher proportion 
of adrenaline with the adult animal, which suggests that 
the ability of the adrenal glands to form adrenaline 
develops late in the foetal life or in the early life of the 
animal. 

Adrenaline is formed from noradrenaline in the adrenal 
medulla?, The conversion involves a single enzyme step, 
with S-adenosylmethionine acting as the methyl donor*4, 
Kirshner and Goodall} first demonstrated the activity of 
this enzyme; Axelrod‘ investigated its properties and 
named it phenethanolamine N-methyl transferase (PNMT). 
We have recently devised a microassay technique for 
PNMT (ref. 5). The method involves the measurement 
of radioactive adrenaline formed by incubation of a tissue 
homogenate with noradrenaline and S-adenosylmethion- 
ine-methyl-4C. Using this method it has been possible 
to determine the activity of PNMT in single adrenal pairs 
from rat foetuses and from newly born rats. In these 
experiments, whole adrenal glands were removed from 
newly born rats or foetuses taken from pregnant Carworth 
CFE female rats under ether anaesthesia. The results 
of PNMT determinations are shown in Fig. 1. 

Enzyme activity was detected at 17-5 days, the earliest 
time studied. In Fig. 1 the enzyme activity is expressed 
as units per adrenal pair, because PNMT is localized in the 
adwenal medulla‘ rather than in the cortex which comprises 
most of the total adrenal weight*. Josimovich et al.4 
found that there was a rapid increase in volume of the 
adrenal medulla between 19-5 and 20-5 days of gestation 
in the rat foetus. The increase in enzyme activity shown 
in Fig. I corresponds exactly to this. Such an increase 
may thus be a reflexion of the increase in volume of the 
adrenal medulla. Likewise, Kamoun et al.? found that 
the ratio of adrenaline to noradrenaline in the adrenal 
glands of foetal rats first became greater than one at 20-5 
days-—the time when a marked increase in the activity 
of PNMT occurred (Cheoux and Roffi® have reported 
that the change in the ratio of adrenaline : noradrenaline 
occurs at 19-5 days). Thus, the volume of the adrenal 
medulla, the ability to form adrenaline and the preponder- 
ance of adrenaline appear to develop simultaneously in 
the rat in the late stage of foetal life. 

We thank Dr. D. Brennan and F, Tinsley of the Depart- 
ment of Physiology, Lilly Research Laboratories, for 
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Fig. 1. The activity of PNMT in adrenal glands of foetal and neonatal 

rata, Abscissa, Age of foetus or of newborn rat in days. Ordinate, 

enzyme activity expressed as pumoles of adrenaline formed per 30 min 

of in vitro incubation per pair of adrenals. Mean determinations for 

between twenty and forty-nine rats in each age group are shown with 
standard errors. 


providing pregnant female rats at different stages of 
gestation. 

Noté added in proof. These data were first presented 
at the Ohio Valley Section, Society of Experimental 
Biology and Medicine, West Lafayette, Indiana, October 
9, 1965. While this paper was in the press, a report by 
Margolis, Roffi and Jost appeared in Setence, 154, 275 
(1966), showing an increase in PNMT activity during late 
foetal life in rats. 

Ray W. FULLER 
Joseph M. HUNT 
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Eh Lilly and Co., 
Indianapolis 6, Indiana. 
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Metronidazole and Human Alcohol 
Dehydrogenase 


Recrentiy, metronidazole (‘Flagyl’) has been used in the 
treatment of alcoholism! and it has been suggested that it 
might inhibit alcohol dehydrogenase®, We wish to present 
evidence to shed light on this suggestion. 

Macroscopically normal human liver obtained during 
operation on a patient with a chronic duodenal ulcer, free 
from liver disease, was homogenized by hand in nine 
volumes of sodium phosphate buffer (pH. 7-0, 0-05 molar) 
using a Griffiths tube. The homogenate was centrifuged 
at 1,000g for 15 min and the supernatant used as the 
enzyme solution. The enzyme was subjected to the 
screening procedure described by J. P. von Wartburg et 
al.*, and found to be the “typical” form of human alcohol 
dehydrogenase. 

The catalytic activity of the enzyme was measured with 
a spectrophotometer at 25° C. The rate of formation of 
NADH, according to the equation 


CHOH + NAD = CH,CHO + NADH, 


was followed at either 376 mu or 385 mu using a double 
beam optical recording spectrophotometer. 
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These wavelengths were used instead of 340 mp (an 
absorption maximum of NADH, where NAD has no 
absorption) because metronidazole has an absorption 
maximum of 325 my and assay mixtures containing it 
proved too optically dense to give readings at 340 mp and 
even at 376 my for the two highest concentrations of metro- 
nidazole. The NAD concentration used was 1-6 x 10-*m. 

Tho standard assay mixture contained 3-3 x 10-* molar 
_ glyeine-sodium hydroxide buffer (pH 11:0), 1-6 x 10- 

“ethanol and 0-1 ml. enzyme solution. The homogenate 
was pre-incubated with NAD until a constant optical 

density was reached. Then the test reaction was started 
by adding ethanol. Two test reactions were carried out 
_ without metronidazole in the assay mixture, one at 376 my 
and the other at 385 mp, and the activity measured as the 

change of absorbance per min. Further test reactions 

¿were carried out with the addition of metronidazole to 
both test and reference cells to give final concentrations 
ranging from 1-6 x 10-4 moles/l. to 8 x 10- moles/l. 
The percentage inhibition was then calculated by com- 

paring the enzyme activity obtained with and without 

metronidazole at the same wavelength. Unused enzyme 
~golution was kept at 0° C and no loss of enzyme activity 

occurred during the period of the experiment. Metron- 

idazole did not appear to act as a substrate for the typical 

form of human alcohol dehydrogenase as there was no 

change of absorbance on testing an assay mixture con- 
“taining metronidazole but no ethanol. The results are 
shown in Table 1. 

From these results the calculated concentration of 
metronidazole leading to 50 per cent inhibition is 6-6 x 

10 moles/I. 

Tt was not possible to test concentrations of metron- 
- idazole stronger than 8 x 107 moles/l. because assay 

-mixtures containing concentrations higher than this were 
too optically dense to give readings. 

As it had been found that metronidazole did not appear 
to act as a substrate for the typical form of human alcohol 
dehydrogenase, it was thought that metronidazole was 

‘likely to be a non-competitive inhibitor of this enzyme. 


"Po confirm this supposition another enzyme solution of 


-< the typical form of human liver aleohol dehydrogenase was 

prepared as previously described from macroscopically 

normal liver obtained during operation on a patient with 

an acute gastric ulcer. Enzyme activity (A 374/min) was 

“determined with and without metronidazole in the assay 
mixture using four different concentrations of ethanol and 

‘a Lineweaver~Burke plot constructed. The results are 
shown in Table 2. 

Tt ean be seen from the Lineweaver-Burke plot that the 
effect of metronidazole is to increase both the slope and 
intercept. It is therefore a non-competitive inhibitor 

“of the typical form of human liver alcohol dehydrogenase. 
OS Doses of metronidazole used in the treatment of 
alcoholism have ranged from 250-750 mg/day. After a 


Table 1, ACTIVITY OF HUMAN LIVER ALCOHOL DEHYDROGENASE WITH 


INCREASING CONCENTRATIONS OF METRONIDAZOLE 


Concentration of Activity 

metronidazole (moles/1.) (%) 
0 100 

1-6 x 10+ 97-6 

4:3 x 10 913 

1-6 x 10-8 73-5 

48x10 628 

8x105 451 


„Table 2. ENZYME ACTIVITY DETERMINED WITH ASSAY MIXTURES CONTAINING 
NO METRONIDAZOLE (—) AND 16% 10-* MOLAR METRONIDAZOLE (+) USING 
DECREASING CONCENTRATIONS OF ETHANOL 


Ethanol 


Metronidazole concentration L Enzyme activity 1 
{P6 x 10 molar) (S, moles/i) 8 (P, A 874/min) Y 

~ 16 «10° 6295, 0-0401 24-9 

~ x10- 125 0-0338 29-6 

-_ 5-33 x 10" 188 0-0270 37-0 

~ 4 x10 250 0-0231 43-3 

+ L6 «107 62-5 0-0271 36-9 

+ 8 x10% 125 0-0211 ATA 

+ 5-38 x 107 188 D0187 53-4 

+ x 10 250 0-0153 654 
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Fig. 1, Plot of i against 3 for assay mixtures containing no metronidazole 


(a); and 18 x 10-* moles/i, metronidazole (5). 


single dose of 200 mg of metronidazole, the maximum 
serum level was found to be 5 pg/ml. (2-9 x 10- molar)‘; 
and in patients taking 200 mg of the drug three times & 
day there was no tendeney for it to accumulate. in the 
serum. It is therefore unlikely that the observed in vitro. 
inhibition of the typical form of human liver alcohol 
dehydrogenase by metronidazole has any in vivo sig- 
nificance unless the drug is concentrated in the Hver 

We thank Professor C. A. Clarke and Dr. David A. 
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the Wellcome Trust for the gift of the spectrophotometer, 
and May and Baker, Lid., for metronidazole. : 
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Activity of Thymidine Kinase in Mouse 
Embryo Cells infected with Polyoma Virus 


Ixreoron of cells with DNA viruses is known to cause an 
inerease in the activity of several enzymes involved in the 
synthesis of DNA. Kit and Dubbs‘ reported that in- 
faction of mouse fibroblasts with vaccinia or herpes virus 
determines the induction of a thymidine kinase (TK), 
which differs from that of uninfected cells in certain 
chemico-physical properties, including the resistance to 
thermal inactivation. Dulbecco et al* observed that 
infection of mouse kidney cells with polyoma virus causes 
an increase in the activity of TK and DNA polymerase, 
and suggested that this phenomenon may be related to the 
enhanced synthesis of cellular DNA. ; 

Contrary to these findings, Sheinin and Quinn® con- 
cluded, from autoradiographic investigations of mouse 
embryo cell cultures with thymidine-"H, that polyoma 
virus inhibits the synthesis of cellular DNA, beginning 
from the twelfth hour after infection. Using mouse. em- 
bryo cells, Birnie and Fox? showed that during the first 
few hours after infection with polyoma virus the incor- 
poration of thymidine-2-4C into the cellular DNA was 
considerably diminished. This was interpreted to be 
inhibition of cellular DNA synthesis at the level of 
polymerization. 

Recently, using polyoma-infected mouse embryo cells, 
Kit et al.® observed an inerease of TK activity, starting 
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from the sixteenth hour and reaching a maximum 30-48 h 


after infection; the Michaelis constants for the enzymes of 
uninfected and polyoma-infected cells were virtually the 
same. Sheinin® reported an increase of TK activity in 
similar cell cultures during the eighth to tenth hour after 
polyoma infection, with a maximum between the four- 
teenth and sixteenth hours after infection; the enzyme 
formed. during virus replication exhibited a lower Michaelis 
constant and a lower sensitivity to heat at 63° C as com- 
pared with enzyme from uninfected cells. Likewise, 
Molteni et al.!° showed an increase in the incorporation of 
thymidine--H into DNA, between the twelfth and the 
forty-fourth hours after infection with polyoma virus. 
__ During studies on polyoma virus DNA" we investigated 
_ TK activity in mouse embryo cells during the stationary 
phase of growth at various intervals after infection with 
¿polyoma virus (strain 210/22). We also investigated 
simultaneously the resistance of the enzyme to thermal 
inactivation and the results suggested that the properties 
of the enzyme from uninfected and infected cells differ. 
The virus was used at high input multiplicity (about 
1,000 P.#.u./cell). Secondary cultures from whole 9-day 
old mouse embryos, either uninfected or infected 6, 24, 48, 
72 and 96 h previously, were collected by a mechanical 
procedure. The cells were centrifuged at 2,000g, washed in 
0-05 molar tris buffer, pH 7-8, ineluding 0-002 molar 
mercaptoethanol, and then resuspended in the same 
buffer, and homogenized in a Potter-Elvehjem apparatus. 
The homogenate was centrifuged for 15 min at 35,000g 
and the supernatant was used for enzyme assays. The 
substrate mixture consisted of thymidine-*H (2 ue./ml.), 
thymidine carrier (60 ug/ml.), ATP (5 mmoles/l.), 3- 
phosphoglycerate (6 mmoles/l.), MgCl, (5 mmoles/I.), 
mercaptoethanol (0-4 mmoles/l.) and tris buffer (10 
mmoles/i.), pH 7-8. The total volume was 0-6 ml. The 
tests were incubated for 15 min at 37° C. The reaction was 
“stopped. by treatment with EDTA, at final concentration 
0:06 moles/I., and subsequent freezing. Chromatography 
was carried out (a) on Whatman No. 1 paper, with the 
addition of non-labelled TMP, using EDTA 10-2 M in 
ammonium acetate 1 molar ethanol (3 : 7) as solvent, and 
(6) on Whatman DE 81 paper, with the addition of TMP, 
-TDP and TTP carriers, using as solvent 4 molar formic 
acid, including 0-1 molar ammonium formate. The spots 
were located under ultra-violet light and eluated by 
‘capillary flow with 0-1 normal hydrochloric acid. Spectro- 
“photometric assays and radioactivity measurements 
(with a windowless gas flow counter) were performed on 
the: eluate. The protein content of the extracts was 
determined by the method of Lowry et al.1*. 
The results (Fig. 1) show that in mouse embryo cells 
_ infection with polyoma virus enhances the activity of TK. 
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Fig 1. Thymidine kinase activity from uninfected and polyoma- 





infected mouse embryo cells. (3, Incubation 15 min at 87° Cy + pre- 
incubation 15 min at pH 7-8, without substrates, and then incubation 
15 min with substrates. 
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Table 1. RATES OF THERMAL INACTIVATION AT 37° C OF THYMIDINE KINASE 
FROM UNINFECTED AND POLYOMA-INFEOTRD MOUSE EMBRYO CHLLS* 


Binact fy (min) 
Uninfected cells 0078 9-5 
Polyoma-infected cells 
(h after infection): 
6 0-042 16-2 
24 0-025 27 
48 0-019 36 
72 0-018 38 
96 0-014 49 


*Kivact=(In V,—in V)/t, where V, and V are the enzyme activities 
(expressed as c.p.m. of TMP-"H/mg protein/15 min) at zero time and at 
time ¢, respectively, ¢ FR (in 2)/Kinact. 


The rise of activity is, however, small compared with 
other observations®:*, The enzyme activity reaches a 
maximum 72 h after infection. This pattern differs from 
that observed after infection with other DNA viruses 
{vaccinia or herpes), where the activity reaches a maximum 
in a shorter time. 

Under the conditions used in our experiments, the 
chromatographic technique failed to demonstrate the 
formation of radioactive TDP or TTP from thymidine-*H, 
ineubated with the extracts of normal or infected cells, 
which agrees with the findings of Sheinin®. 

To assay the thermal resistance of the enzyme, portions 
of the extracts were incubated for 15 min with only the 
buffer (10 mmolar tris, pH 7:8, including 0-4 mmolar 
mercaptoethanol) and then the TK activity was measured 
as already described. The residual enzyme activity after 
pre-incubation for 15 min at 37° C is presented in Fig. 1 
together with the activity of extracts which had not 
previously been ineubated. It can be seen that after pre- 
incubation the residual activity in the uninfected cells 
amounts to 33-5 per cent of the total activity of the 
extracts which had not been incubated in advance, but 
rises to 84 per cent in infected cells. Thus, TK of the 
polyoma infected mouse embryo cells shows a thermal 
resistance (at 37° C) higher than that of the uninfected 
cells enzyme. 

The thermal inactivation constant (Kimet) and the half- — 
life (4) of TK from both uninfected and infected cells (at 
various intervals after infection) are given in Table 1; 
values for Kinace and t, have been calculated and are also 
shown in the table. The half-life of the enzyme activity at 
37° C and pH 7:8 is 9-5 min in extracts of normal cells and 
rises to 16-49 min in extracts of infected cells, depending 
on the time after infection. Thus infection with polyoma 
virus causes the induction of a TK in the host cell. This 
enzyme differs from that of normal cells in that it shows a 
greater thermal resistance. The difference becomes 
apparent from the sixth hour onwards, at which time the 
total TK activity is diminished. These results suggest 
that the viral replication causes a decrease of normal TK. 
(and presumably also of cellular DNA) synthesis and the ` 
induction of a different TK, involved in viral DNA 
synthesis. 
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| Metal: ton Dependent Binding of Sulphonamide 
e to Carbonic Anhydrase 


; A azoraNDE (2-acetylamino-1,3,4-thiadiazole-5-sulph- 
-onamide, ‘Diamox’) is the most potent known inhibitor 
‘of the zinc enzyme carbonic anhydrase. This communica- 
“tion reports the direct demonstration that binding of 
| acetazolamide to human carbonic anhydrase requires the 
_ presence of a metal ion at the active site and that binding 
“depends on the species of divalent metal ion present. 
< Gine (11) and cobalt (IL) ions are the only ions which induce 
the formation of very stable acetazolamide carbonic 
anhydrase complexes and are also the ions which most 
ectively catalyse the hydration of carbon dioxide and 
he hydrolysis of p-nitrophenyl acetate. Metal-binding 
monodentate ions, CN-, HS-, OCN-, and Nọ“, known as 
"effective carbonic anhydrase inhibitors, compete for the 
acetazolamide binding site of the zinc enzyme. 
_. Binding experiments were performed by the equilibrium 
f dialysis technique of Coleman and Vallee! employing 
. *H-acetazolamide labelled in the acetyl group. The 
- ¢ounting procedure was modified by use of a scintillation 
“mixture of naphthalene and dioxane? which permits the 
direct introduction of aqueous samples without prior 
. drying. Counting was done at 4° C in a ‘Tri-Carb’ liquid 
¿= geintillation spectrometer (Packard ‘Model 3002’). Human 
carbonic anhydrase, isozyme B or O, prepared by the 
= method of Rickli et al. was used in these experiments. 
Fig. LA shows the binding of acetazolamide to a series 
_ of metallocarbonic anhydrases as a function of acetazol- 
amide concentration. Binding to the zine (II) enzyme 
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Fig. 1A, Binding of *H-acetazolamide to metallocarbonic anhydrases B 
as & function of acetazolamide concentration, Aliquots of the various 
-metallocarbonic anhydrases and a apooarbonio anhydrase (prepared as 
previously described®) were equilibrated across Visking-Nojax mem- 
‘branes against the concentrations of *H-labelled acetazolamide given on 
“the abscissa. After 48 h, 0-5 ml. samples were removed and counted. 
Moles of *H-acetazolamide bound per mole of zinc (ID (O), cobalt (11) 
CA), Manganese (IT) m nickel (IT) (W), copper (It) (V), cadmium (IT) 
ONG), mercury (II) (W), and metal-free (@) carbonic anhydrases are 
“indicated. on the e Protein concentrations were 2x 10+ molar 
“for experiments below 10~* acetazolamide, 2 x 10-* molar for experiments 
above 10~* molar acetazolamide. Values from 5x 10-* molar to 10~ 
molar acetazolamide were also checked with 10+ -molar protein. Con- 
ditions: 0-025 molar trie, pH 8-0, 4 


; Fig. 1B. Binding of *H-acetazolamide to zinc (ED ca carbonic anhydrase B 

i he ë presence of metal-binding anions. (@), No addition; (Y), 2 x 10-* 

R H Ny”; 4 (OQ), 2x10" molar OON=; (8, 2x104 molar HS-; (A), 
tk 2x 10- molar CN-. Conditions were asin Fig, LA. 
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follows a typical sigmoid equilibrium curve. Half a mole 
of acetazolamide is bound per mole of native enzyme at 
8x10 molar acetazolamide, indicating an equilibrium. 
constant, K, of 8x 10-8 molar for the enzyme inhibitor» 
complex. This value falls between the K; values determ- 
ined from the inhibition of the enzyme catalysed hydra- 
tion of carbon dioxide, 9 x 10-® molar ‘ref. 4),andhydration. — 
of acetaldehyde, 6-1 x 10-7 molar (ref. 5). This extremely 
tight binding of acetazolamide is dependent on the 
presence of a metal ion at the active site. Apoc i 
anhydrase binds negligible amounts of inhibitor unti 
concentration approaches 10-* molar (Fig. 1A) ! 
confirms an earlier finding of Lindskog which shows. the | 
binding of acetazolamide to be metal ion dependent*. rn 
Although manganese (II), cobalt (IL), nickel (II), copper 
(II), cadmium (II), and mercury (IZ) have all been shown 
to bind at the active site of carbonic anhydrase’ *-§, only 
cobalt (IT) in addition to zine (II) induces firm binding 
of acetazolamide, K=1:5x10-? molar. Nickel (ID), 
cadmium (II), and mercury (II) induce no more binding of 
the inhibitor to the enzyme than that demonstrated by the 
apoenzyme (Fig. 14). Manganese (II) and copper (IT) 
induce slightly more binding, but net comparable. with 
zine (II) and cobalt (II). Table 1 shows the. correlation 
between the effectiveness of the various metallocarbonic 
anhydrases as catalysts of two reactions catalysed by the 
native enzyme and the facility with which they bind the 
sulphonamide. Enzyme activity and the binding func- 
tion are limited to zinc (IT) and cobalt (EI). carbonic : 
anhydrase. : : 









Table 1. ENZYME ACTIVITIES AND BINDING OF ACETAZOLAMIDE. TO METALLO: ; 
CARBONIC ANHYDRASES 











Hydrolysis of sia 
Hydration of p-nitrophenyl Moles of. 
Metal enzyme carbon dioxide* acetate f acetazolamide: - 
#moles/min/zmole bound/mole of. 
enzyme enzyme y © 
Zinc (I1) native B 10,200 2-70 LOO N 
Zine (11) native € 30,000 7-30 1-00 
apoenzyme B 400 0-09 O04 
Manganese (II) + fan 
apoenzyme B 400 0-38 040" 
Cobalt (ID + : 
apoenzyme B 5,700 870 1:00": 
Nickel (11) + 
apoenzyme B 500 0-32 O02 
Copper (GI) + 
poenzyme B 127 0-50 Hit 
Cadmium (II) + 
apoenzyme B 430 0-20 0-06 
Mercury (II) + 
apoenzyme B 5 0-09 0o05 


* Determined by the method of Wilbur and Andersont’, 

+ Conditions as described in Duff and Coleman”, O- 025 molar trie, 6 & per 
cent acetonitrile, pH 7-5, 23° C. 5 

ł In the presence of 1 x 10~-* molar free acetazolamide, 


In addition to sulphonamides, metal binding. anions 
form the second large group of carbonic anhydrase in- 
hibitors. The effect on %H-acetazolamide binding’ to. 
carbonic anhydrase of four representative examples of 
these ions is shown in Fig. 1B. The binding site for these 
ionic inhibitors must be shared by at least part of the 
acetazolamide molecule, since their binding prevents that. 
of the sulphonamide. The effectiveness with which 
they compete with the sulphonamide for the binding 
site follows the order of their potency as inhibitors of 
enzyme activity, Ny < OCN- < HS-<CN> (ref. 4). 

Induction of acetazolamide binding by co-ordination of 
specific metal ions at the active site of carbonic anhydrase 
could be attributed to at least three factors: (1) induction 
of a large conformational change in the apoenzyme such 
as to bring about the proper three-dimensional relationship 
between protein side chains constituting the binding site; 
(2) induction of minor conformational changes. in’ the 
molecule as a consequence of the co-ordination geometry 
assumed by the donor groups immediately surrounding 
the metal ion; and (3) provision of a metal co-ordination 
site for one of the groups on the inhibitor. There are 
minor differences reported in the ultra-violet: optical 
rotatory dispersion of the zine enzyme and apoenzyme®. 
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These are reversed, however, by the metals that do not 
induce inhibitor binding or enzymatic activity as well as 
by zine (II) and cobalt (II) which do. There remain even 
smaller differences among the optical rotatory dispersion 
spectra of the various metallocarbonic anhydrases, es- 
pecially in the area of the aromatic Cotton effects and the 
trough at 222 mu. Characteristic differences cannot be 
correlated, however, with the metals which induce binding 
as opposed to those which do nots. 

Monodentate metal binding inhibitors have been 
assumed to add to an open co-ordination site of the metal 
ion or replace a ligand already present, perhaps a co- 
ordinated -OH ion or H,O molecule. The optical rotatory 
dispersion data suggest that these ions do not produce a 
change in protein structure®. All the ions tested affect the 
energies and symmetry of the d orbitals of the metal ion 
as indicated by the shift in energy and optical activity of 
the d-d transitions of the cobalt ion on binding of these 
ions to the cobalt enzyme’ *, Acetazolamide binding 
results in similar changes in the absorption and optical 
rotatory dispersion spectra‘*, Thus the interference of 
these anions with the binding of acetazolamide is com- 
patible with the idea that at least one group of the aceta- 
zolamide molecule, perhaps the sulphonamide group, 
occupies a position within the co-ordination sphere of the 
metal ion. The position of this group in mercury deriva- 
tives of sulphonamides bound to the crystalline enzyme as 
indicated by difference maps constructed from X-ray 
diffraction data is not incompatible with this, since the 
sulphonamide group appears at or near the zine site, 
Such binding could act co-operatively or produce a “‘chela- 
tion effect” with an additional protein binding site resulting 
in the extremely low dissociation constant of the complex. 
Binding of the sulphonamide to the apoenzyme at con- 
centrations of inhibitor between 10-§ and 10-* molar 
(Fig. 1A) may reflect the isolated affinity for such a site. 
Inhibition of enzymatic activity and displacement of 
acetazolamide by the metal-binding anions are in the 
relative order expected for the stabilities of their zine (IT) 
complexes, another indirect indication that they are 
operating in their capacity as co-ordinating ligands. 

Whichever mechanism is responsible for the metal ion 
dependent binding of the inhibitor, the configuration of 
the active site necessary for both sulphonamide binding 
and enzymatic activity must be directly related to the 
co-ordination geometry assumed by the metal complex. 
The nature of the catalytically effective geometry, charac- 
teristic only of the zine (IT) and cobalt (IT) enzymes, has 
been the subject of speculation including postulates of 
square planar®, tetrahedral‘, and five co-ordinate? * 
geometries. Whether the differences in properties of the 
several co-ordination complexes at the active site of 
carbonic anhydrase reflect only the ease with which an 
additional ligand (substrate group, anion, or sulphonamide 
group) is added to the central metal ion, or a more funda- 
mental difference in underlying geometry, remains to be 
established. 

This work was supported by a grant from the U.S. 
National Institutes of Health. I thank Mrs. Barbara 
Johnson for technical assistance. 
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Electron Microscopy of Chondromucoprotein 
and the Products of its Digestion with 
Hyaluronidase and Papain 


Waen chondroitin sulphuric acid is extracted from 
cartilage in dilute salt solutions, it is always bound to 
protein'*, The complex chondromucoprotein has a 
molecular weight of more than one million, whereas the 
polysaccharide portion chondroitin sulphuric acid (CSA) 
has a molecular weight of about 50,000 (refs. 3 and 4). 
The presently conceived model is that in which the protein 
forms a core to which chondroitin sulphurie acid is 
covalently bound at many points, by glycosidic linkage 
through the hydroxyl group on serine*. 

Electron microscopy was employed in order to test 
the validity of this model. It was thought that a linear 
protein with side branches of CSA might retain that shape 
after hyaluronidase digestion had removed a portion of 
each side chain, but that papain digestion would split 
the protein core at many sites, with destruction of the 
linear pattern. 

Chondromucoprotein was isolated from bovine nasal 
septa by aqueous extraction by the method of Mathews 
(communicated personally). Four grams of this product 
was digested with hyaluronidase for three days at room 
temperature with daily addition of 3,000 turbidity redu- 
cing units of enzyme to the 400 ml. solution in acetate 
buffer, pH 5-5. The large molecular weight residue of this 
digest was obtained as a single peak on a ‘Sephadex G-75’ 
column after three preliminary separations from the 
small products on ‘Sephadex G-25’ (twice) and ‘@G-75’ 
(once). The final product was 200 mg (5 per cent). 
Chondroitin sulphuric acid essentially free of protein was 
obtained from the same batch of bovine nasal septa by 
papain digestion and ion exchange chromatography after 
the method of Schiller, Slover and Dorfman’. Results of 
chemical analysis of the three products are listed in 
Table 1. 

These three products were prepared for electron 
microscopy in the following ways. Aqueous solutions, 
0-1 mg/ml., were sprayed on to 300 mesh copper grids 
(covered with carbon coated ‘Formvar’) with a ‘Vapo- 
nefrin®’ standard glass nebulizer. Shadowing with 
uranium oxide was done at an angle of about seven 
degrees (8:1). Alternatively the aqueous solutions, 
placed in Visking tubing, were permitted to dialyse suc- 
cessively against the following media: (a) 0-5 molar 





Fig. 1. 
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Fig. 2. 





Fig. 3. 


acetic acid; (b) distilled water; (c) 0-5 molar silver 
nitrate; (d) several changes of distilled water, until 
the final solution was negative for silver by testing with 
sodium chloride. 

The concentration was adjusted to approximately 
0-01-0-05 mg/ml. The ‘Formvar’ coated grids were 
inverted over drops of the preparations. Contact was 
maintained for 1-5 min after which the grid was lifted 
and excess fluid was drained away with filter paper. 

Preparations were examined in a ‘Hitachi HU-11A’ at 
an accelerating voltage of 75 kV with a 30u objective 
aperture. Magnifications were estimated by the use of a 
grating replica ruled at 54,864 lines/in. Final photographs 
were brought to a magnification of 100,000 diameters. 

Photomicrographs of the intact protein~polysaccharide 
are seon in Fig. 1. The thinnest strands in the shadowed 
preparation measure approximately 120 Å in width. In 
the inset of the silver stained protein—polysaccharide one 
can see aggregates of ten or more particles. Each particle 
which measures less than 15 A in diameter is believed 
to represent sub-units of the protein—polysaccharide in 
which numerous negative charges have been stained with 
silver ions. 

The hyaluronidase digest is seen in Fig. 2. The shad- 
owed strands appear somewhat thinner than those in 
Fig. 1, but no meaningful measurements could be made. 
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Table 1. ANALYSIS OF BOVINE CARTILAGE PRODUOTS USED 
Chondroitin Hyaluronidase 
sulphuric Chondromuco- digestion 
acid protein product 
molar ratio* molar ratio* molar ratio* 
Nitrogen 1-06 218 4-20 
Uronic acid’ 0-04 1-08 0-54 
Hexosamine® 1-00 1:00 1-00 
Neutral sugar (as glucose)? 0-68 
Sialic acid!? 0-01 O11 
Sulphate 110 
Hydroxyproline < 0-03 per cent 
Protein 1-08 percent 16-8 percent 34-0 percent 


Per cent hydroxyproline and protein calculated as per cent of total weight. 
* Molar ratio to hexosamine, 


In contrast to the protein-containing preparations 
(Figs. 1 and 2), the one treated with papain contained no 
linear structures. Spherical structures averaging 30 and 
50 Å in diameter were noted in random orientation in 
shadowed (Fig. 3) and silver-stained (Fig. 3, inset) 
preparations, respectively. 

The single conclusion which we draw from this study 
is that the parent compound (protein—polysaccharide) 
depends on the presence of protein for its linearity and 
overall size, for the reasons stated in the second paragraph. 
The corollary conclusion is that this protein~polysac- 
charide does not depend on chondroitin sulphuric acid 
for its overall dimensions. 

In these respects, the electron microscopic findings are 
in accord with the model proposed on other physico- 
chemical grounds!-5. 

This work was supported by grants from the U.S. 
Public Health Service. 
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Effect of Human Growth Hormone on 
Methods of Insulin Immunoassay 


Young and George’ reported that the immunoassay of 
insulin, using an anion exchange resin method of separa- 
tion’, was affected by human growth hormone (HGH). 
Addition of HGH caused a decrease in the proportion of 
insulin bound to antibody. When added to albumin, HGH 
had no such effect. From these results, they concluded 
that HGH increased the amount of free insulin in serum by 
displacing it from an insulin-basic protein complex. 
Wright, Welborn and Fraser? were unable to duplicate 
these results using a double-antibody immunoassay 
system and suggested that the findings of Young and 
George were an artefact of their anion-exchange resin. 

We have evaluated the addition of HGH to human 
serum or albumin incubated with insulin antibody and 
insulin labelled with iodine-131 using three methods of 
immunoassay: paper strip chromatography, anion ex- 
change resin and alcohol precipitation of gamma globulin. 
The results of all three methods are essentially the same 
(Table 1). HGH did not affect the percentage of insulin 
bound to antibody. 

In an, attempt to find some way in which Young and 
George might have obtained their results, HGH was 
incubated with antisera before the human serum or 
labelled insulin were added, and it was also incubated with 
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Table 1, ADDITION OF HOH 


No effect on insulin-antibody binding 
Insulin-antibody binding (per cent) 


HGH i Anion 
added Paper exchange Alcohol 
(myg/mi,) chromatography resin precipitation 
0 76-3 70-2 776 
20 vie 723 
50 77:3 71-0 
100 TTO 675 TET 
150 78:3 T24 
250 763 68-1 79:3 
500 78-9 


human serum before the antibody and insulin were added. 
In no case were we able to show any effect from HGH. 
We cannot explain the results of Young and George nor 
can we agree with Wright et al. that it was an artefact of 
the anion exchange method. HGH does not appear to 
affect the proportion of insulin bound to anti-insulin 
antibody in any method of immunoassay. 
R. C. MEADE 
T. J. KLEIST 
Radioisotope Service, 
Wood Veterans Administration Center and 
Department of Internal Medicine, 
Marquette University School of Medicine, 
Milwaukee, 
Wisconsin. 
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Indole Nature of Enterochromaffin Substance 


THERE are several theories about the nature of the 
argentaflin substance stored in the enterochromaffin cells 
of the gastrointestinal mucosa'-*. At present, Erspamer’s 
5-hydroxytryptamine theory** appears to be the most 
popular and best documented. The identification of the 
enterochromaffin substance as 5-hydroxytryptamine, 
however, contrasts with the fact that, by using several 
histochemical methods, no indole reactions have been 
obtained on formalin-fixed enterochromaffin granules*. 
We have reconsidered the problem by fixing duodenum, 
stomach and pancreas of various species, including 
guinea-pig, rat, mouse, rabbit, horse, pig, monkey and 
man, with 4 per cent formaldehyde or with 6 per cent 
glutaraldehyde in 0-1 molar phosphate buffer, pH 7-2, 
for 24 h. 

In all species examined, enterochromaffin cells of 
duodenum and stomach fixed with both formaldehyde 
and. glutaraldehyde gave positive diazonium (fast garnet 
GBC, pH 7-8), Masson-Hamperl and Schmorl reactions. 
Enterochromasffin substance appeared to be well preserved 
by both aldehydes, although stronger reactions were 





Fig. 1. 
stained with diazonium salt fast garnet GBC. 


Guinea-pig enterochromaffin cells fixed in foe See and 
x 500. 
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Fig. 2. 


Guinea-pig enterochromafiin cells fixed in glutaraldehyde and 
stained with xanthydrol. (x 550.) 


obtained with glutaraldehyde than with formaldehyde 
(Fig. 1). By applying to tissues fixed with formaldehyde 
the dimethylaminobenzaldehyde method for indoles? with 
or without post-treatment with nitrite, the ‘‘post-coupled 
benzylidene” method? and the xanthydrol method’, 
enterochromaffin cells were never stained. On the other 
hand, zymogen granules in the pancreas and stomach, as 
well as Paneth cell granules and other structures con- 
taining tryptophan, were well stained. In the specimers 
fixed with glutaraldehyde, however, enterochromaffin 
granules were clearly reactive to the indole tests (Fig. 2); 
these granules were stained deep blue-greenish by xanthy- 
drol, blue-green by dimethylaminobenzaldehyde and dark 
blue-yellowish both by dimethylaminobenzaldehyde-nitrite 
and the post-coupled benzylidene reaction. In the same 
sections, structures containing tryptophan were stained 
purple-violet with xanthydrol or dimethylaminobenzalde- 
hyde and blue with dimethylaminobenzaldehyde-nitrite 
or the post-coupled benzylidene reaction. 

Indole reactions were prevented both on enterochrom- 
affin and zymogen granules by previous treatment of 
sections with 2 per cent potassium persulphate in 0-5 
normal potassium hydroxide for 16 h or with 0-1 per cent 
N-bromosuccinimide in acetate buffer, pH 4, for 5 min. 
It has been shown that persulphate breaks the pyrrole 
ring of indoles'®, whereas N-bromosuccinimide selectively 
binds indoles at the 2 («) carbon™, which must be free, 
for condensation with xanthydrol or dimethylaminobenz- 
aldehyde can occur. By applying the ninhydrin reaction 
of Holcenberg and Benditt'? to paraffin sections, we 
observed that enterochromaffin cells fixed with form- 
aldehyde stained orange-red, while those fixed with 
glutaraldehyde did not react. Enterochromaffin cells 
fixed with glutaraldehyde lacked also the yellow fluor- 
escence of cells fixed with formaldehyde when observed 
in ultra-violet light (Reichert’s ‘Zetopan’ microscope with 
HBO 200 W mercury lamp and #, excitation filter). Both 
the Holcenberg and Benditt reaction and the yellow 
fluorescence have been related to the tetrahydro-4- 
carboline compound resulting from 5-hydroxytryptamine- 
formaldehyde condensation and so it can be supposed 
that, in the foregoing processing conditions, such a com- 
pound does not form by interaction of 5-hydroxytrypt- 
amine with glutaraldehyde. 

By comparison of serial sections of different tissues 
alternatively stained by the diazonium reaction or the 
xanthydrol method, a close correlation was observed, 
both in distributive pattern and in degree of staining, 
between cells reactive to diazonium and cells reactive to 
xanthydrol. Furthermore, in guinea-pigs treated with 
reserpine (‘Serpasil’ (CIBA) 5-15 mg/kg intraperitoneally) 
it was found that indole reactions of enterochromaffin 
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- cella were greatly reduced, as well as the diazonium, 
_ Masson-Hamperl and Schmorl reactions. These results 
-indicate that enterochromaffin granules store an indole 
» substance and that this is probably the same substance 

reacting to the diazonium, argentaffin and ferric-ferri- 
“evanide methods. 

It should be noted that protein-bound tryptophan 
stains differently from enterochromaffin granules. Especi- 
| ally with the xanthydrol method it was easy to distinguish 
blue stained enterochromaffin granules from purple-violet 
-zymogen or Paneth granules. In vitro tests have been 

performed in order to clarify the significance of this 
histochemical finding. When 1 mg of isatin, histamine, 
adrenaline, noradrenaline, dihydroxyphenylalanine(DOPA) 
and dihydroxyphenylethylamine (dopamine) was added 
- to l ml. of a 0-5 per cent xanthydrol solution in the 9:1 
= acetic acid and hydrochloric acid mixture, a heavily 
< coloured reaction was not seen; conversely, with 5- 
- hydroxytryptamine a dark blue-greenish colour was 
_ obtained, with 5-hydroxytryptophan a dark green-bluish, 
“with tryptamine and tryptophan a purple-violet colour. 
In diluted solutions the colour developed by 5-hydroxy- 
tryptamine or tryptophan was very similar to the one 
“observed respectively on enterochromaffin or zymogen 
granules in tissue sections stained with Lillie’s method. 
< Precipitates obtained from treatment of 5-hydroxytrypt- 
amine, 5-hydroxytryptophan, tryptamine, tryptophan, 
noradrenaline, dopamine and DOPA with 6 per cent 
glutaraldehyde buffered at pH 7:2, when tested with 
- xanthydrol, reacted just as untreated substances from 
which they derived. Thus, the xanthydrol method on 
|| material fixed with glutaraldehyde seems to offer a simple 
_ anduseful histochemical test for the detection of 5-hydroxy- 
_otryptamine and its distinction from tryptophan and 
_ related compounds. 
=o In our opinion, the foregoing results give direct histo- 
chemical evidence of the indole nature of the entero- 
-chromaffin substance and strongly support Erspemer’s 
.-§-hydroxytryptamine theory. 
Co This investigation was supported by a grant from the 
< Consiglio Nazionale delle Ricerche, Rome, Italy. 
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Chemical Nature of Human Brain 
Thromboplastin 


is IN 1958, Hecht eż al.’ prepared a thromboplastin (TP) 
from rabbit brain dried with acetone according to Quick’. 
Inactive fractions containing protein with respect to blood 
-coagulation were separated by repeated ultracentrifuga- 
tion from a transparent, biuret negative lipid material 
- which possessed the properties of a fully active thrombo- 
» plastin. In a similar manner, Deutsch et al.? prepared a 
>: purified, biuret negative TP from human brain. On 
. further treatment with pyridine, however, two fractions 
“were obtained. One of these was soluble in pyridine, free 
“of protein, and exhibited only a weak promotion of clotting 

‘effect.as.is commonly the case with lipid activators‘. It 
was- considered to be the lipid moiety of the TP. The 
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other fraction was insoluble in pyridine, inactive in blood. 
coagulation, and according to Deutsch et al.4 the protein 
moiety of the TP. The authors assumed that the rabbit 
brain TP of Hecht et al.’ was identical with their prepara- 
tion, and was thus a compound containing protein as well. 

The following arguments were used to plead the protein. 
content of their TP. The separated protein fraction showed 
a positive reaction with amido black, a positive biuret. 
test anda P : N ratio of 1: 41-2; the amido black reaction. > 
is not specific to proteins, however’. We were also unable 
to confirm either a positive biuret reaction with the so- 
called “protein” fraction, or the P : N ratio given: o > 

After hydrolysis and two-dimensional chromatogra} V 
of the “protein” fraction fifteen ninhydrin-positive re 
actions were obtained’. 

We could confirm this finding. The same hydrobyais’ 
products, however, were also present in all pyridine wash 
solutions used by Deutsch’ to remove the lipids from the 
protein fraction. We found it to be impossible to remove 
the lipids quantitatively from the protein fraction by ten 
extractions with pyridine. After concentration of the last 
pyridine extracts, chromatography on Whatman paper 
and lipid staining, or tricomplex chromatography’, the 
same lipids could be found as in the first pyridine wash: 
solution. 

It was surprising that on analysing the hydrolysate of 
the lipid fraction of TP by two-dimensional chromato- 
graphy the same amino-acids were detected as in the 

“protein” fraction and the original TP. 

The amino-acid pattern of the hydrolysed wash pole: 
tions obtained during purification of the TP by repeated 
ultracentrifugation of its suspension in water wag also the 
same; the last rinse only had an extinction of 0-088 at 
280 my (1 ml. cuvette). When the wash solution was 
tested in the ultra-violet range no maximum of adsorption 
was found between 220 and 340 my. 

The chromatographic picture of the lipid components 
of the TP is also qualitatively identical with that. of the 
lipid and “protein” fraction (one-dimensional chromato- 
graphy on silicic acid, and tricomplex staining). 

Efforts were made to elucidate the source of the amino: 
acids. Methods for selective removal of amino-acids from 
lipids according to Folch’, Biezenski*, and myself were not 
successful. By passage of the different fractions through. 
‘Dowex 50 W XS’, ionic form H+, and elution of the 
adsorbed amino-acids and adsorbable peptides with am- 
monium hydroxide (3-5 per cent), only a small number of 
ninhydrin-positive substances could be obtained. - 

No methods to indicate the presence of proteins: were 
useful. The biuret test was negative for purified TP and 
both fractions. The biuret test, however, is negative with 
proteins in the presence of increasing amounts of lipids. 
Polyacrylamide electrophoresis’ also failed to show the 
presence of proteins in the three preparations mentioned. 

The place of the amino-acid supplying substance could 
be localized as follows: the substances were subjected to 
one-dimensional thin-layer chromatography on silicic acid, 
developed with CHCl,-CH,OH-H,O (60: 35 : 8) and frac- 
tions scraped off the plate like controls with ninhydrin, and 
charring by sulphuric acid had indicated. The maximal 
number of amino-acids could only be found in the hydro- 
lysate of the fraction which stays on the start. The other 
fractions contained only ninhydrin-positive substances 
known to be molecular components of the phospholipids. 

No arguments for the presence of proteolipids as 
described by Folch and Lees? could be found. 

Some analytical details are summarized in Table 1. . 

Considering the yield of the lipid and the: so-called: 
protein fraction obtained from purified TP, and assurning 
that the amino-acids come exclusively from proteins, then 
the protein content of TP cannot exceed 0-3 per cent. 
Extensive analytical details will be published elsewhere. 

Our evidence shows that a separation of a true protein 
fraction from human brain TP as suggested by Deutsch: 
et al.” is out of the question. It remains an unsolved 
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Table 1, AVERAGH VALVES OF THE PHOSPHORUS AND NITROGEN CONTENT OF 
TWO DIFFERENT PREPARATIONS IN PER CENT, AND THE PiN RATIO OBTAINED 
FROM THE PURIFIED THROMBOPLASTINS, AND THEIR LIPID AND “PROTEIN 
FRACTIONS 
Values communicated by Deutsch et al? in parenthesis, 
Total amounts 


Substance Percentin Percentin P:Nratio amino-acids 
phosphorus nitrogen in per cent 
TP purifled 217 1-85 i: 1-90 - 
{after Deutsch} (2445) (2-48) (Ls 224) 
Lipid fraction of TP 2°36 218 1: 2-07 0-39 
(after Deutsch) (3-05) (1-98) (hi 142) 
“Protein” fraction of 
TP 1-65 1-70 Li 246 219 
{after Deutsch) (0-67) (12-40) (1:412) 


problem, however, as to whether the small amounts of 
substance(s) containing amino-acid which are present are 
molecular parts of the TP or contaminations introduced 
by the original watery tissue extract which could not be 
removed quantitatively. 

I thank Dr. 8. K. Wadman for valuable discussions 
and help, and Mrs. W. L. Oosterbaan van Lit for expert 
technical assistance. 

E. Hecer 
University Hospital, 
Medical Department, 
Utrecht. 
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PHYSIOLOGY 


Relationship between Elastic and Contractile 
Components in Mammalian Skeletal Muscle 


Exxistiwa biochemical and anatomical evidence has impli- 
cated two sets of interdigitating myofilaments with the 
active contractile component of vertebrate striated muscle. 
Comparable information about the series elastic element, 
the other physiologically demonstrable muscle component, 
is not yet known. Some mechanical properties of the 
series elastic and contractile components in rat limb muscle 
were therefore examined for similarities to determine 
whether a relationship exists between them. 

A. current mechanical model of active striated muscle 
at standard length represents the two components joined 
in series and the elastic element as passive and undamped. 
This model requires that energy generated by shortening 
of the active element during isometric contraction will be 
stored as potential energy in the stretched elastic com- 
ponent. Accordingly, the stored potential energy is 
liberated by instantaneous physical release of such con- 
tracted muscle. The liberated energy appears entirely 
as mechanical work or kinetic energy, or both, during 
the abrupt elastic retraction (shortening) and in propor- 
tion to the tension loss following release. Measurements 
of the mechanical energy recovered during these elastic 
retractions were made and compared between two quick 
releases of active muscle, each to a different load. The 
resulta indicated energy dissipation by the clastic elements 
and suggested a re-evaluation of the elastic properties of 
contracting muscle. 

Fig. 1 illustrates the relative amplitudes and velocities 
of the biphasic shortening produced by the elastic (initial 
phase) and contractile components following quick 
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release of two rat limb muscles each with different intrinsic 
contractile speeds. The loads lifted following each release 
of anterior tibialis muscle were 51 and 159 g wt. respec- 
tively. Despite the comparatively limited shortening 
seen during retraction at the heavy load the mechanical 
work recovered, estimated as the product of shortening 
and load, was about twice that observed at the lighter 
load. It was therefore predicted, from the model described 
here, that proportionally less kinetic energy should be 
recovered during retraction at the heavy as compared 
with the light load. Such was not found. The masses 
acted on during these retractions were 1-3 and 3-0 g for the 
light and heavier load respectively and were accelerated 
to the same retraction velocity of 167 cm/sec following 
each release. The kinetic energy recovered during retrac- 
tion at the heavier load, calculated as one-half the mass 
times the retraction velocity squared, was therefore more 
than twice that recovered at the light load. Thus, the 
total mechanical energy recovered during elastic shortening 
was greater at the heavier as compared with that at the 
light load although each release was made with equal 
potential energy stored in the muscle. Similar results 
were found for the soleus muscle (Fig. 1, lower frame) 


l 
| 





Fig. 1. Superimposed records of muscle displacement Gower pair of 
tracings in each frame) and tension during quick release from isometric 
etanie contraction of anterior tibialis (top frame) and soleus muscles in 
the rat. The largest displacement of anterior tibialis muscle occurred 
with a load of 0-0? and the small with a load of 0-2 Pe (51 and 159 g wt, 
respectively); corresponding values for the soleus muscle were 0-05 and 
O4 Pa (6 and 49 g wt. respectively). The high frequency oscillations 
seen in the tension traces following release (more noticeable in lower 
frame) resulted from vibrations caused by bottoming of release solenoid. 
Horizontal bar 10 msec for lower frame, 6 msee for upper frame. Vertical 
bar represents 0-1 em displacement (shortening upward) for both frames, 
627 g wh. tension change (reduction upward) for top frame and 88 g wt. 
tension change for lower frame, Interrupted lines (second from bottom) 
formed by pairs of short vertical traces are stimulus recorda of supra- 
maximal pulses, 0-3 msec duration at 250 and 200 o/s frequency for upper 
and lower frames respectively. Pe for anterior tibialis was 730 g wt. and, 
correspondingly, 125 g wt. for soleas muscle. Note different sweep apeed 
for each frame. 
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: Fig: 2, pispiacomente (ower tracings) during release of recording 
systèm with loads and conditions the same as in Fig. 1 (top frame). 
The muscle was replaced by a stretched spring with an elastic modulus 
Similar to that of the active musele, The traces have been slightly sepa- 

’" vated horizontally to permit a better comparison of their slopes, Note 
‘the difference in displacement rates between the traces at the horizontal 
arrows; which represent the equilibrium positions of the system under 
the respective loads of 27 (thin trace) and 160 g wt. Vertical arrow is 

= apstant of release, Open circles are time marks occurring every 4 msec. 
¿The upper tracings are the corresponding records of tension change 

“(decrease upward) during release. The vertical bar represents 0-1 cm 
displacement (shortening upward) and 140 g wt. tension. The tension in 

the system at release was about 500 g wt. 


from which 1-4 times more kinetic energy and 1-6 times 
-more mechanical work were recovered during elastic 
shortening at the heavy as compared with the light load. 
“The loads lifted by the elastic element following the 
< releases were 6 and 49 g wt. with respective masses 
S of 0-8-and 1-1 g. Acceleration of these masses to the same 
“velocity of 46 cm/sec generated the greater kinetic energy 
observed during recoil at the heavy as compared with the 
light load. These findings were interpreted as energy 
dissipation by the series elasticity during recoil at light 
“loads. 
Results similar to these have been observed in five 
anterior tibialis and six soleus muscle preparations. The 
- eharacteristics of the recording system have been described 
elsewhere, and Fig. 2 shows that the apparatus is capable 
of a different recoil response with two loads in which the 
. respective masses are small but different. The recording 
“conditions for apparatus evaluation were the same as in 
< Fig, 1 (top frame) except the muscle was replaced by an 
open coil spring with an elastic modulus similar to that 
of the muscle series elasticity. 

Thus both the contractile component, long known for 
“its viscous properties, and the series elastic element 
exhibit energy dissipation during shortening. These 
“observations suggest an interrelationship between the 
elastic and contractile components in skeletal muscle. 


J. B. WELLS 


National Institute of Neurological Diseases 
and Blindness, 

Bethesda, 

“Maryland. 


1 Welle, J. B., J. Physiol.,178, 252 (1965). 
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Possible Mode of Action of Acetylcholine 


ACETYLCHOLINE is accepted as a transmitter at. certain 
locations, but in spite of some theories}? the basis of its. 
action remains unclear. Proposed correlations between 
permeability changes of sensitive membranes and surface 
tension have also remained controversial, and the present 
investigation of acetylcholine is concerned with this 
relationship. The choline-glycerophosphatides. are twice. 
as concentrated in grey as in, white matter’, and we 
therefore used lecithin and its components as the test — 
substrates. ae ae 

We used a Du Nouy tensiometer for surface tension ~ 
measurements at 37° © with precautions which have been — 
described before”. We examined aqueous solutions or 
clear suspension of 0-2 per cent lecithin; 02. per cent: 
choline chloride; 1 per cent glycerol; 0-2 per cent, stearic. 
acid; 2 per cent glycerophosphate and 0-02 per cent. 
cholesterol. Measurements were made on mixtures of: 
4 ml. of these substrates with 1 ml. of water (control) or 
l ml. of choline chloride (6x 10-3 moles/l.) or 1 ml. of 
acetylcholine (6 x 10-3 moles/l.). 

Acetylcholine lowers the surface tension of certain 
lipids, including lecithin. The question can be asked as 
to whether this action involves the whole molecule or is 
preferentially directed to one of the component parts. 
There is a striking difference in the values and the variance. 
when, surface tension is measured 10 min after preparation 
as compared with 40 min. The surface tension usually. 
increases during the first 40 min to a relatively stable . 
value. It is diffieult to obtain good data from rapidly. 
changing parameters. They may, however, reflect. more 
closely the in vivo situation, where the action of acetyl- 
choline is completed in a few thousandths of a second. 
There is never time for stabilization, only for attack on the 
substrate and immediate hydrolysis. There is probably 
little chance for acetylcholine to penetrate far between the 
lipid molecules of the membrane and its action oceurs 
more likely at the glycerophosphate or choline group. The: 
whole lecithin molecule in aqueous suspension apparently 
responds to both choline and acetylcholine, although the 
latter has a slightly stronger activity. The strongest’ 
effect is seen on the glycerophosphate as substrate. “Here 
at pH 7-4 choline lowers the surface tension by 2-4 dynes 
compared to 49 by acetylcholine. Most striking is the 
difference in the early determination at a physiological 
pH. Here choline lowers the surface tension of sodium 
glycerophosphate by 1-9 dynes compared to a decrease of 
12-3 dynes by acetylcholine. The effect is less pronounced 
at pH 5-0 and 9-0. There is of course some doubt whether 
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Fig. 1. Surface tension at 37° C, pH 7-4. Regular line shows mean of four’ 

determinations taken 10 min after preparation, Heavy top line indicates 

the mean of five determinations begun 30 min later. The additions to 

the 4 ml. substrates were 1 ml. of choline [22+] or water |") or 
acetylcholine ZIT. 


* Differs from aqueous control at P< 0-05. 
** Differs at P< 0-01. 
Unstarred values show no significant difference. 
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observation in vitro allows conclusion in vivo. If this should 


be justified, then the decrease in surface tension brought 
about by acetylcholine could be considered as a possible 
important parameter in the change of permeability that 
initiates the impulse transmission at certain locations. 
The effect is most pronounced on the glycerophosphate 
group which seems to be available and responsive to 
acetylcholine. Some variation of the effect with po 
suggests that the activity of acetylcholine can be directed 
to and mediated by the electrical charges on the substrate. 
The findings are compatible with the earlier description of 
the glyeerophosphate groups as the polar gates of the 
membrane. 

I thank Dr. Arthur Yuwiler, Chief, N eurobiochemistry, 
Veterans Administration, California, for his advice. 
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New Peripheral Antagonists of 5-Hydroxy- 
tryptamine 


PHARMACOLOGICAL screening of a series of guanidines}, 
formally related to the quaternary ammonium anthel- 
mintic compound bephenium and its congeners’, revealed 
that B.W. 712C60 [(I), R1=R*=phenyl; A =(CH,).] 
although devoid of such anthelmintic activity antagonized 
5-hydroxytryptamine (5HT). 


#1.0.4.NHUNHLOH, e 
(1) 
_ A concentration of 20 ng/ml. of B.W. 712060 hydro- 
: hloride inhibited the spasmogenic action of 200 ng/ml. of 
SHT orm isolated rat uterus, and an intravenous dose of 
-0-1 mg/kg abolished the pressor action of 5 ug/kg of 5HT 
in pithed rats. The action, however, lacked persistence. 
In conformity, by the subcutaneous route, the relatively 
large dose of 3 mg/kg was needed to reduce the oedema 
formation that follows injection of 10 ug of 5HT into the 
feet of rats. Furthermore, absorption from the alimentary 
tract was poor; more than 100 mg/kg wasneeded to suppress 
this oedema response when the compound was given by 
stomach ‘tube. 

The powerful intrinsic activity, high specificity and low 
toxicity of the compound, however, led us to a systematic 
examination of analogues. The guanidines [(I), R! = phenyl 
or benzyl; A =CHMe.CH, or CH,.CHMe; R?= phenyl or 
‘o-chlorophenyl] were particularly active in vitro, but they 
too lacked persistence of effect and, though superior to 
B.W. 712060, were still poorly active by the oral route in 
suppressing 5HT oedema of rat paws. 

Tn eontinuance of this work a large number of amidines 
related to (I) were prepared, certain of which? were found 
to show high and specific anti-5HT activity. From among 
these, compound B.W. 545C64 (II), characterized as the 
p-toluenesulphonate monohydrate and now known as 
xvlamidine tosylate, was selected for further investigation. 


MeO 


p NH yee 
Z N —ocnme.cH, Nuon, — g< S 
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in vitro, a concentration of 5 ng/ml, of xylamidine 
tosylate inhibited spasm of isolated rat uterus caused by 
200 ng/ml. of 5HT, and this effect, in contrast. to that of 
B.W. 712C60, persisted after washing. Spasm of rat 
isolated uterus caused by 2 ng/ml. of bradykinin or spasm 
of isolated guinea-pig ileum caused by 0-5 ug/ml. of acetyl- 
choline, 0-5 ug/ml. of histamine or 0-6 ug/ml. of SHT was 
reduced only by | pg/ml. or more of xylamidine tosylate. 
The anti-SHT action of the compound is therefore highly 
specific and resembles that of lysergic acid diethylamide 
and related compounds in not extending to the synaptic 
SHT receptors found in guinea-pig ileum*', 

Powerful antagonism of the peripheral actions of 5H'T 
has been found in a variety of in vivo tests. Intravenous 
doses of 0-02 to 0-05 mg/kg inhibited the pressor responses 
caused by intravenous injection of 5HT in amounts of 
5 to 10 ug/kg in pithed rats and 20 g/kg in dogs in which 
ganglion transmission had been blocked with 1 mg/kg of 
pentacynium sulphate. Intravenous injection of 0-15 
mg/kg abolished the bronchoconstrictor response to 5HT 
(20 ug/kg intravenously) recorded by the method of 
Konzett and Réssler* in deeply anaesthetized guinea-pigs. 
Doses of 0-04 mg/kg subcutaneously and 0-4 mg/kg orally 
reduced local oedema formation caused by injecting 10 UE 
of 5HT in the rat foot, and when 3-10 mg/kg had been 
administered orally to guinea-pigs they no longer ex- 
hibited dyspnoea when exposed to an aerosol of 0-5 per 
cent SHT. 

This new class of 5HT antagonist is chemically un- 
related to other known antagonists, but pharmacological 
comparison with methysergide is of some interest. In the 
intravenous tests already referred to, methysergide 
bimaleate is about ten times more active than xylamidine 
tosylate but the ratio of the oral potencies of these com- 
pounds depends on the interval after drug administration. 
This is exemplified in tests for inhibition of oedema 
formation in rat feet (Table 1). When the drugs were 
given only 1 h before injection of 5HT into the feet of rats 
and the oedema was measured 30 min later, xylamidine 
tosylate was one tenth as active as methysergide bi- 
maleate. When the compound was given 5 h before 
injection of 5HT, however, xylamidine was about twice as 
active as methysergide. The effects of both compounds 
were declining by 12 h and at this time and at 24 h their 
potencies were similar. 


Table 1. EFFECT OF XYLAMIDINE TOSYLATE AND METHYSERGIDE BIMALEATE 
ON ÖHT INDUCED OEDEMA IN THE FEET OF RATS 


Interval lh 5h 12h 18h 24h 
Xylamidine (mg/kg) 19 0-4 4-0 8-0 34 
Methysergide (mg/kg) O18 0-9 <80 39 40 


Oral doses of xylamidine tosylate and methysergide bimaleate whieh 
reduced by 50 per cent the swelling of the feet of rats produced within 30 min 
of a local injection of 10 ug of 5-hydroxytryptamine when the drugs were 
administerod at various time intervals before injection of the 5-hydroxy- 
tryptamine. 


Other important distinctions between xylamidine and 
methysergide were found in tests believed to measure 
antagonism of the central nervous system by 5HT7. The 
behavioural changes after intravenous injection of 40 
mg/kg of tryptamine were prevented in 50 per cent of 
rats by oral doses of 4 mg/kg methysergide bimaleate, 
but 300 mg/kg of xylamidine tosylate was ineffective. 
Furthermore, the central nervous disturbances caused by 
30 mg/kg of 5-hydroxytryptophan intravenously in rats, 
given 100 mg/kg intraperitoneally of the monoamine- 
oxidase inhibitor iproniazid 24 h previously, were markedly 
reduced when 10 mg/kg of methysergide bimaleate had 
been given by stomach tube, whereas 100 mg/kg xyl- 
amidine tosylate was needed for a comparable effect. 
These two tests indicate that, in contrast to its similarly 
powerful antagonism of 5HT at peripheral sites, xylamidine 
is much weaker than methysergide in antagonizing the 
central effects of 5HT. 

The doses of xylamidine tosylate that antagonize the 
peripheral effects of SHT are far below toxie dose 
levels. In mice the LD,, was approximately 140 mg/kg 
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-subcutaneously and 870 mg/kg orally. Rats tolerated 
“even more, the LD, ranging between 900 and 1,900 
mg/kg orally depending on their age and weight. Single 
oral doses of 800 mg/kg produced only a moderate degree 
of depression in monkeys. Furthermore, our colleagues 
«Drs. 8. R. M. Bushby and V. Udall have given as much as 
250 mg/kg daily to rats and monkeys for 6 months and 
50 mg/kg daily to dogs for 3 months without producing 
“evidence of pathological change. 
The potential clinical usefulness of a SHT antagonist is 
| “uncertain, but the availability of so powerful, specific and 
_ ‘well tolerated an antagonist as xylamidine tosylate makes 
possible an investigation of the consequences of fully 
blocking peripheral 5HT receptors in pathological con- 
"ditions where excessive reaction to 5HT might be a 
-eausative or contributory factor. These possibilities 
-inelude various inflammatory and allergic reactions, 


"migraine, toxaemia of pregnancy, habitual abortion, 


carcinoid tumours and platelet aggregation leading to 
thrombosis. 
F. C. Corr 
A. F. Green 
H. F. Hopson 
A. W. RANDALL 
M. F. Sim 


The Wellcome Research Laboratories, 
Beckenham, Kent. 
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Activity of the Genetic Apparatus of 
Hypothalamic Nerve Cells at Various Stages 
of the Oestrous Cycle in the Albino Rat 


Tur importance of hypothalamic nuclei in the control 
of the oestrous cycle in mammals has frequently been 
demonstrated. Thus in rodents with a regular cycle a 
periodic variation of neurosecretory and enzyme activity 
of hypothalamic nerve cells has been observed*-*. 

So far, however, no attempts have been made to check 
the participation of the genetic apparatus of hypothala- 
mic cells in the control of their functional cycles. In this 
¢gommunication we shall consider some aspects of this 

“problem and, in particular, compare data on the intensity 
of RNA synthesis in the nuclei of neurones at different 
stages of the oestrous cycle with evidence obtained on the 
basis of histophysiological tests. 

The supraoptie, the paraventricular and the infundibu- 

clar nerves of sixty-six Wistar female rats weighing 180- 


200 g were investigated. The animals were killed by 


decapitation during the oestrus and dioestrus stages. The 
neurosecretory activity of hypothalamic cells was in- 
vestigated and for this purpose the material was fixed in 
Bouin solution. 5~7p slices were embedded in paraffin and 


20) 


stained according to the technique of Gomori-Gahe. The 
degree of activity of hypothalamic nuclei was estimated 
by the percentage of “‘clear’’ cells free of neurosecretory 
granules. 

After slices from twenty-two animals had been stained 
with haematoxylin-eosin the volume of nerve cell nuclei 
was estimated by the weight karyometric method—2,000 
neurones were included for each hypothalamic nucleus. — 

The dynamics of RNA synthesis was investigated by esti- 
mating the intensity of the incorporation of ™4C-adenine 


which was administered intraperitoneally ino a single 


dose of 0-75 ue. jg, and the animals were decapitated 4-24 h 
after the injection. The material was fixed in Carnoy’s - 
solution and embedded in paraffin, and autoradiographs. 
were exposed for 30 days. The preparations were stained 
with haematoxylin—cosin or with methyl green-pyronine. 
The amount of RNA per supraoptic nerve cell was also 
estimated (in pg) by the method of Edstrém’. . Some 
histophysiological data on the hypothalamic nuclei 
investigated at the oestrus and dioestrus stages are given 
in Table 1. 


Table 1 
No, of Phase of oestrous 
Hypothalamic ani- cycle 
nucleus mals Oestrus Dioestrus 

Percentage of clear N. supraopticus R 20-742 43-042 < 0:002 

nenrosecretory N. paraventricu- 8 $0-44+2 46-442 0-02 

cells laris í : 
Weight of one N.supraopticus 22 1685408 143403--201-- 

neurone nucleus N, paraventricu- 18 108406 10-6410. > OL 

in arbitrary laris 

units N. infundibularis 18 93408 100408: 


SOL 


From Table 1 it can be seen that the evacuation of 
neurosecretion from the cells of the supraoptic and 
paraventricular nerves increases during dioestrus, which 
is in agreement with Nishimura’s findings with mice. 
The enhanced functioning seems to be moderate, beeause 
it has been impossible to discover any significant. changes 
in the volume of cell nuclei by means of karyometric 
methods. n 

The results of investigations of RNA synthesis in the 
hypothalamic neurones during the oestrous eycle are 
presented in Table 2. ‘ 

A significant enhancement of *C-adenine into the RNA 
of nerve cells of the hypothalamic regions investigated 
was noted during the dioestrus phase. Because the 
incorporation of the precursor into cytoplasmic RNA was 
practically negligible during the interval between injection 
and killing, the observed differences in the labelling 
intensity cannot be accounted for by the changes. in the 
rate of transport of the nuclear RNA to the cytoplasm 
but should be attributed to the differences in the rate of 
RNA synthesis. These differences are especially distinct 
in the infundibular nerve and somewhat less in the para- 
ventricular nerve. The results concerning the neuro- 
secretory cells of the supraoptic nerve are contradictory: 
in two series of experiments a significant change in nuclear 
RNA synthesis was found during dioestrus; in one series 
no differences were observed. 

The fact that the cyclic functioning of the hypothalamic 
cells in female rats, manifested in the periodie variations 
of neurosecretory contents, is accompanied by correspond- 
ing variations of the activity of RNA synthesis suggests 
that the gonetic apparatus of hypothalamic cells partici- 
pates in the control of their functional activity, 


Table 2 


Time of killing (b) 


Feature investigated Hypothalamic after “C-adenine No. of Phase of oestrous cycle ri 
nucleus administered animals Oestrus Dioestrus : 
Intensity of RNA synthesis (average number N. supraopticus 4 6 11-0406 11005 >] 
of granules in the photo-emulsion over the 4 6 BOL15 12-640-7 <0-01 
jabelled nucleus of the nerve cell) 24 6 9-7 £03 17-0407 < 001 
N. paraventricularis 4 8 1007 170408 <Q01 
24 8 BOL O4 125405 < 0-001 
N, infundibularis 4 5 TEOS ET EAU < (001 
24 8 B3+03 203 t07 < 001 
Amount of RNA in the picogrammes (per cell) N. supraopticus — 16 Wish R447 > 
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z Evidently control -of reproductive function in rats is 


effected on the basis of the periodic activation of the 
genetic apparatus of hypothalamic nuclei. 

: D. K. BELAJEV 
I. KOROTCHKIN 
. A. Barev 
. N. Goruprrsa 
S. KOROTCHKINA 
F. MAKSIMOVSKY 
E. DAVIDOVSKAJA 
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Increased Tolerance to Posthaemorrhagic 
Shock in Dogs treated with Reserpine 


THE mechanism governing the development and conse- 
quences of posthaemorrhagic circulatory collapse has been 
tentatively related to the activation of the sympathetico- 
adrenal system. During an early reversible stage after 
= haemorrhage, this activation leads to compensatory 
readjustments; in a later irreversible stage the persisting 
sympathetico-adrenal activity brings about vascular 
and tissue lesions, especially at sites exposed to prolonged 
vasoconstriction. At this stage the situation cannot be 
“remedied by restoring the blood volume. 
A comparison of the LD,» of haemorrhage between 
‘sympathectomized and non-sympathectomized dogs made 
“possible the evaluation of the importance of the sympath- 
etic system in tolerating haemorrhage”. In order to have 
4.50. per cont probability of surviving an acute haemor- 
rhage, the sympathectomized dogs needed more blood 
remaining (70-5 per cent of the original blood volume 
or 57-5 ml./kg) than did the dogs with the sympathetics 
intact, which showed LD,, with 61-0 per cent of the original 
‘blood volume or 49-5 ml./kg. The deleterious effect of 
 sympathetico-adrenal activity at a later stage is shown 
by the higher survival rates of animals pretreated with 
adrenergic blocking drugs when compared with controls 
which had lost the same volume of blood?-’, 
< It is still not known to what extent the depletion of 
_ tissue catecholamines induced by reserpine can affect 
‘the tolerance of an animal to haemorrhage. Seifen et al.# 
‘have shown that in dogs pretreated with reserpine (0-1 
mg/kg subcutaneously 72 and 48 h before haemorrhage) 
the bleeding volume necessary to obtain a certain degree 
of hypotension is the same as in the control animals. 
Seifen et al. did not report the mortality of the animals in 
their experiments, nor did they estimate the amount of 
circulating adrenaline and noradrenaline. It appeared, 
therefore, of importance to find out whether pretreatment 
‘reserpine in doses large enough to deplete tissue 
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catecholamines, and consequently affect the sympathetico- 
adrenal response to haemorrhage, could alter posthaemor- 
rhagic events. 

Three dogs were given a total of 1-2 mg/kg of reserpine 
over a period of 3 days. In order to avoid severe diarrhoea, 
the dogs received on the first day 0-5 mg/kg and on the 
second and third days several doses of 2 mg/animal. All 
injections were made intraperitoneally. On the fifth 
day the animals were bled until their resting blood 
pressure fell to 30-40 mm of mercury. After being left 
for several hours in hypotension the dogs were reinfused 
with the shed blood. The dogs treated with reserpine 
survived longer periods of hypotension (up to 6 h) than 
control dogs bled to the same degree (see Table 1). 

General posthaemorrhagic symptoms such as dyspnoea 
and decreased skin temperature were less marked in 
dogs treated with reserpine. Moreover, corneal brilliance 
and ocular reflexes, as well as the blood supply to the gums 
and lips (judged by their pink colour and their tempera- 
ture), were well maintained. This was in strong contrast 
to the situation in control animals in which the gums 
rapidly became pearly white and cold. Furthermore, 
during the posthaemorrhagic hypotensive period the 
dogs treated with reserpine exhibited a distinctive sign: 
when the lip was gently lifted and its internal surface 
exposed to the air, the pink colour of the mucous mem- 
brane deepened in a few seconds because of active hyper- 
aemia. 

Estimations of adrenaline and noradrenaline showed 
that haemorrhage produces a smaller and shorter-lasting 
increase in the blood concentration of these amines in the 
dogs treated with reserpine (Fig. 1). In the control 
animals reinfusion of the shed blood after a hypotensive 
period of 80 min was accompanied by an immediate 
decrease in the concentrations of adrenaline and noradren- 
aline. Ifthe shed blood was reinfused after a hypotensive 
period of 120 min, catecholamine levels did not decrease. 

The increased tolerance of the dogs treated with reser- 
pine to posthaemorrhagie hypotension would thus appear 
to be connected with the suppression of sympathetico- 
adrenal activity. To test this hypothesis further two 
dogs treated with reserpine were infused with a mixture 
of adrenaline and noradrenaline during the posthaemor- 
rhagie hypotensive period. The infusion with the mixture 
of the two catecholamines (0-2-2-0-20 ug/ml. saline 
with sodium bisulphite 0-2 per cent) lasted for as long as 
4-5 h and was administered at a rate fast enough to main- 
tain a blood pressure of about 70 mm of mercury. There 
was, to begin with, a significant cardiovascular hypersensi- 
tivity which slowly decreased in the course of the infusion, 
These two dogs survived indefinitely after the reinfusion 
of the shed blood, as they would have done if they had not 
received the catecholamine infusion. In one dog blood 
concentrations of adrenaline and noradrenaline rose from 
0-01 and 1-97 ug/l. respectively (immediately after 
haemorrhage) up to 38:35 and 11-37 ug/l. in the course of 
the infusion. 

As Zaimis’ pointed out, animals given large doses of 
reserpine are a most abnormal experimental tool. This 
is true especially in studies concerning the cardiovascular 
system because both central and peripheral circulation are 


Table 1,“ COURSE AND OUTCOME OF A PERIOD oF POSTHABMORRHAGIC HYPOTENSION IN DOGS DEPENDING ON RESERPINE PRETREATMENT AND INFUSION OF 
ADRENALINE AND NOBRADRENALINE 


Body Bleeding Hypotension Duration of 
Experiment weight volume period infusion Blood pressure Arterial haematocrit Outcome 
kg per cent* min min a b c d a b d 6 

1 Control 11:0 40-4 120 115 40 70 Death 
27 Control 26-0 38-0 70 140 40 130 52 45 51 38 Survival 
3 Control 16-0 47-0 80 115 40 120 51 48 52 48 Survival 
4- Reserpine 20-0 dtt 180 115 40 110 43 42 40 38 Survival 
5 Reserpinet 20-0 46-6 240 115 40 135 52 40 41 38 Survival 
6 Reserpine t 25-0 46-1 360 115 40 90 43 47 47 Survival 
7 Reserpine and infusion 18-0 44-8 15 284 115 35 75 110 42 40 41 36 Survival 
8 Reserpine and infusion 19-5 465 15 270 120 35 70 105 44 40 40 37 Survival 


* Per cent of pre-bleeding volume (presumed value: 90 ml/kg). 
after reinfusion; e, at end of hypotension period. 

+ Same dog as in exp. 3; 96 dave of interval. 

$ Same dog as in exp. 2; 119 days of interval. 


a, Before haemorrhage; b, at end of haemorrhage; e, in the course of infusion; d, 
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y q= 
Reinfusion 


Haemorrhage 
Hypotension 


: :Fig. 1. Blood concentrations (ug/l) of adrenaline (—-—) and noradrena- 





‘line (---) in dogs during posthaemorrhagic hypotension and after 
reinfusion, ©, 120 min at 30 mm mercury, bleeding volume—40-4 
“oper cent, outcome—death; @, 80 min at 40 mm mercury, bleeding 
““-yolume——47-0 per cent, outcome—aurvival; [J], 360 min at 40 mm 
: mercury, bleeding volume--46-1 per cent, outcome-—survival; dog 
‘pretreated with reserpine. Experiments in @ and [] were carried out 
in the same animal, with an interval of 69 days. White star in black circle, 
black. star and white star are blood concentrations, respectively, of 
‘adrenaline plus noradrenaline, adrenaline and noradrenaline attained in 
“the course of infusion of the two amines in a reserpinized dog bled to 
blood pressure level 35 mm mercury; in the course of the infusion the 
blood pressure level rose to 75 mm mercury. 








in acute failure. Our experiments confirm this observation, 
| Sas dogs treated with reserpine showed electrocardiogram 
abnormalities which disappeared immediately after 
haemorrhage had lessened the cardiac work load. We 
-believe that reserpine effectively increases the tolerance 
of dogs to posthaemorrhagic hypotension, however, 
-because it increases the survival rate. 
The correlation of the increase in tolerance with sup- 
-pression by reserpine of the sympathetico-adrenal response 
< to haemorrhage cannot be defined by our experiments 
because in the dogs treated with reserpine the infusion 
of large quantities of adrenaline and noradrenaline (up 
to blood concentrations higher than in irreversibly shocked 
controls) did not affect the increased tolerance. One 
has to consider that the infusion of adrenaline and nor- 
adrenaline, however, may not reproduce entirely the 
-homoeostatic response to haemorrhage. 
L. ANGELUCCI 
i MIRELLA BALDIERI 
|0 Istituto di Farmacologia Medica, 
<c Università di Roma, 
Rome, Italy. 
oe M. BuONERBA 
Centro Studi e Ricerche di Medicina Militare, 
Rome, Italy. 
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Surface Phenomena in Dental Caries 


ONE of the important characteristics of early: carious 
decay of human dental enamel is that it occurs: below the 
surface and remains covered by a surface layer which is 
relatively unaffected by the attack. Human tooth enamel. 
is highly calcified, containing 97 per cent mineral hydroxy- 
apatite (which is negatively birefringent) and 3 per cent. 
organic material and water. During carious decay there 
is an increase in the total pore volume in the tissue and 
this “mixed body” system! produces positive for 
birefringence. When an early lesion of ename 
examined between crossed polars after imbibition. wi 
medium having a refractive index remote from that 
enamel—water, for example-—the surface zone is see 
retain its negative birefringence while the porous sub 
surface enamel becomes positively birefringent. i 
The greater resistance of the surface enamel to carious 
dissolution has been accounted for by its higher degree of 
calcification?-4, greater fluoride content® and a greater 
content of insoluble protein® compared with subsurface 
enamel, Although these factors may increase resistance to 
decay, the manifestation of a “surface zone” may not be 
entirely due to these special physical and chemical proper- 
ties. Under certain conditions’ the tooth surface may pe- 
maintained in physical chemical equilibrium ‘with -its 
immediate environment in such a way that mineral 
nt dal only oecur below the surface until the equilibrium. 
is lost. RE 
In this laboratory I have been using artificial systems to 
produce lesions resembling caries in human enamel m _ 
vitro. It has not been possible to produce a relatively 
resistant zone superficial to a decalcified region by the use 
of simple acid solutions. The absence of this zone and of & 
dark zone? at the advancing front of the lesions indicates 
that artificial systems may not accurately simulate the 
earlier changes which can be observed in enamel: caries. 
Using a system of acidified gels’, however, it has been 
possible to produce caries-like lesions in vitro indistin- 
guishable from early natural lesions. Resistant surface 
zones, together with the other essential zones characteris- 
tic of enamel caries, are recurrent features of these 
lesions. Gan 
A series of experiments was designed to test the exis- 
tence of possible membrane phenomena at the enamel 
surface in a charged macromolecular system. Permanent 
teeth, clinically free from caries, were used; and. the 
original surface enamel was removed to depths of up to. 
600p with water-cooled diamond wheels. The teeth were 
then painted with a protective varnish although small 
“windows” were left exposed for experiment. Gels with 
differing viscosities were used by preparing a series of 
gelatine solutions in water at concentrations from 5 to,20 
per cent and acidified gels were prepared at each concen- 





Microradiograph of a longitudinal ground section of early enamel 
garies demonstrating a well mineralized surface zone superficial tè the 
eston. 


Fig. t. 
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tration by adding molar lactic acid until the desired pH 
was reached. Lactic acid was chosen as the attacking 
agent because it is an important acid product of bacterial 
metabolism. The pH of the acidified gelatine solutions 
ranged from 3-5 to 5-5 and after adding the teeth the 
solutions were allowed to set and stored at room tem- 
perature. Thyrnol was added to the solutions to prevent 
bacterial growth. The teeth were left exposed to the 
solutions for periods of from 1 week to 12 months. At the 
end of the experiments longitudinal ground sections of the 
teeth through the artificial lesions were examined by 
polarized light microscopy and microradiography. 

After imbibition with water, the sections revealed caries- 
like lesions indistinguishable from those produced when 
the erupted enamel surface was used. Each lesion showed 
a negatively birefringent surface zone superficial to the 
positively birefringent subsurface region. These surface 
zones were all approximately 20-404 in depth and 





Fig. 2. Longitudinal section through an artificial caries-like lesion of 

enamel produced at pH 4-5 after 5 months exposure in the acid-gel 

aystem. g, Appearance of the section between crossed polars after 

imbibition with water, ‘The lesion appears as a subsurface region of 

‘positive birefringence while the s a negatively birefringent as 

ts the rest of the enamel. b icroradiograph of the section showing the 
well caloffled surface zone superficial to the lesion. 


















Fig. 3. Longitudinal section of an extensive earies-like lesion of enamel 
examined in water between crossed polars, About 4004 of the original 
tooth surface had been removed before exposure in the acid-gel medium 
for 8 months at pH 4-0. ‘The advancing front of the lesion has penetrated 
the remaining enamel to reach the underlying dentine (D). The surface 
ig stili, however, negatively birefringent and thas relatively unaffected, 






NATURE, VOL. 214, APRIL 8. 1967 


appeared identical to sueh zones in early enamiel caries. 
Microradiographical examination of the sections, using 
copper Aa radiation and maximum resolution photo- 
graphic plates, revealed well calcified surfaces superficial 
to the demineralized subsurface regions. When the 
surface zone was finally invaded, the pattern of attack was 
identical whether the denuded or the true enamel surface 
was used and each attack took place from without in 
relation to the incremental lines of enamel deposition. 

Therefore, though differences in the physies and 
chemistry of surface enamel relative to subsurface enamel 
could account for a greater resistance of the former to 
carious decay, these do not seem to be the sole factors 
involved in the manifestation of a relatively unaffected 
zone overlying the early lesion of enamel caries. 
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Formation of the Byssus in the Common 
Mussel (Mytilus edulis L.) 


THe available data about the strueture of the byssus- 
making system, the functions of the various glands in- 
volved and the process by which the byssus is elaborated! 
have still to be clarified. The present ideas on the question 
are too schematic and are not sufficient to explain what is 
known about the physico-chemical structures observed, 

Our own experimental results on the amino-acid 
constitution of the different parts of the byssus taken 
with the X-ray diffraction studies of Rudall’, and also 
with our recent histochemical tests, make it possible to give 
& More accurate description of the process by which the 
byssus is made. 

According to Smyth? and more recently Gerzeli®, the 
byssus results from the self-tanning of a “phenolic” 
protein originating in the purple gland. This process 
would take place in the foot groove, under the action of 
polyphenoloxidase. As for the white gland, Smyth and 





TD 


“MG 





Fig, 1. Schematic arrangement of the glands in the foot {posterior side). 

PG, Purple gland (phenolic gland); WG, white gland (glande du colla- 

gene); EG, enzymatic gland; D, ciliated ducts evacuating the product 

of the phenolic gland; G, foot groove: M, muscular zone; TD, terminal 
depression; MG, mucous gland. 
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Fig. 2. 


Cells in the white gland (stained by the method of Prenant- 
Gabo). ; 


Gl, Collagen globules; N, nucleus; C, extracellular collagen 
becoming organized; CZ, ‘‘clasmatose”. 


Gerzeli supposed that it was merely a resting stage 
of the nearby enzymatic gland (Fig. 1). Finding negative 
or very faintly positive results in their histochemical 

tests for proteins, they thought that the white gland had 
no secretory activity. 

Those theories do not explain the existence of two 
“proteins in the byssus*, one similar to collagen and the 
“other a B protein, nor do they account for the origin of 
“the collagen. 

We think the white gland has a real secretory function. 

It- appears to be made up of cells of various shapes, very 
often elongated towards the centre of the foot. They 
elaborate big globules which are accumulated and then 
liberated through disintegration of the cell membranes 
at different points. A real ‘‘clasmatose’” takes place, 
similar to the secretory process in the histio-plasmocytes 

_ of granulomes and fibro-granulomes among the mammals‘, 
“The globules gradually merge into filamentous bunches 
which concentrate towards the bottom of the groove. 
There, the secretion breaks through the epithelium the 
cells of which are distorted and pushed apart. 

We have critically examined the histochemistry of this 
system using paraffin sections at õu and freshly frozen 

sections at 45y. The intracellular globules and the result- 
ing filamentous bunches stain with triphenylmethanes 
(Masson, Azan, Prenant-Gabe, Ramon y Cajal’s tri- 
chromes). Very beautiful slides were obtained by the 
Van Gieson, technique, which is usually used to stain 
collagen fibres. 

We have confirmed that histochemical reactions for 
proteins give negative results, but this is not surprising 
because collagen does not contain tyrosine, and conse- 
quently cannot react in the tests used; Millon, Morel and 

< Sisley’s azoreaction after Lillie used on fixed sections and 

` Danielli’s tetrazonium used on freshly frozen sections. 
Moreover, the ninhydrin-Schiff and alloxan-Schiff reac- 
tions are also negative because glycine, proline and 
hydroxyproline, which are the most abundant amino-acids 
in collagen, do not give rise to aldehydes*. 

When freshly frozen sections are incubated at 37° CŒ 
for 12 h with a 0-1 per cent solution of collagenase in 
veronal buffer at pH 6-8, the secretion of the white gland 
is specifically attacked, as can be shown by Van Gieson’s 
technique. The destruction of collagen takes place in the 
secretory cells as well as in the filamentous bunches. 

Thick freshly frozen sections at 16y, examined in 
polarized light, show that the extracellular secretion is 
anisotropic towards the centre of the gland, which would 
indicate that the secretion tends to become structured 
as it proceeds towards the bottom of the groove. An 
electron microscope study is in progress to ascertain the 
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process of synthesis and the mode of evacuation and 
organization of this collagenous product. 

Our results suggest that the collagen of the thread 
originates in the white gland and we therefore propose.a 
more adequate name for this organ: “la glande du. col- 
lagéne”’, Our results raise again the problem of thread 
tanning. It seems probable that the additional protein 
revealed in Rudall’s diffractograms is a product. cf the 
phenolic gland. It could mix with collagen in the groove, 


where the tanning would take place under the action of 


polyphenoloxidase. 


Station de Biologie Marine, 
Lue-sur-Mer, France. 
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Photopigments in the Char of Lake 
Windermere (Salvelinus willughbii (Giinther), 
forma autumnalis and forma vernalis) 


Ix a recent communication Munz and McFarland! reported 


that a single retinal extract from the Aretic char (Sal-. 


velinus alpinus (L.), from a North American source) 
contained a rhodopsin with absorption maximum located 
at 509+ 2 nm (rhodopsins are photopigments: based on 
retinaldehyde, namely, retinene, in the old nomenclature). 
The present note concerns the photopigments. of the 
closely related Lake Windermere char, S. willughbie 
(Günther). This char exists as two distinct self-perpe- 
tuating populations in the lake, the one spawning in 
shallow water (3-12 ft.) in the autumn (forma autumnalis) 
and the other in deep water (50-70 ft.) in the spring 
(forma vernalis)?. Groups of char were netted during the 
peaks of their spawning activity in November 1964 and 
February 1965, dark-adapted for a number of hours, 
then killed and their retinae removed under darkroom 
conditions. The retinae were placed in light-tight. con- 
tainers over solid carbon dioxide and then transported to 
London for extraction and analysis (extracts were pre- 
pared from a number of batches, each comprising the 
retinae from ten to twelve fish). 

The spectra of Fig. 1 illustrate the results of typical 
experiments designed to analyse the photopigment 
content of retinal extracts from fishes representative. of 
the two populations. Absorption spectra for extracts 
from forma autumnalis had maxima at 51141 nm, 
identical within experimental error with those from forma 
vernalis, which were at 510+1 nm. As shown in Fig. 1, 
both groups possess the same rhodopsin with absorption 
maximum at 508+1 nm, in good agreement with the 
estimate for the rhodopsin of the Arctic char already 
mentioned. Unlike the single extract (which may, however, 
be untypical) of the Arctic chart, all extracts from the 
Windermere char contained small amounts (roughly 
12 per cent) of a porphyropsin with an absorption maximum 
at wavelengths probably much longer than 520 nm 
(Fig. 1; porphyropsins are photopigments based on 3- 
dehydroretinaldehyde, namely, retinene,; in the old 
nomenclature). This accounts for the extract absorption 
maxima at 510-511 nm, some 2-3 nm higher than the ab- 
sorption maximum of the rhodopsin component. It was 
not possible to locate the porphyropsin maximum more 
precisely, but rough estimates based on the type of analysis 
described previously? indicated that it was probably 
between 534 and 545 nm. 

Regant was in some doubt whether the Windermere 
char should be described as Salvelinus willughbit, or 
whether it was better regarded as a subspecies of 8. 


J.P, Puson 
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Pigs 1. -Analysis of the Windermere char photopigments. In the upper 
part of the figure are shown the absorption spectra (extinction maxima, 
arrowed; adjusted to 1-0) of digitonin extracts (0-02 molar hydroxyl- 

; amine present): these are measured initially and at successive stages 
.* Quxing irradiation with monochromatic lights of various wavelengths 
= (ranging from 720 to 610 nm), In the lower half of the figure, the 
-difference spectra of the terminal Irradiation (MM, lower left) or of the 

oo lest two irradiations (@ and A, lower right) represent the pure rhodopsin 
< components, At lower left, the continuous curve closely following the 

5 (gperimental points for the rhodopsin of the autumn-spawners represents 
‘othe mean difference spectrum for that of the spring-spawners. Con- 
versely, the continuous curve at lower right represents the mean difference 
spectrum for the rhodopsin of the autumn-spawners, Agreement between 
eurves and points shows that the rhodopsins of both groups are identical, 
‘The Initial difference spectra (dotted) have Jmax at about 520 nim, but 
Since these are probably contaminated by concomitant bleaching of the 
‘darge excess of rhodopsin, the Amar of the porphyropsin component 

"oust be situated at a wavelength longer than 520 nm. 


alpinus. The possession of a rhodopsin with absorption 
Maximum at 508 nm clearly distinguishes the Windermere 
char from 8. fontinalis, S. malma and S. namaycush, which 
have rhodopsins at 503 or at 512 nm (ref. 1), and links it 
with S. alpinus at about 509 nm. The latter species 
probably represents the ancestral migratory type, which 
Þbocame. isolated in its present freshwater lacustrine 
habitat at the end of the last glacial epoch. The Arctic 
char is at present found not only throughout the fresh- 
waters of the Palaearctic but also in the Atlantic and 
Pacifie oceans. Yet the present results indicate that the 
Windermere colony has carried out little visual adapta- 
tion to the reddish light prevailing in its new permanent 
habitat (the presence of some red-absorbing porphy- 
‘ropsin can hardly be regarded as a significant adapta- 
tion because of its small amount). In this respect it is 
in sharp contrast with some representatives of the genus 
Coregonus, isolated at the same period in lakes of the 
British Isles, and which show clear evidence for such 
adaptation, either by having switched to a pure porphy- 
ropsin system (absorption maximum at 536 nm in C. 
pollan Thompson and C. clupeoides Lacépède) or by having 
shifted their rhodopsin maximum to 520 nm (in C. 
clupeoides pennantii Cuvier and Valenciennes)®. On the 
other. hand, two coregonids from lakes neighbouring 
Windermere (C. clupeoides stigmaticus Regan and O. 
vandesius gracilior Regan) have rhodopsins at 510 nm, 
near that of the Windermere char, and possess similar 


NATURE, VOL. 214, APRIL 8, 1967 


small proportions of a porphyropsin. The significance of 


these observations in relation. to the idéa that the ab- 
sorption properties of fish photopigments represent the 
result of evolutionary adaptation to the spectral quality 
of environmental light (see, for example, ref. 5) will be 
discussed in a late: publication. 

Not only do both forms of the Windermere char have the 
same rhodopsin (as might be expected, because the differ- 
ences between the two are not genetically determined*), 
but they have the same small proportion of porphyropsin 
in their retinae. This is a surprising observation. First, it 
would be anticipated that this proportion would vary with 
the time of year, as occurs with many fish species (com- 
pare ref. 5). Second, forma vernalis was taken from 
depths of 50-70 ft. where there was relatively much more 
red light than in the shallower waters characterizing the 
spawning habitat of forma autumnalis, and therefore 
would have been better adapted by increasing the pro- 
portion of that pigment conferring the greatest red- 
sensitivity, that is, the porphyropsin component. Changes 
from a predominantly rhodopsin system to a porphyropsin 
one are readily accomplished by many fishes (for example, 
refs. 5 and 6), presumably because of a corresponding 
requirement to enhance red-sensitivity. 

A puzzling lack of visual adaptation to environment is 
found not only in the Windermere char and the two Lake 
District coregonids mentioned above, but also in a land- 
locked variety of the North American salmonid, Onco- 
rhyncus nerka or kokanee, where the retina is dominated 
by rhodopsin (absorption maximum at 503 nm)*. When 
taken from freshwaters, other representatives of this 
genus (O. gorbuscha, O. keta, O. kisutch and O. tshawytecha) 
possess the expected preponderance of porphyropsin, 
although their retinae contain mainly rhodopsin during 
that phase of their existence spent in the sea‘. 

I thank Dr. W. E. Frost and Mr. H. C. Gilson of the 
Freshwater Biological Association at Ferry House, 
Windermere, for supplying specimens of Windermere char 
and the necessary facilities for working on them. 
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Oscillations in Blood Pressure associated 
with Phrenic Nerve Activity 


We have observed periodie oscillations in systemic blood 
pressure synchronous with bursts of phrenic nerve 
activity in dogs during epnoea. The phrenic nerve was 
isolated in the neck, and nerve impulses detected with 
bipolar platinum electrodes. The nervous activity was 
amplified and rectified, and the impulses integrated by a 
method described previously’. Catheters were placed in 
both femoral arteries to record the arterial blood pressure 
continuously as well as to sample arterial blood so as to 
measure the arterial carbon dioxide tension every minute. 
Spontaneous breathing was arrested by the intravenous 
administration of succinyl choline, and the dogs were 
ventilated artificially with 100 per cent oxygen for twenty 
minutes using a Harvard pump. Initial measurements of 
carbon dioxide tension and phrenic nerve activity were 
made at the end of this control period. Artificial ventila- 
tion was then stopped and the dog connected by its 
endotracheal tube to a spirometer containing 100 per 
cent oxygen. By this means arterial oxygen was main- 
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<C Fig. 1. Record of one experiment, A, Integrated phrenic nerve activity; B, systemic blood 
0, pneumographie tracing showing no motion of chest; D, phrenic nerve activity; 
X, rectified phrenic nerve activity. Vertical lines are 1 sec apart. 


pressure; 


tained at normal tension during the ensuing period of 
apnoea, when carbon dioxide tension increased at the rate 
of 6-0 mm of mercury/min. 

Regular oscillations in systemic blood pressure appeared 
at an average carbon dioxide tension of 70 mm of mercury 
(standard deviation +14 mm), and a normal systemic 
blood pressure averaging 152/107 mm of mercury (standard 
deviation of each was +24 mm of mercury). Fig. 1 
shows that each burst of phrenic nerve activity coincided 
with an average increase in systemic blood pressure of 
18 mm of mercury (standard deviation +9 mm of mer- 

-eury. Blood pressure began to return to its original level 
‘between bursts of phrenic nerve activity. The period of 
the blood pressure oscillation (the time between the peaks 
-of systemic blood pressure waves) was the same as the 

|) time between bursts of phrenic nerve activity and each 
averaged 7-0 sec (standard deviation +3 sec). 

Because blood pressure oscillations were associated with 

a rise in arterial carbon dioxide tension and hydrogen ion 
‘eoncentration, we attempted to determine the effect on the 
blood pressure waves of reducing the arterial hydrogen 
ion concentration with and without a concomitant 
reduction in arterial carbon dioxide tension. Intravenous 
administration of an isotonic solution of trie buffer reduced 
both arterial carbon dioxide tension and arterial hydrogen 
ion concentration and erased the blood pressure oscilla- 
tions. Intravenous administration of isotonic sodium 
bicarbonate, on the other hand, produced an increase in 
systemic blood pressure oscillations. The bicarbonate 
reduced the arterial hydrogen ion concentration but raised 
the arterial carbon dioxide tension. These results are 
shown in Table 1. It is clear that although blood pH was 
changed in the same direction in both instances, the effects 
of the two treatments on the blood pressure oscillation 
were different. 

Bicarbonate passes much more slowly across cell 
membranes than does carbon dioxide, and changes in 

intracellular pH are proportional to changes in blood 

carbon dioxide tension. This suggests that changes in 
intracellular pH rather than blood pH are responsible for 
these systemic blood pressure waves. Table 1 also shows 
that the integrated phrenic nerve activity, like the oscilla- 
tion in blood pressure, varied directly with the carbon 


Table 1. EFFECTS OF tris BUPFER AND BICARBONATE ON BLOOD PRESSURE 
WAVES 


0:3 molar tris buffer Bicarbonate 


Before After Before After 
infusion infusion infusion infusion 
Carbon dioxide tension (mm of 78365 51-0 69:5 103-0 
mercury) 
Hydrogen ion (nanomoles/t.) 81-4 50-0 714 61:5 
Blood pressure (mm of mercury) 147/95 144/89 161/100 181/118 
Magnitude of oscillations (mm of 175 0 TS 15:5 
mercury) 
Duration of waves (sec) 8&8 8-3 T5 9-3 
Integrated phrenic activity (arbi- 118 &1 68 91 


trary units) 
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dioxide tension (and, presumably, with the 
intracellular hydrogen ion concentration): 
Two dogs were disconnected from. the 
spirometer containing 100 per cent oxygen. 
This procedure produced anoxia-—an arterial 
160 oxygen tension below 30 mm of mereury-— 
and a rising carbon dioxide tension. Ogcilla- 
tions during anoxia were greater by 10 mm 
of mercury than were those during normoxia. 
Anoxia also increased the frequency of 
phrenic nerve bursts and decreased the period ` 
of the blood pressure waves so that the two: 
maintained the same relationship as during. 
normoxia. When the carbon dioxide tension 
was raised above 100 mm of mercury, on 
the other hand, phrenic nerve . impulses 
diminished and disappeared, while oscilla- 
tions in blood pressure persisted for an 
additional 30 sec. : 
Oscillations in the systemie blood pressure 
(Mayer waves) have been observed in dogs after severe 
haemorrhage and metabolic acidosis. Like the waves 
described by us, they have been abolished by the ad- 
ministration of tris buffer and were sometimes associated 
with changes in the rate and depth of tidal volumes*. 
They have a longer period, however, and do not have a 
clear relation to respiration. 
Waves identical with those that we observed: were 
described in vagotomized dogs and cats during apnoea by 
Traube! and Hering’. Traube suggested that the oscilla- 
tions represented an overflow of the activity of the 
respiratory centre to the vasomotor centre. The results 
reported here are consistent with the idee: that the 
oscillations in blood pressure result from intense stimula- 
tion of chemoreceptors which send efferent impulses to 
both respiratory and vasomotor centres. The carotid 
and aortic bodies may be the chemoreceptors, because the 
blood pressure waves were affected not only by changes.in 
carbon dioxide tension but also by anoxia. 
This research was supported in part by a. grant 
from the National Heart Institute, U.S. Public Health 
Service. : 
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RADIOBIOLOGY 


Reduction in Radiation Lethality by Mixtures 
of Chemical Protectors 


For more than 10 years, mixtures of chemical protectors 
have been used in order to increase the protection against 
radiation damage’. If different radioprotectors act via 
different mechanisms, one might hope that a simultaneous 
administration of several well chosen protectors would 
increase the protection. Thus, it seems reasonable to 
give simultaneously an SH protector with a substance 
causing anoxia®. It is also possible to add to a good 
chemical protector one or more compounds which decrease 
its toxicity®, Data are reported in this paper on short 
and long term survival of mice treated with different 
mixtures of chemical protectors before exposure to 
X-radiation. 





























* 
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BALB/e male micé, 11-12 weeks old (LD sorsq and 
LD yaso 650 and 750 r. respectively), weighing 25-30 g, 
were used.: The conditions of irradiation were 300 kV, 
20 m.amp 2 mm copper, dose rate in air 100 or 175 r, min. 
The mice were exposed in groups of eleven in a partitioned 
‘Lucite’ cage. The X-ray dose was measured with an inte- 
grating dosimeter ‘Philips 37470/100° during each X-ray 
exposure. 

Time of administration and doses of chemical com- 
pounds used in the different experimonts are given in 
Table 1. 2-8-Aminoethylisothiourea (AET), glutathione 
and cysteine are neutralized to pH 7-2 before use. In 
some experiments, 90-120 x 10° nucleated bone marrow 
cells were given 24 h after X-ray exposure. 

Table 2 shows that after a treatment with a mixture of 
AET + glutathione + serotonin, the ED oj a9 and the LDyo/ 49 
days increased to 1,350 and 1,850 r. respectively (dose 
reduction factors 2 and 2-2). When cysteine was added 
tothe former mixture, the survival of the X-irradiated 
mice increased to an LDosjso Of 2,250 r. (dose reduction 
factor 3). 

The administration of nucleated bone marrow cells 
after the X-ray exposure to mice treated with a mixture 
of: AET+glutathione+serotonin increased the LD 59 
and the LDesso days to 1,650 and 2,050 r. respectively 
(dose reduction factors 25 and 2-7 ). The administration 
of nucleated bone marrow cells to mice treated with a 
mixture of AET + glutathione + serotonin + cysteine raised 
the LD; and the LDyyjso days to 2,200 and 2,400 r. 
respectively (dose reduction factors 3-2 and 3-3). 

A long term survival study of mice treated with a 
mixture of AET + glutathione + serotonin and irradiated 
with X-ray doses from 1,500 to 2,200 r. shows that most 
of the mice died within 6 months after exposure. The 
addition of cysteine to this mixture, with or without the 
administration of bone marrow cells after X-irradiation, 
had no influence on long term survival. A microscopic 
examination of the tissues of these mice demonstrated 
that they died of a pulmonary syndrome: the lungs 
showed. oedema and congestion. 

If glutathione and cysteine are added to a mixture of 
AET +serotonin, the toxicity decreases, thus allowing an 
increase in the amount of AET in the mixture. 

These results showed that mixtures of radioprotective 
sompounds are able not only to increase the protection 


Table 1. TINE OF ADMINISTRATION AND DOSES OF THE CHEMICAL COMPOUNDS 
USED IN THE DIFFERENT EXPERIMENTS 
Route of 


Amount of Time of treatment 


Treatment eompound (mg) administration (min before 

irradiation) 
AET 8 Lp 10 
ALT* R ip. 10 
Glutathione + 16 On, 25 
Serotonin $ l Lp 5 
ART: 10 ip. 10 
Ginhithione 16 or. 25 
Serotonin 1 ip. 5 
Cystebne 15 ip. $i 


* ART bromide hydrobromide. 
+ Reduced glutathione, 
{Serotonin creatinine sulphate, 
Lp, Intraperitoneally, 

ot, Orally, 


Table, LDsy AND L Dosis, DAYS OF BALB/e MICK TREATED WITH DIFFERENT 
MIXTURES OF CHEMICAL PROTECTORS PRIOR TO WHOLE-+BODY X-IRRADIATION 


Treatment LPs dave in (r)  LDoyrqy days in (r.) 

Control 650 750 

ABT 1,025 1,450 

ART p 

Glutathione f 1,350 1,850 

Serotonin d 

Glut th 

Ctutathione sop 205 

Serotonin f 1,525 $200 

Cysteine d 

AET 1 : 

Glutathione + bone marrow b 1,650 2,050 

Serotonin J 

AE ) 

Glutathione 3 a a 

Serotonin + bone-marrow 4 2,200 2,400 
$ 


Cysteine 


a 
Several groups of mice also received isogenic bone-marrow after irradiation. 
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offered by-each compound given separately, but also to 
decrease the toxicity of such well known protective com- 
pounds as AET. Glutathione and eysteine, which as such 
are not good radioprotectors, strongly support the radio- 
protection by AET. Thus, the dose reduction factor of 
AET, which under our experimental conditions amounts 
to 1-7, reaches, with a mixture of AET + glutathione + 
serotonin + cysteine, a value 3. The favourable influence 
of glutathione and cysteine on the toxicity of AET could 
consist in compensating the decrease of glutathione con- 
tent of some tissues which has been shown to occur in the 
liver and kidney after injection of AET, mercaptoethyl- 
amine or diethyldithiocarbamate?. 

We believe that the better protection obtained by 
certain mixtures of radioprotectors, compared with that 
obtained by AET alone, is mainly caused by the greater 
biochemical shock in the cells which follows the admini- 
stration of these very large doses of thiol compounds and 
which disturbed the intracellular equilibrium between free 
and bound SH as well as the regulation of the “redox 
potential”?*-?_ Such biochemical shock is then further- 
more expressed in a decrease of DNA synthesis and a 
prolongation of the cell cycle in the stem cells of the small 
intestine®,?, 

We thank the Belgian Fonds de la Recherche Scienti- 
fique Fondamentale Collective and the A.I.E.A. for grants. 

Note added in proof: An experiment now completed 
indicates: (1) that the addition of MEA to a mixture of 
AET + glutathione + serotonin + cysteine increases slightly 
the LDyo,39 days; (2) that the administration of isogenic 
bone marrow to mice treated with the former mixture 
increases the LDygs, to 2,700 r. (dose reduction factor 
3-6). 
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CYTOLOGY 


Fine Structure of Heterochromatin in 
Certain Cell Nuclei 


ELECTRON microscope observations'-® on sections of 
chromosomes from various species reveal granules and 
threads of width ranging from about 20 to several hundred 
angstroms. Chromosomes disrupt on an air--water 
interface® into longer threads about 200-250 4 wide?-’. 
Our observations on sections of erythrocytes from chicken 
and lamprey reveal a regular structure within the con- 
densed chromatin (heterochromatin) closely adjacent 
to the inner membrane of the nuclear envelope. To help 
in the elucidation of these structures, the sections were 
tilted in the electron microscope. The resulting data 
demonstrate, not unexpectedly, the importance of super- 
position effects in determining nuclear images. 

Some nuclei (Fig. 1C) show an electron dense band 
(B2, Fig. 2) extending around much of their perimeter 
separated from both the inner membrane and the remain- 
der of the chromatin by two relatively less electron dense 
bands (B1, B3, Fig. 2) of approximately equal width: 
the whole forms a triple structured band of width S 
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Fig. 1. 
bands most clearly at a, but also between other arrows, ly 
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Electron micrographs of sections of mature erythrocytes: A, chicken erythrocytes fixed in osmium tetroxide (ref. 15) showing dark 
ing parallel to the nuclear envelope; PA is plasma membrane ( x 88,000), B, As A but 


tilted 20° when the bands disappear. C, Lamprey erythrocyte fixed in glutaraldehyde-osmium tetroxide (ref. 16), showing dark band between 
arrows a and b and a second dark band between arrows ¢ and d (x 88,000). D, Lamprey interior chromatin showing dark band between arrowa, 
with adjacent light bands (x 176,000), Æ, As D but tilted 16° about an axis normal to the band which is then resolved into annuli,@ and b, 


(Fig. 2). Other nuclei show alternate light and equi- 
spaced dark bands or segments of dark bands (Fig. 14 and 
W in Fig. 2) extending over shorter distances. 

When the section was tilted approximately + 20° about 
an axis normal to the bands the main pattern was re- 
tained, although the finer detail within the bands altered. 
When the section was tilted about a parallel axis, however, 
the bands themselves either disappeared or were reduced 
in visibility as was the nuclear envelope (Fig. 1B). In 
Fig. 1A and B, the visibility of the plasma membrane was 
improved by tilting. In silver- to gold-coloured sections 
{about 700-1400 A) it was easy to select suitably oriented 
nuclei showing bands in the Siemens microscope, but in 
silver to grey sections it was difficult to distinguish the 
bands. This dependence of visibility on thickness and 
orientation may explain why previously these bands have 
received little attention. These data demonstrate the 
existence of regularly separated alternate layers of rela- 
tively high and low electron dense material lying parallel 
to the inner membrane of the envelope. The triple struc- 
tured band arises from a normal section through three 
of these layers. 


OM 
IM 
B4 
B3 
B2 
B1 





Fig. 2. Schematic diagram to show the alternate electron dense (82, 

B4) and less electron dense (B21, B3) bands parallel to the inner membrane 

(1M) of the nuclear envelope; OM is the outer membrane. R, T, U, V, 

W, and X are various aspects of the dark band encountered in miero- 

graphs. Sis the width of B1+ Bir m A is the distance from centre B2 
o IM. 


The dark bands have a very variable appearance. 
Characteristically, they are between 130 A and 170 A 
wide but may be much narrower and are composed of 
dark threads and granules and light spaces of variable 
dimensions ranging from about 20-40 A upwards; they 
run continuously over lengths very many times their 
width. In chicken and lamprey erythrocytes, A (Fig. 2) 
is about 180 A. Frequently, as shown in Fig. 2, the dark 
bands are broken into short segments (W), parallel lines 
(R, X), granules (T), annuli (U) or figures of eight (V). 

The interior chromatin, farther from the envelope, 
has a similar appearance to that assumed by the bands 
when the section is tilted, that is, disordered granules 
and threads of variable dimensions. Not infrequently, 
however, small areas have an appearance similar to short 
lengths of triple structured band and other such areas 
appear on tilting. When granules appear their centre to 
centre distance is 230+20 A, similar to that in the 
oriented layers near the envelope. 

When dark bands either in the interior (Fig. 1D and E) 
or adjacent to the envelope are tilted about an axis normal 
to their length they are occasionally resolved into granules 
or annuli. This transformation, taken together with the 
variable appearance of the dark bands in the oriented 
regions, suggests that the bands result from the super- 
position of hollow cylinders, about 130-170 A diameter 
spaced apart at about 230 A, numbering up to three 
or six depending on the orientation and section thickness. 
When photographed end-on, the cylinder appears as a 
granule or annulus. Irregularity of overlap as well as 
angle of inclination and curvature could be the cause of 
the variations in appearance we have noted. I assume 
that the transverse lines (X, Fig. 2) and the fine threads 
and granules in the dark bands result from overlapping 
of cylinder walls which are perhaps formed by helically 
winding the finer threads producing micro-helices. These 
micro-helices may correspond to the proposed DNA super- 
helix (Wilkins, M. H. F., Pardon, J., and Richards, B. M., 
unpublished results) or the secondary helix’. The nature 
of the regularly spaced less electron dense bands crossed 
by threads from the dark bands is not resolved. 

Because of the complexity of superposition which gives 
rise to the final images I emphasize the difficulty in 
interpreting them. For example, the images @, b in 
Fig. 1Ẹ could arise, although unlikely, from a series of 
hollow granules lying one above the other. Furthermore, 
the entire chromatin might consist of micro-helices, the 
apparent randomness of structure which, strikingly, 
varies with tilt being produced by superposition effects. 

A triple structured band (4~210 A) has also been 
found in polychromatic erythroblasts, mature erythro- 
cytes, lymphocytes, basophilic granulocytes and reticular 
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cells from the spleen of the newt Triturus cristatus.. The 
width S$ (~420 A) is similar to that of the sheets! of 
chromatin enveloped on both sides by nuclear envelope 
and attached to chromosomes in certain erythroblasts 
from Triturus cristatus. These sheets have also been 
shown. by tilting to consist of three layers. 
The granular appearance of the chromatin in contact 
with the nuclear envelope, interpreted here as end-on 
views of cylinders, has already been described, for example, 
in liver parenchymal cells, A region similar in appear- 
ance to the triple structured band is frequently observed 
in. many ‘published electron micrographs of nuclei other 
than those from blood, for example, in cells from the renal 
glomeruli of ratt? (4 ~200 A), from HeLa cells infected 
‘with virus (4 ~ 220 A) and from cells in the bronchial 
< epithelium of human" (4 ~ 230 A). This shell of oriented 
chromatin therefore appears to be a structure common 
to different types of cell nuclei. 
. Daring preparation of this paper Dr. D. W. Fawcett!? 
studied the fibrous lamina which exists in certain cells 
adjacent to the nuclear envelope, and his micrographs 
elegantly depict the dark band (B2) discussed here; I 
can find no evidence for such a fibrous layer in any of the 
cells mentioned here. I thank Margaret Blade for her 
help. 
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PSYCHOLOGY 


Subcortical Storage of Classical Conditioning 


“Many investigators have emphasized the importance 
of the cerebral cortex in instrumental learning. They 
“were able to demonstrate lateralization of learning to one 
cortical hemisphere using spreading depression as a 
technique of functional decortication. Bure’, Burešová 
and Fifkova*, however, reported a failure to lateralize the 
effects of learning a passive avoidance response to one 
hemisphere, and attributed this failure to the possibility 
‘that such learning was a type of emotional conditioning 
involving predominantly subcurtical mechanisms. 

An alternative explanation for these findings is to view 
passive avoidance conditioning as a type of classical or 
Pavlovian conditioning, and further to assume that the 
learning involved in any classical conditioning paradigm 
is mediated subcortically. Such learning would not there- 
fore lateralize in a split-brain preparation. In other words, 
rather than emphasizing the affective nature of the response 
it would appear more profitable to lay stress on the type of 
information processing or learning paradigm as a critical 
determinant of the neural representation. 
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The present experiment was designed to evaluate the 
cortical role in ‘classical conditioning by ‘attempting. to 
lateralize the effects of this type of learning to one cortical 
hemisphere. A simple apparatus was used to carry out 
Pavlovian conditioning in the rat (Fig. 1), Kymographic 
recordings were taken throughout the training of: a, onset 
and duration of mild electric stimulation (US); b, onset and 
duration of auditory stimulation (CS); and e, thoracic 
movements. The CS was presented 5 sec before the onset 
of the 1 sec US. Both the CS and US were terminated 
together and an interval of 30 sec between trials was used 
throughout all training. 

The rats were anaesthetized by peritoneal injection 
with pentobarbitone (50 mg/kg) and small openings were 
drilled on each side of the head in the temporal-parietal 
regions of the skull. Drilling was done cautiously to avoid 
any damage to the dura. Permanently indwelling cannulae 
0-5 mm in diameter were fitted in the drill holes and 
secured in place by dental cement which bound the 
assembly to two jeweller’s screws inserted in the skull. 
Close-fitting trocars were used to keep the cannulae 
patent and sealed throughout the duration of the experi- 
ment. Procaine penicillin was administered after surgery, 
and training was begun after a recovery period of 48 h. 

Spreading cortical depression (SD) was produced by 
25 per cent potassium chloride solution injected to the 
surface of the dura by a microdrive syringe. The volume of 
each injection was 0-008 c.c. which had been found ade- 
quate to produce a mean depression time of 90 min. 
The effectiveness of each injection was tested before and 
after training by loss of the tactile placing reflex in the 
contralateral forelimb of each animal. 

After post-operative recovery all rats were given three 
daily sessions of classical conditioning. They were placed 
in the apparatus and an auditory stimulus was produced by 
a buzzer. Five seconds later a mild electric stimulus was 
delivered across the forelimbs to elicit an unconditioned 
respiratory response. The current was carefully adjusted 
to produce hyperventilation without any other motor 
reactions. A respiratory response made to the buzzer 
before the onset of shock was scored as a conditioned 
response. During each session the animals were ran until 
nine conditioned responses occurred consecutively. 

Two groups, each of ten rats, were examined in an 
attempt to lateralize conditioning during unilateral SD. 
3roup 1, a control group, were trained to criterion with the 
left hemisphere depressed during all three experimental 
days. They were compared with group 2, the lateralization 
group, in which the left hemisphere was depressed for the 
first 2 days and the right hemisphere was depressed on 
the third day. The results are given in Fig. 2, where the 
trials to criterion are given for both groups over 3 days of 
training. It can be seen that there are no differences in 
trials to criterion between the groups on any of the 3 days. 
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Fig. L 


Schematic diagram of the apparatus used for Pavlovian 
conditioning of the rat. 
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Fig. 2. Tntor homiapherio transfer of classical conditioning. The 


average number of trials to criterion are presented for both groups on each 
of three days of training. The clear histograms give scores for control 
group and the shaded his! for the lateralization group. The ranges 


are shown by the vertical lines. The hemisphere dep: is mdoa 
by the shading in the circles below each histogram. 


In particular there is no difference in learning on day 3 
despite the fact that group 2 was trained with a new 
hemisphere functional. This finding clearly shows that 
lateralization failed because learning was transferred to the 
new hemisphere. This failure to lateralize classical con- 
ditioning to one cortical hemisphere confirms the findings 
of Bureš, Burešová and Fifkové' and contrasts with the 
many reports of successful lateralization of instrumental 
learning. It suggests that the memory trace formed in 
this conditionmg procedure is stored subcortically rather 
than cortically. 

Three other animals were run as a pseudo-conditioning 
control and were exposed to a random series of separate 
shock and buzzer presentations such that no actual pairing 
between CS and US was possible. Twenty-five shocks and 
the same number of buzzer presentations were given on 
each of 3 trang days. In order to test for conditioning, 
the rats were given the CS alone on every fifth trial. None 
of these pseudo-conditioning animals showed any con- 
ditioned responses, and the auditory conditioning found 
in groups 1 and 2 therefore represents a true type of learning 
and not a change in behaviour due to the arousal or sensi- 
tization of the rats. 

Perhaps the most significant implication of the present 
experiments is that it suggests the possibility that different 
types of learning have different loci in their central 
nervous representation. The lateralization of instrumental 
learning to one cortical hemisphere for positive reinforce- 
ment‘ and for negative reinforcement! points to the 
significant cortical role in the storage of this type of 
information processing. This is further supported by the 
reports?® of memory deficits found for instrumental 
learning after cortical ablation. 

The present failure to obtain any such lateralization 
of classical conditioning suggests that the site of the 
storage of this type of information proceasing is not 
cortical, and is congruent with the fact that cortical 
ablations have not been found to produce any loss of 
classical conditioning’. Yoshii’s work! on the changes in 
evoked potentials during Pavlovian conditioning further 
supports this contention, suggesting the diencephalon as 6 
possible site of storage. One cannot, however, exclude the 
cortex as playing no part whatsoever in Pavlovian 
conditioning. It is entirely feasible that the cortex 
may participate in the encoding or retrieval systems 
that are involved in learning. Clearly, the present 
experiments do not warrant any conclusions about these 
possibilities. 

Work is at present in progress to investigate possible 
cortical factors in the encoding mechanism of classical 
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conditioning, and to examine storage of such learning 
after complete decortication. 
R. B. Ross y 
I. STEELE RUSSELL 
Medical Research Council Unit for 
Experimental Investigation of Behaviour, 
University College, London. 
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ANTHROPOLOGY 


Blood Groups in Indians of Tierra del Fuego 


Ir is 20 years since Lipschutz et al.t showed that the high 
percentage of B blood groups found in Fuegians by 
Rahm? was incorrect. We decided to complete this 
investigation in about a hundred of the Indians who will 
gradually be made extinct by our civilization. Seventy- 
four Fuegians with stressed mongoloid features, forty-five 
Alacalufes from Puerto Eden (Wellington Island) (parallel 
49° 8.) and twenty-nine Yaganes from Puerto Williams 
(Navarino Island) (parallel 55° §. in Tierra del Fuego) 


A RANO. - 
IJA GANES 


CABO ot HORNOS* 





Pig. 1. Geographical situation of the Fuegian Indiana in the far south 
of Chile. 
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Table 1. BLOOD GROUPS IN THE FURGIANS (INDIANS OF TIEREA DEL FUEGO) 




















Yaganes Alacalufes 

ABO blood group No. Per cent Gene frequency No. Per cent Gene frequency 
A 2 6-89 0-04 8 6 66 0 80 
B 4 13-79 0:07 0 0:00 0 00 
AB 0 0 00 0-00 0 000 0 00 
10) 28 79 31 0 89 42 93 34 0 97 
Total 29 99 99 45 100-00 
Bh system 

20 100-00 45 100-00 
dd 0 000 0 0 00 Most probable gonoty pes 
Phenot 
CODE 0 0-00 0 000 CDE-CDE ; R.-B, 
CCDEe 0 0 00 0 0 00 CDe-ODE | B,-Rz 
CCDee 7 25 8 1777 CDe-CDe ;8,-B, 
CoDEK 0 0 1 2 24 cDE-CDE ; RR: 
Code 18 40-42 14 3111 CNe-cDE ; R-n 
CeDee 8 10-71 4 8 88 ODe-cDe ;B,~R, 
coDRK 2 714 18 40 00 oDE-cDE ; RR, 
coDEe 3 1071 0 0 00 cDE-cDe ;B,-R, 
ecDee 0 0 00 0 0 00 eDecDe ;R-#H, 
coddee 0 0-00 0 0-00 cede-edo , r-r 
Total 28 99 88 45 100 00 
ALN system Gene frequency Gene frequency 
MM 7 25 00 0-55 2L 46 66 0-68 
MN 17 60-72 19 42 22 
NN 4 14:28 0 45 5 11-12 0 32 
Blood group $ 
S+ 11 39 28 0 22 20 00 0-10 
88 17 60-72 078 36 80 00 0-90 
MN Ss system: 
MMB 5 17 85 T 15 66 
MMss 2 T'l4 l4 3110 
MNS 6 21 32 2 444 
MNss 11 39 28 17 87 77 
NNS 0 0 00 0 0 
NNebs 4 14:28 5 1111 
Total 28 99 88 45 00 07 
Koll + 0 0 00 0 0-00 
Cellano + 28 100 00 45 100 00 
Duffy 
Fy ee} 28 100-00 38 81-10 
Fy (a—) 0 000 7 16 90 
Diego 
Di e t) 0 0 00 0 000 
Di (a— 28 100 00 45 100 00 


were the subjects. Fig. 1 shows thew geographical loca- 
tions. The Onas (Patagones in Argentina) mixed with this 
tribe three generations ago. The extreme ages of the 
subjects were 8 months to 85 years and all except three 
were less than 50 yr old. At present their purity level is 
less than the 50 per cent established by Lipschutz® in 
1935. The Alacalufes live more isolated lives and they 
have mixed much less with Chileans and foreigners. 

Our results are shown in Table 1. Fuegians, like all 
pure Indians in America, except for Blackfeet, Blood and 
Piegans‘, belong to blood group O. In Alacalufes the 
gene frequency was 0:96; they lacked B and A, which 
are found in Yaganes, and this confirms that they are less 
mixed. They are all positive Rh(D) and their most 
frequent chromosomes, as in the rest of the American 
Indians, are R,(CDe) in Yaganes, R,(cDE) in Alacalufes, 
who also had R,(cDe) in a relatively high frequency. The 
frequency of the gene M was much larger than that of 
gene N and was more closely related to S; the frequency 
of gene M was 0-68 in Alacalufes and only 0-55 in Yaganes 
because they are so highly mixed. s Antigen was more 
frequently found than Ñ, especially in Yaganes. Other 
characters that are common to Indo-american Indians 
are the lack of Kell antigen (positive Cellano 100 per cent) 
and the high Duffy frequency, which reached 100 per cent 
in Yaganes. This percentage is even higher than that of 
Koreans in Seoul’. 

The lack of Diego factor was expected, for this factor 
decreases gradually to the north as well as to the south 
of the Caribbean region’*; the lowest percentage we 
found was 0:7 per cent in pure Mapuches in the south of 
Chile (parallel 39° 8.). This and the lack of this factor in 
Eskimos could be caused by some ambient selective forces 
acting on Indian migration throughout the continent. 

There is another possibility, however, that the high 
frequency of group A and gene N in Polynesians’, especi- 
ally in pure natives of Eastern Island, which is the island 
closest to our coaste, makes unlikely, but not impossible, 
the existence of a genetic relationship between them and 


pure Indians in the south of Chile, especially the Alaca- 
lufes. The lack of Diego factor (the mmimum percentage 
found in Mapuches could come from the time when the 
Incas invaded them) of B, the similar frequency of R,, R 
and Ro, of s and of gene Fy4 (work to be published by 
Etcheverry, Boris, Guzmán, Nagel, Blanc, Durán and 
Suarez) would also confirm this theory. 
This research was supported in part by the University 
of Chile and by the Rockefeller Foundation. 
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BOOK REVIEWS 


HOW THE CELL WORKS 


Growth, Function and Regulation In Bacterlal Cells 
By A. C. R. Dean and Cyril Hmshelwood. Pp. xii+ 439. 
(Oxford: Clarendon Press; London: Oxford University 
Press, 1966.) 84s. not. 


Tue form of this book is similar to that previously written 
by Sir Cyril Hinshelwood some twenty years ago entitled 
The Chemical Kinetics of the Bacterial Oell (1946). Mucro- 
biology had then reached a stage in which the unique 
character of bacteria had almost become lost by their 
being used merely as convenient sources for the study of 
enzymes and isolated metabolic pathways. The attraction 
of bacteria to the physical chemist was largely due to 
their apparent simplicity. This concept, however, must 
be modified by even a superficial acquaintance with ther 
activities. For instance, most bacteria, and especially 
those which live on the simple media (photo- and chemo- 
lithotrophs), can only do so by elaborating enzyme systems 
more complex than those in many of the higher forms of 
life. Modern electron microscopy, too, has shown the 
assumption of their apparent structural simplicity to be 
somewhat misleading. It 1s true that, as the present 
authors say, they lack the diversity of structure elements 
found elsewhere, but at the level of macromolecular 
organization precisely the same relationship between 
chemical structure and the main metabolic processes is 
found in bacteria as in the cells of higher organisms. 
Nevertheless, because of the ease with which the growthand 
reproduction of bacteria can be controlled, particularly in 
continuous culture, it is true that bacteria still form fasot- 
nating living material in which the relationship between 
chemistry and physics on the one hand and growth and 
reproduction on the other can be studied: Sir Cyril was 
one of the physical chemists to exploit these unique 
properties. The phrase of that great mucrobiologist 
Kluyver here comes to mind “When we know how a 
bacterium grows then we shall know how the lily grows” 
which expresses succinctly the overall similarity and 
uniformity found in the basic chemistry underlying the 
growth of cells whatever their complexity. The consider- 
able impact of the first book was therefore due to its 
emphasis on the underlying phenomenon of growth and 
regulation and especially to the exploitation of the 
concepts of chemical kinetics in studying bacteria. It is 
doubtful whether the present book will have the same 
impact, since its general outlook by now is universally 
accepted. Moreover, in content it falls between an inade- 
quate description of the basic phenomena to those new in 
the field and special pleading for the authors’ own view- 
point on the mechanism underlying certain types of drug 
resistance which can be assessed only by those fairly fully 
conversant with the field of microbial variation. This 
err it difficult to know for whom the book is intended. 

1t is assumed that the reader is new to the science of 
microbiology, then the desoriptions of bacteria, given for 
example on page 22 or in Chapter 2, are quite inadequate, 
especially in view of the rapid advances in understanding 
their structure and function made in the past decade and 
already mentioned briefly. The stress on measurmg 
bacterial growth by methods other than plus or minus 
signs was well taken in the first book, but in a book devoted 
to the kinetics of growth a single paragraph on continuous 
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culture can scarcely be deemed adequate. This 18 par- 
ticularly so when this technique is proving so powerful 
for studying the very problem with which the book is 
concerned, namely growth and regulation. It is quite 
clear today that in studying enzyme regulation by induc- 
tion or feedback mechanisms, the ability to produce steady 
state cells in chemostats or turbidiostats has rendered 
obsolete the use of batch cultures on which most of the 
chapters on this topic are based. 

The central theme, or perhaps statement of faith, is 
Chapter 5 on total mtegration. Based on models built 
around the kinetics of enzymes, mathematical models of 
networks are developed which interconnect enzyme 
synthesis, decay, regulation and substrate utilization. 
Changes in growth pattern, drug resistance, new substrate 
utilization are seen by the authors as a switch from one 
type of total integration to another. Thus the term total 
integration is probably no more meaningful than the 
term homeostasis, a wide and universal article of faith 
accepted by biologists as a characteristic expression of 
living systems. The problem, of course, 1s to discover 
means by which parts may be isolated and their charac- 
teristic biochemical behaviour related to the whole. The 
success of modern microbiology has initiated what must 
be surely one of the most exciting phases in biology. In 
the last two decades not only have the main metabolic 
pathways been enumerated but their interconnexion in 
regulated and controlled patterns of energy production 
and biosynthesis have been in many cases beautifully 
integrated with growth and reproduction. As a single 
example of many can be quoted the recent studies on the 
regulation and reproduction of the Krebs and glyoxalate 
oycles', and their role in biosynthesis and energy produc- 
tion. Much of the credit in this field must go to the micro- 
biologist and biochemist and, as I suggested, Sir Cyril’s 
earlier book also played an important part. It is therefore 
to be regretted that not one single major enzyme sequence 
is discussed in any detail, in fact no detailed discussion of 
any single enzyme reaction and sequence appears in the 
book. 

Chapters on the kinetics of growth are almost entirely 
based on a concept of growth in static cultures where a 
lag phase followed by the exponential and later by a 
declining phase is normally found. The medium on 
which the cells grow gradually becomes so deleterious that 
normal exponential growth is no longer possible. Cells 
then either cease metabolism and slowly die or sporulate. 
The so-called declining phase of growth can thus be con- 
sidered as determined by the medium: sporulation, of 
course, is a species specific property and has therefore a 
precise and limited genetic basis. It is here that con- 
tinuous culture methods are most useful as shown by 
recent chemostat studies on survival at low dilution rates 
(low reproduction rates). Considerations of viability, 
death, maintenance, in such conditions have recently been 
associated with the loss of energy supplies in the form of 
adenosine triphosphate and energy utilization for bio- 
synthesis. Cells taken from static cultures must ofton 
undergo considerable resuscitation and recovery processes 
during a lag phase before they can grow and reproduce at 
their optimal exponential rate. The influence of various 
factors on the length of the lag, as discussed mainly in 
Chapter 3, depends not only on whether the cell has a 
readily available source of essential growth factors in the 
medium but also on the renewed synthesis of enzymes for 
ther further metabolism. Such interplay between 
environment and cellular processes is a recurrent theme 
in the book. The explanations offered for certain effects 
are often over-simplifiod as, for instance, the explanation 
of the effect of magnesium on lag in terms of its catalytic 
role in phosphorylases: the recent work of Tempest using 
a chemostat implicates this element in a far more com- 
plicated chain of events. A similar criticism could also 
be made of the somewhat naive discussions of permeation 
and 1ts effect on the control of metabolism. 
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Much of the discussion of the regulation of metabolic 
patterns 1s written around the authors’ own view of the 
development of drug resistance and the adaptation to 
growth on new substrates, which can often increase 
apparently gradually upon continued sub-culture. These 
chapters (7—9) discuss in great detail the evidence for the 
authors’ own viewpomt that the permanent or semu- 
permanent changes produced are not caused by the selec- 
tion of mutants which occur independently of the agent 
but by an overall change in the metabolic network of most 
of the organisms exposed to the drug which leads to a 
new “total integration’. Drug resistance caused by 
infectious particles (episomes) discovered in Japan in 
1959 is not discussed; likewise the fluctuation test? 1s 
courtly dismissed in a paragraph i in small type m Chapter 
13 which is supposed to discuss mutation and selection. 
Nevertheless, without agreemg with the authors’ curt 
dismissal of many of the basic claims of microbial genetics 
it is possible to agree partially with their more general 
criticism of many molecular biologists who imply that 
there is a single overall cellular regulating system and 
that this lies solely in the repression, depression and repli- 
cation of deoxyribonucleic acid. Kinetic models of 
cellular networks and control mechanisms other than 
those of Dean and Hinshelwood, especially, say, by Kacser 
or Goodwin, already stress that this may be a gross over- 
simplification due perhaps to its being formulated too 
hurriedly and in the flush of the success of the solving of 
the genetic code for protein structure. Nevertheless, a 
hypothesis such as the Jacob and Monod model for 
regulating protein synthesis is so outetandingly successful 
in generating an experimental approach to the basis of 
growth and regulation that it cannot therefore be so 
lightly dismissed as do Dr. Dean and Sir Cyril. It 1s 
possible to read into their treatment of these aspects of 
modern biochemistry a general suspicion by them of all 
work which deals with less integrated systems than whole 
cells. This arises quite naturally from their own formu- 
lation of “totally integrated systems” and is reminiscent 
of early criticisms of the application of chemustry and 
physies to biology and so ably disputed by Sir Frederick 
Gowland Hopkins. Here, however, the authors’ view 
quite plainly does not arise from any new vitalism, but 
from a probable reluctance, not plainly expressed, to 
accept the relevance of results gained from the necessity 
of working with partial systems isolated, it is true, by 


relatively crude methods. D. E. Hueuss 
t Kornberg, H., Essays in Biochemistry (edit. by Campbell, P N „and Greville, 
a. 0. 3 (Academic Press, 1966). 


3 Hayes, W., The Genetics of Bacteria and their Viruses (Blackwell, 1084). 


BREATH OF LIFE 


Development of the Lung 

Edited by A. V. 8. de Reuck and Ruth Porter. (Ciba 
Foundation Symposium.) Pp. xiii+ 408. (London: J. and 
A. Churchill, Ltd., 1967.) 658. 


THis Ciba Symposium has contributions from experts in 
many different fields and should prove valuable in broaden- 
ing the outlook of all students of respiration. This will 
apply particularly to those who study man, for they are 
inclined to look askance at any creature which does not 
impose on itself the grave respiratory and circulatory dis- 
advantages of an upright posture. The fact that the 
foetus has to make a remarkable respiratory adaptation 
at birth gave the organizers at the Ciba Foundation the 
opportunity to call together marine biologists, zoologists 
and biochemuists, as well as the paediatricians, anatomists 
and physiologists who would have made a more conven- 
tional group. This report of the meeting, under the chair- 
manship of Dr. Philip Hugh-Jones, has produced some 
excellent papers, grouped under the headings of lung 
phylogeny, ontogeny and the gas/liquid interphase. There 
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are further sections ın which intra-uterine gas exchange 
and the onset of breathing are considered. 

The courage shown by the organizers has been rewarded 
by contributions which will stand in their own right as 
signposts for further work and some may well remain as 
milestones. Although the organizers had doubted whether 
a new symposium on the lung was advisable so soon after 
the important Pulmonary Structure and Function (Ciba 
Foundation Symp., Churchill, London, 1962), one finds 
that in the event there is new knowledge, a different 
emphasis and perhaps more balanced judgments after 
this short interval, 

As one who was privileged to attend the symposium, 
and is concerned with the field, it would be invidious to 
select individual articles for praise. All who were present 
learned a great deal, and this judiciously edited account 
of the proceedings now makes both required and attractive 
reading for a larger public. EK. W. Cross 


INTRODUCTION TO ORNITHOLOGY 


The Shell Bird Book 
By James Fisher. Pp. 344+ 20 plates. 
Press and Michael Joseph, 1966.) 258. 


Tas book about birds, birdwatching and ornithologists 
in, Britain and Ireland contains a lot of information, some 
of ıt published before but not easily accessible. There are 
sections about the history of birds in these islands from 
fossil records and from the earliest written records, about 
the people who have studied birds and the parts played 
by birds in literature, art and music. There are chapters 
on how migration is studied, on taxonomic and ecological 
status and on, the history of bird protection. Practical 
information such as lists of song recordings, books, 
societies and sites for birdwatching and what to do for 
birds in gardens is given. The book ends with a system- 
atic list that records briefly the status of the species as 
fossils, in historical times and today. Inevitably the 
scientific treatment of any of these subjects is alight, but 
the book may introduce it to many people. 

An important feature is the illustrations. Those in 
colour will be remembered from the Shell advertisements 
and are by contemporary artists. They include views of 
places familiar to ornithologists and forty-eight of Ennion’s 
delightful sketches of birds. The text figures include 
many woodcuts from older books and portraits of ornitho- 
logists. F. A. L, Crowszs 
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RAISING BLOOD PRESSURE 


Hypotensive Peptides 

Edited by Ervin G. Erdés, Nathan Back and Federigo 
Sicuteri. (Pro of the International Symposium, 
October 25-29, 1965, Florence, Italy.) Pp. xxvi+ 660. 
(Berlin and New York: Springer~Verlag, 1066.) 74.40 D.M. 


THE papers in this book were given at an international 
symposium on hypotensive peptides held in October, 1965. 
Each chapter is an individual research paper, and so the 
book is likely to be more useful to the specialist than 
to someone who 18 seeking a readable review concerning 
these interesting substances. 

Nomenclature of these polypeptides has become so 
involved that the same substance is often known by tw 4 
or more different names. A committee of the Floren: 
conference recommended that the term “kinin” should be 
used as a general name indicating a hypotensive poly- 
peptide which is released from plasma substrate (kinino- 
gen) by the action of an endogenous enzyme (kallikrein). 
Bradykinin, one of the most important of these com- 
pounds, is a nons peptide isolated in 1961 by the action 
of trypsin on a bovine plasma fraction. 
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Papers from Italian workers in Parma and Turin show 
that these peptides have a higher vasodilator activity 
per unit weight than any other known biological sub- 
stance. Hypotension is caused by direct peripheral vaso- 
dilatation particularly in the musculo-cutaneous circula- 
tion. During hypotension sympathetic reflexes increase 
heart rate, stroke volume and cardiac output. 

Bredykinin is believed to play a physiological part in 
the vasodilatation which accompanies glandular activity 
and inflammation. Papers from England and the United 
States discuss the microcirculatory effects of bradykinin. 
There are a number of papers on kinin formation in 
pathological states in man, notably pancreatitis, strangula- 
tion of the gut and the carcinoid syndrome. Fairly 
convincing evidence is presented by Drs. Oates and 
Melimon from the United States to show that adrenaline 
acts on carcinoid tumour metastases to liberate the enzyme 
kallikrein into the blood. This acts on kininogen to liberate 
lysyl-bradykinin which is converted to bradykinin by 
aminopeptidase in plasma. 

Evidence is slowly accumulating that these peptides 
have a wide range of important pharmacological actions. 
Although many of them share the property of causing 
hypotension by bringing about vasodilatation, the title of 
this book is misleading concerning both the scope of the 
papers it contains and the diversity of actions of kinins. 

C. T. Dorey 


IN SEARCH OF GAS EQUATIONS 


Kinetic Equations of Gases and Plasmas 

By Ta-You Wu. (Addison~Wesley Series in Advanced 
Physios.) Pp. vi+ 298. ing, Mass., and London: 
Addison-Wesley Publishing Company, 1966.) 94s. 


In recent years numerous attempts have been made to 
develop a kinetic theory of dense gases and plasmas, by 
applying the ideas of statistical mechanics to non- 
equilibrium processes. These attempts have had only 
limited success, partly because they depend on multibody 
collisions, partly because electrostatic forces (and other 
intermolecular forces to a lesser extent) decrease relatively 
slowly with increasing distance, and partly because the 
velocities of colliding molecules may not be uncorrelated. 
The first of these implies that the expressions for the 
various gas coefficients cannot be evaluated explicitly; 
the second and third imply that these expressions are 
frequently given in terms of non-convergent expan- 
sions. 

Professor Wu’s book gives an account of such attempts, 
largely stemming from the work of Bogoliubov (1946). 
The book’s title is significant; it is not about gases and 
plasmas as such, but about mathematical methods in- 
voked to construct their kinetic equations. Only at one 
point (page 154) is a comparison with e iment men- 
tioned. This is only partly a result of difficulties in treat- 
ing multibody collisions. Often the highest achievement 
of one of the approaches described appears to be that it 
supplies some measure of justification for a crude simplify- 
ing assumption made earlier on general grounds, or gives 
results consistent with those obtained by another of the 
approaches. 

I found the book alternately exciting and exasperating; 
exciting in ita discussion of basic problems like irreversi- 
bility and difficulties of convergence; exasperating in its 
»reoccupation with equations as such, in its reference 

-dway to original papers just when one expected the key- 

atone of an argument, and in occasional assumptions of 
more knowledge than could be derived from the book 
alone. (There is also a not inconsiderable number of 
misprints.) The book can fairly be regarded as an interim 
report. A final version, one feels, should unify the 
different approaches and lead to a comparison with 
experiment. T. Q. Cowra 
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ABSORBING TOPIC 


Mössbauer Effect Methodology 

Edited by Irwin J. Gruverman. Vol. 2. (Pro 

of the 2nd Symposium, New York City, Jan. 25, 308) 
Pp. viiit191. (New York: Plenum Press, 1966.) 
$12.50. 


Two meetings were held in New York, in January 1965 
and January 1966, under the somewhat unattractive 
title of Symposium on Méssbauer Effect Methodology. 
Resulting from each of these, a volume of Proceedings has 
appeared, both of which are of substantial value to practi- 
tioners in this field. It is interesting to note that both 
meetings were sponsored by two commercial organiza- 
tions, the New England Nuclear Corporation and the 
Technical Measurement Corporation. 

The first volume, the subject of an earlier review, largely 
restricted its attention to experimental procedures and 
apparatus, while the second is divided into two sections 
with different objects. 

The first section is the one which most readers will find 
the more useful. It consists of articles concerning the 
technique of analysing the raw data of Mossbauer experi- 
ments in various chemical and physical applications. For 
example, the analysis of recoilless fraction measurements 
in terms of lattice dynamics is discussed, together with the 
possibility of extracting the parameters of the electric 
field gradient tensor from Méssbauer resonances split by 
quedrupole interactions. There are also articles on 
Mossbauer measurements of non-metallic materials in the 
paramagnetic state and on the determination of local 
moments in dilute alloys of iron in diamagnetic host 
metals. 

The second section of the volume concerns applications 
of the Mossbauer effect to the study of specific and especi- 
ally interesting materials, such as meteoric iron minerals, 
haemoglobin and very thin films of iron. 

Applications of the Méssbauer effect are now recorded 
in an extremely wide range of the journals of chemistry 
and physics, and the appearance of a further collection of 
authoritative articles between two covers will please 
many workers who are baving difficulty in coping with the 
Méssbauer literature explosion. R. E. Muang 


OBITUARIES 


J. Robert Oppenheimer 


OPPENENIMER was one of the most influential physicists 
in the middle of this century. This influence stemmed 
from his personality and intellectual breadth, which, 
when added to his very considerable scientific talents, 
made him a leader of the scientific community. After 
his very early work, his interest in physics turned increas- 
ingly toward fundamental questions of quantum electro- 
dynamics, positron theory, cosmic ray showers, meson 
theory, and nuclear processes. 

Oppenheimer’s education was completed after the 
events of 1925-26 which are associated with the great 
names of de Broglie, Heisenberg, Pauli, Schrédinger and 
Dirac, and therefore he cannot be counted among these 
major contributors to the basic structure of quantum 
mechanics. Nevertheless, he very soon acquired a com- 
plete mastery of these new tools and was among the 
first to bring this knowledge and skill back to the United 
States from Cambridge and Gottingen and Zurich where 
he had worked. This knowledge and skill, combined with 
a fascinating personality, made it possible for him to 
establish the very important school of theoretical physics 
centered in Berkeley. There, and in Pasadena, California, 
he had close contacts with experimental physicista. The 
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rest of his scientific career is typified by close collaboration 
in his own work and the work of his students, between 
theory and experiment—-nuclear physics with Charles 
Lauritsen, cosmic rays with Milhkan and Anderson in 
Pasadena and with the great school which was being 
built around E. O. Lawrence in Berkeley. 

Oppenheimer’s first paper, in 1926, dealt with molecular 
energy levels, his second with transitions to continuum 
states in hydrogenic atoms. Then at Gottingen he wrote 
his famous paper with Born on the approximations 
involved in the theory of molecules. Durmg the next 
three years he wrote a series of papers mostly depending 
on his knowledge of the continuum wave functions, which 
he appears to have boen the first to master. He discussed 
their normalization, and calculated the absorption co- 
efficient of X-rays near the K-edge, the continuous X-ray 
spectrum, the elastic and inelastic scattering of electrons 
including exchange effects, and greatly improved the 
calculation of stellar opacities. He also developed the 
theory of cold emission, the first example of barner pene- 
tration (antedating the explanation of radioactive «- 
decay), and, incidentally, mvented the perturbation 
theory of non-orthogonal states. This was done at 
Pasadena, where Mulikan and Lauritsen were studying 
the phenomena, and was the first evidence of a feature 
later to be so prominent in his work, that 1s his close 
collaboration with his experimental colleagues. 

This early work showed power and facility, but after 
his yoar with Pauli in 1928-29 his mterests changed, and 
thereafter were devoted to the more fundamental ques- 
tions of physics. At Zurich he learned of Heisenberg and 
Pauli’s work on quantum electrodynamics, and in late 
1929 he published his paper on resonance scattering of 
light m which he made a valiant but unsuccessful effort 
to deal with the self-energy difficulties. 

Early ın 1930 Oppenhermer showed that the positive 
particles of the Dirac theory must have the same mass 
as the electron, and calculated their rate of annihilation 
in matter. He concluded that the proton must be an 
independent elementary particle, and have its own anti- 
particle. He then turned to the problem of the anomalous 
absorption of ThO’ y-rays which had been reported by 
Chao and Tarrant, and with Harvey Hall calculated the 
relativistic photoeffect. An error led them to the con- 
clusion that the Dirac theory must be wrong for energies 
greater than mc? and was probably responsible for 
Oppenheimer’s failure at that time to believe in the 
reality of the positron. In 1931 he attempted to linearize 
the theory of the photon, as Dirac had done for the 
electron, and pointed out the different structure of 
the theory for particles of integral and half-integral spins, 
the difference which later was the basis of Pauli’s proof 
of the connexion between spin and statistics. 

By 1931 Oppenheimer’s school of theoretical physics in 
Berkeley was growing; after this time most of his papers 
were published in collaboration with his students. In 
1932 Carlson and Oppenheimer, in an effort to understand 
the great penetration of cosmic rays, studied the ioniza- 
tion losses of relativistic electrons and Pauli neutrinos, 
and were unable to account for the penetrating component. 
In 1933, after the discovery of the positron by Anderson, 
Oppenheimer and Plesset gave the first correct desorption 
of the mechanism of pair production by y's, and showed. 
that the theory quantitatively explained the excess absorp- 
tion of ThC’ y-rays in heavy elements. They pointed out, 
however, that the theory would predict large deviations 
from the mass absorption law for cosmic rays (assuming, 
as they did, that the sea level cosmic rays were mostly 
electrons and positrons), and concluded that, while it was 
applicable in the range of radioactive decay energies, it 
must fail at energies greater than 137 mc*. A fundamental 
barrier to Oppenheimer’s success in making progress with 
the difficulties of quantum electrodynamics must have 
been this belief in the incorrectness of the theory, a belief 
which he continually stresses. His appreciation of experi- 
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mental results and his close association with the experi- 
mentalists, a strength in other aspects of his work, in this 
may have been a weakness. 

Later in 1933, in a paper with Furry, Oppenheimer 
formulated the Dirac theory as a field theory, essentially 
in its modern form. The charge renormalzation and tho 
vacuum polarization effects were pomted out, although 
the problem of gauge invariance remamed as a difficulty. 
The vacuum polarization effects were declared to bo 
observable, with a warning that other radiative correc- 
tions existed for electrons. During 1934 and 1935 ho 
worked on critiques of this and other aspects of electro- 
dynamics. In June 1936, he first discussed the theory of 
electron—positron showers, and an elegant treatment of 
this important problem was given at the end of the year 
by Carlson and Oppenheimer and then by Snyder, one 
of his students. Oppenheimer concluded that the success 
of the shower theory proved the validity of electron 
theory, and required the existence of a new type of particle 
im cosmic rays. In June 1937, immediately after the 
discovery of the meson by Anderson and Neddemeyer 
and Street and Stevenson, he wrote, with Serber, pointing 
out the probable connexion of the cosmic ray meson with 
the particle suggested by Yukawa, concluding that ıt was 
not a primary cosmic ray, but was ejected from nuclei 
in the upper atmosphere, and explaining the showers at 
sea level and below as being produced by knock-on 
electrons. Another suggestion which was originally in 
this paper, that the finite lifetime of the meson would 
lead to anomalous atmospheric absorption, was eliminated 
on Millikan’s insistence of the validity of the mass-absorp- 
tion law. 

Earlier, Oppenheimer had become involved in the work 
in nuclear physics being done by the rapidly growing 
schools of Lawrence in Berkeley and Lauritsen in Pasa- 
dena, His first paper on this subject, in December 1932. 
accounted for the resulta of Henderson on the energy 
variation of the nuclear reaction, produced by bombarding 
lithium by protons. In 1935, with Phillips, he calculated 
the yield of protons in deuteron reactions, the ‘‘Oppen- 
heimer~Phillips process”, which explained the experimental 
results of Lawrence, McMillan and Thornton. A series of 
papers on reactions in hght elements discussed. observa- 
tions of the Lauritsen group. In one of them the first 
evidence for the operation of an isotopic spin selection 
rule was pointed out. 

Oppenheimer’s connexions at Pasadena with the staff 
of the Mount Wilson Observatory led to an interest in 
astrophysics, to papers on, neutron stars in 1938 and 1939, 
and to his well known work with Snyder on gravitational 
contraction, in 1939. 

The years 1940 and 1941 saw intensive work on meson 
theory, including attempts to deal with the strong couphng 
problem by including inertial and radiative reaction 
damping effects. In 1941, in a paper with Schwinger, he 
applied Wentzel’s strong coupling theory to pseudoscalar 
mesons, and predicted the existence of nucleon isobars 
with an excitation energy slightly less than the rest energy 
of the meson. These efforts were interrupted by the war. 
The papers Oppenheimer published immediately after the 
war represented a continuation of this line. One, with 
Bethe, discussed radiation damping, and another, with 
Lewis and Wouthuysen, the multiple production of 
mesons. 

The discovery of fission changed the lives of a whole 
generation of physicists. Oppenheimer’s understanding 
of both theory and experiment, and his close relationr 
with both, made him a very suitable head for the famous. ~- 
Los Alamos Laboratory which made the atomic bomb. 
Those connected with this laboratory in the war-time 
years will never forget the spirit and verve which mfused 
the whole enterprise and Robert Oppenheimer who was 
the leader and source of this inspiration. 

I. I. RABI 
ROBERT SERBER 
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Sir Walter Cawood 


Tue death of Sir Walter Cawood has robbed us of a dis- 
tinguished screntist and an able administrator. For most 
of his professional life he served in government depart- 
ments and research establishments primarily concerned 
with military affairs, but he was always deeply interested 
in the problems involved in putting science to work. The 
identification of future need, the deployment of large 
resources, the delicate balancing of basic and applied 
research, advanced technology and development are 
equally relevant to the growth of our economy; these are 
the tasks in which Cawood built up his reputation. 

Born in April 1907, he was educated at Archbishop 
Holgate’s School and at the University of Leeds, where 
he took his Ph.D. degree in chemistry. He was a Cohen 
prizeman, & Ramsey Memorial Fellow and a Moseley 
Scholar of the Royal Society. His research during this 
period was concerned with the properties of aerosols and 
the theory of coagulation; and despite his widening 
experience, particularly of aeronautical matters, he always 
maintained his original interest ın physical chemistry. In 
1938 as the international situation worsened, he joined 
an Air Ministry team engaged on chemucal warfare. This 
involved him in the design of proximity fuses, and from 
1942 his most valuable work was in instrumentation. He 
was responsible for the development of bomb and torpedo 
sights and for synthetic training aids particularly for 
night flying. He improvised a simple preset range finder 
for use in aircraft attacking the flying bomb, and to 
improve this device he took part in operations against 
these missiles; for this he was awarded the honorary rank 
of Wing Commander. 

He was deputy director at the Royal Aircraft Estab- 
lishment from 1947 to 1953 and it was during this time 
that he acquired an abiding interest in aviation and in 
ground and airborne avionics. In 1954 when Theodor von 
Karman was creating A.G.A.R.D., a unique organization 
which did so much to restore the European aeronautical 
fraternity, Cawood gave enthusiastic support and as a 
national delegate gave a great deal of his time in the 
critical early stages. From 1953 until 1959 he was at the 
headquarters of the Ministry of Aviation, where he was 
responsible for the aeronautical research programmes. He 
believed ın identifying the few important growth points 
from a wide range of promising alternatives; and once he 
had made his choice he was single-minded in his support. 
He foresaw the potential of vertical take-off and as early 
as 1958 provided support tor Sur Sydney Camm’s deflected 
thrust aircraft, the forerunner of the Kestrel now entering 
service with the Royal Air Force. He understood the 
need to supplement wind tunnel measurements with 
actual flight trials. He encouraged the investigation of 
light weight lifting engines ın the “flying bedstead” and 
later with Short’s 8.C.1; and of the low speed handling 
properties of the slender wing with the Fairey Delta 
which did so much to validate the design of the Concord. 

‘in 1959, when responsibility for research and develop- 
ment in the munitions field was transferred from the 
Ministry of Supply to the War Office, Cawood became the 
first chief scientist of that department and later in 1964 
the first scientist to be a member of the Army Board. 
He had already in 1955 brought together armament 
research and development into one establishment at Fort 
Halstead and his wide experience was invaluable in 
welding into one team tho various scientific and engineer- 
ing organizations within the War Office, and in building 
up confidence between the scientists and their military 
colleagues. His own personal knowledge of aviation 
technology was particularly useful to the Army, which 
was beginning to invest heavily in helicopters and in air 
transportability; and his earlier training as a chemist 
found new application in the affairs of the Chemical 
Defence Establishment at Porton and the Ordnarice 
Factories. 
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In 1964 he returned to the Ministry of Aviation as 
chief scientist and became involved in the redeployment 
of effort after the defence reviews, which led up to the 
integration of the Ministry of Aviation within the new 
Ministry of Technology. is particular concern was to 
extend the mandate of the defence establishments so that 
their unique resources would be more directly available 
to civil industry. Although he had not been in good 
health for the past year, he continued to carry his heavy 
responsibilities and at the last he was among his col- 
leagues and friends at the Royal Aircraft Establishment 
where he had spent so many active years. 

ROBERT CookBuRN 


Dr. R. J. Van de Graaff 


ROBERT Jemison VAN DE GRAAFF, the inventor of the 
widely known Van de Graaff high voltage generator, who 
died at Boston, Massachusetts, on January 16, 1967, at 
the age of 66, was born in Tuscaloosa, Alabama. 

He graduated in mechanical engineering from the 
University of Alabama in 1923 with the degree of B.S. 
and m 1924 as M.S. This background in engineering 
proved later to be of great value to him in his experimental 
work in physics. After a short period spent with the 
Alabama Power Company on an mvestigation of the 
flotation of ores, he proceeded in 1924 to the Sorbonne 
where he supported himself from his savings and with a 
grant from the State of Alabama. 

It was at the Sorbonne, where he attended lectures 
and demonstrations by Madame Curie, that Van de 
Graaff acquired his life-long interest in fundamental 
atomic and nuclear physics. In 1925 he was elected 
Rhodes Scholar for Alabama and went to Oxford where 
he worked m Townsend’s electrical laboratory for the 
D.Phil. degree. Here he soon showed his outstanding 
characteristic as a scientist: the ability to think deeply 
and critically about familiar topics and practices and to 
recognize potentialities in them that had been overlooked. 
He selected his own research topic, the accurate measure- 
ment of the mobilities of ions in gases, and by the use of 
a new form of electrical shutter he was able to publish in 
1928 measurements of the mobilities of positive ions in 
hydrogen that represented the first real advance in this 
field since the pioneering measurements made at the 
end of the last century. His paper, however, anticipated 
the first publication by Tyndall and Powell of their inde- 
pendent and similar measurements by only a few weeks. 

At this time speculation about the possibility of 
disintegrating atomic nuclei by artificially accelerated 
particles and the need for a source of high voltage was 
much “in the air’, and it is interesting that Van de 
Graaff’s fundamental contribution first came into his 
mind during his work on mobilities. Observing at dusk 
one evening the spectacular display of luminosity from the 
Whimshurat machine that activated his point source of 
gaseous ions, he remarked on the gross inefficiency of the 
device and realized that a large hollow conducting sphere 
charged. continuously on the inside from an endless belt 
would not only attain a high voltage but would enable 
currents to be drawn from it equal to the rate of charging. 
By 1929, when Van de Graaff returned to the United 
States as a National Research Fellow at Princeton, he 
had already worked out the essential design of his electro- 
static high voltage generator. Dr. K. T. Compton, with 
whom he was to work, immediately recognized the impor- 
tance of Van de Graaff’s ideas and gave him full support 
and encouragement. A demonstration model was rapidly 
constructed which was later described by Compton as 
“. .. bemg made out of a tin can, a silk ribbon and a small 
motor, at no expense. This model developed 80,000 V, 
being limited by the corona discharge from the edges of 
the can”. A two million volt generator was next built 
in a deserted dirigible hangar and the Van de Graaff 
generator became thereafter a major scientific device 
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with many uses. The remainder of Van de Graaff’s 
scientific career was dedicated to the improvement and 
uses of high voltage generators. 

In 1931 he followed K. T. Compton to the Massachusetts 
Institute of Technology, and during the war as director 
of the High Voltage Radiographic Project there for the 
Office of Scientific Research and Development, with the 
help of a small group, he budt and installed five genera- 
tors. This experience suggested that electrostatic genera- 
tors could be produced commercially as standard instru- 
ments for use in nuclear research and medicine and led 
to the formation in 1946 of the High Voltage Engineering 
Corporation of which Van de Graaff and Drs. John 
‘Trump and Denis Robinson were directors. The pheno- 
‘menal success and growth of the company are well known 
and its products are to be found in physical research 
laboratories and hospitals all over the world. Van de 
‘Graaff served the company first as chief physicist and later 
as chief scientist, and was responsible for many of ita 
major scientific advances, such as the recent ingenious 
insulated core transformer. His most recent work was 
directed to the improvement of rotating electrical genera- 
éora both for the direct production of high voltages and 
for large powers, and with his usual acumen he was able 
to circumvent some of the limitations of conventional 
machines. 

As a scientist who left his mark on the science of his 
generation Van de Graaff received many academic honours 
including the Elliot Cresson Medal of the Franklin 
Institute; the Naval Ordnance Development Award; 
the Dudell Medal of the Physical Society; the Tom W. 
Bonnor Prize of the American Physical Society, and 
honorary degrees from the Universities of Alabama, 
Florida and Utrecht. 

Van de Graaff was among the most courteous and 
considerate of men; he evoked deep affection, admiration 
and loyalty in friends and colleagues alike, and his 
eonversation, both scientific and socal, was stimulating, 
provocative, just and vivid. Those privileged to know 
him will, in retrospect, echo Reynolds’ tribute to Johnson 
-—“He qualified my mind to think justly”. 

L. G. H. Huxrey 


Dr. Nabor Carrillo 


De. Nasoz Carro, who died on February 19 at the 
age of 54, was a prominent Mexican scientist. He had 
represented his country at the U.N. Atomic Energy 
Commission. He began to teach at the National Univer- 
sity of Mexico when he was still a student. Dr. Sotero 
Prieto, a pioneer in, modern mathematics, regarded 
Carrillo as his most ed student. In 1942, 
Carrillo completed his doctoral thesis at Harvard Univer. 
sity. 
His best known work includes the first quantitative 
explanation of the subsidence of Mexico City and the 
analysis of the subsidence of Long Beach, California. 
In the latter case his theory of “tension centres’? was an 
important contribution to soil mechanics. One of his 
notable achievements was the design of the Angostura 
arch dam, the first such enterprise to be undertaken by 
Mexican engineers. Carrillo’s many publications in 
‘physics, applied mathematics and engineering covered 
such topics as elasticity, plasticity, soil mechanics and 
the strength of materials. 

Carrillo was a professor at the National University of 
Mexico—here he was for several years co-ordinator of 
scientific research—-at Harvard University and at the 
universities of New York and Havana. In 1946 he was 
named adviser on nuclear energy to the Mexican govern- 
‘ment, and represented his country at the U.N. Atomic 
Energy Commission and at the experiments at Bikini. 
From 1956 he was a member of the board of directors of 
his country’s Nuclear Energy Commission. In 1967 he 
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received Moexico’s National Prize for science; he was 
twice president of the Mexican National Academy of 
Sciences, and was also president of the Mexican Mathe- 
matical Sooty. Carrillo was awarded a number of 
honours, including the Humboldt Medal and the Légion 
d’Honneur, but he regarded his eight years, from 1953-61, 
as Rector of the National University of Mexico as the 
highest honour he ever received. 


- Dr. Joseph Bamforth 


Tux death of Dr. Joseph Bamforth at the age of 78 on 
February 10, 1967, deprived clinical pathology of one of 
its greatest exponents and of one of its most lovable 
characters. After graduating M.B., Ch.B. from the 
University of Liverpool in 1911, and taking the Conjoint 
Diploma in the same year, he held appointments as house 
physician and house surgeon in Liverpool Royal Infirmary 
before becoming a Holt Fellow in Pathology and later 
lecturer in the university. He proceeded M.D. in 1914, 
his thesis being a histological study of the cyclical changes 
in the endometrium, thus pointing towards an interest 
in gynaecological pathology which he was to exploit to 
the full in later years. The First World War, however. 
involved service in the forty-ninth General Hospital, 
British Salonika Force, which not only turned his interests 
for the timo being towards bacteriology but also had a 
profound effect on his later career, in that association with 
L. S. Dudgeon, consulting pathologist to this force, resulted 
in Bamforth becoming assistant bacteriologist at St. 
Thomas’s Hospital, London, ın 1922. In 1924 he took the 
M.R.C.P. and described the first British cases of dysentery 
caused by Sonne’s bacillus. Studies on atypical Hechert- 
chia colt and investigation of Staphylococcus aureus with 
the production of a “toxoid’’ for the treatment of 
farunculosis (which was still in demand for some years 
after the introduction of antibiotics) followed, together 
with publications on megakaryocytic myelosis and aplastic 
anuemia. After Dudgeon’s death in 1938, Bamforth 
became director of clinical pathology at St. Thomas’s, 
and during the Second World War he also served as an 
Emergency Medical Service sector pathologist when the 
hospital was evacuated to Hydestile, near Godalming. 
In 1940 he was elected F.R.C.P. 

After returning to London at the end of the war, he 
concentrated more on histology and especially on diagnos- 
tic cytology, in which he had been interested since 
Dudgeon developed the technique, and to which he con- 
tributed much original work culminating in the publica- 
tion of his book, Cytological Diagnosis in Medical Practice. 
in 1966—when he was 77 years old. 

He retired from St. Thomas’s in 1983, but his work 
continued at the Imperial Cancer Research Fund, Royal 
College of Surgeons, and at King’s College Hospital. 
Election as F.R.C.0.G. in 1958 and aa first President of 
the British Society for Clinical Cytology in 1962 gave him 
great pleasure. 

Such an account of Joe’s public achievements gives 
little idea of his outstanding personal qualities which 
included a charming and genuine modesty and an enthusi- 
asm for his work which he was able to communicate— 
without conscious effort on his own part-—to students, 
colleagues or even the first person he happened to meet 
after making a particularly interesting discovery in his 
laboratory. His application of laboratory investigations 
in clinical diagnosis was aided by an astonishing memory 
of details of previous cases, a characteristic which also 
made him a stimulating teacher. Neither his enthusiasm 
nor his vast experience, however, deviated him from his 
course of strict scientrfic honesty. 

Joe was a great pathologist; his kindness, generosity 
and wit will be remembered with affection and gratitude 
by his very many friends who knew him also as a great 
man. K. R. DemrstTar 
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University News: London 


Sin Ownn BAUNDERS, acting rector of the Imperial 
College of Science and Technology, has been elected 
vice-chancellor, and Professor ©, T. Ingold, professor of 
botany in Birkbeck College, has been, appointed deputy 
vice-chancellor, for the university year 1967-68. Dr. 
P. N. Magee, a member of the scientific staff of the Medical 
Research Council Laboratomes, has been appointed 
to the Philip Hill chair of experimental biochemistry at 
the Middlesex Hospital Medical School, and Dr. G. H. 
Williams, reader in organic chemustry at Birkbeok College, 
hes been appointed to the chair of chemistry tenable at 
Bedford College. The title of professor of applied 
neurobiology has been conferred on Dr. J. B. Cavanagh 
in respect of his post at the Institute of Neurology; 
the title of professor of air and space law has been con- 
ferred on Dr. Bin Cheng, in respect of his post at 
University College; and the title of professor of biology 
has been conferred on Dr. H. Kalmus in respect of his 
post at University College. 


Massachusetts Institute of Technology 


Dr. Inwin W. Szer, now head of the Department of 
Biology, has been appomted dean of the Graduate School 
on the retirement of Dean Harold W. Hazen. 


McGill 


Ds. A. S. PERLIN, at present head of the Chemistry of 
Natural Productions of the Canadian National Research 
Council Laboratory in Saskatoon, has been appomted to 
the E. B. Eddy chair of industrial and cellulose chemistry. 


Nottingham 


De. H. K. WEeInBEEN, ab present reader in morbid ana- 
tomy at the Royal Postgraduate Medical School, has been 
appointed to the Foundation chair of pathology in the 
new Medical School being established in the university. 


Southampton 


Dr. D. W. Barron, fellow of Downing College, Cambridge, 
has been appomted to the chair of computation in the 
Department of Mathematics, and Professor J. W. Craggs, 
professor of applied mathematics in the University of 
Melbourne, has been appointed to the chair of engineering 
mathematics. 


Ulster 


PROFESSOR A. MACFADYEN, at present guest professor in 
soil. biology ın the University of Aarhus, Denmark, and 
Dr. P. J. Newbould, at present senior lecturer in the 
Department of Botany, University College London, have 
been appointed to chairs of biology in the new university. 


Western Australia 


Dr. WALTER Stern has been appointed to a new chair 
in agronomy. 


Appointments 


Sm Worm Cannon has been appointed a member of 
the United Kingdom Atomic Energy Authority on a 
part-time basis for a four year period from April 1. 


Dr. Jonn C. BRANDT, JUN., formerly a senior staff member 
at the Goddard Institute for Space Studies in New York, 
has been appointed head of the Solar Physics Branch 
in the Leboratory for Space Sciences at the Goddard 
Space Flight Center, NASA. 


Dz. R. J. Urren, vice-chairman. of the Canadian Defence 
Research Board, has been appointed chairman of the board 
in succession to Dr. A. Hartley Zimmerman. 
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Deg. M. W. Zemansxky, formerly professor of physics at 
the City College of the City Univermty of New York, has 
been appointed executive secretary of the American 
Association of Physics Teachers, in succession to Dr. J. 
William Buchta. 


Announcements 


Mamre in the Chateau de la Muette, Paris headquarters 
of the O.B.C.D., the Science Policy Committee of the 
O.E.C.D. elected as ite chairman Dr. J. Spaey. Dr. 
Spaey is a member of the Belgian Inter-Ministerial Com- 
mittee on Science Policy. As vice-chairmen the committee 
elected Dr. F. Schneider (director of the Max Planck 
Gesellschaft) and Mr. I. Bennett, from the Office of 
Science and Technology, Executive Office of the President 
(United States). The Committee discussed the progress 
of the organization’s work on the “technology gap” and 
on the International Statistical Year, and the progress 
of the pilot teams on science and economic development. 


Tu Royal Society of Tropical Medicine and Hygiene 
has announced that the Chalmers Medal for 1967 has been 
awarded to Dr. R. H. Wharton, of the Veterinary Parasito- 
logy Laboratory, Yeerongpilly, Queensland, Australia. 
The medal, awarded annually for outetanding work in 
tropical medicine or hygiene, has no restriction of national- 
ity, sex or profession, but is always awarded to those 
under the age of 45. Dr. Wharton, an entomologist, 
was awarded the medal for his work in the field of malaria 
and filariasis. A graduate of Sydney University, he has 
worked mainly in New Guinea and Malaya. 


Tar Ernest Orlando Lawrence Memorial Award for 1967 
has been awarded to the following nuélear scientists in 
recognition of their work in the field of atomic energy: 
Dr. M. M. Elkind of the National Cancer Institute, U.S. 
National Institutes of Health; Dr. J. M. Googin of the 
Union Carbide Nuclear Division, Oak Ridge, Tennessee; 
Dr. A. F. Henry of the Bettis Atomic Power Laboratory, 
Westinghouse, Pittsburgh; Dr. J. O. Rasmussen of the 
Lawrence Radiation Laboratory; Dr. R. N. Thorn of the 
Los Alamos Scientific Laboratory, Los Alamos. Hach 
winner received a gold medal, citation and cash award of 
$5,000 


Tua American Physical Society has made the following 
special awards: the 1967 Oliver H. Buckley Solid-State 
Physics Prize to Professor H. G. Drickamer in recognition 
of his work on effects of extreme pressures on the electronic 
and molecular structures of solids; the 1967 High-Polymer 
Physics Prize to Dr. J. H. Gibbs and Mr. E. A. Di Marzio 
in recognition of their theory of the glass transition and 
their contribution to the theory of the helix-coil transition 
in biological macromolecules; the 1967 Irving Langmuir 
Prize to Professor J. C. Slater in recognition of his analysis 
of the mechanisms which bond in molecules and solids. 


Tua following awards have been made by the Council 
of the Iron and Steel Institute for 1966: Ablett Prize for 
1966 to Mr. J. M. Thomas and Mr. A. Tomlinson (BISRA), 
Williams Prizes for 1966 to Dr. M. A. Adams and Dr. 
J. R. Bevan (Steel Company of Wales Ltd.); Sidney 
Gilchrist Thomas Medals and Prizes for 1965—66 to Mr. 
M. Ward (Richard Thomas and Baldwins Ltd.) and 
Mr. R. Widdowson (BISRA); Andrew Carnegie Medal 
for 1966 to Mr. H. Stuart. 


Prornussozn E. Mayr, director of the Harvard Museum 
of Comparative Zoology, has been awarded the Daniel 
Giraud Elliot Medal of the National Academy of Sciences 
in recognition of his treatise ‘“Animal Species and Evolu- 
tion”, published by The Belknap Press of Harvard Univer- 
sity Press. 


Dre. W. P. Woopeta, honorary research associate of the 
Smithsonian Institution, has been awarded the Mary 
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Clark Thompson Medal of the National Academy of 
Sciences in recognition of ns achievements in molluscan 
palaeontology, Caribbean Tertiary biogeography and 
Cenozoic stratigraphy. 


A Evrornman Society for Clinical Investigation has been 
established to enable younger workers in all disciplines 
contributing to clinical investigation to exchange views 
and criticisms, to help raise standards of research and to 
encourage international co-operation in European medi- 
cine. The first annual meeting will be held in Noordwijk, 
Holland, during April 28-29 and further mformation can 
be obtained from Dr. G. E. W. Wolstenholme, The Ciba 
Foundation, 41 Portland Place, London, W.1. 


Meetings 


Lusrioarion, April 24-28, University of Bradford (The 
Registrar, University of Bradford, Bradford 7). 


Stam Plant Ancillary Equipment, April 26, Napier 
College of Technology, Edinburgh (Conference Depart- 
ment, The Institution of Mechanical Engineers, 1 Bird- 
cage Walk, Westminster, London, 8.W.1.). 


Canavian High Polymer Forum, May 24-26, University 
of Laval (Dr. D. M. Wiles, Division of Applied Chemistry, 
National Research Council, Ottawa, Ontario). 


PHotoosRomism, May 25, College of Technology, Letch- 
worth (The Principal (KJD), College of Technology, 
Letchworth, Herts). 


AuromaTio Photomterpretation, May 31—June 2, 
Washington, D.@. (Mr. G. C. Cheng, Pattern Recognition 
Society, P.O. Box 602, Silver Spring, Maryland). 


IMMUNOLOGIOAL Aspects of Polymorphism, May 3l- 
June 3, Laval University (Symposium International sur 
les Aspects Immunologiques du Polymorphism, a/s 
Dr. D. Dufour, Université Laval, Québes 10e). 


Recovery and Repair Mechanisms in Radiobiology, 
June 5-7, Brookhaven National Laboratory (Dr. D. G. 
Baker, 1967 Brookhaven Symposium, Biology Depart- 
ment, Brookhaven National Laboratory, Upton, New 
York 11973). 


Form Chemical Conference and Exhibition of the 
Chemucal Institute of Canada, June 5-7, Toronto (Chemi- 
cal Institute of Canada, 151 Slater Street, Ottawa 4). 


DNA-RNA Hybridization, June 5-24, International 
Laboratory of Genetics and Biophysics, Naples (Labora- 
torio Internazionale dı Genetica e Biofisica, Casella 
Postale 3061, Naples). 


InpusrriaL Physics—The Contribution of Government 
Sponsored Laboratories, June 7-9, Harrogate (Meetings 
Officer, The Institute of Physics and the Physical Society. 
47 Belgrave Square. London, 8.W.1). 


Drue Research, June 12-14, Montreal (The Chemical 
Institute of Canada, 151 Slater Street, Ottawa 4) 


STRUCTURAL Processes in High Temperature Matenals, 
, June 13-14, Cockeroft Hall, Atomic Energy Research 
Establishment, Harwell (Mr. F. K. Pyne, Building 77, 
A.E.R.E., Harwell, Didcot, Berkshire), 


Prosiems Facing Systematics, June 14-16, University 
of Michigan (Ann Corwin, National Academy of Sciences, 
National Research Council, 2101 Constitution Avenue, 
N.W., Washington, D.C. 20418). 


MECHANIZED Information Storage, Retrieval and Dis- 
semination, June 14-17, Rome (Conference Committee, 
c/o Rassegna Internazionale Elettronica, N. et T.. Via 
Crescenzio, 9, Rome). 
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CATALYSIS, June 14-16, McMaster University (Professor 
R. B. Anderson, Department of Chemical Engineering, 
McMaster University, Hamilton, Ontario). 


CARBONIUM Ions, June 26-30, Athens (G. Gregoriou, 
Biochemistry and Experimental Medicine Department, 
Nuclear Research Center ‘“SDemocritos’”’, Athens). 


Prorerxy Foods and Concentrates, June 27—July 4, 
Central Food Technological Research Institute, Mysore 
(Dr. B. L. Amia, International Protein Symposium, 
Central Food Technological Research Institute, Mysore-2). 


TaN Films, June 27—July 2, Budapest (Secretariat of the 
Hungarian Society for Optica, Acoustics and Film- 
technics, Budapest, V., Szabadság tér 17). 


Somm Aspects of Drug Safety, June 29-30, Ottawa (Dr. 
G. R. Van Petten, Pharmacology Section, Department of 
National Health and Welfare, Ottawa 3, Ontario). 


PrmaroLtoey, June 30-July 3, Emory University, 
Atlanta (Dr. G. H. Bourne, Yerkes Regional Primate 
Research Center, Emory University, Atlanta, Georgia 
30322). 


NATURALLY Occurring Phosphoric Esters, July 10-12, 
Newcastle upon Tyne (General Secretary, The Chemical 
Society, Burlington House, London, W.1). 


EieutH International Embryological Conference, Sep- 
tember 3-9, Interlaken, Switzerland (Dr. A. Curtis, 
Zoology Department, University College, Gower Street, 
London, W.C.1). 


APPLICATION of Electron Microscopy to Molecular 
Biology, September 4-23, Geneva (Dr. E. Kellenberger, 
Institut de Biologie Moleculaire, 24 Quai Ecole-de- 
Medecine, 1211 Geneva 4). 


Non-Newtonran Flow through Pipes and Passages, 
September 19-21, Shrivenham (Dr. M. F. Culpin, 8 
Broadway, Pontypool, Monmouthshire). 


L. H. Gray Memorial Conference on Radiosensitizers which 
could replace Oxygen and Hypoxia and Low Dose Rato 
in relation to Fractionation, September 20-22, Mount 
Vernon Hospital (Dr. O. C. A. Scott, B.H.C.C. Research 
Unit in Radiobiology, Mount Vernon Hospital, Northwood, 
Middlesex). 


CORRESPONDENCE 


Condensation of Porphobilinogen 


Sm,—Russell! has reviewed mechanisms for the enzymatic 
conversion of porphobilinogen to uroporphyrinogen IXI 
and has suggested that the first step is the formation of 
a linear tripyrrole catalysed by porphobilinogen deaminase, 
which serves as a substrate for uroporphyrmogen iso- 
merase together with a fourth molecule of porphobilino- 
gen. Russell suggested that the second step would be the 
formation of a cyclic intermediate which would undergo 
rearrangement according to a mechanism proposed 
earlier?. I wish to point out that such a scheme, identical 
in its essentials, was published in 1964 by P. Cornford’ 
and that her hypothesis is more detailed and more explicit. 


Yours, ete., 


C. RIMNGTON 

Department of Chemical Pathology. 7 
University College Hospital Medical School, 
London, W.C.1. 
1 Russell, O. 8., Nature, 213, 1023 (1967). 
1 Bullock, E , Johnson, A W , Markham, E ,and Shaw, K. B., J. Chem. Soc, 

1430 (1958). 
3 Cornford, P., Brockem. J , 91, 64 (1964). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, April [0 


UNIVERSITY OF LonDON (at the London School of Hygiene ana Tropi 
Mediome, Kop el Street, Gower Street, London, W.C 1), at 5 80 or 
(Turku). “Cranial Growth Centres: Facts or F aces ese 


pounce OF ELECTRICAL ENGINERRS (joint meeting with the Institu- 
Fon of Electrical and Electronics Technician Engineers, at Sayoy Placo, 
„ondon, W C.2), at 6 pm.—Sir Robert Cockburn, K.B.E, C.B.° Elec- 
romes 1n PREE 


F INSTRUMENT TECHNOLOGY (at the Manchester Literary and 
lea Bociety, 38 George Street, Manchester, 1), ab 645 p.m.— 
“Instrumentation of Nuclear Power Stations”. 


Monday, April 10—Wednesday, April 12 


PHY TOOHEINGAL GROUP ae minena] Collego, London, $.W.7)}—Sympos- 
tum on “Plant Cell Organelles 


Soosty OF CHEMIOAL INDUSTRY PESTIODES GROUP—PHYBIOO-ORRMIOAL 
uND BIOPHYSICAL PAWEL (at the School of Pharmacy, Brunswick Square 
ondon, W.C.1)}—Symposium on Ph yeteo Chemie and Biophysical 
Tactors Affecting the Activity of Pesticides”. 


uhilono 
ofr. T. 


Tuesday, April II 


ZOOLOGIGAL So0reTy oF LONDON (at the Zoological Gardens, Regent’s 
Lark, Tondon. N WIL at 5 p.m.— Solentific Papers and Films. 


ROYAL SOCIETY OF ARTS, COMMONWHALTH BEOTION (at John Adam Street, 
Adelphi, London, W.C. 2), at 5.15 p.m.—Dr. F. Simmonds, “The 
Kconomics of Biological Control” (John Curtis Lecture 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Rocleston 
otal, Victoris, London, 8.W.1), at 6.80 p.m.——Annual General Meeting and 


Tuesday, April 11—-Wednesday, April 12 


BRITISH BOCIETY oy Sor. ere {at University College London, Gower 
Street, London, W.0.1)—~Papers ons on the following themes: 
“Chron ology and Geomar Dh Ey. of British Souls”, “Bon Analysis in Soll 
(Olassification’’, 


INSTITUTION OY CIVIL ENGINEERS (at Groas George Street, London, 8 W 1) 
Conference on ‘Airports for the Future’ 


Prasti Inerrrore (at the Institution of Electrical Engineers, Savoy 
pisce; „ondon, W.C.2}--Conferonce on “Plastics in Telecommumceation 
ables 


BOOTY OF CHENICAL INDUSTRY, PESTICIDES Pekla {at the Behool ao 
Pharmacy, Brunswick Square, London, W C.1)—8: osium on “Physi 
Chemical and Biophysical Factors Affecting the peice of Dede 


Tuesday, April |1—Thursday, April 13 


BRITISH BIOPHYSIUAL Sooty (at the Physical Chemistry Laboratory, 
Oxford)—Meetung on “The Spectroscopy of Biological Macromolecules”. 


Pi eats Sooty (at the University of Exeter, Exeter), at 2 80 p.m. on 
and 9.30 a.m. on Wednesday and Thursday—General Digcnosslon on 
ares Structure and Properties of Liquids”. 


Wednesday, April 12 


CHALLENGER SOCIETY (in the rooms of the Linnean Society, Borlngton 
‘House, Plocadiy, London, W.1), at 5.45 p.m.—Annnal General Mee k 
followed by Mr. R. G. 8. ‘Avery: “Underwater Problems Assoolated wr 
Offshore amta “Mt. E S J. Roo. ‘The Formation Rate of Lanunse in 
the Kar Plug of the Fin Whale” 


INSTITUTION OF ELEOTRIOAL ENGINEERS (at Savo 
at 6p.m.—Dr. J E Carroll: “The Future Use of 
Microwave Field”, 


IxstiruTion OF ELEOTROMO AND RADIO ENGINEERS (at 8-9 Bedford 
8quare, London, W C 1). at 6 pm.—-Mr. B, Wolfendale: ‘‘Ciromt Demgn 
using Digital Computers”. 


ROYAL Boorrry OF ARTS (at John Adam Street, Adelphi, London, W.0.2), 
at 6 pm—Dr 8. Bradbury: “Some ‘Applications of Modern Biioroscopy’ 
(Peter Le Neve Foster Lecture). 


SOOLBTY OF ENVIRONMENTAL ENGINBRRS (in the Mechanical Engineering 
wie Hardin rane ae e, Exhibition Road, London, 8.1. i) at 6 p.m. 
Ge vironmental Problems Associated with tho 

ni 


Peier OF Cumrraat INDUSTRY, FOOD GROUP—NOUTRIMIONAL PANEL (at 
Belgrave Square „gondon, 8.W. ie at 6.15 p.m -—Annual General Meeting, 
followed by Dre Dr, R. Scott Russell: ‘Radioactivity in Foods (Natural an 
CONE GAT 


OF INSTRUMENT eee Gp Hingineering Lecture Theatre 
“L”, University College, Swansea), a! ™m.—Mr. Syke: “Quality 
Control Instrun entation “for Steel att ana Taplate Production”. 


Wednesday, April 12—Thursday, April 13 


INSTITUTS OV PHYSIOS and the PRYBIOAL Socmry, in collaboration with 
the INSTITUTH OF METALS (in the J. J. Thomson Physical Laboratory, 
University of Reading)—-Conference on “Point Defects in Metals”, 


SYRTEMATIO8 ASSOCIATION (at the College of Physical Education, Cramond, 
Edinburgh), at 10 am. ey eae on “The Systematics of 
Cultivated Plants and Domesticated Animals 


Thursday, April 13 


Roya Socrery (at Burlington House, Piccadilly, 
p m -—MrT. J. 8. Alexandrowicz’ ‘Organization of 
Crustaceans” (Review Lecture) 


Place, London, W.0.2), 
lid-State Devices in the 


London, W.1), at 4.80 
uscle Receptor Organs im 


Thursday, April 13—Friday, April 14 


BiocHantoaL Soogrmry (at University Coll London, Gower Street, 
London, W.O 1}—470th Tots Hosting Programme willinclude the Annual General 


Business Meeting; Pro: arker ‘Blochemical Functions of Corrinoid 
Compounds” (Sixth Hopkins Memorial Lecture); and a Colloquium on 
"Enzymes of Nucleic Acid Metabolism’’. 

Friday, April 14 


ISSTITUTION OF ELHOTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.80 p.m —Dr. G. O. Barney: “Method of Rapidly Reversing Large 
Currents in Highly Inductive Loads”. 


INSTITUTION OF BLEOTRIOAL ENGINEERS (at Savoy Place 


London, W.C.2), 
at 5 30pm.—Mr 8. B. Bradshaw: 


“A Survey of Somin dastor Materials". 


poe cae 17 


AL SoormrTy OF MEDICOTE CIENTIFIO RESEARCH) SECTION 
"i P Wimpole Siret, London, Co, TERE 1), at 5. Sa m.—Lord Hall of Luton and 
r. Charles Fletcher. ‘The Impact of Television on Medicine” 


ROYAL GROGRAPHIOAL SOOTY (at 1 Kensington Gore, London, S.W.7), 
at 6 Din The Vanishing Prairie” (colour film). 


SOCIETY OF INSTRUMENT THOHNOLOGY (at the Clarendon Hotel, Gravesend, 
Kent), at 7.80 pm —aAir F. Church: “Instrument Rehability”. 


Monday, April 17—Wednesday, April 19 


BRITISH COMPUTHR SOCIETY, MANOHESTER AND DISTRIOT BRANOH (at 
the Unrvermty of Manchester Institute of Science and Technology, Sack- 
ville Street, Manchester 1)—Conference on ‘Developments Towards Com- 
puting in the 70's”, 


INSTITUTH OF PHysics and the PHysidaL Soorety, NUOLBAR PHYSICS 
SuB-Coumrrrea (at University College London, Gower Street, London, 
W.C.1}Conference on “Elementary Particles”. 


Monday, April 17—Thursday, April 20 


INSTITUTION OF MINING AND METALLURGY (at the Institution of Electrical 
Hagineer, hns Place, London, W C.2)-~Symposium on “Advances in 
ction Me p 


APPOINTMENTS VACANT 


ÀPPLICATIONS are invited for the following appointments on or before the 
dates mentioned 

t iat oe or LEOTURHR In SOCIOLOGY Ín the DEPARTMENT OF 

OE—The Registrar, The University, Liverpool, quoting Ref. 


SOoLAL BO 
RV/446 (April 14). 

ASSISTANT referably qualified in pure mathematics or 
numerical analysis) in the DEPARTMENT OF MATHENATICS—Tho Secretary, 
The University, Aberdeen (April 15). 

LECTURER and a DRMONSTRATOR in the DEPARTAMANT OF ZOOLOGY—The 
Secretary, University of Edinburgh, Old College, South Bridge, Edinburgh 


April 16 
: eae LECTURHB or LECTURER Greferabiy win a peata] interest ın 


ycho-l: tics or mathematical peye ology) 1 LOGY—The 
Rew e itkbeck College (University of fe on), Malet Bt Biroot. London, 
Wee C.1 (Aprl 18) 


LECTUBBR (man or woman 

Colne Henn Seoretary, Westfield College niversity of London), Kidderpore 
Avenue, London, N.W.8 (April 21). 

CHAIR OF MINING EN GINEERING—Th T, University of Strathclyde, 

George Street, Glasgow, G 0.1, Paes Het No 20/87 (Aprl 22). 


uate) IN ZOOLOGY-~'The Deputy 


DEMONSTRATOR (medi cally a candidate, ATOMY—The 
trar and Secretary, The ho Uinvoray Bristol (Apr: 22), 
BNIOR LECTURER and a LECT IN PURE MATHEMATION AND NUMERIOAL 


ANaLysis—~The Secretary, The University, Aberdeen (April 22). 

‘ASSISTANT LHOTURER 1n the DEPARTMENT OF ZOOLOGY—The Registrar, 
University ty eee of South ‘Wales and Monmouthshire, Cathays Park, 
Cardiff (Ap 

un o¥ BOCIOLOGY—Tho Registrar, University of Essex, Wivenhoe Park, 
Colchester, Kanex (Aprl 24). 

LEOTURER (preferably with experience in experimental solid state pars, 
nuclear physics or astrophysics, or in theoretical P hysics) IN PHysics—Th 
Registrar, Queen Mi College (University of London), Mue End Road, 
London, 4.1 (April 24 

OTURBR in the DEPARTMENT oF ZOOLOGY, University of 
Tbadan, Nigerla—The Inter-University Council, 38 Bedford Place, London, 
‘w.c.1 (April 25). 

PROFESSOR 1n the DEPARTMENT OF SOOIOLOGY, University of Ibadan, 

ise ne Inter-University Council, 88 Bedford Place, London, W.01 


(April 25 
not ee LHOTORER IN PSYCHIATRY ım the AGADEMIO DHPARTMENT O 
y——The Secretary, The Middlesex Hospital Medical Buhool, 


YOHLATRY: 
Tendon Wl (Aprl 28). n 26). 
LEOTURER IN PsyomoLoey—The Secretary, 


BOTURHR 
Areena '8 n'a Coll e, E Lori 27). 
lege Dundee ( at the University of Canterbury, Christcharch, 


New wor Zealand‘ The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (New Zealand and 
London, April 28) 
PROFHS8OR and HEAD of the DEPARTIOUNT OF MICROBIOLOGY, and a cpl 
or LECTURER IN MioRoBIOLOGY, Makerere University Co. 
Uganda (University of Hast Africa}—The Inter-University Council, 3 
Bedford Place, London, W.0.1 (April 28). 

PROFESSOR OF EDUCATION, and a PROFESSOR OF PEYCHOLOGY at the 
University of New Bngland, Armidale, New South Wales, Australia—The 
Association of Commonwealth Umvermities (Branch Offices), Marlborough 
House, Pall Mall, London, 3.W.1 (A and London April 23). 

SECOND READER IN COMPUTING SOLENON at Queen ‘Ma The 
ROM Registrar, Umversity of London, Senate House, lon Wel 
rı 
NT LECTURER IN APPLIED MATRAMATIC8-—-The Secretary, The 
Queen’s University, Belfast, Northern Ireland (Apri 29). 
STATISTIOLAN and & PLANT BIOCHEWIST (honours gr uates) in the DEPART- 
MENT OF AGRIOULTURE AND HORTIOULTURE, Long Ashton Research Station 
~The Registrar, University of Bristol, Senate House, Bristol, 2 (April 29) 
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‘ANT LECTURER in the DEPARTMANT OF BOCIOLOGY-— 
The Secretary, r Aat of Edinburgh, Old College, South Bridge, Edin- 
burgh (April $0 wil $0), 


PROFESSOR 1n he DEPARTHENT OF PHYSICS, University of Ibadan, Nigara 
~The Toter- Unkvorsity Couno:l, 38 Bedford d Placo, London, W. C 1p 80). 
‘University LECTURER IN Péyonotoay—Dr. D. M, Vowles teen or 
perime a mental Psychology, The University, 1 South Parks Hoad, O 
r. 

Tromazorosroar CONSERVATOR to take charge ofandrun tho Archaeological 
Laboratory, to service pment and conserve archaeological material 
found during departmeni excavations-—The Deputy Secretary. The 
University, Southampton. 

EXPERIMENTAL OFFTOBR or ASSISTANT EXPERIMENTAL OFFICER (pass 
graduate in horticulture or equivalent mua tee tone to be responsible for 
experimental glasshouses—Prof, O. V. 8. Heal .B.8., University of 
Reading Horticultural Research Laboratories, Slundoig Grange, Shinfield, 


Reading, Berkshire. 
GRADUATE to teach Physics up to “A” and “8S” levels—Tho Headmaster, 
ard, London, 8.W.1, 


Westminster School, 17 Dean’s 
MASTER TO TEACH MATHEMATICS TO OPEX AWARD STANDARD; and a 


GRADUATE MASTER TO THACH GEOGRAPHY at all levels including the Sixth 
Form faethe with some Advanced Level Economics---The Master, Dulwich 
College, London, 8.E.21. 


Parsist (preferabl with a interest ia developing project work aaa 
Nuffield aclence) to feach up to UNIVERSITY SCHOLARSHIP level—-The Ward 
ate Edward's School, Oxford. 
RESEAROH TANT in the DEPARTIANT OF BOTANY to investigate the 
epidemiol: of the leaf-blotch disease of barley—The Secretary, University 
s Ter, orticole House, The Queen’s Drive, Exeter, Devonshire. 
RESEAROH ASSISTANT (aclentist or engineer) in ‘Acoustics in the DEPART- 
MENT OF Puysics to investigate the noise produced by devices b liquid 
fuel sprays--The Secre partment of Physica, Chelsea College of 
Sotence and Technology, Manresa Road, London, 8 W.8. 

RESEARCH ASSISTANT (with an honours d or equivalent qualifications 
1n chemustry, physics or electronics) in the DEPARTMENT OF INORGANIO AND 
BTRUOTURAL CHEMISTRY to assist the group at at workers engaged in 
re feg of X-ray crystallography—Prof. H M. N. Irving, The University, 


RESPARCH FALLOW (Chemist or Physicist with research experience) in the 
DEPARTMENT OF INORGANIO AND STRUCTURAL CHEMISTRY for work on high 


ressure chemistry, mainly on the solid state—Dr. R. 8. Bradley, School of 
mistry, The niverst , Leeds, 2. 
ae Srupent IN GROGRAPHY—The strar, The University, Hull. 


RESEARCH STUDENT IN POLYAER Paysics—The Secretary, Department of 
Be ag Chelsea College of Scaence and Technology, Manresa Road, London, 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Philosophical Transactions of the Royal Society of London Series A: 
thematical and Physical Sciences. No. 1118, Vol. 261 (19 santey, 1967) 
pac ira Computation of the Magnitude and "Frequency of tona 
ular Cylinder. By J. H. Gerrard. Pp. 187-162. (London' The Royal 
Society, 1607, .) 10s.; $1.50. [191 
States Information Perrien 1966 In Sever: Developments in 

the U.S.A. relating to Domes! Pp. 28. Developments in 
U.S.A. Relating to Foreign ‘etal . 22. Developments ın the U.S.A. 
Relating to Cul . vee (London: United States Taformaton 


Service, American Embassy, 1 
Northern Ireland: mimi of Aileultire; Leaflet No. 24° Liver F uke 
Pp. 7. (Belfast of Agriculture, 1967.) 
The Nuffield Foundation Solence Teaching Project. Progress ri 1 T 
Ep. 25. (London: Lo: ns, Greon and Co., Harmondsworth, 
Penguin Books, 1967. ublished for the Kamei Foundation. 
pol ding Research station. Diet Seoni Series) vonk 
rooms An 
Stationery Office, 1967.) ia i 
irhea. By Prof, W. A. 8. Alldnit. (An Inau l Teetar geliverea 
before The Queen’s University of Belfast on 20 April 1966.) Pp. 18. (New 
Tartare Beries No. 83.) (Belfast: The Queen's E Ee 1868 
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& TECHNOLOGICAL PURPOSES 





Over 3,000 currently available, including: 


Amido black 10B, Aquamount, Canada balsam, Biebrich 
scarlet BPC, celloidin, violet BPC, DPX mountant, 
euchrysins 2GNX & 3R, Fluormount, Fluoreil, Janus green, 
Jenner stain, Laktoseal, Lipid crimson, Luxol fast blue, LVN 
(low viscosity nitrocellulose), malt extract, bact., Matamount, 
maxilon blue RL, May-Grunwald stain, mercury orange, 
p-ethoxychrysoidin, methyl green, methyl red, methylene 
green, naphthalene violet, naphthochrome green, Naphthols 
(substituted), neococcine, neutral violet, neutral s new 
fuchsin, night blue, Nile blue, nitrazine yellow, nitrotetre- 
zolium blue, nuclear fast red, nuclear fast red salt, oil blue N, 
Optoil, paraldehyde fuchsin, pararosaniline, peptones, phloxin, 
pinacryptol yellow, protargol, RSR reagent, rosolic acid, Sienna 
orange, Scarlet, R, BPC, Nuclear fast red for calcium, Sudan 
black, toluidine blue, Trifalgic acid, Uvak, Wright’s stain, 
p-xylenol blue, yeast extract (bact.), etc. 


* PANICOLAOU STAINS; SHORR, MF4 
and KH STAINS; ACRIDINE ORANGE 


For Exfoliative Cytology, ete. 


x Information leaflet A4 (“Notes on Stains and Staining 
Methods in Diagnostic Cytology as applied to Cervical 
and Vaginal Smears” by Edward Gurr) available gratis 
on request. 
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provides a distinctive stain for fibrin. 
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GAPS AND DRAINS 


TRANSATLANTIO confusion persists about two fashion- 
able myths—the technology gap and the brain drain. 
British parliamentary records are now thick with 
references to them. In the United States, Mr. Hornig’s 
committee on the subject is presumably hard at work, 
although very little has been heard of it since its pre- 
cipitate creation some months ago. Mr. McNamara 
has had his say about the causes of the brain drain 
(see Nature, 218, 851; 1967), as have a host of public 
speakers on both sides of the Atlantic. In Britain, 
certainly, there is now such a healthy willingness to 
recognize that the problem is two-sided, and that the 
loss by emigration to the United States is compensated 
for in part at least by immigration from elsewhere, that a 
good deal of bitterness has gone out of the argument. 

At the same time, the causes of migration are being 
more openly recognized. People move because they 
want to be better off in some sense or another. Sir 
Solly Zuckerman acknowledged this earlier in the week, 
and quite properly went on to say that diagnosis is 
a good deal easier than cure. But if countries in 
Europe are growing to recognize that the imbalance 
between the United States and the less prosperous 
nations of Western Europe, like the imbalance between 
Western Europe and the rest of the world, is a problem 
in sociology, other interested parties have yet to be 
convinced. Mr. McNamara, for example, was too quick 
to hint that if Britain paid more attention to education, 
everything would be well. The much respected 
Business Week (April 8, page 165) has an even more 
unpalatable statement of what should be done in its 
statement that “the technology gap arises because the 
Europeans seem unable to learn the lessons of U.S. 
industrial progress”. 

Some of these issues may eventually be sharpened— 
but probably not resolved—by a statement earlier 
this week by Professor Richard. Titmuss of the London 
School of Economics. He was concerned to argue 
that nations which embark on social welfare pro- 
grammes of various kinds have an inherent duty to 
provide the means for attaining them. In this context, 
the immigration of doctors into the United States was 
for him only an illustration that the United States is 
asking for a higher standard of medical care than it is 
able and willing to support by the training of doctors. 
Professor Titmuss’s speech has been widely quoted 
for the figure of $4,000 million which he estimates it 
would otherwise have cost to train the 100,000 doctors 
entering the United States since 1949. The implication, 
he says, is that this foreign aid to the United States 
exceeds the total of the foreign aid in medicine provided 
by the United States to countries abroad. He speaks 
of the migration of skilled people as a transfer of 


human capital—and then quite properly acknowledges 
that Britain has been doing the same for a very long 
time. Inevitably, however, the conclusion is that 
“richer countries should take action to protect the 
poorer countries from being denuded of skilled man- 
power’. The responsibility lies with the recipients, 
not the donors. 

But there are limits to the extent to which nations 
can require their citizens to put the national interest 
first in choosing somewhere to live and some profes- 
sion in which to work. Professor Titmuss has probably 
done a valuable public service by broadening the basis 
of the discussion of the brain drain, and much of what 
he says applies elsewhere as well. Unfortunately, 
however, there is no real prospect of much help from 
administrative devices of the kinds to which his 
arguments lead. It is therefore lucky that western 
Europe may well be able to redress the transatlantic 
imbalance by pursuing vigorously the economic 
policies on which it has embarked. 


POLYTECHNICS 


Tum announcement that the Department of Education 
and Science has nominated two more technical colleges 
as embryos for polytechnics (see page 229) is another 
proof that the Government will not be deflected from 
its declared. policy of developing what it calls a com- 
prehensive system of higher education complementary 
to the university system. Moreover, it now seems 
that the Government will be successful in what it plans 
to do. Technical colleges, encouraged by the Robbins 
Report to think they might become universities any 
day, have now swallowed their pride, and are by all 
accounts keen to become polytechnics instead. By 
September they will have had to satisfy the Govern- 
ment that their plans for self-administration will assure 
academic independence and integrity. Although there 
is unlikely to be an immediate change in the character 
of the chosen institutions, they will from the beginning 
be more independent of the local authorities which 
finance them and more able to grow academically. 
But what will they become? In the best traditions 
of contemporary pragmatism, the Government seems 
to be hoping for the best and for as little trouble as 
possible. There is no doubt, of course, that the poly- 
technics will continue to provide a valuable higher 
education for a growing number, of students—the 
scramble, after the universities have shut their doors 
each autumn, to find places at which to read for degrees 
is proof enough of that. When the polytechnics have 
more independence they will be even more sought 
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after and for many people will become a literal alterna- 
tive to the university system. Will they then be able 
to remain a loose conglomeration of institutions, with- 
out procedures for admission and sources for financing 
research in common? Nobody should be surprised if, 
five or ten years from now, the polytechnics are organ- 
ized and financed in much the same way as the univer- 
sities. But how will they then differ from the universi- 
ties? And how will they escape the slur of seeming 
second-class universities? Even if the polytechnics 
continue to take great numbers of part-time students, 
and even if they offer a greater variety of courses, 
many of them largely practical in character, they will 
be hard pressed to retain their distinctive identity 
for the universities may well be forced by social pres- 
sure to move in very similar directions. But will 
Britain really need a dual system of universities in the 
seventies and eighties 1 Ought there not to be a single 
system with a spectrum of institutions spanning all 
types, some bad and some good? Those who are now 
engaged with proper devotion and enthusiasm on 
constructing the polytechnic system will probably 
be asking themselves these questions sooner than 
they think. If they would ask them now they might 
even design a better system than is now in prospect. 


HOW DNA FUNCTIONS 


By now even schoolboys know that molecules of 
DNA are the embodiment of genetic inheritance. By 
his DNA shall a man be known has become the slogan. 
But DNA is not merely archival material. It also 
serves 48 an ever-present touchstone by which the 
biochemical integrity of an individual is sustained, 
and much of the excitement in molecular biology in 
the past fifteen years has been concerned with the 
detailed understanding of how genetically determined 
molecules of DNA put their stamp on the chemical 
structure of the protein molecules manufactured by 
living cells. With almost breakneck speed, the several 
parts of the complicated synthetic mechanism have 
been distinguished, characterized and understood, in 
part at least. Yet there has remained. the problem of 
knowing how the synthetic activities of living cells 
are regulated. How is it, for example, that a bacterial 
cell may respond to changes in its environment by 
manufacturing kinds of proteins not previously in its 
repertoire? And why, for that matter, does a liver cell 
from an animal differ so markedly from a akin cell, or 
a bone cell? In 196] Jacob and Monod put forward a 
remarkably perceptive explanation on the basis of 
some experiments with bacteria. Unwanted or irrele- 
vant parts of DNA moleoules, they said, are somehow 
switched off or rendered ineffectual by the intervention 
of smaller molecules manufactured under the aegis of 
other regions of the same DNA molecule. On this 
foundation there has grown up in the past five years an 
intricate vocabulary of ideas. People talk of regulator 
genes, and of the repressor molecules the production 
of which they control. Until the end of 1966, however, 
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nobody had isolated a repressor molecule. Whether 
they were proteins of nucleic acids was even in doubt. 

This state of affairs has now been quite transformed. 
By the end of 1966 Gilbert and Miller-Hill at Harvard 
(see Nature, 218, 329; 1967) had been able to isolate 
repressor molecules—which turn out to be proteins— 
and molecular biologists were as relieved as the 
physicists must have been when they heard that 
Millikan in 1917 had at least been able to demonstrate 
the particulate character of electrons, already then a 
part of folklore. In the development of any con- 
ceptual framework, there comes a point when an 
ounce of direct measurement is worth a ton of specula- 
tion, if only because it serves to show what next to do. 
The first fruits of this are now apparent. The article 
by Dr. Mark Ptashne on page 232 is an elegant proof 
that repressor molecules do indeed attach themselves to 
molecules of DNA, and that the binding seems to be as 
specific as it must be if it is to be possible to switch off 
one gene without affecting others. Dr. Ptashne points 
out that the immediate importance of this experiment 
is the support it provides for the simplest interpretation 
of the theory of Jacob and Monod: repressor mole- 
cules function by sticking to DNA and not in some 
more complicated way, by intercepting RNA molecules 
on passage from nucleus to cytoplasm, for example. 
But this is obviously only a beginning. The way 
is open for a detailed study of the regulatory processes. 
The results will be something to look forward to. 


MISTAKES WILL HAPPEN 


Tam subcommittee of the House of Representatives, 
which this week began hearings on the Apollo space- 
craft disaster, found NASA in an unusually subdued 
mood. Just published was a report highly critical of 
the conduct of the programme, and implying that 
the lives of the astronauts had been lost not by simple 
miscaloulation—which might have been understand- 
able—but by carelessness in design and construction— 
which apparently was not. The wiring in the space- 
craft was vulnerable, but combustible materials 
abounded as well, and in the pressurized oxygen 
atmosphere represented an unreasonable fire hazard. 

The replies from NASA to these criticisms have so 
far been composed of contrition, and a humble deter- 
mination to do better if it is given the chance. In 
fact these sentiments, although obligatory for public 
consumption, have an element of hypocrisy. Nobody, 
least of all the astronauts, had any illusions about the 
risks which an enormously complicated programme 
like Apollo necessarily involves. Compared with some 
of them, the risk that the spacecraft would catch fire 
while still on the ground was probably small enough 
to be discounted. It would have been prohibitively 
expensive, and probably physically impossible, to 
eliminate all the risks which could have been imagined 
and still land an American on the Moon by 1970. But 
in that case haste, and not execution, may be the chief 
culprit. 
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NEWS AND VIEWS 


Zuckerman on Policy 


Ir scientists want more influence on events, then let 
them become politicians. This echo of Marie Antoinette 
was one of the themes of the address by Sir Solly 
Zuckerman, Chief Scientific Adviser to the British 
Government, to the Science of Science Foundation on 
April 10. He was delivering the foundation’s third 
annual lecture, and set out to demonstrate that there 
are serious limitations of the extent to which existing 
policy-making bodies can successfully influence events. 
He pointed out that the committees which have 
persuaded the British Government to allocate more 
resources to research, development and the training of 
technical people have been less successful at persu 
young people to choose careers which are in the nationa 
interest. Then, Sir Solly said, the old Advisory Council 
on Scientific Policy had had to confess that it had no 
means of relating investment in research and develop- 
ment with the extent to which industrial benefits might 
flow from them. And vertical divisions persist between 
the several important sectors of the economy con- 
cerned with scientific activities—a state of affairs for 
which Sir Solly modestly offered his own Central 
Advisory Council on Science and Technology as a 
palliative if not a cure. 

Sir Solly’s own analysis of the link between research. 
and prosperity was that industrialists are too ready to 
overlook the need that an initial investment in research 
should be followed by a much larger investment in the 
exploitation of research—the setting up of production 
lines, the buying of tools and the marketing of whatever 
products are to be sold. He estimated that the cost of a 
combined operation like this would frequently be ten 
times the cost of the research alone, and said that 
advisory committees of scientists are not well placed 
to see that enough attention is paid to matters like these. 
In his view, “neither advisory committees nor the 
science of science” can prevent the differential economic 
growth of countries. “The solution there lies in politics. 
Scientists still lack the apparatus needed. to understand 
the repercussions of scientific developments.” In the 
circumstances, it is not surprising that science policy 
consists of attempts to solve comparatively isolated 
problems, Sir Solly said, and only natural that if 
scientists ask for more, they should go into politics. 
Few among his audience will have interpreted this as an 
exhortation to run for elected office. 


Dangerous Drugs 


Wuen the Dangerous Drugs Bill was debated in the 
House of Commons on April 6, the assumption on both 
sides was that over-prescribing by doctors lay at the 
heart of the problem. This is the problem which the 
Bill is designed to combat, by making it obligatory 
for doctors to notify the Home Office of addicts, and 
to prevent doctors from prescribing heroin and cocaine 
to addicts except under licence. Miss Alice Bacon, 
Minister of State at the Home Office, said that since 
the First World War British doctors had been free to 
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administer, supply and prescribe drugs to addicts, 
since in Britain the addict is regarded as a sick person 
and not as a criminal. The Bill, she said, would 
modify this situation, and had been made necessary 
by the rapid increase in known addicts; in the past 
three years the number of heroin addicts has more 
than doubled, from 342 to 749, and the total number of 
known addicts is now 1,139. It was a committee 
under Lord Brain in 1961 that had concluded that 
over-prescribing by a small number of doctors, by 
creating a surplus, had attracted more addicts. 

In addition to the notification of addicts—which 
will have no legal consequences of any kind for the 
addict—Miss Bacon said that advisory panels would 
help doctors decide whether their patients were addicts 
or not; special treatment centres would be set up, and 
research into addiction would be supported. Doctors 
who failed to comply with the terms of the Bill would 
be disciplined by a medical tribunal, with the power 
to remove the doctor’s right to prescribe dangerous 
drugs at all. The doctor would be liable to criminal 
prosecution only if he continued to prescribe drugs 
after withdrawal of his right to do so. 

There was little argument with Miss Bacon’s diagno- 
sis, or, indeed, her cure. Mr. W. F. Deedes wondered 
whether the ministry realized how big a problem it 
was, and saw dangers of an illicit drug traffic if addicts 
did not find the new system attractive. Dr. M. P. 
Winstanley said that doctors were wholly on the side 
of the ministry in this matter, and agreed with the 
provisions of the Bill. It was impossible to avoid 
using dangerous drugs: “If we said that we would 
never use a new drug unless it was found to be safe, 
we would never use new drugs at all”. Later he 
criticized the press for portraying drug taking as part 
of the good life, instead of part of an early death. 
Mr. Marcus Worsley, on the other hand, saw the Bill 
a8 an enormous nutcracker to crack a very small nut; 
why could not the ordinary processes of medical 
discipline deal with the recalcitrant doctors? The 
black market channels in “‘soft’”’ drugs, he feared, could 
easily switch to “hard” ones. 

Winding up the debate for the Government, Minister 
of Health Mr. Kenneth Robinson welcomed the broad 
measure of agreement shown by the debate. He could 
not estimate exactly how much the new measures 
would cost the Health Service, but added that it was 
getting £50 million more this year than last, and not 
all of that would be absorbed by increased pay and 
prices. The main load on the hospitals would be in the 
London area, and plans for out-patient departments 
at six London teaching hospitals were well advanced. 
He was pessimistic, however, about the number of 
addicta who could be rehabilitated; more work on 
this was needed, and a special research unit would 
be set up in the Institute of Psychiatry at the Maudsley 
Hospital. 


Putting it Off 

Tan new Council for Educational Technology is not a 
substitute for a national centre which the Committee 
on Audio Visual Aids in Higher Scientific Education 
recommended in October 1965. It is necessary to 
make this clear because Dr. Brynmor-Jones, chairman 
of the committee which recommended the formation 
of the centre, is also chairman of the new council. He 
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said last week that the two bodies were “not inter- 
changeable’, 

The council, announced last week by Mr. Anthony 
Crosland, Secretary of State for Education and Science, 
has all embracing terms of reference. Its chief function 
will be to advise bodies concerned with education 
and training about audio-visual aids, and this advice 
will include government departments. In addition 
the council will hold a watching brief in the work going 
on in educational technology, encourage research and 
development, collect and distribute information, and 
promote the training of staff to make use of the aids. 
Finally, it is charged with advising the Secretaries of 
State whether a national centre is needed, and what its 
functions and structure should be; in view of Dr. 
Brynmor-Jones’s well known position on this issue, 
it is reasonable to guess that the council will indeed 
recommend that the centre should be set up. 

The problem, according to Mr. Crosland, is financial; 
the centre would cost £360,000 in capital and £260,000 
in recurrent costs. While the financial support for 
the council is undecided, it will not be of the same 
order as this—nor, most likely, will be the benefits. 
The council will have about twenty to twenty-five 
members, from schools, universities, colleges, industry 
and the services. It will also include representatives 
from the British Broadcasting Corporation and the 
Independent Television Authority, and two or three 
at least from Scotland. 

In addition to the advisory role, Dr. Brynmor-Jones 
also hopes to promote audio-visual aids. This is really 
more important, as there is still some hostility among 
teachers, and Mr. Crosland has had a bellyful of good 
advice already. The danger is that the council will 
labour mightily for months or years, and then come up 
with advice new to nobody. It is hard to see, in fact, 
what the new council can do that could not have been 
done by a combination of the existing agencies, given 
government support on a similar scale. 


Sanctions Bite 


Tux political turmoil in central Africa has claimed 
another victim—the Agricultural Research Council of 
Central Africa, a joint council covering Rhodesia, 
Zambia and Malawi. Set up while the Central African 
Federation still survived in 1963, the council has been 
in difficulties since the unilateral declaration of inde- 
pendence by Rhodesia. The annual report for 1965 
foreshadowed the break up of the council: “The major 
danger is that this new scientific structure, which is, 
inevitably, vulnerable to financial sanctions, should be 
destroyed accidentally by the British Government’s 
measures against Rhodesia”. 

In fact the failure was precipitated by Zambia, 
which announced that it intended to withdraw from 
the council on June 30, 1967. The British Government, 
which had been supporting the council to the tune of 
£100,000 per year, declined to continue this support 
for Malawi and Rhodesia alone. The council has 
therefore decided to cease operations by the end of 
1967. Each country will need to make its own arrange- 
ments to continue or discontinue the work of the 
council, and to some extent this will doubtless depend 
on continued support from foundations and other 
organizations, which supplied £152,000 last year. The 
council has been operating ten research teams, made 
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up of 50 graduates and more than 200 assistants, and 
the principal lines of research have included reproduc- 
tion in beef cattle, biological control of tsetse flies, 
tracing of underground water supplies, and research 
into ground nuts, cotton pest, and soil fertility. These 
are projects which underdeveloped countries can ill 
afford to lose. 


Commonwealth Scientists Confer 


To judge from the agenda, the conference of common- 
wealth scientists held from April 7 to 11 covered a lot 
of ground. Eighty scientists from twenty-five com- 
monwealth countries, meeting in Merton College, 
Oxford, spent some time discussing the problems of 
those less fortunately situated. They also heard 
reviews of the Royal Society’s commonwealth activi- 
ties, and discussed universities and scientific education, 
scientific policy and organization, and commonwealth 
co-operation in research projects. 

In underdeveloped countries, it was agreed, scientists 
should stick to the problems nearest home. Dr. Atma 
Ram, Director General of the Department of Scientific 
and Industrial Research in India, sensibly declared 
that it is more important to have technological com- 
petence than to strive after technological independence. 
Such competence is best directed towards agricultural 
science. As for aid, there should be more of it, and 
what there is should be more selective, and should 
be distributed according to the wishes of the recipient 
rather than the donor. None of this need surprise 
anybody, and perhaps it was the difficulty of getting 
to grips with problems expressed in such general terms 
that led to a suggestion that more specialized confer- 
ences should be held. 

Not all the discussion, however, was as diffuse as 
this. Delegates showed considerable enthusiasm for 
some more detailed proposals, among them examiners 
from abroad and “twinning” arrangements between 
science departments. The old emphasis on interchange 
between the United Kingdom and the commonwealth 
seems to be giving way to a more general interchange 
of personnel, and this was a source of satisfaction. The 
setting up of centres in developing countries to which 
scientists could go for perhaps four months in the year, 
taking their families and being assured of a desk and a 
laboratory to work in, was another project which found 
general approval. To prove that commonwealth 
co-operation in science is alive and kicking, a session 
was devoted to examining joint projects such as the 
International Biological Programme and Antarctic 
research. The enthusiasm shown indicates a need for 
more conferences of this sort; possibly more specialist 
and certainly more frequent—-the last was held in 
1946, and very few participants could remember it. 


Money for Teesdale 


THe discreet confirmation by Imperial Chemical 
Industries, Ltd., that they will indeed be giving 
£100,000 for research into the botany of Teesdale 
makes an interesting comparison with their original 
strident announcement while the decision about the 
reservoir was still in doubt. Now that the Bill to 
build the reservoir at Cow Green has obtained the 
Royal Assent, plans for the study have gone ahead. 
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Spread over ten years, the money will be distributed 
on the advice of the Nature Conservancy and a specially 
set up Teesdale Research Panel, under the chairman- 
ship of Professor A. R. Clapham. It will, in fact, be 
best for Teesdale if this new found disoretion can be 
maintained; sightseers are already said to have caused 
some damage to the flowers which make Cow Green 
such an unusual botanical site. 


Radioactive Dating and Low-Level 
Counting 


A symerosium on “Radioactive Dating and Methods 
of Low-Level Counting” was held in Monaco during 
March 2-10, 1967. The meeting, which was sponsored 
by the International Atomic Energy Agency in co- 
operation with the Joint Commission on Applied Radio- 
activity (I.C.8.U.), was attended by about 160 scientists 
from twenty-six countries. It was the second in the 
series of symposia on ‘Radioactive Dating’—the first 
was held in Athens in 1962—and a wider range of topics 
was discussed than at the first. 

The first two days were devoted almost exclusively 
to the geochemistry and cosmochemistry of radio- 
carbon with minor contributions to dating problems. 
Highlights of these topics include the expanding 
applications of bomb-produced radiocarbon to geo- 
chemical and geophysical processes, such as atmo- 
sphere—ocean exchange, and transport processes within 
the atmosphere. Of particular interest to those 
geologists and archaeologists who rely on carbon-14 
dates was the extension of the bristlecone pine calibra- 
tion of the radiocarbon time scale in the period 4100 
B.0.-1500 B.o. Research continues on the possible 
use of the Th to U inequilibrium method for dating 
marine carbonates and its comparison with carbon-14 
measurements. 

Data were presented on short-lived nuclides in 
the meteorite which fell at 2.40 p.m. G&.M.T. June 27, 
1966, near Saint-Severin, Charente, France. Nuclides 
detected by y-spectrometry included ®Mn, 48V, Cr, 
5Co, Co, “Mn, Al and SK. Interest was aroused 
in the possible space erosion of certain iron meteo- 
rites without any definitive conclusions being 
reached. 

Considerable progress has been made in “open” 
geological systems. Studies of the ratios ®°*Pb : #Th, 
27Pb : 250 and Pb : 880 in cogenetic zircons indi- 
cated the hazards of “absolute age” determinations 
of minerals. Although ages determined in the usual 
manner are discordant, the data are significant when 
the transport of elements in the natural systems is 
being investigated. Similar studies have been per- 
formed on the dating of aragonitic shells by the 
0Th - MU and *!Pa : 2350 methods, where once more 
the system was “open” for the migration of uranium, 
and some success was reported with such materials 
“Absolute Dating” by the ®"Rb:*’Sr and “K : Ar 
methods was discussed. Here again it was evident that 
reported “ages” must be used with extreme care 
because of method uncertainties; for example, the 
problem of excess argon. 

Observations of the existence of fossil «-particle 
recoil tracks from uranium and thorium in samples of 
muscovite served to stimulate interest in the “‘fission- 
track” dating method. If these results are confirmed 
it is likely that a considerable improvement in the 
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sensitivity of the method will accrue. The use of less 
conventional methods, such as thermoluminescence 
and electron spin resonance dating, was reported, and 
although the former is applicable to archaeological 
specimens the latter does not hold much promise 
at the present time. 


Digging up the Moon 

Own the eve of launch of the third lunar soft-landing 
Surveyor spacecraft Dr. W. H. Pickering, director of 
the Jet Propulsion Laboratory, discussed the results 
of the past two years’ photographic missions to the 
Moon. The meeting, in London on April 7, was held by 
the British Interplanetary Society. 

The completed Ranger series and the Surveyors and 
Lunar Orbiters now mid-way through their pro- 
grammes have all been in support of the eventual 
Apollo manned lunar landing. Consequently their 
targets have been concentrated along a narrow equator- 
ial belt of the Moon’s face towards the Earth. Con- 
siderations of control and communications have determ- 
ined that the Apollo landing site must lie within this 
zone. At first sight, the maria are the most promising 
regions. 

A substantial body of information has been built 
up about the median maria by the three types of lunar 
survey craft launched from the United States. The 
once heretical view that the Moon shows geological 
activity is now taken for granted. It is now supposed. 
that the floor of the Ocean of Storms (Procellarum), 
where both Surveyor 1 and Luna 9 landed, has a 
“topsoil” of relatively soft, friable material resembling 
a “just raked flowerbed” and able to support 5-10 
pounds per square inch. “This is something you 
could walk on.” Dr. Pickering estimated that this 
softish material goes down 3 ft., where a harder body 
rock may be encountered. To test this view, this 
month’s Surveyor will a trenching tool on the 
end of an extendable arm and will attempt to dig a 
circular trench down to 4 ft around the craft. It will, 
however, be aimed at a different target area. At 
present the choice lies between an equatorial site 
about 25° W. and the Sinus Medii, the target for the 
abortive Surveyor 2 

As a result of the panoramic photo surveys carried 
out so far by the three Lunar Orbiters, several of the 
possible Apollo landing sites originally under considera- 
tion have now been eliminated. On closer inspection 
from a few miles high, some have proved much too 
broken up. Five candidates remain. Apart from the 
standard TV camera equipment, later Surveyors— 
a total of 8 is scheduled—will carry ancillary experi- 
ments such as a seismograph. 

Dr. Pickering said that data so far had made the 
planners “very curious” about the lunar highlands. 
Some of the spacecraft pictures gave an impression 
that the highlands are being “‘sand-blasted”. For the 
time being it seems there are no probes to spare from 
the practical task of finding a safe Apollo landing 
ground, and this is obviously not going to be in the 
highlands. The back of the Moon is also for the time 
being out of bounds, but the Orbiters have had enough 
film over from their primary tasks to survey most of 
the Moon’s hidden face, and the resolution of the 
pictures is much better than that of the two Russian 
sets of distant views taken earlier. 
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Plunging in 
Tr is not clear whether the conference organized by the 
ini of Technology at Harwell last week on the 
technology of the sea and the sea-bed was intended to 
herald Britain’s entry into this field. Ifso, the trumpet 
was somewhat muted, because the conference was & 
closed affair. The papers presented are, however, an 
interesting indication of industrial and academio 
interest which exists without any obvious prompting 
by government. 

The problem of seeing under water was well covered. 
With light, attenuation and scatter make viewing 
difficult, although these problems can be made less 
serious if the object to be looked at is illuminated from 
close at hand with a very powerful beam. M. R. Wall 
from the Atomic Energy Research Establishment, 
Harwell, suggested laser techniques for improving the 
situation and concluded that the best would be a 
synchronously scanned laser television system. An- 
other possibility is the use of sonar, described by Dr. 
R. W. G. Haslett of Smiths Industries, Ltd. Even quite 
small objects can be detected by an underwater acoustic 
television system, although interpreting the pictures 
is rather like back reflexion X-ray crystallography. 

If more effective means for seeing can be devised, 
what are people likely to be doing underwater ? 
Fish farming was a popular suggestion, but in very 
general terms; J. H. Allen and P. H. Milne of the 
University of Strathclyde discussed criteria for the 
selection, of sites for fish farms and means by which 
the fish can be persuaded to stay within them. Perma- 
nent barriers are one possibility, of course, but there 
may be subtler and less expensive methods. Russian 
research has apparently shown that by simulating 
the sound fish make when eating, they can be persuaded 
to swarm into nets.” What is needed is an easily 
simulated danger sound which keeps fish in the farm 
and predators outside. Curtains of air bubbles might 
also be used, or electric fences, 

H. A. Ballinger, also from Harwell, spoke about 
telechiric (distant hand) devices, in which the move- 
ments of the operator are duplicated by the device in 
the sea. More immediate in their implications were 
papers about materials for undersea use, and techniques 
for building platforms in the sea and tunnels in the 
form of submerged pipelines under it. As a source of 
power underwater, there may be a role for nuclear 
reactors and fuel cells, since batteries and chemical 
propellants have a limited life. The exploitation of 
mineral wealth may be helped by the use of nuclear 
explosions under the sea, although at present this 
would contravene the test ban treaty. So far, however, 
it is not clear that any of these schemes is sufficiently 
alluring to tempt investment on a large scale. The 
most likely in the short term seems to be mining for 
mineral resources on the continental shelf; this is bound 
to happen eventually, but how soon depends on how 
quickly existing sources of mineral wealth are used up. 


Absolute Gravity 


A NEW absolute determination of the acceleration duc 
to gravity has been made at the National Physical 
Laboratory at Teddington, England. Dr. A. H. Cook, 
who did the job (Phi. Trans. Roy. Soc., 261, 211; 
1967), used a method which is technically difficult to 


NATURE, VOL. 214, APRIL 15. 1967 


arrange but relatively free from systematic errors. A 
glass ball, capable of functioning as a lens, was cata- 
pulted upwards past two sets of opposing slits. The 
ball passes each set of slits twice, once going up and 
once coming down, and the elapsed time between 
crossings of the same set of slits is measured. The 
design of the experiment hangs on the way in which 
the horizontal planes between the slits are defined. 
Light emerges from one slit, and as the glass sphere 
passes is focused on to another slit opposite and 
recorded by a photo-multiplier tube. This records 
a signal when the sphere passes through the plane 
defined by the slits. The vertical distance between 
the sets of slits is measured by interferometry. 

It is, of course, possible to measure g simply by 
dropping the ball between the slits, but in this case 
the time interval measured is that between the top 
slit and the bottom, where the speed is greater and 
the duration of signal less. Dr. Cook made the ball 
pass each set of slita twice, at the same speed but 
in different directions. The apparatus is evacuated, 
but to a pressure chosen to be greater than the 
lowest possible so as to avoid the effects of electro- 
static charging which can occur at very low pressures. 
Fortunately, the acceleration is independent of resistive 
forces to the first order, provided that the resistive 
forces are directly proportional to the velocity of the 
moving body. Dr. Cook has shown that the resistive 
forces are indeed proportional to the velocity in the 
chosen range of pressure, and he concludes that 
resistive forces can be ignored if the pressure is less 
than 0:0lp bar. 

Dr. Cook’s result for g is 981,181-82 mgal (1 mgal= 
10 m/s?) at the floor of the laboratory where the 
determination was carried out. The principal errors 
are caused by minute movements of the apparatus 
caused by the firing of the catapult, but the overall 
uncertainty is only 0-13 mgal. Reduced to the British 
Fundamental Gravity Station (also at the N.P.L., 
but not used because ground movement would have 
been greater) the value is 981,181:75 mgal. This does 
not agree with all previous determinations, but Dr. 
Cook suspects that other methods, particularly free 
fall experiments, may conceal systematic errors. 
Results should soon be available for determinations 
in the United States by Dr. A. Faller, and at the 
Bureau International des Poids et Mesures at Sévres, 
using very similar methods. These absolute measure- 
ments are valuable not only because g is fundamental 
to definitions of force, but also because geodetic 
measurements which often rely on differences in g 
will be aided by a better absolute value. 


Ribosomes and mRNA Synthesis 
from a Correspondent in Cell Biology 


Tourn is increasing evidence to suggest that ribosomes 
play an important part in regulating the synthesis of 
messenger RNA molecules, at least in bacterial cells 
Newly formed mRNA molecules must be liberated 
from the complexes of DNA template and RNA poly- 
merase if they are to be effective. Experiments in 
viro with DNA from T, and T, phage and Ẹ. colt 
polymerase have shown, however, that mRNA mole- 
cules are not released spontaneously. This has led 
several workers to suggest that in vivo ribosomes 
attach to the nascent mRNA chains and thus effect 
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their release—a supposition which is strengthened 
by the knowledge that each enzyme molecule synthe- 
sizes only one RNA molecule in vitro. More support 
for this suggestion has now appeared. 

Shin and Moldave (Fed. Proc., 26, 285; 1967, and 
J. Mol. Biol., 21, 231; 1966) report that the addition 
of ribosomes from either E. coli or rat liver brings 
about an increase both of the amount and the molecular 
weight of the RNA synthesized by a system of an 
RNA polymerase preparation from Æ. colt and endo- 
genous DNA template. Stimulation occurs in the 
absence of protein synthesis, from which Shin and 
Moldave infer that the ribosomes have some direct 
effect on the release of mRNA in vitro. They also 
briefly report the isolation of a soluble protein fraction 
which markedly stimulates both the rate and amount 
of RNA synthesis. 

Both Das e al. (J. Mol. Biol., 24, 231; 1967) and 
Leive and Kollin (sbid., page 247) conclude from experi- 
ments with Æ. coli that ribosomes attach to nascent 
mRNA in vivo; Leive and Kollin also suggest that 
the ribosomes begin to translate nascent mRNA 
before its transcription is complete. It appears, 
however, from the work of Naono, Rouvière, and Gros 
(Biochim. Biophys. Acta, 129, 271; 1966) that, in vivo 
as well as tn vitro, ribosomes can stimulate RNA syn- 
thesis in the absence of protein synthesis. They have 
measured the rate of synthesis of mRNA—identified 
by its ability to hybridize with DNA—in Æ. coli cells 
with a normal ribosome content and compared this 
with the rate in cells depleted of ribosomes by pro- 
longed starvation for Mg*+ ions. They have also 
compared the rate of transcription of bacteriophage T, 
DNA in normal and ribosome-depleted Æ. coli. In both 
experiments, the rates of mRNA synthesis are very 
low in cells with less than 15 per cent of the normal 
ribosome content, and the rate of mRNA synthesis 
increases almost proportionally with the increase in 
ribosome content above 15 per cent. When protein 
synthesis is inhibited by chloramphenicol or puro- 
mycin, cells with a normal ribosome content continue 
to synthesize mRNA at the normal rate and to the 
normal extent, which is why Naono et al. suggest that 
the attachment of a single ribosome to the 5’ end of 
a nascent mRNA molecule may be necessary and 
sufficient for its release from the template-enzyme 
complex. They also note that the protein factor 
discovered by Revel and Gros (1966) which promotes 
the attachment of ribosomes to nascent mRNA in 
vitro may also participate in the control of mRNA 
synthesis in vivo. 

All these experiments clearly support the idea that, 
in bacteria at least, ribosomes can regulate the synthe- 
sis of mRNA. Such a mechanism would have obvious 
advantages for a cell. Thus a second round of trans- 
cription could begin before the first is completed if 
nascent mRNA is removed from the template; the 
immediate attachment of ribosomes to nascent mRNA 
could prevent the mRNA from folding and adopting 
a secondary structure incompatible with the attach- 
ment of ribosomes; and an immediate attachment of 
ribosomes would reduce the possibility of nucleolytic 
degradation of mRNA by exonucleases. It remains, 
however, to be seen whether or not this regulatory 
mechanism exists in nucleated cells and it must in any 
case be assumed that synthesis of ribosomal RNA is 
controlled in some other way. 
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Parliament In Britain 


Select Committee 

Tam Select Committee on Science and Technology 
continued its examination of the British nuclear reactor 
programme by interviewing representatives from 
Nuclear Design and Construction, Ltd., one of the 
British Consortia. NDC is an independent company 
in which English Electric and Babcock and Wilcox 
have a 40 per cent share and Taylor Woodrow a 20 

cent share. 

Mr. H. McNeil, chairman of NDC, is a believer in 
competition; less surprising, perhaps, than his belief 
that the three consortia in Britain keep competition 
alive. The Advanced Gas Cooled reactor, he said, 
would not have been produced without the spur of 
competition, and he rejected Mr. Tam Dalyell’s sug- 
aa that the real competition had in this case come 

om the United States. To keep three consortia going in 
Britain would need export orders equivalent to 4,000 
MW, in addition to the domestic programme of 
8,000 MW, he thought. He agreed, though, that British 
exports of nuclear power had so far been minimal; 
one station in Italy built by the Nuclear Power 
Group, and one—rather unsuccessful—in Japan by 
General Electric. There were hopes that the newly 
formed British Nuclear Export Executive would help, 
this would decide which consortium would tender for 
any foreign order, and make sure that only one did. 
If the Select Committee disagreed with this hopeful 
diagnosis, it was tactful enough not to say so. 

At least foreign tenders have one advantage over 
C.E.G.B. tenders: they are less complicated. The 
NDC tender for Wylfa had covered 1,000 pages of 
text and a similar number of diagrams. Mr. McNeil 
was convinced that there were export markets for 
the AGR, particularly if the design could be standard- 
ized. 


Polytechnics 

Mr. A. Crosuanp, Secretary of State for Education 
and Science, said that he proposed to confirm the 
provisional list of 28 polytechnics in England and 
Wales. He also mentioned two other possibles—one 
in Staffordshire, and one in the north-west. He was 
satisfied that the 30 polytechnics now proposed would 
meet the foreseeable need while providing a reasonable 
geographical balance. The selected authorities had 
been invited to submit detailed schemes and he was 
giving them guidance as to points on which he would 
wish to be satisfied before actually designating a poly- 
technic. (Statement, April 5.) 


Post Office 

Tum Postmaster-General, Mr. E. Short, said that a Bill 
published on April 6, if approved by Parliament, would 
empower him to provide data processing services and 
facilities for sale to customers. The Post Office, 
he said, had a large and growing force of skilled 
systems analysts and programmers and also oper- 
ated a range of data transmission services developed 
for the full exploitation of computer facilities. This 
provided. a firm basis for the national data processing 
service which the Bill would permit and he thought 
that the new service would meet a widespread need, 
particularly among the smaller businesses and organ- 
izations. The services would be offered on a wholly 
commercial basis. (Statement, April 6.) 
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Instant Maps 


by our Special Correspondent 


Automatic map drawing offers some attractive 
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rospects: speed, a 


substantial saving in costs, and an increased understanding of man’s 
environment. The Joint Computer Groups of the Institution of 
Electrical Engineers, the Institution of Electronic and Radio Engineers, 
and the British Natlonal Committee for Geography of the Royal 
Society organized a one day discussion of these prospects in London 


on March 20. Those present emphasized the nee 


for automated 


cartography, and were hopeful that it could be achieved. 


In the environmental sciences, a shortage of information 
has been turned into a flood by advances such as auto- 
matic data loggers, photographic survey and satellite 
instrumentation, but methods of usmg this information 
have been left behind. Maps are the best way of making 
the environmental information comprehensible, but they 
are still prepared by a slow, expensive and inflexble 
process. Professor Linton of the Department of Geo- 
graphy at the University of Birmingham described the 
process bluntly as “cottage industry”. So far, unfor- 
tunately, it has not proved possible to automate the 
process. Automation is attractive because even if it 
did not make the process simpler, it would certainly speed 
it up. In addition to being a great advantage in conven- 
tional topographic mapping, the increase in speed would 
encourage people to include a locational element in 
observations whioh are not at present mapped at all. 
These observations, such as the census returns, could 
then be made available in map form as well as in statistical 
form. 

Maps also offer a powerful research tool which many 
people believe is under-exploited because of the difficulties 
and expense in preparing maps by hand; maps showing 
the spread of diseases can be compared with those showing 
diet, economic circumstances, or the availability of medical 
services, and reveal unexpected correlations—lead in the 
soil and the incidence of mental disease, for example. 

The first attempt to make maps automatically in Britain, 
known as the Oxford System of Automatic Cartography, 
was carried out by the electronics firm D-Mac, Ltd., 
under contract to the Department of Scientific and Indus- 
trial Research. The first aim of the project was to 
devise a system for copying maps by recording the informa- 
tion they contain on magnetic tape and playing it back 
through a drawing instrument with a facility for reducing 
the scale and discarding material not . This 
involves three stages: (1) input; (2) storage and handling 
of information and (3) output. Both input and output 
need to be controlled very accurately and, at the time of 
the project, machines were not available to do either job 
sufficiently well. Finally the demise of D.S.I.R. and 
difficulties at D-Mac killed the project before any maps 
were drawn, although valuable experience was gained. 

Improvements in line followers and drawing instru- 
ments, largely in the United States, now make the position 
seem much more hopeful. <A second attack on the 
problem is being undertaken in Britain by the Experi- 
mental Cartography Project at the Royal College of Art, 
supported by a grant from the Natural Environment 
Research Council. Central to the project is the concept of 
cartographic data banks, in which all the information 
collected by the “surveyors” would be stored in digital 
form. Different sets of data could be selected at will to 
draw a variety of different maps. Mr. D. P. Bickmore, 
who is Senior Research Fellow for the project, said at the 
meeting on March 20 that ultimately it might be possible 
to short circuit a number of the stages in the map making 
process. Weather information from a satellite, for 
example, might be fed in directly to give immediate 


meteorological maps, and the same might be done for 
oceanographic information, or the results of photographic 
survey. 

Information from these sources would be combined with 
the information contained in the data banks, much of 
which could be supplied by putting existing maps into 
digital form—Mr. Bickmore estimates that 25,000 man 
years of work are stored in the basement of the United 
States Geological Survey alone. Revision of maps to 
take account of new information would be easy, and 
maps could be drawn quickly and accurately as a routine 
part of research; for even more rapid work they could 
be displayed on a cathode ray tube: It might then be 
possible to communicate with the machine while it was 
drawing the map, by use of a light pen, and change or 
edit the map. Mr. Bickmore is also aware of the need for 
maps to communicate with human beings, if necessary 
by exploring the whole attitude towards cartographic 
information, and developing a new aesthetics; one 
member of the team is a perception psychologist. 

Several problems remam, however, before map making 
can be entirely automated. Although drawing machines 
of the necessary accuracy are available—at the meeting 
Mr. P. C. F. Wolfendale of the experimental project said 
that an overall accuracy of + 0-003 in. was necessary— 
satisfactory digitizing methods are more doubtful. 
Absolute accuracy is not in fact as important as relative 
accuracy, as Dr. J. 8. Rollett of the University of Oxford 
Computing Laboratory showed. Quite small errors can 
give a totally false impreasion unless they are in the same 
direction; roads crossing rivera instead of running along- 
side, and T junctions turning into cross roads. Noise, 
backlash in the machine, stiffness, stability or dynamic 
errors caused by lag in the response of the machine can 
all make significant contributions to the total inacewacy. 

There is also the problem of data storage and handling. 
Dr. Rollett has estimated that to digitize line information, 
about 200 pairs of coordinates per inch are required. 
The average square inch of map contains about 25 in, 
of line, so that the data banks are inevitably big. For a 
typical atlas of 200 pages, Dr. Rollett said that 160 reels 
of magnetic tape would be needed. There may bo a danger 
that when the data are stored, the store will be so big that 
the information will be almost as inaccessible as ever, 
and costly computer time will be wasted looking for it. 
Careful systems of indexing must be worked out to prevent 
this happening ; for the atlas, Dr. Rollett said that it 
would be possible to get the index on one reel of tape, a 
great convenience. Ideally it would be better to have a 
data bank offering easier random access than this, but 
demountable disks will probably prove too expensive in 
the short term. The bank would be kept up to date 
by keeping an update file, which would be merged with 
the main file periodically. The size of the store could be 
reduced by compressing the amount of information on the 
tape after it has been collected. Dr. A. R. Curtis of the 
Atomic Energy Research Establishment at Harwell has 
developed a method of doing this, using a mathematical 
approach based on cubic splines, 


y ` 


































meteorologist wishes to draw. Moet. Office use 
a three level model of the atmosphere, and this 
h analysis refers to the middle level, at 500 millbar 
h {about 18,000 ft. in tho fald troposphere), on March 
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The Government Mapping and Charting organizations 
are naturally very mterested ın the progress of automatic 
cartography, and have set up a joint working party to 
study the possibilities. Brigadier A. Walmesley White 
of the Ordnance Survey said that the committee had not 
finished their deliberations, but were hopeful that the 
design was within the capabilities of present-day computer 
technology. One of the committee’s hopes—a distant 
one, admuittedly—is that it will be possible to display the 
map in four colours on a cathode ray tube, with an accur- 
acy equal to that of the final plot, and with the ability 
to take photographs of the display on the screen. 

There is already one organization in Britain which is 
making use of automated cartography, although they 
would be the first to admit that their maps are crude by 
absolute standards. At the Meteorological Office in 
Bracknell information about weather conditions comes in 
on teleprinters from many observing stations in the 
Northern Hemisphere. Using a model of the atmosphere 
and complex computer programmes, analyses of the 
weather situation and forecasts are prepared. The output 
of both analyses and forecasts is then printed by a line 
printer on to special stationery. Dr. N. Bradbury of tho 
Meteorological Office explained that a suitable line drawer 
had not yet been obtained, and that the line printer had 
been modified to provide patterns of numerals which 
give an idea of the weather patterns (Fig. 1). Carried out 
by hand the work could take 30 minutes, a long time when 
rapid forecasts are called for; the lie printer takes 
7 seconds to do the job. For the day-to-day working of 
the Met. Office these maps provide a practical interim 





solution until satisfactory line-drawing equipment 1s 
obtamed. 

The urgency with which automatic cartography 1s 
needed was emphasized by Mr. J. Boreham, of the General 
Register Office. Cartographers, he said, were still working 
on the 1961 census, but 250,000 pages from the 1966 
census (a 10 per cent sample) would soon become avail- 
able. In 1971 the intention was to divide the country into 
15 million squares each representing squares of side 
100 metres on the ground; this will sumplify the display 
problem, and make it more amenable to automated 
mapping. Statistics of this sort are important economic- 
ally, but, as Professor Linton pointed out, so are climato- 
logical data. Only a minute fraction of these are mapped, 
and without the information it is easy to make foolish 
decisions. The Hast African Ground Nuts Scheme and 
the Russian Virgin Lands policy provide two examples 

The large attendance at the meeting—the first ever 
organized jointly by the Institution of Electrical Engin- 
cers and the Royal Soviety—showed the considerable 
interest which exists in Britain towards automated 
cartography. The immediate aim expressed by Mr. 
Biokmore—and obviously the first step in the process— 
is to reconstitute an existing map from digital information, 
automatically, so that it conforms to traditional standards 
of appearance and accuracy. This will show how much 
hand work may still be economic, and what modifications 
in style, information or even accuracy should be con- 
sidered. This, Mr. Bickmore hopes, can be done quite 
soon—~perhaps by the end of this year, if funds become 
available. 
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Specific Binding of the à Phage Repressor 


to àa DNA 


b Genetic experiments show that a group of genes may be switched 
y off by the product of a regulator gene, called a repressor. An 
MARK PTASHNE isolated repressor is shown here to bind specifically and with high 


Department of Biology, Harvard University 


THERE are many examples, in bacteria and their phages, 
of a group of genes controlled by the product of another 
gene-—-a regulator gene. In the classical cases discussed 
by Jacob and Monod}, the control 1s negative and the 
product of the regulator gene is called a repressor. Repres- 
sors act by switching off their target genes; in order to 
activate these genes the repressor itself must be inactiv- 
ated. These facts were learned from genetic experiments 
which do not reveal how repressors work at the molecular 
level. 

The isolation in recent months of two repressors*:? 
makes possible biochemical experiments exploring the 
mechanism of repreasion. Many of the models for this 
mechanism propose different sites for the action of the 
repressor. According to the simplest model, the repressor 
binds to a site on the DNA, directly preventing the tran- 
scription from DNA to RNA. According to other models 
the repressor interacts with mRNA or ssRNA to block 
translation of the genetic message from RNA to protein. 
A prediction of the first model is that an isolated repressor 
will bind t vitro to DNA containing the receptor site 
for that particular repressor, but not to DNA lacking this 
site. The experiments reported here confirm this expecta- 
tion. 


The Genetic System 


The protein made by the C, gene of phage A, called the 
a phage repressor, is used in these experimente. This 
repressor blocks the expression of the other phage genes, 
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Fig, 1. DBAR-oollalose chroma phy of And- and 4 wild tyne 

ropressors: Extracts of E ooh p Infected cells containing 1C- 

labelled Und- repressor In one case and "H-labelled 4 wild type repressor 

1n the other were applied to a DEAK-collulose column  Fraotions from 

a salt gradient were collected and assayed as desoribed previonsly?. 

The Inbel nsed tn this and the other experiments pepoies in this paper 
was 10 or *H labelled reconstituted protein hydrolysate 


affinity to DNA, strongly suggesting that, in vivo, repressors block 
the transcription from D 


A to RNA by binding directly to the DNA. 
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Fig. 2, Specie binding of the Aind- repressor to A DNA. A portion of 
UC labelled Amg- repressor, pooled and concentrated from the peak 
fractions of a DEAR column run, was mixed with 100 ug of A or Aine 
DNA. The DNA was preheated at 70° O for 15 . to minimize 
aggregation, The solutions were made 001 M EDTA, 0-1 M KCl, and 
10 F Cleiand’s Teagont, and 5 ug of commercial sRNA was added as 
an additional Inhibitor of poseible endonuclease activity. After 5 min. 
meubation at 87° O, the final volume of 0 7 ml. was layered on a 5-25 per 
cont sucrose gradient containing 0-05 M KOI, 10+ M Oleland’s ent, 
and 06 mg/ml. BSA as carrier. The ents were spun at 41,000 
r.p.m. for 6 h in an SB260 rotor in an IRO centrifuge, tions were 
collected and the DNA peak located by absorbance at 260 mu. Bach 
fraction was then precipitated on a Millipore filter with TOA and counted 
in a gas flow counter. The optical density profiles at 260 my from the 
tubes containing 4 and Aimm*“ DNA are essentially identical. Phages 
A and Aimm™ wero purified by several bandings in CsCl according to fie 
method of Thomas and Abelson’, and DNA was then extracted and 
purified from the two phago reparations using the same phenol and 
uffer solutions, 


keeping the phage chromosome dormant within its host. 
E. coli. Only & very short segment of the phage genome 
is involved in this control‘*, a region including the C, 
gene and the sites which determine the sensitivity of the 
phage to the repressor. Two phages which differ only 
in this segment are ìà and Aimm* (see ref. 4). Phage 
Ximm4, which contains almost all the other known 
genes of phage à, makes and is sensitive to the 434 phage 
repressor only. Therefore, a critical test of specificity 
is that the isolated 4 repressor should bind to à DNA but 
not to ‘mm DNA. 


Characterizatlon of the A Phage Repressor 


The isolation of the à phage repressor was achieved by 
destroying the host DNA with ultra-violet light, thereby 
drastically decreasing cellular protein synthesis?. These 
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irradiated cells were infected with many 4 phages which, 
under the conditions of the experiment, synthesized 
little or no phage protein except repressor. ‘The infected 
cells were fed radioactive ammo-acids, and a single labelled 
protein was separated from the background label on a 
DEAE-cellulose column. This protein was identified as 
the product of the C, gene by two criteria: first, it was 
mussing from cells infected with phages bearing amber 
mutations in the C, gene, and second, it was made in 
modified form by phages which produce temperature 
sensitive repressors as a result of mutation in the ©, gene. 
Electrophoresis and sedimentation of the repressor indi- 
cate that it is an acidic protein with a sedimentation 
coefficient of about 2-85, which corresponds to a molecular 
weight of approximately 30,000. 

The binding experiments to be desoribed were performed 
mainly with the repressor made by the mutant phage 
àind-. The ind- mutation renders the repressor insensi- 
tive in vivo to many conditions which inactivate the 
wild type repressor‘. For example, a small dose of ultra- 
violet light delivered to a 4-lysogen will inactivate the 
wild type but not the ind- repressor. The ind- repressor 
can be isolated in the same way as the wild type and has 
approximately the same sedimentation coefficient, but it 
chromatographs separately from wild type on DEAE- 
cellulose columns (Fig. 1). The altered chromatographic 
behaviour may be due to a charge or a conformational 
change. However, the fact that this mutation in the C, 
gene, from wild type to ind-, also changes the behaviour 
of the protein on DEAE provides further proof that this 
protein is coded for by the C, gene. 


Binding of the Repressor to DNA 


The labelled Xind- repressor was mixed with à DNA 
and sedimented through a sucrose gradient. Fig. 2 shows 
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Fig. 8. Selecttve binding of the 4 C, product to A DNA. **C-labolled 
Asnd- repressor was isolated on a D column from an extract which 
also contained the *H-isbelled gene products of tho phage 4284, 
This mixture was then tested for binding to A DNA as described in 
Fig. 1. The 260 my OD profile of the 4 DNA is essentially identical to 
that shown In Fig. 1. CJ ons were pital with TOA, 
dissolved in 1/2 ml. 0-1 M NaOH, and counted in 10 mi. of scintillation 
fluid containing toluene and Triton X-100 in the ratio 8-1 plus 0 4 pear 
cent PPO and 0-005 per cant POPOP 
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that some of the label sedimented with the DNA, indicat- 
ing that the Aind- repressor binds to DNA. Fig. 2 also 
shows that this binding is specific: when the repressor 
was mixed with DNA from phage \tmm‘*, no binding 
was observed. This experiment has been performed 
with several different preparations of repressor and 
phage DNA. 

The repressor used in the binding experiments was not 
isotopically pure. Depending on the fractions pooled 
from a DEAE column run, as much as 50 per cent of the 
label might be present in impurities other than the 
repressor. In order to guarantee that the label sediment- 
ing with the DNA was in the repressor and not in some 
contaminant, a double label binding experiment was 
performed. ‘C-labelled Xind- repressor was isolated on 
a DEAE column from a mixture of extracts which in- 
cluded the *H-labelled products of cells infected with the 
phage 2C,sus34. This phage bears in its C, gene the 
amber mutation sus34 which blocks production of the 
repressor’, Therefore the *H will have labelled all the 
proteins made except the repressor. Fig. 8 shows that 
about half the “C label but none of the *H label sedi- 
mented with the DNA. 
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Fig. 4. Binding of Aind- repressor to denatured A DNA. 100 ug of 
A Swi was denatured in 01 M NaQH and then neutralized with Hic. 
The salt concentration was adjusted to 0-1 M KCl and a bin 
expeciment was performed using ‘C-labelled Aind- repressor as desorib 

in Big.1. The ont was spun for only 2-5 h because of the increased 
sedimentation coefficient of denatured 4 DNA tn 0-05 M KOP! 


The repressor does not bind to denatured DNA. Fig. 4 
shows that no counts were displaced from the top of the 
tube when a mixture of denatured DNA and labelled 
Aind- repressor was sedimented through a sucrose gradient. 
The repressor preparation used in this experiment was 
found. to bind efficiently to native DNA, hence its failure 
to bind here must have been due to the changed con- 
figuration of the DNA. 

In several experiments, the wild type repressor was 
tested for binding to DNA. Some binding was detected, 
but the results were not as striking as with the Aind- 
repressor. It is possible that the ind- form is less sus- 
ceptible to inactivation during the isolation procedure 
or that it binds more tightly to DNA. 
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Nature of the Binding 


In order for binding to have been detected under the 
experimental conditions used, the repressor must bind 
very tightly to DNA. A close examination of Figs. 2 and 
3 shows that some of the bound repressor washes off 
the DNA as it sediments. This suggests that the dissocia- 
tion constant is of the same order of magnitude as the 
concentration of DNA binding sites (called operators) 
in the peak tubes. Assuming a small number of operators 
per phage genome (there are probably one or two), this 
value is roughly 10-*-10-1° M. A repressor-operator 
affinity in this range tn vivo is suggested by the magnitude 
of derepression observed with the lac operon. Since a 
1,000-fold increase in -galactosidase synthesis occurs on 
induction, the dissociation constant of the repressor— 
operator complex should be 1,000-fold less than the con- 
centration of free repressor in the cell’. The concentration 
of free lac repressor has been estimated at 10-’ M (ref. 2), 
umplying that the dissociation constant is of the order of 
10-19 M. 

The finding of the Atnd- repressor to à DNA was 
noticeably weaker when the complex was sedimented 
through a sucrose gradient containing 0-1 M KCI instead 
of the 0:05 M KCI used in the experiments described here. 
In a gradient containing 0-15 M KCl, no binding was 
detected. This observation suggests that the binding is 
partly electrostatic. 
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The finding that the 4 repressor binds specifically and 
with high affinity to à DNA strongly suggests that the 
simplest model for the mechanism of action of the repres- 
sor is correct—namely, that the repressor blocks trans- 
oription from DNA to RNA by directly binding to DNA. 
This conclusion is further supported by the recent observa- 
tion of Dr. W. Gilbert that the lac repressor binds specific- 
ally to lac DNA and is removed by IPTG (W. Gilbert, 
to be published). 

I thank Nancy Hopkins for technical assistance, and 
also Drs. W. Gilbert, J. D. Watson and 8. E. Luria for help. 
The work was supported by grants from the U.S. National 
Science Foundation and the U.S. National Institutes of 
Health. 
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Tertiary Structure of Ribonuclease 


Two models have recently been propa aa for the tertiary molecular 


by structure of ribonuclease (Nature, 
models were based, respectively, on 5-5 
maps bullt up over the past decade and a half. An attempt is here 
made by a proponent of one of the models to reconclle the consider- 
able differences that exist between the two models. 


GOPINATH KARTHA 


Crystallography Center, 
Roswell Park Memorial Institute, 
Buffalo 3, New York ; 


A MODEL has been proposed from this laboratory for the 
three-dimensional folding of the polypeptide chain in 
bovine pancreatic ribonuclease. A little earlier, Avey 
et al.» had proposed another model of the same protein in 
the same crystalline form, and in a note appended to that 
article Dr. C. H. Carlisle had commented on some ap- 
parently significant differences between that model and 
ours. 

The purpose of the present article is to point out that in 
my opinion the di ment is probably not in the data 
or the results but in the interpretation of the separate 
electron density maps computed by the two groups with 
very different volumes of X-ray diffraction data as mput. 
To be specific: our map was computed at 2 A resolution 
with 7,294 reflexions, whereas Avey et al. (hereinafter 
called the London group) used 389 reflexions within 
5-5 A resolution in building their map. To this extent, 
the two maps which were the starting pomt for the two 
separate models are widely different. To indicate the 
effect of resolution on the quality of the map, three maps 
are given in Figs. 1-8. Fig. 1 was computed with the 2 Å 
data of 7,294 reflexions and contours are drawn, at inter- 
vals of 200 units on an arbitrary scale; the first dotted 
contour corresponds to 100 units. Figs. 2 and 3 were also 
computed with our data, but terminated at 5-6 A and 
included 362 reflexions to correspond to the data range 
used by the London group. In Fig. 2 contours are drawn 
in the same intervals as in Fig. 1; however, in Fig. 3 con- 
tours are in intervals of 40 units, starting the dotted with 
20. The maps are vy sections corresponding to z= 0-357, 
this being the co-ordinate of the disulphide bridge we have 
designated as II-VI. This bridge is denoted in each map 
by & cross. 


13, 557 and, 862; 1967). The 
and 2 A electron density 


In Fig. 1, this point corresponds to a peak density of 
1,700 and is one of the five highest peaks in half the unit 
cell. In Figs. 2 and 3, the peak height at the corresponding 
point is 120 on the same unit. There are fifteen peaks of 
height greater than 150 in this map including two regions 
of peak height of more than 200 units. The first of these 
corresponds to the region we have identified as in the 
vicinity of the bulky residues GLN(28), MET(29), and 
MET(30). The second highest region in this 5-5 A corres- 
ponds to the possibly helical region of the main chain 
residues 52-58. From a detailed comparison of this 6-5 A 
resolution map with 4:0, 3-0, 2:4, and 2-0 4 resolution 
maps, I conclude that at the 5-6 A resolution, the most 
prominent features of the electron density map do not 
correspond to the disulphide bridges. In the 4 A maps 
these bridges do become visible, but one has to go to 
a resolution of at least, if not better than, 3 A before the 
disulphides stand out as the prominent features. 

The co-ordinates of the centre of the disulphide bridges 
obtained from our 2 A maps are given in Table 1 with 
corresponding co-ordinates of the London group. We 
believe our co-ordinates to be accurate to 1 A. Comparison 
of these co-ordinates with those of the London group 
show no direct correspondence even allowing for the 
possibility of different choice of origins. This is true even 
for the first of these two bridges, and thus ıt seems likely 
that the cystine co-ordinates as listed by the London 
group differ considerably from our set. Furthermore, I 
think that a detailed interpretation of the main chain 
folding in a protein of low helical content from a low 
resolution map on the assumption that the most prominent 
features are indeed the disulphide bridges is an extremely 

(Oontinued on page 330) 
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A Quark Albedo? 
by A mechanism is proposed by which quarks could become bound to 
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Tar symmetry classification of the known elementary 
particles can be most simply explained if they are con- 
sidered as appropriate combinations of yet simpler entities 
of charge +4, +4, spin $ and a mass of the order of ten 
proton masses. Such particles are called quarks!. In 
this article we discuss the life-history of quarks externally 
incident on the Earth, and go on to argue that they will 
manifest their presence as negative ions (with anomalous 
m/e ratio) in the mesosphere, where ıt should be possible 
to place bounds on their number by sampling with rocket 
flights, followed by mass spectrometric investigation. 

We first consider the fate of quarks of extra-terrestrial 
origin incident on the Earth (and those formed in the 
atmosphere in collisions of primary cosmic rays with 
atmospheric nuclei). For our purpose a quark is a 
particle of mass M,>10 My, and charge Zg=+4, +4. 
The atmosphere of the Earth can be considered to consist 
only of oxygen and nitrogen, with approximately 10** 
atoms/cm‘ column, corresponding to a path length of air 
at s.T.P. of about 10¢cm. The range energy relationship* 
may be written as 


10 
R(E) = Ze Ry (B/10) 


for quarks of energy Æ ın terms of the range Rp for protons 
of energy #/10. Thus for 10 BeV quarks the range, based 
on standard dats for protons in nitrogen, is approximately 
107 cm of air at s.r.p. It follows that if such quarks are 
created in energetic collisions in the atmosphere, they 
will be stopped in the top tens of metres of the oceans or 
Earth. Those which are stopped in the top few metres 
of Earth eventually reach the ocean through denudation. 
If the initial kinetic energy is less than 1 BeV, thermaliza- 
tion in the atmosphere is likely. Denudation of the upper 
few metres of the Earth’s surface at any epoch is rapid 
on a geological time scale. The amount of weathered rock 
is believed to be of order 2x 10* g/em* (compare ref. 3). 
Quarks imbedded in the soluble fraction would be dis- 
persed with their carriers in the upper ocean. The bulk 
of the insoluble fraction is, however, deposited to form the 
continental shelves. They may therefore be relatively 
enriched in quarks compared with the presently exposed 
surface material. 

We need only consider negative quarks, because positive 
quarks recombine radiatively with electrons. The radia- 
tive recombination coefficient can readily be estimated 
from the tables provided by Bates and Dalgarno? as 
within a factor of ten of 10- em?/sec, due allowance being 
made for mass and charge scaling. 

For thermal quarks (kinetic energy of the order of kT) 
the most likely initial capture process might seem to be 
three-body attachment to electro-negative atoms or mole- 
cules (that is, oxygen, water, etc.) 

g+Oy+ X08 + X 
by analogy with 
e+0,+ X-054 X 


atomic systems of relatively low molecular weight such as oxygen 
or water, They may then undergo a cyclic process of reflexion 
from the Earth’s surface, reaching heights of 50 km or more. 
authors propose that such quarks could be detected by sampling 
the upper atmosphere from rockets or by taking samples from the 
ocean floor of the continental shelf. 


The 


which is a fast reaction: rate coefficient 10-3* cm/sec 
(ref. 4). The potential seen by the quark outside the 
neutral atom is, however, lower by è factor [Z,| than 
that seen by the electron; polarization effects, which 
according to Massey® are important in producing binding, 
are down by a factor Z,*. It is therefore unlikely that the 
quark affinity is as high as a quarter of the electron 
affinity, whioh is of order 0-4 eV for oxygen. It is clear 
from a comparison, of Hartree and Hartree-Fock calcula- 
tions for, say, oxygen‘ that the effect of the Pauli principle 
is to inoreaso the binding. This effect is absent for quarks. 
The occupied quark orbital would, however, have to be 
one of very high principal quantum number (ng). In 
order to have the radial co-ordinate expectation value as 
large a8 Go, ng must be of order 107. Comparison with 
electrons bound in le or 2p orbitals as in H- or O- may be 
misleading. Detailed calculations are scarcely possible. 

A more acceptable process has been considered by 
Wightman’ in connexion with meson capture. If the 
thermal quark can penetrate the electron cloud, then the 
electrons move in the dipole field formed by it and the 
nucleus, at separation R. As R decreases, the number of 
bound levels of given orbital angular momentum supported 
by the dipole field decreases, until, at some value Re. 
first one and then successive electrons are ejected. For 
(p.n-), Re~ay. The dipole moment would be smaller for 
(p,q) and Re correspondingly larger. At this stage the 
quark is bound in a singly or multiply ionized atom, in an 
orbit of high principal quantum number. 

Capture then proceeds by way of Auger transitions to 
states of high ny. Detailed calculations have been made 
for u~ by Mann and Rose’ and for K- by Martin’. For q- 
capture into an orbit of principal quantum number ne 
the rate will be down on that calculated by Martin for K- 
capture into level ne==(Mx/M,)ing by œ factor Za. 
Martin finds that the rate is as high as 10-!* em?/seo for 
ne>20and Hx<0-2keV. Thus both processes considered 
are followed by a succession of radiating and Auger transi- 
tions in which the quark reaches a level of small ng in a 
highly or completely ionized atom. If capture is initially 
to &@ molecule, this will dissociate. 

Except in the case of atomic hydrogen the quark will 
rapidly enter nuclear matter. For nuclear charge Z,> 5, 
the first Bohr orbit lies within the nucleus. A residual 
nucleus of charge diminished by Z, is produced. For the 
(p,q) pair, however, the radius of the ng=1 orbit is about 
10- om. For K-, Martin finds that capture by the nuclear 
interaction (in an optical potential model with absorptive 
part having a strength of — 22-5 MeV) occurs in less than 
10- sec. We expect quarks stopped in the ocean to enter 
either the proton or oxygen-16 nucleus of water. (Dis- 
solved heavy atoms eventually precipitate.) Because of 
the initial dissociation of the water molecule in the early 
stages of capture, the branching ratio should favour 
oxygen-16 rather than the protons, as successive Auger 
processes are not possible in the latter case. The compet- 
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ing capture process, quark transfer from protons to 
oxygen nuclei, is relatively slow, and can be ignored. 
Neutralization of the quark nucleus proceeds rapidly 
(in the atmosphere at ground level, the three-body rate 
coefficient need be no higher than 10° em/sec for this 
to occur in a few hours), leaving a stable atomic system 
of negative charge 4 or $. The additional electron can 
readily be captured from any system of lower binding 
energy, or from any free electrons present. It 1s important 
to estimate the binding energy (electron affimty). If 
we consider, for example, the isoelectronic sequence of 
nitrogen, O+, and F™ we can make a quadratic extrapola- 
tion of the binding energies, Æ, of the last electron added’®. 
The values obtained for residual nuclear charges Z are: 


Z Tk TR 8h Ba 
E 33 80 71111 eV 


Similar values are obtained for (mitrogon-14+q) nuclei. 
The cases of most interest are Z= 63, 73 where we expect 
the negative ions N-(qg), O-(q) to have electron affinities 
of the order of 6 and 8 eV respectively. Thus O-(g) could 
be formed by capture of an electron from chloride 1ons 
oxisting in ionic form in the ocean. 

The oxygen of the upper oceans takes part in the general 
ciroulation of the atmosphere. Wo can estimate the cycle 
time as leas than 1 year". 

The negative quark-ion cycle time is longer, because of 
the increased binding energy AH to the Iquid. The 
Born equation 


can be applied, with e= Za r=3-5 A for the quark-ion 
at the centre of a water tetrahedron, dielectric constant 
l, to give AH ~0-43 eV. It is now generally conceded 
that at 20° C there are negligible concentrations of water 
molecules in the liquid state which have no hydrogen 
bonds. Following the estimate of 2-5 kcal/mole for the 
van der Waals energy, the binding energy L of a molecule 
to the liquid is taken as 2:5+4-5=7 keal/mole, and using 


t 
wt P a exp {—(aH = ryer} 
mO PHO 


with the cycle-time tg,o of the water molecule as one year, 
then the cycle-time ¢y of the quark-ion is of the order of 
100 years. 

The negative quark-ion leaves the ocean and 1s carmed 
to heights of up to 50 km by the vertical component of the 
atmospheric electric field. The mean fair weather vertical 
drift field acting on negative ions is about 100 V/m (ref. 11). 
While normal (electron carrying) negative ions rapidly 
loge their excess clectrons in collisions, the ions carrying 
quarks have this charge firmly bound, and are unlikely 
to change sign until photoionized at great altitudes. The 
ratio of field strength to pressure is low, so that the 
velocity of drift of the quark-ion will be about Z? times 
that of a normal negative ion of the same species. For O- 
the mobility is about 2:5 em‘/V sec (ref. 4) so that the 
drift velocity of quark-ions may be as high as 0-8 cm/sec. 
In times of the order of the cycle time (10° sec) quark-ions 
will have reached the zero field level of 50 km. 

This argument goes some distance towards explaining 
why quarks (if they exist) have not been found in mass- 
spectrographic analysis of atmospheric air and ocean water 
samples’? or in Millikan experiments. 

Over a prolonged period, negative quark-ions may 
diffuse through the ionized layers, reaching the height 
at which photoionization is possible. The resulting 
positive quark-ions are reconverted mto negative quark- 
ions by electron capture, so that they are trapped electric- 
ally at the inner edge of the layer and hydrostatically 
at the outer edge. The principal fall-out mechanism would 
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seem to be in meteorite showers, but a further possible 
mechaniam is the mutual neutralization of two quark-ions 
to form a molecule, which would not be trapped electric- 
ally. We speculate that the lifetime in the ionized layers 
is much longer than the cycle time from the upper oceans, 
but much shorter than the denudation times for the solid 
crust. 

If the incoming quark flux were as low as 10-*/cm? sec. 
then the number entering a column 1 cm? in cross-section 
in 10%? sec is 10(!7-*). Assume for simplicity that all 
finish up bound in oceanio oxygen-16 nuclei, and that 
the lifetizne in the ionized layers 1s much longer than the 
lifetime in the oceans. In a column 1 cm‘ in cross-section 
there are about 103% such nuclei within the effective stop- 
ping depth in the ocean, say 1 km. By the albedo mechan- 
ism we need only consider the 10% atoms cm~? column 
of atmosphere down to 50 km. however, and the quark 
concentration will therefore be 1 in 10+*) atoms. It will 
be sufficient to design an expermment with sensitivity of 
l ın 10%? to better the established bound on n (compare 
rof. 14). 

We propose a series of rocket flights at different altitudes 
in the lower ionosphere to collect gas samples for subse- 
quent exposure to mass spectrographic analysis. At high 
altitudes (> 60 km), the quark-carrying atom or molecule 
may well be surrounded by a sheath of polar molecules, 
eventually reacting chemically with some of these. The 
detailed aeronomy 18 complex. In general one would 
expect the quark-carrymg atom to occur in oxygen, 
nitrogen, nitrous oxide, nitric oxide, carbon monoxide, 
carbon dioxide, water or other such small molecules, 
carrying negative charge — $ or — $, and with (M/e) value 
in the range 50 to 160, where JI is measured in atomic 
units (A.M.U.). 

At an altitude of 50 km the electrostatic potential 1s 
very small or zero on a macroscopic scale, while the 
molecular number density is about 101*/em?. A typical 
rocket trajectory would allow about 50 sec m a layer 
10 km thick about the 50 km level. We would propose 
to collect the sample on activated charcoal cooled with 
liquid nitrogen. The 50 sec experimental time would be 
sufficient to allow exposure and subsequent resealing of 
the charcoal package. (Zeolites would be less effective 
because their small pore structure might differentiate 
against molecules, or molecular clusters, larger than 
oxygen.) 1 g of charcoal absorbs ~3 x 107° molccules, 
so that with a payload of 3x10‘ g approximately 10% 
molecules could be collected. This payload is unneces- 
sarily large, because the time required to search it with a 
mas spectrometer would be excessive. 

After recovery, we propose that the collected sample 
would be released by controlled heating, and the molecules 
allowed to pass, without ionization, into a mass spectro- 
meter arranged to receive negative ions. 

Assuming a spectrometer efficiency of 0:1 per cent, and 
allowing a minimum of 100 counts for a detectable peak, 
a relative concentration of 1 quark in 10% molecules could 
be found in each flight. Unfortunately this ıs a much 
higher concentration than the background (10-**) achieved 
in the prolonged search at ground level (carried out by 
Chupke et al.!3). But a negative result (that is no detect- 
able peaks removed by more than, say, 0-1 a.m.U. from an 
integral mass number) would put a bound of better than 
10-*4/am? sec on the quark flux. 

The efficiency of @ mass spectrometer scanned in mass 
number cannot exceed the inverse of its resolution, and 
thus the necessity of searching with higher resolution 
(<01 a.m.) severely limits the analysis of a single 
sample. Subsequent flights could, however, produce 
samples to be scanned with high efficiency in narrow mass 
ranges determined to be of interest in an mitial sample 
scanned with high resolution. 

It is also profitable to conduct a mass spectrometric 
search of insoluble solids on the ocean floor of the con- 
tinental shelf. 
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We are grateful to many physicists, in particular 
E. H. S. Burhop, and the Argonne Laboratory Group, 
for critical discussion of these ideas. 
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Clear Air Turbulence and Supersonic Transport 


by Clear air turbulence (CAT) at high altitudes over the Woomera 


K. T. SPILLANE 


Bureau of Meteorology, 
Melbourne, Australia 


rocket range In South Australia seems to be related to the presence 
of the core of the jet stream near the range. 
target alrcraft over the range have shown that CAT Is most likely 
to occur when there is a sharp “kink” In the temperature profile 


Flights with Jindivik 


between 50 and 200 mbar. 


Rovurms flights in the layer of the atmosphere from 
50,000-70,000 ft. by supersonic transports such as the 
Anglo-French Concord and the proposed American 
supersonic transport (BST) are imminent. Information on 
the probability of occurrence of clear air turbulence 
(CAT at this height is therefore a pressing need. 
The U.S. Air Force is at present carrying out & pro- 
o of investigating high altitude clear air turbulence 
(HICAT) as part of a research effort to develop a super- 
sonic transport. The Australian phase of this programme 
involved co-operation with scientists from the Common- 
wealth Bureau of Meteorology. This phase is now 
complete and has produced very interesting results which 
confirm in part the interpretation of earlier Australian 
investigations. 

The purpose of this article is to describe the recent 
results of Australian investigations into high level clear 
air turbulence and to summarize briefly the meteor- 
ological results of the HICAT exercise over Australia. 
Some ideas on the generating mechanism of CAT are out- 
lined at the end of the article. 

Over a period of several years, regular flights by target 
aircraft (Jindivik) have been made at heights of up to 
65,000 ft. over Woomera in the flat Australian desert. An 
analysis of data from these flights indicates clearly that 
the occurrence of turbulence above 60,000 ft. is not the 
rare phenomenon that the analyses of U2 records sum- 
marized by Reiter! indicate. 

The Jindivik always flies in the same region, less than 
50 miles in radius. Its roll rate is recorded. From records 
of fights in which wing-tip and C.G. accelerometers were 
also carried, the disturbances of roll rate were found to 
provide a good indication of turbulent flight. 

If part or all of a layer was turbulent on both ascent 
and descent, it is highly probable that this turbulent 
layer was persistent in time and space for up to half an 
hour, and for at least 30 miles. The expectation of 
encounters with such significant layers in every 100 
flights is shown in Table 1. These resulta refer to all 
intensities of turbulence from light turbulence upwards. 


If the results are further divided into seasons, by far 
the greater frequency of encounter 1s found in winter and 
spring. Division of the occurrences of only moderate or 
severe significant layers of turbulence, according to 
seasons, but for a larger sample of thirty-seven flights 
above 50,000 ft., is grven in Table 2. 


Table 2 
Summer and Winter and 
autumn spring 
Flight encounters (moderate or severe) 0 9 
No. of data flights 11 26 
Expectation per 100 flights — 35 


When it is remembered that these observations apply 
only to a very restricted area, it is strongly 
that supersonic sircraft operations in the vicinity of 80° 8. 
over the Australian continent during winter and spring 
will frequently encounter CAT. 

While the similarity of disturbances of roll rate at 
55,000 ft. and in the surface layer to say 5,000 ft. does 
not mean that the turbulence structure is necessarily 
similar, on such a basis of comparison 33 per cent of 
fights will encounter at least moderate turbulence. 

Before the Australian phase of the U.B. Air Force 
“Project HICAT” began in July and August 1966, this 
was the state of understanding of the probability of 
occurrence of CAT above 50,000 ft. 

Observations of CAT between 50,000 and 170,000 ft. 
were made by a U.S. Air Force U2 aircraft equipped to 
record true gust velocities in three components, and about 
thirty other parameters including lateral, horizontal and 
vertical accelerations. 

Eleven search flights were carried out during the period 
July 19 to August 11, 1966. 

Meteorological advice and forecasts for the Australian 
phase of Project HICAT were provided by the Australian 
Bureau of Meteorology and will be reported elsewhere by 
Mr. F. A. Powell. This advice was based largely on the 
interpretation of Jindivik observations. Before outlining 
the ted mechanisms and forecasting guides, the 
results of the HICAT project are here briefly reviewed. 


Table 1 
Height (10? ft.) 10-15 16-20 20-26 25-80 80-35 35—40 40-45 465-50 50-55 55—60 80-65 
Expectation per 100 flights 20 19 11 20 37 18 11 16 48 85 17 
No. of data filghts 54 54 53 45 48 41 41 36 20 18 12 
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Of the eleven flights, significant layers of turbulence 
exceeding 30 naut. miles in extent and causing vertical 
acceleration greater than or equal to +0-25g were en- 
countered on seven flights. Of the remaining four, one 
recorded extensive regions (more than 70 naut. miles) of 
“bumps” to 015g, while the other three recorded insig- 
nificant patches of CAT. Three of the seven encounters 
may have been associated with topographic features 
absent at Woomera, but conditions were also favourable 
otherwise and the combination of circumstances may 
account for the extensive regions of turbulence, which in 
two of these cases exceeded 100 naut. miles, one of which 
reached levels of 0-6g. 

On three occasions when surface effects could safely be 
discounted, the regions of significant turbulence also 
extended with little interruption over distances of 100 or 
more nautical miles. 

These observations conducted between 22° 8. and 37° 8. 
confirm that significant regions of CAT are not infrequent 
between 60,000 and 70,000 ft. over the southern half of 
Australia in winter. 

These resulte strongly suggest that CAT in this region 
is intimately related to the subtropical jet stream which, 








{a) 200 mb OAAR 
(sotherms-degrees centigrade) 54 1, 








Fig. 1. Moan July position of subtropical ieee core (hachured) and 
mean July isotherms AP eh ae a) 200 mbar, (5) 100 mbar, 
e mbar. 
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Fig. 2. Schematic vertical profiles of U, tx, and v above a sharp wind 
maximuin of a subtropical jet. 


over Australia, intensifies rapidly during May, reaches ite 
maximum development of 140 knots average core speed 
in July and has a high frequency of jet core location near 
Woomera during winter and spring. 

In this period, the jet core is mostly located just below 
200 mbar. Above this a strong negative shear in westerly 
wind is established by 150 mbar, continues through 100 
mbar and becomes insignificant by 50 mbar. This region 
of strong shear is accompanied by a strong poleward 
increase of temperature which becomes negligible at 
50 mbar and remains so through 30 mbar (Fig. 1). 

To illustrate the processes considered primarily respon- 
sible it is sufficient to consider the air flow in zonal 
(eastward) and meridional (poleward) components. 

The zonal acceleration* 


dU 1 & 1 Ot 
de =~ pee tI + oe 
Or 
=f- 9 3 (1) 


Clarke? has argued that detail in v in the immediate 
vicinity of the jet core is determined largely by 07,/dp; 
v has a maximum positive value in the region of large 
positive 07,/0p immediately above the jet core. 

Integrating equation (1) from jet core (200 mbar) to 
approximately 50 mbar on the average gives 


dU 
Í | v êp = | ar èP 
as tz becomes neglgibly small at both levels. 


dU dU 
a 7” (U —0) Sz (3) 


where C is speed of the jet isotach pattern in the x direc- 
tion and w is the vertical velocity of the air. 

For descent (ascent) above a jet entrance (exit) region, 
both terms on the right hand side of equation (3) 
are positive (negative in the case of ascent) where U 
exceeds O and, throughout the layer, even for a rapidly 
moving isotach pattern of say 60 knots their sum would 
be positive (negative in the case of ascent). 

The distribution of U, tg and v above a single jet 
structure are shown schematically in Fig. 2 for (a) descent 
and (b) ascent. Variations from these cases can, of course, 
occur, but the cases presented are suggested as providing 
extreme variations in the v profile. 

Considering stability 00/02 (0 = potential temperature) 
as an individual property of an air stream, its logarithmic 
rate of change for adiabatic flow is 


0 Wa 
3z . Voz — Sz (4) 


* U, zonal (x) component; F, meridional (y) component (positrve pole- 

ward); f, 2 o sin 0, the Coriolis parameter (positive); fa, frictional (Reynolds) 

stress in eastward direction; Vy, > 7 ale meridional geostrophic com- 
onont; Q, air density; g, m tude of gravity force; p, pressure; v, 
Yg. 


(2) 
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(a) above and 
poleward 


(b) above and 
equatorward 








TEMPERATURE 


oo Kig. 8. Characteristic temperature profiles produced by ageostrophic 
. meridional wind components above and on the (a) poleward an (b) 
i equatorward sides of a sharp subtropical wind maximum (jet). 


where Wa is the horizontal wind vector and Vez is the 

__ horizontal gradient of the height of an isentropic surface. 

_. The first term of equation (4) is closely approximated by 
: dv OZ, 

oz oy 

nd has maximum negative values above the minimum 

nd below the maximum of v (see Figs. 1 and 2). In the 

_ intervening region it has its maximum positive value. 

_ Above and poleward of a sharp wind maximum, such 

_ Motions, even if indeterminate due to error in a wind 

_ sounding of these regions above a jet, would be charac- 

_ terized by the temperature profile a in Fig. 3, while 
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Tiner electrophoretic forms of creatine kinases (enzyme: 
- 2.7.3.2) have been observed in a number of vertebrates!~*. 
One type is characteristic of skeletal muscle, a second is 
always found in brain; the third form is intermediate in 
| its electrophoretic migration and has recently been shown 
+ to be a hybrid consisting of units of the brain and muscle 
types; all the various creatine kinases have been shown 
to be dimeric structures*, Adult chicken muscle as well 
as adult mammalian muscle contains only one type, which 
has been referred to as the “muscle type”. Both chick 
and mammalian brains contain only the “brain type” 
enzyme in both the embryonic and adult stages’. In 
chicken heart the creatine kinase is largely the “brain 
type” enzyme with traces of the “hybrid form”. In 
:: contrast all mammalian hearts examined have the ‘muscle 
type” with or without the intermediate hybrid form. The 
brain type has been found to be the embryonic form in all 
tissues of both the chicken and rat. 

We have now compared the electrophoretic patterns of 
¿creatine kinases of a number of different vertebrates. 
Wish and frog tissues were prepared freshly. Almost all 

birds were stored in the frozen state until needed for the 
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equatorward and at a higher level still the ageostrophic a 
flow would produce the temperature profile b. They would 


occur in combination in the region of strong vertical shear, = 


Decreasing stability in the region indicated (accompanied — 
by shear and local minimum of Richardson’s number) can - 
be expected to favour local generation of CAT. The genera- 


tion in a region of net upward transport. of westerly 
momentum and of low stability (convection) is expected _. 


to produce a concentration of the smaller scale disturb- | 
ance sensed by subsonic aircraft as CAT (< 700 ft.) in 
the base of the upper stable layer. 











Of the ten cases of significant turbulence encountered 


by the Jindivik, seven were associated with temperatur 
profiles of type a and b and five of these were in the base 
of the upper stable layer, : ae 
The remaining three cases were located in or ab 
local minima of Richardson’s number of 2-6, 0-7, | 
and where the wind speed decreased by 5 knots in 
1,000 ft. over at least 4,000 ft. Poe ae 
Forecasting advice for Project HICAT was based on 
the existence of these temperature profile characteristics - 
in regions of strong shear (negative) with local minima of — 
Richardson’s number. ES 
The high expectation of CAT in such regions was con: 
firmed in the observations reported here. ne) 
The Jindivik data were made available by the Target 
Aircraft Group of the Department of Supply. The analysis 
of these data was conducted while I was a senior research’ 
fellow in aeronautical turbulence at the University of- 
Melbourne. The details of HICAT turbulence were sup- 
plied by courtesy of the U.S. Air Force through the 
contracting firm, Lockheed. E 
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Comparison of the electrophoretic patterns of creatine kinase in 
different birds throws some light on the type of evolutionary changes 
which have affected the multiple forms of this enzyme. ee 


preparation of the organ extracts. Organs were homo- 
genized in 0-25 molar sucrose followed by centrifugation 
at 100,000g for 1 h. They were then subjected. to. 
electrophoresis in horizontal starch gels, using tris-borate- 
ethylenediamine tetraacetic acid buffer at pH 8-6, or phos- 

phate buffer at pH 7 (ref. 4). After electrophoresis tho gelso“ 
were stained with a nitro-blue tetrazolium staining mixture 
containing creatine phosphate as substrate. For a blank. 
reaction a second set of gels was stained with the same. 
mixture without creatine phosphate. To each gel one 

sample of chick heart extract was applied as a standard: 

In organs of amphibia (bullfrog, Rana catesbiana; and 

leopard frog, Rana pipiens) and fish (codfish, tuna, had- 

dock, mackerel and flounder) we found three bands with 
creatine kinase activity with an electrophoretic mobility 
different from that of the mammalian and the chick 
enzymes (Fig. 1). The electrophoretic mobility of creatine 
kinase in birds also varied considerably within the different 
orders. The electrophoretic patterns of ereatine kinase in 
hearts of birds of the order Passeriformes showed a pattern 
similar to the chick heart, that is a predominating brain 
band, a hybrid band and, in. some cases, a weak muscle 
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band. The heart creatine kinase of some birds of other 
orders, however, showed a strong “muscle” band together 
with the intermediate hybrid and the “brain” band. In 
cases where the breast muscle was investigated we found 
the same electrophoretic patterns of creatine kinase in 
eontrast to the findings on lactic dehydrogenase patterns 
where differences between breast muscles of different 
avian species occurred according to flight habits of the 
birds’. 

Besides the three known bands, a number of birds 
showed an extra band with creatine kinase activity. 
Fig. 2 shows the electrophoretic patterns of skeletal 
muscle, heart, and brain of the indigo bunting, Passerina 
cyanea. ‘There appear to be two brain type enzymes with 
almost the same amount of activity on the gel. If these 
two bands occur in the brain of an avian species, they also 
always occur in the heart (whenever the brain type is pre- 
sent in the heart of the particular species). Because most 
of the bird extracts were made from frozen tissues, we 
attempted to rule out the possibility that the extra band 
was of mitochondrial origin, because creatine kinase is 
also contained in mitochondria of brain, heart, and 
skeletal muscle’. For this purpose, we made extracts 





Fig. 2. Electrophoretic patterns of creatine kinase of erude extracts of 


from fresh birds and obtained the same results as from brain, heart, breast- and leg-muscle from the indigo bunting, Passerina 
frozen organs of the same species. These investigations cyanea, (Starch gel pH 8-6.) Chicken heart was used as a standard. 
indicated that both brain types were present in the soluble 

cytoplasm. jays (family Corvidae). have two brain bands extremely 


We isolated the hybrid and the two brain bands indivi- close together. All the other birds have the two brain 
dually from starch gel and subjected them to electro- bands which are distinctly separated. After dissociation 
phoresis on agarose gel (1-5 per cent agarose in 0-03 by guanidine and successive reactivation by dilution or 
molar veronal buffer, pH 8-6; 0-06 molar veronal-well- 
buffer, pH 8-6 (ref. 8)); these isolated forms migrated Pahle 1, NUMBER OF BRAIN-HANDS OF SUPERNATANT CREATINE PHOSPHO- 
to the original corresponding positions. Each isolated brain KINASE FROM BIRDS OF VARIOUS ORDERS 





> e sa m sè WE No. of birds No. of 

form gave only one band on re-electrophoresis. Prelimin-  Sxamined Order and species brain bands 
ary kinetic investigations of the ratio of rates of reaction Procellartiformes 
with large and small concentrations of creatine phosphate 1 Wilsons petrel, Oceanites oreanicus 1 
showed approximately the same ratio for the two brain Anseriformes 

: hi ii ve i 4 : : 1 ood duck, diz sponsa i 
bands but which were different from the hybrid and 1 Merganser, Mergus merganser i 

rouscle enzymes. l Mallard duck, Anas platyrhynchos 1 

We have investigated twenty-six avian species repre- Galliformes i 
se : $ EOIS EEIE: qo N a : 1 uffed grouse, Bonasa umbellus 1 
senting nine of the twenty-eight orders recognized in Chick, Gallus domesticus 1 
Taving Birds of the World’. There is a close correlation Charadriiformes 
between the classification of birds and the appearance of 1 Pacific golden plover, Pluvialis dominica 1 
the two brain bands. The birds without two brain bands Columbiformes 

pi * oT sy i ave. J ry Fa 
are listed in Table 1. The orders at the top of the list z eye dove, Zenaidura macroura 1 
: M p wee Cuculiformes 

are considered to be TOORE primitive than those near the 2 Black-billed cuckoo, Coccyeus erythrophthalmus 1 
bottom of the list. The only exception found is the poor Caprimulgiformes 
will, Phalaenoptilus nuttallii (family Caprimulgidae), 1 Poor will, Phalaenoptilus nuttallii ge 
which has the extra band even though the two brain > Piciformes f 
bands migrate extremely close together. The poor : Yelow shiated Nieker, Colaplea airalies i 


f s Š i * Two in b igrate very e 
will shows also exceptional behaviour regarding the Two brain bands migrate very close together. 


electrophoretic mobility of malic dehydrogenase!®. 
In Table 2, birds with two brain. bands are listed. Table 2. NUMBER OF BRAIN BANDS OF SUPERNATANT CREATINE PHOSPHO- 

















They are exclusive to the order Passeriformes. The more ia eet INASRE FROM RDB OR TUD ORD ARAL SEER ISORMES D 
m PAA SEREA oA + de i aie No. of birds Vo. of 
primitive ones at the top of the list, the erows and blue “Wyamined Family and species brain bands 
Corvidae ` 
: 6 Common crow, Corvus brachyrhynchos oe 
O Grigin ® 5 Blue jay, Cyanocitta cristata of 
| Regulidae 
. . = l Golden crowned kinglet, Regulus satrapa 2 
Mimidae , 
| o Hw 2 Catbird, American, Dumetella carolinensis 2 
weet Turdidae 
| e © Heart 10 American robin, Turdus migratorius 2 
Certhiidae 2 
1 Brown creeper, Certhia familiaris 2 
Parulidae 
| @ Muscle Leopard Fro 2 Western palm warbler, Dendroica palmarum be 
| | + © voit p 3 1 Black and white warbler, Mniotilla varia 2 
q 1 Myrtle warbler, Dendroica coronata 2 
Jeteridae 7 
1 Common grackle, Quiscalus quiseula 2 
{@ Muscle Thraupidae 
| e e P Mackerel 1 Scarlet tanager, Piranga olivacea 2 
Fringilidae 
1 Indigo bunting, Passerina cyanea EA 
20 Bongo epartow, Passer Lag ionic i A 2 
Fig. 1, Electrophoretic patterns of “brain type”, “muscle type” and l alte crowned sparrow, Zonolrichia leucophrys 2 
hybrid type creatine kinase of chicken, leopard frog and Mackerel. z American goldfinch, Spinus tristis z 
(Starch gel pH 8-6,) * Two brain bands migrate very close together. 
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_ after freezing and thawing, both tne hybrid and the 
_ purified brain enzyme of the chick showed a double spot 
-on electrophoresis. These two spots resemble more the 

_ two spots that are closer together in crows and blue jays 
| than the more widely separated spots in the other passerine 
= species. In crude extracts, however, two spots were not 
¿| found for the hybrid type. 

[tis of interest that the two brain bands are found in 

all the birds of the order Passeriformes which were 


= examined. This suggests that the double bands are 


“genetically controlled and represent a phenotypic expres- 
_ sion characteristic of the order Passeriformes. The wide 
distribution of the two bands in the different species 
sted on Table 2 would tend to rule out that they are 
different alleles of the same gene. All specimens examined 
‘ ve had two brain bands, and in no case have we found 
only one band. Furthermore, one might expect three 
_ brain bands to occur in some birds; if such polymorphism 
occurred, because a hybrid form might be expected, this 
also could rule out the possibility that the two forms are 
‘products of duplicate genes. The data available to date 
‘suggest that the two types of bird brain are structural 
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conformers?!; these are enzymes with the same primary 
sequences, but with different conformations. Details of 
the properties of the two brain forms will be presented 
elsewhere. 

We thank Mr. J. Baird of the Massachusetts Audubon 
Society who supplied most of the birds. This work was 
supported by research grants from the U.S. Air Force 
Office of Scientific Research, the American Cancer Society 
and the U.S. National Science Foundation. SN 
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Perception of Redundant Cues by Monkeys with 


_Inferotemporal Lesions 





by Monkeys with inferotemporal lesions showed impaired visual 


-SUSAN IVERSEN 
L. WEISKRANTZ 


The Psychological Laboratory, 
Cambridge 


Ix an earlier investigation! it was shown that monkeys 
with bilateral inferotemporal lesions had diffieulty in 
remembering object discrimination problems for 24 h, 
although they had learned the problems to a criterion on 
their first presentation. This result has been confirmed 
with a larger group of baboons with similar temporal 
lobe lesions”, In these subsequent investigations the 
baboons with inferotemporal lesions showed the slower 
initial acquisition of visual discrimination problems 
typically seen after this lesion. It therefore seemed 
necessary to investigate the visual perceptual capabilities 
of the baboons with inferotermporal lesions, to see if their 
‘memory impairment might reflect inadequate perceptual 
analysis of the visual material on its initial presentation. 
Kimura‘ has faced a similar problem in her interpretation 
of the visual retention impairment on a recurring figure 
test, observed in patients with right temporal lobe lesions. 

The subjects were ten baboons (Papio papio). Three 
received bilateral inferotemporal lesions (Group Z), which 
included the middle and inferior temporal gyri anterior 
to the vein of Labbé and the lower bank of the superior 
temporal sulcus; two received bilateral damage to the 
hippocampi and hippocampal cortex in addition to a 
bilateral inferotemporal lesion (Group I+H); three re- 
ceived bilateral lesions to the dorsolateral convexity 
(including the banks of the suleus principalis) from the 
frontal pole to the level of the arcuate sulcus (Group F); 
two served as unoperated controls (Group N). The 
animals were tested approximately 15 months after 
operation. Several visual and somaesthetic tasks had 
been presented in the intervening months after surgery. 

A limited number of techniques have been used for 
measuring the visual perceptual capacity of animals. 


categorization. 
hippocampus produced similar but more severe visual disorders. 
In the latter animals the results suggested a memory impairment: in 
addition to the visual categorization defect. 


More extensive temporal lesions including the 


Subjects are commonly given experience with certain 
visual material and the extent to which this information 
acquires perceptual distinctiveness is assessed during 
subsequent transfer testing. It was decided to use a 
problem of this general form. A pair of complex patterns 
was compiled from four component patterns as shown in 
Fig. 1. The complex pattern and the four components were 
available as individual pairs of stimuli. The animals were 
initially trained to discriminate the pair of complex 
patterns according to the standard techniques used for 
simultaneous visual discrimination training in the 
W.G.T.A. Thirty trials were given daily until a criterion 
of twenty-nine out of thirty consecutive correct responses 
was attained. Transfer testing was begun on the following 
day and the four components of the original pattern were 
presented as individual discriminations. Fifty balanced 
trials were given daily for 6 consecutive days; ten trials on 
each of the components and ten trials on the original 
discrimination. On the transfer trials both plaques were 
rewarded and therefore, in accordance with Sutherland’s* 
suggestion, differentially rewarded trials on the original 
complex discrimination were interspersed randomly among 
the transfer trials. These differentially rewarded trials 
help to maintain the original discrimination and the 
performance on these trials serves as a baseline from 
which to judge the performance on the component dis- 
criminations. 

The results of the transfer training are shown in Fig. 2. 
The retention performance on the original discrimination 
is shown in the first point (1) of a given curve. Each 
animal’s transfer performance on the four component 
discriminations was ranked (best, 1; next best, 2...) and 
the ranked scores were averaged for each group of animals 


e e. 






-elementa contributed to a given: point. oe 

“The unoperated controls showed perfect retention of the 
original complex pattern and good transfer to three com- 
ponents: The response of several of the animals to the 
colour element was surprising. It was afterwards realized 
that the colour cue was likely to be ignored considering its 
position in the whole pattern’ and, indeed, the results 
suggested that the majority of the animals failed to notice 
this cue. One normal animal and two of those with infero- 
temporal lesions responded below chance level to the red 
stimulus, indicating that a discrimination was being made 
on the transfer trials and perhaps suggesting that many of 
a is found the large, bright red plaque aversive. 
‘The animals with inferotemporal lesions also showed 
“excellent retention of the original complex pattern. 
Although they showed transfer on the background in- 
- tensity cue, however, their performance on the form and 
orientation cues was only a little above chance and on the 
colour cue two of them, as deseribed previously, showed 
‘similar performance to the normal controls. 

The performance of the frontals was similar to that of the 
inferotemporals. They showed perfect retention of the 
original complex pattern and good transfer to only one of 
the cues. Their performance on the remaining three 
elements. was at chance level. 

The results of the group with more extensive temporal 
Jobe lesions were especially interesting. These were the 
only animals who had difficulty on the retention trials of 
the original discrimination. Furthermore, on the transfer 
als they performed well above chance on only one com- 
ponent. 

‘A statistical analysis of the performance of the different 
-groups was made using the Mann Witney U test. It was 
found that the grouped controls (N and F) did not differ 
significantly from the grouped animals with temporal 
lesions (I and I +H) at any point on the ranked transfer 
scale, Tho performance of the grouped animals with 
temporal lesions was, however, significantly worse than 
that of the normals at position 2 (P= 0-05) although this 
difference at point 3 did not quite reach the level of 
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Fig. 2. Visual categorization problem, @, N; O, F; Ads A, Ta. 
significance. In addition, there were no significant 
differences between animals with inferotemporal and 
those with frontal lesions except at point 5, where the 
animals with frontal lesions performed significantly better 
than those with inferotemporal lesions. Further inspection 
of the scores of the normal animals, and those with 
frontal and inferotemporal lesions, indicated that both 
these lesions resulted in poorer performance at both 
positions 3 and 4 although the size of N precluded statistical 
analysis. 

These results can only be considered preliminary in 
nature. Nevertheless, the performance of the animals with 
inferotemporal lesions suggests that their analysis of 
complex visual material is not as complete as that of 
normal animals. Recently, on the basis of visual stimulus 
generalization experiments, Butter? has also suggested 
that animals with inferotemporal lesions are “impaired in 
some process—referred to as the acquisition of cue dis- 
tinctiveness by Lawrence (1949, 1950) and the learning of 
stimulus identity by Hebb (1949)—-by which particular 
features of repeatedly presented, complex stimuli become 
more and more readily identified”. A visual identification 
deficit of this kind could be responsible both for the visual 
discrimination learning and retention loss of simple object 
discrimination problems observed previously in the pre- 
sent animals. The ability to retain the solution to a 
discrimination depends on the acquired visual informa- 
tion retaining its distinct identification despite inter- 
ference in the period between learning and retention. If 
colour or some other common element is used as the 
distinctive cue, the probability of interference is increased. | 
Furthermore, with such an impairment, the difficulty of 
the initial visual learning, the delay between learning and 
retention testing and the nature of the interference during 
this period would seem to be important interacting 
variables, and preliminary experiments have supported 
this view. 

Despite the fact that the present results support the 
hypothesis that visual categorization is defective in 
monkeys with inferotemporal lesions, it is still possible to 
explain the spectrum of inferotemporal visual impair- 
ments seen in this and other studies in terms of a memory 
disorder. In this particular experiment, for example, it 
could be argued that categorization was normal after the 
initial learning and that selective forgetting resulted in 
the maintenance of only a single visual cue. The response 
to this element was sufficient to produce both the excellent 
retention of the complex pattern and the observed pattern 
of transfer performance. 

In addition it should be pointed out that the baboons 
with frontal lesions showed almost identical abnormal 
performance to those with lesions in the inferotemporal 
area, a finding which suggests that this task. is not 
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_ sufficiently specific. Our knowledge of the behavioural 
| characteristics of frontal. discrimination impairments 
_ would suggest that the animals with inferotemporal and 
_ frontal lesions responded to fewer redundant cues than 
| the normal animals for different reasons, although it is 
hot possible with the present data to demonstrate such a 
difference. It is clear, therefore, for several reasons that 
it-is necessary to extend this initial finding with more 
| Sensitive studies of visual categorization ability, and with 
| larger numbers of animals. 
Compared with the animals with inferotemporal lesions, 
those with additional medial temporal damage showed a 
similar but more complete lack of transfer. Furthermore, 
the inclusion of the medial temporal tissue altered the 
impairment qualitatively, in so far as these animals also 
failed to retain the original discrimination when it 
appeared during transfer testing. This finding can be 
_ explained in several ways. The 1 +H animals may simply 
© have a more severe impairment associated with a more 
“extensive temporal lobe lesion. On the other hand, the 
qualitative difference in their impairment perhaps sug- 
. Bests that these animals may have a storage impairment 
independent of the perceptual difficulty associated with 
__ the inferotemporal part of their lesion. If this is so, it is 
interesting to speculate about which part of the additional 
_. tissue damage in this group is responsible for the additional 
impairment. Attempts to reproduce in experimental 
nimals the severe and permanent memory impairment, 
eported by Penfield and Milner! and others to be associ- 
ted with bilateral hippocampal lesions in man, have been 
argely unsuccessful®!°, It has now been shown in several 
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| WE have been investigating the spontaneous development. 
_ of arteriosclerosis in repeatedly bred male and female 
tatsi. Male breeder rats develop microscopic lesions of 
the aorta, and female breeders develop grossly visible 
_ arteriosclerosis soon after their third or fourth pregnancy, 
The arterial lesions appear first in the abdominal aorta, 
next in the aortic arch and proximal portions of the 
‘carotid arteries, and in advanced cases of arteriosclerosis, 
in all segments of the aorta. We found differences between 
«Various biochemical constituents of aortic segments, 
changing with the progression of arterial disease and 
-apparently under the influence of the sex hormones*-*. 
Abnormal adrenocortical activity, a concomitant of 
repeated breeding and the pathogenesis of arterio- 
selerosis’*, may also influence the biochemical quality of 
aortic ground substance’, cellular growth, differentiation 
and repair. 

To gain further insight into the cellular dynamics of 
aortic tissue, we compared the growth patterns of explants 
of various aortic segments with and without the complica- 
tion of arterial disease. 

“Adult male and female, breeder and virgin Sprague— 

-Dawley rats were used. At least six rats of each classi- 
fication were used, that is, six virgin female rats, six 
virgin male rats, and so on. Breeder female rats had had 
at least four pregnancies, breeder: males had sired four 
litters. All animals were killed by decapitation and the 
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species that relatively discrete and total hippocampal 
damage has little effect on emotional behaviour", and 
on visual discrimination learning and retention, — 7 
It therefore seems reasonable to focus more attention 
on the hippocampal gyrus, which was also included inthe 
original clinical lesions. This is a cortical area which in 
evolutionary terms has shown considerable development 
within the Primates! and which has well developed con- 
nexions both with temporal lobe cortex and with the ` 
limbic system and striatum”, The hippocampal gyrus was — 
damaged in the 7+ H animals and its inclusion may be 
responsible for the more severe retention loss seen in these. 
animals both in the present experiment and in the earlier 
visual memory tests. E 
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Growth of Aortic Explants and Arteriosclerosis 


Measurements of the growth of aortic explants taken from rats after 
breeding show that arterial samples from rats with arteriosclerosis 
grow less than do samples taken from healthy rats. The retardation : 
of growth due to arteriosclerosis is especially marked in samples 
taken from the abdominal aorta. o 


aortas removed aseptically, stripped of extraneous tissue, 
and placed in a Petri dish containing growth medium, 
Each aorta was then divided into arch, thoracic, abdom- 
inal aorta and carotid artery segments and cut into rings 
about 0-5 mm long?, wish 

Six doughnut-shaped rings were placed aseptically 
into a prescription bottle containing 5 ml. of medium, 
The contents were then bathed with a mixture of 5 per 
cent carbon dioxide/95 per cent air and incubated un- 
disturbed at 37°C, for 3 days. The gas phase was 
renewed daily after the initial waiting period except 
when the medium became acid. The explants’ were 
examined daily under the microscope and the number of 
explants which showed growth recorded. The total growth 
is expressed as the percentage of explants showing growth 
on any particular day. Only rarely did we encounter a 
contaminated culture; these were discarded. 

The growth medium consisted of 100 parts minizeum 
essential medium (MEM), 25 parts human serum, 1 part. 
glutamine (200 mmolar), and 2 parts penicillin-strepto- 
mycin mixture (5,000 U of each/ml.). A total of 5 ml of 
this mixture was added to each prescription’ bottle, | 
sufficient to cover the surface on which the explants -. 
attach. 

All glassware and utensils were boiled for 30: min ini 
1 per cent. solution of ‘7X? cleaner and distilled water, 
then scrubbed and rinsed ten. times with distilled water, 
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Table 1. PRROENTAGH OF AORTIO EXPLANTS EXHIBITING GROWTH IN MEDIUM 
(MBM)-FHMALE, NON-ARTERIOSOLEROTIC VIRGIN RATS AND FEMALE BREEDER 
BATS WITH SEVERE ARTERIOSCLEROSIS 


Donor animal 


aortic segment Day of growth 


or artery 4 5 6 7 10 tI 12 
Virgin-arch 44-0 (50)* 600 80-0 860 86-0 920 92:0 92:0 
4x Breeder-arch 87-5 (48) 521 58:3 66-7 730 730 750 75-0 
Virgin-thoracic 14:2 (49) 308 45-0 616 72-1 B57 Bh 7 87:3 
4x Breeder- 351 (57) 526 561 65:0 66-6 66:6 666 666 

thoracic 
Virgin 537 (54) 722 583 87-0 888 926 601 96-1 
4x Breeder- 33-3 (57) 421 56-1 60-0 61-4 ölt 614 614 
abdominal 
Virgin-carotid 8-00 (47) 804 915 95-7 100-0 100-0 100-0 100-0 
4x Prodor 57-7 (45) 622 711 778 867 889 88-9 88-9 
caro 


* Number of explants examined in parentheses, 


dried in an oven, wrapped in aluminium foil and auto- 
claved at 121° © for 15 min. ‘Pyrex’ prescviption bottles 
with a total capacity of 150 ml. were used for the culti- 
vation of explants. HeLa cells were first grown in these 
bottles to condition the bottle for the growth of other 
cells (Geer, J. C., personal communication). 

This technique proved to be reliable for the growth of 
aortic explants. The first distinct cells to appear were 
cells which originated from the luminal surface of the 
aortic ring (Fig. 1) growing in the direction of the intima 
opposite that from which they originated, making 1 
bridge across the lumen (Fig. 2). On the fourth or fifth 
day the cells from the medial or adventitial surface began 
to proliferate (Fig. 3). After 12 days the culture would 
layer in many foci; by 15 days the cells began to peel 
off. As growth proceeded the medium became acidic, but 
no attempt was made to control it. 

Two types of cells could readily be distinguished in the 
cultures. The predominant type was spindle-shaped, 
probably of mesenchymal origin, and closely resembled 
the classical fibroblast. The other type of cell was less fre- 
quently present and resembled a smooth muscle cell as 
deseribed by Kasai and Pollak". The specifie type of 
cell growing was not given consideration because on all 
occasions both types of cells appeared and it was only 
the number of each type that differed. As the amount 
of outgrowth increased it was difficult to distinguish 
between cell types. The description of cells grown in 
vitro differs with the observer and there is confusion as 
to what cell transforms into what other type of cell’. 

Statistically, there was only a slight differenee in the 
percentage of explants showing growth of any aortic 
segment from male rats, that is, non-arteriosclerotic 
aortas or aortas with microscopic arterial lesions only. 
There was very little difference in the growth of explants 
of aortie segments removed from non-arteriosclerotic 
virgin male and female rats. For no obvious reason, 





Fig, 1. 


Typical intimal growth of aortic explant 72 hin culture. The 
growth of cella is arranged in erescent-shaped array with growth directed 


towards opposite intimal side. The deep black material is the aortic 
ring. (x 80.) 
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Vig. 2. Aortic explant 5 days in culture illustrating the hyphae-like 


growth extensions emanating from the intimal surface of the explant. 

Orientation of growth is Invariably toward the opposite intimal side. 

Projections anastomose with crescent-shaped cellular masses (compare 

Extension and repetition H this procesa eventually occlude 
x80. 


Fig. 1). 
the lumen. 





a Ma 


Fig. 3. Sheet-like outgrowth of fibroblastic cells which grow from 
external surface of explant, (x 80.) 


however, 3 days after incubation there was significant 
growth of the carotid artery segment of virgin fernales 
(80-9 per cent) (Table 1). 

The most striking observation was the significant lack 
of growth encountered in explants of female breeder 
rats with severe arteriosclerosis (Table 1, Fig. 4). Com- 
parison of the growth curves of aortic explants from non- 
arteriosclerotic and arteriosclerotic female breeders re- 
vealed a much more exuberant growth from arteries free 
of arterial lesions (Fig. 4). It is interesting that explants 
of the abdominal segment, in which arterial damage first 
appears, showed the most markedly retarded growth rate 
(difference, 35 per cent, Fig. 4). 

We have consistently found that the arterial degenera- 
tive changes consisted, almost entirely, of deranged con- 
nective tissue elements, One of the first changes is the 
congregation of deeply basophilic mesenchymal cells in 
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irteriosclerotic virgin female rats compared with breeder female rats 

exhibiting severe, grossly visible arteriosclerosis. The abdominal aortic 

segment is the first aortic segment to show evidence of arteriosclerosis, 

©, Abdominal aorta from virgin female; @, abdominal aorta from 
female after four litters, 


_ those foci destined to become arterial placodes. In the 
intima, these same cells form a collagen cap on the 
_ arterial lumen side beneath which mucoproteinaccous 
material accumulates. Our investigations indicate that 
_ these cells secrete acid mucopolysaccharides which become 
polymerized into fibrous tissue. These are the cells the 
-growth potential of which we believe we have measured 
“in the aortic explants. 
It is important to emphasize that the deeply basophilic 
cells appear first in the abdominal aorta and are relatively 
quiescent in the male breeder rat, Accordingly, the 
_ arterial lesions in the male breeder rat are of microscopic 
“proportions and consist of small foci of intimal mucopoly- 
saccharide accumulations capped by collagen. By direct 
contrast, in the repeatedly bred female these mesen- 
chymal cells appear very active throughout the aorta and 
carotid artery, leading to intense accumulations of acid 
mucopolysaccharides extending into the medial layer. 
This process is often accompanied by tho conversion of 
mesenchymal elements into large cartilaginous cells. In 
time, these sites break down with the appearance of 
cartilaginous metaplasia, elastolysis, haemorrhage or 
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thrombosis, ulceration, formation of aneurysms, | calet- 
fication, and even the formation of bone with precipitation 
of crystals of hydroxyapatite in the aortic ground sub- 
stance, ; 

In the light of these findings, it appears that the 
uninhibited growth of aortic explants from male breeders 
reflects the minimal amount of morphological alterations 
and differentiation; in the case of female breeders, where 
mesenchymal cell activity is of a high order and where 
there is active arterial degeneration as well as repair, the 
potential for cell metamorphosis and outgrowth ‘is: lost. 
This would explain the lack of growth of aortic explants 
taken from breeder females with sevore arteriosclerosis. - 
Tf a medium were provided designed to support the growth | 
of cartilaginous cells the diseased aortas of arteriosclerotic. 
females might show a different growth pattern. n 

Kokubu and Pollak", although finding aortic cell types. 
similar to those in our experiments, observed completely 
opposite patterns of growth. In their studies, diseased 
arterial tissue showed better cellular outgrowth than 
normal tissue. Their host subjects, however, were rabbits 
fed cholesterol. In these animals the basic arterial lesion 
is represented by the lipid-laden foam cell, a lesion’ dis- 
tinctly different from the connective tissue lesions 
observed in breeder rats. : 

Previous studies carried out in this laboratory suggest 
that the physico-chemical environment of individual aortic 
segments plays an important part in the development of 
arterial lesions and that alterations in the arterial milieu 
san be affected by biochemical or hormonal vectors which, 
in turn, can affect cellular activity. : 

We thank Dr. Jack C. Geer and Miss Claire Grefer for 
help with tissue culture procedures. This work was süp= 
ported by grants from the Southwestern Ohio Heart 
Association, the National Heart Institute, U.S. Public 
Health Service, and by an award from the National Heart 
Institute to B. C. W. 
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Many of the fibres in the optic nerve of the rat have a 
diameter of about 0-6, which is at the limit of resolu- 
tion. by ordinary light microseopy. Previous reports 
‘of the number of fibres in the nerve and of their dimen- 
sions are therefore likely to be inadequate. Electron 
microscopy allows of better estimates, and was used to 
obtain the values given here. 


The total number and dimensions of these nerve fibres have been 
measured with the aid of electron microscopy in conjunction with 
light microscopy. 


Two optic nerves were examined, from two adult.albino 
rats (body weight about 250 g). One was fixed by per: 
fusion in vivo with glutaraldehyde-formaldehyde, and 
post-fixed with osmium!, The other was fixed by perfusion 
in vivo with osmium?, Sections approximately 0-5~1y thick 
were cut transversely across the nerve, after embedding 
in ‘Araldite’. One nerve was sectioned just behind the 
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eyeball, where the ophthalmic artery is contained within 
the sheath, and the other about 2 mm further back, 
where the artery had not yet joined the nerve. 

Complete sections were stained with toluidine blue and 
pyronin B, and examined by light microscopy. Immedi- 
ately adjoining sections were examined by electron 
microscopy, and from each nerve twelve electron micro- 
graphs were made at an initial magnification of 1,500. 
Each represented an equal area of the cross-section of the 
nerve. The series was disposed at random within one 
nerve, fixed by glutaraldehyde-formaldehyde perfusion, 
but inadequate fixation in the nerve fixed with osmic acid 
prevented the use of the central part of the nerve; the 
distribution of fibre diameters was, however, the same 
for both series. A calibration grid (2,160 lines/mm) was 

photographed at the same magnification. Enlargements 
of the electron micrographs were made at a total magni- 
fication of 10,000. 

‘The area of cross-section corresponding to one electron 
micrograph was measured by using the calibration grid. 
Within each micrograph the number of fibres was counted 
and their dimensions were measured. If the fibres were 
éjreular in cross-section, measurement of their diameters 
would be straightforward. They are by no means circular 
in cross-section (Fig. 1), and it is impossible to account 
for the divergence from a circular cross-section by sup- 
posing that some fibres are cut obliquely ; if this were so 
the myelin sheaths would also be cut obliquely, and would 
appear wider at the end of the elliptical cut than in the 
middle of the cut, which was only rarely the case. 

.. Dimensions are therefore presented as the mean of 
“ major and minor axes measured at right angles to each 
other, The thickness of the myelin sheath carried by 
fibres of a given diameter varied within wide limits, and 
so measurements were made both with and without the 
myelin sheath, using different electron micrographs from 
each nerve for the two sets of measurements. 

‘The complete cross-section of the nerve was examined 
by light microscopy, both to establish that the structure 

‘of the nerve was reasonably uniform, and to measure the 
overall cross-sectional area of the nerve. This area was 
measured as follows: the linear magnification of a photo- 

“micrograph was determined by measuring a specific 
‘diameter of the nerve (a) on the photomicrograph, by 
travelling microscope, and (b) on the actual section, by 
microscope with carefully calibrated eyepiece graticule. 
The area of the photomicrograph occupied by the image 





Pig, 1. Electron micrograph of part of cross-section of rat optic nerve, 


fixed by glutaraldehyde-formaldebyde perfusion and post-fixed with 
osmium, 
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Fig. 2. Distribution of mean fibre diameters (including myelin) in rat 
optic nerve. Note change of ordinais scale for larger diameters; 
of the nerve was then determined by measuring the 
dimensions of the rectangular photographic print, weigh- 
ing it, and then cutting out the image of the nerve 
(excluding meninges, and excluding the ophthalmic artery 
in the case of the nerve cut close to the eyeball) and 
weighing the image. The mean of three determinations 
from prints of the same photomicrograph of each nerve 
was taken, and determinations differed by less than 
0-86 per cent from the mean. The cross-sectional area of 
the nerve was then calculated from the values of the 
magnification of the photomicrograph, and the area of 

the image of the nerve. 

The total number of fibres in the rat optic nerve is 
about 117,000; the numbers calculated for the two nerves 
are 116,300 and 118,300, They are all myelinated. The 
very small number (0-18 per cent) of fibres seen to have 
no myelin sheath can be accounted for by assuming that 
they were cut at the node of Ranvier. This assumption 
is supported by the presence of electron dense granular 
material beneath the axolemma, which is a characteristic 
of an axon at a node of Ranvier’, All the nodal fibres 
observed were of small diameter (less than 0-8), so that 
either none of the larger myelinated fibres present in the 
nerve was cut at a node in the present sections examined 
by electron microscopy, or else these larger fibres became 
narrower at a node than in their intervening course. 

Fig. 2 presents the distribution of mean diameters 
overall, including the myelin sheath, and Fig. 3 shows the 
distribution excluding the sheath. The modal diameter 
overall is 0-9, and the modal diameter excluding the 
myelin sheath is 0-7p, No significant secondary peaks 
appear. 

Bruesch and Arey* reported measurements of the total 
fibre count in the optic nerve of man and of thirty-three 
animals, including thirteen mammals. For the pigmented 
rat (Rattus norvegicus) their count was 80,100, and for the 
albino rat 74,800. By comparing counts made on silver 
and osmie preparations, they estimated the proportion of 
unmyelinated fibres as 21 per cent in the albino rat, but 
1 per cent in the pigmented rat, and still less in other 
mammals. This high proportion of unmyelinated fibre 
found in the albino rat by Bruesch and Arey can be 
attributed to the difficulty of resolving thin myelin sheaths 
with light microscopy; for example, a sheath of three 
lamellae is only about 0-04y thick, Even complete fibres 
as large as 0-64 may scarcely be separately resolved with 
the light microscope, a difficulty of which Bruesch and 
Arey were aware. The present count is thus greater than 
theirs because of the improved resolution available in 
electron micrographs. It is approximately five times 
greater than the total count in adult mice’. 

In view of their varying shapes on cross-section, the 
fibre dimensions here reported can only be regarded as 
approximate. There is little evidence to suggest that these 
varying shapes are the product of distortion during 
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Big. 3. Distribution of mean fibre diameters (excluding myelin) in rat 
‘optic nerve, Note change of ordinate scale for larger diameters: 
ae Them Gy! . 


| preparation. Fine structure is well preserved by the 
methods used, even at magnifications far higher than 
used here, and shearing is not often seen in myelin sheaths, 
_ although it might be expected to be widespread if gross 
_ distortion had occurred. Furthermore, the distribution of 
axon contents (for example, filaments and tubules) is 
generally uniform across the cross-section. 
The distribution of fibre dimensions should correlate 
ith the compound action potential of the rat optic nerve. 
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THE pattern of excretion of a drug and its metabolites in 
he urine provides a means of determining thé kinetic rate 
constants which govern its elimination. Two methods of 
‘cating the results are of particular value. This article 
|. proposes a new method of treating the experimental data 
and exemplifies its application to the calculation of certain 
te constants which were not previously accessible by 
direct or explicit methods. 
. The existing methods involve the complete collection 
_ of urine at a number of accurately timed intervals after 
© drug administration and the determination of the amount 
of drug or metabolite present. The “sigma-miinus” 
Method consists of plotting log (Dvo — Dy) against time, 
here (Duvo—Du) represents the sum (sigma) of the 
amounts of drug excreted in the urine until such time as 
excretion may be considered to be complete (Due) minus 
ie: cumulative amount of drug excreted to a time t (Dv). 
When drug elimination is first order and the process of 
drug absorption has ended, the log sigma-minus plot 
exhibits a terminal linear section which may be repre- 
- sented by the equation 











k 
In(Duw ~ Dy) = In K D'a- Kt (1) 


“where, ka is the rate constant governing the urinary 
excretion of unchanged drug, K is the rate constant for 
-the elimination of drug by all routes, and D’, is a constant. 
The second method is the “rate” method introduced 
_ by Swintosky1, who showed that: first order drug elimina- 

tion could be expressed in a form which corresponds. to 
the equation : 
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This potential is described by Sefton and Swinburn, who 
note three peaks corresponding. to conduction rates of 
13-5, 5-5 and 3-0 m/sec. If the ratio of conduction velocity 
to fibre diameter is taken as 6, as in cat peripheral nerve’, . 
then maxima might be expected in the histogram of rat 
optic nerve fibre diameters at 2-25, 0-9 and 0-5y.. Alterna: 
tively, if Boyd’s* value of 5-0-5-2 for the ratio in cat 
y-efferent fibres is used, maxima could be expected at 
slightly higher diameters. In the histograms, peaks cor- 
responding to these maxima are not apparent. 

The fibre diameters here, however, are not the diameters 
of cylindrical fibres. The contribution of each fibre to 
the amplitude of the compound action potential will vary 
with its cross-sectional area, but the conduction velocity 
will vary with the circumference divided by. the cross- 
sectional area. In this situation, where the fibres do not . 
appear to be cylindrical but of varied and occasionally — 
bizarre cross-section, close agreement between. the. histo- 
gram of fibre dimensions and the shape of the compound. 
action potential is not to be expected. ie 
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_ Treatment of Data from Drug Urinary Excretion 


There are many well known methods of interpreting data ‘on the 
excretion of drugs and their metabolites. 
another, and claims that it may be an improvement in some 
circumstances. i 


The author suggests 


In sea = In ka D'o Kt (2) 


In practice, the logarithm of the amount of drug excreted | 
(ADv) in a series of constant intervals (Ag) is plotted 
against time, at the mid-point of the time interval. This 
plot is based on the equation ee 


ADy 


In a a In ka D'a à— Kt : B 


and if the decline of eed is first order, à is a constant 


which depends on the magnitude of K At (ref. 2). This 
plot is therefore parallel to that which would result, from 
equation (2) and consequently no error arises in the use 
of the slope to calculate K. k 
If the experimental design is suitably chosen, the 
results can be treated by both methods. This procedure 
has been advocated by Wagner*. The two methods 
cannot, however, be regarded simply as alternative pro- 
cedures and they do not always provide identical informa- 
tion®4, i : 
In seeking to make use of ea 


instead of the true oe 
dDu . ; ce 
value T it is necessary to consider the magnitude of. 


the error involved. Calculations? reveal that when the a 
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Yig, 1. Log sigma-minus plots (4) and corresponding log rate plots 

{Bj relating to the excretion of a drug (D) and its metabolite (M) in 

arine, Calculated from the data, K=0-10 bh, ke= 030 hv, Moa = 
2 mmole, Dro = 1 mmole. 


‘ dDu. n itis ng 
decline of a is first order, the error arising from the 


AD 
use of a does not exceed 2 per cent (4 = 1:02) even 


half-life of the drug. The 
dDy 


érror:will differ from this when the decline of “ar is 
dé 

not first order and under these conditions 4 is not con- 
stant, but if At is small, the error involved in the sub- 
ADy fo 
ranean r 
ee At di 
experimental error. 

Tf equation (1) is subtracted from equation (2) with the 
substitution already mentioned, then 


when At is as large as one 


stitution of is less than the normal 


AD 
In - -In (Duo — Du) = ln K (4) 
hence 
. AD Lee : 
a = K (Due — Du) (5) 


< Equation (4) shows that the difference between any 

“walue on the linear section of the log rate plot and the 

corresponding value on the log sigma-minus plot is equal 
to log K. 

Equation (5) represents, in terms of the urinary excre- 

~ tion of unchanged drug, the fundamental expression of first 


: d 
order drug elimination (— ae K D) and it can form 


the basis of plots of rate against sigma-minus which make 
it possible to evaluate certain rate constants. Whereas 
experimental rate values relate to the mid-point of each 
period in which urine is collected, the sigma-minus values 
relate to the time at the end of each period and it is 


ADy . 
therefore necessary to use values of a interpolated 


from the rate plot so that they can be related to (Duw = 
Dy) at identical times. When drug elimination is first 
order and the process of drug absorption has ended, a 


AD 
plot of the interpolated values of ota against (Dye — 
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Dv) is linear, it passes through the origin and has a slope 


equal to K. 

This offers a method which is valuable when the ex- 
cretion pattern of drug or metabolite is complex. It may 
be especially useful when the rate method and the sigma- 
minus method yield different information—for example, 
when the drug is extensively bound to the plasma pro- 
teins. In particular, an extension of this type of plot 
provides a method of plotting rate against amount to 
determine the elimination rate constant of a metabolite, 
or in the instance of a metabolite which undergoes no 
further metabolism, of the excretion rate constant of the 
metabolite. 

Fig. 1 exemplifies the application of the log sigma-minus 
plot and the log rate plot to data relating to the simul- 
taneous excretion of drug and its metabolite in the urine, 
in circumstances in which there is no further metabolism. 
There is a considerable difference between the two treat- 
ments; the effect of metabolite accrual’ is fully apparent 
in the rate plot, but far less so in the sigma-minus plot. 
The elimination rate constant of the drug (K) may be 
determined from the slope of the terminal, linear section 
of the plots which relate to the excretion of unchanged 
drug. Calculation of the excretion rate constant of the 
metabolite (ke) is more complex. The excretion rate 
constant of the acetyl derivative of certain sulphonamides 
was evaluated by Nelson and O’Reilly*-*, but an explicit 
method of determination was not presented. 

The application of a plot of rate against amount to this 
problem requires the determination of the amount of 
metabolite in the body (M p) at various times, this being 
equal to the difference between the amount of metabolite 
formed (M r) and the amount excreted in the urine (Mv) 
so that 


Mg = Mp — Mu (6) 
If drug elimination is first order, then 
M k Mu 
Be Ses (ak se ae hen (7) 
Dy ka Dee 


where ky is the first order rate constant which governs the 
formation of metabolite and Myo is the amount of 
metabolite finally recovered in the urine. All amounts 
are expressed in moles. 

From equations (6) and (7) 


Mpg =r De — Mu (8) 


and r can be obtained experimentally from Muca/Dua. 
The experimental proecdure consists of collecting the 
same data as are required for the rate method and the 
sigma-minus method, in respect both of the unchanged 
drug and of the metabolite. The interpolated values of 
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Fig. 2. Plot of rate against amount relating to the metabolite of rig: p : 
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Constructed using the data generated in Fig. 1. Slopes = 0830 ho. 
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: are then plotted against the corresponding values 
of Mz as calculated from equation (8), and Ke is determined 
-from the slope (Fig. 2). 

This plot can make use of values obtained when 
dM y 


is increasing (except those when drug absorption 


is still proceeding) and in these circumstances 


underestimates the true rate of metabolite excretion 











dMy AMy 
Q <1, where } re Sag: 


his also occurs in the subsequent period until the 
hla dMy 
decline of “Gy more closely approaches a first order rate. 


Calculations relating to the model system shown in Fig. 
-2-reveal that errors due to this factor did not exceed 1 
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per cent (A > 0-99) and were less than those introduced p 


AM 
in obtaining some of the interpolated values of a : 


The present method appears to be capable of wide 
application; it is independent of the relative values of Ke 
and K, and does not depend on the realization 


AM 
of a terminal, linear section in the log = plot. Its 


application to the data of Nelson*-* provides a simple > 


means of determining the excretion rate constants of the 
metabolites and the results calculated in this manner 
agree closely with those reported. ae 
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| SEXuAL reproduction is unknown in the fungus Verti- 

_eillium albo-atrum and genetic recombination has been 
demonstrated? through a parasexual cycle similar to that 

_ discovered in Aspergillus nidulans?. New genotypes are 

_ easily found in random samples of conidia from heterozy- 

gous diploid strains of V. albo-atrum, but are less fre- 

quently recovered from Aspergillus. This difference in the 

-feequency with which segregants are recovered probably 

reflects the respective frequencies with which they are 
formed, although more prolific sporulation of haploid 

mycelium in segregating cultures of Verticillium also 
contributes to the high frequency with which haploid 
segregants are recovered), 

‘The mechanisms of genetic recombination and segrepa - 
tion are apparently the same in the two organisms. New 
haploid genotypes are formed from diploids by haploidiza- 

tion, a process involving intermediate aneuploids, and 
some of these aneuploids may also form diploid segregants® 

although most new diploids of Aspergillus are certainly 
formed by mitotic recombination. The mechanism of 

“mitotic recombination originally proposed by Stern’ and 
verified by Pontecorvo et al.’ requires & crossover between 
a given heterozygous locus (mt /m) and its centromere at a 
four-strand stage and this must be followed by the ap- 
propriate mitotic segregation of the chromatids at the 
subsequent division. The two crossover strands must 
segregate into different daughter nuclei to give two mitotic 
recombinants one of which is homozygous dominant 
(m*/m*), and the other homozygous recessive (mjm). 

This communication reports findings concerned with the 
Previous suggestion? that it may be possible to detect the 
formation of mitotic recombinants in the conidiophores of 
V. albo-atrum and thereby estimate the frequency with 
which they are formed. 

Cytological observations of conidiophores and some 
genetical consequences. Conidiophores of V. albo-atrum are 


Predictions based on cytological observations on conidiophores have 
been confirmed by genetic tests on conidia. The complementary 

products of individual mitotic crossovers can frequently be recovered, 

and this organism is shown to have an unusually high frequency of 

mitotic recombination. 


verticilliiately branched, and each branch ({phialide) bears a, 
variable number of conidia which accurnulate in a drop of 
water at the tip of the phialide (Fig. 1). The Feulgen. - 
reaction showed either one or two nuclei in each phialide, 
and no phialide had more than two nuclei. “Nuclear 
division was observed in the lower region of phialides, but 
the figures were difficult to interpret, and it was not clear 
whether the division is by classical mitosis or by some 
similar mechanisme. : 
The tip of the phialide had already swollen to form the. 
wall of the next conidium when the phialide nucleus 
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Fig. 1. Diagrammatic illustration of a Verticillium eonia ophore (4),and 
a single conidiophore branch piielide) Bi attached droplet containing 
conidia. (8). 
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divided. One daughter nucleus must migrate along about 


| two-thirds of the length of the phialide and into the 
developing conidium while the other nucleus remains in 
the phialide to divide later and repeat the sequence. 


< Conidia are apparently always uninucleate when formed, 


-and less than one per cent of mature conidia are binucleate. 
The occurrence of these binucleate conidia does not 
affect. the ‘following genetical considerations; it is sig- 
nificant only that conidia are uninucleate when formed. 

These cytological observations show that the nuclei in 
conidia borne on one phialide are products of successive 
nuclear divisions in the phialide. The results of mitotic 

‘recombination’ in this system are illustrated in Fig. 2. 
A phialide bearing four conidia is taken as an example, and 

the consequences of mitotic recombination for any par- 

r locus at each of the four divisions (D1 to D4) are 

idered in turn. The illustration (Fig. 2) predicts that 

otic recombination in the formation of any conidium, 
except the last formed (D4), leads to both homozygous 

_segregants being represented among the conidia borne on 
the phialide. One segregant conidium is of one type 

«for example, homozygous recessive) and an indefinite 











- number, depending only on the division at which mitotic 
-recombination occurs, is of the other type (that is homo- 


a azygous dominant). Phialides yielding both segregants 
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Fig. 2, Consequences of mitotic recombination in a phialide. A phialide 

bearing four conidia is taken as an exaiple, and recombination at each of 

the four divisions (D1 to D4) is considered. There are two possibilities 

following each recombination: either the homozygous recessive or the 

homozygous dominant segregant nucleus may enter the conidium 
formed immediately after recombination. 
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‘therefore provide a ‘convincing test of the cytological 


observations and the recovery of both segregants implies: 
that the reciprocal products of the crossover are obtained 
in the progeny. 

The model based on the cytological observations (Fig. 2) 
also predicts that recombination at the formation of the 
last conidium formed on a phialide is the only event 
leading to the absence of one segregant class, and when 
only one segregant is present it will be represented by a 
single conidium. Clearly when one of the alleles is recessive 
almost all phialides in which mitotic recombination occurs 
will bear at least one conidium with the recessive pheno- , 
type. It follows that most mitotic recombinations will | 
be detected by determining conidial phenotypes. 

Similar considerations apply to the origin of aneuploids, — 
but these are not developed in this paper. 

Isolation of conidia from single phialides, A diploid 
strain heterozygous for eight recessive nutritional markers 
was synthesized and selected. Analysis by previously 
described methods? using random asexual progeny showed. . 
the markers were distributed over four linkage groups as 
listed in Table 1. This heterozygote was grown for 5 days 
on a minimal medium, and the droplets containing the 
conidia from single phialides were isolated on sterile glass- 
needles using a micro-dissector. The surface tension of 
the droplets was not disrupted by touching them with a 
glass needle, and so the droplets remained as spheres on the 
tips of the needles during manipulation. Hach droplet was 
washed off the needle in 0-2 ml. of sterile water, and this 
was spread over the surface of a Petri dish of complete 
medium to disperse the conidia. A new needle was drawn _ 
for each droplet isolated to avoid mixing conidia from 
different phialides. Individual conidia could not be seen. 
during manipulation and it was assumed that all conidia. 
in each droplet were successfully transferred to, and dis- 
persed over, the respective Petri dishes. This assumption 
is not so unreasonable as it may seem. Conidia of V. 
albo-atrum rarely adhere in suspensions prepared from 
young cultures, and the fact that the droplets did not 
spread over the isolating needles must have limited any 
chance of their adhering to the needle. Second attempts to 
wash conidia off needles on to Petri dishes failed and this 
showed that all the conidia were regularly removed at the 
first attempt. 

The droplets obtained were classified according to the 
ploidy of the conidia they contained (Table 2). Haploids 
and diploids were distinguished by the dimensions of the 
conidia on the colonies they formed!. Some conidia 
isolated from droplets formed minute colonies from which 
euploid sectors grew and soon concealed the original: 
minute colony. Conidia which formed these small colonies 
are referred to as aneuploids, although it is possible that 
some of them may have deletions or duplications of parts 
of chromosomes rather than whole chromosomes. 

Mitotic recombination in phialides. The phialides 
bearing only diploid conidia are particularly relevant to 
the cytological observations on conidial development 
because precise predictions have been made regarding the 
consequences of mitotic recombination occurring in & 


Table 1. LINKAGE GROUPS OF NUTRITIONAL MARKERS IN DIPLOID 
pur-1 phen-1 meth-6 inos-4/nico—4 ur-1 paba-4 try-1 


Linkage group Markers 
I url dnos—4 paba~4 try- 
it pyr-l nied 
In meth-@ 
Iv phen~1 


Symbols: ur, uracil; inos, inositol; paba, p-aminobenzoic acid: try, trypto- 
phan; pyr, pyridoxine; nic, nicotinic acid; meth, methionine; phon, phenyl- 
alanine. 


Table 2. TYPES OF DROPLETS OBTAINED FROM SINGLE PHIALIDES 


Type of droplet No, obtained 
All conidia haploid 23 
All conidia diploid 156 
All conidia aneuploid 91 
Diploid and aneuploid conidia 58 
Haploid and aneuploid conidia 1 
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phialide. The colonies formed by conidia from these 
phialides were replicated on appropriate media to detect 
those phialides which had formed conidia of both recessive 
and dominant phenotypes for any of the eight markers. 
This would indicate the occurrence of mitotic recombina- 
tion in the phialide for the marker concerned as illustrated 
in Fig. 2. Of the 156 droplets which contained only diploid 
conidia, twenty-seven, showed one segregational event, 
and a further two each had two segregational events which 
occurred at different nuclear divisions. The genotypes of 
all conidia from phialides in which mitotic recombination 
had occurred were then determined by progeny-testing as 
described. previously’, and the genotypes of the conidia 
from seven of these phialides are listed in Table 3. Four 
main points emerge from these results: consistency with 
the cytological observations; some apparently anomalous 
segregation or conidial loss; mitotic recombination in- 
volved only one chromosome arm at any particular 
nuclear division; and information facilitating the mapping 
of loci in linkage group I is also provided. 

Concerning the cytological observations when both 
homozygous segregants are recovered from a phialide, 
one segregant will be represented only once, and 
the other will be represented an indefinite number of times 
determined by the division at which segregation occurred 
in the phialide (Fig. 2). Seventeen of the thirty-one 
segregational events yielded both segregants, and in each 
instance one of the segregants was recovered only once as 
expected. Seven of these dual segregations are listed in 
Table 3, and between them they involve all sight markers. 

The genotype of the initial nucleus in phiahde 4 must 
have been that listed first in Table 3. Homozygosity for 
phen-1 and iry-1 is attributed to mitotic recombination 
before the phislide was formed. This nucleus divided 
regularly for the first ten divisions, but at the eleventh 
division in the phialide a mutotic crossover occurred 
between ur-l and its centromere and led to mitotic 
recombination for this locus. The recessive segregant 
(ur/ur) entered the eleventh conidium formed while the 
dominant segregant (urt/urt) remained in the phialide, 
divided, and appeared in the twelfth and thirteenth conidia. 
These events are analogous to recombination at the second 
division (D2) in Fig. 2. The segregation of ur—1 associated 
with the non-segregation of the linked loci tmos-4 and 
paba—4 implies an exchange between tur—l and the nearest 
of these two loci, and the recovery of both homozygotes 
requires that both complementary products of a reci- 
procal crossover were recovered. The same requirements 
are imposed whenever both homozygous segregants are 
found. 

With regard to the anomalous segregation or conidial 
loss, cytological observations also predict that when only 
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one homozygous segregant is recovered from a phialide it 
was formed at the last nuclear division in the phialide, 
and consequently only one conidium of that type should 
be present on the phialide (Fig. 2). This is the recessive 
segregant in the present circumstances because phialides 
yielding comdia with the recessive phenotype wereselected. 
Fourteen of the thirty-one segregations yielded only the 
recessive segregant and five of these cannot be explained 
by mitotic recombination‘ at the final division in the 
phialide because more than one segregant conidium was 
borne on the phialide. The segregation of pyr and nic 
in phiahde O (Table 3) is an example of this apparently 
anomalous segregation. The phenomenon was not re- 
stricted to particular chromosome arms as expected if it 
were caused by heterozygosity for a chromosomal aberra- 
tion in the original diploid, and two examples of it certainly 
required crossing over to explain the non-segregation of 
linked loci. 

Loss, adhesion or inviability of conidia can explain these 
irregular results suggesting that some refinement of the 
techmque for isolating droplets is required. There 1s, 
however, a lmit to the extent of mprovements and other 
explanations are more amenable to experimental analysis. 
These include non-reciprocal exchanges and mitotic 
crossovers involving sub-chromatid strands and these are 
being investigated along with attempts to refine the 
technique. 

Concerning temporal distribution of mitotic crossovers, 
isolation of mitotic recombinants immediately after ther 
formation gives precision which is absent from the 
analysis when less refined methods are used'. Thus, 
information concerning the temporal distribution of 
crossovers which is necessary for chromosome mapping by 
mitotic recombination becomes available. The data 
indicate that mitotic crossovers in different chromosome 
arms occur quite independently in V. albo-atrum. Even in 
phialide D (Table 3) in which two crossovers were detected 
they were obviously at different nuclear divisions. This 
temporal distribution of crossovers resembles that found 
in Aspergillus’ rather than the high coincidence of cross- 
overs found in Saccharomyces’. 

The examples given in Table 3 algo indicate that mitotic 
recombination can be at any division in the phialide, 
although the results considered as a whole suggest that 
nine of the thirty-one segregations were at the last division. 
because only one conidium from each of these phialides 
was homozygous for the segregating marker(s). Loss of 
conidia from any phialide in which mitotic recombination 
occurred will certainly’ tend to simulate segregation at the 
last division, and frequent loss of conidia during manipula- 
tion is a likely explanation, of the apparently high frequency 
of segregation at this division. Alternatively the nuclear 


Table 8. GENOTYPES OF DIPLOID CONIDIA RECOVERED FROM SOMH PHIALIDES 


Number of 
Phialide conl 
A 1 pyrt/pyr nict [nto phent/phent 
” n n 
2 
B 1 pyr*lpyr nictinie phen" phen 
” ” " 
3 a ’ ' 
o 1 pur ipyr niot into phen |phont 
Ld LRI o 
1 W 5 " 
7 Aang nic/nioc Me 
D l pyrtipyr motimo phen*/phen* 
3 7 7 f 
E 2 pyr ipyr* nic phen* [phen* 
” n ” 
1 ” ” 
F 4 pyrt/pyr niot inio Phont [phen 
1 s » phen /phant 
8 3 , phen|phen 
G 8 pyr lpyr Inio phen* [phen 
1 pyripyr niotinist " 
4 pyrt/pyrt mejne ” 
pairs of markers in linkage group 


Genotypes of conidia 
meth*/meth er inostjinos pabat/paba  try*liryt 
” urur ” ry ” 
” urtjurt » ” ” 
meth* |mstht urtjur snos*}inos paba*/pabs —try* ery 
M urtjurt énos] ” ” 
3 urjur inostjinost af ” 
meth [meth ped nost jinos pabat/paba try*/try 
4 urtjurt inos/snos n ” 
$i urjur inostjinost 3 i 
a urjur inost /inoat a i 
hae ira urt/ur tnost/snos* paba*/paba* try*fery 
a ae doii  e 
; nosjinos i 
math meih urtjur tnost hnos paba* |paba try! try 
E ‘ j ` tity 
moth" /moth+ urfur inosthnost  pabajpaba «try try 
math} meth urtfur inos* nos paba* [paba irytlery 


” » n ” on 
” ” ” ” n 


* These markers segregated aa coupling in doubly heterozygous conidia from this phialide (D). There were also corresponding phase changes for other 
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division involved in forming the last conidium, and at 
which mitotic recombination occurred, may have been 
genetically or physiologically distorted so that no more 
conidia could be formed on the phialhde. 

The genotypes of conidia from phialides 4 to Æ (Table 3) 
provide the information necessary for establishing the 
relative positions of the loci known to be in the linkage 
group I. Segregation of ur inos and paba without segrega- 
tion of try (phialide D) establishes that try must be either 
proximal to the other three markers or on the other side 
of the centromere, and the segregation of try without 
segregation of ur inos and paba (phialide Æ) proves try 
cannot be proxmal. The results from phialides A to D 
decide unequivocally the relative positions of ur tnos 
and paba, and it follows that the sequence of the four 
markers 1s ur-tnos~paba~centromeretry. 

It is assumed in estimating the frequency of mitotic 
crossing over that the probability of losing a conidium 
while isolating droplets was independent of 1ts genotype. 
Estimates of the frequency of mitotic recombination m 
each nuclear division for particular loci can then be ob- 
tamed directly from the ratio of the number of divisions of 
heterozygous nuclei resulting in recombination to the 
total number of divisions of heterozygous nuclei. The 
genotypes of the conidia (nuclei) recovered from phialides 
in which recombination occurred were already known, 
and it was also necessary to know the genotypes of all 
conidia from phialides yielding only diploids and which 
did not show recombination. In deciding these genotypes 
it was assumed that all conidia from each of these 127 
phialides had the same genotype and progeny were tested 
from only one conidium in each droplet. This involved 
some error because on the basis of the above observation 
that 14/31 recombinations yielded no dominant segregant 
we may expect a similar proportion to yield no recessive 
segregant. These latter recombinations would be un- 
detected by observing conidial phenotypes. A second 
source of error arises from the method of determinmg 
genotypes by progeny-testing. If some of the progeny 
have the recessive phenotype the original nucleus can be 
unambiguously classified as heterozygous, but m the 
absence of progeny with the recessive phenotype the wrong 
conclusion may be drawn. Twenty-six progeny were taken 
in a first series of tests, and a further twenty-six were taken 
later where the first test was inconclusive. Experience 
suggests that heterozygotes are unlikely to be misclassified 
when such samples are taken}. 
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Both sources of error are minimized by having two 
markers in close repulsion because segregants which are 
homozygous dominant for one of the markers will usually 
be homozygous recessive for the other. Each likely 
recombination event must then form segregants recessive 
for either one marker or the other. The loci ur-l and 
tnos—4 satisfy this condition. 

The probability obtained for mitotic recombination of 
ur—1 in each nuclear division was 0:021 + 0-005 (13/633). 
This gives a rough estimate of the frequency of mitotic 
recombination in each nuclear division as 0-2 by assuming 
ur-1 is at the end of the respective chromosome arm, that 
the four known linkage groups represent different chromo- 
somes, and that there are eight similar arms in the haploid 
genome of V. albo-airum (8x 0-021=0-168). These 
assumptions probably minimize the estimate which cor- 
responds to a minimal frequency ın each nuclear division 
of 0-4 for mitotic crossing over 1f both patterns of centro- 
mere segregation are equally frequent. No other organism 
18 known to have a frequency of mitotic crossing over of 
this magnitude. Kafer’ has estimated, by a more indirect 
method, that the frequency of mitotic crossing over for 
each nuclear division in Aspergillus nidulans is about 
0-02. These frequencies are in agreement with Ponte- 
corvo’s observation that mitotic recombination seems to 
be more frequent ın those fungi with no known sexual 
cycle’. 

A system of genetic analysis using progeny from single 
phialides is essentially like analysis of recombination by 
half tetrads whenever both reciprocal products of mitotic 
crossing over are found, and it therefore can provide 
important information about mitotic crossing over. It 
may also give much needed information about the origin 
of aneuploids by using a diploid strain heterozygous for 
markers on all chromosomes, but the instability of hetero- 
zygosity caused by frequent mitotic recombination is an 
obvious obstacle in such a scheme. 

I thank Miss Evelyn Davidson for technical assistance, 
and G. W. Batchelor for drawing Fig. 1. 
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ALTHOUGH abnormal electroencephalograms (EEG) are 
seen more frequently in mentally retarded individuals than 
in. the rest of the population, there are few features of the 
EEG which correlate specifically with mental retardation!. 
Observation of exaggerated spindles in young mentally 
retarded children appears to be one such correlate?, We 
have recorded sénsory evoked electroencephalographic 
responses of infants with several diagnoses associated with 


Some developmentally retarded Infants showed EEG responses to 
auditory stimuli—series of clicks—whlich were different from the 
responses of normal Infants. 
are discussed. 


Possible explanations for this finding 


developmental retardation including mongolism, con- 
genital rubella syndrome, congenitel toxoplasmosis, and 
idiopathic microcephaly, and have found that some of 
these abnormal infants show response characteristics which 
differ from those found in most normal mfants. Abnormal 
sensory evoked responses, therefore, may represent 
another electrophysiological factor which correlates with 
some forms of mental retardation. 
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The figures and statistical data on abnormal infants in 
this report are based on fifteen mongoloid subjects because 
they were a large diagnostic entity for whom firm diagnoses 
were made early and prognosis as to mental development 
was clear. Furthermore, there were no obvious com- 
plicating perrpheral sensory defects as there were, for 
example, ın some of the patients with congenital rubella 
syndrome. 

Sensory evoked responses consist of a series of complex 
waves. This discussion will consider one major component 
of the auditory evoked response which occurs about 
150 msec after the stimulus. It is called N,-P,-N, in Fig. 1. 
This wave, usually the largest deflexion occurring during 
the first half second after an auditory stimulus, is the part 
of the evoked response which 1s usually identified with 
the “K complex” of Davis? or the vertex wave of Gastaut. 
It can be recorded over a wide area of the head using scalp 
electrodes, but ıt is usually maximal at the vertex. In 
infants this wave tends to be largest during the spindlmg 
stage of moderate EEG sleep‘. Evoked responses can 
often be seen in the ordinary EEG paper tracing, but the 
technique of averaging brings out responses which are 
sometimes undetectable in the ongoing EEG recording. 
In this investigation an electronic averager (Mnemotron 
Computer of Average Transients) was used. Some of the 
short latency (< 50 msec) components of the average 
evoked response recorded from scalp electrodes originate 
in neck or scalp muscles®:*, but the large amplitude long 
latency vertex responses are neural in origin’~®, 

Evoked response characteristics are affected to a greater 
or lesser extent by a number of factors, some of them as 
yet undefined and unknown; but including aget", 
intensity of stimulus and rate of presentation®.*, state of 
consciousness slong the sleep-wake continuum‘!5, and 
certain pharmacological agents'*. The evoked response to 
stimul: of a particular modality will be absent or decreased 
if sensory pathways are interrupted, or when there is 
extensive brain damage or deficit of brain tissue, 
Unusually large evoked responses to one or more modal- 
ity of stimulation have been reported ın cases of 
organic brain damage**-** and also in certain psychiatric 
patients’. 

In this investigation, 112 recordings obtained from fifty- 
five normal infants under 14 months of age were compared 
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with thirty-three recordings from fifteen infants with the 
diagnosis of mongoliam. Most of the normal subjects were 
infants who remamed in the hospital durmg the first 6 
months of life because thew families were unable for 
social reasons to take care of them. They were products 
of full term pregnancies with normal deliveries under 
little or no anaesthesia, They had birth weights of 2,500 g 
or more and Apgar scores** of 8 or more. Their physical 
and neurological examinations and course in the nursery 
were normal, and they scored within the normal range on 
the Bayley Infant Scale of Motor Development and the 
Bayley Infant Scale of Mental Development (unpublished 
research forms (revised 1961) from the Child Study Center, 
University of California and National Institutes of Health). 
There were twenty-eight males and twenty-seven females 
ın the normal group. 

The mongoloid mfants usually had been diagnosed at 
birth because of their physical characteristics. Their 
diagnoses were confirmed by chromosomal studies which 
revealed trisomy-21 in all but one subject who had 
21/15 translocation mongolism. Three of the mongoloid 
subjects weighed under 2,500 g at birth, including one 
set of male twins. Apprommately half the group had 
congenital heart disease; none had seizures. There were 
nine female and six male mongoloid subjects. 

The EEG record was derived from scalp electrodes in 
standard placements**. Recording procedures have been 
outlined in detail elsewhere®. Recordings from an elec- 
trode at the vertex (Cz) referred to a posterior temporal 
(T;, or T,) electrode were used for analysis of the data. 
The active electrode was determined by control experi- 
ments to be at the vertex. The electro-oculogram, which 
was used to help evaluate WEG sleep stage as well as 
artefacts caused by eye and lid movements, was recorded 
between. electrodes placed near the eyebrow and on the 
zygoma, Electrodes on the chin were used so that the 
portions of the EEG recording with artefacts caused by 
sucking could be eliminated from the analysis. The EEG 
was amplified with ‘Tektronix’ amplifiers set to pass a 
frequency band of 0-8 to 250 o/s. A ‘Grass’ electro- 
encephalograph was used to obtain a paper EEG tracing. 
The EEG voltages during 1 sec after each stimulus were 
algebraically summed using the computer. A hundred 
clicks at a sound level of 65 dB were presented at a rate 
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Fig. 1. Click evoked responses. Stimulus rate, 1/2°5 seo. Number averaged, 100, 80, supraorbital, IO, infraorbital 
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of one click every 2-5 sec through a loudspeaker which 
was 30 in. from the baby’s head. Additional recordings 
utilizing an irregular inter-stimulus interval greater than 
2-5 sec and less than 5 seo were obtained for some subjects. 
Recordings were also obtained on most subjects during 
presentation of sets of clicks at several stimulus inten- 
sities. The visual evoked response to light flashes was 
also recorded. There were often striking differences 
between the visually evoked responses of normal and 
mongoloid subjects, but because differences were more 
consistently found in the cliok-evoked responses, only the 
click data will be reported here. 

Tho infants were tested, usually after feeding, during 
natural, unsedated sleep. Records during periods of 
wakefulness were also obtained, but these were often 
obscured by muscle and movement artefacts. Several 
stages of sleep could be distinguished in the EEG tracing 
and electro-oculogram of even the youngest subjects, both 
normal and abnormal**, During the 1-2 h experimental 
session the subject was presented with an identical set of 
stimuli several times in order to examine his response 
characteristics as his EEG sleep patterns changed. We 
found, in agreement with the work of others‘:!%, that the 
highest amplitude click evoked responses occurred most 
often. during the periods when the tracing was charac- 
terized by relatively high voltage, parietal sleep spindles, 
and infrequent eye movements. There were also, how- 
ever, variations in evoked response amplitude even when 
the background EEG was apparently unchanged. For 
purposes of this analysis the subject’s largest averaged 
response to a set of one hundred 65 dB clicks presented 
at 1/2-5 sec was chosen to represent his response amplitude 
for that particular session. Measurements of latency were 
made for the same response that was used for the ampli- 
tude measurement. 

Fig. 2 gives the peak to peak amplitudes of the wave 
component P,N, for normal and mongoloid subjects. 
Some infants were investigated on more than one occasion; 
the points for the same individual are joined. P,N, was 
usually the largest component of the wave but N, was 
also very prominent in some of the mongoloids, appearing 
in the EEG trace as a high amplitude negative sharp 
wave (Fig. 1). 

The difference between the normal and mongoloid 
population was subjected to statistical test on the basis 
of a single experimental run for each mongoloid subject, 





Amplitude P,N, (#¥) 
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chosen at random when more than one run was available. 
The mongoloid subject's largest averaged response during 
the run to a hundred 65 dB clicks presented at a rate of 
1/2-5 sec was matched with the largest response of a normal 
subject of the same sex and age. This preliminary match- 
ing was done solely for purposes of selection of an appro- 
priate normal comparison group; statistical analysea were 
earried out on the basis of tests for unmatched groups. 
Responses of fifteen mongoloid and fifteen normal subjects 
were compared; the results of this comparison are sum- 
marized in Table 1. Tests of the means and the variances 
indieated that the sample of fifteen normal subjects was 
statistically representative of the group of fifty-five normal 
subjects. The fifteen mongoloid subjects and fifteen normal 
subjects were divided equally into the following three age 
groups: birth—3 months; 3-9 months; 9-14 months; with 
five mongoloids and five normal subjects in each group. 
Amplitudes of the P,-N, evoked response component 
were compared by an analysis of variance with subject 
classification (normal or mongoloid) and age group as the 
two major factors. The results of this analysis indicate 
that the amplitudes of the evoked responses of mongo- 
lords are significantly greater than those of normal sub- 
jects (F = 9-21, P < 0-01). Mean amplitude for the 
fifteen mongoloid subjects was 50:2 uV as contrasted with 
28-8 V for the fifteen normal subjects. While a trend 
toward increasing response amplitude with increasing age 
was noted for both groups, this tendency was not statistic- 
ally significant (fF = 3-10, P < 0-10). There was no 
interaction between age and subject group, nor were 
there any sex differences related to mean amplitude 
within either subject group. 

A similar analysis of variance was performed on the P, 
peak latency scores. No difference in mean latency 
between the mongoloid (X = 213-6 msec) and normal 
subjects (X = 203-5 msec) was found. There was a ten- 
dency (P < 0-10) toward greater latency in the youngest 
mongoloid group (X = 269-6 msec) than in the youngest 
normal group (X = 228-2 msec); with increasing age, the 
mongoloid and normal latencies converge. Response 


latency decreased with age for normal and mongoloid 
subjects combined (F = 12-74, P < 0-01), the youngest 
group having significantly longer latencies (X = 248-9) 
than the other two age groups (X = 198-9 for 3-8 months, 


X = 177-8 for 9-14 months). 
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Fig. 2. Averaged auditory evoked response amplitude In infanoy. A hundred clicks at 

a sound level of 65 dB, presented at the rate of one click every 25 560. x =+: x, Mon- 

goloid subjects, @——-@, normal ei fae for serial recordings on the same subject 
are joine! 
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Only one subject (1:8 per cent) of the fifty-five indi- 
viduals in the normal sample showed an average response 
amplitude of more than 50 uV. Ten of the mongoloid 
subjects (66-6 per cent) showed average response ampli- 
tudes of 50 uV or more on one or more occasions; 
five of the mongoloids had click-evoked response am- 
pltudes which were not unusually large during the 
stimulus condition chosen for analysis. Some of these 
subjects had large responses, however, when, the recording 
parameters were altered, for example, one 2:5 month old 
mongol, whose response was only 27 uV to clicks presented 
with a regular inter-stimulus interval during a period when 
his EEG shifted from high to lower background voltage, 
had a 72 uV response when the stimulus was presented at 
an irregular rate and when his background EEG was of 
higher voltage. Both mongoloid and normal subjects 
tended to have larger responses when the inter-stimulus 
mterval was long and irregular and during spindling 
sleep; but even in these conditions, the normal infant’s 
averaged responses seldom exceeded 60 uV. 


Table i. MHAN AMPLITUDES AND LATMNOLES OF AUDITORY BVOKED RESPONSES 
FOR MATCHED GROUPS OF MONGOLOID AND NORMAL INFANTA* 


(uY) 
Amplitude Py-N, Latenoy P, 
Age N Mongoloid Normal Mongoloid > Normal 
0-8 mo 5 845 195 260-6 208-2 
3mo-9mo 5 61-4 31-7 190-0 207 7 
9mo-14mo 5 bad BL7 1810 174 5 


1 287 218 203 5 
{(22-0-117-0) (7-5-50-4) (143-6-207-8) (105 8-261-8) 
* The data in the table were derived from averaged responses to one hun- 
dred 65 dB clicks presented at the rate of one olick per 2 5 seconds, 


Examination of the unaveraged paper tracings of 
several mongoloid and normal subjects revealed great 
variability in the amplitudes of dividual evoked 
responses. In both normal and abnormal subjects suc- 
cessive evoked responses not infrequently differed by as 
much as 150 pV even during periods when the background 
EEG seemed to change little. The normal subjecta 
occasionally had individual responses of 100 or 200 pV. 
These tended to occur at the beginning of stimulation or 
when the background EEG shifted from either higher or 
lower voltage. There was some tendency for responses of 
the normal subject to decrease in size with repetitive 
stimulation. The mongoloid subjects had many more 
extremely large responses and showed less dechne in 
response amplitude with repetitive stimulation than did 
the normal subjects. 

Although the evoked responses increased in amplitude 
if the stimulus was novel, or if it was presented at long 
and irregular intervals, they differed from startle responses 
in that they were relatively stable during a period of 
many hours and were largest during moderately deep 
sleep. Eye movements and blinking related to stimulus 
were sometimes present at the onset of stimulation, and 
behavioural movements (for example, stirring or actual 
startling) were also occasionally seen. The evoked poten- 
tial amplitudes during this stage were often relatively 
small. Extinction of behavioural responses was rapid in 
both normal and abnormal subjects and no gross differ- 
ences in this respect were observed between mongoloida 
and normal infants. 

The finding that sensory evoked EEG responses of some 
retarded infants differ from those seen in normal infants 
can, be interpreted in several ways. An extracerebral 
cause for the differences in recorded evoked potential 
amplitude between the two groups might be found in a 
difference between the groups in skull and scalp impedance 
or in skin conductivity. That this possibility cannot fully 

‘explain the differences between the groups is suggested 
by the observations that interelectrode resistances were 
small for all subjects, and the amplitudes of the back- 
ground EEG of the normal and abnormal groups did not 
differ systematically as they would be expected to do if 
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conductance through skin and scalp accounted for the 
differences in the observed amplitude. The possibility of 
a systematic difference in the interaction of sleep stage 
and evoked response between the mongoloid and normal 
subjects cannot be ruled out, however, and requires 
further investigation. 

Extra- or intra-cerebral anatomical variations in the 
abnormal group may result ın the recording electrodes being 
closer to the source of the potential. The fact that large 
potentials were observed in abnormal infants with varying 
diagnoses makes this possibility less lhkely. 

An alternative hypothesis is that the observed differ- 
ences in evoked response characteristics between normal 
and developmentally retarded infanta reflect underlying 
differences in brain mechanisms governing sensory input. 
Neither the role of evoked responses in perception nor the 
neural pathways involved in their production are com- 
pletely understood. The evidence suggests that late 
response components relate more to the regulation than 
to the reception of sensory input. Their production 
depends on the interaction between the specific sensory 
impute and the level of excitability of the brain". Com- 
plex connexions between the specific sensory receiving 
areas, reticular formation, and cortical association areas 
are involved in such a way that the processing of sensory 
data can. be finely modulated. . 

High amplitude evoked potentials and their persistence 
during repetitive stimulation may indicate the presence 
of abnormally diffuse and hypersynchronous neural 
responses and a defect of inhibitory mechanisms which 
normally result in response habituation*®*. Such abnor- 
malities may be closely related to the difficulties which 
mentally retarded children show in learning. The investi- 
gation of sensory evoked potentials in normal and 
developmentally retarded children may provide informa- 
tion about underlying sensory processes of diagnostic as 
well as theoretical value. 

We thank Ann Milne, Clive Newcomb, Betty Shanks 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Optical Variation of 3C 446 


Tam observations of Sandage! and of Kinman et al.* have 
shown that the optical brightness of the quasar 30 446 
18 variable. This quasar has been observed as part of a 
programme of optical monitoring of quasars at the Royal 
Greenwich Observatory. Our results show a continuation 
of the earlier behaviour and lead to the speculation that 
the variation is caused by the occultation of the quasar 
by absorbing clouds in its vicinity. 

Our observations to date consist of nineteen photo- 
graphic plates of the quasar, taken on Kodak IIa0 
emulsion without any filter on the 26 in. refractor at 
Herstmonceux, and give approximate my, magnitudes. 
Details of the plates are given in Table 1, which also gives 
the magnitude of the quasar on each plate and the corre- 
sponding standard error. The plates were measured in a 
Sartorius iris diaphragm photometer, and the data 
reduced against the sequence used by Kinman (personal 
communication, 1966) by a computer programme written 
by us. 

Those plates in Table 1 marked with an asterisk were 
algo measured. for possible change in the position of the 
quasar between, times when it was bright and when it was 
faint. The position of 30 446 was reduced relative to 
seven reference stars near the quasar having magnitudes 
close to 16 mpg, and the mean position of 30 446 on the 
two plates which showed it bright was compared with the 
mean, position from the other two. The solution was made 
on the I.C.T. 1909 computer of the Nautical Almanac 
Office using a programme written by W. Nicholson. Five 
fainter reference stars with magnitudes near 17 mp, were 
used as & control on magnitude equation, but none was 
found. Any change ın position of the quasar was less than 
the measuring error of about 0-1 seo of arc, corresponding 
to about 1 kpo at the object if the red-shift is cosmological. 

The light curve obtained for 3C 446 ıs plotted in Fig. 1, 
and that of a nearby star of comparable brightness (No. 11 
of Kinman) in Fig. 2. One plate (€ 10208) with very large 
errors has not been plotted, while the comparison star had 
to be omitted on another occasion. The distribution of the 
observations with time is clearly unsatisfactory, although 
plates were obtained whenever weather and 
Moon permitted. None the less, they do show 
that rapid and large variations have con- 
tinued throughout the period of observation, 
and that this recent behaviour contrasts 
strongly with that indicated by observations 
of the quasar made in, 1964 and 1965 (ref. 2), 
and by the Palomar Sky Survey plates (1954, 
July 9/10), all of which give a magnitude of 
Mpg ~ 18%8, whereas we have no observation 
since July 1966 giving mp, fainter than 17m5. 

Observations of other quasars in our 
programme indicate that such continuous 
and large variations are rare. Table 2 gives 
a list of thirteen other quasars which we 
have observed and also the number of plates 
and the number of separate months in which 
observations were obtained. The basis of 
selection was that published values of my, 
or B magnitudes should be leas than ~ 17"; 
30 446 was only included after its variability 
had been reported as it was originally too 
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Table 1 
Plate Julian Standard 
No. da! mpr error 
2439 + 
E 9066 353 6 17 01 0-05 
E 355 6 17 05 0 04 
Ki 384 5 8-28 0 04 
10107 385 5 16 22 0-10 
Biota 387-5 10 25 0.08 
Li a: 
B10188* 889-4 15 08 0-18 
Ẹ10155 392 6 15-90 0 06 
#10104 4108 16 95 007 
0204 4144 16-40 009 
#10208 4105 16°54 0 26 
B10225 489 3 16 66 0-08 
0256 445-4 15 99 0-08 
B10280* 460 8 15°97 0 06 
0355 470:3 17-08 008 
0388* 473-24 17 02 0 08 
B10868* 478 38 17 14 0 06 
B10875 2 15 94 010 
B10483 4943 16 69 0-07 


faint. Of these others only 30 345 and 30 454:3 have 
shown detectable variation, the latter on only a single 
plate. 30 345, a previously known variable*, was 
apparently quiescent for at least 6 months ın 1966 
before its recent outburst in February 1967 (ref. 4); it 
was then found to have brightened by about 1 magnitude 
to mpg ~ 16m since last seen in September 1966, and to be 
liable to vary by 05 in 1 week. 


Table 2 
No. of months in 
Quasar No. of plates which plate(s 
were obtain 

PHL 658 8 8 
48 18 10 
PHL 1877 5 4 
5-12 3 2 
80 249 1 11 7 
O 263 8 6 
1217 +02 4 3 
O 309:1 6 5 
80 334 4 4 
30 846 9 7 
80 351 5 5 
80 880 4 3 
80 454°3 6 3 


One further remarkable feature shown by our observa- 
tions of 3C 446 is that the light curve has a “flat top” at 
~ 169. Taking into account possible small differences 
of photometric systems, this result is not vitiated by the 
earlier results of either Sandage! or Kinman et al.*, if one 
neglects one very anomalous result given by the latter for 
a single plate taken on September 12, 1966. Combining 
our results with those of Kinman, this “flat top’? has 
been reached on, at least four separate occasions. 
We believe the following model can account for our 
results. We suggest that 30 446 consists of two or possibly 
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Fig. 1. Magnitude against Julian date for 3C 446; error bars represent one standard error. 
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three regions as follows: a very compact region radiating 
optically by the synchrotron or verse Compton pro- 
cesses; ‘possibly an intermediate region; and a larger 
region in, which the emission lines originate. 

This would be in agreement with the ideas of Sandage 
et al.* and of Burbidge et al.*. Our model requires that 
decreases from maximum light at mpg~ 15m9 are caused 
by absorbing clouds occulting the compact region. Large 
changes in the light output of 3C 446 occur in periods of 
1 week. On the contracted time scale at the quasar, this 
corresponds to ~ 2-5 10" sec. Velocities of up to 3,000 
km/sec have been observed in other quasars?*®, If we 
suppose no more than these velocities in 30 446, the 
demand that the source be occulted by a cloud in 3 days 
indicates that the compact region has radius R less than 
7-5 x 10° om, or about 5 av. If the absorbing clouds are 
gravitationally bound to the compact region, then the 
mass M of this region must be greater than 5x10‘ M o. Also, 
the mass M’ of the cloud necessary to obscure completely 
this region is quite small; an optical depth of unity 
caused by electron scattering demands 3 g/am! of hydrogen 
so that complete obscuration of this region could easily 
be achieved by a mass as low as 1 Mo Those estimates of 
masses are not very restrictive, nor is the estimate from 
consideration of the light pressure on the cloud, which 
must be less than the gravitational attraction of cloud 
and the region, that 18 


or 


L 
and we know To ~ 101, assuming a cosmological red- 
shift, so that 


ME. 10 
We must also ensure that the cloud is not heated so 
rapidly by the radiation from the compact region that it 
disperses quickly. The maximum temperature which a 
black body at the surface of the region can attain 18 
~10* °K, and the cloud will not disperse 1f 


ST | GMM’ 
Boe 
where u, T, and R’ are the mean molecular weight, tem- 
perature, and radius of the obscuring cloud. If we take 
R’ ~ R, u= 0-5 and T ~ 105 °K, then 
M' 
Mo * 





10 


It remains only to account for the quiescence of the 
quasar before July 1966; we suggest that at this stage 
the compact and the intermediate regions were both 
obscured by a much larger cloud, and that only the 
larger region in which the emission lines origimated could 
be seen. We wish to emphasize that this particular model 
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Fig. 2. As above for non-vanable comparison star 


j 257 
may apply only to the special case of 30 446, which is 
showing abnormal behaviour at the present time. 

We thank several colleagues for help with the observa- 
tions, in particular Mr. W. B. Wilson, Miss Janet Purdy 
for measuring many of the plates, and Dr. D. Lynden-Bell 
for stimulating discussions. 

R. D. CANNON 
M. V. PENSTON 
Royal Greenwich Observatory, 
Herstmonceux Castle, 
Hailsham, Sussex. 
Received March 15, 1967. 
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Profile of the Unidentified interstellar 
Absorption Band at 4430 A at Different 
Galactic Longitudes 


THE cause of the diffuse interstellar absorption band 
centred on 4480 A 19 still unknown, thirty years after the 
recognition of the band’s interstellar nature. Because 
this band, together with other armilar bands, can absorb 
as much visible energy from the radiation of distant 


. stars as 18 absorbed by the visible Balmer lines, an identi- 


fication is of obvious interest, and such identification 
may be critically dependent on a knowledge of the profile 
of the band. Investigation of the profile 1s made difficult 
by ite great width and usually small depth. Wilsont, 
Wampler’ and Herbig? have produced profiles of 4430 A 
in the distant B-star H.D. 183143; these profiles resemble 
each other at the centre but differ further out m that 
Wilson finds shallow wings of perhaps even 150 A width, 
whereas the overall extents in the other two cases are 
about 40 A and 60 A, the shallow wings being absent. 

Statistical evidence has been presented by various 
workera-? for correlation between, the strength of 4430 A 
absorption and the amount of interstellar extinction, and 
also for correlation between the ratio of 4430 A strength 
on colour excess E s-y and galactic longitude. This mdi- 
cates a connexion between the mechanism producing 
the 4430 A absorption and that producing the general 
interstellar extinction. This connexion has been com- 
mented on by Herbig®, where he also makes the sug- 
gestion that the extensive wings found by Wilson are 
in fact caused by the change in slope of the reddening 
law at about v = 2:30 p~ (ref. 9). Nandy! has shown 
that this change of slope depends in magnitude on the 
galactic longitude of the star observed, and that, in 
particular, the change is markedly greater in the Perseus 
direction than in Cygnus and Cassiopeia, indicating a 
possible difference in physical constitution 
of the agent causing the extinction. 

It was therefore thought desirable to 
compare profiles of the 4430 A band m 
these regions to see if there is an asso- 
ciated difference. The breadth and shal- 
lowness of the profile make it necessary 
to use the type of accurate photometric 
analysis of the spectral region already 
available at this Observatory from the 
work carried out in an extensive programme 
of spectrophotometry of early type stars". 
Measures exist for fifteen supergiant stars 
ranging in type from B2 to 40, details being 
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Table 1. STARS USED IN FORMING MHAN SPEOTRA 


H.D. No. Name im Type Bar Wun 
164858 67 Oph 080 Bole 0-26 0:78 
198478 Cyg 086 Bala 0:60 1-24 
206165 9 Cep 102 B21 0-54 1:24 Group 1 
224056 _ 116 B8la 0 91 211 
— 117 Ie 0-53 1-44 
18267 5 Per 188 Bola 049 1-01 
14184 — 135 Bala 0-67 124 
14148 — 185 Bile 0-76 1:28 Group 2 
14818 10 Per 185 Bla 0 65 111 
21880 — 142 Adle 0-58 151* 
31827 — 167 Bots 065 005 
86371 x AUT 176 Bolas 0-50 1-49 
42087 Gem 187 Be-ble 0°42 0-08 Group 3 
43384 9 Gem 188 «è 0 65 1-54 
41117 x Orn 189 Bile O51 112 


* Not corrected for blending in original measures. 


given in Table 1. These may be divided into three groups 
of five in terms of galactic longitude, the groups being: 
Group 1 020° <M < 120°; Group 2 120°<<146° and 
Group 3 145°< IE < 190°. Group 1 corresponds to Nandy’s 
Cygnus region, Group 2 to his Perseus region and Group 8 
includes Gemini and Orion. The individual measures of 
stellar spectrograms were averaged in these groups, thus 
reducing the contribution, of emulsion grain noise. Each 
group contains the measures of about twenty-five spectra, 
all reduced by the process which is explained in ref. 11. 
The group measures are plotted in Fig. 1 as the top three 
traces Mi, Ma and m, Standard errors of each plotted 
point are also shown in Fig. 1. All traces are on the same 
magnitude scale. In the reduction of the measures, a 
feature of the original programme was the subtraction 
of a smoothed standard continuum obtained with the 
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same photographic emulsion from a number of bright 
O-stars of minimal reddening. The main purpose of this 
was effectively to remove the wavelength sensitivity 
characteristic of the emulsion. This causes absorption 
free points to lie on a straight line over wide regions of 
wave number, thus facilitating interpolation of the 
absorption free continuum across broad spectrum fesa- 
tures. No such line has been drawn in Fig. 1 on Mi, Mma 
or Mm, but one has on the fourth trace labelled Sum, 
which is the mean of these three traces. 

The last two traces are the differences m,—m, and m,~m,. 
The differencing process removes the applied O-star 
continuum. The level straight lines indicate that redden- 
ing and mean spectral types of the groups are about the 
same. It is apparent that any difference in the band 
profile in these galactic longitude regions is no greater 
than the experimental error. Whatever the connexion 
between the causes of the 4430 A band and the difference 
in the reddening discontinuity, it does not affect the pro- 
file of the band. It is interesting to note that the equality 
of reddening commented on above is paralleled by the 
equality of intensity of 4430 A absorption and also of the 
diffuse interstellar line’ at 4502 A, as each is cancelled 
by the differencing process. 

The difference m,—m, does, however, show the discon- 
tinuity of slope in the reddening curve at about 2-30 p-, 
mentioned earlier. This is in agreement with the finding 
of Nandy, that the change of slope is greater towards 
Perseus than Cygnus. The difference m,—m, shows the 
change in slope in the Orion—Gemini region to be similar 
to that in Cygnus. 

Because there is no apparent difference of band profile 
in the three groups, we may again reduce the random 
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errors by averaging all three tracings, the result being 
shown in the tracing labelled Sum. This is the mean of 
seventy-six spectra, and the standard error per point is 
as small as + 0-003 magnitude. A amooth double Gaussian 
curve has been inserted through those points, indicated 
by small arrows, which are expected to be least affected 
by stellar absorption. This curve resembles that of 
Herbig closely. The detectable width of the wings is about 
70 A. The width at half maximum intensity is 21 A, as 
against 19 A for Herbig, 20 A for Wampler and 26 A for 
Wilson. This last value could not fit these results. Equally, 
though, the centre of the band here is not at 4428-0 A 
as found by Herbig, but at 4420-5 A. 

The constancy of profile in regions of varying reddening 
may indicate a composite cause, only part of which 18 
responsible for the 4430 A band. In any event, the profile 
of 4430 A owes nothing to the discontinuity of the redden- 
ing slope. 

Harry SEDDON 


Royal Observatory, 
Edinburgh. 
Rocelyed February 16, 1067 
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PLANETARY SCIENCE 


Effect of the Solar Activity on the Brightness 
and Polarization of the Zodiacal Light 


Tux outer part of the medium between the Earth and the 
Sun can be investigated by space probes and observations 
of the Zodiacal light. Space probes provide information 
about the structure and properties of the medium, the 
strength of the magnetic fields and the velocity of the 
solar wind. 

The Zodiacal light has been observed visually during 
the last 300 yr and photo-electrically and photographically 
during the last 40 yr. Visual observations up to 1934 were 
analysed by Thom, who showed that the Zodiacal hight 
was changing with a period of two solar cycles. The 
analysis referred to visual observations, however, which 
were affected by the airglow and personal judgment. 

Seasonal variations of Zodiacal light were detected by 
Elvey and Roach’, and irregular variations by Huruhata’. 
If one plots separately their observations against the 
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Fig. 1. Varlation of Zodfacal light brightnees with the relative number 
of sunspots The brightness is expressed in number of stars of tenth 
visual magnitude of type G2 per square degree. 
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Fig. 2, Variation of Zodiacal light br 
, 60°, 60°, 70° and 80°. 


of sunspots at elongations 


relative number of sunspots (Figs. 1 and 2) it is found in 
each case that the Zodiacal light brightness decreases 
with increasing solar activity. 

Analysis made by Asaad‘ of photo-electric and photo- 
graphic observations of Zodiacal hght since 1950 has 
shown that the brightness decreases with increasing 
number of sunspots. A similar conclusion was reached by 
Weill® from analysis of observations secured by Barbier 
during 1955-65. 

It is also found- that the brightness of Zodiacal light is 
correlated with the solar wind velocity Vp calculated from: 


Vp (km/sec) = (8-44 + 0-74) Silty + (330 + 17) 


The formula is based on data of Mariner IT (ref. 6) and 
Ekp is the daily mean kp index published by I.U.G.G.7. 

In Fig. 3 a plot ıs made of the Zodiacal light brightness 
measured by different investigators’-'* at elongations 
40°-80° against Vp. 

For the polarization, I have plotted in Figs. 4 and 5 the 
degree of polarization of Zodiacal light at elongations 
40°-80° against the relative number of ots and solar 
wind velocity respectively. It is evident that the polariza- 
tion tends to increase with the solar activity. 

There are two possible explanations for the variation 
ın the brightness and polarization of the Zodiacal light 
with the solar activity and these relate to force of the solar 
wind on the interplanetary particles and alignment of 
particles by the magnetic fields. 

Investigations of acceleration of ions in cometary tails 
by Biermann!’ and Wurm" have shown that the force of 
the solar wind exceeds the gravitational attraction by a 
large factor. Also the ionization of molecules of comets’ 
heads has led Biermann to suggest a similar interaction 
between the radiation pressure caused by the solar wind 
and particles of the interplanetary medium. These inter- 
actions will push out the finest particles of the medium, 
the sizes of which are 0-ly or less, Such particles have 
been found by Venus “fly trap’’}*, and are thought to 
be disintograted from the large fluffy grains found by 
Soberman et al.*. 

Two mechanisms have been suggested for the forces 
exerted on the particles. Wyatt?! proposes that the inter- 
planetary particles acquire negative charge as a result of 
their unequal impacts with protons and electrons in the 
solar wind. On close approach between negatively charged 
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particles and the non-impacting solar protons there will be 
a transfer of momentum which produces an electrostatic 
drag of the particles. Under extreme conditions of high 
proton density and high solar wind, the drag will exceed 
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Wiig. 8. Variation of Zodiacal light brightness with the velocity of the solar 
windy?’ (km/sec) for the apeotral regions 4060-4680 A and 5220-6480 A. 
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Fig 4. Variation of degree of polarization of Zodiacal light with the 
relative number of sunspots at elongations 40°, 50°, 60°, 70° and 80°. 
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Fug, 5. Varlation of degree of polarization of Zodiacal t with the 
velocity of the solar wind Fp (km/sec) at elongations 40° 50° and 60°. 


the radiation pressure by a factor of 100. Such conditions 
exist during maximum solar activity. 

On the other hand, Parker™* has suggested that the 
particles will acquire a positive charge through photo- 
electric emission. This in turn will interact with the 
Lorentz forces gssociated with the magnetic field carried 
in the solar wind and the fine particles will be forced out 
of the medium. 

The theories of Wyatt and Parker appear to conflict be- 
cause they predict charges of different signs. Nevertheless, 
the investigation of comets’ tails by Biermann and Wurm 
has shown sufficient force to push out the finest particles 
durmg maximum solar activity. In such a case one expects 
a correlation between the brightness of Zodiacal light pro- 
duced by the scattering of particles and the solar activity. 
The polarization ıs expected to increase because of the 
charging of particles and the reduction in the number of 
dielectric particles which have been pushed out. 

Comparatively strong magnetic fields exst in the 
interplanetary medium; data supplied by space probes** 
showed a field of 103—10~* oersted at a distance of 10° km 
from the Earth during solar magnetic activity. Also 
Lust and Schluter™* have shown that the field at a distance 
of 0:25 au from the Sun is about 10~? oersted. In the 
presence of fields of this order, the elongated particles 
align themselves with their long axes perpendiculer to the 
lines of force and as a consequence the scattering of the 
solar light is reduced along this axis, thus giving rise to less 
brightness but greater polarization of the Zodiacal light. 
The time’ required for the alignment is a few seconds** 
for iron particles, while for dielectric particles of 0-1 1t is 
of the order of 3 days at a distance of 0-25 au and 3 yr 
near the Earth. For smaller particles the time is less 
by a factor of 100. This explanation seems less probable, 
because there are other factors which disturb the align- 
ment of the particles. 

A. 8. Agaap 
Royal Greenwich Observatory, 
Herstmonceux Castle, 
Hailsham, Sussex. 
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Sporadic E in Middle Latitudes 


In a recent paper, Layzer! suggested that most middle 
latitude sporadic E layers are formed by discontinuities 
in the vertical motion of the neutral gas. Following 
his notation, w is the vertical velocity of ionization, 
and t, the neutral gas vertical velocity. Neglecting hori- 
zontal air movements and polarization flelds, we have 
wm uy, {sin® y + cos? y/(1+r")} where x is the angle of dip 
and r is the ratio of gyro-frequency to collision frequency 
of ions. 

We see that as x increases, so the magnitude of w 
increases (slightly if r<€1, more rapidly as r approaches 
unity), and hence sporadic # layers should occur most 
often where y is large. 

The opposite is, however, the case? Whereas the 
critical frequency of sporadic H is greater than 5 Mc/s for 
about 20 per cent of the time at y = 20°, it is greater than 
5 Mojs for less than 5 per cent of the time at ~= 70°. 
(This decrease is almost certainly related to the decrease 
in the horizontal component of the Earth’s magnetic 
field.) The same conclusion is reached by considering 
sporadic occurrence along a line of geographic latitude for 
which one would expect the neutral air movements to be 
statistically similar. 

It is concluded that most middle latitude sporadic Æ is 
not caused by discontinuities in the vertical motion of the 
neutral gas. 

This investigation was supported by the Radio Research 
Board of Australia. 
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Optical Radar Evidence for Atmospheric 
Dust Layers around 85 km Altitude 


In a recent letter Poultney! has examined the evidence in 
favour of the existence of an atmospheric dust layer in the 
region about 85 km above the Earth’s surface. In parti- 
oular he claims that there is reliable evidence for this 
claim from observations using the ground based experi- 
mental method of examining the intensity of light back 
scattered from a vertical laser beam, or what is called 
laser radar. This technique is in use at several stations 
including Cambridge, Mass., U.8.A.2; College Park, 
Maryland, U.S.A.3; Kingston, Jamaica‘; and Slough, 
England’. 
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There is good evidence for the existence of particulate 
matter at about an altitude of 85 km from observations 
on the noctilucent clouds which are observed at high 
latitudes; the evidence of a similar region at lower latitudes 
is much rarer. In particular many of the resulta obtained 
so far from laser radar studies of the upper atmosphere 
are still, we think, rather questionable. 

Poultney has quoted from our results‘. He suggests 
that we have measured the scattering cross section at a 
height of 75 km to be 10714 cm-+, When due attention 
is paid to the statistical fluctuations on the signal measured 
(a limited count of a number of photons arriving at ran- 
dom), however, our result would be that the scattermg 
cross section measured at 73 km was between 4 x 10-718 
and 2 x 10-11 em-. The value lies between these limits 
with a statistical probability of 70 per cent only. The 
theoretical Rayleigh scattering from that height assuming 
the U.8. Standard Atmosphere number density of mole- 
cules is 3 x 10-44, Poultney concludes that the measured 
cross section is greater than that expected theoretically 
and consequently that this supports the existence of 
aerosols at this height m addition to air molecules. It 
will be seen that when the probable error of the result is 
allowed for, the excess of scattering over that to be expected 
is hardly significant. 

Although at the time when we communicated our 
results to Nature we had eliminated the contribution of 
fluorescence to the measured signal, however, we had not 
then. discovered a further source of spurious signal, which 
we now know must have contributed to our previous 
results. This additional noise source 1s a result of the fact 
that when the photomultzplier is briefly but strongly 
uluminated from scattering of the laser pulse by the lower 
atmosphere, this Ulumination causes the noise level of the 
photomultiplier to rise above the normal noise level 
for a short period. By protecting the photomultiplier 
from the returned signal during, and for a brief interval 
after, the transmitted pulse, this noise source is removed, 
and consequently the apparent signal strength from higher 
altitudes is reduced. Results of a more reliable series of 
observations were given in a recent paper’. From these 
results the scattering cross section from the level of 78 km 
region is measured to be between 6 x 10- and 1-8 x 10-13 
cm-! whereas the theoretical cross section is calculated 
as 14 x 107! em, 

Consequently, we do not feel that our results provide 
evidence of the existence of a dust layer about 80 km, 
As far as the atmosphere over Jamaica is concerned, our 
results establish that at the time of our observations any 
dust present was many factors below the quantity indi- 
cated over Cambridge or Maryland, not only at 78 km 
but also up to 100 km. The simple explanation would be 
to suggest that the dust layer over Jamaica is absent 
because of either the lower latitude or (and this is much 
less likely) because Jamaica is outside any large industrial 
area. Both these suggestions, however, are negated when. 
woe examine the results obtained at Slough, England’, 
which is at a higher latitude and in an industrial area; 
these results are extremely similar to our own. Conse- 
quently, an unexplained difference remams between tre 
various measurements. 

It is of interest to note that the Maryland group are 
using an arrangement which allows them to utilize the 
same optics for transmitting and receiving. This system 
requires @ very rapid optical transmit/receive switch 
which is operated mechanically. Fluorescence suppression 
and internal scattering are major problems which have 
to be overcome. The published resulte of the group indi- 
cate quite a high scattering cross section throughout the 
whole of the height range over which results are quoted 
(75 km and above). The signal received at 75 km on the 
one night quoted which did not suggest sources of scatter- 
ing with maxima above 75 km is certainly above the level 
to be expected from molecular scattering with the equip- 
ment described. This would suggest that at all heights 
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in the range quoted the scattering was aerosol controlled. 
A further disturbing feature of the results shown in this 
paper was that the background noise varies rapidly 
with height, which seems to indicate a noise source con- 
nected with the transmitted laser pulse. The most likely 
source seems to be fluorescence, as Bain and Sandford’ 
have also suggested. 

No doubt the Maryland technique will have been 
developed since their paper was published and we look 
forward to their more recent results giving more informa- 
tion about this atmospheric region and its scattering 
cross section. We consider the laser radar method for 
examining the upper atmosphere to be highly promising. 
It is important, however, not to exaggerate its capabilities 
at this time. With more powerful transmitters, larger 
collectors and operation at shorter wavelengths the method 
is certam to provide definitive evidence on the existence 
or otherwise of dust about the 80 km altitude. 
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Authigenic High Sanidine from Western 
Australia 


AUTHIGENIO minerals grow in sedimentary rocks near the 
surface of the Earth or at moderate depths in the crust, 
supposedly at temperatures rarely exceeding 100° ©. An 
authigenie origin has been postulated for many potassium 
feldspars described as microcline, orthoclase and adularia', 
though in igneous and metamorphic rocks they normally 
form at temperatures above 100° C. Sanidine characteris- 
tically grows at temperatures far higher than the other 
potassium feldspars, and is restricted, with some ex- 
ceptions’, to volcanic rocks. Its authigenesis is unusual 
and deserves discussion. The outgrowths described here 
are composite and contain high sanidine [2 Va = 0°-60°, 
optic plane //(010)], low sanidine [2V¥q=0°-25°, optic 
plane |(010)], and orthoclase [2 Va = 25°—70°, optic plane 
1(010)]. There is commonly a slight departure from mono- 
clinic optics in these minerals, with either Y or Z deviating 
a fow degrees from the normal to (010). Low sanidine has 
been recorded before*, but as far as we are aware, this 
letter is the first report of authigenic outgrowths composed 
partly of high samidine. 

The authigenie feldspar has grown on clastic potassium 
feldspar grains in Devonian sandstones and limestones of 
the Nannyarra Greywacke and Gneudna Formation at 
their type sections on the eastern margin of the Carnarvon 
Basin, Western Australia (close to lat. 23° 68’ S., long. 
115° 13’ E.). The Nannyarra Greywacke is a transgressive 
unit resting nonconformably on a Pre-Cambrian granitic 
and metamorphic complex, and in this area contains little 
greywacke as defined by Pettijohn‘. The formation is 
about 190 ft. thick and is mainly arkose and subgreywacke. 
The conformably overlying Gneudna Formation consists of 
1,700 ft. of fossiliferous limestone, dolomitic limestone, 
arkose and calcareous shale. Both formations contain 
abundant authigenically enlarged quartz grams. The units 
dip west into the Carnarvon Basin at about 35°. 

There is no evidence in these sedimentary rocks of 
temperatures greater than those generally associated with 
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diagenesis. It is unlikely that they have been deeply 
burned in the past because of their marginal position in 
the basin. The rocks have not been intruded, strongly 
folded or generally sheared, and they are not near later 
igneous bodies that mught have metasomatized them. 
Fossils in the Gneudna Formation are well preserved. 

Most of the feldspar grains contain clear or slightly 
kaolinized subspherical cores of potassium feldspar some- 
what flattened in the {001} plane. The cores range be- 
tween 0-15 mm and 0-8 mm long, and their clear, authi- 
genic envelopes are up to 0-1 mm thick. Many envelopes 
have developed faces of the forms {001}, {110} and 
{110}, but {010} seems to be represented only by irregular 
surfaces. ere are no chemical data on the cores or 
outgrowths, and the influence of variations ın composition 
on their optics is unknown. Principal optical directions, 
optic axes, cleavages and faces were located with the four- 
axis universal stage and plotted by the Federow procedure. 
Optic axial angles were measured by the direct method of 
Fairbairn and Podolsky*, and most are reproducible to 
within 2°. Cleavages and faces were identified by measuring 
the angles between their normals and X, Y and Z, and 
comparing them with Nikitin’s data in ref. 6. Pinacoid and 
prism cleavages pass from core to envelope without 
apparent break, but twinning in the core is truncated at 
the boundary. 

Of the twelve grains investigated in detail, eleven 
contain microcline cores (2Va=78°-84°) and one ortho- 
clase (2 Va= 57°). Each envelope is composite. The walls 
that have grown out to faces of {001} are composed mainly 
of high sanidine, and those that have grown out to ir- 
regularly developed {010} surfaces are generally made up 
of orthoclase and low sanidine. Authigenic feldspar be- 
tween the core and faces of {110} and {110} commonly 
consists of all three varieties. Boundaries between seg- 
ments of markedly differing optics are fairly sharp, and 
although some of them are roughly parallel to (010) and 
(IIl), they are not planar. Variations in optics within 
some individual segments cause wavy extinction and make 
precise measurements impossible in thin outgrowths. 
Precise measurements of optic axial angles include 
twenty-three in high sanidine (2 Va=17°—56°), two in low 
sanidine (2Va=18°, 20°) and twenty-two in orthoclase 
(2 Va = 30°-67°). 

The presence of feldspar modifications in apparently 
anomalous environments has been the subject of ex- 
tensive discussion, and it is now thought by some 
authors'”§ that the symmetry and optics of feldspars 
formed at low temperatures may be strongly influenced 
by their rate of growth. In this view, fast growth at low 
temperature may prevent the development of a highly 
ordered aluminium-silicon distribution in the lattice. The 
ordering in individual authigenic feldspars from the 
Carnarvon Basin is related partly to their position in the 
outgrowth. If the rate of growth was indeed the domi- 
nating influence, the highly disordered portions either 
grew faster than the authigenic potassium feldspars 
described in the literature, or their inversion to the usual, 
more highly ordered states has been prevented. 
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Origins of Oil, a Correction and Further 
Comment on the Brunnock! Even C-Number 
Predominance in Certain Higher Alkanes of 

African Crudes, and on the Biogenesis of 

Nonacosane 


Ir has been pointed out to me (J. V. Brunnock, personal 
communication) that the simple arithmetical explanation 
of even O-number predominance recently advanced? 
fails of, in addition to the categories of chances of recom- 
bination previously considered, namely even-even, odd- 
odd, even—odd, that of odd-even is added. The probabilty 
of getting even and odd C-numbered products is then the 
same, and I concur. In fact, if it is assumed that four 
chains break up to give four even and four odd radicals, 
there are thirty-two chances each for the formation of 
even and odd chains by random coupling. Yet there can 
be little doubt that the predominant even C-numbered 
n-alkanes are derived by break-up of fatty acids and 
recombination of the fragments. 

The only reasonable explanation appears to be a process 
analogous to Kolbe’s synthesis and it may even be exactly 
that, namely, the result of electrolysis, or more generally, 
of an equivalent process. Thus R-CO,H and R’-CO,H 
would yield #-R’ and, since R,R’ are odd C-numbered, 
R-R’ would be even C-numbered. Obviously, this would 
also apply to R-R and R’-R’. 

Recent studies by Purdy and Truter’ and Kolattukudy* 
have greatly advanced our knowledge of the biosynthesis 
of nonacosane. These authors do not suggest detailed 
full mechanisms but Purdy and Truter gave reasons for 
believing that there are 10- and 15-oxygenated precursors 
of nonacosane. Kolattukudy, as the result of radioactive 
isotopic tracer work, concluded that palmitic acid is 
incorporated as a unit and extended to form nonacosane. 

Two hypotheses are now advanced. First, head to tail 
condensation of 6 C,-units derived from succinate (or 
aspartate) and acetate (or glycine) with loss of 7 CO, mole- 
cules at some stage and reduction of carbonyls to —CH,. 
The precursor could be that which gives rise to porphyrino- 
gen. This allows of keto-groups to be located at 10— and 
15—. But in view of Kolattukudy’s findings, succinate 
would need to be derived by degradation of palmitic acid 
(Cis) and in this process one tritium in the ditritiated acid 
would be lost. So far as I understand them, the results 
do not allow of this. 

Second, the most obvious mechanism starts with 
«-oxidation of palmitic acid to lanopalminonic acid which 
occurs in wool-wax. This undergoes self-condensation, 
doubtless with the help of co-enzyme-A as usual, Omitting 
the co-enzyme, we have (R = C,;H,,): 


2 R-CH,:CO-CO,H— R&-CH,CO-CO-CH (CO-CO,H) R 


—> R-CH,-CO-CO-CH, R (the 4C label is at the asteriaked 
C) + (COE) 


—> RCH, (OH) (CO,H)-CH, R + RCH, COCH, R 


— nonscosane. This scheme does not provide CO in posi- 
tion —10, but the use of a second reduced chain 1s not 
obligatory. Kolattukudy* could not confirm the final 
stage experimentally, but ıt occurs in the plant, if at all, 
while the molecules are ‘‘in the works” and it is probably 
very difficult to get a sparingly soluble wax on to the 
“production line” by external application to the leaf. 
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PHYSICS 


Paraffin Mirrors for Ultrasoft X-rays 


Our search for a suitable dispersion technique to identify 
ultrasoft X-radiation (wavelength A>20 A) led us to 
consider the wavelength dependence of the oritical angle of 
total reflexion. A critical angle of total reflexion exists 
only if the reflector is transparent to radiation. Thus, one 
reason for the unsatisfactory results reported by Franks 
and Braybrook! could be the high absorption of the ultra- 
soft X-rays in the beryllium reflector used by these authors. 
At first glance beryllium is the best choice for a low- 
absorption reflector, but commercial beryllium is con- 
taminated by heavy metals. Even a small proportion of, 
say, iron or nickel, combined with the beryllium oxide 
that always forms on the surface where total reflexion 
occurs, can destroy the critical angle. 

In contrast, paraffin, that is, high molecular weight 
alkanes of the general formula C,H, + a can be obtained 
free from contamination, because the general inertness of 
these compounds makes them easy to purify effectively. 
Their high content of hydrogen (roughly 66 mole per cent) 
and their low density (p~0-8 g/c.c.) mean that they 
absorb only slightly at X-ray wavelengths which do not 
excite fluorescent carbon radiation. 

To evaluate paraffin as an ultrasoft X-ray reflector and 
to compare its reflecting qualities with those of quartz, 
for which reliable data exist?, reflexion curves for both 
materials were calculated for the characteristic K- 
radiations of fluorine, oxygen, nitrogen, carbon, boron and 
beryllium. Wavelengths were taken from ref. 3. The 
calculations were based on Fresnel’s formulae in the form 
presented in ref. 4, The unit decrement of the refractive 
index §=1-—p. was obtained from 3/A?ay1-36 x 10% p (Xin 
cm; p=density of reflector; ref. 5), while B, the index of 
absorption, was extracted from ref. 4 and ref. 6. Table 1 
summarizes values of 8 and $. 


Table 1 VALUES OF ô AND Ê FOR OHARACTERISTIO WAVELENGTHS OF LIGHT 
MLBNENTS FOR OOMPUTATION OF REFLEXION OURVES ON PARAFNIN AND 
THAIR DERIVATIVES (FIGS. 1 AND 5) 


Waveney {ref. 8) 


Element B 
Filuonne 18-32 3-5 x 10-4 5-2x104* 
Oxygen 28 62 &7 x 10+ 1:Bx10-** 
Nitrogen 81-80 1-0 x 107 3-7 x 10-+* 
Carbon 447 21x10" 560x105 
Boron 877 47x10" 2-4 «10-4 
Beryllium 1140 18x10" 18x10 


* Computed from ref. 6. 
Ref. 4. 
Computed from ref, 4, 


The results of these calculations are shown in Fig. I, 
where the fraction of totally reflected intensity (I/I,) is 
plotted against incident angle (6). Paraffin shows a sharp 
drop in intensity at the critical angle for the characteristic 
radiations of carbon and boron. 

Lukirski: et al. reported measured reflexion coefficients 
of ultrasoft X-radiation on polystyrene’, without men- 
tioning possible application in a dispersing device. Al- 
though chemically similar, polystyrene is inferior to 





6 8 0 r 
8 (degree) 
Fig. 1. Reflexion curves of characteristic radiations from oxygen, 


nitrogen and carbonon (—~—~) and from fluorine, oxygen, nitrogen, 
carbon, boron and beryllium on paraffin (m). 
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paraffin because of its lower hydrogen content (50 atomic 
per cent against about 66 per cent in paraffin). Also, it 
cannot be used to prepare a good optical surface by the 
technique described here. 

The abrupt fall at the critical angle 0. a v28 for carbon 
K-radiation reflected on paraffin was confirmed by photo- 
graphic recording with the apparatus shown in Fig. 2. An 
electron beam of 45 pamp from a focusing gun impinged 
on a graphite target, forming a point source of X-rays. 
Deposition of a tungsten layer on the graphite target was 
prevented by the design of the electron gun. X-radiation 
from the point source impinged on the paraffin mirror. A 
biconcave spherical lens 2 cm in diameter with a focal 
length, f, of 100 om, the reflecting surface having a radius 
of curvature of 100 om, was mounted on a rail with radius 
of curvature 50 cm. The surface of this lons was converted 

nto a concave paraffin mirror without loss of surface 
smoothness by depositing a 12u layer of paraffin. The 
high purity paraffin (P-28, Fisher Scientific Co.) melted in 
the range 65°—70° C and had a composition of 85-4 + 0-3 
weight per cent carbon and 14-64 0-3 per cent hydrogen. 
The coating by evaporation of the paraffin in high vacuum 
can be considered another purification step. Other low 
absorption materials such as polystyrene cannot be used 
in this method because they decompose before they 
evaporate. 

The entire apparatus was enclosed in a vacuum of 
about 10~ mm of mercury. The lino-shaped images of the 
point source were formed on the “focusing circle” at 40 
(Fig. 2). A film holder placed as shown in Fig. 2 intercepted 
the image-forming rays when the mirror was in the 
reflecting positions 0 = 3-0°, 3-5°, 4-0° and 4:5°. A photo- 
graph was taken (1-8 kV, 45 pamp, 2 min) for each of these 
positions, together with blanks (filament of gun on, high 
voltage off) and with photographs made with a miniature 
light bulb taking the place of the X-ray focus (Fig. 3). 
Although the X-ray photographs at §= 3° and 3-5° showed 
a strong line, no such line or only an extremely weak one 











FOCUSSING 
CIRCLE 





RADIUS OF 
CURVATURE = 50cm. 


ELECTRON 
GUN 





GRAPHITE 
TARGET 


BICONCAVE LENS, PARAFFIN 
COATED, SERVING AS MIRROR 


8 = ANGLE OF INCIDENCE 
Fig. 2, Apparatus for paraffin mirror test. 
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Line image of X-ray point-source formed by spheric 
parafiin mirror, on window of film holder. 





B Line image of minature light bulb obtained with san 
arrangement as A. 


Fig. 3. Photographs taken with arrangement of Fig. 2. 
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Fig. 4. Results of densitometric evaluation of Line images of point X-ra; 
source formed by paraffin mirror. y 


could be seen at 0=4° and 4:6°, in accordance with tk 
curve for O-radiation of Fig. 1. 

The very weak line at 6=4° and 6=4-5° can be attr 
buted to bremsspectrum and some visible light from tk 
gun. The area under the microdensitometer curve 
(above background), that is, the integrated intensities ( 
these lines, is plotted against incident angle 0 in Fig. 4,alon 

AI _ 2(1,-I : A 
with values of FT > z ? . The three points for = 
show a peak near 4° which can be assumed to come fror 
the carbon K-radiation the critical angle of total reflexio 
of which lies near 4° (Fig. 1). Because of the complicate 
procedure for photographing the lines, only four poini 
with 0-5° intervals on the curve of intensity again: 
incident angle were measured. Continuous monitoring an 
logarithmic differentiation i z = -jő should generat 
a peak similar to those of the derivative curves of Fig. | 
Logarithmic differentiation of the experimental reflexio 





NATURE. VOL. 214, APRIL 15, 1967 











0 2 4 6 8 10 12 14 
0 (degree) 


Fig. 5. Derivatives of the parama reflexion curves (Fig. 1) for the 
characteristio radiations of elementas from flnorine to beryllium. 


curves corrects the decrease of intensity incident on the 
mirror with inoreasing angle § in the focusing arrange- 
ment of Fig. 2. 

Practical applications of this type of paraffin mirror to 
ultrasoft X-ray spectroscopy require electronic readout. 
The fall at the oritical angle has therefore also been 
experimentally verified with a photoelectron-multipler 
readout. This work will be reported later. 
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Random Packing of Spheres in Non-rigid 
Containers 


An article by Susskind and Becker! deals with randomly 
packed beds of equal rigid spheres. Without questioning 
the value of the work with respect to reactor beds, we 
feol the interpretation of their resulta ın terms of random 
sphere packings as such needs further examination. 

We cannot agree that wall effects are eliminated by 
using a flexible balloon: a glance at Fig. 1 of their article 
in fact shows very clearly the existence of large areas of 
highly ordered regular packing. Previous work on this 
wall effect*? has shown that regular crystalline patches 
are induced on the sides of such masses by the smoothness 
of the surface balloon. It was also shown? that such 
regions propagate within the mass to a depth of about 
six layers. 

We suggest that the masses investigated by Susskind 
and Becker consist of a central randomly packed region, 
and an outer layer of greater regularity and hence of 
greater density (or lower void fraction). Taking an outer 
layer of about six sphere diameters depth as already 
suggested, the infinite number extrapolated by Scott is 
certainly not reached in these Brookhaven experiments. 
For an order of magnitude calculation, consider a sphere 
made up of an inner sphere radius R, of density po, and 
an outer shell of thickness (R,-R,) of density p, Then 


265 


the overall density is 
,_ Ror po + (Ry — Ri’) 0, 
aes Ra 
1 
The actual density of the random packing—other factors 
being equal—is that of the mner sphere pọ Hence the 
limiting condition for Scott’s infinite extrapolation 18 
p= po->0 

which happens only for infinite R,. 


Tablo 1 
No. of spheres Approx. Ry, Approx. R, g 
As multiple of sphere diameter 
10t 18 10 0 675* 
10* B4 28 0 656 
10* 74 68 0 643 
10° 160 164 0 688 


* For such a high curvature, we would expect the ordered akin layer to 
break down sooner, giving à Q’ Bu cantly lower, Thus densities for masses 
of smaller size may not be inflated as much as this This was ın fact observed 
in the Brookhaven close packing measurements. 


Now Po~ 0-63 (about random close packing 
density), and p,~ 0-69 (it will not approach the crystalline 
0-74 except for a plane surface), we obtain Table 1. 
From this it can be seen that, even for 10’ spheres, p’ 
is still more than 1 per cent higher than the actual random 
packing density. Thus any measurements of density or 
void fraction made without taking the skin effect into 
account will, for feasible numbers of spheres, give signifi- 
cantly inflated values. These are what Susskind and 
Becker observed. 

This objection applies to both “close” and “loose” 
packed measurements. Turning to the “olose” packed 
beds, we find it rather surprising that there was not greater 
control over the vibration procedure. Scott? has shown 
that vibration can lead to closer packing, but also that 
continued vibration tends to disturb a close packing and 
reduce its density. The amphtude and frequency of 
vibration determine the tume necessary to obtain the 
maximum density of a given bed: if this time is not 
reached, or is exceeded, it is unitkely that the packing 
will be the closest possible. Moreover, vibrating different 
sized beds for the same time would be expected to yield 
different degrees of packing in the several cases—which 
may explain why the Brookhaven “close” packing results 
show no definite trend, but approximately constant 
densities for beds of about the same size (for example, 
the 60,000-90,000 samples). 

Table 2 shows the final figures obtained by Susskind 
and Becker, together with those of Scott, and accurate 
measurements made in this laboratory. This latter work 
used the measured co-ordinates of a random model, and 
is much more involved than the other density measure- 
ments; we have, however, & complete analysis of local 
density variations as well as an overall average, which we 
think may be useful to Dr. Susskind and Dr. Becker in 
their reactor work. We are completely satisfied about the 
absence of wall effects. 

Susskind and Becker compare their 0 638 and 0-635 
(values 5 and 6 in the table) for a loose packing with 
Scott’s 0-637 (value 1) for a close packing, whereas tho 
relevant comparison should be between values 1 and 4 
for close, and 2, 5 and 6 for loose. The consistently 
higher values of 4, 5 and 6 are clearly shown: allowing 


Table 2 
Ref 
Observer o Average No.in Method Refer- 
packıng density text ence 


Scott Olose 0 68(7) 1 | Vibration to min. density 
and extrapolation to m- 3 
Loose 60(1) Q finite volume 
Bernal} Close 0 £2 3 Measurement of co-ordinates Unpub- 
Finney of sphere centres in ran- heghed 
dom model after removing 
outer layers 
Suaskind/ Close 0-652 4 Balloon container, 45 min 
Beoker dasa 5 vibration 1 
Tosa 0-685 8 Jas 4, no vibration 


' 


266 


for the skin of higher density (but not for the vibration 
uncertainties), the Brookhaven data can be made con- 
sistent with the other values tabulated by taking, for 
example, their 90,000 sphere sample to have an average 
internal density about 0-63 (close packing), 0-60 (loose 
packing), with a skin about six layers thick of density 
about 0-68. 
J. D. BERNAL 
J. L. FINNEY 
Birkbeck College, 
University of London. 
Recelved March 18, 1987. 
1 Susskind, H., and Beaker, W., Nature, 212, 1664 (1066). 
* Bernal, J. D., Proc. Roy. Soo., A, 280, 209 (1964). 
3 Scott, G. D., Nature, 188, 908 (1960). 


THE SOLID STATE 


d.c. Dark Hall Mobility Measurements on 
Anthracene 


Harr. voltage measurements of mobility against tempera- 
ture are normally used m the studies of conduction 
processes in semiconductors, but they have serious limita- 
tions for high resistivity materials. It has been found that 
mobility measurements down to 10 m*/Vs are possible 
provided the resistivity is less than 107 Qm (ref. 1). 
Previously, Mitchell and Putley*? constructed apparatus 
for measurements on specimens up to 10° Nm, having 
mobilities of the order of 10-2: m7/Vs. Dobrovol-skii and 
Gritsenko? have shown that for cuprous oxide specimens 
of resistivity greater than 10? (lm, it is not possible to 
separate surface and bulk effects using Hall voltage 
measurements. For organic semiconductors with aromatic 
ring structures the bulk resistivity is of the order of 
1042 Nm and surface effects coupled with space charge 
effects make Hall voltage measurements impracticable. 
Using the technique previously described by Dobrovol- 
skii and Gritsenko*, d.o. dark resistivity and Hall current 
measurements have been made on single crystals of 
anthracene. The scintillator grade crystal specimens of 
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Fig. 2, a, Parallel to “ab” plane, b, perpendicular to “ab” plane. 


dimensions 16 mm x 6 mm x 1 mm were maintained under 
vacuum in a specially constructed jig. A guard ring was 
used to avoid surface effects and the electrodes used were 
evaporated gold. 

The resistivity results shown in Fig. 1 illustrate the 
anisotropy of anthracene and give extrinsic activation 
energies and 296° K resistivities of 0-83 + 0-02 eV, 0-86+ 
0-02 eV, 1-5 x 101, 9 x 1012 Om parallel and perpendicular 
to the “ab” cleavage plane. The open and closed symbols 
refer to different specimens cut from the same single 


Dobrovol-skii and Gritsenko® did not allow for the 
anisotropy of the specimen. A complete analysis using 
the resistivity tensor involves measurmg more component 
resistivities than is practicable at the present time. 
Using the terminology in ref. 3, a simple correction for the 
anisotropy gives the Hall current as 


-a (b¥\@ 
ly = G p beBzlx 


With a field of 0-71 Tesla, this gave values of the Hall 
mobility shown in Fig. 2, from which the Hall mobility is 
seen to vary with temperature “T” as 7-1? perpendicular 
to the “ab” plane, and as 7-1-58 parallel to the “ab” plane. 

Conventional interpretation of the experimental results 
indicated that negative carriers had. been observed in both 
crystal directions. Friedman’s‘ calculations for the 
anthracene-type molecular crystals indicated that the 
Hall coefficient for conduction parallel to the “ab” plane 
was anomalous both in magnitude and polarity. As a 
result of the narrow band-widths for these materials, the 
band states are almost equally populated and the major 
electronic contributions are not necessarily from levels 
situated at the appropriate band edges. For electrons, 
for example, the negative contributions to the effective 
mass are more dominant than the positive contributions, 
resulting in a reversal of the conventional Lorentz force. 
That this anomaly persists in other crystal directions is 
dependent on the form of the intermolecular 1-orbital 
overlaps. The Hall coefficient may even be zero in some 
directions. Whether the conventional values for the 
carrier concentrations shown in Fig. 1 are meaningful in 
the normal sense is doubtful. It is interesting to note 
that the magnitude of the derived carrier concentration is 
the same in both crystal directions. 

Using a pulsed photoconduction technique, Delacote 
and Schott*® measured both the Hall and drift mobilities 
of photo-excited holes in anthracene crystals. The ratio 
of the Hall to drift mobility was found to be large and 
negative in agreement with Friedman’s theory. The hole 
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Hall mobility was measured at —3-5x10- m?/Vs 
(+ 43 per cent), and as no correction for the resistivity 
anisotropy was indicated, this value may need modifica- 
tion. As the method was ın the same spirit as the Hall 
current technique, a correction for the specimen geometry 
may also be pertinent. 

That holes can be assumed the dominant carrier due to 
strong electron trappmg has been discounted by the 
practical observations of Delany and Hirsch*. Accepting 
Friedman’s theory, the d.c. dark Hall carrier mobilities 
reported here are for holes. It is hoped that these 
measurements will stimulate the development of a 
scattering theory suitable for such narrow band systems. 

We wish to thank Mr. G. Race for constructing the 
jig and assisting m its design. One of us (R. P.) thanks 
the Science Research Council for the provision of a 
research grant. 
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Department of Electrical Engineering, 
University of Southampton. 
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CHEMISTRY 


Laser Excited Raman Spectrum of 
Cyclopentadiene Nickel Nitrosy! 


Raman spectrophotometers with the conventional mer- 
cury source replaced by a laser have recently become 
commercially available. The ability to choose different 
exciting frequencies by changing or tuning the laser now 
permits the investigation of the Raman spectrum of 
coloured compounds with greater ease than before. 

Cyclopentadiene nickel nitrosyl (C,H;N1NO) is one 
of the simplest m-cyclopentadienyl compounds and a 
knowledge of its vibrational spectrum should therefore 
be invaluable for interpreting related but more compli- 
cated compounds. Because it is dark red, however, and 
not sufficiently stable to be exposed to radiation for long 
periods without some decomposition, its Raman spectrum 
has not been investigated until now. 

The microwave spectrum has shown! that the molecule 
possesses O, symmetry. The fundamental modes of 
vibration for this point group fall into the following 
symmetry species: 6A, + A, + 7H, + 6H, The A, 
modes are Raman active and polarized, the H, and Æ, are 
Raman active, but only the A, and W, are infra-red 
active. Raman data are therefore very necessary for a 
complete assignment. 

The infra-red spectrum has been thoroughly imvesti- 
gated by Feltham and Fateley?, who mado an ‘assignment 
on the basis of their data and & comparison with 
Co(CO),NO ferrocene and (NiNOBr)sz. 

Oyclopentadiene nickel nitrosyl was prepared by the 
method of Piper et al.? and purified by distillation on a 
spinning band column using the same conditions as 
reported in ref. 2. 

Raman spectra were obtained on a ‘Cary 81’ spectro- 
photometer using 6328 A excitation from a single mode 
helium/neon laser. The laser beam was pointed down the 
sample tube and the observation was made of Raman 
radiation that was scattered back along the same path. 
Polarization measurements were carried out by employing 
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a half-wave plate to rotate the direction of incident 
polarization through 90° and then analyamg the scattered 
radiation with a sheet of polaroid film. The sample 
cell was of clear fused silica, capacity 8-10 ul. The open 
end of the cell was sealed with a polyethylene stopper to 
prevent evaporation which was otherwise rapid. 

The instrument was calibrated agamst weak emission 
lines and laser lines and the recorded frequencies are 
estimated to be accurate to +2 cm-!. Only those lines 
which showed strong polarization effects are designated 
as polarized. 


Table 1. INERA-RED AND RAMAN SPROTRUM OF C,H,NiNO 


Infra-red" Raman* 
Vapour hawd Sohd liquid Assignment t 
3,080 w 3,110 +895 
8,610 m 2x 1,810 
8,111 mw 3,110 m 8,122 w, brd »CH, A;, Bs 
3,068 w ¥CH B, 
3,018 vw urity ? 
2,680 w 1,660 +1,115 
2,460 w 7810+ 
2,400 w 1,660 + 840 
2,260 w 1,425 + 840 
2,050 w 1,660 + 490 
1,850 
raat vys 1,810 vve 1,808 vw r N—O dy 
1,710 m 1,660 +153, 1,060 + 652 
1,620 m 2x 810 
1,485 vw 1,426 m 1,178 + 262 
1,388 vw 1,345 w 895 + 490 
1,290 vw 810 + 490 
1,180 w 
1,140 w 652 + 490 
1,180 w 1,115 m 1,114 va, p Ring breathing A 
L075 w 1055m 8104252, 6B2 +430 
1,060 w op, 8 CH E, 
1,008 w 1,004 8 iP ô CH E, 
970 vw 24820, 810+163 
981 mw o.p. 0 OH By 
05 w o.p. 6 OH 5E, 
850 vw 850 vw 2x 420 
aie 840 vyw Lp ð Ring By 
306, 8 807 vs 810 vw op ô CH A, 
741 vw 490 + 262, 420 + 320 
O45 640 m 640 ve 652 mw, p » Ni— 
638 ah 2x 320, 400 +153 
570 vs 666 mw 562 vyw, brd 420+158, 320+ 262 
485 484 m 490 8 492 vw, brd ð NI—N—O, Bı 
412w 420 vw, brd o.p. ô Ring E, 
370 vw 
864 vw, brd 
355 vw 
820 m 320 s 821s, p y Ring-Ni A 
252 wm » Ring-Ni Tut E, 
194 w 
153 m ô Ring-NI—N E, 
Table 2, FUNDAMENTAL MODES OF C,H,NINO 
Type om Type om 
A, »+CH 3,111 E, » CH 8,058 
» NO 1,848 ip. ð OH 1,006 
Ring breathing 1,114 op. 6 CH 895 
o R ð OH 805 ð Ni—N O 485 
s Ni—N 645 Ring-N1 tilt 252 
v Ring-N1 320 6 Ring-Ni-——N 158 
E, » OH 8,111 Ay Lp. ô OH (1,240) (ref. 2) 
op. 6 CH 1,075 
o.p. ð CH 961 
up. 6 Ring 840 
o.p. å Ring 420 


* Frequencies in om~}, s, strong, m, medium; w, weak; v, very; sh, 
shoulder; brd, broad, p, pols y 

tr, stretehing mode; , bending or deformation mode; o.p., out of the 
C,H, plane; i.p., in the 0,H, plane. 


The results are recorded in Table 1, together with 
earlier infra-red data’. The Raman spectrum is shown 
in Fig. 1. 

A, Six polarized Raman bands are expected of which 
three are observed. Fall-off in photomultrplier sensitivity 
is part of the reason for the weakness of the bands beyond 
1,200 em-!. The two 4, modes above 1,600 cm~, a C—H 
stretch and a Ni—O stretch, are readily assigned by com- 
parison of the infra-red spectrum to 3,110 (3,120 and broad 
m the Raman) and 1,810 om respectively. The ring 
breathing mode must certainly be assigned to the band 
near 1,115 om, which is in agreement with previous 
assignments for this type of modet. The Ni-—N and ring- 
Ni stretching modes are assigned to the bands near 640 
(652 in the Raman) and 320 cm- respectively. The CH 
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bending mode in this class is perpendicular to the ring 
and should occur near 800 cm-!. Two weak Raman bands 
are observed near here at 810 and 840 cm-!. The PQR 
structure? of the infra-red band near 810 em-, however, 
indicates that this is the mode in question. 

E. The CH and C—O stretching vibrations and CH 
bending perpendicular to the ring in this class are assigned 
as previously’. The intensity of the Raman bands for 
these modes appears to be quite low, mm agreement with 
earlier work on n-cyclopentadieny] systems‘:®. A simular 
situation occurs for the CH bending in the plane of the 
ring which is assigned to the infra-red band at 1,004 cm~ 
(ref. 2). 

Three bands remain to be assigned in this class. The 
ring-Ni tilt, Ni—N—O bend and ring-Ni—N bend. The 
latter should have the lowest frequency in the spectrum 
and give a reasonably strong Raman band’. This mode is 
readily assigned to the band near 152 cm. Two more 
Raman bands are observed below 300 om-?. One, at 194 
em~, is quite weak and could be a difference band, the 
other, at 252 om~, is most probably a fundamental from 
its intensity. The only fundamental remaining which 
could occur m this region of the spectrum is the ring-Ni 
tilt, and it is assigned accordingly. The Ni—N—O bend 
should be between 450 and 600 om~, and was previously 
assigned to a very weak infra-red band near 570 om~! by 
comparison with Co(CO),;NO as the strong infra-red band 
near 484 cm was already assigned to the tilt. In Co(CO),- 
NO this mode is very intense in the infra-red’, though weak 
in the Raman. It is therefore preferred to assign the 
infra-red and Raman band near 490 cem- to this mode. 

E, The CH stretching mode belonging to this class is 
probably part of the broad weak complex near 3,120 cm~. 
The in-plane CH bending and C—C stretching modes 
appear to be too weak to be observed and are left un- 
assigned (but see ref. 2). The weak Raman band near 
1,060 cm~ is assigned to the CH. deformation perpendicular 
to the ring. The infra-red band observed near here is 
weak in the gas phase and is assigned to a combination 
band. The in-plane deformation of the ring is assigned to 
the band near 840 om-, which is somewhat lower than it 
occurs in ferrocene‘ or ‘C,EyMn(CO), (ref. 5). The out- 
of-plane deformation of the ring is expected near 400 cm~! 
The Raman band near 420 cm- 1s preferred to the one 
near 364 cm~ because it is closer to the corresponding 
mode in ferrocene and C,H,Mn(CO),. The infra-red band 
at 412 om~! could result from a breakdown in selection 
rules in the solid. 

The Raman spectrum has been useful in confirming 
most of the important features of an earlier assignment 
based on infra-red data, though some changes have been 
made, 

The assignment of the ring breathing mode to the strong 
Raman band near 1,100 cm~ is in agreement with earlier 
workt5 on x-bonded systems of this type in which the 
ring is not substituted. Although the ring-Ni tilt has been 


NATURE, VOL. 214, APRIL. 15, 1967 


assigned to a much lower position than before, ıt is not 
unfavourable when compared with the corresponding 
modes in nickelocene‘ at 275 and 355 cm~. 

This work was supported in part by the U.S. Depart- 
ment of Defense. 

We thank the Applied Physics Corporation for making 
the instrument available. 
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Acceleration by Adsorbed Sulphur and 
Selenium of the Electrochemical Oxidation 
of Formic Acid on Platinum Catalysts 


THE anodic oxidation of formic acid to carbon dioxide on 
platium electrodes in acid electrolyte 1s strongly in- 
hibited. This is caused by the firm adsorption of formic 
acid or one of its reaction products on the platinum 
surface', At low potentials the oxidation rate (current 
density) decreases with time from a high initial value to 
a low equilibrium value. At this stage adsorbed hydrogen 
atoms can no longer be detected on the platinum surface. 
Only at potentials in excess of 300 mV does the oxidation 
proceed at an appreciable rate. At 70° C the polarization 
is approximately 100 mV smaller than at 30°C (Fig. 1). 
Most of the experiments were carried out with Raney 
platinum. Similar results were obtamed with platinum 
black. Test electrodes were prepared from a mixture of 
powdered platinum—aluminium alloy, PtAl,, gold powder 
or platinum powder as a skeleton material, and sodium 
sulphate (for the formation of macro-pores). After pressing 
the sodium sulphate and the alumimium was leached out 
with potassium hydroxide solution. The electrode was 
then ready for operation. The specific surface area of the 
Raney platinum produced by this method was 20 to 
40 mjg. The concentration of platmum in the electrode 
was approximately 50 mg/cm? of geometric area. The 
measurements were carried out in a half cell arrangement 
with 3 normal sulphuric acid as electrolyte. Formic acid 
was added to the cell in a concentration of 2 moles/l. An 
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Fig. 1. Anodic oxidation of formic acid ın 3 normal sulphurio acid on a 


Raney platinum electrode, 
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Fig. 2. Anodic oxidation of formic acid ın 3 normal sulphuric acid on & 
Raney platinum electrode at a potential of 200 mv. 


autogenous hydrogen electrode in the same electrolyte 
was used as a reference electrode. 

The activation energy of the anodic oxidation of formic 
acid was considerably decreased by partially covering the 
platinum surface with sulphur or selenium. The stationary 
current density was a multiple of that on platinum with- 
out a sulphur or selennim sorbate (Fig. 1). At open circuit 
continuous decomposition of formie acid to hydrogen and 
carbon dioxide could be seen to take place on the catalyst, 
even at room temperature. In the absence of sulphur or 
selenium sorbate, the decomposition ceased after a period 
varying from a few minutes to an hour. 

The sorption layers were formed by cathodic deposition: 
selenium from a solution of selenium oxide in dilute 
sulphuric acid; sulphur by cathodic reduction of hot 
10 normal sulphuric acid. Sorbate layers were also 
obtained in other ways: for example, by treating the 
electrode with gaseous hydrogen sulphide. The sorption 
layers were completely resistant to oxidation up to a 
potential of 600 mV; only above this potential were they 
anodically oxidized. 

By extended deposition, a complete monatomic layer 
of sulphur was formed on the platinum surface. At this 
monolayer coverage, however, no acceleration of the 
reaction takes place (Fig. 2). The maxmum current 
density was found at a coverage of one third of a mono- 
layer. 

Similar results with sulphurized platinum electrodes 
were obtained with carbon monoxide as a fuel®:*, In thie 
cage the current density was approximately 200 m.amp/ 
em’ at a potential of 250 mV at 90° C. The anodic oxida- 
tion of hydrogen is not inhibited by a sulphur sorbate up 
to a coverage of 50 per cent. 
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Normal Replication of DNA after Repair 
Replication in Bacteria 


AN early step in the dark repair of ultra-violet damaged 
DNA in bacteria is the excision of the damaged single 
strand regions!*, It has been postulated that a later 
step involves the replacement of the excised segments 
with undamaged deoxyribonucleotides, utilizmg the com- 
plementary base pairing with the intact single strand?.*, 
Direct physical evidence for this repolymerization step 
has been obtained in our laboratory employing the 
procedure of DNA density labeling with 5-bromouracil 
and density distribution analysis in caesium chloride 
density gradients? to distinguish semiconservative replica- 
tion from the non-conservative mode of repair replication‘. 
This non-conservative replication has been observed ın. 
bacteria after treatment with ultra-violet‘, nitrogen mus- 
tard’, nitrosoguanidine (unpublished work of E. Cerda- 
Olmedo and P. Č. Hanawalt), or thymine starvation’. The 
belief that this is the postulated repair synthesis step 18 
strengthened by the results of a number of control experi- 
ments as follows. Non-conservative DNA replication is 
not observed in bacteria in which ultra-violet induced 
pyrimidime dimers have been repaired in sttu by photo- 
reactivating conditions before density labelling’. It is 
not observed after ultra-violet irradiation of a strain, 
E. colt Bs-1, sensitive to ultra-violet hght which is unable 
to perform the excision step in the repair sequence’. 
Non-conservative replication has also been demonstrated 
by the use of deuterrum oxide and nitrogen-15 as density 
labels to prevent possible artefacts caused by the patho- 
genicity of 5-bromouracil’. We report here an additional 
control experiment which demonstrates that the DNA 
molecules damaged by ultra-violet wradiation which 
have undergone non-conservative replication are then 
capable of normal semiconservative replication. 
Cultures of E. coli strain TAU-bar were grown as previ- 
ously described? on a glucose-salts medium with the 
required supplements (thyme, uracil, arginme proline, 
methionine, and tryptophan). The cells were allowed to 
complete the normal DNA replication cycle in conditions 
of amino-acid starvation!®. We have previously shown 
that cells which have been starved of required amino- 
acids for 90 min are still able to perform non-conservative 
DNA replication after ultra-violet irradiation, thus ind1- 
cating that the synthesis of the repair enzymes does not 
have to be induced by the presence of damaged DNA? 1}. 
Only a negligibly small number of cells, however, are 
capable of normal DNA replication in the continued 
absence of amino-acids after 90 min of starvation. This 1s 
illustrated in Fig. 14, in which it is apparent that very little 
synthesis ıs occurring, because no appreciable amount of 
parental DNA (tritium label) can be detected in the hybrid 
density band. The apparent “turnover” of parental DNA 
as indicated by carbon-14 label in the normal density band 
is a previously reported characteristic of cells in this 
physiological state’. If the bacteria are wradiated with 
a low dose of ultra-violet (from a 15 W germicidal lamp) 
to yield a survival level of 80 per cent as determined by 
colony count assay!!, no semiconservative replication is 
observed in a 40 min period of labelling with 5-bromo- 
uracil labelled with carbon-14. Instead, there is a marked 
enhancement of the incorporation of label into the normal 
density band, which, as we have previously shown‘, 
indicates that small regions of incorporation have occurred 
in the parental strands of many DNA fragments and that 
no one fragment contains enough label to shift appre- 
ciably the density of that fragment. (A comparison of 
Figs. 18 and 10 indicates that most of the non-conserva- 
tive replication to be obtained in 40 min has already 
occurred within the first 20 min after irradiation.) After 
the incorporation of labelled 6-bromouracil for 20 min 
(Fig. 1B), cells were collected by filtration and resuspended. 
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Fig. 1. Density distribution of DNA fragments isolated from E. coli strain TAU-bar uniformly prelabelled with *H-CH,-thymine 


starved of required amino-acids for 90 min, and then transferred to amino-acid deficient medium contamin 


44(.5-bromouracil 


in place of thymine. Media shifts, labelling procedure, DNA isolation, cacarum ohloride gradient technique, and isotope assay were 


as Previously described‘, A, 20 min in 4'C-5-bro 
violet 


medium (control); B, 20 min in ‘0-5-bromouracil medium after ultra- 


irradiation; O, 40 min ın “C-6-bromouracil medium after ultra-violet irradiation. @——@, Tritium label mdicating denmty 
position of normal thymine-contaming DNA; A--— A, carbon-14 label ın A above indicating position of hybrid DNA (that is 
5-bromonraci in daughter strand, thymine in parental strand) 


in fresh medium containing unlabelled 5-bromouracil and 
the required amino-acids. This condition: allows the 
resumption of the normal DNA replication cycle and as 
shown in Fig. 2 it results in the shift of both the parental 
prelabelled DNA and the non-conservatively incorporated 
5-bromouracil to the hybrid density position. No heavy 
(twice replicated) DNA was detected (as a band denser 
than hybrid) m this experiment. Thus, no DNA had 
undergone a second round of replication in the course of 
the “chase” with unlabelled 5-bromouracil. The ratios of 
carbon-14 to tritium in the normal and hybrid bands in 
Fig. 2 are similar. Thus, there has been no selective 
replication of those parental strands which had not 
incorporated the labelled 5-bromouracu. 

The fact that only about half the parental DNA has 
replicated in the 90 min 5-bromouracil chase is explained 
in part by the previously reported lag in the resumption 
of DNA synthesis after amino-acid starvation’? and in 
part by the pathogenicity of 5-bromouracil which leads to a 
delayed thymineless death!**, This experiment clearly 
shows that much of the parental DNA which has non- 
conservatively incorporated deoxyribonucleotides after 
ultra-violet damage is able to replicate semiconservatively 
within the next normal DNA replication cycle. It remains 
to be directly demonstrated that this “repaired” DNA is 
also biologically functional. A good argument that 
this is the case is found, however, in the survival level 
after the ultra-violet dose used here. Nearly half the 
parental labelled DNA has replicated normally in the 


1H-thymine (c.p.m. x 104) 
4C-BU (c.p.m. x 10°) 





20 80 
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Fig. 2. Donaty distribution of DNA fragments obtained when half tho 

tare la with “C-5-bromouracil for 20 mm after ultra-violet 

(Fig. 1B) was then allowed to grow for 90 min in medium containing the 
required amino-acids and unlabelled 5-bromouracul, 


90 min period indicated in Fig. 2 and if that DNA were 
not biologically functional then it would be quite unlikely 
that survival could be as high as 80 per cent. 

I thank Keiko Imamoto for technical assistance. The 
U.S. Atomic Energy Commission and the U.8. Public 
Health Service supported this work. 
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C-Terminal Half of Immunoglobulin à Chains 


Two types of chains (x and à chains) comprise most, uf 
not all, of the heterogeneous population of light chains of 
pooled normal human gamma-globulins'*. The C-terminal 
half of x chains appears to be identical in proteins derived 
from different clones (myelomas)‘-* except for a single 
residue which 1s correlated with a genetic marker*’, 
Invariance of the C-terminal half of mouse x chains has 
also been reported’. A similar situation is found in 4 
chains. Following a previous report containing the 
sequence of some sections of the C-terminal half*-!, we 
propose in this communication the sequence of the 
C-terminal half of a à Bence Jones protein (X) (Fig. 1). 
A second à Bence Jones protein (Mz) has been compared 
with the first by isolating tryptic peptides and determining 
their amino-acid compositions. In a comparison of the 
two 24 chains the only difference detected in the C-terminal 
half was the substitution of a serine for an arginine 
molecule at residue 107 (we have kept a unified numbering 
system for the sequences shown in Fig. l in order to 
aumplify the comparison). The position of this sub- 
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stitution (residue 107) is identical to the last position of 
the N-terminal half of x chains containing sequence 
variations‘. It seems, therefore, that the variable stretches 
of the sequences of both types of light chains may end in 
an identical position when the homologous sequences are 
compared. This is compatible with the hypothesis that 
the variability of immunoglobulin chains is introduced 
by a hypermutation process having a well defined starting 
signal common to all the chains, although other explana- 
tions are not excluded. 

We have already pointed out that the sequences of A 
chains have considerable similarities with the sequences 
of human and mouse x chains. This suggested a common 
ancestor for both chains*!°. In Fig. 1 we have shaded 
those residues that are identical in two or three chains. 
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The similarity between x and à C-terminal halves amounts 
to 36 per cent of the residues in homologous positions 
being identical. This is lower than the 58 per cent homo- 
logy? observed between x chains m mouse and man, which 
can be compared, for example, with the 84 per cent 
identity between the « chains of rabbit and human 
haemoglobins. This may indicate that the requirements 
for tertiary structure and association with heavy chains 
(as well aa other biological functions) are localized in the 
conservative atretches, while the residues of other stretches 
alter in the course of evolution at a faster rate than occurs 
in the æ chain of haemoglobin, in cytochrome o or m 
pancreatic ribonuclease!!. In this context it is of interest 
that the 8—8 bridges of the C-terminal halves of x (ref. 12) 
and 4 (ref. 10) chains occur in homologous positions. 
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A partial sequence of another à Bence Jones protem, 
kindly made available to us before publication by Dr. 
Putnam, is in general agreement with the results 
presented here. 

The N-terminal sections of the two A proteins under 
investigation contain multiple amino-acid sequence 
differences which will be the subject of a separate report. 
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Metabolite-promoted Heat Lability of 
8-Galactosidase and its Relation to Catabolite 
Repression 


Gest and Mandelstam have reported! that B-galactosidaso 
from Escherichia cols is more heat labile in the presence of 
fructose-1,6-diphosphate (FDP) than in its absence. 
They found the effect to be quite specific: of the other 
sugars and phosphorylated esters tested, only glucose-6- 
phosphate (G6P) weakly, but significantly, increased the 
heat lability of the enzyme. These results support the 
possibility that §-galactosidase possesses a specific binding 
site for FDP. Gest and Mandelstam! suggested that FDP, 
which is a key intermediate in carbohydrate metabolism, 
might be the repressor metabolite postulated by Vogel? 
and Szilard’. If this were true, catabolite repression would 
be effected by the production of FDP, which would then 
combine with nascent }-galactosidase to prevent the enzyme 
from leaving the ribosomes on which it is bemg synthe- 
sized. 

Prevost and Moses‘ reported that the intracellular 
concentrations of four compounds showed transient 
moreases which paralleled kinetically the transient severe 
repression of B-galactosidase produced when glucose was 
added to cells growing on glycerol®. The four compounds 
were FDP, G6P, 6-phosphogluconic acid (6PG) and 
reduced nicotinamide-adenine dinucleotide phosphate 
(NADPH). We were interested ın the possibility that 
the enzyme might possess “recognition” sites for all four 
of these compounds; 6PG and NADPH were not tested 
in the earlier work?, 

E., coli. K-12 (strain Cavalli, kindly provided by Aleen 
Simmons) was used as the source of enzyme. The bacteria 
were grown in glycerol-minimal medium, supplemented 
with thiamine, thymine and methionine. Enzyme 
synthesis was induced with 6 x 10-* molar isopropyl-B-p- 
thiogalactoside. One day old cultures were passed through 
the French press to disrupt the cells, and the resulting 
clear liquid used as a source of crude enzyme. The 
conditions of enzyme assay are reported in the legend 
to Fig. 1. 

Typical progress curves are plotted in Fig. 1. The 
accumulation of free o-nitrophenol in the last 8 min of the 
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assay was used to measure the heat inactivation of the 
enzyme in the sample (Table 1). The resulta are expresssed. 
as percentages of the equivalent values for simultane- 
ously run control assays. The activity of the enzyme in 
the first 4 min of the assay gives, in most cases, some idea 
of the inhibitory (as distinct from heat labilizing) or activ- 
ating effects of each compound. The ratio of the activities 
in the last 8 min and the first 4 min of the assay is an 
indication of the extent of the heat denaturation which 
occurred. In some cases the activity in the first 4 min 
was so low that inhibition of the enzyme activity was 
suspected. Experiments run at 30° C, however, showed 
that ribose and NADPH had no effect at that temperature, 
and the same would probably hold for the other nicotin- 
amide adenine dinucleotides and for the pentose phos- 
phates. It seems, therefore, that these are very potent 
and rapidly acting “‘labilizers’’. 


Table 1. HBAT LABILITY OF B-GALACTOSIDSSH IN gm PRESENCE OF SEVERAL 
METABOLITES AT 48° 


Rates of enzyme ai (as per cent of control) 
12-20 (per 


Compound 
(2 5 mmoles/l ) 0-4 min 12-20 min 0-4 cent) 
FDP 119 82 27 
Fructose-6-phosphate 27 1 37 
Fructose 76 03 0-89 
G6P 104 02 88 
Glucose-1-phosphate 120 111 98 
Glucose 116 98 84 
BPG 77 60 78 
Gluconic acid 107 105 
NADPH 74 68 72 
2 P 102 B4 53 
NADH 121 63 52 
NAD 180 167 121 
ATP 63 46 
ADP 09 82 88 
ABP 100 76 76 
Rubose-5- propina 14 06 43 
eras §-diphosphate 38 08 22 
40 8 16 
= SEhoanhogiveand acid 88 $4 35 


While our results in general agree with those of Gest 
and Mandelstam?, we found that both fructose and 3- 
phosphoglyceric acid (3-PGA) were effective labilizers 
under our conditions. G6P as the barium salt labilized 
the enzyme; as the sodium salt it did not. We suspect 
that the labilizing effect in the former case resulted from 
impurities in the preparation of the sugar phosphate. 


140 
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mymoles nitrophenol/ml. 
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Time (min) 
Fig. 1. Effect of nicotine ne vat via on the thermostability 


of f-galactomdase at 48° C. Thee repared as described in 
the text. (0 01 ml.) was ad added to to 3 fl of Olt molar sodium 
hate buffer (pH 70) contal 


hosp o-nitrophenyl-8-p p plactoalde 
1 mmole/l. ) ang ne eek compound (25 mmo at l X PH (O), 
ODS were 
The reaction was jae with 0-2 ml. 
of 1 5 molar Modine carbonate and the extinction read at 420 my. 
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Of the four compounds kinetically associated with 
catabolite repression in the experiments of Prevost and 
Mosest, FDP and NADPH were effective labilizers, while 
G6P and 6PG were not. One might conclude from this 
that only the changes with concentration shown by FDP 
and NADPH were causally related to catabolite repression, 
but the specificity of the heat-labilizing effect does not 
seem great enough to support such a conclusion. Ribose, 
ribulose-1,5-diphosphate, ribose-5-phosphate, fructose, 
fructose-6-phosphate, NADH, NADP and 3-PGA, as well 
as the expected FDP and NADPH, caused the enzyme 
. to become more heat labile than usual. Ribulose-1,5- 
diphosphate is probably not an intermediary metabolite 
in E. coli, If, as Gest and Mandelstam? concluded, the 
heat labilizing property of a small molecule indicates 
_ that the enzyme were to form a specific complex with that 
molecule, then 8-galactosidase would have recognition 
sites for several classes of compounds other than its 
substrate: pentose, pentose phosphates, nicotinamide 
adenine dinucleotides, fructose and fructose phosphates. 
The suggestion of Vogel? and Szilard? that catabolite 
repression may be effected by an interaction between the 
catabolite co-repressor and the nascent enzyme presup- 
poses that catabolic regulation of enzyme synthesis is 
possible at the translational level, and is independent of the 
regulator (2) and operator (0) genes postulated by Jacob 
and Monod‘ as the regulatory site for enzyme derepression. 
Prevost and Moses! found that changes in the intracellular 
eoncentrations of their four compounds correlated kineti- 
cally only with severe transient repression of -galactosidase 
synthesis, and not with the moderate permanent repres- 
sion which follows. Recent observations by Palmer and 
Moses (ref. 7 and unpublished results) have shown that 
transient repression is effected by way of the i and o 
genes, while moderate permanent repression may be a 
non-specific consequence of changes in the biosynthetic 
balance of other proteins. Their results and the present 
findings thus lead to the conclusion that the interactions 
of 8-galactosidase protein with various metabolic inter- 
mediates leading to changes in heat stability are probably 
not relevant to the phenomenon of catabolite repression. 
This work was supported by the U.S. Atomic Energy 
Commission. 
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Cytokinin Effect of Benzyladenine: Increase 
of Nucleic Acid and Protein Synthesis in Bean 
Leaves 


Ir is well known that kinetin, the most important cyto- 
kinin, exerts its action by stimulating nucleic acid and 
protein synthesis in plants!-*, N°-benzyladenine, another 
potent cytokinin, exhibits some physiological effects in 
common with that of kinetin, that is, promotion of leaf 
“.growthS.*, inhibition of leaf senescence and preservation 
of chlorophyll’. Tt is not, however, known as yet whether 
or not nucleic acid and protein metabolism is also influenced 
by this cytokinin. We have investigated the incorporation 
of preeursors into nucleie acid and protein fractions and 
determined the concentrations of these constituents in 
bean leaves after treatment with benzyladenine. 
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Half leaves of bean, variety ‘Pinto’, were brushed daily 
for 6 days, with benzyladenine and kinetin solution: of 
30 and 50 p.p.m. respectively. Control half leaves were 
treated with distilled water. The incorporation of labelled 
glycine into the acid insoluble fraction was determined in 
leaf disks floated for 4 h on a 100 ml. of a solution of 
uC-glycine with activity of 0-5 uc./ml. (specific activity 
of glycine was 26 me./mmole). For the extraction of RNA 
and protein the procedure of Schmidt and Thannhauser* 
modified by Fletcher and Osborne was employed. 
RNA was determined by the orcinol reaction", and protein 
was assayed by the biuret method. ; 

As is seen in Table 1 protein synthesis was increased in 
both kinetin and benzyladenine-treated half leaves as 
measured by the increase of incorporation of glycine into 
the protein fraction. Concentrations of protein and RNA 
were also increased as a consequence of these cytokinin. 
effects. The influence of benzyladenine was analogous to 
that of kinetin and was more pronounced in every respect. 

The effect of benzyladenine on leaf growth, as is shown 
in Figs. 1 and 2, is also a cytokinin-like effect. One half of 
a bean leaf, or in other cases, one twin leaf of the intact 
plant, was treated with benzyladenine and the other with 





Fig. 1. Effect of treatment of half leaves for 6 days with water (control) 
and 30 ppm. of benzyladenine on the growth of ‘Pinto’ bean leaves, 
Right, eontrol; left, benzyladenine. 





Fig. 2. Effect of treatment of twin leaves for 6 days with water (control) 
and 30 p.p.m. of benzyladenine on the growth of "Pinto" bean leaves. 
Right, control; left, benzyladenine. 
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Fig 3. Stimulation of incorporation of “C-adenine into the nucleic 

acid fraction of ‘Pinto’ bean leaves and inhibition of the appearance 

obacce mosaic virus lesions in leaves treated daily with 30 p.p.m. 

Mf hey zyladenine and water respectively. Leaf disks floated on 100 mi. 

OF a solution of “C-adenine with activity of 0-5 xc./ml.for4h. @——@, 
oo Dnoorporation of adenine; AA, percentage of local lesions. 


water. The significant difference in growth of twin leaves 
is seen in the figures. 


Pable Le INCORPORATION OF MC-GLYCINE INTO THE PROTEIN FRACTION AND 
CONCENTRATIONS OF PROTEIN AND RIBONUCLEIC ACID IN ‘PINTO’ BEAN 
“UBAVES AFTER G DAYS OF TREATMENT WITH BENZYLADENINE AND KINETIN 


Incorporation 





ie of “C-glycine Protein RNA 
‘Treatment e.p.m,/100 mg mg/g mg of ribose/g 
, 5 fresh weight fresh weight fresh weight 
Water (control) 6:200 13-4 6-0 
Kinetin (60-p.p.m.) 7-900 17-0 76 
Benzyladenine (30 p.p.m.) 10-400 22-3 10-0 


We have demonstrated'!?" that susceptibility of leaves 
to-tobacco mosaic virus was decreased after treatment with 
different. cytokinins, and the number of viral lesions were 
inversely correlated to the increased RNA and protein 
level. Data of Fig. 3 show that this is also the case with 
benzyladenine. Incorporation of ™C-adenine (specific 
activity, 11-4 mce./mmole) into the nucleic acid fraction of 

‘leaves treated with benzyladenine is increased and the 
“appearance of viral lesions decreased with the increased 
“mamber.of days of treatment with this cytokinin. This is 
- farther evidence for the cytokinin activity of benzyladenine 
aswell as for the role of nucleic acid synthesis in the 
evtokinin-like effect of this purine derivative. 
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‘Sub-units of Acid Phosphatase-I in Drosophila 
melanogaster: Reversible Dissociation in vitro 


‘THe genetic control of an acid phosphatase in the sibling 
species Drosophila melanogaster and D. simulans has been 
reported by one of ust, “Slow” and “fast” electrophoretic 
variants of this enzyme, called acid phosphatase-1 or 
Acph-1, are specified by codominant alleles, Aeph-J4 and 
Acph-18, of a gene located very near the right end of 
chromosome.3 in each species. Zymograms of the hetero- 
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zygotes tand. interspecific hybrids) show three bands. or 


zones of acid phosphatase activity: the “slow”? and ‘fast? 
ot Aeph- IAA and Acph-188 forms of the enzyme which are 
characteristic of the homozygous parents, and a third, 
more heavily staining zone which occupies a position 
between the parental enzymes. 

The appearance of the Acph-148 or “hybrid” enzyme 
in the zymogram of the heterozygote probably means 
that acid phosphatase-1, in its active form, is at least a 
dimer, and that the polypeptide sub-units controlled by 
the Acph-J alleles join in all possible combinations in the 
organism to form three “allelic” isozymes’. 

This report provides further evidence that the active 
acid phosphatase-1 molecule in D. melanogaster is com- 
posed of more than one polypeptide chain specified by the 
Acph-1 gene and presents some preliminary findings on 
the nature of the bonding between these sub-units. 

Stocks used in these investigations were initially 
derived from an experimental population in which Acph-14 
and Acph-18 alleles are present at stable equilibrium 
frequencies. Two stocks, isogenic for the third chromo- 
some, were constructed by means of crosses involving the 
TM3 “balancer” chromosome (ref. 3) which effectively 
prevents crossing over on chromosome 3. Thus, one stock 
(AA) was constructed so that it was homozygous for a 
single Acph-1A4 allele, and the other (BB) for just one 
Acph-1B allele. 

Homogenates were prepared from one (or both) stocks 
(1 g of flies/5 ml. of 0-025 molar citrate~phosphate buffer, 
pH 7-0), and partially purified enzyme was obtained from 
an initial supernatant fraction (27,000g) by the following 
procedure. The supernatant was first dialysed for 16 h 
against 0-025 molar citrate~phosphate buffer, pH 5-2, 
containing 4x10 molar ethylenediamine tetraacetic 
acid. After another centrifugation, ammonium sulphate 
was added to the supernatant to 60 per cent of saturation 
(0° C). The precipitate was collected and suspended in a 
45 per cent solution of ammonium sulphate in 0-025 
molar citrate~phosphate buffer, pH 5-2. After 1 h of 
stirring and centrifugation of the suspension, the super- 
natant was dialysed for 12 h against 0-05 molar sodium 
chloride. This final, dialysed supernatant (1 ml/g of 
flies) was the source of the acid phosphatase used in the 
experiments below, 

Acid phosphatase activity was measured during the 
initial purification steps and in the experiments reported 
here using p-nitrophenyl phosphate as substrate’. The 
ability of the Aeph-1 isozymes to hydrolyse p-nitrophenyl 
phosphate was demonstrated in starch gel after electro- 
phoresis employing the “lead conversion” staining pro- 
cedure described by Allen and Hyncick®. Estimates of 
total protein? indicated the final, dialysed supernatant 
had about forty times the specific activity of acid phos- 
phatase as the first supernatant fraction. 

When aliquots of the partially purified enzyme prepara- 
tions were electrophoresed and stained (see ref, 1) only one 
acid phosphatase, Acph-1, appeared in the gel. It should 
be pointed out that several distinct enzymes can be seen 
in zymograms of crude extracts. Thus, the enzyme 
activity measured in the experiments deseribed below 
presumably results from the action of just Aeph-1. 

When a dilute acid or base is added to partially purified 
acid phosphatase preparations, essentially complete 
inactivation occurs within a rather narrow pH range. 
Both Acph-144 and Acph-18B are inactivated between 
pH 3-1 and 2-6 when dilute hydrochloric acid, acetic acid 
or phosphoric acid is added. On the addition of sodium 
hydroxide, both isozymes are inactivated between pH’ 
10-3 and 10-8. Table 1 includes these results and the 
conditions in which the inactivation experiments were 
conducted. ; 

The inactivation of the acid phosphatases by large. 





concentrations of hydrogen or hydroxyl ions is reversible. = 


This was demonstrated by diluting or dialysing inactivated |. 
preparations against certain. buffers. Table 2 shows that _ 
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the pH. optimum of this reactivation process after acid 


induced inactivation is at or very near pH 6-5 (when an 


; -extract of an approximately 1:1 mixture of stocks AA 
. and BB was inactivated and tested). Of the buffers tried, 

© fris-maleate gives the best results, and none of the divalent 
cations, zinc, magnesium, manganese, cobalt, calcium or 
copper at 10-* molar or 10-4 molar in the buffer results in 

; an increase in the amount of enzyme activity regained. 


ae Dialysis for 2-3 days at 4° C is a more effective method of 


| “recovering acid phosphatase activity than is dilution. One 
_ of us (R. J. M.) has shown (unpublished results) that up to 
_» 60 per cent of the activity of the untreated control can be 


X 7: reconstituted from inactivated preparations when the 
-protein concentration is adjusted to about 250 ug/ml. 


= When solutions of acid or alkali-inactivated extracts 
from stocks AA, BB and from a mixture of flies from AA 
and BB are dialysed against tris-maleate buffer at pH 6-5, 
_ concentrated by dialysis against ‘Carbowax’ and subjected 
to electrophoresis, the patterns shown in Fig. 1 are 
obtained. Several conclusions can be made from the 
electrophoretic results. Clearly, acid phosphatase-1 
must be responsible for most, if not all, of the activity 
recovered from the inactivated preparations. Also, the 
_ electrophoretic mobilities of the reconstituted Acph-14A 
and Acph-1BB enzymes do not differ from those of the 
“untreated molecules. Most significant, however, is the 
appearance of the “hybrid” enzyme or Acph-148 in the 
“symogram when the treated extract from a mixture of 
stocks AA and BB is electrophoresed. 

It seems most probable that the loss of acid phosphatase 
activity at very low or high pH in the partially purified 
extracts from stocks AA and BB is caused, perhaps 
. entirely, by the dissociation of Aeph-144 and Acph-1BB 

¿molecules into inactive but intact polypeptide chains or 
sub-units. Reactivation is probably brought about by 


Table 1. EFFECT OF pil oN THE ACTIVITIES OF Acph-144 AND Acph-1 BBs 


pH Acph-144 Aeph-1 3B 
6-0 100-0 1000 
(control) 
4-0 100-0 102-5 
3-4 98-5 116-0 
3:3 102-1 107-5 
3-2 98-5 105-0 
a1 95-7 102-5 
3-0 TAD 100-0 
29 54-3 55-0 
28 23-8 30-0 
27 8-6 w0 
26 00 0-0 
25 0-0 0-0 
9-5 102-0 104-2 
10-1 104. 104-2 
10-2 101-0 100-0 
10-3 102-0 98-0 
104 60-7 87-5 
10-5 50-1 70-8 
106 18-8 20-2 
10-7 6-2 12-5 
10-8 0-0 42 
10-9 0-0 0-0 


* Data are expressed in percentage activity of the control. Hydrochloric 
‘acid (0-1 molar) or sodium hydroxide (0-1 molar) was added to the Acph-1 
i: preparations and 1:0 ml. aliquots were taken at the pH values Indicated. 
Boutrol aliquots were taken before any hydrochloric aci or sodium hydroxide 
was added. All aliquots were incubated at 0° C for 30 min and then assayed 
for acid phosphatase activity‘. Tho values for percentage activity were 
corrected for dilution of the enzyme solution by hydrochloric acid or sodium 
hydroxide which was added. The maximum dilutions were as follows: 


4 per cent Acph-144 (hydrochloric acid), 2 per cent Acph-1BB (hydrochloric 


acid), 6 per cent Acph-1 (sodium hydroxide) and 6 per cent Acph-1BB 
{sodium hydroxide), 


Table 2. BEFECT OF pH AND BUFFER ON RECOVERY OF ACID PHOSPHATASE 
ACTIVITY 


Units of acid phosphatase activity 


Buffer regained at pH* 
Bb 6-0 6-5 TO To 
Citrate-phosphate 0-00 3-50 5-28 4-68 
Tris-maleate 0-00 2°35 12°88 4:68 2:35 
Phosphate, ionic strength = 0-1 118 7-03 3-50 2-35 


‘* Data are expressed as units of acid phosphatase activity* regained in 
‘FO ml. of an acid-inactivated preparation (pH 2-4 for 1h at 0° C) derived 
from:a mixture of flies from stocks AA and BB. The 1-0 ml. aliquots, which 
» had no detectable acid phosphatase activity, were diluted to 5-0 ml. with the 
. different buffers at the pH values given in the table. These diluted solutions 
= Wwere then incubated at room temperature with gentle agitation for 3 h before 
being assayed, 
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Fig. 1. Zymogram of reconstituted Acph-1 enzymes, Sioi is an 
untreated, partially purified extract from a mixture of stocks AA and 
BB. Slots 2-4 are inactivated, reconstituted and . concentrated 
extracts from stocks AA (slot 2), BB (slot 3) and AA plus BBX J. 
Treatment consisted of the following steps. Ten millilitres “of the 
partially purified extracts from stocks AA, BB and AA plus BB were 
aken to pH 2-4 by adding 0-1 molar hydrochloric acid, After 30 min 
at 0° C, the extracts were assayed to confirm the absence of acid phos- 
phatase activity, They were then dialysed at 4° C first for 72 h against 
0-1 molar tris-maleate buffer at pH 6-5 and then for 4 h against the same 
buffer containing 15 per cent (by weight) polyethylene glycol {‘Carbo- 
wax 4000’). The final volume of each extract was about 2 ml. The 
arrow indicates the direction of migration. Identical zymograms are 
obtained if the extracts are inactivated by adding 0-1 molar sodium 
hydroxide and bringing the pH to 10-8, before dialysis: against 

tris-maleate buffer at pH 6-5, j 





the reaggregation of these sub-units into active dimers as 
the pH of the solution is raised or lowered. ; 

Several multimerie proteins from other species: are 
known to dissociate at extreme pH (refs. 7 and 8). Such 
dissociation probably results from the large intramolecular 
repulsive forces generated as the net charge is inereaged®, 
Other experiments have shown that both Acph-1A4 and’ 
Acph-18B are apparently irreversibly inactivated by 8 
molar urea, 2 molar guanidine—hydrochloric acid and 
10 molar sodium dodecyl sulphate and are -résistant 
to concentrations of 1 molar 2-mercaptoethanol and 
2-mercaptoethylamine. Thus, it is probable that nor- 
covalent bonds (that is, not disulphide bonds) are primarily 
responsible for the quaternary structure of the molecule. 
In this respect, Acph-1 is apparently similar to one other 
Drosophila enzyme which has been reversibly dissociated 
(personal communication from J. Hubby). An interchain 
disulphide bond, however, has been implicated. in’ 6- 
phosphogluconate dehydrogenase from D. melanogaster’, 

The ability to dissociate and reassociate the Acph-] 
molecule in D, melanogaster should prove to be valuable 
in the investigation of gene homologies within the siib- 
genus Drosophila. Specifically, it should make the identi- 
fication of the homologous proteins in non-hybridizing 
species much easier and provide valuable information about 
evolutionary changes in the acid phosphatase-1 molecules 
themselves. : 

This work was supported by a Public Health Service 
training grant and an Atomic Energy Commission grant. 
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Further Observations on the Biochemical 
Lesion in Maple Syrup Urine Disease 


Marie syrup urine disease is an inherited disorder of 
amino-acid metabolism characterized clinically by irrita- 
bility, rigidity, convulsive seizures and coma commonly 
manifest: in the first weeks of life. Menkes! found that 
patients afflicted with this neurological disorder excrete 
large amounts of branched-chain keto-acids in their 
urine, and Dancis et al? demonstrated a deficiency in 
branched-chain keto-acid decarboxylase in leucocytes. 
This enzyme defect results in the accumulation of branched- 
chain keto- and amino-acids in the plasma and tissues of 
these patients. 

< Te has not been possible to explain why increased con- 
centrations of these normal metabolites in the plasma and 
tissues can cause a disorder of brain function. Tashian® 
reported that branched-chain keto-acids inhibited the 
activity of glutamic acid decarboxylase of rat brain 
homogenates, and suggested that this could limit the 
production of y-aminobutyrie acid. Howell and Leet 
noted that whereas branched-chain keto-acids depressed 
the oxygen consumption of rat brain slices, homogenates 
were unaffected. Both of these investigations were based 
on the manometric measurement of either total oxygen 
consumption or carbon dioxide production rather than a 
specific enzyme assay. 

The. present investigation was undertaken to ascertain 
whether branched-chain keto-acids are capable of in- 
hibiting two specifie decarboxylation reactions: that of 
glutamic acid leading to the formation of y-aminobutyric 
acid and that of pyruvate resulting in two carbon frag- 
ments. We chose to use a«-ketoisocaproic acid in our 
experiments because it results from the transamination of 
leucine. This amino-acid appears to be responsible, either 
directly or through its keto-acid derivative, for the 
cerebral symptoms®. Adult Sprague-Dawley rats were 
killed by decapitation. Small samples of cerebral cortex 
and liver were removed and immediately homogenized in 
ise cold Krebs-Ringer buffer (pH 7-4) (5 ml. of buffer/g of 
tissue). Special decarboxylation vessels, described pre- 
viously*, were used in these experiments. For the estima- 
tion of glutamic acid decarboxylase, the incubation 
medium consisted of potassium phosphate buffer (0-1 
molar pH 6-3), 0-1 molar L-glutamic acid (of which most 
was unlabelled t-glutamic acid and 0-04 umoles/sample 
was [1-40] -glutamic acid with a specific activity of 
5 me./mmole) and 5x 10-1 molar pyridoxal phosphate. 
Pyruvate decarboxylase determinations were carried out 
as before’. Varying concentrations of x-ketoisocaproic acid 
(0 to 0-015 molar) were added to the vessels. All the samples 
were incubated at 37° © for 1 h and the reaction was 
stopped with two drops of 5 normal sulphuric acid added 
to the contre of the vessel. After an equilibration period of 
t h, the labelled carbon dioxide which was collected in 
‘Hyamine’ was counted in a scintillation spectrophoto- 
meter. Blanks consisted of heat-inactivated homogenate 
and the degree of quenching was established by adding 
toluene labelled with carbon-14 to each vial as an internal 
standard. All determinations were carried out in triplicate 
and the results were expressed as umoles "CO, produced/ 
g of protein/h. 

The results of our preliminary investigations (Table 1) 
show that the in vitro addition of «-ketoisocaproic acid to 
fresh rat brain homogenates has no significant effect: on 


Table 1 
Concentrations of Cerebral cortex Liver 
ketoisocaproic acid PD GAD PD 
No acid added 296 lid 111 
0001 molar 203 108 = 
0-005 molar 192 124 27 
0-0075 molar 172 115 28 
0-015 molar 149 - 39 


The results are expressed as umoles of carbon dioxide produced/g of homo- 
oe protein/h. PD, Pyruvate decarboxylase; GAD, glutamic acid decarb- 
oxylase, 
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the activity of glutamic acid decarboxylase, an enzyme 
present exclusively in brain. Investigations have demon- 
strated that the concentration of y-aminobutyric acid in 
the brains of patients with maple syrup urine disease is 
about one quarter of the normal control values*. Glutamic 
acid is commensurately reduced, resulting in a normal 
glutamic acid/y-aminobutyric acid ratio. These findings 
further suggest that the aetivity of glutamic acid decarb- 
oxylase is probably normal. 

We noted, however, that the decarboxylation of pyruvate 
is reduced in the presence of very small concentrations of 
«-ketoisocaproie acid (0-001 molar). The inhibition was 
more pronounced with liver than with brain homogenates. 
Swaiman and Milstein® found that large concentrations of 
this acid did not block uptake of oxygen or oxidation of 
the carbon skeleton of (U-C)-glucose by brain slices of 
immature rabbits. This could reflect a species difference 
or the fact that a partial block at the level of pyruvate 
does not restrict the utilization of glucose by alternate 
metabolic pathways. 

No information has been published about the branched - 
chain keto-acid levels in the brains of patients afflicted 
with maple syrup urine disease. During this investigation, 
we measured the branched-chain keto-acids in the grey 
matter of a 25 day old infant who died of this disease. 
The concentration was 0-0008 molar as estimated by the 
method deseribed by Dancis et al.°. The keto-acid con- 
centration in the plasma was 0-002 molar and the con- 
centration of plasma leucine was 0-0046 molar immediately 
before death (personal communication from J. Dancis). 
This represents the highest concentration of leucine yet: 
recorded in human plasma. It would therefore seem that 
in in vitro experiments, keto-acid concentrations of 
0-002 molar or less approach the values fourd in patients 
affected with this disease. Even a 0-001 molar concentra- 
tion of «-ketoisocaproic acid added to brain homogenates 
partially inhibits the decarboxylation of pyruvate, which 
suggests that the reduced concentrations of y-amino- 
butyric acid and glutamic acid in the brain of patients 
with maple syrup urine disease can be the result of a 
feilure of the Krebs cycle which would affect the pro- 
duction of «-ketoglutaric acid and the operation of the 
so-called “y-aminobutyric acid shunt”. 

This work was supported by grants from the U.S. 
National Institutes of Health and the National Multiple 
Sclerosis Society. 
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Suppression of Plasma Immunoreactive 
Insulin in Rats given D-Mannoheptulose 


Simon and co-workers!~° produced marked hyperglycaemia 
in the fasting rat with a single injection of p-mannoheptu- 
lose, a seven carbon sugar found in avocados. Their 
work suggests that heptulose blocks normal pancreatic 
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Fig. 1. Effect of varying doses of D-mannoheptulose on glucose tolerance + insulin secretion (Increases above fasting levels). 


secretion of insulin in response to glucose and that it 


<-dnduces gluconeogenesis. Coore ef al.4 have demonstrated 


in rabbit pancreas slices that mannoheptulose blocks the 
glucose-stimulated release of insulin. The present investi- 
gation provides evidence that in the intact rat manno- 
heptulose suppresses the increase in plasma immuno- 
reactive insulin (TRI) normally elicited by hyperglycaemia. 

Male Wistar rats weighing 210-230 g were fasted for 48 h 

before testing. After the animals had been anaesthetized 
‘with pentobarbital sodium and the femoral vein had been 
cannulated, the animals were left undisturbed for 30 min. 
Mannoheptulose was given intramuscularly in aqueous 
_ solution (a priming dose of 0-8 ml., and three maintenance 
doses, each of 0-2 ml.). Glucose was given through a 
plastic stomach tube as a 50 per cent solution. Five to 
six blood specimens of 0-5 ml. were removed at intervals 
-during 3 h and analysed for true glucose, immunoreactive 
insulin (using crystalline pork insulin because purified 
rat insulin was not available)’, and mannoheptulose’. 

The removal of blood in three rats during 3 h had no 
significant effect on concentrations of plasma glucose or 
immunoreactive insulin. Oral glucose elicited a three- 
to five-fold increase from fasting concentrations in plasma 
immunoreactive insulin in three rats, which indicated 
that the rat insulin cross-reacted with the antisera 
prepared by immunization of guinea-pigs with pork 
insulin. 

Mannoheptulose given to four rats at a priming dose 
of 1,000 mg/kg produced a three-fold increase in plasma 
glucose (fasting: 113+19 mg per cent (mean + standard 
error); 3 h: 320+ 19 mg per cent). The plasma immuno- 
reactive insulin failed to rise in response to the hyper- 
glycaemia (fasting: 1143-8 wo/ml.; 0-5 h: 4408; Lh: 

= T38; 2h: 1408; 3h: 83412). Smaller doses of 
mannoheptulose which were incapable of eliciting hyper- 
glycaemia by themselves suppressed increases in plasma 
immunoreactive insulin when the animals were challenged 
with oral glucose (Fig. 1). The suppression was complete 
when the priming dose was 150 mg/kg. It was less com- 
plete but readily apparent when the priming dose was 50 


or 100 mg/kg. The concentrations of mannoheptulose.in 
the plasma in these latter animals were very low but were 
not different from those in animals which received the dose ~ 
of 150 mg/kg and in which there was complete suppression 
of insulin release. This suggests that the heptulose. is 
taken up quickly at pancreatic tissue sites and its effect 
is dissipated only when it is lost from these sites. 

The immunoreactive insulin in the plasma measured 
0-5 h after the administration of 1,000 mg/kg of manno- 
heptulose to seven rats was significantly lower than the 
fasting concentration (4+1 pu/ml. versus 12+ 1 uuml., 
P>001). There is evidence that insulin is continuously 
secreted in the post-absorptive state’. Mannoheptulose 
at 1,000 mg/kg appears to be capable of suppressing this 
secretory process, and the curtailed delivery of insulin 
to the liver which ensues is undoubtedly a factor in the 
production of the hyperglycaemia noted at this dose 
level. 

We thank Drs. 8. A. Berson and R. 8. Yalow for anti- 
sera, Dr. N. K. Richtmyer for p-mannoheptulose, and Dr. 
Mary A. Root for pork insulin. This work was supported 
by the U.S. Public Health Service National Institutes of 
Health. 
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Purification of Human Angiotensin 


INVESTIGATIONS of angiotensin have increased, especially 
since the description of the structures of bovine and horse 
angiotensin and the synthesis of chemically pure angio- 
tensins’-*, Although knowledge of angiotensin has accumu- 
lated from animal and laboratory investigations, the 
exact role of angiotensin in the development of human 
hypertension is still obscure. 

One of the reasons for this discrepancy may be the 
fact that human angiotensin has never been isolated or 
substantiated chemically. It can be said, therefore, that 
all the clinical information and investigations on angio- 
tensin in human hypertension currently being carried out 
are based on the unsubstantiated assumption that human 
angiotensin is the same as, or at least similar to, that of 
animals, that is, bovine or horse, the only angiotensins of 
which: the structure has been established’*. To sub- 
stantiate the existence of human angiotensin and to find 
whether the above assumption is correct or not, we have 
undertaken the chemical purification of angiotensin 
from human material. 

Human kidneys were used as a source of human renin 
and were collected at the Tokyo Metropolitan Medical 
Examiner Office 3-24 h after sudden accidental death, 
and stored in a deep freeze (~ 17° C to ~ 20° C) until used. 
From. these frozen kidneys a crude human renin extract 
was prepared by a modification of the Haas procedurce®. 
The extract was thoroughly dialysed against, distilled 
water at 4° C, and then frozen for preservation until it 
was used. The preparation retained full renin activity, 
even after 2 yr, when stored at a temperature less than 
~17C, 

Commercially available bottled human blood was 
processed by Cohn’s fractionation technique’. Fraction IV, 
which has been shown to be a good substrate for renin’, 
was lyophilized. The lyophilate is stable even at room 
temperature and is convenient to transport, to store and 
to use in any desired quantity. 

Two hundred grams of the lyophilized human substrate 
was dissolved in 8 1. of distilled water and mixed with 
1,500 ml. of ‘Dowex 50 W-X2’ (equilibrated with 0-2 
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Fig. 1, Thin-layer chromatography of human angiotensin as compared 
with that of various synthetic angiotensings. (Thin-layer chromatography 
cellulose powder of Serva, developed with n-butanol, acetic acid and 
water, 7:1:2). (1) Synthetic valine’-angiotensin [l-aspartic amide; (2) 
synthetic valine’-angiotensin 11; (3) synthetic isoleucine -angiotensin TT: 
(4) purified human angiotensin; and (5) synthetic valine®-angiotensin Í, 
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Fig. 2. Blood pressure response of the purified human angiotensin as 
compared with that of synthetic angiotensins, Blood pressure was 
recorded in a female Wistar rat weighing 180 g, anaesthetized by pento- 
barbital sodium and with ganglion blocked by ansolysen. (1, 2, 8 and 4) 
Each 1, 2, 3 and 4 mag of synthetic isoleucine-angictensin FI; (5) 
4 mug of the purified human angiotensin; (6) 4 mug of synthetic valine’ 
angiotensin I; (7) 4 møg of Syne valine*-angiotensin If f-aspartic 
amide, 


molar diethylamine acetate at pH 6-0). Aqueous human 
renin (prepared from ten kidneys) was added in drops to 
the mixture for a period of 6 h with continuous stirring in 
a water bath at 37° C. After a further hour and a half of 
stirring, the resin was collected on a sintered glass filter 
column (8 x 100 em), washed with 21. of water, and then 
eluted with 4 1 of 0-2 molar diethylamine into a 5 L 
beaker containing 45 ml. of acetic acid. The neutralized 
eluate was shown by bioassay to have pressor activity 
equivalent to approximately 1 mg of synthetic isoleucine- 
angiotensin IT. This eluate was concentrated in vacuo to 
one twentieth of the initial volume at 50° C and the 
resultant precipitate was washed four times with 15 ml. of 
water. The combined supernatants were stirred with 
200 ml. of ‘Dowex 50 W-X? (treated as above) in 4 1. 
of distilled water for 2h. The resin was again collected on 
a sintered glass filter, thoroughly washed with water and 
eluted with 600 ml. of 0-2 molar diethylamine. The eluate 
was directly evaporated down to a brown syrup at a 
temperature less than 40° C and chromatographed on a 
column of ‘Sephadex G-25 (3-5 x 50 em) with 0-1 normal 
acetic acid. A peak of pressor activity was found, and it 
was purified approximately thirty-five fold for the first 
eluate from “Dowex 50 W-X2’ in terms of specifie activity 
{pressor activity/ultra-violet absorption). It was chroma- 
tographed on a carboxymethyl cellulose coluran (2-5 x 50 
em) equilibrated at pH 5-6 in 0-01 molar ammonium 
acetate with a gradient elution (0-01 molar-+0-4 molar 
ammonium acetate) resulting in a further eight fold puri- 
fication. The pressor peak was again chromatographed 
on a DEAE ‘Sephadex A--25° column (1-5 x 50 em) with 
gradient elution (pyridine-collidine-acetate buffer, pH 
8-0-—>7-0) which gave a pressor peak at pH 7-8-7-5 with 
approximately a twenty fold purification. The final 
purification was carried out on a column of ‘Sephadex 
G-15 (08 100 em) with 0-1 normal acetic acid; the 
result was a one spot pressor substance which gave positive 
colour reactions with ninhydrin, Pauly, and Sakaguchi 
reagents. Its Rp value is similar to but not identical with 
that of any presently available synthetic angiotensin as 
shown in Fig. 1. The ratio of the pressor activity to ultra- 
violet absorption is close to that of the synthetic angio- 
tensins. Fig. 2 shows the blood pressure response of the 
preparation from a Wistar rat. The ratio of the pressor 
activity (as expressed in pg of synthetic isoleucine- 
angiotensin IT pressor activity) to ultra-violet absorption 
(as expressed by optical density at 280 mu/ml.) was 403 
as compared with 720 for the synthetic isoleucine’- 
angiotensin II. It is dialysable and readily inactivated by 
trypsin. A preliminary' amino-acid analysis has revealed 
that the human angiotensin so far purified contains both 
valine and isoleucine residues in an equal molar ratio 
which indicates that human angiotensin is more similar 
to the horse than the bovine angiotensin. 
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isolation of a Non-dialysable Active Pressor 
Principle from Pig Serum 


A NON-DIALYSABLE hypertensive substance stable to 
heat ıs found ın rat serum after ımeubation at 37° C (refs. 1 
and 2). The same activity can be demonstrated in the 
serum and plasma of human, beimgs, pigs and rabbits, 
but not of frogs*?. The blood pressure response to this 
active pressor principle (APP) was demonstrated in rats 
during an infusion of hypotonic glucose and compared 
with the hypertensive effect of synthetic angiotensin’. 
Because APP seems to be different from known hyper- 
tensive polypeptides and renin', further purification 
of ıb is of interest. 

Blood was withdrawn by carotid puncture without the 
use of an anticoagulant from pigs which had been stunned 
by electric shock. It was then centrifuged at 4° C and 
the unhaemolysed serum was incubated at 37° C for 
15 h (fraction A) after addition of toluene or merthiolate. 
(The precautions taken against bacterial contaminations 
have already been described elsewhere*.) Solid ammonium 
sulphate was added to 2,420 ml. of incubated serum at 
0° C to a saturation of 55 per cent. After vigorous stirring 
for 2 h the precipitated proteins were removed by centri- 
fugation and washed with saturated aqueous solution of 
55 per cent ammonium sulphate. The supernatants were 
combined and the active pressor principle precipitated at 
a saturation of 65 per cent ammonium sulphate at 0° C. 
This precipitate was dissolved in distilled water and 
dialysed overnight against running tap water (fraction B). 
The resultmg solution was acidified with 1 normal hydro- 
chloric acid to a pH of 4:0 and treated with two volumes 
of 96 per cent ethanol at 0° O. The precipitated proteins 
were removed by centrifugation and discarded. The 
supernatant was freed from ethanol below 15° C by 
evaporation under reduced pressure and then dialysed 
against running tap water for 30 h (fraction O). 0-1 
normal sodium hydroxde was added until a pH of 7-3 
was attained and the solution brought to a concentration 

-of 0-9 per cent sodium chloride. Zinc sulphate was then 
added to a final concentration of 20 mmoles Zn++/]. After 
stirring at 0° C for 2 h the mixture was allowed to stand 
for a further 2h at 4°. The clear supernatant obtained by 
centrifugation at 5,000 r.p.m. was discarded and the 
precipitate redissolved in 600 ml. of 0:03 molar phosphate 
buffer (pH 7-35). Insoluble material was removed by 
centrifugation at room temperature. The resulting 
solution (fraction D) contained 12-5 per cent of the APP 
contained by fraction A. Ultrafiltration across a cellulose 
membrane revealed that APP was also non-dialysable 
in fraction D. 

The purification obtained by this method is shown in 
Table 1. The specific pressor activity of the single 
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Table 1 PURIFICATION OF APP FROM PIG SERUM 
Total activity Yield Specific 
Fraction (nx Ap25) (per cent) activity Purification 
A 9,680 — 0-29 at Ga 
B 7,744 80 147 § 
sj 2,400 26 7 TL 27 
D 1,200 125 166 66 675 


fractions ıs determined in arbitrarily chosen units as the 
increase in blood pressure (Ap= +25 mm mercury)/mg 
nitrogen. 

To obtam information on the homogeneity of the 
wolated substance, fraction D was subjected to starch 
gel electrophoresis. Although the solution was concen- 
trated to a tenth of its volume only a weakly coloured 
single band was present in the albumin region after 
staining with amido black 10 B. We therefore assume 
that APP, or its possible carrier protein, is a macro- 
molecule sunilar in character to albumin. Assuming & 
molecular weight of 70,000, 56-8x10-2° moles of APP 
would cause a rise of blood pressure of 25 mm mercury. 
The same effect can be obtained by 0-05 ug, that ıs, 4:8 x 
10-14 moles of angiotensin. Thus, compared on a molecular 
basis, APP has about a tenth of the activity of angio- 
tensin. 

The active pressor principle hberated by the proceduro 
described here proved to be non-dialysable even after 
further purification and ıs therefore different from the 
known hypertensive polypeptides, such as angiotensin, 
anephrotensin and pepaitensin'*. It is also different 
from renin because it does not disappear from serum after 
nephrectomy and induces an immediate mse of blood 
pressure after intravenous application!. The observation 
that concentration of APP imoreased during pregnancy. 
especially in eclamptic and hypertonic cases, and dimin- 
ished in, patients with liver cirrhosis® suggests that this 
substance ıs important both physiologically and patho- 
logically. 

Further investigations are required to ascertain whether 
APP interferes with the methods commonly used to 
determine renin-angiotensin effects. Such a hypertensive 
effect should be considered as æ source of error when 
determinations are made of dialysable hypertensive 
substances in serum or plasma if the dialysability of the 
pressor material investigated has not been proved 
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Continuous Automatic Fluorometric Evaluation 
of Total Blood Histamine 


AMONG the numerous methods of estimating blood tist- 
amine, the fluorometric method seems to be one of the 
most sensitive and specific’, but it is not very easy to 
carry out?. We have recently adapted and modified this 
method for use with the ‘Technicon’ auto-analyser. An 
extension of this method makes possible the continuous 
determination of blood histamine and is here used to 
inv estigate the activity of some histamune releasers. 

The flow diagram (Fig. 1) shows the successive steps: 
haemolysis, dialysis, extraction, with alkaline butanol and 
condensation of the alcoholic solution with o-phthalalde- 
hyde (OPT) to yield @ fluorescent component. 


280 


N Butanol 





WON 0000 0060 ar eae | 





FLUORONETER RECORDER 


RANGE EXPANDER 


Fig. 1. Auto-analyser flow diagram. Numbers are flows in ml.jmin. 
wavelengths are 360 and 450 my. 


In the continuous method, the blood flow (taken from 
a catheterized vein) is 1-2 ml./min and the histamine 
concentration is recorded 19 min later. 
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This preliminary investigation concerns 
continuous measurements obtained with the 
two first dogs of our series. These animals 
were anaesthetized with chloralose (0-12 g/kg 
intravenously) and received sodium heparin 
(2-5 mg/kg/h mtravenously). 

The basal total blood histamine concentra- 
tion in the dog (Fig. 2) is about 20 ug/l. 
(expressed as the dichloride). 

After intravenous injection of Witte’s 
peptone (0-1 g/kg)*, the histamine concentra- 
tion increased ten or twenty times within 
Imm. There was no plateau and this con- 
centration quickly decreased. A second in- 
jection produced a smaller rise which 
appeared with a longer delay (Fig. 2). 
Tachyphylaxis was complete after the third 
injection. 

Subsequently, in the same dog, an injec- 
tion of polyvinyl-pyrrolidone (PVP) (100 
mg/kg intravenously) still produced a rise 
in the level of blood histamine (Fig. 3). After 
that, a third histamine releaser, 1935 L (ref. 
4), was injected mto the same dog (1 mg/kg 
intravenously), and only a small rise in blood 
histamine was obtained (Fig. 3). Tachy- 
phylaxis was complete after a second 
injection of this same drug. 

The fluorometric method is not quite 
specific; six substances can react with OPT 
and yield fluorescent compounds (at wave- 
lengths 360-450 mp): histamine, histidine, 
arginine, agmatine, spermine and spermid- 
ine®*, According to these workers, histidine 
is eluminated by butanol extraction. In the 
automatic method, histidine interferes only 
if its concentration is greater than 25 mg/l. 
(the normal average concentration of histid- 
ine in total blood is 12 mg/l). The same 
authors®* claim that the fluorescence pro- 
duced by arginine and agmatine would be 
eliminated by a final acidification to pH 2. In 
our method, we do not acidify because despite 


acidification arginine added to histamine still interfered. 
Without acidification, we have found that arginine inter- 
feres only if its concentration exceeds 40 mg/l. (the normal 
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Fig. 2. Auto-analyser record of dog given Injections of Witte's peptone as described in the text. Read from right to left. After the first release 

of histamine, the blood histamine concentration is almost twice the basal concentration and seems to remain steady at this new level. Because 

the dog has a low basal histamine concentration, range expanders have been used to multiply the effects as shown on the diagram. The base 
line remains the same whichever range expansion 18 used. 
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Fig. 3 Auto-analyser record of an experiment on the dog shown in F) 
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average concentration of arginine in total blood is 15 
rog/l1.). 

One of the interests of this new method is that it allows 
a kinetic study of histamine release in vivo. We are 
undertaking further researches on animals and men in 
normal and pathological conditions. From these pre- 
lhmunary results it seems that there is no crossed tachy- 
phylaxis between Witte’s peptone and PVP. These 
results suggest that these two histamine releasers have 
different mechanisms of action. 
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3-Methylcholanthrene and Phenobarbital 
Stimulation of Rat Liver RNA Polymerase 


3-METHYLOHOLANTHRENE and phenobarbital represent 
two classes of drugs which markedly increase the activity 
of a variety of rat liver microsomal enzyme systems}. 
Both these agents increase microsomal amino-acid incor- 
poration*.?. Phenobarbital increases the sensitivity of 
microsomes to polyuridylic acid directed phenylalanine 
mcorporation® and causes a proliferation of the agranular 
endoplasmic reticulum’, The stimulation by 3-methyl- 
cholanthrene of two of the microsomal enzymes, benz- 
pyrene hydroxylase and aminoazo dye demethylase, is 
prevented by puromycin®” and by actinomycin D (ref. 6), 
suggesting that the effects of 3-methylcholanthrene are 
dependent on protem synthesis mediated by DNA- 
directed RNA synthesis. In other mvestigations 3-methyl- 
cholanthrene was reported to stimulate mcorporation of 
orotic acid into nuclear RNA and to increase significantly 
the net amount of rat liver nuclear RNA’. This work 
reports that 3-methylcholanthrene and phenobarbital 
stimulate rat liver DNA-dependent RNA polymerase 


activity. DNA isolated from the livers of the drug- 
treated rats and control rats, however, shows identical 
template activity when measured with purified RNA 
polymerase from M. lysodetkticus. The increased RNA 
polymerase activity in the liver nuclei of rats treated 
with 3-methylcholanthrene and phenobarbital demon- 
strates the stimulatory effect of these agents on gene 
activity and supports the hypothesis that the stimulation 
of microsomal enzyme synthesis by the two drugs is 
mediated through an actavation of DNA-dependent RNA 
synthesis. 

Male Sprague-Dawley rats weighing 200 g were injected 
mtraperitoneally with either 20 mg of 3-methylcholan- 
threne dissolved in 2-5 ml. of corn oil, 20 mg of pheno- 
barbital dissolved in saline or with 25 ml. of corn ou 
only. The 3-methylcholanthrene was given 3 h, and the 
phenobarbital 20 h, before death. All rats were fasted 
for 20 h before death and liver nuclei were isolated and 
assayed for RNA polymerase. Table | shows the character- 
istics of the RNA polymerase system. In the presence 
of the complete system which includes predetermined 


Table 1. RNA POLYMERASH FROM NORMAL RAT LIVER 


myaoles tritiated cytidine 
triphosphate/mg/DNA 
Complete system 8-51 
Complete system (minua ammonium gulphate) 1-52 
Complete system (minus ATP, UTP, GTP) 0-08 
Complete system (+200 ug of DNase)* 0-21 
Complete system (+200 ug of RNase) 0-27 


* DNase was preincubated with nuclei for 10 min at 87° O before the addı- 
tion of tritiated OTP. 

Nuclei from 8-0 g of liver were isolated by the method of Barondes ¢ al.” 
with 0002 molar magnesium chloride, maintained in all solutions. The 
nucle: used ın the isolation were centrifuged ın 2 1 molar sucrose solution in a 
mode] T 60 International oen o with rotor SB 110 at 60,000g for 0-6 h 
The nuclei were washed and made to a 2 0 ml. volume with homogenizing 0-35 
molar sucrose solution and used directly in the RNA polymerase assay. 
Nuclei prepared by this method were ex y p mi y and 
found to have minimal cytoplasmic contamination, The assay for nuclear 
BNA polymerase was as follows: 100 amoles tms, pH 80; 10 les of 
(5 e; 3 wmoles of magnesium chloride, 05 umoles each of ATP, UTP. 

TP; 004 «moles of tritiated CTP (2 10’ c.p.m. wmoles); 120 «moles of 
ammonium sulphate and nuclei in a final volume of 0 5 ml. 

Bach assay was incubated for 10 min at 37° C. Oarrier yeast BNA 200 gg 
in 02 molar ethylenediamine tetraacetic acid, pH 7 4, was added and t 
reaction was immediatel stopped with 2:5 ml, of 10 per cent perchloric acid 
which conta:ned 40 wmoles of sodium pyrophosphate, pH 7, and 10 moles of 
ethylenediamine tetraacetic acid, pH 7 4. This was allowed to stand for 10 
mm and centnfuged at 2,000 r.p.m for 10 min, Tho pellet was successively 
washed once with 5 per cent penne acid and 0 1 molar sodium pyrophose- 
phate, pH 7 (4.1), twice with 5 per oont perchloric acid, once with ethanol, 
and once with an ethanol, chloroform and ether (2:2 1) mixture. The 
pellet was dried overnight. The grgimtate was hydrolysed with 10 ml. of 
6 per cent perchloric acid at 90° C for 15 min, cooled and centrifuged 
Aliquots gent ul.) of the supernatant were counted in Bray’s’® solution In a 
P: rd “Tr-Carb' liquid scintillation counter and used for DNA determina- 
tion by the Burton method", 
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The effect of 8-methylcholanthrene and phenobarbital on rat liver RNA polym 


erase, The complete assay 


18 the same as desaribed for Table 1, The 8-methylcholanthrene treatment lasted 3 h and the phenobarbita treatment 


optimal concentrations of ammonium sulphate, there 
is more than twice the activity observed in the absence 
of ammonium sulphate. Incorporation of cytidine 
triphosphate depends on the presence of all four 
ribonucleoside triphosphates and is largely abolished by 
performing the assay ın the presence of RNase or DNase. 
RNA synthesis in rat liver nucle: from 3-methylcholan- 
threne or phenobarbital-treated rats showed the same 
general characteristics as observed for the control nuclei 
im respect to the requirement for all four nucleoside tri- 
phosphates and sensitivity to DNase and RNase. Fig. 1 
shows that pretreatment of rate with either of the two 
drugs caused a stimulation of liver RNA polymerase. 
The stimulation was observed when the assay was per- 
formed in the absence of ammonium sulphate as well as 
in the presence of predetermined concentrations of 
ammonium sulphate that gave optimal incorporation of 
cytidine triphosphate. In the absence of ammonium 
sulphate the reaction proceeded for about 5-7 min and 
3-methylcholanthrene and phenobarbital caused an 
80 per cent and 60 per cent increase in activity. In the 
presence of optimal concentrations of ammonium sulphate 
the reaction proceeded for about 10-12 min and 3-methyl- 
anthrene and phenobarbital caused a 45 per cent and 30 
per cent stimulation. Fig. 2 shows that DNA isolated 
from control, 3-methyleholanthrene treated and pheno- 
barbital treated rats has the same template activity for 
RNA synthesis when assayed with M. lysodetktious RNA 
polymerase. Thus, to at least the degree of sensitivity 
of this enzyme no detectable differences are observed 
ent 2 DNA from control and from rats treated with 
the 

The induction of increased RNA polymerase activity 
has been shown to be effected by a number of hormones. 
Gorski, however, found an oestrogen stimulation of 
uterine RNA polymerase activity only when the latter was 
assayed in the absence of ammonium sulphate. Pegg 
and Korner“ also observed a stimulation of rat liver 
RNA polymerase by growth hormone in the absence of 
ammonium sulphate. Tata and Widnell'® have found 
increased RNA polymorase activity in the presence of 
ammonium sulphate after thyroxine administration, and 
Weill ef al.1° obtained a similar result after treatment 
with oestradiol. Our results are more similar to the 
latter in that the stimulation by drug treatment was 
observed both in the absence as well as in the presence 
of optimal concentrations of ammonium sulphate. The 
stimulation was less in the presence of the salt than in its 
absence, however. 


Our investigations show that two chemical agents, 
foreign to normal metabolism and capable of stimulating 
microsomal enzyme activity, increase the RNA polymerase 
activity of rat hver. These results show that these agents 
are either directly or indirectly stimulating gene activity. 
The mechanism of the stimulation is not known and may 
be a result of any number of factors which include an 
inoreased reading of the identical genomes or an increase 
in the number of genomes being transcribed. This may 
or may not involve an activation or synthesis of RNA 
polymerase molecules. 

‘We thank Mrs. M. Caicuts and Mr. H. Waters for their 
help. 
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Fig. 2. DNA was Isolated trom the nuclei of 3 


of liver from normal 
livers, and from livers treated with phenobarbital and 8-methylcholan- 
throne by 7 homogenuation of the nucle: in 10 ml. of caesium chicane 
solution of 165 density containing 0-01 molar Bila Bertram 

aone acid, pH 7-2, The DNA was banded by equilibrium deasity 


sentrifugation at 50,000 7, .m. for 66 h at 20° © in the $21 rotor of the 
nternationa] Os Gentrifu e Co.). After fraction- 
Aton the DNA tree anad free 6. ‘The assay mixture 


consisted of 50 m:anoles of gua 
tk 700 ¢.p.m./mymoles); ae 
ATP), uridine triphospha: 

b8 pg of AI. E Arne 
croa ide, and eines 


nine ioe triphorphate labelled with tritium 
ples each of adencaime wuphophate 
and cytidine. tph iy ee ); 
eraso™ and DNA from methyl 
Peated and untrested rats in amounts 
from 1 to 5 wgin a final volume of 0-8 mi. The assay mixture w 
iaocba at 80° O for 20 min, and the reaction was stop] ed with the 
addition of 0 1 ml. of 60 per cent trichloroacett tic acid. The mixture was kept 
in ice 5 min and 2 ml, of 6 per cent trichloroacetic acid waa added. 
The mixture was passed thro a ‘Millipore’ filter and washed twice 
with 6 mi. of 5 per cent trichloroacetic acid. The filters were dried and 
radioactivity was determined ina ae ‘Tri-Carb’ quid scintillation 
counter™, 


NATURE, VOL. 214, APRIL 15, 1967 


Note added in proof. Using a different preparation of 
chromatin, Bresnick recently reported that MC mcreases 
RNA polymerase activity in rat hver in the presence of 
low salt only (Bresnick, E., Mol. Pharmacol., 2, 406; 
1966) 
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Differences in Uridine Diphosphate 
Galactose-44-Epimerase between Haemolysates 
of Newborns and of Adults 


Tms communication presents an observation not yet 
reported concerning the effect of exogenous nicotinamide 
adenine dinucleotide (NAD) on the activity of uridine 
diphosphate galactose-4-epimerase. This enzyme (formerly 
called galactowaldenase) was first demonstrated in yeast 
extract by Leloirt. NAD was shown later to be required 
for activity in a calf liver preparation?. The need for an 
exogenous supply of NAD was further shown in crude 
human haemolysates? and in homogenates of L cells. 
It now has been found that haemolysates from newborn 
infants demonstrate a substantial epimerase activity 
without the addition of NAD. 

In previous investigations of galactose metabolism in 
human red cells we have shown that galactokinase activity 
in the newborn is three times that of normal adulte*, 
while galactose-1-phosphate uridyl transferase activity, 
as measured by the uridine diphosphate glucose (ODPG) 
consumption method, was slightly lower‘. Uridine di- 
phosphate galactose-4-epimerase occupies an important 
position in the conversion ot galactose to glucose inter- 
mediates, and so investigations of this enzyme in crude 
haemolysates from newborns and from adults have been 
undertaken. 

Theo assay employed depends on the conversion ot 
uridine diphosphate galactose (UDP-Gal) to UDPG?. 
This product is subsequently determined spectro- 
photometrically by coupling to NAD in the presenco of 
UDPG dehydrogenase. 

Haemolysates were prepared from erythrocytes as 
previously described’. The incubation mixture con- 
sisted of 100 umoles of glycine buffer (pH 87), 0-42 umole 
of UDP-Gal, 1 umole of NAD, and 0-5 ml. of freshly 
prepared 50 per cent haemolysate in a total volume of 
0-8 ml. Separate controls without NAD were included. 
The mixture was incubated for 20 min at 37° C, and the 
reaction was stopped by immersion in a boiling-water 
bath for 4 min. After centrifuging, the supernatant was 
assayed for the UDPG formed. The spectrophotometer 
cuvette contained 0-1 ml. of the supernatant, an ad- 
ditional 1 umole of NAD and 100 v of UDPG dehydro- 
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Fig. 1. Effect of NAD on activity epimerase in haemolysates. A, 
Newborn; O, newborn; x, adult; @, adult. 


genase. The total volume was adjusted to 1 ml. with 
0-1 molar glycine buffer (pH 8-7). A molecular extinction 
coefficient of 6-22 x 10° om*/moles for reduced nicotinamide 
adenine dinucleotide was used in the calculation’. The 
activity was expressed as umoles of UDPG formed/ml. 
of red blood cells/h. 

In the presence of exogenous NAD, the mean haemo- 
lysate epimerase activity in newborn infants was found to 
be about twice that of adults. In the absence of exogenous 
NAD, the epimerase activity in the newborns constituted 
about 80 per cent of that found in the presence of NAD, in 
marked contrast to the findings with adults. Table 1 
shows the effect of NAD on the epimerase activity in the 
haemolysates from sixteen newborns and thirteen adults. 


Table i. EEFHOT OF EXOGENOUS NAD ON THE HPDIHRASE ACTIVITY OF 
HABMOLYSATRS 
Newborns Adults 
No NAD NAD No NAD NAD 

315 3-30 1-10 
2°29 301 0-04 1381 
167 2 88 O01 218 
2 85 8 00 0 1 64 
8-04 8 08 0 1-92 
2 83 8 40 0-02 175 
1-86 218 O14 181 
2-01 200 0-02 203 
200 2:36 0-21 123 
2-08 8 51 005 1:18 
2-04 807 010 149 
107 2 40 005 0-46 
160 2 97 0 107 
844 8°72 

108 2°20 

174 2 48 

2-18" 2 84 0°05 139 

* Mean activity, 


The effects of different NAD concentrations on epi- 
merase activity are shown in Fig. 1. Again, the results 
demonstrate that the enzyme activity in the haemolysate 
of the adult is greatly dependent on exogenous NAD 
while this is not the case for the newborn. The optimal 
concentration of NAD for haamolysates from normal 
adults is 1:25 x 10- molar, as found by Isselbacher®. At 
ten tumes this NAD concentration (1:25 x 10-2 molar), 
inhibition was observed. 

There are four possible explanations for the differences 
noted in the effects of exogenous NAD on epimerase 
activity. The concentration of endogenous NAD in the 
haemolysate of the newborn could be greater than in 
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that of the adult, but Gross has reported that the con- 
centration of NAD in red cella of newborns is about the 
game as in those of adults’. The activity of nicotinamide 
adenine dinucleotide nucleosidase (NADase) may be 
greater in haemolysates of adults. The haemolysates 
employed in the present investigations contained stroma, 
and it is known that NADase is associated with the 
stroma®™10, Another factor to be considered is the endo- 
genous concentration of glucose-l-phosphate, for the 
transferase reaction is reversible and could provide a 
source of UDPG. It also could be possible for the epi- 
merase in the newborn to differ qualitatively from that 
of adults. 

We thank Sonja Wyss for her technical assistance. 

This work was supported in part by grants from the 
U.S. Public Health Service. 


Won G. Na 

GEORGE N. DONNELL 
Joan E. HODGMAN 
WuLram R. BERGGREN 


Departments of Biochemistry and of 

Pediatrics of the School of Medicine, 

University of Southern California. 

Children’s Hospital of Los Angeles. 

Los Angeles County General Hospital. 

1 Leloir, L. F., Arok. Biochem. Biophys , 38, 186 (1951) 

’ Maxwell, B S., J Amer. Ohem. Soe., 78, 1074 (1956). 

3 Ieselbacher, K. J., Anderson, B. P., Kurahashi, K., and Kalckar, H. M, 
Science, 128, 635 (1058). 

‘Robinson, E. A., Kalckar, H. M., and Troedsson, H., Biochem. Biophys. 
Res. Commun., 18, 318 (1968). 

d Te paee Donnell, G. N., and Bergren, W. R., J. Lab. Clin. Aed., 68, 115 

‘Kabacy, G., Hodgman, J, Donnell, G. N., and Spears, B., Pediatrics, 38, 
125 (1968). 

1 Horecker, B L., and Kornberg, A., J. Biol. Chem.,175, 885 (1948). 

. Ore eas T., Schroeder, E. A , and Gabrio, B. W., J. Clin. Invest., 45, 249 

A Rubinstein, E., Ottolenghi, P., and Denstedt, O. F., Canad. J. Biochem. 
Phynol., 34, 222 (19056) 

10 Gastorowska, I , and Racunska-Bojanowska, K., Bull. Acad. Polon. Ser., 
11, 417 (1983). 


Parallel Bioassay as a Method of Identifying 
Acetylcholine 


A SURVEY of the methods used to identify the active 
principle(s) in extracts of nervous tissue possessing 
cholinomimetic activity reveals that Hosein and his 
group! have offered the only serious challenge to the 
generally accepted view that acetylcholine (ACh) alone 
accounts for such activity. As part of their oriticism of 
earlier work, Hosein and Koh? have claimed that ACh 
cannot be identified by parallel assay when it us present 
in mixtures of ‘‘materials with the same physiological 
and pharmacological properties”, In support of this they 
report results of assays of mixtures of ACh and butyryl- 
choline (BuCh) which they conducted on, the frog rectus 
abdominis muscle, the dorsal muscle of the leech and the 
guinea-pig ileum. The result of particular interest is 
that obtained from a test mixture made by adding one 
part of a solution containing an amount of BuCh equiva- 
lent in activity on the rectus to 1 ug of ACh, to one part 
of another solution contaming 1 ug of ACh. When assayed 
on the rectus muscle the expected equivalent value of 
2 ug/ml. was obtained; the leech muscle and ileum gave 
values of 1-8 and 1-7 pg/ml., respectively. The response 
of the leech is not unexpected, but because the ileum has a 
sensitivity to BuCh between one five-hundredth and one 
thousandth of ita sensitivity to ACh the value of 1-7 is 
far too high. Hosem and Koh explain the result by 
suggesting that the action of BuCh on the ileum was 
potentiated by the ACh present. 

The experiment and the conclusions drawn from it 
represent such a serious criticism of the method of parallel 
assay as a means of identifying ACh in tissue extracts 
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that we have undertaken a further expermment in order 
to test its validity. 

The experiment was carried out as follows. One of us 
made up four mixtures of ACh with BuCh (see Table 1) 
and, without revealing what the concentrations were, 
handed them to the other to be assayed on the guinea- 
pig ileum (set up as described by Pernow?). First, on this 
preparation ACh was found to have an action about 800 
times stronger than BuCh. The four solutions were then 
assayed against ACh. The values found, expressed in 
terms of ACh, are given in the fourth column of Table 1. 
Tt will be seen that they correspond closely with the 
concentrations of ACh actually present in the solutions. 
There is no evidence to suggest that the action of BuCh 
on the ileum has been potentiated by ACh. This point 
was tested further by assaying a known mixture (solution 
5 in Table 1) containing a stronger concentration of BuCh 
(5 pg/ml.) and 0-6 ug/ml. of ACh, on the ileum. This also 
gave an ACh equivalent concentration the same as the 
true concentration of ACh. These observations clearly 
dispose of the possibility of a synergistic action of the two 
esters on the guinea-pig gut. 

In the second part of the experiment the relative 
potencies of ACh and BuCh on two frog rectus muscle 
preparations were established and assays of solutions 1 
and 2 carried out (again as unknowns) on one preparation 
by an assistant who had not seen the results of the assays 
on the guinea-pig ileum. The results are shown in Table 1, 
column 5. On this preparation the potency of ACh was 2-2 
times that of BuCh; using the formula of Banister, 
Whittaker and Wijesundera‘, calculations from the assay 
values for these two solutions give concentrations for both 
ACh and BuCh which are as close to the actual values as 
can be expected from the normal assay error (+ 10 per 
cent). Solutions 1-5 were also assayed on the second 
rectus preparation. This last series of assays was carried 
out by one of us with a knowledge of what the solutions 
contained. The potency of ACh on this preparation was 
2-16 times that of BuCh. 

After they had been completed the data obtained from 
them and from the assays on the ileum were used to cal- 
culate the concentrations of ACh and BuCh in all five 
solutions, using as before the formula of Banister et al.‘; 
the results are given in Table 1, columns 7 and 8. It can 
be seen the agreement in all cases between the known and 
the caloulated results lies within 20 per cent. 

We consider that the results of this experiment com- 
pletely answer the criticisms of the method of parallel 
assay which have been made by Hosein and Koh. We 
remain at a loss to account for their very different results. 
One of the difficulties of interpretation presented by their 
paper is that they do not give full experimental details. 
For example, they do not give the potencies of any of the 
solutions which they compared with ACh, nor do they say 
how sensitive the rectus muscle was to BuCh. It could be 
that it had a much lower sensitivity than the muscles we 
tested, either because the frogs used were of a different 
species (we used Rana temporaria) or because the treat- 
ment which they used to sensitize the muscle to ACh 


Table 1. ABBAY OF MIXTURES OF ACh AND BuCh ON THE GUINHA-PIG ILEUM 
AND ON THE FROG RECTUS ABDOMINIS 


Concentration Concentration 
8olu- Tesent Assay in terms of ACh calculated from 
tion sina.) Rectus Rectus el assayg* 

Bu ACh Deum 1 2 uCh ACh 

1 0 50 060 050 072 O77 060 0-50 
2 0 60 0-40 0 88 0 67 0 70 071 0 87 
8 0 20 0 80 0 80 — 0 88 018 081 
4 0-80 0 20 0 28 — 0 60 079 0 23 
6 5-00 0 60 0 50 ~~ 810 57 0 49 


AN assays on the neum, except of solution 5, were carried out “blind”, 
The potency of ACh on the ileum was found to be about 800 times that of 
Buh; the correspon relative potencies of ACh to BuCh on reotas 1 and 
reotus 2 were 2-25 and 2-17, ively. 

= fy ae from potencies and the parallel assays on the ileum and 
Tec! h 
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had the opposite effect on its sensitivity to BuCh. It is 
also possible that the guinea-pig ileum preparation was 
not set up as we have done; the authors’ reference to 
Chang and Gaddum for information on this point is 
unhelpful because these authors did not use the guinea-pig 
ileum. 

Our present results do not stand in isolation. They 
agree with our own earlier experience that ACh can be 
distinguished quite readily from either propionyl- or 
butyryl-choline and are in line with what Chang and 
Gaddum reported. Moreover, contrary to what Hosein 
and Koh have claimed, there is no discrepancy between 
the results of Dale and Dudley‘ and the later observations 
of Banister ef al. Dale and Dudley only examined the 
identity of the ester ACh in horse spleen; although they 
go so far as to say that there was a “similarly acting 
unstable principle in the spleen of the ox” they did not 
attempt to characterize 1t further. This is very important 
because horse spleen, unlike ox spleen, only contams 
ACh (ref. 7); so the fact that their parallel assay only 
revealed ACh does not constitute disagreement with the 
findings of Banister et al.4, who detected both acetyl- and 
propionyl-choline in the ox spleen. 

We conclude that parallel assay still offers a valid first 
approach to the identification of cholinomimetic sub- 
stances. 

We thank D. Newman and P. Barker for technical 
assistance. 
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Freeze Dried Cellulose Acetate Membranes 


with 1000 A Pores 


CELLULOSE acetate has been found to be the most suitable 
material for casting porous membranes from solvent 
mixtures for use in reverse osmosis!. The aim of the present 
investigation was to examine a simple alternative method 
of producing micropores, which might be expected to 
traverse thin sections of cellulose acetate. Freeze drying 
its solutions offers such an opportunity, because removal of 
the solvent will not cause the polymer to collapse. The 
porosity of the product decreases as the concentration of 
the solution increases, and the strongest possible solutions 
were therefore investigated. 

Most solvents with freezing points in a region potentially 
useful for freeze drying have a vapour pressure well below 
1 mm at this temperature, and therefore sublime only 
slowly. Apart from water, benzene is the only other 
solvent that has been used for freeze drying; Lewis and 
Mayo? found that polymers dissolved in benzene could be 
rapidly freeze dried to constant weight, and therefore 
considerably improved the analytical separation of these 
polymers from solvents and monomers. Vinogradov and 
Titkova* obtained polymers with very large speorfic 
surfaces by freeze drying from benzene. 

p-Dioxane has a vapour pressure of 21 mm of mercury 
at its freezing pomt of 12° C. Because it dissolves large 
quantities of cellulose acetate, solutions were prepared by 
leaving mixtures of cellulose acetate and p-dioxane 
(dried by passing through a molecular sieve) in sealed test- 
tubes, with occasional shaking, at 60° C until uniform 
elear solutions were obtained. (For preparing solutions 
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containing more than 25 per cent cellulose acetate by 
weight, it was found quicker to use highly porous cellulose 
acetate that had previously been freeze dried from a 10 per 
cent solution in dioxane.) The solutions were then frozen 
at 10° C before opening the tubes in a cold room to 
avoid the formation of surface films. Solid pieces were put 
inside a glass ring on a glass plate and resealed in an atmo- 
sphere saturated with dioxane. On warming to 60° C tho 
solution spread evenly and adhered to the inside of the 
ring; after refreezmg and opening, the glass ring was 
turned over, so that both surfaces could be simultaneously 
freeze dried in a vessel which was evacuated to 10-? mm, 
while collecting the dioxane in a trap at — 80° C. 

Solutions containing up to 27 per cent cellulose acetate 
by weight could be rapidly freeze dried at 0° C. Below 
10 per cent, many pores could be seen in the product, 
while 20 per cent cellulose acetate solutions gave visually 
uniform white products. 27 per cent solutions freeze- 
dried to thin, strong, white membranes with a specific 
gravity of 0-91. Because cellulose acetate has a specific 
gravity of 1-33, 32 per cent of the volume consisted of 
pores. After several hours in benzene, the membranes 
became transparent and then had a density corresponding 
with that of solid cellulose acetate, suggesting that con- 
tinuous pores traverse the polymer. Electron micrographs 
of cuts along the direction of freeze drying confirmed that 
pores predominated in one direction, while cute at right 
angles to the direction of freeze drying showed fewer 
randomly oriented pores. The diameter of these pores 
was approximately 1000 A, which is too large to make 
them useful in reverse osmosis. 

More concentrated solutions of cellulose acetate in 
dioxane were too viscous to produce thm membranes by 
the technique described, and were therefore freeze dried 
directly in the tube in which they were made. Softening 
temperatures of cellulose acetate in dioxane of 12, 9, 5, 
— Land — 15° C were obtained for weight per cent mixtures 
of 0, 10, 20, 30 and 40 per cent respectively. 

A 31 per cent solution could not therefore be freeze 
dried at 0° C, but even fairly thick sections were satis- 
factory prepared by freeze drying at — 20° C. The pro- 
duct had a specific gravity of 1-01, corresponding to a 
porosity of 24 per cent. Approximately a day was needed 
before benzene completely penetrated the pores, the 
specific gravity then being 1-33, equal to that of solid 
cellulose acetate. Electron micrographs did not distinguish 
between the directions of cutting and showed randomly 
orientated pores of diameter about 1000 A. This suggests 
that with highly concentrated solutions of cellulose acetate, 
the present freeze drying technique decreases the number 
of pores, but not their diameter, at increased specific 
gravities. 

35 per cent solutions of cellulose acetate in dioxane 
could not be satisfactorily freeze dried in several hours at 
— 20° C. The rate of freeze drying is greatly dependent 
on the procedure used for cooling the solutions. Rapid 
cooling in liquid nitrogen produces glasses, which even at 
20 per cent cellulose acetate did not dry satisfactorily. 
It is possible that thin sections of highly concentrated 
frozen solutions, made in a microtome cryostat under 
optimum cooling conditions, may dry to give smaller 
pores than found here. 

I thank Mr. M. F. Vaughan for very helpful discussions, 
and Miss M. Robson for the electron micrographs. 
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HAEMATOLOGY 


Release of Serotonin from Human Platelets 
in Hypersensitivity States 


TuaT histamine may be released from platelets both in 
vivo and +m viro in sensitized animals and in man during 
the course of antigen-antibody reactions has been known 
for some time, and attempts have been made to use this 
phenomenon for the tn výro diagnosis of clinical hyper- 
sensitivity states‘. The liberation of serotonin as well as 
histamine from platelets by antigen-antibody reactions 
was described in detail by Humphrey and Jaques! using 
platelets from several species including man. These 
workers used sera from rabbits immunized with either 
pneumococcus polysaccharide or ovalbumin and concluded 
that the release reaction required calcium ions and plasma 
or serum for maximal activity. Heating the plasma or 
serum to 56° C reduced the amount of serotonin or hist- 
amine released. Similar results were obtained by in vivo 
studies of anaphylaxis in the rabbit showing an increase 
in the plasma histamime and serotonin levels following 
challenge accompanied by a fall in the number of circulat- 
ing plateleta’:?, The aggregation of platelets by antigen— 
antibody complexes was described by Mieacher and Cooper? 
and also by Siqueira and Nelson‘ as probably being caused. 
by the combination of the complexes with one of the 
components of complement and this final complex binding 
on the platelet surface. More recently Movat, Mustard, 
Taichmen and Uriuhara® were able to show platelet 
aggregation and adenosine diphosphate (ADP) release as 
well as liberation of histamine and serotonin by the action 
of rabbit bovine serum albumin—anti-bovine serum 
albumin. and ferritin—anti-ferritin complexes on human or 
pig platelets. They suggest that phagocytosis of the 
antigen-antibody complex releases ADP which causes 
aggregation and in turn releases serotonin, histamine and 
further ADP. 

We have used the release of serotonin labelled with 
carbon-14 from platelets as an indicator of the presence 
of antibody using rabbit ovalbumin—anti-ovalbumin as a 
test system both with rabbit and human platelets. We 
have also applied this technique in the study of patients 
recently immunized with tetanus toxoid or hypersensitive 
to either equine anti-tetanus serum or penicillin. A 
particular feature of the method is the avoidance of 
washing after labelling which is permitted by the very 
great avidity of platelets for 5-hydroxytryptamune (5-HT). 
This reduced manipulation offers considerable advantages. 
Glassware, syringes and needles were siliconized. Ten 
millilitres of blood were collected mto a syringe containing 
40 rv heparin in 2 ml. Tyrode’s solution (pH 7-4) and 
immediately mixed with a further 20 ml. ice cold Tyrode’s 
solution. This rapid dilution helps to prevent platelet 
aggregation. The mixture was then centrifuged at 120g 
at 4° C for 15 min. The platelet rich supernatant hqud 
(about 20 ml.) was aspirated and the platelet count 
adjusted to 100,000/mm!* by diluting with Tyrode’s solu- 
tion. 0-1 ue. of 5-hydroxytryptamine-3’-“C creatine 
sulphate of specific activity 79 pe./mg in 0-2 ml. 0-9 per 
cent sodium chloride was then added to 20 ml. of the 
platelet suspension. This was incubated at 37° C for 
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20 min and then divided into 6 x 2:6 ml. aliquots. To each 
of the first two aliquots was added 0-1 ml. 0-9 per cent 
sodium chloride (pH 7-4) and to the remaming four were 
added increasing concentrations of antigen m the same 
volume of 0-9 per cent sodium chloride. In the experi- 
ments using passive transfer of serum antibody duplicate 
serum controls were included. All tubes were incubated 
for 30 min at 37° C with gentle shaking by hand at 15 
and 30 min. At 30 min 0-5 ml. of suspension was aspirated 
from each tube and added to counting bottles to each of 
which 10 ml. of scintillation fluid were then added (7 g/l. 
2.5-diphenyloxazole (PPO), 0-3 g/l. 2,2-p-phenylenebis 
(5-phenyloxazole) (POPOP), 100 g/l. naphthalene in 
dioxane). The remaining suspensions were centrifuged 
at 9,0009 at 4° C for 20 min and 0-5 ml. of the supernatant 
from each tube was added to counting bottles together 
with 10 ml. of scintillation fluid. The activity of the 
supernatants used as controls subtracted from that of the 
tubes containing antigen therefore gives the amount of 
activity released by the antigen during incubation. 
Activity was measured in a Packard ‘Tri-carb’ liquid 
scintillation spectrometer. The amount of 5-HT released 18 
expressed as a percentage of that taken up during incuba- 
tion by the controls. 

With the present technique rabbit anti-ovalbumin can 
easily be detected using either rabbit or human platelets 
(Table 1). Table 2 shows results in sıx patients who have 
exhibited hypersensitivity reactions to either penicillin 
or equine anti-tetanus serum (A.T.8.). In two of these 
patients (J. H. and P. J. P.) greatest release (100 per cent) 
was observed soon after the clinical episode. In another 
(J. D.) the last known reaction occurred three years 
previously; with this subject much greater 5-HT release 
was observed on passive transfer of his serum to normal 
rabbit platelets (Table 2). 

The patient J. H. was studied during and after an 
episode of severe anaphylaxis and will be reported in 
detail elsewhere. In this patient the peak serotonin 
release occurred over & narrow range of antigen dilutions 
(Fig. 1) and this phenomenon has been observed in other 
patients also. It is evident that examination over a wide 
range of antigen dilutions may be necessary to detect 
significant serotonin release. 

Haemagglutinating antibody to penicillin was assayed 
using de Weck’s technique’. Precipitating antibody to 
anti-tetanus serum was tested by a tube precipitin 
method. 

These preliminary results show that in hypersensitivity 
states in man serotonin may be released from the in- 
dividual’s platelets suspended in his own plasma and 
challenged with the sensitizing antigen in viro. Passive 
transfer of antibody has also been demonstrated both 
from rabbit sera to normal human platelets, and from 
human sera to normal rabbit platelets. The reaction 
appeared to occur in the absence of demonstrable pre- 


Table 1. RELBASH OF SHROTONIN WITH RABBIET ARTI-OVALBUMIN 


Maximal pr cent Platelets 
HT used 


No. ofanimals Antigen dilution Tejease 


Controls 7 20,000-160,000 23 ae Rabbit 
Sensitized 7 20,000-160,000 28 8 (range 5—44) Rabbit 
Controls 2 K Human 
Benaitixed 2 10,000 28, 39 Human 


Table 2. RELEASE OF SHROTONIN IN OLINIOAL HYPERSANSITIVITY 


Subject Diagnosis Antigen dilution 
D.G. Pentolllin urticaria 5,200 
P.J. P. Pontoillin urticana 41,600 
D. R. Penlollin urticaria 186,400 
Controls (11) Recent penicilin 5,200-166,400 
therapy in 9 no reaction 
J H. A.T.8 anaphylaxıs 5,200 
J.D. A.T.B. anaphylaxis 1,600,000 
R. 8. T.8. urticaria 2,080 
Controls (7) 260-8320 
J.H. A.T.3S. anaphylaxis 27,000 
J. D. A T.S anaphylaxis 2,700 
Controls (4) 2,700-2,700,000 


Maximal por cent Platelets Haemaggtutination 
~ release of -AT used or precipitin titre 
44 Rabbit Absent 
100 Own Absent 
36 Own Absent 
6 Own Absent 
(range 0-17) 
00 Own Absent 
8 Own Absent 
40 Own Not tested- 
5 Own nt 
(range 0-12) 
19 Rabbit Absent 
42 Rabbit Absent 
Rabbit Not tested 


4 
(range 0-18) 
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Percentage release serotonin 








80 160 240 400 
ATS, (ug/ml) 
Day 26 after diagnosis of anaphylaxis of the patient J. H., a 
seventeen year old female, 


Fig. 1. 


_ -elpitating or haemagglutinating antibody in the case of 
_ ACTS. and penicillin hypersensitivity. This test may 
provide a measure of “reaginic” antibody and further 
work is in progress to test this. 
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Increased Incidence of Avian Leukosis in 
Response to Excess Vitamin A 


_ [r-has been reported that a high plane of nutrition in- 
creases the incidence of avian leukosis resulting from 
¿either natural infection’ or from inoculation with strain 
RPL-12 virus". In one experiment? the birds were 
Inaintained on different planes of nutrition only from 
hatehing until one month after inoculation with RPL-12 
. Virus, and thereafter were fed on a low plane of nutrition. 
The higher incidence of leukosis in tho birds subjected to 
nutritional excess only for a month following inoculation 
indicates an, effect mediated at or before tumour genesis. 
- In the above experiments, the different planes of nutrition 
involved different levels of many nutrients. In the 
“experiments reported here, vitamin A by itself was ob- 
served to affect the incidence of avian leukosis. 
. In the first experiment (which was not designed pri- 
marily to investigate the effeet of dietary vitamin A on 
, susceptibility to leukosis) White Leghorn cockerels of two 
“strains were fed similar diets until they were 10 months 
i old, At this time, birds of each strain were divided into 
two groups and the respective groups fed a low vitamin A 
diet with and without vitamin A supplementation. 
Vitamin A palmitate to supply 11,000 ru/kg of diet was 
added to the diet for the first month, and 22,000 rv for the 
“next. I3 months. All birds which died were examined. 
Diagnosis of leukosis was based on gross observation. The 
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fact: that all but.one of the birds dying from leukosis were 
receiving the high level of vitamin A (Table 1) suggested 
investigation of the possible involvement of vitamin A 
with susceptibility to leukosis. anes 
In experiment 2, White Leghorn cockerels of a second 
generation of strains A and B were placed on experiment 
at 6 months of age. Birds of each strain were distributed: 
at random into two groups, and were fed diets respectively. 
low and high in vitamin A for 9 months. The birds fed 
the diet low in vitamin A were given 2,200 units of vitamin 
A/kg for short periods at intervals in the course of the 
experiment whenever symptoms of vitamin A deficiency 
appeared. The birds on the high level of vitamin A were 
fed 22,000 1v of vitamin A/kg of diet. As in experiment 
post-mortem examinations were carried out. on. 
which died during the experiment. The incidene 
leukosis during the experimental period is shown in Table 














Table 1. INCIDENCE OF LEUKOSIS (EXCLUSIVE OF THE NEURAL FORM) IN 
THREE GENERATIONS OF TWO STRAINS OF WHITH LEGHORN CHICKENS FED. 
DIFFERENT LEVELS OF VITAMIN A oye 


Strain A Strain. Bo 
Low igh Low High 
vitamin A vitamin A vitamin A vitamin A 
Generation 1 Pd ae 
males 1/52 4/53 0/54 1/58 
Generation 2 FERR 
males 3/117 8/119 0/125 BLOF 
Generation 3 d 
males 2/113 4/114 0/129 8/129 
Generation 8 eae 
females 6/195 10/195 4/219 FIR 
Total incidence 12/477 26/481 4/527 OAIBOT o 
Percentineidence 2-5 t 08 pA 


In experiment 3, male and female birds of a third genera- 
tion of strains A and B were placed on two levels of yitemin 
A when they were 2 months old. The birds on a low level 
of vitamin A received a diet without vitamin A but 
containing dehydrated cereal grass as a source of carotene. 
The birds on the high level of vitamin A were fed the same 
diet but with the addition of 22,000 xu of vitamin A pal- 
mitate/kg. All birds whieh died between the ages öf 2 and 
5 months were subjected to autopsy. The incidence of 
leukosis other than the neural form is indicated in Table 1. 

As in experiment 1, the incidence of mortality from 
leukosis in experiments 2 and 3 was higher in the groups. 
fed the higher level of vitamin A. Three generations of 
birds accordingly demonstrated the response to excess of 
the vitamin. Furthermore, the effect of vitamin A was 
evident with both strains, and with both males and females. 
On the basis of the chi-square test the difference in the 
overall incidence of leukosis in the three generations of 
birds fed the low and the high levels of vitamin was highly 
significant (P<0-01). The difference in the incidence of 
leukosis between, birds fed the different levels of vitamin A- 
was also significant (P<0-05) for each of the strains 
considered separately. In experiment 3, 2-5 per cent of 
the birds showed paralysis indicative of neural leukosis. 
The incidence, however, was similar with the low and the 
high levels of dietary vitamin A. 

Investigations with high levels of vitamin A ‘have 
indicated that vitamin A is concerned in the stability and © 
permeability of the membranes of cells and organelles 
Alteration of the structure of membranes, either of ‘cells or. 
of organelles, has been implicated in the carcinogenic © 
effect of radiation and of a number of chemical agents®:?. 
It is interesting to note that whereas the response: of 
tumours to dietary protein generally parallels the response 
of the host, this is not necessarily the case when lévels of 
sulphur amino-acids are involved. Thus, it has been shown. 
that a transplanted sarcoma is established more rapidly in 
rats fed a methionine-deficient diet than in rats fed the | 
same diet supplemented with methionine!!, In view of 
the role of the sulphur amino-acids in stabilizing protein 
structure, it is significant that the effect of methionine . 
deficiency on tumour development pertains to establish- 
ment and not to subsequent growth of the tumour. There ” 
is considerable evidence that, whatever the mechanism: 
of viral tumorigenesis, abnormalities of cellular and sub- 
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cellular membranes are either induced by tumour viruses 
of are conducive to disruption of normal cell function by 
tumour viruses. It is suggested that the effect of excess 
dietary vitamin A on the incidence of leukosis in the 
present experiments may be mediated through alteration 
of membrane structure in a way favourable to tumori- 
genesis by latent leukosis virus. 
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Human Serum Antibodies against Rat Colon 
Mucosa 


Rar colon antigens have been used for haemagglutmation 
and inamunoflucrescence tests in serological investigations 
of ulcerative colitis patients’. As part of the reaction 
with the rat colon may be caused by a blood group A-like 
substance’, absorption of the sera with human group A, 
řed cella can reduce the capacity for immunofluorescent 
staining or haemagglutination, but in many cases signifi- 
ean’ activity remains. We have examined sera from 
notmal people without a personal history of eolonic disease 
and have detected, even after A cell absorption, some 

which give strong immunofluorescent staining and several 
with high haemagglutination titres. 

Twenty normal sera (18 group O, 1 group A and l 
group AB) were examined before and after human red 
cell absorption. For haemagglutination, sera were in- 

activated by heating at 56° C for 30 min, and absorbed 
twice with washed human A, cells to remove all haemag- 
glutinating activity for A cells; each serum was then 
further absorbed by a single treatment with washed sheep 
“ped cells, Tests were carried out with equal volumes of 
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Fig. 1. Rat colon mucosa stained by serum No. 11 after absorption with 
‘A, red cells, Bright fluorescent staining of glandular epithelium and 
intraluminal mucus, (x 75.) 


absorbed sera and sheep red cells sensitized with freeze 
dried antigen prepared from a phenol water extract of 
faeces from germ free rats?. For estimations of anti-A 
activity, a 2-5 per cent suspension of washed group A, cells 
was added to twice the volume of test serum, shaken, 
left for 30 min, again shaken, and centrifuged after a 
further 30 min standing. The end point was the highest 
dilution giving 50 per cent agglutination. The A, cells 
used for all absorptions and agglutinations were from the 
same individual. For immunofluorescence, blocks of rat 
colon mucosa, snap frozen in liquid nitrogen-isopentane 
mixture at — 160° C, were sectioned at 6u in a cryostat 
at —20°C. Sections, kept at 2° C, were air dried for 30." 
min, fixed in cold 95 per cent ethanol for 10 min and redried 
for at least 2h. They were stained by the sandwich method 
with goat anti-human globulin labelled with lissamine 
rhodamine B using general methods and specificity tests 
described elsewhere‘. 

The results are summarized in Table 1. All the sera 
agglutinated the sheep cells sensitized with rat faeces 
antigen and the titre was usually reduced after absorption 
with A, cells although the reduction was not always related 
to the anti-A titre of the unabsorbed sera. Seven sera 
gave immunofluorescent staining of rat colon mucosa and 
this was inhibited partially or completely after absorption 
with A, cells. Activity persisted in four absorbed sera 
and in one of these it was strong. Staining both by 
absorbed and unabsorbed sera was located in the cyto- 
plasrn of the mucosal cells and in the intraluminal mucus 
(Fig. 1). The staining was not related closely to the anti-A 
titre or to the haemagglutination titre with the sensitized 
sheep cells, 


Table I. ACTIVITY OF NORMAL HUMAN SERUM AGAINST RAT COLON ANTIGENS 


Haemagglutination titres with 








No, Age Sex Blood Anti-A sheep red cells sensitized by Tmmunofluorescent staining of rat 
group titre rat faeces antigen colon mucosa 
rum absorbed with r ae Nie y 
— Aemene e Unabsorbed Serum absorbed 
Sheep cells A, cells and serum with A, cells 
sheep colls 
1 F Q 128 64 ttt - 
2 M oO 128 32 +t + 
3 i O 64 8 - iga 
4 E O 256 128 ~ = 
5 F O 128 16 ++ + 
(ii F Q 64 4 + te 
T £ 0O 32 bed a ae 
& F Q 128 32 ~- - 
9 M 0 128 4 + + a 
10 M Q 64 32 ++ + 
at E 0 16 2 +++ bot 

12 F Q 64 16 - "m 
13 E ey 32 16 -_ ~ 
4 F O 18 8 fa m 
15 F O 18 16 ~ ~ 
16 F oO 16 8 _ - 
17 E oO 32 16 ~ ai 
18 M Q 16 8 a a 
19 M A 16 16 - ee 
20 F AB 8 4 ~ ~ 
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High haemagglutination titres and strong staining may 
result from the presence of A-like substance in rat gastro- 
intestinal tract and this demands the absorption of sera 
with human group A, cells before testing for gastro- 
intestinal-specific antibodies. Sera from a proportion of 
normal people show such antibodies sometimes in high 
titre and they cannot therefore be regarded as an index 
“of the presence of colonic disease. Reactivity between 
human sera and rat colon antigens appears to be caused 
by a number of different antibodies, some of which are 
detected better by the haemagglutination technique, 
others. by immunofluorescence, and there is no obvious 
"correlation between the two. Antibodies reactive with 
constituents of colon mucosa including any with possible 
significance in the pathogenesis of ulcerative colitis may 
he induced by bowel organisms which share antigens 


with intestinal mucosa}. 
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IMMUNOLOGY 


Protein and Nucleic Acid Synthesis in Lymph 
Node Cells of Thymectomized Rats undergoing 
a Primary Immune Response 


“NeonaTaL thymectomy in rats has been shown to impair 

the immunological response to certain antigenic stimuli. 
Measurements of this impairment have been based on the 
inability of lymphocytes from neonatally thymectomized 
animals to elicit normal homograft or graft versus host 
réactions'*. Other investigators noted alterations in 
circulating plasma proteins after neonatal thymectomy*. 
These alterations, however, did not occur in either IgM 
or IgG fractions generally believed to be responsible for 
many antibody~antigen reactions. 

The present laboratory group has shown that lympho- 
cytes from neonatally thymectomized rats are capable of 
enlarging when stimulated with either PHA or homologous 
lymphocytes’. It may therefore be that the immuno- 
logical impairment in such cells involves some reaction 
other than enlargement phenomena*~* such as an inade- 
quate production of protein. Defective or insufficient 
synthesis of protein of some variety other than the IgM 
or IgG immunoglobulins may underlie the immuno- 
logical fault. 

The purpose of the present work was to analyse protein 
and nucleic acid synthesis in the cells of the popliteal 
nodes of thymectomized and non-thymectomized rats 
during the initiation of a primary immune response. 
“Protein synthesis was determined by autoradiography, 
and colorimetric techniques were used to determine DNA’ 
and RNA® concentrations. 

Lewis rats less than 24 h old were thymectomized 
shortly after birth and allowed to mature 6-8 weeks. 
Control animals were not thymectomized. Both thymec- 
tomized and control series were stimulated antigenically 
by an injection of 0-05 c.c. of pertussis vaccine (Lilly, 
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V-1035 pertussis vaccine, fluid) under the skin of the foot 
pad 1 h before being killed; each animal received intra- 
venously 4 ue./g body weight of tritiated leucine (specific 
activity 5 c./mmole), a radioactive amino-acid. Popliteal 
nodes from thymectomized and non-thymectomized 
animals were taken at 1/2, 3/4, 1, 2, 3, 5, 7 and 9 days 
after pertussis stimulation and were teased in serum in 
order to make smears for autoradiography. Autoradio- 
graphs were prepared with ‘Eastman Kodak NTB 
emulsion and exposed for 5 weeks. After being developed 
and stained with MacNeal’s tetrachrome, the autoradio- 
graphs were analysed for average grain count. per cell 
and for the percentage of labelled cells among the various 
sizes of lymphocytes present. A second series of thymec- 
tomized and non-thymectomized Lewis rats were stimu- 
lated as already outlined; they were then killed and the 
popliteal nodes analysed for nucleic acid content by 
colorimetric procedures™’, After death, the mediastinum 
of each animal was inspected directly to make sure that 
no thymus tissue was present. 

Gross morphological observations of the reacting 
popliteal nodes indicated that they attained a greater 
size in non-thymectomized rats. The inerease was shown 
to be in response to increased cellular proliferation in the 
non-thymectomized animals. The relative number of 
cells in the popliteal nodes of non-thymectomized. and 
thymectomized animals was determined from the total 
amount of DNA in the respective nodes (Fig. 1). One 
other striking feature which could be observed grossly 
was the significant lack of inflammatory response in the 
stimulated nodes from animals which had been neonatally 
thymectomized. 

The results of autoradiographic studies agreed with the 
previous observation® that the primary response to per- 
tussis vaccine is overwhelmingly that of a lymphocytosis 
in the proliferating lymph nodes, although a slight inerease 
in reticular cells also occurs. The most heavily labelled 
cells in the stimulated popliteal nodes were the large 
lymphocytes in both thymectomized and non-thymectom- 
ized animals. Fig. 2 shows that the intensity of labelling 
of large lymphocytes in thymectomized animals was 
relatively constant throughout the primary immune 
response. A slight rise was noted between day I and 
day 5. In contrast to the large lymphocytes in thymec- 
tomized animals, the large lymphocytes in non-thymec- 
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Fig. 1. ‘The total number of nucleated cells in the reacting popliteal 

iymph node from thymectomized and non-thymectomized rats paring) oo 

the primary immune response to pertussis vaccine. total eelt: 

number was derived from the DNA content of a single node taken atthe 
various intervals studied. 




















protein synthesis during the primary response. 

- Fig. 3. shows the labelling intensities in medium lympho- 
eytes from thymectomized and non-thymectomized 
‘animals. The medium lymphocytes from non-thymec- 
‘tomized animals showed an initial drop in labelling inten- 
e day 1. The intensity then increased rapidly 
fter which time it remained relatively constant 
t the remaining intervals. The thymectomized 
wain showed less intense label throughout the 
portion. of the primary immune response studied 
As in. the case of the large lymphocytes from 
ectomized animals, the intensity of label over 
. medium cells changed only moderately to show a maximum 
cat the fifth day. 
Fig: 4 shows the labelling intensities of the small 
lymphocytes. The labelling in these cells did not differ 

greatly between thymectomized and non-thymectomized 
= animals. The small lymphocytes from non-thymectomized 
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Fig, 3. Labelling intensity of medium lymphocytes in pertussis stimu- 
< Jated popliteal lymph nodes of thymectomized and nor-thymectomized 


rats after the administration of tritiated leucine. 


1, APRIL 15. 1967 






Small lymphocytes — 
CO Non- thymectomized 
Qp Thymectomized 





2,000 


count x 100 


1,000 


Percentage label x grain 


Time (days) 


Fig. 4. Labelling intensity of small lymphocytes in pertussis stimulated 
popliteal lymph nodes of thymectomized and non-thymectomized rats 
after the administration of tritiated leucine. 
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Fig. 5. Colorimetric methods were used to show the quantity of DNA 

and RNA per milligram of popliteal lymph node in thymectomized and 

non-thymectomized rats during the primary immune response to 
pertussis vaccine. 


rats were, however, slightly, 
heavily labelled. 

Since small lymphocytes are not very active metaboli- 
cally until they are stimulated to enlarge’, and since they 
are not believed to be significant producers of immuno-. | 
proteins! ", it is expected that defects in protein synthesis _ 
in lymphocytes would be more readily detected in large. 
and medium rather than small cells. In agreement with 
this expectation the present results show major deficien- 
cies only in the larger members of the lymphocytic series 
from thymectomized rats. 

Fig. 5 shows the results of the nucleic acid analysis, 
The results from the thymectomized animals complement 
the data obtained from the autoradiographic studies in 
that the nearly constant RNA/DNA ratio suggests the 
relatively constant protein synthesis which was seen in. | 
these cells during the primary immune response. Likes 
wise, the rapidly increasing RNA/DNA ratio in the non- 
thymectomized animals agrees with the autoradiographic 
data showing an increased protein synthesis in the large 
and medium lymphocytes in the series. a 

To sum up, neonatal thymectomy has the following 
three effects on lymphocytes of the popliteal node under- | 
going a primary immune response to pertussis vaccine: 
(1) it decreases. cellular proliferation in the stimulate 
node; (2) it decreases protein synthesis in large and 
medium lymphocytes; (3) it. decreases. the amount o 
RNA in each:cell. ee 


but consistently, more 
































sodium. chloride. 
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Fixation of Antigen-Antibody Reaction by 
Glutaraldehyde 


‘GLUTARALDEHYDE, a di-aldehyde fixative, has been found 
to bind antibodies rapidly and permanently to antigens 
:of red blood cells. The system investigated and described 
in this report was similar to that used by Evans et al. in 
which purified cold agglutinins (anti-L1), labelled with 
< dodine-131 or iodine-125, were incubated with human 
adult (I-positive) or umbilical cord (I-negative) erythro- 
eytes. Cold agglutinins react strongly with I-positive cells 
at low temperatures, but at 37° C they have almost no 
avidity and are rapidly released into the fluid medium. 
Even at low temperatures the avidity of cold agglutinin 
for I-positive erythrocytes is not sufficient to prevent 
elution of significant amounts of antibody as the cells are 
washed in large volumes of buffer. During kinetic and 
equilibrium investigations of cold agglutinins it became 
apparent that ordinary techniques for “instantaneous 
sampling’, that is, rapid centrifugation of samples, 
collecting of supernatant, and washing cell buttons one to 
three times, did not prevent continuing shift of antibody 
from cells to supernatant nor allow measurement of ex- 
tremely rapid change effected by variations in temperature. 
The use of glutaraldehyde to circumvent these difficulties 
was considered because this fixative has two reactive 
aldehyde groups which might attach simultaneously to 
antibody and antigen and bind them firmly together. 
Erythrocytes (0-1 ml., 10 per cent) and 0-4 ml. of barbital 
buffered saline at pH 7-4, = 0-15, containing 2 per cent 
bovine serum albumin (BSA), and cold agglutinins labelled 
with iodine-131 or iodine-125 were incubated in 12 x 100 
mam glass test-tubes. The tubes were coated with the dried 
residue of a single wash of 1 per cent bovine serum 
„albumin in 0-15 molar sodium chloride to reduce the 
adsorption of radioactivity to glass’. Glutaraldehyde 
(2 ml., 1 per cent) adjusted to the same temperature as the 
mixture of erythrocytes and agglutinin, in phosphate 
buffered saline at pH 7-4, u= 0-15, was added rapidly with 
an automatic syringe. After centrifugation at room tem- 
perature, the supernatants were decanted, and the cell 
buttons were washed twice with 4-0 ml. of 0-15 molar 
The entire incubation tube was then 
-counted for “‘cell-bound” radioactivity. Cell-bound 
radioactivity was also calculated by subtraction of the 
ep.m. of the supernatant material separated from the 
cells after incubation, from the total number of c.p.m. 
added initially as iodine-131 or iodine-125 cold agglutinins. 
= > Tho data in Table 1 indicate that glutaraldehyde 
fixation did not alter the reaction of cold agglutinin with 
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erythrocytes qualitatively. as compared: with controls: 
maxiniuum antibody adsorption occurred at low temperature, 
and umbilical cord (I-negative) erythrocytes: adsorbed 
much less cold agglutinin than adult erythrocytes. At 
all temperatures, however, adsorption of cold agglutinins 
appeared to be greater where glutaraldehyde fixation was 
employed. This increase represented a closer approxima- 
tion of true antibody-antigen combination at any instant, 
because values of cell radioactivity obtained by direct and 
indirect methods were very similar in glutaraldehyde- 


fixed reactions, but rather diverse in buffer controls in. 2 


which significant radioactivity was lost in supernatant or: 
wash solutions, thus resulting in low or even “negative 
values” of cell radioactivity. Most significant of the 
effects of glutaraldehyde shown in Table 1 is tha 
radioactivity was fixed to erythrocytes, washing at higher - 
temperatures did not remove it, indicating irreversible 

attachment of antibody. It was also found ‘that the 

amount of iodine-125 cold agglutinins permanently fixed’ 
to cells after an incubation at 1° C was the same whether 
the glutaraldehyde buffer added was at 1° Cor 87° €. 

In contrast, addition of ordinary buffer at 37% C caused 

elution of over 90 per cent of the radioactivity despite 
rapid centrifugation and separation of cells from. buffer 
within 1 min. Obviously, fixation by glutaraldehyde in 

this system is almost instantaneous. ; 

Pre-treatment of erythrocytes by glutaraldehyde. re- 
duced the uptake of iodine-125 cold agglutinins to. 10 per 
cent of the normal, indicating that most, but: not: all, 
I-antigens were destroyed. oe 

Ultracentrifugation in a sucrose density gradient? of 
mixtures of iodine-131 cold agglutinins in various: con- 
centrations of glutaraldehyde demonstrated that the 
sedimentation rate of the cold agglutinins increased 
directly with the concentration of the glutaraldehyde 
used. It was concluded that the increase was caused. by 
accumulation of molecules of glutaraldehyde direetly ‘on 
cold agglutinin molecules rather than by polymer forma- 
tion because the activity peaks were sharp and symmetrical 
and because no new peaks appeared. Haemolytie and 
agglutinating activities were recoverable from controls 
but not from the gradients of cold agglutinins: treated 
with glutaraldehyde, indicating total inactivation of these 
antibody properties. ; 

Cold agglutinin labelled with iodine-125 was used ‘in 
autoradiography with erythrocytes after fixation ‘with 
glutaraldehyde. Control autoradiographs indicated that 
cold agglutinins eluted from the cell and caused a high 
background of grains when not fixed. The high background 
granularity was eliminated by fixation with ghitaralde- 
hyde and washing before exposure. 

Minor problems occurred in the use of glutaraldehyde 
as described. A “gummy” quality of fixed cells: made 
their re-suspension after centrifugation more difficult. If 
protein concentration was large or the volume of. glutar- 
aldehyde buffer was small, jelling of the mixture occurred. 
There was a colour change in protein suspensions after 
addition of glutaraldehyde, as well as a decrease in pH. 









Table 1. EFFECT OF GLUTARALDEAYDE ON THE ADSORPTION OF TODINE-125 
COLD AGGLUTININ TO ERYTHROCYTES : 


Red Incubation Wash Control Glutaraldehyde 
blood temperature temperature (c.p.m. of cells) (e.p.m of cella} 
cells °C) (°C) Direct Indirect Direct ` Indirect 
Adult 1 1 22,580 $6,820 37,570 37,800 
Adult 1 20 840 36,050 : 
Adult 1 37 240 32,200 
Adult 1 56 33,120 a 
Adult 20 20 90 —200* 580 800 
Adult 37 37 60 140 80 ~ 100* 
Cord 1 1 2,400 4,410 
Cord 20 20 60 Ri 
Cord 37 37 60 70 
Adult (pre- 

treated 

with GA) 1 1 2,100 


* Negative values, representing sampling errors of supernatant, océur 
when the amount of cold agglutinin in the supernatant approaches the total 
amount added originally. : ee 
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Both of these changes were greater at 37° C than at 1” C. 
Neither change seemed to affect results. 

Use of di-aldehydes to fix non-antibody proteins to 
red cells has been reported’, but only a very small amount 
of the protein present becomes attached to the cells. It is 
remarkable that glutaraldehyde failed to fix red cells to one 
another, even when they were present in a large concentra- 
tion and failed to aggregate cold agglutinins in the con- 
centrations used. The fixation of antibody specifically to 
its antigen or the jellification of large concentrations of 
proteins by glutaraldehyde probably means that two 
protein molecules become close enough together to allow 
bridge formation by the molecule of glutaraldehyde. 

‘The fact that glutaraldehyde acts instantaneously to 
fix antigen-antibody reactions, while at the same time 
inactivating antibody completely and antigen partially, 
has made glutaraldehyde very useful in kinetic investiga- 
tions. Tt may also prove useful in work on enzyme-substrate 
interactions, autoradiography of labile components, and 
the relationship of hormones or proteins to “‘carrier 
proteins”. 
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Antigen Deletions in Carcinogen-induced Rat 
Hepatomata 


Norman tissue antigens have frequently been shown to be 
absent from experimentally induced tumours. Thus 
immunohistological studies have shown the loss of kidney 
antigens in stilboestrol and X-ray induced kidney 
tumours!?, of skin antigens in 3-methylcholanthrene- 
induced mouse squamous cell carcinomata* and certain 
muscle antigens in 3-methylcholanthrene-induced rat 
rhabdomyosarcomata’. By far the most extensively 
studied class of tumours are the chemically induced hepa- 
tomata where deletion of liver antigens has been shown in 
tumours induced with 4-dimethylaminoazobenzene*-’, 
diethylnitrosamine* and 2-acetamidofluorene® in the rat 
and o-aminoazotoluene in the mouse!*. Previous studies’ 
defined the number and subcellular distribution of normal 
rat liver antigens deleted from primary hepatomata 
induced with 4-dimethylaminoazobenzene. These studies 
have been extended to compare the pattern of antigen 
deletions in rat hepatomata induced with 2-acetamido- 
fluorene and diethylnitrosamine using both primary and 
transplanted tumours. 

Tumours were induced in inbred Wistar rats of both 
sexes by continuous oral administration of carcinogens. 
4-Dimethylaminoazobenzene (DAB) was fed at a level of 
0-06 per cent in a low protein rice diet for 3 months 
followed by basal rice diet for a further 2-3 months. 
9.Acetamidofluorene (AAF) was administered continu- 
ously at a level of 0-04 per cent in standard diet (MRC41B) 
and under these conditions hepatomata regularly devel- 
oped.in male rats after 7 to 9 months. Diethylnitrosamine 
(DENA) was administered continuously in the drinking 
water at a level of 1-5 mg/day until tumours developed 
after about 6 months. Primary tumours and normal 
rat liver were perfused in situ and collected as before’, 
Tumours were transplanted into isogencic rats of the same 
sex as that of the primary host. Fractionation of tissues 
into soluble proteins (cell sap) and microsomes by ultra- 
sentrifugation, immunization of rabbits with normal rat 
liver fractions and immunodiffusion analyses in Petri 
dishes were all conducted as previously described’. 
Rabbit antisera were exhaustively absorbed with normal 
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rat serum before use in immunodiffusion studies. The 
protein content of tissue fractions was estimated! before 
use and diluted to a common concentration for compara- 
tive studies. 

Agar gel double diffusion analyses of the soluble cell 
sap fractions from five transplanted hepatomata, originally 
induced with DAB, showed that in every case three major 
antigens of normal liver were deleted (Fig. 1). These 
three normal liver antigens were not detected in cell sap 
fractions of a transplanted hepatoma originally induced 
with DENA, but only two antigens were deleted in trans- 
plants of tumours induced with AAF (Fig. 1). That the 
deletions observed in transplanted hepatoma represented 
qualitative changes rather than quantitative alterations 
in the concentrations of normal liver antigens was con- 
firmed using agar gel plates into which tumour cell sap 
(2 mg/ml.) was incorporated’. By this means, antibody 
reacting with tumour antigens can be excluded from 
diffusing into the agar gel so that no precipitation bands 
are formed against tumour fractions, In contrast, antibody 
to the normal liver antigens which are deleted from tumour 
can diffuse into the gel and so is available for reaction 
with normal liver cell sap. Using this procedure, it was 
confirmed that two normal liver antigens were deleted 
from the transplants of the AAF-induced tumours and 
three were absent from DENA-induced tumours. 

Examination of cell sap fractions of one primary AAF- 
and two primary DENA-induced hepatomata showed that 
of the three normal liver antigens deleted in transplanted 
tumours (originally induced with these carcinogens) only 
one was deleted from these tumours although the other 
two were greatly reduced in concentration in the DENA- 
induced tumours. These findings are summarized in 
Table 1 where the major antigens detectable in normal 
liver have been numbered starting from that showing 
reaction nearest to the antiserum well (Fig. 1). Under 
the conditions of these experiments a group of weak 
reactions with beth tumour and normal liver cell sap 
fractions close to the antiserum well were not fully 
resolved. As observed with primary DAB-induced hepa- 
tomata’, however, one of those normal liver components 
appeared to be present in tumour in an increased amount. 

Analysis of deoxycholate solubilized tissue microsome 
fractions also revealed the deletion of three of the five 
detectable normal liver antigens in all five transplanted 
hepatomata originally induced with DAB (Fig. 2). These 
findings compare with the earlier studies’ where two and. 
sometimes three normal liver antigens were undetectable 
in microsome extracts of primary DAB-induced tumours. 
These same three antigens were shown also to be absent 
from transplants of hepatomata originally induced with 
AAF and DENA (Table 1). In contrast, two of these 
antigens were still present although in reduced concen- 
tration in primary tumours induced with AAF, while 
primary tumours induced with DENA lacked two of these 
normal liver antigens (Fig. 2). These results are also 
summarized in Table 1, numbers having been assigned to 
the antigens that are detectable in normal liver micro- 
somes. 

In general fewer normal liver antigens were deleted 
from primary tumours when compared with tumours 
whieh had been passaged for only a few generations. 





Table 1. NORMAL LIVER ANTIGENS DETECTED IN CARCINOGEN-INDUCED RAT 
LIVER TUMOUR FRACTIONS 


Normal liver antigens detected 


Tamour and Cell sap Microsomes 
transfer generation* 1 2 1 2 3 4 5 
D20/1; D23/7; D304; 
DB1/4; D41/5 = ~ ~= - + + sass fa 
AAF/primary + ~= + _ + + + K 
Weak Weak 

AAFS/3 + ~ - s 4 4 D L 

DEN A/primary~1 + ~ + ~ + + -+ a 
Weak Weak Weak 

DENA/primary-2 + ~ + = + + fe = 
Weak Weak 

DENAI/4 == = Sa ees + + was ss 


*D, AAF, DENA: tumours induced by 4-dimethylaminoazobenzene, 
2-acetamidofiuorene and diethylnitrosamine respectively, 
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“Some of the normal liver antigens demonstrable in primary 
turnours, however, were only present in greatly reduced 
quantities and this could point to the presence of a small 
proportion of normal liver cells which are selected against 
on transplantation. Alternatively, it may be that further 

antigenic deletions result from transplantation, as Wood- 
ruff and Symes” suggested that tumour specific antigen 

“in, spontaneous mammary carcinomata may be deleted 
following transplantation. 

While individual tumours showed a varying pattern of 


antigenic deletions, there was a common group of anti- 


gens from which deletions occurred in the whole range of 
‘primary and transplanted tumours irrespective of the 
carcinogenic agent. Thus, while transplanted tumours 
induced by both DAB and DENA differed most from 
normal liver, having lost three cell sap and three miero- 
somal antigens, the deletions observed in other primary 





Fig. 1. 





Pig, 2. 


Figs. 1 and 2. Agar gel precipitation reactions of tissue fractions with 

rabbit antisera prepared against normal rat liver cell sap and microsomes, 

anti CS, Rabbit anti-normal rat liver cell sap; NCS, normal rat liver cell 

sap; DCS, D23 tumour cell sap; AA FCS, AAKS tumour cell sap; anti M, 

rabbit anti-normal rat liver microsomes; NM, normal rat liver micro- 

somes; DM, D4l tumour microsomes; DENA M, DENA/primary-2 
tumour microsomes. 
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and transplanted hepatomata were all from this group of 
antigens. These findings contrast with other studies of 
ours which demonstrate tumour specific antigens capable 
of eliciting transplantation immunity in DAB- and 
DENA-induced hepatomata, as in this case, each tumour 
has a specific antigenicity and no cross reactions have been, 
observed. 
Little is yet known about the part the antigens which 
e deleted from tumour play in the function and homeo- 
atie processes in normal liver, although Freed and Sorof* 
have shown that a group of soluble liver proteins (h 
proteins) known to be absent from rat hepatomata 
induced by carcinogens have a profound effect on the 
mitotic rate of liver cells. If a causal relationship exists 
between, the deletion of normal antigens and carcinogene- 
sis, however, the present findings of similar patterns 
of antigenic modification induced by various hepato- 
carcinogens suggest some common link in the carei- 
nogenic process elicited by these compounds. This might, 
for example, reflect interaction with common sites: on 
the cell surface, since Sachs has postulated that such 
interactions could directly induce transformation of 
normal cells to tumour cells. Such a concept is supported 
by the findings** that components of normal rat liver cell 
surface which combine with 2-acetamidofluorene are not 
present in induced tumours. These hypotheses suggest 
that further comparative studies on the influence of 
hepato-carcinogenic agents on the cell surface antigens of 
liver and induced tumours could provide evidence of the 
similarity of action of these compounds. ; 
This work was supported by the British Empire Cancer 
Campaign for Research. 
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Induction of 19S Antibody Synthesis without 
Stimulation of Cellular Proliferation 


ANTIGEN ovokes a heterogencous immunoglobulin response 
in which each molecular species ia probably synthesized 
by a different cell population! *. Although recent reporta?-* 
have suggested that antigen stimulates both proliferation 
and antibody synthesis in the same lymphoid cell, these 
two functions may not necessarily be associated in all the 
types of cells which respond to antigen. This possibility 
was examined in cella making 198 antibody—one of the 
four antibody classes known in the mouse’. 

This type of antibody is the first detectable during the 
primary immune response and its increase in the serum 
is accompanied by arise in the number of cells forming 
antibody observed by the Jerne haemolytie plaque 
method. Jerne et al, have shown, that the number of such: 
cells producing 198 antibody increases from a few dozen 
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at the time of immunization to almost 100,000 on the 

fourth day afterwards, and they have suggested that this 
results from exponential growth of the initial clone 
stimulated by antigen’, 

An alternative explanation is that antibody synthesis 
and the accompanying morphological and biochemical 
‘evidence of differentiation are induced by the antigen 
in a population of cells that is already present. Although 
such cells may proliferate in the course of normal tissue 
renewal; it is suggested that antigen does not prefer- 


4 bees 
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entially stimulate their growth above pre-immunization 
rates. This communication presents a test of these pro- 
positions, using mouse spleen cells, and provides evidence 
in favour of the latter view. 
- We measured the cumulative DNA synthesis in single 
making haemolytic 19S antibody. The cells were 
fied by the Jerne plaque method", slightly modified 
field permanent preparations on microscope slides 
suitable for autoradiography. The total amount of new 
“DNA synthesized by these cells from the moment 
C57BL/6J mice were immunized until the time they were 
killed was estimated by maintaining a continuous infusion 
‘of tritium-labelled thymidine throughout the whole 
period. The concentration of the labelled thymidine was 
-kept constant in intact animals by a modification of the 
osmotic pump devised by Little et al... For many days 
this apparatus reliably delivered radioactive thymidine to 
a subcutaneous site at a constant continuous rate of about 
l-uejg body weight/day. Slides bearing haemolytic 
plaques prepared from the spleens of constantly infused 
mice were coated with Kodak NT'B-2 emulsion, exposed 
for 80 days, and developed. 

‘According to the two propositions outlined here, one 
of two results can be expected. If the 50,000 cells forming 
antibody observed on the fourth day after immunization 
(Big. 1) were the direct descendants of an initial clone of 

“about twelve cells, a minimum of about twelve mitoses 
would be required to produce them. Under the experi- 
‘mental conditions, in which labelled thymidine was 
‘eonstantly present throughout these first 4 days, it is 
probable that labelled molecules were added to the DNA 
of these cells during each of these hypothetical genera- 
‘tions. If this hypothesis were correct, when observed on 
the fourth day cells forming antibody should be heavily 
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Fig. 1. Number of plaque-forming cells found per whole mouse spleen, 
“CO7TBLIGT mice immunized on day 0. Hach point is the mean oF four 
: oie mice killed on days shown, 
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Fig.2. Grain count distribution of spleen cells from mouse No. 50, This 
mouse was infused with tritiated thymidine from time of immunization 
on day 0 until it was killed 4 days later. Grain counts are combined in 
groups of ten, except counts of between 0 and 19 grains per cell, which are 
plotted individually. Background counta observed on non-antibody 
forming lymphoid ceils are precisely described by a Poisson distribution; 
99 per cent of background cells have seven or less grains. Patterns of 
counts on both sorts of lymphoid cells from mice infused for 3-5 days after 
immunization were the same as this figure, O--~-O, 108 antibody 
forming cells; @ ---@, non-antibody forming lymphoid cells; 

@----@, band forms of granulocytes. 


labelled by this continual accumulation of isotope. Con- 
versely, failure of these cells to become heavily labelled 
would be strong evidence against such a proliferation 
scheme. Such a finding suggests that the curve shown in 
Fig. 1 does not represent the appearance of new cells, 
but rather the appearance of 'a new function, that is, the 
synthesis of specific antibody. 

The results are shown in Fig. 2. Three types of spleen 
cells were identified and grain counts made on each: 
(1) cells forming 19S antibody; (2) as controls, all other 
lymphoid cells not making antibody; (3) as a second 
control, a cell type known to be the product of rapid 
proliferation—-the band form of the granulocyte. 

The bands which had passed through at least three «_ 
mitoses'?)14 were heavily labelled with a mean of sixty- 
two grains per cell; none had less than thirty-seven: 
grains. This reflects the accumulation of isotope during = 
successive generations. Although slightly immature, 
bands no longer divide, and after their last division into: 
the diploid state, they neither incorporate thymidine nor 
synthesize DNA (refs. 15-17). The sharply peaked normal 
distribution of their grain counts is to be expected ofa 
group of uniformly labelled diploid cells that no longer 
incorporate thymidine. These cells were used as a relative: 
measure of the amount of isotope incorporated by a” 
rapidly dividing population. They were also useful asa 
biological control of the constancy of the rate of infusion 
of thymidine to supplement physical measurements, 
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In contrast, the grain counts on most cells forming 19S 
antibody were much smaller than those of the granulo- 
cytes; a mean of 32 grains per cell was obtained. A few 
_eells, although synthesizing antibody, had no label above 
background; only occasionally was a cell with high grain 
counts seen, probably because it was caught in the G-2 
“period. 
‘The grain counts on spleen lymphoid cells not producing 
antibody were also low, with a mean of 33 grains per cell, 
-and this was especially significant. The distribution of 
=o grain counts on cells not producing antibody is not sig- 
nificantly different by the y? test (P < 0-01) from the 
distribution of grains on 19S cells. Labelled cells not 
making antibody comprised about 20 per cent of all 
lymphoid cells and were mostly medium and large 
lymphocytes, while the remaining unlabelled 80 per cent 
were mostly small lymphocytes. 
_ Seven, mice were prepared and examined on the third, 
fourth and fifth days after primary immunization. The 
| results obtained did not significantly differ from those 
. shown in Fig. 2. Seven mice were also prepared using 
_thymidine-2-“C at a specific activity and infusion rate 
that delivered several orders of magnitude less absorbable 
radiation to the cells than tritium. The tritium and carbon 
: = oresults showed no differences. 
> Our findings suggest that antigen does not prefer- 
 entially stimulate an increased rate of DNA synthesis in 
198 cells. It is evident that the total amount of DNA 
synthesized in 4 days is the same in 198 cells and in 
‘about 20 per cent of all other spleen lymphoid cells. The 
_- fesults also do not support the possibility that logarithmic 
-o growth through twelve divisions accounts for the large 
numbers of 198 cells found after 4 days because they 
have synthesized less DNA in this time than maturing 
granulocytes—-cells which have passed through far less 
than twelve divisions'*-1’, 

Although DNA synthesis and mitosis obviously occur 
in 19S cells, these functions may not be necessary for the 
synthesis of 195 antibody. The findings of Sterzl!? and 
others’? that inhibition of DNA synthesis had little or no 
effect on this phase of the immune response tend to 

“support these conclusions. Furthermore, Leduc et al. 
_-oshowed that when cells forming antibody were observed 
cby immunofluorescence 4-6 days after primary immun- 
ization they were scattered about singly in the lymphoid 
tissues, not in the clusters to be expected after repeated 
gell division. 
> The only change observed during the 19S response 
_. that can be ascribed to antigenic exposure is the synthesis 
of specific antibody protein by a group of lymphoid cells. 
“It is probable that antigen functions only to induce 
“protein synthesis in 198 cells—at least in the system 
“described here. This is similar to the induction of enzyme 
synthesis in bacteria, as demonstrated by Monod®!:®, in 
which the presence of an inducer causes only the rate 
of protein synthesis to change and not the growth 
rate. 

_ The results suggest that there is a distinct difference 
between the rate of appearance of the antibody forming 
function in 198 cells, as shown in Fig. 1, and the rate of 
growth of these cells. Sterzl et al. have examined this 
question in newly born and germ-free animals and have 
reached similar conclusions®*, 

This work was supported by the Medical Foundation, 
Inc., Boston, and was presented at the fiftieth annual 
“meeting of the Federation of American Societies for 
Experimental Biology on April 13, 1966. 
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Features of Antibody Formation in Neonatally 
Thymectomized Mice ie 


THE production of antibody to some antigens is suppressed 
in neonatally thymectomized micet. A dissociation of 
immunological reactivity in such mice has been estab- 
lished*’. The primary response is inhibited to sheep 
erythrocytes but is retained to live influenza virus and 
typhoid Vi-antigen. Re-immunization of neonatally 
thymectomized mice restored the normal formation of 
antibody to sheep erythrocytes‘. In thymectomized 
mice, in which immunological reactivity has been recovered 
by re-immunization, the regional lymphatic nodes restore 
their normal histological patterns. Zinzar® has demon- 
strated that neonatally thymectomized mice can’ also 
produce antibody to sheep erythrocytes after primary 
immunization. In this case, antibody production begins 
later, but continues for a longer time than is normal. 
Antibody titres can be even higher than in normal animals: 
Sinclair? has obtained very similar results, but in his 
experiments the antibodies to sheep erythrocytes in 
thymectomized mice never reached the titres of normal 
mice, 

We describe below an investigation of antibody response 
to O-typhoid antigen and sheep erythrocytes in neonatally 
thymectomized mice. The C57BL/6 mice were thymec: 
tomized during the first 18 h after birth; methods have 
been described previously’. The mice were immunized 
by a single intraperitoneal injection of 0-5 ml. of 20 per 
cent sheep erythrocytes or by two intravenous injections 
of 10y typhoid O-antigen with 2 weeks between them. 
Antibodies to sheep erythrocytes were determined by 
an agglutination test with 0-25 per cent erythrocytes 
suspension, Antibodies to typhoid O-antigen. were 
checked by means of agglutination of human erythrocytes 
group O coated with O-antigen. 

Fig. 1 shows the antibody titres to sheep erythrocytes 
after one antigen injection during different periods. In 
experiment A the mice were immunized at the age of 3:5 
weeks, One group was bled 1 week after immunization; 
and the second group was bled 3 weeks after immuniza- 
tion. It is clear from Fig. 1 that the average geometrical 
titre in thymectomized mice of the second group was 
significantly higher than in the first group. In experiment 
B the mice were immunized at 10-12 weeks, and were bled. 
l and 2-5 weeks after immunization. The antibody titre 
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Fig. 1, Primary response to sheep erythrocytes in thymectomized and 

control. mice during different periods after immunization, Numbers in 

cirelog indicate the period (weeks) between the injection of antigen and 
bleeding, Log, antibody titres are indicated on the ordinate. 
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Fiz. 2. Primary and secondary response to typhoid O-antigen in thymec- 


tomized and control mice. Legends same as in Fig. 1. 
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increased significantly in these mice during a week and 
a half. It is obvious that neonatal thymectomy does 
not prevent antibody formation to the sheep erythro- 
cytes, In this case, the antibody production is only 
delayed. After a prolonged period, antibodies reach a 
high titre. 

The antibody titre in thymectomized mice immunized 
at 10-12 weeks was greater compared with mice 
immunized at the age of 3-5 weeks (Fig. 1). 
This difference is statistically significant (P 
>001). At the same time, the difference 
between thymectomized and control mice, | 
week after immunization, was also significant. 

“The features of antibody formation in neo- 
natally thymectomized mice to typhoid O-anti- 
gen wore similar to the reaction against sheep 20 
erythrocytes: the primary response (1 week 


after immunization) was suppressed. The ps 
secondary response was unimpaired (see 


Fig. 2). 

In another experiment the mice were immun- 
ized with typhoid O-antigen and 2 weeks later 
they received a single injection of O-antigen 
and after 3 weeks they were immunized with 
sheep erythrocytes. The antibody titres to the 
second antigen in thymectomized mice after 
such immunization were the same as those to 
the titres of unthymectomized controls (see 
Fig. 3, experiment A), Immunization with 
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the same antigens, im reverse succession (one injec- 
tion of sheep erythrocytes followed by two immuniza- 
tions with QO-antigen), gave similar results (see Fig. 3, 
experiment B). Enforced immunization induced the nor- 
mal antibody response to antigens to which the primary 
antibody response in thymectomized mice is strongly 
retarded. 

The evidence presented here suggests that® the immune 
response in neonatally thymectomized mice is impaired 
in the stage connected with lymphocyte function. We 
suggest that the prolonged antibody production in 
neonatally thymectomized mice is caused by the enhanced 
proliferation of the immature cells of the plasma series 
and retardation of their maturation. The lymphocyte 
depletion in the lymph nodes and spleen of neonatally 
thymectomized mice has been described many times'~*. 
At the same time, there is enhanced proliferation of the 
reticular cells and immature cells of plasma series*. 

The impairment of reciprocal equilibrium of the lympho- 
cytes and cells of the plasma series is of special importance 
in the status of neonatally thymectomized mice. The 
antagonistic interaction of these two cellular systems. 
constitutes one of the fundamental homoeostatic mechan- 
isms of the lymphoid system. Selective impairment of 
lymphocytes or depletion of lymphocytes, for some reason 
or another, induces enhanced proliferation of reticular 
cells and cells of the plasma series. This proliferation is 
one of the main features of the hypolymphocytic syndrome, 
This mechanism is the basis of plasmatization after 
X-irradiation, which has been deseribed often®:°, with 
another explanation. The increased antibody production 
in X-irradiated animals? is also the result of lymphocyte 
impairment and enforced proliferation of cells of the 
plasma series. Probably the absence of the activity of 
the thymus is the cause of the prolonged antibody produe- 
tion in the tissue culture of lymph nodes after secondary 
antigen application. The hypolymphocytie syndrome is 
characteristic of Hodgkin’s disease which we suggest as a 
syndrome of hypothymism". 

Certain features of the hypolymphocytic syndrome are 
characteristic for all ‘‘collagenoses’’, in the course of which 
there is increased general plasmatization. It is generally 
considered as self-evident that the plasmatization in 
“collagenosis” is a result of autoimmunization. But the 
opposite can be argued equally well. The question is 
whether or not certain features of the hypolymphocytie 
syndrome in collagenoses are dependent on hypothymism. 
Finally, certain features of the hypolymphocytic syndrome 
can be found in some stages of stress. 

The hyperlymphocytie syndrome is found in chronic 
lymphocytic leukaemia. It is manifested by the suppres- 
sion of the cells of plasma series resulting in hypogamma- 
globulinaemia. 


Experiment B 
Sheep eryth- O-antigen 


rocytes, pri- ; 4 
ATY eiie primary response 


© JO ©Ọ 


Experiment A 


Sheep erythrocytes, 
primary response 








or 


HINRHNHINHHEUNHRHE: 





HRNRANIHENUINI, 








Antibody titres after the consecutive immunization with two 
antigens. Legends same as in Fig, 1. 


i{[, Mice thymectomized at birth | Antibodies to sheep erythrocytes 
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The general question arises as to whether the thymus 
acts directly on the cells of the plasma series, or whether 
its effect is mediated through the control of lymphocyte 
quantity. 
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PATHOLOGY 
Fibrinolytically Active Vaginal Epithelial Cells 


Systematic investigations of the fibrinolytic activity in 
tissues of man and various mammalian species have re- 
vealed interesting differences in distribution among 
different organs and tissues'. The distribution in the female 
reproductive system and the effects thereon of hormones 
have received special attention. Employing an extraction 
method and the fibrin plate assay? a cyclic fluctuation in 
concentration of plasminogen activator in human endo- 
metrium with an inerease in the secretory stage was 
observed’, Decidual tissue and placenta were inactive. 
The hormonal influence on the fibrinolytic activity of the 
endometrium was confirmed in rats treated with oestra- 
diols. 

Using a histochemical fibrin slide technique Todd found 
that the fibrinolytic activity in tissues was related to 
endothelial cells of veins and venules®’, and this has 
repeatedly been confirmed by others™!, Budding capillaries 
in granulation tissue are particularly active. Todd ob- 
served that in myometrium and endometrium of man 
plasminogen activator is confined to the blood vesselsã 10, 
except for a diffuse activity associated with the superficial 
endometrium in the late secretory stage’. Application 
of the fibrin slide technique to the rat uterus has confirmed 








Fig. 1. Vaginal smear from rat covered with bovine plasminogen-rich 

fibrin (modified Todd slide technique), Fibrinolytic activity indicated by 

clear zones in the stained fibrin after incubation for 15 min. The following 

four types of cells are distinguished (fram left): an inactive nucleated 

epithelial cell; an active nucleated cell; an active cornified cell; and 
(upper right corner) a cluster of inactive cornified cells. 
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Fig. 2. Human vaginal smear covered by fibrin as above and incubated 
for 15 min. Collections of inactive ane fibrinolytically active epithelial 
cells. 


the relation of fibrinolytic activity to the blood vessels of 
the myometrium and endometrium. Fibrinolysis in the 
rat endometrium changed during normal oestrus, after 
castration, and in hormonally induced oestrus. After 
treatment with progesterone the fibrinolytic activity in 
endometrial vessels decreased. So far, observations on the 
distribution in the female reproductive system have con- 
firmed the localization of plasminogen activator in the 
endothelium of the blood vessels. 

Continuing our investigation, we wish to report here, in 
contrast, the finding that there are vaginal epithelial cells 
which are highly fibrinolytic and release plasminogen 
activator; their activity shows a correlation with the 
ovarian cycle. 

In frozen sections of the normal rat vagina, investigated 
by the histochemical fibrin slide technique, the mucosal 
layer was found to be fibrinolytically inactive during 
oestrus. Sections obtained during anoestrus showed a 
zone of lysis along the epithelial lining after only 15 min 
incubation of the fibrin slide. 

When vaginal smears from the rat were examined, the 
following pattern emerged: among the nucleated epi- 
thelial cells present in anoestrus many were seen to produce 
lysis on plasminogen-rich fibrin after brief incubation 
(5-10 min). The activity was caused by a plasminogen 
activator, as indicated by the lack of activity on plasmino- 
gen-free fibrin after a comparable period of incubation. 
In early oestrus when cornified cells began to appear some 
of these showed fibrinolytic activity in the same range as, 
or even greater than, the active nucleated cells simul- 
taneously present (Fig. 1). The numerous cornified cells in 
late oestrus were completely inactive. 

A similar pattern was observed in human vaginal 
smears, where the different phases were better separated 
from each other because of the longer ovarian eyele. 
Smears from the early proliferative phase showed epi- 
thelial cells which were fibrinolytically inactive. In 
midphase numerous fibrinolytically active cells appeared 
(see Fig. 2). 

The observation that vaginal epithelial cells at certain 
stages of the ovarian cycle exert fibrinolytic activity 
caused by a plasminogen activator is an interesting 
finding with wide implications. In the investigation of the 
physiology of fibrinolysis it reveals that cells other than 
the vascular endothelial cells are fibrinolytically active 
indicating that fibrinolytic activity can be a property of 
cell strains of different origin. This confirms observations 
on the production of fibrinolytic activity by cells in tissue 
cultures'. In the investigation of the fibrinolytic activity 
of the female reproductive system the observation is of 
interest because fibrinolytically active vaginal epithelial 
cells appear at a period of the ovarian cycle different from 
that at which the endometrium is very active?-+, which 
suggests a difference in hormonal response. Our observa- 
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tions also make it possible that the diffuse fibrinolytic 


achivity of the human endometrium in the late secretory 
stage and of the squamous epithelium of the inflamed 
cervix observed by Todd does not originate from the 
blood. vessels, as suggested by him, but is caused by 
epithelial cells. 

This work was supported by the U.S. Public Health 
Service, National Institutes of Health, through the 
National Heart Institute. One of us (K. T.) is the recipient 
of a fellowship from the Population Council, New York. 


T. ASTRUP 
J. HENRICHSEN 
K. TYMPANIDIS 
A. E. Kine 





The James F. Mitchell Foundation, 
Institute for Medical Research, 
| Washington, D.C. 


Astrup T., Fed. Proc., 25, 42 (1966). 
t Agtrup, T., and Albrechtsen, O. K., Scand. J. Clin, Lab., 8, 233 (1957). 
‘Albrechtsen, O. K., Acta Endocrinol., 23, 207 (1956). 
<4 Albrechtsen, O, K., Proc. Soe. Exp. Biot., 94, 700 (1957). 
odd, A S, J. Path. Bact., 78, 281 (1959). 
* Todd, A: S.,in Thrombosis and Anticoagulant Therapy (edit. by Walker, W.), 
<35- (Livingstone, London, 1960), 
"Warren, B. A., Brit. J. Exp. Path., 44, 385 (1963). 
Kwan, H.C., and Astrup, T., Circulation Res.,17, 477 (1965). 
*Kwaan, H. C., and Astrup, T., J. Path. Bact., 87, 409 (1964). 
w Tadd, A. 8., J. Clin. Path., 17, 324 (1964). 
“opodd, A. 8., Brit. Med, Bull., 20, 210 (1964). 
ul Eyang H C., and Albrechtsen, O. K., Amer. J. Obstet, Gynec., 95, 468 


_“Curling’s Ulcer” in the Germfree Mouse 


Artz and Fitts! reviewed the present state of knowledge 

` about the pathogenesis of gastrointestinal ulcerations 
associated with lesions of the central nervous system and 
with burns. They concluded that “It would seem that 
at the present time, despite intensive investigation over 
many years, the exact method by which a cutaneous burn 
induces gastrointestinal lesions is unknown”. There are, 
however, a number of theories about the mechanism(s) 
responsible for upper gastrointestinal ulceration and 
bleeding after burns?~*. The present communication deals 
with some questions related to the still unresolved problem 
of the importance of microbial factors and of infection and 
sepsisi =ë to the development of gastric ulcers after 
burns. In the course of studying experimental dorsal 
burns in germfree and “conventionalized” (multicon- 
taminated ex-germfree) mice, we have discovered that 
gormfree mice develop gastric lesions soon after scalding 
and that the incidence of these lesions is similar to that 
in their conventional counterparts. 

Germfree male mice of the CD-1 strain (Charles River 
Breeding Laboratories, Inc., North Wilmington, Massa- 
chusetts) were used. The mice were divided at random 
into two groups, one of which was maintained under germ- 
free conditions and the other of which was conven- 
tionalized, that, is, intentionally contaminated with the 

` mixed microbial flora contained in the caecal contents of 
conventionally reared mice living in an open laboratory. 
The procedures used have been described elsewhere’. For 
the present study of burns, the mixed microbial flora of 
the caecal contents were screened in advance to ensure 
that Pseudomonas and Proteus were not present. Escheri- 
chia coli, Streptococcus spp., Staphylococcus albus, Bac- 
teroides spp., Lactobacillus spp., and Bacillus spp. were 
‘regularly. present among the faecal flora of the conven- 
tionalized mice. Except for the presence of these flora, 
the conventionalized mice before, during and after the 
burn were housed, maintained and handled in exactly the 
same way as the germfree mice. About 2 months after 
eonventionalization, when all the mice were about 4 
months old, they were burned. 

Burning was carried out inside a small two-man 

isolator which was connected to the animal-holding unit 
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` and which was especially designed and equipped for this 


purpose. - The mice. were anaesthetized with pento- 
barbital sodium, 40 mg/kg intraperitoneally, and were 
passed singly into the two-man isolator for burning. They 
were scalded in a stainless steel receptacle containing 6 1. 
of water to which 5 ml. of the wetting agent ‘Tween 80° 
had been added. This detergent ensured that the hot 
water reached the skin of the dorsum of the mouse despite 
the hair present. The dorsum of the mouse was immersed 
to the mid-axillary line from the base of the neck to the 
base of the tail in water at 76-5°C for 10 sec, giving a 
third degree burn which involved an estimated 30-35 per 
cent of the total surface area of the body; the excretory 
orifices and limbs were not burned. Immediately after 
the mouse was removed from the hot water, the same 
area of the skin was immersed for 10 see in another 
receptacle of water at about 30° C; this was done to halt 
the burning process, thus ensuring a more reproducible 
injury. The burned mice were then promptly returned to 
their holding-isolator where they were gently blotted and 
housed singly in compartments. Steam-sterilized food 
(semi-synthetic L-356 diet prepared by General Bio- 
chemicals, Chagrin Falls, Ohio) and water were available 
ad lib. to all mice before burning, but were denied for the 
next 48 h in order to avoid effects due to variations of 
food and water intake; food and water were again offered 
ad lib. after this time. Before and after scalding, the 
mice were housed in isolators in which temperatures 
ranged from 23° to 25° C. 

The thoracic and abdominal cavities of burned mice 
that died were opened to expose the viscera to the neutral 
buffered formalin into which the mice were placed; these 
operations were performed within the isolators. ‘The stom- 
achs were opened along the greater curvature and were 
examined by eye and under low power magnification with 
a dissecting microscope. Tissue sections were taken of some 
stomachs where lesions were seen, and these were stained 
with haematoxylin and eosin. 


Table 1. INCIDENCE OF GASTRIC ULCER IN GERMFREE (GF) AND CONVEN- 
TIONAL (CONV) MICE DYING AFTER DORSAL SCALD 
Micro- Incidence of ulcers on days shown Overall 
ia No. of mice with ulcers/total No. of mice incidence (%) 
statue 0-1 1-2 2-3 8-4 4-5 5-6 67 7-8 0-8 days 
GF 2/5 7/9 55 9/9 55 273 0/1 81 (30/87) 
CONV 0/2 11/13 173 1 68 (13/19) 
Total 2/7 18/22 6/8 9/9 6/6 2/3 O/L = 77 (43/56) 


Table 1 shows the incidence of gastric lesions in germ- 
free and conventionalized mice that died during the first 
week after being burned. It is clear that the fatal seald 
caused a high incidence of gastric lesions in the form of 
mucosal necrosis associated with haemorrhage, in both 
the germfree and conventionalized mice. These haemor- 
rhagic mucosal erosions or ulcers occurred in germfree 
mice that died as early as the first day and as late as the 
sixth day after burning. The ulcers (Fig. 1) were almost 
always visible to the naked eye as multiple foci of 
haemorrhage (almost black after fixation with formalin). 
Their number and size or degree of confluence varied 
among different mice, but these parameters did not seem 
to be related to the time of death after burning or to the 
microbial status of the mice. Careful removal of the 
bloody coagula capping the lesions, with the aid of a 
dissecting microscope, laid bare the usually deep mucosal 
erosions. The ulcers were restricted to the glandular 
portion of the stomach (Fig. 1), none being found in the 
rumen (proventriculus). In general, they were scattered 
among the rugae as discrete, punctate lesions, ranging 
in size from that of a pinpoint to that of a pinhead, 
usually less than 1 mm in diameter. Occasionally, the 
lesions were larger, appearing as diffuse irregularly shaped. 
areas of involvement, and less often had an elongated 
appearance, seemingly when “kissing” ulcers aligned. 
themselves between the stomach folds. Some of these 
patterns are shown in the stomach of a burned germfree - 
mouse in Fig. 1. Histological examination showed damage 
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Fig. 1. Stomach from germfree mouse that died during the second day 
after dorsal burn. Note that haemorrhagic ulcers are restricted to 
glandular portion of stomach (bottom), Note points of two pins pro- 
truding (top and right) through latter for judging relative size of lesions. 


“osimilar to that already described as occurring in the 
-> glandular portion of the stomach of conventional rats 
that were killed 24 h after a dorsal scald‘. 

It is clear that gastrie ulcers occur with high frequency 
oan mice after burns, and, more importantly, that they 
eceeur in the absence of microbial flora. Thus, while it 
cannot be said with certainty that living bacteria in the 
infected, septic, burned host do not contribute to the 
development of gastric ulcers, it is clear that the presence 
Of living bacteria is not necessary for this lesion to occur 
in burned mice. By the same token, this observation 
suggests that more attention should be given to non- 
microbial factorst in the pathogenesis of this lesion. 
“Further studies of burning in gnotobiotie animals may 
help to delineate the extent, if any, to which micro- 
organisms participate in the genesis and evolution of 
gastrointestinal ulcers, particularly when the bacterial 
genera that are exceptionally pathogenic for the burned 
host, such as Pseudomonas and Proteus, are present. 
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Induction of Hepatoma in Mice by Carcinogens 
of the Polycyclic Hydrocarbon Type 


A WIDE variety of tumours have been induced in animals 
of many different species by the administration of carcino- 
genic polycyclie hydrocarbons. Tumours usually arise 
preferentially at the sites most exposed to the carcinogens, 
but in some experiments tumours have also developed at 
distant sites. In the adult mouse the distant sites most 
commonly involved are the ovary!, the mammary gland} 
¿and the lung*, In addition, malignant lymphoma has 
_ peen. induced’, Only sarcomata developed when 3- 
_ moethylcholanthrene was injected directly into rat liver‘, 
_ but Andervont** observed hepatomata.in C3H mice after 
“subcutaneous or intravenous administration of 1,2,5,6- 
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dibenzanthracene or 3-methylcholanthrene. < Otherwise 
Hartwell’ and Hartwell and Shubik® list no examples of 
liver tumours induced by polycyclic hydrocarbons in adult 
mice. On the contrary, the addition of methylcholanthrene 
to the diet has been found to reduce the hepatio-carcing- 
genicity of 3’-methy]-4-dimethylaminoazobenzene®. 

Klein!’ found that methylcholanthrene given by 
stomach tube to suckling albino mice enhanced. the 
incidence of hepatomata. Males were more susceptible 
than females. A similar exposure of young adult mice, 
however, produced little or no alteration in hepatoma 
incidence. ee 

A low ineidence of liver tumours hag been reported in 
Swiss, A strain and non-inbred albino mice injected at. 
birth with 7,12-dimethylbenz[a@Janthracene . (DMBA), 
methylcholanthrene or 3,4-benzopyrene (BPP. Kelly 
and O'Gara! noted that in this type of experiment the 
incidence of hepatomata, and Nishizuka et al38 that both 
their incidence and multiplicity, were greater in’ males 
than females. 3 

In the course of a special investigation on the effects of 
injections of various carcinogens into newly born mice, 
we"? encountered a suggestively high incidence of paren- 
chymal cell hepatomata in a group of CBA mice. These 
mice were injected subcutaneously with DMBA suspended 
in aqueous gelatine according to the method of ‘Pietra 
et al.’*, A similar result was later obtained” in Swiss mice 
exposed to BP with/without phenanthrene (see Table I). 
In both cases the effect was confined to the male sex. In 
two recent experiments, one on “101” strain mice (Table 2) 
and the other in Chester Beatty (CB) random-mated stock 
mice (Table 3), a higher incidence of hepatomata was seen 
in response to DMBA (obtained from L. Light and Co., 
and used without further purification) administration on 
the first day of life. Again only males were affected. In 
CB stock mice parenchymal cell hepatomata were ob- 
served as early as the twenty-eighth week of life, butin 
CBA, “101” and Swiss mice no hepatomata were: seen 
before the fiftieth week. 

Asimilar sex difference in hepatomata incidence occurred 
when urethane was injected into newborn Swiss and 
o-aminoazotoluene into newborn A/Jax mice, Nishizuka 
et al.** found a high incidence of hepatomata in. male 








Table 1. LIVER TUMOURS IN OUTBRED SWISS ALBINO MICK TREATED WITH 
3,4-BENZOPYRENE (BP) AND/OR PHENANTHRENE ON THE FIRST DAY OF LIFE 


No. of mice examined 


Treatment on first day of life post morlem when No. of mice 
50-60 weeks ofaga with hepatomata 
0-02 or 0-04 mL aqueous gelatine 42 g ib 
30 2 2 
20 ug BP in 0-02 ml. aqueous 16 3 2 
gelatine 19 2 1 
20 ug BP +20 vg phenanthrene in 25 g 3 
0-02 ml. aqueous gelatine 17 2 0 
40 ug BP in 0-02 ml, aqueous 25 g 8 
gelatine 20 8 1 
40 ug BP + 40 ug phenanthrene in 22 3 T 
0-02 ml, aqueous gelatine 21 9 0 
40 ug phenanthrene in 0-02 ml. 214 $: 
aqueons gelatine 28 9 1 


Table 2. LIVER TUMOURS by RESPONSE TO THE NEONATAL INJECTION OF 


MBA IN ‘LOL mice 
No. of mice No. otide Nov of mice 


Treatment on first day of life examined wi th multiple 
post mortem hepatomata hepatomata 
15 ug DM BA in 0-02 ml, é 79 9 1-52 wks. 0 
aqueous gelatine 8-70 wks. 
Q 52 0 0 
0-02 ml. aqueous gelatine 3 17 0 0 
g 22 0 0 


Table 3. LIVER TUMOURS IN RESPONSE TO THE NEONATAL INJECTION. OF 
DMBA IN CB stock MICH 


No. of mice 

examined No. of mice No, of mice 
post mortem with with multiple 
when 28-38 hepatomata hepatomat 
weeks of age : 


Treatment on first day of life 


45 ug DMBA in 0-02 ml. aqueous 27 3 16 10 
gelatine 23 ¢ 0 Da 
0-02 mil, aqueous gelatine 24 g 1 Oe 

15 $ G nQ: 
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AjJax mice and a low incidence in females treated at birth 
with o-aminoazotoluene, but found no sex differences in 
response to monthly injections of the same azo dye 
starting at young adult age. 

Characteristically the cells of hepatoma which arise 
spontaneously in mice contain highly refractile eosino- 
philic, hyaline cytoplasmic bodies, the nature of which is 
in doubt??? Cytoplasmic inclusions of this type were seen 
in all hepatomata encountered in these experiments. 

Although our observations on the induction of hepa- 
tomata by carcinogens of the polycyclic hydrocarbon 
type are not entirely new, it seemed important to present 
them for the following reasons. First, the fact that this 
type of carcinogen may induce liver cancer should in 
future be taken into account in theories of the mechanism 
of induction of hepatic neoplasms. Second, the higher 
sensitivity of the neonate needs to be explained, possibly 
in terms of deficiencies of detoxicating enzymes for which 
there is already some evidence®®.**. Third, the difference 
in the response of the two sexes deserves more attention. 

This investigation was supported by grants to the 
Chester Beatty Research Tnstitute (Institute of Cancer 
Research: Royal Cancer Hospital) from the Medical 
Research Council, the British Empire Cancer Campaign 
for Research, and the National Cancer Institute, U.S. 
Public Health Service. 
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Pathogenicity of the Chicken Sarcoma Virus 
(Schmidt-Ruppin) for Amphibians and Reptiles 


Tue pathogenicity and the oncogenicity of Rous chicken 
sarcoma, virus for mammals were described in 1957 by our 
laboratory!? and simultaneously elsewhere*. Not long 
ago, the pathogenicity of this virus was established for 
various mammals!~*, 

This report is a description of the data obtained while 
studying the pathogenicity of the tumour viruses for 
lower vertebrates, amphibians and reptiles. The Schmidt- 
Ruppin strain of chicken sarcoma virus was used; it was 
kindly supplied by C. G. Ahlström. 
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The susceptibility to the Rous virus of the following 
amphibian and reptile species has been studied: Rana 
ridibunda, Bombina bombina, Testudo horsfieldi, Natrix 
natrix, Natria tessellata, Agama caucasica, Brix tataricus 
and Varanus griseus. Only adult animals were used in 
these experiments. The amphibians and reptiles were 
inoculated subcutaneously, intraperitoneally and intra- 
muscularly with 30 per cent homogenate of chicken 
sarcoma tissue (5x 10° chick sarcomogenice units/1 ml.) 
prepared as we have described previously. Each 
animal received from 5x 105 to 5x 10° such units. The 
reptiles were kept at a temperature of 30°-42° C and 
amphibians at 24°-28° C. 

Out of five tortoises (Testudo horsfieldi) 4-5 yr old, two 
died 14-18 days after inoculation with sarcoma in the 
thorax. The sarcomas contained polymorphous, poly- 
gonal, spindle-shaped, and rounded cells (Figs. 1 and 2). 
The cytoplasm of the polygonal cells was basophilic and 
the cytoplasm of the round and spindle-shaped cells was 
eosinophilic. Staining showed that the cells contained 
light nuclei with chromatin granules and nucleoli. Mast 
cells, blood cells and macrophages were observed especially 
in the necrotic areas of the tumours. 

The tumour cells penetrate the muscles. Muscle fibres 
became atrophic and in some places disappeared. Mitosis 
has been found in many tumour cells. The formation of 
new collagen fibres was noted in some loci. No tumours 
appeared in five tortoises 10 yr old during a period of 
observation of 5 months. 

Two snakes, Erix tataricus, approximately 4-5 yr old 
were inoculated. In one of them, slowly growing tumour 
nodes developed in three places 1 month after inoculation. 
One and a half months later, the tumour nodes reached 




















Polymorphous sarcoma induced in the tortoise. Hacmatoxylin- 


Fig. L i 
eosin, x e. 85. 





Penetration of the muscles by tumour 
Haematoxylin-eosin, x e. 170. 


Sarcoma in the tortoise. 


Fig. 2. 
cells. 
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Fig. 3. 


Sarcoma in the first Brix tataricus, 
tumour bearing animal, 


General appearance of the 


a size of 2x3 em and 2x2 em (Fig. 3). Histological 
examination of the tumour nodes revealed them to be 
sarcomas with definite pleomorphism which resembled 
the original chicken Rous sarcoma: spindle-shaped cells, 
round cells and large polygonal cells predominated. 
Mucopolysaccharide (stained metachromatically with 
toluidine blue) was present in large amounts. The tumour 
cells were arranged in dense rows. Mitosis was observed 
inthem. In some parts the tumour tissue was oedematous 
and in others it was necrotic. Many macrophages and 
blood cells were found in these areas. The snake was 
killed 1:5 months after the appearance of the tumour 
nodes. A piece of tumour tissue was grafted on to another 
Erix tataricus. The tumour, 1 em in diameter, was used 
for histological examination and showed a similar appear- 
ance to that of the tumours of the first snake. 

No tumour appeared in the second primarily inoculated 
Erix tataricus during the next 3 months, and the snake was 
inoculated a second time, subcutaneously and intra- 
peritoneally, with chicken sarcoma virus. Two months 
later, a large tumour and two additional nodes were 
found in the abdominal cavity. The tumour weighed 22 g- 
The histological pattern of this tumour was similar to 
that of the original chicken Rous sarcoma, but in some 
parts large multinucleated cells predominated (Figs. 4 
and 5). The tumour contained a large quantity of 
hyaluronic acid. There was no tumour growth after 
grafting of snake sarcoma cells back into chickens. The 
possibility of complete Rous virus formation in reptiles’ 
sarcomas is being studied, 

The inoculation of adult Natrix natria, Natrix tessellata, 
Agama caucasica, Varanus griseus, Rana ridibunda and 
Bombina bombina did not lead to the development of 
tumours. 

The data presented on the development of sarcoma in 
adult reptiles (snakes and tortoises) after inoculation 
with the chicken sarcoma virus are important. We can 
add reptiles to the previous data on the wide range of 
hosts, from birds to mammals, in which the Rous virus 
is pathogenic and oncogenic. 

Thus, the chicken sarcoma virus is oncogenic for 
animals of all three classes of Amniota: reptiles, birds 
and mammals. 

The induction of tumours in adult reptiles probably 
indicates that reptiles are extremely susceptible to the 
chicken sarcoma virus. Usually this virus induces 
tumours in mammals only after inoculation in the new- 
born period. The susceptibility of reptiles to the Rous 
virus may be compared with that of birds. The reptiles 
are the remote common ancestors of birds and mammals 
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and thus it is possible that they are the original hosts of 
tumour viruses of both birds and mammals. 

A systematic study is desirable of the susceptibility of 
lower vertebrates (fishes, amphibians and reptiles) to all 
known. tumour viruses of mammals and birds. Attempts 
to use lower vertebrates and their embryos and larvae for 
isolation of new oncogenic viruses from human beings 
are being made in our laboratory. Many years ago, our 
laboratory?:* proved the possibility of cultivating viruses 
in developing reptile embryos. In the experiments 
described above, the tumours grew in the reptiles while 
they were maintained at a temperature of 30°--42° C, 
The general reactivity of reptiles at this temperature is 
high and, in particular, they can produce in these con- 
ditions antibodies which neutralize the virus’. The 
correlation between the temperature range in which the 
reproduction of virus could occur and the temperature 
range in which the virus could induce the pathological 
process will be discussed briefly. It was noted in our 
early experiments? ® that vaccinia virus (Morozov’s 
strain of neurovaccinia) could multiply in the developing 
eggs of reptiles (Natrix natrix and Testudo horsfieldi) at a 
temperature of 10°-28° Œ without any lesions of the 
chorioallantoie membrane. In the cornea of the adult 
Natrix natrix, the vaccinia virus induced keratitis only at 
37° O; at a lower temperature keratitis did not develop’. 
In newborn mice kept continuously at 26° C influenza virus 
replicated without producing pneumonia. At 37° C 
pneumonia developed quickly". 

Thus the lowering of the body temperature usually 
transforms a virus disease into an infection which is 
symptomless at the level of the organism. Vice versa, the 








Fig. 4. Sarcoma in Erie tataricus showing many spindle-shaped cells, 
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Sarcoma in Krie tataricus, Large multinucleated cells, 
toxylin~eosin, x c, 8340. 




















aoe oo 





rise of body temperature and the increasing metabolism 


‘transforms a viral infection which was symptomless at 
the level of the organism into a manifest viral disease. 
Because an intensification of metabolism changes a symp- 
tomless virus infection into a virus disease, it is quite 
possible to presume that a similar process may have 
occurred in the course of the evolution of animals during 
which ‘their organization became more and more compli- 
cated and the level of metabolism constantly increased, 
though somewhat unevenly. 

The uneven rate of evolution of animals, combined with 
an increasingly complex metabolism, which Severzov has 
defined as aromorphosis, could lead to the reorganization 
of host~parasite interrelationships’™™. 

a GEORGE J, Svet-MoLpavsky 
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RADIOBIOLOGY 


Effect of Calcium on Mitosis in the Thymuses 
0o07 @f Normal and Irradiated Rats 


Tus demonstration that increased levels of calcium in 
cultures of strain L mouse fibroblasts and rat thymocytes 
‘stimulated mitosis and reduced, or prevented, the transient 
mitotic delay produced by irradiation! led to the hypo- 
thesis that a rise in the concentration of calcium in the 
‘blood and tissues might also stimulate normal mitosis and 
reduce post-irradiation mitotic delay in the whole animal. 
To test. this supposition, a series of intraperitoneal 
injections of a concentrated solution of calcium chloride 
(containing 14 mg of CaCl,.6H,O per ml.) were given to 
rats immediately after whole body irradiation with 
cobalt:60 y-radiation. Normal rats were given similar 
injections. The effects of injection of calcium and radia- 
tion on mitosis in the thymus of the animal were determ- 
ined by injecting colchicine (0-1 mg per 100 g of body 
weight) intraperitoneally immediately after irradiation 
and then estimating the subsequent rate of accumulation 
of cells in metaphase; an injection of this amount of 
-- eolehicme is known to block the progression of cells through 
i mitosis at metaphase in rats’. The rate of accumulation 
of metaphase cells in the thymus was determined by re- 
‘moving the thymuses from Sprague-Dawley rats (100-150 
g) anaesthetized with ether. The thymuses were removed 
at different times after colchicine injection. Cell suspensions 
were prepared from the excised glands and the cells were 
fixed in neutral formalin and stained with haematoxylin 
immediately thereafter. Details of the preparation of 
thymocyte suspensions and the staining technique have 
been presented elsewhere?. Although the concentrations 
of calcium chloride used were extremely high, at no time 
during the 6 h experimental period did any of the treated 
animals die. 
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In the thymuses of normal rats the number of cells in 
metaphase increased approximately ‘linearly with time 
after the injection of colchicine and by 6 h they occupied 
2-8 per cent of the total cell population (Fig. 14). Irradia- 
tion of the animal with 200 rads of y-radiation markedly 
reduced the rate of entry of cells into mitosis so that by 6 h 
after irradiation and injection of colchicine, the per- 
centage of cells in metaphase was only 1-5 per cent of the 
total cell population (Fig. 1A). 

When, unirradiated animals were first given colchicine 
and 1-0 ml. portions of concentrated calcium chloride 
solution were then injected immediately, 0-5 h, 1-0 h, and 
then every hour thereafter until death, the rate of entry of 
cells into mitosis and their eventual accumulation at 
metaphase were markedly stimulated (Fig. 14). When a 
similar series of injections of calcium chloride into animals 
was begun, immediately after irradiation with 200 rads, 
the inhibitory effect of the radiation on mitosis was 
reduced. Thus between 4 and 6 h after irradiation the 
rate of accumulation of cells in metaphase became greater 
even than in normal animals, although from 0 to 4 h it 
had been rather lower (Fig. 1A). 

After irradiation with 100 rads, the mitotic stimulation 
induced by injection of calcium chloride was so great that 
not only did the rate of accumulation of cells in metaphase 
exceed that in untreated irradiated animals (Fig. 1B), 
but it was also greater than that in normal control animals 
at all times after injection of colchicine (compare Figs. 
1A and B). 

The effect of calcium on mitosis in the normal animal 
may stem from its ability to cause chromosome coiling 
or condensation and therefore to accelerate the progression 
of cells through prophase!?5, The ability of calcium to 
mitigate the inhibitory effect of radiation on mitosis is 
probably due to the known ability of caleium to prevent 
the disaggregation of condensed chromatin structures 
which characteristically follows irradiation of thymo- 
cytes*:?, Such a disaggregation of chromatin structures 
must initially reduce mitosis by preventing the formation 
of the highly condensed chromosomes of prophase as well. 
as causing the already condensed chromosomes of cells in 
prophase to uneoil??, 

Tn conclusion, it is important to note that raising the 
calcium level in animals after irradiation, either directly 
by injection of calcium salts, or indirectly by injection of 
parathyroid hormone, increases their survival!e-, The 
present observations suggest that this therapeutic effect 
of calcium may well be a result of mitotic stimulation in 
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Hours after colchicine infection 


Fig. 1. 4, Accumulated metaphase figures in thymocytes from: © ~ ~~ GA 
control animals; []-~--[0], control animals infected with calcium 
chloride; @—-~-@, animals receiving 200 rads whole body y-radiation;. © 
@--——-M, animals receiving 200 rads whole body +-radiation plus 
calcium chloride injections. B, @——-@, Animals receiving 100 rads 
whole body y- radiation; ®. animals receiving 100 rads whole. 
body y-radiation plus calcium chloride injections. Bach point represents.) 
the mean percentage of Sah oy metaphase figures from: four: 
animals, : 
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those highly radiosensitive tissues the integrity of which 
is vital if the animal is to survive. 

We thank Mr. P. K. Toelg for his excellent technical 
assistance. 
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Whole-body Retention of Caesium-137 in 
Suckling and Weanling Mice 










- i 142 and experimental 
The findings showed that the biological half- 
_ times for caesium-137 increased with aget, In view of 
the scarcity of data on the retention of eaesium-137 in 
-< young animals, we have investigated the phenomenon in 
_ suckling and weanling mice, and found an unusual reten- 
> tion pattern in sucklings, which had a longer biological 
_ half-time of 7-5 days. 
In this experiment, 7 day old and 21 day old mice of 
-strain CF 1 were used as sucklings and weanlings respec- 
tively. Ten weanlings were kept in individual polystyrene 
cages with stainless steel mesh flooring. A mother mouse 
` breast-fed a litter of ten sucklings; five of them were 
used as an intact experimental group and were adminis- 
tered caesium-137, and the others were used as controls 
- to determine the background levels for contamination 
_ caused by mother’s milk and by mutual contact. 
-o Caesium-137 was given as a single oral dose of 0-2 ue. In 
SOT ml. of saline solution to weanlings and 0-1 ue. in 0-03 
_ ml. to sucklings. Body activity was determined with an 
_ ‘Armac’ liquid scintillation detector (Model 446, Packard 
Instrument Co.) which was used as a small animal whole- 
_ body counter. The retention values of weanlings and 
< adults were expressed as percentage of the dose adminis- 
_ tered. To avoid contamination by the mother’s milk and 
by mutual contact within the experimental group the 
retentions were expressed as follows 











retention (percentage of dose) = 





x 100 


¢.p.m. of caesium-137 administered 


The results are shown in Table 1 and Fig. 1. In wean- 
Ings the whole-body retention decreased rapidly in an 
“exponential manner. In adult animals, however, the slow 
but similar exponential decrease was observed in our 
_ preliminary investigations, which are shown as a dotted 
line in Fig. 1. Similar results have been reported by 
another investigator’. 
=: In comparison with these results, the sucklings of the 
- intact. experimental group showed a very different reten- 
tion pattern and a longer biological half-time of 7-5 days, 
while for the weanlings it was 1-8 days. The level of 
contamination. of control sucklings is shown in the second 
_ column of Table 1, and these values are less than those for 
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Table 1. WHOLE-BODY RETENTION. oF cANsIUM-137 IN SUCKLINGS AND. 
WEANLINGS OF MICH APTER ORAL ADMINISTRATION. 00000000000 
Experimentat 
Sucklings i 
Group with Intact experi- 
skin peeled off} mental group { 


Control* : ee 
Sucklings Weanlingst - 
Days after R i 
administration 





0 0-0 z 100-0 

1 2 = a 

2 2 x £ 

8 07 61-4 79-6401 

5 i i < 

7 14 423 55-7422 
10 14 = 36-5 42-2 
14 16 120 19-2 + Ded 
15 L2 ~ 134E T8 
17 0-7 - TAEL 
21 0-8 - 26406 


* Levels of contamination of control sucklings expressed as meal 
tage of dose of five sucklings. : 
+ Mean percentage of dose of three sucklings. : 
r i W nola-bady retentions expressed as mean percentage of dose + 
eviation, ad 





standard deviations in the intact experimental group. 
We subtracted these values from the total activities of 
sucklings of the intact experimental group and assumed 
that contaminations of sucklings by the mother and by 
mutual contact did not affect the retention values we 
obtained, but it was too difficult to tell how much’ the 
contamination of skin and hair by excreta in the experi- 
mental group exceeded that in the controls. To‘avoid the 
skin and hair contamination, the suckling mice of another 
experimental group had their skins peeled off and the 
retained body activities were observed. The. retention 
values of this group are shown in the third column of 
Table 1 and also in Fig. 1. The intact experimental group: 
showed. larger retention values than those of the group. 
with skin peeled off, but the retention pattern and decroas- 
ing rate of the latter group were in fairly good agreement: 
with those of the intact experimental group. ‘These: 
results support the idea that the influence of skin. ĉon- 
tamination on the retention values of the intact experi- 
mental group is very small, if there is any at all, so that 
it is clear that the suckling mice have an unusual retention. 
pattern for caesium-137 and a longer biological half-time. | 
We also obtained very similar retention patterns for 
rubidium-86 in suckling mice after oral administration os 
These results suggest that the rate of exeretion of | 
caesium-137 in sucklings is slow during breast feer ng, 
becomes faster when the mice come nearer to wen ng, 
and after weaning is almost the same as that for weanlings. 
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Fig. 1. Whole-body retention of caesium-137 in mice after oral admini 
tration. ©, Sueklings (intact); -©, sucklings (skin peeled. off) 
: . conu Weanlings;——-—, adult mice, bee oie 
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We suggest that a number of factors must be taken into 
consideration, such as physiological and dietary state, 
which can contribute to the variations in retention of 
caesium-137. If these results are also applicable to 
human infants it must be a very important problem with 
regard to radiation protection against caesium-137. 
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Radiosensitization of Escherichia coli by Methyl 
Hydrazine and the Effect of Oxygen 


‘THIOL-BINDING agents such as N-ethylmaleimide’, iodo- 
acetamide? and hydroxymercuribenzoate® are effective 
bacterial radiosensitizers, particularly with the more 
radioresistant bacteria?. Sensitization of bacteria by these 
compounds is believed to be a result of their common 
ability to bind sulphydryl groups within the bacterial cell 
which can function either as natural radioprotective agents 
by radical scavenging or as repair agents for DNA radicals 
formed by hydrogen abstraction**. Alternatively, enzyme 
repair reactions may be inhibited by the presence of these 
sulphydryl poisons, a view recently emphasized by Alex- 
ander, Lett and Dean”. Another group of radiosensitizing 
compounds are the stable free radicals such as oxygen’, 
nitric oxide’, di-t-butyl nitroxide’*, and copper ions’! 
Still a third class of compounds known to radiosensitize 
bacteria are halogen containing substances such as chloral 
hydrate"? or chloroform! which presumably act by the 
formation of short-lived halogen radicals toxic to the 
bacterial cell (the halogen containing sulphydryl poison 
jodoacetamide may be in this category too) or by formation 
of long lived toxic radiolytic product. Most of these 
agents are found to be more effective in nitrogen than in 
oxygen radiation conditions. Halogenated pyrimidines 
such as 5-bromouracil sensitize by yet another mechanism, 
because they require incorporation into cellular DNA in 
order to be effective. 

During our investigations of radiosensitization we have 
found a new radiogensitizer which does not fit into any of 
the categories enumerated previously: methyl hydrazine 
(CH,NHNH,) which sensitizes Æ. coli to radiation in- 
activation but shares some features common to other 
sensitizers, that is, non-toxicity to bacteria at concen- 
trations of 10 molar and less, the requirement that 
the agent be present during irradiation, and a greater 
effectiveness in anoxic than oxygenated irradiation con- 
ditions. The principal chemical features of methyl 
hydrazine are its basicity, reducing ability, and water 
solubility. It has such diverse uses as rocket propellant 
and chemotherapeutic agent in the treatment of lymphatic 
cancer. It is not a radiosensitizer with all strains of 
bacteria, however, and it is the purpose of this com- 
munication to report our results with several strains of 
E. coli irradiated in anoxic and aerobic conditions. 

Three strains of Æ. coli with different radiosensitivities 
‘were investigated for their relative dose modifying action 
by methyl hydrazine. A slant of Æ. colt 15T- originally 
obtained from Dr. L. Cavalieri was sub-cultured yielding 
large and small colonies. A single small colony was grown 
and plated six times, each culture giving essentially the 
same dose-survival curve, with a D, (aerobic) of 3-6 kr. 
and a D, (anoxic) of 15-0 kr. Cultures of Æ. coli Bs-1 and 
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E. coli B/r her-try- were obtained from Dr. Ruth Hill, of 
Columbia University. All bacterial cultures were grown 
overnight from a loop in nutrient broth (‘Difeo’) with 
aeration to stationary phase at 37° C, spun down, washed 
with standard saline citrate buffer (0-15 molar sodium 
chloride, 0-015 molar sodium citrate, pH 8-0), and re- 
suspended in saline citrate buffer. Methyl hydrazine was 
dissolved in sterile saline citrate buffer to make a 0-2 molar 
stock solution and kept at 0° C in the dark. After starving 
the bacteria for 30 min with aeration at 37° C, the appro- 
priate dilution of methyl hydrazine (10° molar) was 
incubated with the bacteria for 30 min at 0° C with gentle 
shaking. The pH of the suspension was 8-5. Bacterial 
survival was not affected by prolonged contact with 
methyl hydrazine, nor by raising the temperature to 
37° Č. Parallel non-sensitized suspensions were prepared 
for controls. The radiation vessel was a square 100 ml. 
volumetric flask with the neck cut off and fitted with 
polyethylene catheters to permit cither nitrogen or oxygen 
gas to bubble through the bacterial suspension. Anoxia 
was achieved by passing pre-purified nitrogen (Matheson) 
containing less than 5 p.p.m. of oxygen through the 
suspension for 30 min before and during the irradiation. 
Aerobie irradiations were performed by similarly bubbling 
pure oxygen. An ice bath surrounded the irradiation 
vessel to maintain constant temperature. Irradiations 
were performed with y-rays from a 1,800 e. cobalt-60 
source (gamma-cell 200 (ref. 14)). The dose rate was 
approximately 2,600 r./min, determined by ferrous sul- 
phate dosimetry. The dose rate imparted by travel time 
of the sample elevator was included in calculating the 
delivered dose. Samples were withdrawn periodically, 
diluted, and spread on nutrient agar Petri plates. Colony 
counts were made after 18-24 h of incubation at 37° C. 

Typical survival curves obtained in aerobic and anoxic 
irradiation conditions are shown in Figs. 1-3. The radio- 
sensitive mutant F. coli Bs-1 (Fig. 1) shows no sensitization 
by methyl hydrazine with anoxic or aerobic irradiation, 
while the radioresistant mutant Æ. coli B/r her-try~ (Fig. 2) 
is sensitized by methyl hydrazine, having a dose modifying 
factor (dmf, after Bridges“, the ratio of slopes of the 
exponential portion of the dose~survival curve, in the 
presence and absence of sensitizer), of 3-0 in anoxic con- 
ditions and 1-0 in aerobic conditions. The thymine 
deficient mutant E. coli 15T- (Fig. 3) showed a dmf with 


100 

ve 

N 

S 

Ok 

10 A Ng 

z \ 
g 1 \ 
we o 
bm 
4 \ 
£ 01 


S 


Anoxic 


0-01 





0 5 10 15 20 235 30 
Dose (krads) 


Fig. 1. Dose-survival curve for stationary phase Æ. colt Ba-1 p-irradiated. 

in saline citrate buffer at 0° C with cobalt-60 rays in the presence (fed 

circles) and absence (open circles) of 104 molar methyl hydrazine (MH) 
under anoxic and aerobic conditions. 
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_ @-0L molar methyl hydrazine of 1-8 in anoxic and 1-2 in 
aerobic conditions. The degree of sensitization can also 
- be measured from thé ratio of D,, (the dose required to 
give 37 per cent survival) in the absence of the drug to 
Dy, in the presence of the drug. This method emphasizes 
_ the effect on the initial shoulder of the curve by the 
sensitizer (see, for example, Dean and Alexander?). For 
UE. coli Bir her-try- the corresponding ratios are 1-4 
(anoxic) and 1-0 (aerobic), while for E. coli 15T- they are 
 2:1(anoxic) and 1-2 (aerobic). 

When these experiments were repeated with bacteria 
‘suspended in phosphate buffer (0-1 M Na,HPO,, 0-05 M 
Na H,PO,, pH 8-0) the extent of sensitization was reduced, 
and dose modifying factors of only 1-2 and 1-6 were 
btained with Æ. cole B/r her-try~ and E. coli, respectively, 
inder anoxia. This observation suggested that perhaps 
odium citrate plus methyl hydrazine formed a toxic 
roduct during radiolysis. This possibility was tested by 
rradiating a solution of 10 molar methyl hydrazine in 
- citrate buffer at 0° C, and immediately adding it to a 

bacterial suspension. Plates were inoculated with this 
suspension after various times of incubation at 0° ©. No 

- change in the bacterial survival was observed. Thus, a 

radiolytie poison mechanism cannot be invoked to explain 
the observed sensitization effect. The methyl hydrazine 
must be present during irradiation, because in experiments 
performed by adding methyl hydrazine within seconds 

_ after radiation no radiosensitization was observed. The 
< lack of sensitization by methyl hydrazine with Æ. coli Bs-1 

-isnot understood, although it is probably connected with 
— the lack of a repair mechanism in this bacterial strain. 
o Experiments carried out with cysteamine plus methyl 
_ hydrazine suggest that the mechanism of sensitization 
: May involve sulphydryl binding, although methyl 

hydrazine is not usually considered a sulphydryl poison. 

When eysteamine (10-2 molar) was added to a suspension 

















100 


10 





3 ı 
S 
w 
tee 
4 
pm 
g 
ka 
E 

Ea Od 

O-OL 

Anoxic 
G-001 
0 30 60 90 120 156 180 
Dose (krads) 
Fig. 2, Dose-survival curve for stationary phase E. coli Bir her-try- 


irradiated in saline-citrate buffer at 0° © with cobalt-60 y-tays, in the 
presence (filled circles) and absence (open circles) of 10-2 molar methyl 
hydrazine under anoxic and aerobic conditions, 


E. coti Bir her- try- Anoxie Aerobic 
: Dey Da dmt Da D, dmf 
© Control 28 kr. 157 kr. 30 ILO kr, 30 kr, 10 
o MH 20 52 11-0 3-0 


305 








100 & 
Pi a 
i ° 
kad 
o 
10 
S 4 2 
g 
nd @ 
È 
f3 
> 
3 
W 01 
o 
Anoxic 
H0 Anoxic 
Aerobic 
Aerobic 
0-001 i 
0 30 60 90 120 150 180 


Dose (krads)} out ; 
Fig. 3. Dose-survival curve for stationary phase E. coli 15T-jirradiated 
in saline-citrate buffer at 0° C with cobalt-60 y-rays, in the presence (illed 
circles) and absence (open circles) of 10-* molar methyl hydrazine under 
anoxic and aerobic conditions. SO 
, Anoxic 
Dar De 


58 kr. 15-0 kr. 
25 82 g 





E. coli 15T- Aerobic 


dmf Da o 
© Control Okr Fë kr, 12 
MH 6-5 30 i 


a 


of E. coli 15T- plus methyl hydrazine (10-2 molar), the 
sensitizing effect was lost. Either methyl hydrazine is a 
sulphydryl poison, or the addition of cysteamine can also 
inhibit other radiosensitizers. In the absence of eyste- 
amine, decreasing the coneentration of methyl hydrazine 
to 10-* molar in citrate buffer resulted in a reduction in 
dmf with E. coli 15T- to 1-3, while increasing the concen- 
tration to 10-1 molar was toxic to 50 per cent of the cells 
and was not further investigated. Our results with methyl 
hydrazine are comparable with those obtained using thiol 
poisons and stable free radicals. Because of the lack of 
sensitization by methyl hydrazine with E. coli Bs-1, we 
expect a feature common to many sensitizers may be their 
ability to inhibit repair enzymes utilized in postirradiation 
repair processes. The initial step must be a fast reaction, 
otherwise the observation that addition of methyl 
hydrazine immediately after irradiation has no effect 
would not seem to support this argument. In the case of 
ultra-violet resistance, Bruce’ has reported that sulphy- 
dryl-binding agent p-hydroxymercuribenzoate sensitized 
M. radiodurans when added either before or after radiation. 
Sensitizers are more effective when bacteria are atioxic, so 
that oxygen may also interfere with the repair process, 
and as is well known, sensitization by oxygen is also 
dependent on the particular strain. The concentration of 
oxygen in saturated phosphate buffer at 0° C is of the 
order of 10 molar; the D,, ratios of controls in the 
presence and absence of oxygen were 1-7 with E. coli Bs-1, 
2-5 with Æ. colt B/r her-try-, and 6-6 with Æ. coli 15T-. 
In a separate investigation with mice, it was found that, 
methyl hydrazine also sensitized mice to whole ‘body 
radiation. lethality (unpublished results of Moroson and: 
Spielman), which suggested that the use of radiosensitizers 
for cells may be of possible utility in the radiation therapy 
of tumour cells, especially those which are more radio- 
resistant: because of anoxia. 
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PHYSIOLOGY 


Vision of Bermuda Reef Fishes 


-Reuvine heavily on the conclusions of Beert, Walls? 
and Brett? assert that fishes are generally near-sighted. 
Although Beer found evidence by retinoseopy of far- 

| sightedness in fishes, he assumed that retinoscopic reflexion 
occurs from the front retinal surface and thus falsely 
concluded that fishes are near-sighted. By examining the 

eye through a +10 dioptre lens with a dissecting miero- 

"scope equipped for vertical illumination, Baylor and Shaw* 

“found that the reflexion comes from the guanine layer 

- behind the retina. On the other hand, far-sightedness in 

_ fishes was reported by Rochon-Duvigneaud® and Verrier*.’. 
“Moreover, Verrier’ found that on replacing the back of the 

- rotina with a screen, the image focused on the screen. 
Because open-water fishes have at the best a somewhat 

unfocused image, and because few teleosts have foveac*, 
and because many teleosts have large cones or double 
cones, Baylor and Shaw suggested that enhancement of 

“contrast and perception of motion rather than visual 

acuity were probably of primary importance to open- 

“water fishes. 

' Examination of the behaviour of reef fishes (for example, 
feeding habits and delousing of other fish) leads to the 

< hypothesis that reef fishes can accommodate (focus on 
nearby objects) sufficiently for near-sighted vision. 
_ Accordingly, the range of refractive error was measured 
a number of species of Bermuda reef fishes. 
© The standard procedure for retinoseopy using a “plano” 
mirror was used with living fish kept in glass aquaria. 
he refractive error of the eye was measured to the nearest 
rter dioptre with a ‘Phoropter’ (rapid change trial lens 
) and the correction necessary to make the eye emmetro- 
` pie (Mormal-sighted) was thus obtained. Measurements 
were made from a position lateral to the fish along the 
_ optic axis of the eye with the trial lens held outside the 
= aquarium: at about 25 mm from the eye of the fish and 1 m 
© from: the observer. The method of measurement is shown 
schematically in Fig. 1. The results of retinoscopy on 
. several species of reef fishes are given in Table 1. 

The results vary considerably. This is not altogether 
surprising in view of the fact that most of the fish changed 
their accommodation (refractive error) while they were 
being observed. The squirrel fish and the sergeant major 
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, changed their accommodation from close-up. vision to 
far-sighted vision in a very short time, especially when 


struggling against a physical restraint or during aggressive 
display induced by fright... It appeared to be characteristic: 
of the squirrel fish that its extremes of hypermetropia were 
associated with the aggressive display induced by fright. 
While the dorsal fin was held erect the refractive error 
gradually fell from 18 dioptres to about 6 dioptres. At this 
time the dorsal fin folded wp and the refractive error 
dropped abruptly to plus 1 dioptre. When the sergeant 
major struggled against physical restraint, the refractive 
errors of its eyes increased from about 1 dioptre to about 
18 dioptres. No refractive error less than 12 dioptres was 
observed during struggling by these fish. The increased 


Table 1, REFRACTIVE ERROR OF THE EYES OF LIVING IMMERSED REEF FISHES 


Left Right Fish length 
Species eye eye (erm) 
Holocentrus, sp, ~075 ~~ 0-25 12-5 
(Squirrel fish) 0-00 ~~ 0-50 12-5 
0-50 0-75 
1:50 0-00 
2-25 1-50 10-0 
2-50 3-50 
4-00 4:00 
5-00 5-00 
6°50 Damaged 12-5 
6-00 0-50 10-0 
7-00 5-00* 
5-00* 8-00* 
6-50* 6-50* 
6-50" 6-50" 
8-75* 9-00* 
9-00* 9-50* 
17-00* 17-00* 
17-25* 17-50* 
18-00* 9-00* 
18-00* 17-75* 
18-00* 18-00* 
18-00* 18-50 
18-00* 19-00* 
2-00T 2-004 
Abudefduf sextalis 0-50 0-50 2-5 
(Sergeant major) 0-50 0-75 25 
1-00 1-00 25 
2:50 2-50 
4-00 4-00 25 
7-60 775 
7-50 775 
8-00 8-00 
8-00 8-75 
12-50 f 12-75 
17-25 17-25 4-5 
17-75 17-75 25 
22-00 20-00 2-5 
Halichaeres ap. 6-00 6-00 
(Slippery dick) 725 725 15-0 
8-00 8-25 18-0 
875 8-75 
10-25 10-00 
Diplodius argentins 5-00 5-00 
(Bream) 12-50} 6-50 
Bathystomum aurolineatum 0-00 0-00 
(White grunt) 1-00 125 
6-50 6-00 
6-50 6°75 5-0 
7-00 7-00 6-0 
7-00 725 50 
7:00 7:75 50 
725 7-00 50 
725 725 5-0 
7-25 7-50 5-0 
7-50 7-50 50 
7.75 7-50 5-0 
7:75 8-00 5-0 
8-00 8-00 
8-00 8-00 15-0 
9-50 9-50 50 
10-00 10-00 4-0 
16-00 12-00 4-0 
12-25 12-50 5-0 
16-00 16-00 2-65 
17-00 f 17-00 25 
17-00 f 17-00 i 25 
18-00 18-00 4-0 
Acanthurus hepatus 0-00 0-00 75 
(Doctor fish) 6-00 5-00 10-0 
9-00 B75 10-0 
12-75 12-75 10-0 
Eupomocentrus leucostyctus 13-00 12-00 
(Beau Gregory} 18-00 14-75 
13°25 14-50 
Sparisoma sp. 5-00 500 10-0 
(Parrot fish) 
Angelichthys sp. 8°25 8-00 16-0 
(Angel fish) 


* Displaying: same fish not displaying has +1-50 to + 2-00 for botheyess 
t Dead within 10 min. Oe 
į Struggling during measurement. 
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‘Fig. 2. Ranges of refractive errors in living immersed reef fishes and 

“open-water fishes. Solid lines show ranges of refractive error in eyes 

measured perpendicular to the body axis when the animals were neither 

struggling against physical restraint nor exhibiting display behaviour 

induced by fright. Dashed lines show ranges of refractive error during 

display behaviour induced by fright or. during struggling against a 
physical restraint. 


values of refractive errors associated with struggling 
persisted for 1 to 2 min after struggling ceased. 

The results given in Fig. 2 show the ranges of refractive 
errors in quiescent fishes and in struggling or displaying 
‘fishes. The mean refractive error for the eyes of ten 
squirrel fish during fright display was 13-2 dioptres with a 
standard error of 1-1 dioptres. The mean refractive error 
(during struggling) for twelve sergeant major eyes was 
17-2 dioptres with a standard error of 0-79 dioptre. 
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The results in Table l-and in Fig. 2 clearly show that 
the frequency distribution of refractive erors is bimodal. 
The strongly clustered hypermetropic errors shown by 
dotted lines in Fig. 2 are associated with fright responses 
and aggression-display behaviour. When the fright 
responses and displays subside, accommodation to more) 
emmetropic vision is rapid. The refractive errors of 
quiescent reef fishes (shown by solid lines. in Fig. 23) = 
cluster strongly in the emmetropie range of vision ae 

The results in Fig. 2 enable a comparison to be made of | 
the ranges of refractive errors of open-water fishes (from 
Baylor and Shaw) with the ranges of refractive errors of 
reef fishes. The lower limits of the range of refractive 
error in reef fishes represent essentially emmetropic ` 
but the lower limits of refractive error in the alewi 
silversides are hypermetropie. It can be tentatively 
concluded from these results that reef fishes. are b 
adapted for close-up vision than open-water fishes. Hees 

This work was supported in part by a grant from the: 
U.S. National Science Foundation. 
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Air and Water Vision of the Atlantic Fiying 
Fish, Cypselurus heterurus 


AMPHIBIOUS vision for all animals with curved corneas E 
requires ar excepticnal range of focusing ability. Whereas- 
the cornea in air focuses light like a strong positive lens, 
under water it becomes a very weak positive lens because 
it has approximately the same refractive index as water. — 
Thus, land animals become hypermetropic (far-sighted) in 
water and aquatic animals become myopic (near-sighted) | 
in air. In some fish, this gain or loss of lens power amounts S 
to as much as 20 to 30 dioptres!. 

Four evolutionary adaptations of teleosts: to the 
exigencies of amphibious vision have been reviewed?. The 
purpose of this communication is to report a fifth adapta- 
tion of teleosts to amphibious vision which has been found 
in the Atlantic flying fish Cypselurus heterurus caught off 
Bermuda. This fish launches its flight by rapid: sculling 
with the tail and when airborne sometimes soars. on the 
turbulent updraughts just ahead of the leading edge of a 
wave for as long as 0-5 min. 

Flying fish are often observed in association with wind ; 
rows of Sargassum weed off the south shore of Bermuda. 
The data of Table 1 show that these fish often launch 
their flights from rows of seaweed and that they often = 
return to the sea in a windrow of Sargassum weed 
data also show that it was often not possible to observe 
whether the fish returned to the sea in a windrow of Sar- 
gassum weed or not. The exact landing site is ‘often 
obscured by waves and swell. Similarly, a fish can be 
airborne when it is first sighted, thus leaving its exact, 








Table 1. FREQUENCIES OF LAUNOHING AND LANDING SITES 


Launching 
Event Launching between 
in row rows 

Observed frequency 49 8 
Expected frequency 8 71 
Observed. frequencies when the uncertain sites are 49 30 

~ considered together with between-row sites 

Chi-aquare value to compare observed and expected 233 


Uneertain Landing Uncertain 
launching Sum Landing between landing ‘Total i 
site in row rows site 3 
22 79 39 8 32 Te 
79 8 71 ; Bb A 
39 42 Adie 
183 


Comparison of the frequencies of landing and launching in windrows of Sargassum weed with the frequencies of landing and launching. between nae 
ea 


windrowa of Sargassum weed. Expected frequencies are calculated from assumption that windrows of weed oceupy 10 per cent of the sea-surface 


‘where the observations were made, 
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launching site in doubt. If the launching and landing 
sites of these fish were randomly selected, the probability 
of either event occurring would be proportional te the 
area occupied by the windrows of Sargassum weed and 
the unoccupied areas between rows. It is a generously 
conservative estimate to say that windrows of Sargassum 
weed occupy one-tenth of the total sea surface area 
which we observed. If, therefore, launchings and landings 
occurred randomly with respect to the windrows of 
Sargassum weed, we should expect ten times as many 
events to occur between rows of weed as occur in the 
rows of weed. The observed and expected frequencies 
ean be compared by the chi-square test. When this is 
done and if the uncertain launching sites are considered 
“together with the between-row data, the number of 
launchings and landings in the windrows of Sargassum is 
significantly greater at the 99-9 per cent level. It seems 
reasonable, therefore, to conclude from these data that 
the flying fish possess a degree of visual acuity that 
strongly suggests some extraordinary modification of the 
corneal—air interface. 

The eye of the flying fish is large relative to the rest of 
the head. The cornea, which in most teleosts is a segment 
of a sphere, has been modified to a low, three-sided 
pyramid with slightly bulging surfaces. The drawing in 
Fig. 1 shows that the fish can look up and forward through 
the anterior face of the pyramid: it can look up and 
backward through the posterior face of the pyramid, or 
it can look down through the ventral face of the pyramid. 
Thus, the animal looks through essentially flat windows 
instead of a convex lens, permitting relatively undis- 
torted vision under water and in air. 

The pyramidal shape of the cornea is searcely noticeable 
to the unaided eye, but is immediately obvious when seen 
through the retinoscope or ophthalmoscope, because the 
eorners and apex of the pyramid are obvious departures 
from corneal sphericity. The pyramidal shape of the 
cornea is seen best by examining the image of a kerato- 
scopic disk? reflected from the cornea. Corneas needing 
no correction reflect the concentric circles of the disk, 
astigmatic corneas reflect concentric ovals as seen in 
Fig. 2a, and the pyramidal cornea of Cypselurus heterurus 
reflects an image of concentric triangles having slightly 
curving sides, as seen in Fig. 2b. 

Measurements were made as soon as possible after 
removing the fish from the water, because lack of mech- 
anieal support produces distortion of the cornea. The 
data of Table 2 show that the refractive errors of the 
various faces of the pyramidal cornea in air do not differ 
significantly from each other or from zero (normal em- 
metropic vision). Astigmatic errors were small and were 
neglected. 

The data of Table 3 show that when the cornea is 
optically absent under water the eye has a refractive error 
of plas 2 dioptres. These measurements were taken on a 
different optie axis from those through the pyramidal 





Fig. 1. Head of Atlantic flying fish showing pyramid-shaped cornea, 
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Fig. 2. a, Hye of boxfish. Concentric rings are the disk reflexion observed 

on “normal” hemispherical! cornea of teleost eye in air. b, Eye of flying 

fish. Concentric triangles are the reflected rings of the placido disk when 
these arë reflected from a pyramid instead of a hemisphere. 


surface of the cornea in air, and discrepancy of plus 2 
dioptres is probably caused by the mesial flattening of the 
optic cup. Comparison of the data of Table 2 with the 
data of Table 4 shows that the far-sightedness observed in 
the Atlantic flying fish is less than that which we observed 
in the alewife and some other fishes of a similar size. Other 
data’~’ support the view that some degree of far-sighted- 
ness appears to be characteristic of the vision of open-water 
fishes. On the other hand, investigations of refractive- 
error of the vision of Bermuda reef fishes reveal a wide 
enough range of focusing ability to permit good images 
of nearby objects (our unpublished work). 

The tentative conclusion is that the flying fish has a 
dual purpose cornea which permits a fraction of the 
hypermetropie underwater vision found in other open- 
water fishes but, nevertheless, assures emmetropic vision 
in air. 
Table 2. REFRACTIVE ERROR OF VENTRAL, ANTERIOR AND POSTERIOR FACES 
OF PYRAMIDAL CORNEA OF FLYING FISH MEASURED IN AIR 

Error in dioptres* 
Anterior face Ventral face 





Alive in air Posterior face 





R. eye in air + O25 0-00 + O50 
R. eye in air = 0-50 ~ 1-50 — B00 
Lie +125 +100 + 1-06 
L. eye in air? -550 + 3-00 + 4-00 
L. eye in air +100 + 1-00 0-00 
R. eye in air + 0°50 +025 +050 
L. eye in air ~ 050 ~ O25 0-00 
R. eye in air 0-00 0-00 0-00 
L. eye in air +075 0-00 Damaged 
R. eye in air 0-00 Damaged Damaged 


R., right; 1L., left. . 

* A dioptre is the reciprocal of the focal length measured in metres, . 

f Dead (5 min). Lens surface sagged toward anterior face and away from 
ventral and posterior face. . R 

The refractive errors of the ventral, anterior and posterior faces of the 





cornea were measured with a streak retinoscope and ‘Phoropter’, When 
astigmatism was neglected the eve in air was essentially emmetropic. 
Table 3. REFRACTIVE ERROR OF EYES OF ATLANTIC FLYING FISH IN & WATER 
Fish Refractive error in dioptres Fish length 
condition Left eye Right eye (om) 
Alive in seawater 1-00 1-00 35-0 
2:00 2-50 35-0 
2:50 3-50 35-0 
175 1-50 30-0 
175 2-00 30-0 
2 2:00 30-0 
2-50 2-00 28-0 
Dead 5 min 2-25 1-75 30-0 
2-50 2-75 30-0 
2-25 2:25 33-0 
The refractive error of both eyes was measured under water. Neglecting 


astigmatism, we see the mean refractive error of the immersed eye is Approx- 
imately +2 dioptres. 
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Table 4, REFRACTIVE BRROR OF LIVING IMMERSED FISHES } 


Obser- | Hypermetropy (in dioptres) 
Species vations Left Right Either 
a (No) eye S.E. eye S.E. eye 
Alosa pseudoharengus (alewife) 23 TO 3°38 802 3:10 
Menidia menidia (silversides) 33 14-57 5-14 
Menidia menidia (silversides) 36 18-80 565 
Paratichthysa dentatus (summer 7 38 43 
¿c founder) 
Prionotus carolinus (searobin) 5 AT 4d 
‘Pomatomus saltatrix (bluetish) 3 87 63 
- Gareharhinus longimanas (whitetip 1 0 3 
oo phark)* 
Mytophis (lantern fish)* 1 20 20 
| Coryphaenia hippurus (dolphin)* 1 4 4 
“Seriola species (amberjack)* i 5 6 
Curai ehrysos (blue runner)* 1 8 $5 
Xiphins gladius (awordtish, large)* t + 
:Kiphius gladius (awordäsh, small)* 1 5 4 
Prionace glauca (blue shark)* da eT 7 
i Alepisaurus species (lancet fish)* 1 6 6 
Mola mola (ocean sunfish)” 1 8 š 
Pseudopleuronectes americanus 3 10 
(winter founder) t 
‘Hemitripterus americanus (sea 2 T5 
uoi awe) t 
‘i Atenaotomus species (scup) t 1 4to5 
aan taald americanus (ocean 1 Bto4d 
id 
Brevoortia tyrannus (Atlantic 1 4 
“menhaden) 
“Squalus acanthias (spiny dogtish)t 1 6 
‘Mustelus canis (smooth dogtish) t 1 8 
© Raja apecies (skate) + 1 š 
‘Stenella * In air 2 g ~3 
Stenella * In water 2 +5 +5 


_-* Those observations were made on cruise 265 of R/V Bear, 

< -¢ These observations were made at the Aquarium of the Fish and Wildlife 
Service, Woods Hole, Massachusetts, 

oot Taken from Baylor and Shaw, 1962. 
oo The average hypermetropy for left and right eyes (with standard errors, 
SB. for Alosa and Menidia) or the average hypermetropy for either eye 
“(eye not determined) is given. 
-This work was supported in part by a grant from the 
US. National Science Foundation. 
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Dual Neurosecretory Innervation of the 
Adenohypophysis of Hippocampus, the Sea-horse 


‘Tas postulate that a dual control of endocrine function 
by two kinds of neurosecretory fibre may be a funda- 
mental feature of neuroendocrine systems! has received 
much support in recent years?-4, It has been suggested 
that type A fibres, containing peptide hormones, and 
type B fibres, containing monoamines, may regulate 
intrinsic endocrine cells of the pituitary. Direct synaptoid 
contacts (that is, contacts which morphologically resemble 
synapses elsewhere in the central nervous system) have 
been demonstrated in an elasmobranch fish, but so far 
only in the pars intermedia’. In a teleost fish, the eel, 
-otype A and type B fibres invade all lobes of the pituitary’. 

‘In this fish the fibre terminals are separated from the 
-intrinsic cells of the pars distalis by vascular channels, 
and so a morphological proof that pars distalis function. 

in teleosts is under dual neurosecretory control was still 

incomplete. This problem has now been investigated in 
| Hippocampus. This species was chosen because it has 
been shown by Da Lage’, using light microscopy, that 
‘neurosecretory fibres are closely associated with pars 
¿distalis cells. 
We investigated independently two species of Hippo- 
campus, but our findings were sufficiently consistent to be 
presented together in one communication. The pituitaries 

of Hippocampus guttulatus prepared at Naples were 
investigated at Birmingham, and those of Hippocampus 
cuda at Würzburg. 


309 


Two kinds of neurosecretory fibre (A and B) invade 
the pars intermedia and pars distalis of the sea-horse 
pituitary and lie between the intrinsic cells, sometimes 
but seldom separated from these by vascular channels. 
The vesicles in the type B fibres measured approximately 
500 A-600 A in diameter. Those of the type A fibres in 
the pars intermedia were about 1400 Ain diameter. These 
dimensions are similar to those of vesicles in the type 4 
and type B fibres which innervate the eel pituitary. 
Synaptoid contacts between type B fibres and intrinsic 
endocrine cells were found in the pars intermedia and in 
the pars distalis. Synaptoid contacts between type A. 
fibres and intrinsic endocrine cells were found in the pars. 
intermedia, but although contacts between type A fibres 
and pars distalis cells were frequent, a satisfactory 
demonstration that these contacts were synaptoid and 
functional (that is, for example, the presence of synaptic 
vesicles, darkening of membranes) was lacking. The close 
proximity of both type A and type B fibres to cells of the 
adenohypophysis does, however, suggest a dual control of 
adenohypophysial function. 

Without experimental proof it is difficult to identify 
in terms of function the cell types seen. By reason of 
their location and the size of their granules, compared. 
with the cell types in the pituitary of the eel‘, a tentative 
identification can be suggested. In H. guttulatus two types 
of pars intermedia cell were seen and possibly cells 
secreting gonadotrophic hormone, thyroid stimulatirg 
hormone and prolactin. In H. cuda in addition to the 
cell types mentioned cells possibly secreting adreno- 
corticotrophic hormone and somatotrophic hormone. were 
seen. Type A and type B fibres made direct and. some- 
times synaptoid contacts with all these cells. The findings 
of electron microscopy demonstrate, therefore, that a 
direct neurosecretory innervation by two kinds of fibre 
is a feature of the sea-horse pituitary, and thus they 
support the postulate’ that a dual neurosecretory in- 
nervation regulates the function of the pars distalis in the 
lower vertebrates. 

We thank Dr. P. Dohrn of the Stazione Zoologica. di 
Napoli for material and facilities. One of us (R. S. N) 
received a grant from the U.S. National Science Founda= 
tion. 
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Electron Microscopic Evidence for an 
Autonomic Interneuron 


Tue concept of a two-neuron effector chain in the auto- 
nomic nervous system grew from the work of Langley and 
Dickinson’, who showed that nerve transmission in a 
sympathetic ganglion can be blocked with nicotine. The 
terms preganglionic and postganglionic were- introduced? 
to describe the nerve fibres conducting signals towards 
and away from the ganglion. Soon afterwards came the. 
hypothesis that an additional neuron might be interposed? 
between these two elements, but subsequent workers*:$ 
failed to detect these “interneurons”. Significance attaches. 
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to the interneuron hypothesis because an interneuron 
would make possible peripheral compensation in addition 
to the homeostatic neural mechanism (Fig. 1). 


PREGANGLIONIC 





plas 
Intraganglioniec variable 
influencing interneuron 


Fig. 1. 


Assuming that the processes of an interneuron are 
relatively short (that is, that they do not extend outside 
the ganglion), its cell body is likely to be small. On this 
basis, the “small” cells in rat sympathetic ganglia‘ 
appeared to be possible interneurons. 

_ Preliminary light microscopy of the rat superior cervical 
sympathetic ganglion facilitated identification of the 
“small” cells, despite their sparse distribution. They are 

found in small groups and thero is no visible demarcation 

line between adjacent cells. The intensity of cytoplasmic 

staining with toluidine blue varies in different cell groups, 
“and metachromatic Nissl bodies are absent. 

Under the electron microscope, numerous vesicles, about 
1400 A in diameter and containing electron-dense cores, 
are found in the cytoplasm, These cores are mostly 
intensely osmiophilic, but a minority of the cells contain 
vesicles with paler contres (these could represent a 
different phase of metabolic activity). Other features of 
the cytoplasm will be described elsewhere. Interlocking 
microvilli are found between adjacent cells. Each cell 
group is surrounded by sheath cells and a basement 
membrane. A blood capillary has been found in close 
proximity to each group of “small” cells so far examined. 

In a recent review of sympathetic tissues, Grillo? re- 
ported that typical synapses formed by preganglionic 
axons occur on the cell bodies: this was confirmed in the 
present experiments. Less than 10 per cent of the vesicles 
in these end-bulbs contain granules. The cells also carry 
processes, in which the dark-cored vesicles provide a 
prominent and fortuitious “marker”, whereby the cell 
processes can be followed in large series of sections under 
the electron microscope. These processes make contacts 
with structures which are thought to be dendrites. 
Evidence for the synaptic nature of the contacts (Fig. 2) 
includes an asymmetrical thickening of the apposed mem- 
branes, together with opaque material subjacent to the 
contiguous membrane of the presumed dendrite. Large 
dense-cored vesicles identical with those found throughout 
the cytoplasm of the “small” cells appear to be present in 
increased numbers close to the presumed synapse, where 





Fig. 2. 

{D}, which is assumed to belong to a postganglionic neuron. Large 

dark-cored vesicles are present in greatest concentration close to the 
presumed synapse (S). 


A process (P) of a “small” cell making contact with a dendrite 
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Fig. 3. 


some clear vesicles may be found also; however, because 
numerous dark-cored vesicles lie near all parts of the 
plasma membrane of the cell, it is too early to presume 
that their preferential disposition near the synapse has a 
functional significance. 

The foregoing observations suggest that the “small” 
cells in the rat sympathetic ganglion are connector neurons 
interposed in effector circuits between preganglionic axons 
and postganglionic dendrites (Fig. 3). It seems reasonable 
to put forward the hypothesis that they act as “moderator” 
or compensator neurons, the threshold of which is in: 
fluenced by changes in the chemical environment. The 
close proximity of capillaries opens up the possibility 
that the cells might monitor a plasma component which 
is taken up and incorporated into the dark-cored vesicles. 

Further experiments are needed to establish the bio- 
chemical nature of the dark-cored vesicles. Chromaffin 
cells in rat sympathetic ganglia are said to disappear a 
few days after birth’, It has been claimed that groups of 
small cells in these ganglia are rich in §-hydroxytryptamine 
(serotonin), as judged by the colour and intensity of 
fluorescence®. The size, grouping and sparseness of these 
cells appear to match the neurons described in the present: 
investigation. 

This work was carried out during the tenure of a Medical 
Research Council fellowship, in the Department of 
Anatomy, Harvard Medical School. 
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Maia Muscle Fibre as a Model for the Study — 
of Uraemic Toxicity : 


Oxe of the major unsolved problems in clinical nephrology 
is the way cellular electrolyte disturbances develop in, 
uraemic patients. The studies of Bergström! have shown. 
abnormalities in the electrolyte content of the skeletal 
muscle of patients suffering from acute or chronic uraemia. 
Other lines of evidence suggesting toxic sequelae come: 
from the studies of Kuroyanagi, Kurisu, Sugiyama and 
Saito", Morgan and Morgan*, Giovannetti, Balestri and’ 
Cioni‘, and Welt, Sachs and McManus‘, using red blood 
cells. Welt e al. have found that the activity of. the 
sodium—potassium—ATPase of erythrocytes obtained from: 
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iraemic subjects is reduced and the internal sodium con- 
ntration of these cells increased. This is the pattern 
hat would be expected to accompany the direct action of 
toxins on the sodium transport system of erythrocytes. 
As part of a search for an experimental model, an 
attempt has been made to determine whether single 
muscle fibres isolated by dissection® from the crab Mata 
wuinado are suitable for measuring the effect of injected 
uraemic¢ plasma or serum on the efflux of isotopic sodium. 
‘this. end, plasma or serum from six normal human 
ubjects:and from six patients in various stages of renal 
lure was injected into single Maia fibres by means of a 
icrosyringe’. The resting potential of these fibres was 
easured with a microelectrode filled with 0-6 moles/l. 
tassium chloride and with an electrometer. Sodium-22 
tivity was counted in a scintillation counter. Details 
he procedure have been given elsewhere’, 
Of the twelve Maia fibres injected with normal serum or 
plasma, only two showed stimulation of sodium efflux. 
_ None of these fibres showed inhibition. The first specimen 
of uraemic plasma injected into three Maia fibres caused a 
slight but prompt fall in the efflux of sodium in two of 
hem and a sustained rise in the third. These conflicting 
results are presented in Figs. 1 and 2. The injection of 
pecimen 2 failed to alter the efflux but, as indicated in 
ig. 3, there was an immediate transitory stimulation in 
one of the two fibres injected with the serum. 
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ala). The resting potentials of the fibre at the start and end of the 
“experiment were 51 mV and 50 mV respectively. Temperature 19° C; 
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Fig. l Stimulating effect with plasma from specimen 1. Injection of 
“normal plasma was without effect, while uraemic plasma caused an 
immediate. but slight rise in sodium. efflux. ‘This fibre showed a steady 
rate constant which was almost equal to that of the fibre reported in 
Vig 1.” The resting potential of the fibre at the start and. end of the 
- experiment was 50 mV, Temperature 18° Ci pH of crab saline 7-5. 











to 


Rate constant (sec) x 10t 





0 50 1005 
‘Line (min) 


Vig. 3. Transitory stimulation with uraemic serum from specimen 2. 
In this experiment the loss of sodium-22 from the fibre rose for the Arat: 
20 min and then obeyed simple exponential kinetics at which point 
normal serum. was injected. This had no effect on the efflux, 15 min. 
later, the Internal application of uraemic serum resulted in a prompt but... 
temporary increase in efflux, The resting potentials of the fibre at the 
start and end of the experiment were 53 mV and 54 mV, respectively. °° 
Temperature 18° C; pH of erab saline 7-5. ee 
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Fig. 4. Blockade of the stimulating effect of normal plasma by uraemle — 
plasma from specimen 3. Injection of normal plasma in this experiment 
led to an immediate and persistent rise in sodium efflux. ‘When pesma: 
from specimen 3 was applied into the fibre, it immediately reversed 
this process with the result that an exponential loss of isotopic sodium | 
began 30 min afterwards. The resting potentials of the fibre at the: 
start and end of the experiment were 54 mV and 58 mV, respectively, 
Temperature 10° C; pH of crab saline 7-6. anan 


Internal treatment of two fibres with the plasma of 
specimen 3 resulted in a substantial reduction in. the 
offlux. Fig. 4 shows that the application of normal plasma 
into one of these fibres was accompanied by a persistent. : 
increase in the efflux which was reversed by the: ted. 
uraemic plasma. Injection of serum from the 
patient into two fibres produced a slight but sustain 
rise in the efflux of sodium, while specimens. 5. ar 
were without effect. i ee 

The results are compared in the accompanying table. | 
They indicate that the degree of uraemia and not the. 
azotaemia found in patients 1 and 3 correlates with the 
response of the Maia fibre to their plasma. The variable 
result obtained with specimen 1 suggests that the mechan- 
ism of action of uraemic plasma might be similar to that 
of ethyl alcohol, namely, an action which, depending on. — 
the individual fibre, can be a stimulation or an inhibition 
of the efflux of sodium’. The significance of this analogy 
lies in the possibility that the response of the Maia fibre 
depends on whether the predominant process involved in 
the sodium pump ‘is a sodium-potassium ATPase or an - 
electrogenic system. ee 
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Table 1. CHANGES IN RATE CONSTANT PRODUCED BY URAEMIC BLOOD 


# Chemical profile i 
Patient Urea Na K Cl HCO-, Clinical status No. of fibres Effect on the rate 
No. (mg/100 ml.) (m.equiv./1) injected constant 

1 790 133 62 83 10 Severely uraemic* 3 Slight decrease in two 
E ed, Slight increase in one 

2 450 134 a6 93 l4 Slightly uraemic Transient rise in one 
E. . i No change in the other 

3 255 115 63 3i Severely uraemic 2 Substantial fall in both 

4 345 141 ad 104 18 Azotaemic 2 Slight increase 

5 240 124 46 94 = Azotaemic i No change 

6 340 122 52 90 ~ ? 2 


* This patient was not ina state of coma. 


Evidence for the suitability of the Maia fibre in the 
study of uraemic toxicity has also been obtained by 
injecting normal plasma or serum. The rise in the efflux 
of sodium which is sometimes found could provide a clue 
to the site of action of uraemic blood. For example, 

“Pig. 4 shows that the plasma of patient 3 blocked the 
stimulating influence of normal plasma. A reasonable 
inference is that the biochemical lesion lies in a component 
of the sodium pump which is sensitive to both normal and 
uraemic plasma. Moreover, the severe hyponatraemia 
of this patient can partly be accounted for by a slowing 
down of active sodium transport. To verify the correct- 
tiess of this suggestion it will be necessary in future work 
to include a biopsy of skeletal muscle. 

It is-important that, despite dilution by the sarco- 
plasmic fluid by a factor of almost 100, uraemic plasma or 
serum affected sodium efflux. This means that the con- 
centration of toxic substances inside the fibre was low and 
strengthens the view that the effects observed with uracmic 
blood are significant. 

As might be expected, a number of theories have been 
put forward to explain the toxaemia of uraemia. That of 
Thélen, Bigler and Staub? attributes the syndrome to the 
accumulation of acetoin and 2,3-butylene glycol in the 
blood stream, resulting from diminished conversion of 
pyruvic acid to acetyl-coenzyme A. Other compounds, 
such as ethanolamine!™-!2, tyramine, phenolic and aroma- 
tie acids'!, organie anions or N-methyl-2-pyridone-5- 
earboxamide'*!7, have also been implicated by various 
workers. It would be very useful to know whether any 
of these substances have an effect on the efflux of sodium 
in Maia fibres. 

Finally, the best model is one which provides direct 
information about the genesis of uraemic toxicity and 
also leads to a remedy. An attractive possibility arising 
fromthe microinjection of peptide antibiotics® is that 
agents of the type of valinomycin might be capable of 
blocking or reversing the action of uraemic plasma on 
sodium efflux. Further work is needed before the Maia 
fibre can be accepted as a viable model. 

¿E thank Dr. G. K. McGowan of the Royal Infirmary, 
Bristol, Dr. J. B. Holton of Southmead Hospital, near 
Bristol, and Dr. O. M. Wrong of Postgraduate Medical 
School, London, for supplying the specimens of blood used 
in this investigation. 
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Spinal Intercostal-phrenic Reflexes 


Some of the spinal mechanisms involved in the control of 
the respiratory movements have recently been investi- 
gated'?, Autogenetic facilitation analogous to the stretch 
reflex and operating as a “‘load-compensating reflex” has 
been demonstrated for the external intercostal muscle®:, 
The other important inspiratory muscle, the diaphragm, 
seems mainly to be controlled by inhibitory autogenetic 
effects*; so far no facilitation of phrenic « motoneurones 
has been conclusively demonstrated in response to stretch 
of the diaphragm or to stimulation of phrenic afferent**, 
On the other hand, the close functional relation of the 
intercostal and diaphragm activity as well as the intimate 
anatomical relation between the diaphragm and the lower 
part of the rib cage suggest that some kind of close 
reflex interrelation may exist between these two motor 
systems. No information about such mechanisms is, 
however, available. This report presents evidence to 
support the existence of spinal intercostal-phrenic reflex 
connexions. 

Experiments were carried out on cats and rabbits after 
decerebration or high spinal transection (at the border 
between cord and medulla). Surgical procedures were 
carried out under ether anaesthesia, The efferent phrenic 
and external intercostal œ activity was recorded either 
from the whole nerves (in the case of the phrenic nerve 
its C5 root was usually used for recording) or from thin 
filaments with only a few active motor fibres. Tidal 
volume and (or) intratracheal pressure were recorded 
together with the neural activity. In some experiments 
internal and external intercostal nerves of different 
interspaces were dissected free for stimulation. For 
stimulation of the phrenic nerves, electrodes were placed 
distal to the junction of their C5 and C6 roots. 

When either the external or the internal intercostal 
nerves of the ninth to eleventh interspaces were stimu- 
lated by a single shock or short tetani, a reflex discharge 
of phrenic motoneurones was observed after a latent period 
of 10-16 msec. The response (Fig. 1A) consisted of an 
asynchronous volley with a temporal dispersion of about 
8 msec. This phrenic reflex discharge, observed in both 
cats and rabbits, was most clearly seen in spinal prepara- 
tions. In decerebrate animals the reflex was evident only 
during inspiration and at the beginning of expiration. 
This response was quite sensitive to barbiturates. A 
subanaesthetic dose of ‘Nembutal’ (13 mg/kg given intra- 
venously) reduced this response to less than 21 per cent of 
control values. 

The largest phrenic responses were obtained from the 
intercostal nerves of the lowest intercostal interspaces, 
that is, the part of the thorax on which the diaphragm 
inserts. Hardly any response was obtained to single 
shock stimulation of the uppermost intercostal nerves. 
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The intereostal-phrenic reflex could be elicited by inter- 
‘costal stimulation either ipsi- or contra-lateral to the 
phrenic recording site. Stimulation of cutaneous branches 
of the intercostal nerves failed to produce a phrenic reflex 
response. 

The ascending pathway for the reflex seems to have a 
‘bilateral representation in the spinal cord, because the 
response could be abolished only after bilateral sectioning 
of the ventral part of the lateral funiculi. 
> In both cats and rabbits with a high spinal section some 
tomie efferent discharge was recorded from the phrenic 
nerves. When a slight pressure was exerted either on the 
‘abdominal wall or on the lower part of the thoracic cage, an 
increase in the tonie phrenic « motoneurone activity was 
observed. This effect was obtained in animals in which 
the roots of both phrenic nerves were completely severed 
so that no phrenic afferents remained intact. The aug- 
monted motoneurone activity observed in response to this 
‘pressure stimulus consisted both of an increase in firing 
rates and recruitment of new units. 

Intercostal nerve stimulation was able to produce a 
phrenic discharge, and so the question arose as to whether 
diaphragm contraction, acting on intercostal and ab- 
dominal muscle receptors, would be able to excite the 
phrenic motoneurone pool. This possibility was tested by 
‘stimulating the distal stumps of both phrenic nerves and 
recording efferent activity in the central stump of the 
“phrenic C5 root. In these conditions the diaphragm con- 
‘tractions, induced either by single shocks or short tetani, 
produced reflex discharges of the phrenic motoneurone 
pool (see Fig. 1C). The latency of this reflex was between 
-40 and 50 msec. 

-< Reflex responses were also found in the efferent fibres 
vof the external intercostal nerves of the lower intercostal 
interspaces when the central stumps of both phrenic 
nerves were being stimulated. The latent period of this 
phrenic-intercostal reflex was about 13 msee (Fig. 1B). 

It is concluded that the activity of the phrenic motoneu- 
rones can affect their own excitability through an external 
‘mechanical link between the diaphragm and the thoraco- 
“abdominal wall. The reflex discharge of the external 
“intercostal « motoneurones in response to stimulation of 
the central stumps of the severed phrenic nerves suggests 
that phrenic afferents may play a part in the control of the 
external intercostal « motoneurone pool. 

This work was supported by a grant from the Swedish 
Medical Research Council. One of us (HE. E. D.) was 





Fig. 1. A, Phrenic efferent response (C5 root) for a single shock to the 
proximal end of tenth external intercostal nerve (upper tracing). The 
integrated record of the same response is shown in lower tracing. B, 
External intercostal efferent response (ninth space) to a short tetanic 
stimulation applied to the central stumps of the severed phrenic nerves 
(ower tracing). The integrated response is shown in the upper tracing. 
‘Twenty-five superimposed sweeps. C, Intratracheal pressure (upper 
tracing) and efferent phrenic discharge recorded from a filament of the 
C5 phrenic root (lower tracing). A brief tetanic stimulation of the distal 
stumps of the cut phrenic nerves produced a diaphragm contraction 
indicated by the negative intratracheal pressure. Concomitantly an 
increased efferent phrenic activity occurred. Note that some tonic 
activity was present before the stimulus. A, B and C are from different 
experiments on spinal cats, 
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Site of Action of Cocaine on the Perfused. 
Artery 


THE histochemical investigation of tissue sections con- 
taining arteries using the fluorescence technique indicates 
that the noradrenergic structures are superimposed on the 
outer surface of the smooth muscle layert. Applying the 
same technique to the central artery of the rabbit ear, we 
have found that catecholamine-like fluorescence occursonly 
inthe layer immediately outside the circular smooth muscle, 
between this musele and the adventitia. The fluorescence 
appears as a series of discrete bead-like structures! uni- 
formly distributed around the perimeter of the. smooth 
muscle layer as shown in Fig. 1. The histological observa-. ` 
tions drew our attention to the possibility that uptake of 
noradrenaline by the artery was restricted to sites at the. 
outer perimeter of the smooth muscle layer and, if so, the 
action of drugs such as cocaine which inhibit uptake of 
noradrenaline and sensitize the arterial wall to its action 
may be influenced by the particular surface of the artery 
to which the noradrenaline is applied. The following 
experiment shows that this is the case. 

Segments of the central artery taken from the proximal 
third of the ear and approximately 2 cm long were stripped 
of adhering tissue, cannulated, and mounted in an organ 
bath so that Krebs bicarbonate solution at 37° C, which 
was gassed with oxygen-5 per cent carbon dioxide, could 
be pumped through the lumen of the artery and then escape 
without coming into contact with the adventitial (extra- 
luminal) surface*-*. The extra-luminal surface was bathed 
in Krebs bicarbonate at 37°C and gassed with 95 per 
cent oxygen-5 per cent carbon dioxide. 

Constriction of the artery in response to drugs added to 
the intra-luminal or extra-luminal fluids was recorded as a 
rise in perfusion pressure. After establishing concentration- 
response curves to intra- and extra-lwminal noradrenaline, 
1-10 pg/ml. of cocaine was added to the perfusion medium, 
and the response curves to noradrenaline re-determined. 

Sensitization by cocaine was expressed as the ratio of 
the concentrations of noradrenaline producing a con- 
strictor response of the same magnitude in the absence, 
and in the presence, of cocaine. Cocaine was applied first 
to one surface of the artery, then, after washing out, to the 
opposite surface so that each of the possible combinations 
of intra- and extra-luminal noradrenaline and cocaine 
was tested. The results of the experiments on eight arteries 
are summarized below. (i) In accordance with an earlier 
observation’, the artery was much less sensitive to extra- 
luminal than to intra-luminal noradrenaline. The ratio of 
sensitivities varied from 0-02 to 0-5 in different arteries. 
(ii) Cocaine increased the sensitivity of the artery to extra- 
luminal noradrenaline by a factor of 92 (mean value). 
Its effects on intra-luminal noradrenaline were much less 
(mean increase = 1-9). The net result of the more dramatic. 
effect of cocaine on extra-luminal noradrenaline was.to re- 
duce greatly, and in some arteries to abolish, the difference: 
in sensitivity to the responses to intra- and extra-luminal 
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noradrenaline. (ii) Unlike the action-of noradrenaline the 
action. of cocaine described under (ii) was manifest regard- 
less of the surface to which it was applied. 

The. pharmacological results are consistent with an 
assumption that uptake into storage sites plays a principal 
partin the response of the artery to noradrenaline. The 
effect. of cocaine in increasing the sensitivity to extra- 
luminal noradrenaline is to eause this sensitivity to 
approach, but not to exceed significantly, the sensitivity 
of the artery to intra-luminal noradrenaline; hence it 
would appear that, in the absence of uptake, noradrenaline 
penetrates into the smooth muscle equally well from either 
surface to act on the receptors in the smooth musele, A 
hypothesis which takes into account both the pharmaco- 
logical and histological observations is that the sites of 
uptake are distributed around the outer perimeter of the 

: smooth muscle and are equally accessible to noradrenaline 
‘applied to either surface of the artery. Noradrenaline 
diffusing from the adventitia is exposed to these sites and 
its concentration is therefore reduced before it enters 
the smooth muscle layer. Noradrenaline applied to the 
intima is exposed to uptake at these sites after it has 
diffused through the muscle layer so that uptake has less 
‘effect on its concentration in the smooth muscle and thus 
on its physiological action. 

An advantage of the hypothesis is that it may provide a 
useful basis for establishing the relative positions of the 
sites of uptake and sites of release of endogenous nor- 
adrenaline in the artery. For example, an earlier observa- 
tion’ that cocaine produces more dramatic potentia- 
tion of the arterial constriction produced by peri-arterial 
stimulation of sympathetic nerves than that produced by 





Fig. 1. 
rabbit ear under (4) ordinary light, (B) ultra-violet light (x 60). The two 
photographs can be superimposed. The artery was dissected from the 
rabbit ear in the same way as those used in the perfusion studies. It was 
prepared by freeze drying, formaldehyde treatment, and paraffin embed- 


Transverse section (unstained) of the central artery of the 


ding after the method of Falck and Owman', In the bottom photograph 
fluorescence due to catecholamines is seen extending around the outside 
of the smooth muscle, Autofluorescence is seen in the intima. The 
eircular smooth muscle layer is extremely thick in this artery, and is 
shown in twa places by a double arrow in the top slide. ‘Phe identity of 
the smooth muscle and other structures shown in the top slide was 
established by classical staining techniques on adjacent portiona of the 
artery, a, Adventitia; b, Intima, 
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intra-luminal noradrenaline. suggests ‘that, like extras 
luminal noradrenaline, the noradrenaline released by nerve 
stimulation diffuses inwards to the smooth muscle layer 
from sites of release in its perimeter. 

The oceurrence of sites of uptake of noradrenaline on the 
outer perimeter of the smooth muscle layer may also 
help to explain some puzzling features of vascular responses 
in the human, such as the relatively small changes in the. 
magnitude of the responses to catecholamines observed 
in human limb vessels in vivo after procedures such as 
sympathectomy*:* and sympathetic nerve blockade with 
bretylium and guanethidine’. Where intra-arterial im- 
fusions of noradrenaline are used, corresponding to intra-. 
luminal noradrenaline in our system, it is possible that, 
as in the rabbit isolated artery, changes in the rate of 
uptake of noradrenaline have little effect on the con- 
centration reaching the receptors in the smooth muscle 
from the intimal surface of the artery. 


ILS. pp LA LANDE 
J. G. WATERSON 


Department of Human Physiology and 
Pharmacology and 

Department of Dental Science, 
University of Adelaide, 

South Australia. 


Received August 15; revised October 10, 1966. 


1 Fuxe, K., and Sedvall, G., Acta Physiol. Scand., 64, 75 (1966). : 

tde la Lande, I. 8., and Rand, M, J., Austral, J. Exp. Blot. Med. Sei, 40. 
639 (1965). ; 

3 de la Lande, I. S., and Harvey, J. A., J. Pharm. Pharmacol., 17, 589 (0060): 

‘Cannell, V., de la Lande, I. 8., and Waterson, J, G., Bril. J. Pharmacol., 88, 
255 (1966). 

è Duff, R. 8., J. Physiol., 129, 53-64 (1956). 

s Parks, V, J., Skinner, 8. L., and Whelan, R, E., Cireulat. Res., 9, 10261961) 

* Cooper, ©. J., Fewings, J. D., Hodge, R, L., and Whelan, R. F., Brit. Je 

Pharmacol., 21, 165 (1963). 
è Falek, B., and Owman, C., deta Univ, Lund., Sect. IT, No. 7, 501865). 


Evidence for the Synthesis of Oxytocin and 
Vasopressin in Separate Neurons 


ALTHOUGH it is now generally accepted that in mammals 
the hormones of the posterior pituitary, vasopressin and 
oxytocin, are synthesized in the hypothalamus in the: 
supraoptic (SON) and paraventricular (PVN) nuclei!, two 
important and related questions about the hypothalamo- 
neurohypophysial system (HNS) remain unanswered. 
These are: (a) whether vasopressin. is synthesized exclu- 
sively in the SON while oxytocin is synthesized only in 
the PVN*-*; and (b) whether there is one population of 
neurons in the hypothalamic nuclei which produces only 
vasopressin and another population which produces only 
oxytocin, or whether single neurons in the HNS can syn- 
thesize both these hormones*-?. The results reported here. 
suggest an answer to the second question. 

Eighteen adult rats with hereditary hypothalamic 
diabetes insipidus* and forty-eight adult normal rats 
were used. Nine of the rats with diabetes insipidus were 
given daily injections of 1-0 unit of vasopressin (pitressin ` 
tannate in oil) subcutaneously for 28 or 56 days. The” 
other nine diabetie rats served as controls and received 
daily injections of peanut oil vehicle. The normal rats 
were killed on successive days during a 5-day period of 
water deprivation, followed by a 6-day period of re- 
hydration during which water was given ad libitum. Two 
normal rats were killed after each day of thirsting, except 
on the fifth day when six were killed, and four rats were 
killed after each day of rehydration. Ten normal rate” 
were killed at the start of the experiment, to serve as 
controls. 

All the animals were stunned by a blow on the head 
and decapitated. The pituitary glands were quickly 
removed and fixed in Bouin’s solution, dehydrated, and 
embedded in paraffin. Tissues were cut transversely at 
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Fig. 1. 

of the pars nervosa (PN) and the para intermedia (PI). 

of the darkly stained neurosecretory material. 

vehicle for 56 days; B, diabetic rat injected daily with 1 unit vasopressin in oil for 56 days; C, normal rat deprived 

of drinking water for 5 days; D, normal rat a a or 5 days and then allowed free access to water for 6 days. 
Seale, 50u. 


Ðu and stained with paraldehyde fuchsin prepared 
ecording to the method of Cameron and Steele’. 

In an earlier paper we reported on the appearance, under 
ithe light microscope, of the HNS in rats with hereditary 
hypothalamic diabetes insipidus’*, These animals are 
‘apparently incapable of synthesizing vasopressin’? When 
stained with paraldehyde fuchsin, their neurohypophyses 
show a dearth of neurosecretory material. The little 
meurosecretory material which remains is not evenly dis- 
persed throughout the pars nervosa, but appears rather 
an conspicuous clusters of granules which are surrounded 
by large areas devoid of stainable material (Fig. LA). 
This clustered appearance contrasts with that in normal 
cats which have been deprived of drinking water for 
weveral days. In such animals the remaining neuro- 
secretory material is scattered more or less evenly over 
he entire infundibular process (Fig. 1C). Normal rats 
deprived of water resemble untreated diabetic rats in that 
shoir HNS is hyperstimulated by hypertonic serum’. 

Thirsting reduces both the oxytocie and the vasopressor 
oe of the neural lobe of a varicty of mammals’. 
Whe neurosecretory material which remains in normal 
@nimals after thirsting therefore probably represents both 

osterior pituitary hormones. By contrast, evidence 
based on bioassays strongly suggests that the remaining 
neurosecretory material in untreated rats with diabetes 
nsipidus represents only oxytocin'™.1!, Hence, the clusters 
of neurosecretory material may demarcate the axonal 
werminals of neurons producing oxytocin, whereas most 
oof the unstained areas may represent the axonal terminals 
of biochemically defective neurons which in normal rats 
roduce vasopressin. Thus, the segregated pattern of 
@tored neurosecretory material in rats with diabetes 
ipidus may reflect separate synthesis of the two neuro- 
aypophysial hormones in different neurons. 
If this interpretation is correct, it might be anticipated 
at when thirsted normal rats are rehydrated, stored 















Transverse (sections of pituitary glands cut at 54 and stained with aldehyde fuchsin, showing portions 
Note the variations in the quantity and the storage pattern 
A, Rat with diabetes insipidus injected daily with 0:2 ml. peanut oil 


neurosecretory material (representing both vasopressin 
and oxytocin) should reaceurmulate in their neurohypo- 
physes in a homogeneous distribution. On the other hand, 
when storage of neurosecretory material is induced in 
rats with diabetes insipidus by correcting their chronic 
dehydration, segregated clusters should persist. These 
predictions have been verified. Fig. 1B shows the pituitary 
of a diabetic rat which had been injected subcutaneously 
with 1-0 unit of vasopressin in oil daily for 56 days. It is 
clear that this treatment resulted in increased storage of 
neurosecretory material, and that this material reaceumu- 
lated in distinet clusters. The findings in the other rate 
with diabetes insipidus treated for either 28 or 56 days 
were similar. Concurrent bioassays of the pituitary 
glands showed an increase in ‘stored oxytocin from the 
previously low to normal values, but there was still no 
storage of vasopressin’!. This strongly suggests that the 
diserete clusters of neurosecretory material in treated 
diabetic rats represent oxytocin. 

Fig. 1D shows the neurohypophysis of a normal rat 
which had been deprived of water for 5 days and had 
then been allowed to rehydrate ad libitum for an additional 
6 days. The homogeneous reaccumulation of neuro- 
secretory material, reflecting increased storage of both 
vasopressin and oxytocin, occurred in all rehydrated 
normal rats. This reaceumulation, which was homo- 
goneous at every stage of rehydration, contrasts sharply 
with the picture in the treated diabetic rats (Fig. 1B). 

In recent years much evidence has accumulated which 
supports the one neuron-one hormone hypothesis. Dif- 
ferential release of vasopressin and oxytocin in response 
to a variety of stimuli has been demonstrated®’, and 
Heller! has rightly pointed out that it would be simpler 
to explain such differential release if the HNS consisted 
of a mixture of vasopressin-releasing and oxytocin- 
releasing fibres. Ultracentrifugation of pituitary homo- 
genates suggests that protein-bound vasopressin and 
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protein-bound oxytocin occur in separate granules which 
tend to sediment in different layers!*3, Of course, such 
experiments cannot show whether the different granules 
oceur in separate neurons, but in the trout two sizes of 
secretory granules have been shown to occur in different 
axons", 

If there are indeed two types of neurons producing, 
transporting and releasing vasopressin and oxytocin, 
respectively, then the segregated clusters of neurosecretory 
material in rats with diabetes insipidus suggest that each 
type of axon tends to occur in groups. This finding is 
supported by those of Lederis' in the trout, where like 
axons, containing the same type of secretory granules, 
tended to aggregate, and by the work of Howe. The 
latter found that, in the neurohypophysis of the rat, only 
certain masses of neurosecretory material showed a 
positive histochemical reaction for arginine. Because this 
amino-acid is present in vasopressin but absent from 
oxytocin of the rat, it is possible that this method also 
separates nerve fibres containing one of the neurohypo- 
physial hormones from those containing the other. 

Our thesis would, of course, be strengthened if two 
populations of cells could be identified in the SON and 
PYN of rats with diabetes insipidus, one containing much 
neurosecretory material and the other containing little or 
none, But, at the level of resolution possible with the 
light microscope, it has not been possible to distinguish 
two such populations conclusively. Discrete neuro- 
secretory granules must be shown to exist, and a similar 
investigation, using electron microscopy, is now under 
way in another laboratory. 
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PSYCHOLOGY 


Olfactory Discrimination in the Giant 
Anteater 


THe giant anteater (Myrmecophaga jubata), a South 
American edentate with a well developed olfactory system 
and an almost insatiable penchant for sniffing, has tra- 
ditionally been called a ‘““macrosmatic” animal. Beyond 
the neural development and the behavioural predilection, 
however, there is no evidence to indicate that the sense of 
smell in this animal is extraordinarily acute. 

A near-adult female anteater was obtained for an 
investigation of comparative neuroanatomy, and its 
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olfactory ability could be tested during a period lasting 
for several months. The many odours used included 
formic acid, peppermint, eucalyptus and camphor. The 
difficulty of discriminating between the last two in various. 
combinations is the subject of this report. The purpose 
was to determine how macrosmatic this neurally, be- 
haviourally and traditionally macrosmatic animal is. 

An 18 in. high T-maze constructed of 0-5 in. plywood 
was used to test the anteater. The stem of the T was 
llin. wide and 48 in. long and was divided by an aluminium. 
guillotine door into a 24 in. start-box section and a 24 in. 
running section. The arms of the Z' were 9 in. wide and. 
18 in. long. The last 5 in. of each arm was partitioned with 
a perforated aluminium guillotine door to form a goal box. 
The odours were presented by forcing air through an 
otherwise closed system over saturated cotton balls and- 
into the arms of the T just ahead of the goal boxes. An 
arrangement using a Y-tube and a rubber bulb allowed the. 
odours to be presented simultaneously and with equal 
force in both alleys. The T-maze was placed in a sound 
proofed chamber which had a forced air ventilating 
system, allowing it to be cleared of residual and extraneous 
odours between trials. 

The anteater was given approximately one quarter of- 
its daily food in the morning. It was run in the middle of. 
the afternoon, and the balance of food was given after: 
each day’s test. Previous experience had shown that the 
anteater could detect and would respond to the odour of | 
its own saliva. To eliminate this as a differential cue, a 
small portion of the food which was to be the reward. 
(Gerber’s high protein cereal mixed with milk) was given 
from each of the goal dishes before each day’s run. Food 
(and saliva) were present in both arms of the maze on all 
trials. 

Ten trials were given each day. When the animal was 
in the starting box, the door was raised and the rubber 
bulb, used to force air over the odours and into the maze, 
was squeezed three times at approximately 1 sec intervals... 
It was determined that the animal had made a choice 
when it touched one or the other of the goal box doors- 
with its nose. If the correct door was chosen, it was 
raised and access to the food was allowed. If the incorrect: 
door was touched, the animal was removed from the maze 
immediately. The odours were switched randomly from.’ 
side to side in the Z'-maze to prevent the learning of a 
position habit. Intertrial intervals were never shorter 
than 3 min, and rarely longer than 6 min. 

After training with camphor as the positive stimulus: 
and eucalyptus as the negative stimulus, the camphor was: 
progressively mixed with eucalyptus. When the animal. 
could no longer discriminate between the mixture and: 
pure eucalyptus after 10 consecutive days of testing, the. 
experiment was terminated, 

The anteater was a remarkably easy subject to run; 
motivation, as evidenced by eagerness to get into the maz 
and out of the starting box, was consistently high, an 
distraction by sounds and sights was not apparent. 

Choice behaviour on the various problems is shown ir 
Fig. 1. The learning curve for the discrimination of eampho 
and eucalyptus is shown at the left, with the various; 
dilutions in the order of decreasing percentages of campho 
shown then from left to right. In all situations except th 
last, the animal performed at the 100 per cent correc 
choice level on at least one day. The choice behaviou 
broke down only when the camphor was present in eucalyp~ 
tus in the ratio of 1: 4,000 (0-025 per cent). 

Ten non-smoking female humans were asked to compar 
mixtures of camphor and eucalyptus containing 50 per 
cent, 5 per cent and 1 per cent camphor with a sample o 
pure eucalyptus. Seven correctly discriminated at 50 per. 
cent, four at 5 per cent and only one at 1 per cent. F 

The extensive olfactory apparatus (both nasal and 
neural) and the persistent olfactory behavioural orienta 
tion of the anteater appear to combine very efficiently te 
enable this animal to make olfactory discriminations faw 
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_ beyond the capabilities of man. Thus, it seems that the 
„anteater is accurately described as macrosmatic. 
This research was supported in part by a grant from the 
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BIOLOGY 


Mechanism of Nocturnal Emergence from 
the Nest in Green Turtle Hatchlings 


In has been known for many years! that hatchling green 

_ turtles (Chelonia mydas (Linn.)) almost all emerge from the 

nest after dark. Moorhouse referred to hatchlings which 

emerged during the day usually burying themselves again, 

. and noted that the few which attempted to reach the water 
were invariably taken by gulls and herons. Hendrickson? 
has pointed out that nocturnal emergence has marked 
‘survival value, because during the heat of the day surface 
sand. temperatures would be rapidly lethal to hatchlings 

and the danger of predation is much greater during the 

day. He wrote: “It is believed that, upon encountering 
temperatures much above about 33° C, the hatchlings 
cease activity in their escape chamber, resuming active 

: movements only when lower temperatures return with the 
fall of night”. 

During large scale ecological investigations now in 
“progress on the green turtle population at. Heron Island on 
the Great Barrier Reef of Australia, I have frequently 
observed natural emergence from the nest and investigated 
the mechanism whereby this is almost entirely restricted 
“to the hours of darkness. 

The efficacy of this behavioural pattern was demon- 
“strated when the time of emergence in natural conditions 
for 5,287 green turtle hatchlings in a hatchery at Heron 
Island was recorded during February 1966. Only 161 
(3-0 per cent) emerged during the day. 

The egg chamber in the sand is pear-shaped with well 
defined walls and emergence results from a concerted 
attack on the sand in the neck, which is much less firmly 
packed, by the sixty or more hatchling turtles. 

-o On at least a score of occasions I have found a nest 
during the heat of the day with several (usually between 
two and six) hatchlings visible at the sand surface. In 
most cases only the head protrudes, but occasionally 
part of the anterior region of the carapace may also be 
exposed. These turtle hatchlings show no sign of life, 


remaining completely immobile for periods of many hours. 
Detailed observation, however, has shown that in this 
position they are able to remain alive in conditions where 
complete exposure is fatal within minutes. Prodding the 
hatchlings exposed at the surface does not elicit any 
movement, whereas in other circumstances hatchlings: 
when touched usually show a burst of activity. After dark 


these hatchlings become active, emerge from the nest, 


followed by the rest of the brood, and make for the water, 
I have never observed hatchlings which emerged during: 
the day burying themselves again as described by Moor- 
house}. : 

Any mechanism preventing daytime emergence must 
explain how inactivity, caused by bright light or tempera.- 
ture, is transmitted to hatchlings deeper down in the nest 
shaft which are unable to experience these differences in 
the physical environment. Carr? has shown the significance 
of social facilitation in synchronous emergence in: this 
species of turtle. I suggest on the basis of the observations 
reported above that the comatose condition of the few 
turtles which reach the surface has a dampening effect: 
on the activity of those below. Furthermore, those at the 
surface act like corks in a bottle, occupying the opening 
of the nest shaft and making exit difficult if not impossible 
for those below. Experimental removal of individuals the 
heads of which are protruding from the sand together with 
others then immediately visible has led to activity within 
the nest and emergence of the turtle brood within minutes 
during the day. 

Examination and observation of nests where hateblings 
appeared at the surface during the day showed that some- 
times activity of the brood resulted in several of the top- 
most turtles being pushed out of the sand by the activity 
of those below. These few individuals often perished 
before they were able to reach the beach, showing signs of 
heat torpor after moving several yards, and the few that 
reached the beach were invariably taken by gulls. The 
behavioural pattern of the first turtles to reach the 
surface, however, resulted in the majority remaining 
within the nest at a level where no light could penetrate 
and where temperatures were not appreciably higher than 
those experienced in the nest pit before the upward journey 
was commenced. It is noteworthy that those individuals 
the heads of which only were exposed normally survived. 

H. Roserr Bustarp 
Department of Zoology, 
Australian National University, 
Canberra. 
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Etho-Ecological Adaptations in the Great 
Frigate-bird 


Recent work on the great frigate-bird Fergata minor of 
the Galapagos island of Tower disclosed a unique syn- 
drome of adaptations to a markedly erratic and non- 
seasonal food supply. The Fergatidae have not only 
evolved a strongly aerial life, becoming morphologically 
apecialized with reduced tarsi, tiny unwebbed zygodac- 
tylous feet, vestigial uropygial gland (plumage water- 
proofing unnecessary) and a ratio of wing span to weight 
greater than in any other sea-bird (about four times as 
great as the comparably sized, sympatric and far-flying 
waved albatross (Diomedea irrorata)) but, if Fergata 
“minor is typical, they also differ from all other members of 
their order Pelicaniformes in several basic reproductive 
mechanisms. 

The complete breeding cycle takes one and a half to 
three times as long as in any other member of the order; 
from the date of egg laying to independence of the young 
requires about 400 days or more (about 10-20 days sexual 
display and pair formation, 55 days incubation period, 

130-160 days fledgling period and up to 180 days or more 
post-fledgling feeding of the juvenile by the parents). The 
length of the frigate breeding cycle reflects the slow growth 
of the young and their difficult transition to independence. 
Slow growth and fasting ability are valuable adaptations 
to an irregular food supply, while the prolonged post- 
fledgling feeding, the longest on record for any sea-bird, 
reflects the non-seasonal nature of the food supply and the 
specialized frigate feeding technique of snatching food in 
flight and piracy from other species, which takes a long 

_time to perfect (juveniles rarely attempt piracy). Even 
after 6 months of partial independence, free ranging but 
also. fed by parents, the juveniles lost weight from an 
average 1,083 g in April 1964 to 983 g in June 1964, and 
several died (at 600 g) when their parents stopped feeding 
them. 

The long reproductive cycle prevents annual breeding, 
and individual frigates, if successful, apparently breed 
: every second year (the main laying period on Tower seems 
to fall roughly at the same time each year). Two important 
results of this are the lack of a permanent nest site and 
pair bond, and the associated evolution of special sexual 
and agonistic behaviour. 

Sea-birds show marked site and mate fidelity the 
adaptive value of which in enhancing breeding success has 
now been demonstrated for the kittiwake Rissa tridactyla’. 
In the great frigate, fidelity to the local area probably 
remains, but another pair may be occupying the nest 
site (this probably explains why one often sees a dis- 
playing male alongside a fledged juvenile) especially in 
favoured areas such as the dense shrub Cryptocarpus 
pyriformes at the head of Darwin Bay on Tower, where 
212 pairs nested in about 4,500 square yards in site com- 
petition with 300-400 pairs of red-footed boobies Sula 
sula, Because sites are thus potentially transitory, the 
whole mechanism of pair formation, whereby the male 
establishes and in later years returns to the site and is 
later joined by the female, is altered in the great frigate. 
Males show no territorial aggression or nest building be- 
haviour in the early stages of their ritualized sexual 
‘display, whereas in other sea-birds this is precisely when 
aggressive behaviour reaches its highest intensity. Con- 
sequently, male frigates can display unanimously in a 
close group greatly enhancing its visual and auditory 
impact to females flying over. Display nuclei initiated by 
one or two males grow rapidly and, after some have suecess- 
fully formed pairs (which will breed on the male’s display 
site), the remainder form or join another nucleus elsewhere. 
This mechanism of pair formation reduces the chances of 
the same pair members re-uniting in successive cycles; 
each male displays indiscriminately at the beginning of 
each reproductive cycle and, although previous area- 
imprinting and pair-conditioning can increase the pro- 
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portion of re-pairings to more than random, it is certain 
that pair bonds are notably impermanent compared with: 
those of other Pelicaniformes. 

Agonistic behaviour and pair interactions are poorly. 
developed in great frigates; at no stage do they perform. 
aggressively motivated, ritualized site ownership display. 
In addition, pair members show merely a highly undifferen- 
tiated form of interaction and even this is confined to the. 
period of pair formation. After egg laying, nest relief is” 
accomplished without a meeting ceremony or any pres: 
leaving display. Incubation stints last 10 to 15 days and 
the incubation period is 55 days, so that nest reliefs are 
relatively few. An important corollary of relatively weak 
territorial behaviour and pair bond is the high degree of. 
site and mate usurpation, with consequent loss of egg or 
chick (205 out of 315 eggs laid between February and. 
May 1964 were lost, mainly in this way). Thirty-one of 
110 chicks were killed, mainly by intruding frigates taking. 
over the nest in the absence of the owners and, in two cases, 
the male owner returning to find an intruding male evicting: 
his chick did not attempt to displace him. The high 
breeding failure means that the great frigate population. 
on Tower is not divided into two reproductively isolated: 
halves, because failed breeders can later try again with 
the next main onset of breeding in the colony when success: 
ful pairs are still completing their cycle. 

It seems that despite the disadvantages of their methods. 
of site maintenance and pair relations, great frigate-birds. 
have evolved them as part of an etho-ecological system, 
adapted overwhelmingly to meet the demands of an en- 
vironment the dominant characteristic of which is the 
irregular food supply. Their reactions to this, in length of 
breeding cycle and feeding specializations, have brought’ 
in their train a basic reorganization of pair and social 
behaviour in which the Fergatidae now differ strongly 
from other members of the Pelicaniformes. l 


J. B. NELSON 


Department of Zoology, 
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Anaerobic Respiration in a Cyprinoid Fish 
Rasbora daniconius (Ham) 


ASPHYXIA, anoxia and hypoxia oceur only when the 
ambient oxygen and carbon dioxide in water reach 
threshold level. Lethal or critical content of oxygen has 
been determined by various authors!-8 in many fishes, 
the time of anoxia being totally dependent on the com- 
position of the surrounding water. In the present investi- 
gations one fish was introduced into a glass jar containing 
2-6 1. of tap water; two such experiments were performed: 
simultaneously. The initial concentration of oxygen in 
water, measured by Winkler’s method, was 4 ml./l. 
and that of the free carbon dioxide, measured by titration: 
with sodium hydroxide with phenothalein as indicators, 
was 22 mg/l. The pH of the water was 8-5. The fish 
in one experiment weighed 4-8 g. The jars were hermetic: 
ally sealed and covered with cardboard on all sides. The 
fish was expected to die by suffocation as the oxyger 
concentration was continuously decreasing, but it sur- 
vived well for 81 days. During this period the tempera» 
ture of the water varied between 29° C and 33° C. The 
weight of the fish after death was only 1-08 g, thereby 
showing a marked reduction by 3-72 g. The concentration 
of oxygen in water after the death of the fish was found te 
be nil while that of carbon dioxide was 39 mg/l. The pH 
was 9-9. In the other experiment in similar conditions 
the fish survived for 102 days. 

Four hours before actual death peculiar respiratory 
distress in the form of an uneasiness and random move: 
ments developed in the experimental fish. The. fish 
behaved as if it were violently irritated, and the respirators, 
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movements reached a surprising amplitude. The fish 
started swimming blindly in a distressed condition and 
often dashed against the glass jar wall with eyes fixed in 
position, This process continved for about 20 min. 
Ultimately, the stimulus for swimming gradually vanished 
and the fish settled at the bottom of the jar slightly on its 
side with fins extended. At this time the opercular 
movements were occurring at a rate of one hundred and 
five each minute, which indicated a normal respiratory 
sondition. Soon afterwards the fish displayed character- 
istic movements, and its posterior half was seen to bend 
ne side, though occasionally the fish struggled to regain 
ormal condition. Gradually, the mouth closed, and 
this closure the opercular movements ceased and the 

ied. This survival of the two fish for 81 days and 
days in a sealed jar completely cut off from outside 
atmosphere indicates that the fish are changing to 
anaerobic respiration. 

I thank Dr. H. Swarup of this university for his help, 
and Dr. F. E. J. Fry, of the Zoology Department of the 
Jniversity of Toronto, for reading the manuscript and for 
suggestions. 
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“Pyrethrum” in Peonies 


N1962, it was reported that the petals of Paeonia 
dbiflora Pall. contain considerable quantities of “pyre- 
hroids’”. The chemical evidence was based on ultra- 
iolet absorption maxima and on the supposed isolation 
"chrysanthemum mono- and _ di-carboxylic acids. 
fidence that the compounds isolated from the peony 
re not identical with the pyrethroids that occur in 
*hrysanthemum cinerariaefolium is the reported melting 
int: (205-206°) for the diacid. Naturally occurring 
)-chrysanthemum dicarboxylic acid has a melting 
-oint of 164° (ref. 2). 
_ We have carried out a careful examination of dried 
wers of Paeonia albiflora from various sources using 
traction with acetone and solvent partition techniques*. 
so fresh, freeze dried flowers were extracted at 4° C 
th 60°-80° light petroleum and the solvent removed. at 
bient temperature on a rotary evaporator, followed by 
tition’. 
The yellow oils isolated by these techniques were 
‘amined by gas-liquid chromatography using an electron 
“apture detector and columns of either ‘S.E. 30’ on 
allotini’ or neopentyl glycol succinate on ‘Chromosorb 
“In no cases were compounds corresponding to the 
own pyrethroids detected in even millimicrogram 
ounts, 
The extracts and concentrates were also examined by 
n-layer chromatography on silica gel ‘H Fas; and silver 
trate. impregnated plates. In addition to the normal 
cending techniques‘, low temperature chromatography 
d the BN chamber! were also used for separation. 
With these techniques none of the six known pyre- 
oids or their decomposition products was found. 
rect readings of ultra-violet spectra from the plates were 
rried out using the Zeiss chromatographic spectrometer 
r thin-layer chromatography, according to Stahl’. 
A nitromethane concentrate was chromatographed on a 
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silica gel plaster-of-Paris. column using 8 per cent ethyl 
acetate in 80°-100° light petroleum‘. 
examined by gas-liquid and thin-layer chromatography 
and infra-red and ultra-violet spectroscopy. No compounds 
having a pyrethroid structure were detected. ERRE 
Finally, extracts were examined by a highly sensitive 
bioassay with Aedes aegyptici larvat; no insecticidal: 
activity was detected. eee 
We do not consider that the experimental evidence in — 
the previous paper! is rigorous enough to establish. th 
presence of “pyrethroids” and our work suggests that the 
claim is unfounded. es 
P. J. Gopin 
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Auxin-induced Elimination of a Protein in _ : 
Bean Hypocotyl ee 


Ir has been reported that electrophoretic protein patterns 
of hypocotyledonary hooks of bean (Phaseolus vulgaris, 
L., var. ‘Burpee’s Stringless Greenpod’) were altered 
when the extracted proteins were incubated with. the 
auxin indolyl-3-acetic acid ([AA)!. The alteration con- 
sisted of the complete elimination of one protein band. Jt- 
seemed useful to determine whether this elimination of a 
protein could occur in vivo in tissue segments treated with- 
TAA i 
Hypocotyledonary hooks (1 em) were excised from 7 day 
old bean seedlings grown in vermiculite in the darkat 
23° C and were floated in the dark in various solutions: 
All incubation solutions were buffered with 0-005. molar. 
potassium phosphate buffer, pH 7:0. The length of 
incubation was varied from 2h to 12 h. After incubation, 
the hooks were rinsed, blotted dry and used immediately. 
for protein extraction or were stored at —20° C until. 
required. 

Protein was extracted by grinding the tissue in the cold 
in 0-1 molar sodium borate buffer, pH 8-1 (1 g tissue : 2 ml. 
buffer). The homogenate was squeezed through four 
layers of cheesecloth and centrifuged for 15 min at 7,000g. 
The supernatant was divided into three equal portions. 
One aliquot was applied directly to gel columns for electro- 
phoresis. A second aliquot was dialysed 48 h against a 
0-002 molar borate buffer, pH 8-1, and was then electro- 
phoresed. The third aliquot was adjusted to 70 per cent 
saturation with ammonium sulphate, centrifuged for 15 
min at 7,000g and the pellet was dissolved in a 0-1 molar 
borate buffer, pH 8-1. This solution was then used for 
electrophoresis, which was performed on columns of 7:5 
per cent polyacrylamide gel using a ‘Canalco’ dise electro- 
phoresis assembly. T'ris-glycine buffer, pH 8-3, was the 
electrolyte. The proteins investigated were those migrating 
towards the anode at 4 m.amp/column. 

Fig. 1 shows four electrophoresis columns, each repre- 
senting proteins of differently treated tissues. The dark. 
region at the top of the columns is actually composed of 
three dense protein bands as revealed by microdensito- 
metry. The region of interest is immediately below thes 
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Fig 1, Eletrophoretie pattern of proteins of variously treated hypo- 
cotyledonary hooks of bean seedlings, From left to right: column 1, 
untreated hooks; column 2, hooks incubated 12 h in water; column 8, 
hooks incubated 12 h in 107 molar TAA; column 4, hooks incubated 
12hin 10“ molar TAA. Arrow points to the disappearing band 4. 


three bands. It can be seen that band 4 is missing from 
the extract of hypocotyls floated in 10 molar ITAA 
{column 4) and a trace of it is present in column 3 (protein 
of tissue incubated in 10-* molar TAA). So far as could be 
determined visually, no other bands were affected. It is 
significant that band 4 is present in extracts of tissues 
incubated in water and in un-incubated tissues. Although 
the tissues of which the protein patterns are shown in 
Fig. 1 were incubated for 12 h, about 80 per cent of band 4 
was found to disappear when the material was incubated 
in 10- molar TAA for only 2 h. The loss of band 4 was 
observed when the protein solution was used immediately 
after grinding or following dialysis or after precipitation 
with ammonium sulphate, which suggests that the effect 
of IAA was of a relatively permanent nature. 

Hypocotyledonary hooks were also incubated 12 h in 
solutions of various other compounds and in modified IAA 
solutions to see whether band 4 disappeared. The results 
can be summarized as follows: within the range of con- 
centrations used (107-10-23 molar) tryptophan, naph- 
thaleneacetic acid, gibberellic acid, 2-phenyl-n-butyric 
acid, IAA in a 2 per cent solution of sucrose, LAA in 10-8 
molar sodium cyanide, IAA in a 0-01 per cent ‘Tween 20° 
and TAA under anaerobic conditions had no effect on 
band 4. Some of these observations are in keeping with 
our present understanding of the effects of TAA; for 
example, it is known that TAA effects require aerobic 
conditions? and that they are reduced or eliminated by 
sucrose’, 

The reason for the disappearance of the protein is not 
known, but alternative possibilities may be that repres- 
sion, or inhibition, of synthesis of the protein occurs, or 
that the electrophoretic mobility of the protein is altered. 


Table 1, 
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It has been suggested that LAA repressed the synthesi 
of a protein’. Repression of the synthesis of the protei 
does not appear, however, to be the only answer her 
because un-incubated tissue contained band 4 (Fig. 1 
and about 80 per cent of band 4 disappeared when ir 
cubation in 10 molar TAA was as short as 2 h. Th 
alternative is that LAA binds with the protein and alters it 
electrophoretic properties perhaps to the extent of pre 
venting its movement into the electrophoretic column 
this suggestion is supported by the relatively fast dis 
appearance of the protein. Lack of effect when tissue 
were incubated with TAA and sodium cyanide or napt 
thaleneacetic acid is supported by the observation tha 
potassium cyanide and naphthaleneacetic acid inhibi 
coupling of TAA to protein’. Furthermore, a detergen 
such as ‘Tween 20 could prevent the binding of TAA t 
protein. 

It is therefore suggested that the disappearance of th 
protein may be brought about in vivo by the coupling ¢ 
IAA with that protein, which thus changes its electre 
phoretie properties. The nature of the coupling reaction i 
not known, It is significant that only one protein of 7 da 
old hypocotyledonary hooks appears to be affected an 
that this protein is responsive to only IAA and not to th 
other compounds tested. 

This work was supported in part by a West Virgini 
University Institutional Cancer research grant. 
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External Effect of Indolyl-3-acetic Acid, 
Benzimidazole and B-nine on Nodulation of- 
Cowpea 


Roor nodules have the unique feature of fixing nitroge 
and the chemical factors in relation to nodulation hay 
been reviewed?. It is reported that indolyl-3-acetic aci 
(IAA), gibberellic acid, kinetin and some vitamins hë 
no effect on the nodulation of excised bean roots*. Napl 
thalene-acetic acid inhibits, but p-chlorophenoxy-is 
butyric acid increases, the number of nodules in Trifoliu 
subterraneum*. Vitamin B,, depresses the nodulation 4 
clover’. Externally supplied nitrate has inhibited th 
nodulation of the isolated roots of bean fed 2 per ces 
sucrose through the bases of the roots’, 

Leguminous crops are retarded significantly in grow# 
by the growth retardant B-nine? (N-dimethylamin 
suceinamie acid). This chemical also inhibits shoot elong. 
tion’-*, prevents chlorophyll degradation™? and increas: 


NODULE NUMBER AND FRESH WEIGHT OF ROOTS OF 35 DAYS OLD COWPEA PLANTS 


Value as ‘Per cent Fresh weight Value as Per eent i 
Treatment No, of percentage of decrease from of roots/plant percentage of decrease from 
nodules/plant contral control ig) control controt | 
1, Control 20-0 100 ~— L175 100 moni 
2. TAA (10 molar) 18-0 90 10 0-867 74 26 
3. Benzimidazole 10-? molar 116 58 42 473 40 60 
4. Benzimidazole 10 molar 14-6 73 27 0-722 61 39 
4, B-nine 2 x 10-* molar 11-6 58 42 0-377 32 68 
6, B-nine 2 x 10-* molar 14-0 70 30 0-766 65 35 
7. IAA (10 molar) + benzimidazole (10 molar) 12-0 60 40 0:789 67 33 
8. IAA (10 molar) + B-nine (2 x 10-* molar) pHi] 48 52 819 52 48 
9. Benzimidazole (10 molar) + B-nine (2 x 10-* molar) T 37 63 0-859 73 27 
S.E. Mean 202 0-039 
C.D. (5 per cent) 4-86 0-090 
Č.D. (1 per cent) 6:78 0-131 


. 


NATURE, VOL. 214, APRIL 15, 1967 





















the number of adventitious roots and the branching of 
roots’. Benzimidazole also retards the growth of plants! 
and prevents chlorophyll degradation in detached wheat 
leaves'*. The effect of these chemicals on the nodulation 
of leguminous plants, however, has not yet been reported. 
The purpose of the present communication is to report 
experiments in which the external effect of these growth 
‘Yetardants used as senescence inhibitors such as IAA, 
benzimidazole and B-nine on nodulation of cowpea is 
considered. 
Healthy and uniform seeds of cowpea (Vigna catjang 
ety ‘Pusaphalguni’) were soaked in an aqueous solu- 
mof TAA (10 molar), benzimidazole (10-? molar and 
10-* molar) and B-nine (2 x 10-* molar and 2 x 10-* molar) 
both separately and in combination for 24 h before 
‘planting. When the seedlings were 30 days old, the leaves 
of the plants were sprayed with the solution of the same 
neentration as that in which the seeds had been soaked. 
The plants were grown in an open field in pot culture 
experiments. When the plants were 35 days old, observa- 
tions on the nodulation and root growth were recorded. 
The data on the number of nodules and the fresh weight 
of roots caused by the treatments are given in Table 1, and 
Wig. 1 shows the nodulation pattern, size of nodules and 
their distribution after different treatments. Examination 
tthe data in Table 1 indicates that TAA had no significant 
ffect in altering the nodule number; this corroborates a 
previous finding on excised bean roots? and the report! 
hat TAA did not affect the nodulation of isolated bean 
Coots: The response of benzimidazole and B-nine was 
dmilar in inhibiting the nodulation and root growth. 
aVith a greater concentration the effect was more in- 
aibitory. Commensurate with the reduction in overall 
‘oot: growth, the nodule number was also curtailed. The 
tesh weight of the roots which is an index of root growth 
ems to be inhibited by 35 per cert to 40 per cent by a 
mall concentration of benzimidazole and B-nine, but the 
 dventitious roots and the branch roots increased in 
umber. In combination, any two of the three chemicals, 
Ithough they decreased the fresh weight of roots, in- 
reased the number of lateral rootlets. With the largest 
neentrations of benzimidazole and B-nine the number of 
.odules decreased by 42 per cent from the control. When 
[hese two chemicals were applied in combination the effect 
was synergistic and the number of nodules decreased by 
per cent. TAA in combination with either benzimidazole 
ov B-nine also decreased the number of nodules by 40 per 
nt and 52 per cent respectively. The effect of benzi- 
ridazole in decreasing the nodule number is conceivable in 
„iew of the depressing effect of vitamin B,, on the nodula- 
on of clover*®, because benzimidazole is a part of the vita- 
‘ain B, molecule. Nodule inhibition is also correlated with 
2e decrease in the fresh weight of roots. The fresh weight 
HE roots decreased by 35 per cent with the smallest con- 
tration of B-nine, but the number of branch roots and 
Aventitious roots was more, as is seen in Fig. 1. 
The decrease in overall root growth will evidently reduce 
e number of sites of infection. The external effect. of these 
micals will be on the infection process, while the 
ternal effect will be on the development of the nodule™. 
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Fig. 1. 
after various treatments, numbered as in Table 1. 





Photograph to show pattern, size and distribution of nodules 
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The two theories (internal and external) appear to be 
complementary and compatible. The present observation 
suggests that there is a local (external) effect of growth 
retardants in inhibiting the nodulation. Whether there is 
an inhibition of the infection process or a reduction in the 
number of sites of infection awaits further experimentation. 

We thank the Naugatuck Chemical Division of the U.S. 
Rubber Company for the B-nine. 
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Carbohydrate Nutrition of some 
Nematode-trapping Fungi 


ALTHOUGH the predaceous habit of the nematode-trapping 
Hyphomycetes has aroused wide interest the physiology 
of species within this group remains relatively unex- 
plored. It has been suggested that during the decom- 
position of organic matter in the soil these fungi are 
capable of trapping nematodes only while suitable carbon 
sources are available to provide energy for growthè?, In 
general, they may be divided into two contrasting eco- 
logical groups. The first, typified by species forming 
adhesive networks, are comparatively good competitive 
saprophytes. The second, typified by species forming 
constricting rings, are comparatively poor competitive 
saprophytes*+. It was thought that the loss of competitive 
ability by members of the latter group might be cor- 
related with a loss in nutritional versatility with respect 
to carbohydrates. 

Four ring-forming species (Arthrobotrys anchonia, A. 
dactyloides, Monacrosporium bembicodes, M. doedycoides) 
and three network-forming species (A. oligospora, Dac- 
tylaria clavispora, D. thaumasia) were studied. Their 
growth on some carbohydrate substrates which might be 
available in soil during periods of trapping activity was 
investigated. Carbon sources used were D-glucose, 
D-fiuctose, D-mannose, D-xylose, maltose, sucrose, cello- 
biose, starch (insoluble, wheat), cellulose (Whatman 
cellulose powder), and glycogen. Stock cultures were 
maintained in static, liquid basal medium (glucose 10 g, 
potassium orthophosphate (KH,PO,) 1-0 g, 
epsomite (MgSO,4.7H,0) 0-2 g, ferric chloride 
(FeCl,) 0-02 g, asparagine 2-0 g, yeast 
extract 2-0 g, distilled water 1,000 ml.). 
Biotin was not supplied for D. thaumasia 
as this species is autotrophic for this vitamin. 

Each species was incubated at the opti- 
mum temperature for its growth (20° C for 
D. elavispora, 25° C for the remainder) for 
6-12 days. Mycelium was then gathered, 
washed, macerated by shaking with glass 
beads in 6-8 ml. of distilled water and a 
standard loop of homogenate was used to 
inoculate each culture flask. These were of 
100 ml. capacity and contained 20 ml. of 
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N THREE POLYSACCHARIDES 





Table 1. YIELDS OF NEMATODE TRAPPING FUNGI 


AS A PERCENTAGE OF GROWTH ON THE EQUIVALENT WRIGHT OF GLUCOSE 


“Dry weight. 


(mg) per flask, Percentage of growth ou glucose 


ice glucose cellulose starch glycogen 
A oliyospori 88 66 184 90 

u Chaviapora. 98 60 86 6S 
D REUSE 83 50 66 60 
Avanchonia 68 10 32 32 
dactyloides 75 100 50 10 
M. bembieodes 82 0 12 
M doedycoites 80 134 68 80 


liquid with four replicates in each treatment. Glucose in 
thé basal medium could be replaced by that weight of 
carbohydrate containing the equivalent amount of carbon. 
Soluble carbohydrates were sterilized by filtration and 
‘added ‘to sterile medium. Initial pH in all media was 
‘adjusted to 6-5 with 0-1 normal sodium hydroxide. 
. Average dry weight yield per flask was measured on the 
“previously determined day of maximum growth for each 
species. Shake culture was used only where insoluble 
-garbohydrates were involved and growth on such carbon 
“sources was rated by eye as a percentage of the growth 
produced in shaken culture on the equivalent amount of 
glucose. 
-< For all fungi there were uniformly good yields on the 
hexoses and the pentose and for any species no significant 
“differences were found between yields on these different 
carbon sources. Dry weight yields on glucose are given 
in Table 1. With the exception of M. bembicodes and M. 
doedycoides, yields on disaccharides were comparable with 
those on glucose. For these two species yields on maltose 
were 20 and 21 mg and on sucrose 6 and 15 mg, respec- 
tively, although both fungi grew well on cellobiose. 

Qn polysaccharides all network forming species gave 
yields which were 50 per cent or more of those on glucose 

“(Table 1). In contrast ring-formers showed a reduced 

‘ability to utilize these carbohydrates and yields were 
frequently below 50 per cent of those on glucose. Con- 
sidering their ability to utilize disaccharides and poly- 
saceharides, ring forming species clearly demonstrate a 
degree of loss in nutritional versatility, All species, except 
M. doedycoides, show reduced ability to utilize one or more 
of these carbohydrates. This is most pronounced in M, 
bembicodes, which cannot efficiently utilize maltose, 
sucrose, cellulose, starch or glycogen. This is correlated 
with its known low competitive saprophytic ability®, At 
the other extreme the ubiquitous network forming species 
A. oligospora has a high saprophytic ability? and will 
efficiently utilize all the carbohydrates tested here. 

It is almost certain that some nematode trapping fungi, 
particularly the network formers, exist as soil saprophytes, 
even if nematodes are available for capture, and can 
utilize relatively enduring substrates such as cellulose. 
Predaceous or saprophytic activity of at least some ring 
formers probably occurs only during a relatively short 

“phase when ephemeral carbohydrate substrates such as 
hexoses are available as energy sources. 
V. SATCHUTHANANTHAVALE* 
R. C. COOKE 
“Department of Botany, 
University of Sheffield. 
* Present address: Rubber Research Institute, Agalawaite, Ceylon, 
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GENERAL 


Structural Information and the Arrow of 
Time 
I accerr the criticism levelled by H. W. Woolhouse? 


against one of my examples*. It was most misleading to 
suggest, as I did, that birds’ eggs “feed” on the heat 
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supplied by (say) an ineubator, for this heat does not flo 
“into the eggs but merely reduces the rate of the flow. « 


heat from them. Moreover, it is obvious that the develoy 
ing embryo “feeds” on the yolk, and (like a heat engin: 
on the negentropy of the yolk. 

It is, however, also of interest to stress that the tot: 
system, yolk plus embryo, vastly increases its structuri 
differentiation during development. Admittedly, th 
system, like all heat engines, is a producer of entrop 
(which it has to get rid of: hence the flow of heat), so the 
its thermodynamic negentropy decreases. Nevertheles 
this total system does not “feed” on (structural) neger 
tropy: it does not suck “orderliness from its enviror 
ment’? but uses the genetic information contained in tl 
zygote. While this information “increases” in the sens 
of being communicated to many new cells, it is used at tk 
same time for controlling the development. This may mak 
some of us hesitate to accept the well known claim thi 
“the amount of information’, like thermodynam 
negentropy, can only decrease in being transmitted. 

T am indebted to Woolhouse not only for his criticisi 
but also for his defence against what he calls the ‘“‘extrav: 
gant claims” of those who assert that “whenever stru! 
tural negentropy is produced, the thermodynamic entrog 
must increase by the same amount”, and I therefo: 
hesitate to disagree with him even on one point; that i 
on the crucial passage (pp. 70-75) in Schrédinger’s beaut 
ful and important book*®. Yet in this passage Schréding 
was trying “to say something of organisms which di 
tinguishes them from heat engines”, to use Woolhouse 
words. To show this, I have to quote a few passagi 
from itè. 

“What is the characteristic feature of life?” (p. 7¢ 
“It is by avoiding the rapid decay into the inert state í 
‘equilibrium’, that an organism appears so enigmatic 
(p. 71). “How would we express in terms of the statistic 
theory the marvellous faculty of a living organism, t 
which it delays the decay into thermodynamical equilil 
rium (death)? We said before: ‘It feeds upon negatis 
entropy’, attracting, as it were, a stream of negati 
entropy upon itself... (p. 74). “Thus the device t 
which an organism maintains itself stationary at a fair 
high level of orderliness consists in continually suckir 
orderliness from its environment” (p. 75). 

This last quotation, especially, contains a thesis whic 
seems to me hard to reconcile with an increase of orgai 
ization (of the total system of the egg) while it is mw 
“sucking orderliness from its environment” (and perba] 
even with the fact that an oil fired boiler is “continual 
sucking orderliness from its environment”). This I tric 
to convey in my admittedly misleading eriticism®. 

My interest in this matter is not, however, any wish 4 
criticize a great book, or a great man to whom I owe 
personal debt for many exciting discussions. It is, rathe 
incidental to my criticism‘ of the widespread view that tl 
“arrow of time” (or time itself) is either an illusion « 
determined by entropy increase (or both). Like G, . 
Whitrow I think that the view of those great physicis 
“who deny that time is ‘real’ or . . . seek to prove that: it 
a derivative concept of non-temporal origin’? maki 
nonsense of most biological phenomena’, including tl 
growth of scientific knowledge. This (we all hope irr 
versible) growth may well replace the time-reversib 
equations of particle mechanics by irreversible one 
There are many pointers in this direction. 

Kart R. POrreR 
University of London. 


Received March 8, 1967. 


1 Woolhouse, H, W., Nature, 218, 952 (1967). 

2? Popper, K. R., Nature, 218, 320 (1967); 207, 233 (1965). 

3 Schrödinger, B., What is Life ? (Cambridge University Press, 1944), ; 

i Popper, K. R., Nature, 177, 538 (1956); 178, 882 (1956); 179, 1297. (1087 
181, 402 (1958). Oe aes 

t Whitrow, G. J., The Natural Philosophy of Time, 311 (Thomas Nelaon, 196) 

t Whitrow, G.J., The Natural Philosophy of Time, 12 (Thomas Nelson, 1661) 


NATURE, VOL. 214, APRIL 15. 1967 


BOOK REVIEWS 


PASSIONATE LOGICIAN 


The Autobiography of Bertrand Russell, 1872-1914 
Pp. 230+ 8 plates. (London: George Allen and Unwin, 
Ltd., 1967.) 428. net. 


THERE are some who look on Bertrand Russell as the 
leading philosopher of the century, the most searching 
inquirer into the foundations of mathematics, the 
most effective social reformer and the finest prose 
«stylist. These four claims are arguable, but because it 1s 
rare to find anyone who is fully qualified to assess all four, 
«the arguments are usually abortive—and sometimes also 
«abusive. For even now, at the age of nmety-four, Russell 
«often makes people angry: most of the radical ideas that 
earned him such obloquy in the past are accepted as the 
«axioms of modern society; but mstead of being content to 
Kook back on past achievements, Russell looks forward 
and infuriates “‘the powers that be” by championing the 
>ppressed and combating man’s inhumanity to man. 
The first volume of Russell’s autobiography, up to 
1914, covers his childhood and the period when he was 
«writing Principia Mathematica (1901-10). The main 
Kacts of his life may already be famuliar to many readers, 
rom Alan Wood’s biography or from Russell’s own books, 
‘ike Portraits from Memory or Fact and Fiction. But the 
Autobiography ia much more intimate and completely 
frank: indeed the author seems to delight in explaining 
mow wicked he occasionally was. Such lapses were rare, 
nd the over-riding impression which emerges is that he 
‘vas the chief comforter in time of trouble to a wide circle 
of friends. 
The first five years of Russell’s life seem to show that 
ruth is stranger than fiction. His mother, Lady Amber- 
«ey, died of diphtheria when he was two years old: she 
vas thought very shocking because she not only cam- 
vaigned for sexual equality, but also professed atheism 
and practised free love. His father, Lord Amberley, was 
sonsidered equally monstrous, especially after he died of 
mneumonia, leaving two atheists as guardians of the 
«our year old Bertrand. Since ıt was 1Hegal for atheists 
<œ be guardians, the boy went to live with his grandfather, 
he first Earl Russell, the great Parliamentary reformer 
Jho had twice been Prime Minister. After his death in 
878, Bertrand and his elder brother Frank were brought 
mp at Pembroke Lodge, Richmond Park, by their grand- 
aother, Lady Russell, who believed in extremely strict 
aoral discipline. After a solitary childhood spent largely 
a the huge garden of Pembroke Lodge, Russell began in 
is teens to question all existing dogma. He suffered 
monies of doubt, which had to be suppressed or written 
ut secretly in Greek, as ‘exercises’. In 1890 he won a 
—sholarship in mathematics to Trinity College, Cambridge, 
pod in 1893 he was seventh Wrangler in the Mathematical 
“ripos. But for him the real attraction of Cambridge was 
se atmosphere of free discussion, and particularly the 
—llowship he found ın the small society known as “the 
postles”’, who included Whitehead, McTaggart and G. E. 
Moore. They discussed every philosophical question in so 
arnest and moral a manner that we have to admire 
rem. “Why, what most particularly pure young men 
10h pure young men must be” is our first reaction. Yet 
iey led very sheltered lives, and to-day such admirable 
oung men would be more concerned with the world’s 
justices, and more likely to go off and help with famine 
‘lief than, discuss the nature of reality until daybreak. 
After graduation Russell was uncertam of his course, 
ad he worked on politics and economics as well as philoso- 
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phy and mathematics. His first four books were German 
Social D (1896), An Essay on the Foundations 
of Geometry (1897), The Philosophy of Leibniz (1900) and 
The Principles of Mathematics (1903). In 1894, much to 
the disgust of his family, he had married Alys Pearsall 
Smith, whose parents were unconventional American 
Quakers. The marriage was happy until 1902, when 
“I went out bicycling one afternoon, and suddenly, as I 
was riding along a country road, I realized that I no 
longer loved Alys”. ‘Russell has always delighted in 
shocking his readers, who must learn to treat such arresting 
statements philosophically: “I am glad it did not make 
you fall off your bicycle” seems to be the proper response 
ere. 

During the years 1901-10, while continuing to live with 
Alys, Russell worked with Whitehead on what may 
possibly be the most onerous and profound of all intel- 
lectual achievements, the Principia Mathemaitca. Russell 
vividly describes his slow and painful progress, and he feels 
he never quite recovered from the strain: “I have been 
ever since definitely less capable of dealing with difficult 
abstractions than I was before’. These laborious and 
unhappy years had their lighter moments, aa, for example, 
in 1907, when Russell stood as a candidate for Parliament 
on behalf of the Women’s Suffrage Societies. The election 
meetings were violent, rats being let loose among the 
audience and rotten eggs bemg flung: the Conservative 
candidate was duly elected. 

In the remaining years covered by the Autobiography, 
1910-14, Russell returned to Trinity College, Cambridge, 
as lecturer in the principles of mathematics. He parted 
from Alys in 1911 after he fell in love with the fascinating 
Lady Ottoline Morell, who had ‘‘a long thin face some- 
thing like a horse, and very beautiful hair of an unusual 
colour, more or less like that of marmalade, but rather 
darker”. The book is flavoured with many such tasty 
personal remarks, more or less like the rinds m a jar of 
marmalade, if the simile may be forgiven. 

War between “civilized” nations like Britain and 
Germany was almost unthinkable to Russell and his 
friends. Its coming m 1914 was a stunning blow, which 
quite changed his life and his interests. He even regarded 
Principia Mathematica as mere ‘‘fiddle-faddle”’. 

The Autobiography tells the story of a remarkable life 
in a most readable style. Nearly everything Russell writes 
has a clarity and conciseness that others achieve only 
rarely, after much labour; and this book is yet another 
reminder of why he won the Nobel Prize for Literature. 

The book is more than a narrative, however: nearly 
half is occupied by letters between Russell and his wide 
circle of friends in Europe and America—Bernard Beren- 
son, Joseph Conrad, Lowes Dickinson, G. E. Moore, 
Gilbert Murray, G. M. Trevelyan, Beatrice Webb, A. N. 
Whitehead and many more. To see most clearly why 
Russell was so much sought after as a frend and a 
comforter, we turn to the letters he wrote between 1902 
and 1906 to his American acquaintance Lucy Donnelly. 
It is here and in the dedicatory poem to his wife Edith 
that his sympathy and depth of feeling are best revealed. 

The book has many amusing stories, like this concise 
account of a childhood prank: 

On a Sunday, when the Park was crowded, I would climb 

to the very top of a large beech tree on the edge of our 

grounds. There I would hang upside down and scream and 
watch the crowd gravely discussing how a rescue should be 
effected. When I saw them nearing a decision I would get 
the night way up and quietly come down. 
His worst momert came some years later, at a dinner party, 
when the ladies withdrew and he was left alone with the 
only other male, Mr. Gladstone: 

He made only one remark: “This 1s very good port they 

have given me, but why have they given ıt me in a claret 

glass?” I did not know the answer, and wished the earth 
would swallow me up. Since then I have never again felt 
the full agony of terror. 
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The publishers are probably right in thinking that the 
book will become a classic, ike the Confessions of Rous- 
seau. Parts of it will certainly be qucted and re-quoted 
as superb examples of clear thinking and even clearer 
writing. Among these is the prologue, “What I have 
lived for”, which begins: ‘Three passions, sumple but 
overwhelmingly strong, have governed my hfe: the 
longing for love, the search for knowledge, and unbearable 
pity for the suffering of mankind. . 

D. G. Kmwa-Hnix 


PROGRESS OF CHEMISTRY 


The Atomic Debates 

Brodie and the Rejection of the Atomic Theory. Edited 
by W. H. Brock. Pp. ix+186. (Leicester: Leicester 
University Press, 1967.) 368. net. 


Iv is not surprising that the main efforts of the historians 
of chemistry have been directed to the episodes, theories 
and personalities that have contributed to the continuous 
progress of the science since it became an independent 
discipline. Far leas attention has been paid to the heresies 
and false doctrines except when, like the theory of phlogis- 
ton, they have exerted a notable influence. Now Dr. 
Brock and his colleagues Dr. Knight and Mr. Dallas have 
given us in this volume a scholarly and well documented 
account of the British scepticism regarding atoms, leading 
up to Brodie’s Chemical Calculus of 1866, which they 
describe. This aimed at replacing the current theory by 
mathematical symbolism, free from theory, under the 
stimulus of Boole’s Mathematical Analysis of Logic. One 
chapter contains the fascinating correspondence between 
Brodie and Odling, Williamson, Herschel, De Morgan 
and Jevons, revealing some of the weaknesses of Brodie’s 
Oaleulus ın, its arbitrary assumptions and its failure 
to explain such phenomena as isomerism and the benzene 
ring. The Caleulus excited some interest but was still- 
born and exerted little or no influence. In the opening 
chapter the authors tend to overestimate the effect of 
atomic scepticiam. It is surely misleading to say that by 
1860 “chemistry had seen plenty of change but no pro- 
gress”. In 1843 Leibig’s Organtc Chemistry listed more 
than two thousand substances, each with its own atomic 
formula, without which the inter-relationskips and 
reactions of these complex compounds could not have been 
disentangled. Even the sceptica on the Continent used 
Berzelian, formulae. One is tempted to ask how far the 
prevailing scepticism in Britain was responsible for the 
meagre contribution of British chemists during the 
formative years of organic chemistry. Mendeleev has 
put on record his indebtedness to Cannizzaro, a convinced 
atomiat, for the data that prompted his Periodic System. 
Harop HARTLEY 


GREAT PHYSICIST 


Rutherford and the Nature of the Atom 
By E. N. da C. Andrade. (The Science Study Beres, No. 
29.) Pp. xix+218+12 plates. (London: Heinemann 
Educational Books, Ltd., 1985.) 9s. 6d. 


Taas is a life of Rutherford with an account of his work 
and of the contributions of some of his principal co-workers. 
It is adapted for readers with little or no knowledge of 
physics but even the professional physicist will find much 
that is new to him, especially if he is young encugh to 
have entered his profession in the past thirty years. It is 
an admirable book both as an exposition of a great age 
of physics and as a biographical study of a great genius 
and leader of men. The portrait Andrade has drawn is 
masterly, with awe and realism well balanced. Those who 
are acquainted with his writings will not need to be told 
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that it is written in crisp, clear Enghsh, in a style whose 
art is so well concealed that 1t is perfectly natural. Not 
all scientists are inarticulate ! 

Andrade is old enough to remember physics as it wat 
before the Firat World War and has drawn a vivid picture 
of it. There was then a good deal less perscnal contact 
between scientists than there is now. When people com. 
plain that there are too many conferences, though I admit 
they have a case, I cannot help remembering the tragedies 
of able men who became a hindrance to science becausx 
they had been too isolated to appreciate what was novel 
This also explains the slowness to respond to the quantun» 
theory which Andrade stresses. Not that contacts wer 
quite absent; I remember vividly the Stokes Jubilee im 
1899 when Langevin, Cornu (of the spiral), Elster an 
Geitel (the inseparable pair who prepared the way fo 
the discovery of cosmic rays), and Rubens of the Rest 
strahlen stayed or came to parties at my father’s (J. J.’se 
house; not to mention the later occasion, it must hav: 
been in 1903, when I so misbehaved myself by blurting 
out on my father’s return from the laboratory the messag 
Rutherford had confided to my mother while they waite» 
for him, that “Ramsey had got helium out of radium gas” 

Rutherford was indeed a giant among physicists. I» 
judging the stature of a truly great scientist one mue 
take account of the number of his first-rate achievement™ 
even more than their effects. After all, there is a lot c 
luck in research, and what hits the bull’s-eye may nc 
really be a finer piece of work than another man’s ‘‘inner’ 
but one doesn’t go on hitting the bull’s-eye by luck, an 
look at Rutherford’s record. Besides the 1896 pape 
with J.J. which founded the study of gaseous ions, be 
discovered « and B rays, and with Boddy founded tha 
theory of radioactive transformation. He established th 
nature of a rays, thus showing that one atom can com 
out of another, gave the atom its nucleus, and discovere 
the disintegration of light atoms by « rays. Add to them 
his share in the work of others which he inspired in tt 
Cavendish—Chadwick’s neutron, Blackett’s independem 
discovery of the positron, Cockoroft and Walton’s ato: 
smashing. Truly he was a giant in an age of giants. 

A grand book; one calculated to add to the scentifl 
prestige of the Commonwealth. Q. P. THomson 


LESSONS IN QUANTUM MECHANIC" 


Basic Quantum Mechanles 

By Robert L. White. (McGraw-Hill Physical aa 
Quantum Electronics Series.) Pp. xiv+ 299. (New Yor 
McGraw-Hill Book Company, Inc.; Maidenhead: ME 
Graw-Hill Publishing Company, Ltd., 1966.) 80s. 


Tms is a highly competent book, well written and alo 
orthodox hnes. After a brief review of early quantus 
theory and the Lagrange—Hamilton formalism of classi 
mechanics, the subject is approached uncompromisinge 
through its basic postulates. However, the author ful 
appreciates just how difficult a student can find concep 
such ag state function when he first meets them, a» 
he makes full allowance for this. There follow a chapili 
on the Schrödinger equation, two treatments of t 
harmonio oscillator using both the Schrdédinger and t 
matrix approach and a chapter on measurement a 
the uncertainty principle. After all this, the student 
expected to have a grasp of principles, and he then appl» 
these in turn to standard one- and three-dimensiowm 
problems and to time-independent and time-depend 
perturbation theory. The book ends with a brief excursill 
into multi-particle systems. 

The book is pleasantly produced, with clear diagrar 
Each chapter ends with a very useful summary of what } 
been achieved, a set of examples and a bibliography, 
which individual relevant chapters of various books : 
listed. Occasionally, such as in the discussion of 1 
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“sacred-direction” on page 201, or ın the general formu- 
lation of the Hamiltonian operator on page 59 and in the 
appendix, there are real contributions to the teaching of 
quantum mechanics at this level. 

Astonishingly, the book is based on a course given to 
graduate electrical engineers at Stanford University, but, 
if this had not been stated on the first page of the preface, 
it would not have been possible to gather 1t from anywhere 
else in the book. In Britain ıb will be eminently suit- 
able for mathematicians and physicists in the latter 
stages of their undergraduate course. 

L. R. B. ELTON 


TRIBUTE AND TREATISE 


Quantum Theory of Atoms, Molecules, and the Solid 
State 

A Tribute to John C. Slater. Edited by Per-Olov Lowdin. 

Pp. xvi+64l. (New York: Academic Press, Inc.; 

London: Academic Press, Inc. (London), Ltd., 1966 ) 

2008. 


Insulators, Semiconductors and Metals 

By John C. Slater. (Quantum Theory of Molecules and 
Solids, Vol. 3.) Pp. xiv+649. (New York: McGraw-Hill 
Book Company, Inc.; Maidenhead: McGraw-Hill Pub- 
lishing Company, Ltd., 1967.) 1248. 6d. 


Tum custom of presenting a Festschrift volume to a 
distinguished scholar on his retirement from academic 
office is aggreeable in spirit, and no one is more worthy of 
this honour than Professor J. C. Slater, who has made so 
many contributions, both personal and through his 
«students and collaborators, to quantum chemistry and 
physics. 

Nevertheless, I hope I will not be thought a sporl-sport 
if I say that such volumes—of which this 1s a very typical 

<oxample-——are an embarrassment to the scientific com- 
munity. Although most of the authors are very distin- 
«guished, their “essays” are very uneven, and the whole 
«thing inevitably becomes a motley collection without 
«coherence, philosophy or viewpoint. The book as such can 
«never be worth the few excellent papers which should 
«certainly have got into print; but which would be far 
zmore valuable in the ordimary journals, where they would 
eutomatically be taken by libraries, indexed, abstracted, 
and receive the attention they deserve. 

It is sad that the energy and expense that have gone 

«nto this particular collection should not have been 
devoted instead to the task of creating a synthesis of our 
oresent knowledge of this important scientific field. The 
unco-ordinated brush strokes of innumerable individuals 
lo not fuse into an intelligible picture of reality. The intel- 
lectual fragmentation inherent in a book of this sort is a 
jusgrace to the scholarly world; as we all admit privately, 
«whatever we practise or let pass in public, it is both stupid 
and inefficient. 

Professor Slater’s own book, which 1s the third in a 
‘our-volume treatise, is an effort in the mght direction. 

Ble aims to give a clear and simple account of the physical 
aroperties of solids, as explained by quantum theory; as 
10 himself points out, much of it could have been written 

mbout thirty years ago, when the foundations of the 
<«ubject were so firmly laid on the bed-rock of classical 
»hysics. 

Yot I am not convinced that we have made no significant 
conceptual progress since then. For example, do we not 
mnderstand the physics of semiconductors a little more 

Mloeply than seven pages about effective mass, impurity 
movels and how the conductivity varies with tempers- 
ure? What about the nearly-free-electron theory of 
«rdinary metals, which, for all its imperfections, provides 
musntitative explanations of so many properties——for 
xample, band structure, lattice dynamics electrical 
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conductivity—in terms of the same few parameters ? 
Since the Second World War we have, I believe, achieved 
something more than merely numerical evaluation of the 
quantities defined and derived theoretically by the 
previous generation. 

It is, of course, always a pleasure to read anything 
from Professor Slater’s wise, lucid and fluent pen. Yet I 
felt in the end that there were relatively too many words 
and not enough symbols or pictures. Most books of 
theoretical physics are indigestibly algebraic—but it is a 
mathematical subject, where one well chosen equation or 
diagram is often worth a page of plam-language text. 
Even at this elementary level, the student might find 
some well articulated mathematical formulae easier to 
bite on than mere verbal ratiocination. And then again, 
as if to atone for this vagueness, the author suddenly 
knocks us on the head with a solid page or two of citations 
of the literature: a bibliography of about 5,000 references 
occupies about two-fifths of the book. Burely a few good 
review articles would be much more useful to the un- 
sophisticated reader than this undigested catalogue of 
“primary sources”, which must inevitably date very 
rapidly. 

Reluctantly, therefore, and without any wish to deni- 
grate Professor Slater’s scientific work over many years, 
I must report that, while both these books should cer- 
tainly be available in specialist libraries, they seem 
scarcely worth their high cost to the individual. 

J. M. ZMAN 


FERROMAGNETISM 


Handbuch der Physik 

Herausgegeben von 8. Flügge. Band XVOI/2: Ferro- 
magnetismus. Bandherausgeber: H. P. J. Wijn. : 
560. (Berlin und New York: Springer-Verlag, 1966.) 
168 D.M. 


Ly s'agit essentuelleament d'un traité théorique composé 
de quatre articles d’inégale importance rédigés par les 
meilleurs spécialistes. 

Le premier, en anglais, de F. Keffer, de 260 pages, 
intitulé ‘Spin Waves”, nécessite du lecteur une bonne 
formation théorique. C’est un excellent exposé critique 
des travaux nombreux et modernes consacrés au ferro- 
magnétisme, au ferrimagnétisme et à lantiferromagné- 
tisme, en s'appuyant principalement sur la notion d’onde 
de spin et les méthodes modernes et puissantes de les 
mettre en oeuvre. Citons notamment d'intéressants 
paragraphes consacrés à l’anisotropie, aux parois de 
Bloch et aux bandes d'énergie, aux transitions de phase, 
à Vhélimagnétisme, & la résonance magnétique, aux 
interactions magnon-magnon et magnon-phonon et aux 
mécanismes de relaxation. 

Le deuxième article, également en anglais (socixante- 
cing pages) de W. J. Carr, jun., intitulé “Secondary 
Effects in Ferromagnetism’’, est conssaré à l’anisotropie, 
à la magnétostriction, & la magnétodlasticité, aux effets 
de la pression et au phénomène magnétocalorique. 

Le troisiéme article, de soixante-cing pages, en allemand, 
intitulé “Mikromagnetismus” est di à W. Döring. I 
contient notamment d’excellents exposés sur la structure 
des parois de Bloch et de Néel, sur les phénomènes de 
germination et sur les processus d’aimantation dans les 
petits monocristaux. 

Enfin dans un quatrième exposé de soixante-cing pages. 
en allemand: ‘Theorie der Magnetisierungkurve kleiner 
Kristalle”, E. Kleiner étudie les particules fines, le super- 
paramagnétisme ainsi que le rôle des interactions entre les 


Dans l'ensemble, si la conception, même de cet ouvrage 
conduit & d'inévitables rédites, il ne faut pas y chercher 
cependant un traité complet de ferromagnétisme. 
beaucoup de questions théoriques importantes n'y sont 
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.., pas abordées comme l’aimantation des gros cristaux, 
` Pordre directionnel, le trainage magnétique, et les lois 
de Vhystérésis. Les résultats expérimentaux n’y sont 
invoqués qu’a posteriori, pour appuyer certaines théories. 
T n’en reste pas moins que par la qualité des exposés et 
le nombre des références, ce traité constitue un outil de 
travail indispensable aux spécialistes du magnétisme 
soucieux d'approfondir leurs connaissances sur les ques- 
tions d’actualité. Lovs Nim 


SPECTRA AND SPECTROSCOPY 


Molecular Spectra and Molecular Structure 
By Gerhard Herzberg. Vol. 3: Electronics Spectra and 
Electronic Structure of Polyatomic Molecules. Pp. 


xvili+745. (Princeton, N.J.: D. Van Nostrand Com- 
pany, Inc.; London: D. Van Nostrand Company, Ltd., 
1966.) 160s. 


Developments in Appie Spectroscopy 
Vol. 5. Edited by L Pearson and E. L. Grove. (Pro- 
ceedings of the 16th Annual Mid-America Spectroscopy 
Symposium held in Chicago, I, June 14-17, 1965.) 
Pp. x+506. (New York: Plenum Press, 1966.) $18.50. 


Tars is the concluding yolume of Herzberg’s trilogy 
on molecular spectra. The first volume in the series, 
Spectra of Diatomic Molecules, and the second, Infrared 
and Raman Spectra of Polyatomic Molecules, both quickly 
established themselves as standard works and have 
remained so. Not surprisingly the publication of the third 
volume is an event that has been widely awaited by 
spectroscopists. It is hardly necessary to add that the 
new volume is written with the same lucidity as the 
others and that it bas the same comprehensive character; 
equally it would be superfluous to predict that it will be 
a standard work for a long time to come. 

One of the most striking features about the field is the 
way in which it has developed during the past twenty 
years. Much of the basio theory underlying electronic 
spectra was well established when the first editions of the 
earlier volumes were published in 1939 and 1945, respec- 
tively. On the other hand, the vast majority of the 
experimental studies and applications and extensions of 
the theory have been made since then. There are, of 
course, important areas where theoretical developments 
such as those concerning the Jahn-Teller effect have been 
made and where experiment is in fact lagging behind. 

The present volume meets the situation arising from 
these developments by cross-references to detailed material 
in the earlier volumes. At the same time the new 
volume is essentially complete in itself. The basio 
theory of rotational and vibrational energy levels, for 
example, is included and so the reader who is not familiar 
with the first two volumes will find a coverage which does 
not require continuous reference back to the earlier 
volumes. 

The book covers the analysis and interpretation of 
electronic spectra of simple polyatomic molecules in the 
gas phase, the limit in size bemg drawn at twelve atoms. 
Chemically stable molecules and free radicals are both 
included. Comprehensive treatments are given of the 
classification of electronic states, of the various types of 
interactions and of types of transitions. Rotational and 
vibrational structures of electronic transitions are dealt 
with in detail. There is a comprehensive discussion of the 
manifold of electronic states of polyatomic molecules, of 
their stabilities and their relative positions. A chapter 
dealing with dissociation and predissociation completes 
the main development. The remaining third of the book 
is devoted to a chapter treating the spectra of individual 
molecules, and a number of appendixes, including one 
which collects the molecular constants of the electronic 
states of molecules with three to twelve atoms. Results 
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of important papers up to the end of 1965 have been 
included. 

The book is clearly a must for anyone seriously inter 
ested in molecular spectroscopy. It should be on the 
shelves of every physical sciences library. There is muck 
that will be of interest to those who are not spectroscopiste, 
especially the material on electronic configurations of 
polyatomic molecules and bonding. The treatment ir 
likely to appeal particularly to the reader who has a respecill 
for mgour but who does not want long mathematica 
developments of the subject. 

Developments in Applied Spectroscopy collects thi 
papers presented at the sixteenth Mid-America Sym. 
posium on Spectroscopy held in Chicago during June 1965 
In all, thirty-seven papers were presented at the meeting 
organized by the Chicago Section of the Society for Applieo 
Spectroscopy. They range over infra-red, raman, ultra 
violet, visible, atomic absorption, nuclear particle, gamm 
ray, nuclear magnetic resonance and X-ray spectro» 
scopy. 

Many of the papers deal with applications to specific 
analytical problems. There are also a number of reviews 
The measurement of infra-red emission spectra is the 
subject of two papers. One deals with the use of multiple 
scan interferometry for this purpose and the other refer 
to the use of conventional dispersion instruments. Another 
paper reviews current developments in activation analysis» 
There is also a paper reviewing several unconventionss 
burners for flame spectroscopy and another on develops 
ment in flame emission and flame absorption photc 
metry. 

There are also two other articles of a different charactem 
One deals with the determination of anharmonic potentias 
constants and the other with vibrational structuring i» 
optical activity. D. J. MELEN 


COMPUTING GEOPHYSICS 


Geophysical Theory and Computers 

Edited by C. L. Pekeris. (The Proceedings of the 2n» 
International Symposium held at Rehovoth, Israel, 196% 

June 13-23. Reprinted from The Geophysical Journos 
of the Royal Astronomical Society, Vol. 11, Nos. 1—2. 

Pp. 266. (Oxford: Blackwell Scientific Publication 

1967.) 848. net. 


Tas book is a collection of nineteen papers and twenty, 
four abstracts and the general purpose both of the sym 
posium and the book was to report developments in thm 
interaction between geophysics, mathematics and com 
putational techniques. In many ways the geophysicis 
is at an interesting cross-road vis-à-vis the computer. Am 
both receives vast amounts of data for which he uses th 
computer as a data processor, and generates theoreticm 
problems for which extensive computational time 3 
needed. Both the data processing and the computin 
side are well represented in this book, and it 18 clee 
that many geophysicists are able to see beyond the conm 
puter as merely a rapid calculating engine 

The papers are varied in length and subject matte 
although the emphasis is firmly on seismology. Contr 
butions by Keilis-Borok, Pekeris, Hannan and Gervm 
and Markushevich particularly repay close reading. 
delightfully idiosyncratic contribution by Sir Haroj 
Jeffreys adds spice and also contributes the best minm 
diagram I have ever seen. 

It is difficult to give any unifled criticism of a collectio 
of papers because they inevitably all start from differexm 
standpoints. One can criticize the omussion of certe 
seminal papers. It is not easy to persuade all symposiu 
speakers to produce their papers in a state ready f 
publication quickly, but the book loses merit somewh 
through the absence of some of the key papers of tl 


symposium. 
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Nevertheless, & book to be recommended for the 
slecticiam of its papers and also, incidentally, for the 
ay it points out the difference in approach to geophysics 
10m one country to another. . D. Davs 


POPULAR OPTICS 


lasers and Lasers 
y H. Arthur Klem. Pp. 184. (London: George Allen 
id Unwin, Ltd., 1967.) 28s. net. 


EE author of this httle book is clearly an enthusiast. 
e writes in a style that might be called raoy——ıb leaves 
reader with the impression that the author is per- 
tually breathless from contemplating the marvels that 
sis describing. Not that the book lacks merit; ıt deals 

«ith the basic theory of lasers and masers and the history 

the development of these devices in a non-technical 
shion, that will help readers totally ignorant of quantum 
eory. It is not intended for the specialist, and is pre- 
mably intended for the growing market in pop science 
woks. There are a large number of plates and line 

«awings some of which illustrate aspects of the text very 
arly. This said, it should be pointed out that the book 
filled out with more than ita fair share of anecdotal 
aterial. Much of this will perhaps tend to irritate the 
ader who is used to the cooler style of most scientific 
iting. The book would have been more solid without 

J. SPENOER 


TOWARDS CLEAN GAS — 


«dustrial Gas Cleaning 

«ae Principles and Practice of the Control of Gaseous and 

mrticulate Emissions. By W. Strauss. (International 
ries of Monographs in Chemical Engineermg, Vol. 8.) 
» mx+471. (Oxford, London and New York: Per- 
«mon, Press, Ltd., 1966.) 1008. net. 


mcs volume is the eighth in the series of international 
ymnographs ın chemical engineering, produced by 
«rgamon Press under the general editorship of P. V. 
mackwerts. In keeping with the earlier volumes in 
ə series it is very well produced, clearly printed, with 
«cellent illustrations and good tabulation. Formulae are 
.o clearly set out, without excessive use of solidi instead 
the much more readable horizontal limes where a number 
symbols appear m numerator and denominator. The 
«ok covers the field of industrial gas cleaning more 
roughly than any so far produced, ranging from the 
‘al limita of emission to descriptions of the available 
sthods of attaining these emissions. The book gives a 
od balance between simple desorption of the equip- 
mt and a reasonable amount of basic theory. All the 
Miter-known theories of capture of particles are reviewed 
d more than 550 references are included in the biblio- 
p=phy. 
The only omission in terms of complete coverage is a 
‘cussion on costs, although the author exouses himself 
this omission by pomting out that these can be 
tained “‘from other sources and in any case each situa- 
ææ is different so that true comparison can only be made 
a partioular case’’. While agreeing that this 18 generally 
«c, I feel that some guidance would have been helpful. 
such is the wealth of detail in the book that it becomes 
Miicult to decide for whom the work is really intended. 
will undoubtedly provide useful background reading 
the beginner, but it 1s probably too detailed for the 
dent and insufficiently precise for use as a designer’s 
t-book. It will probably be most useful to users of 
<uipment, who will find valuable information on improv- 
the performance of their plant. 
Biche book will, therefore, find its way into the hands of 
«ny non- specialists and it is unfortunate that it contains 
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a number of mistakes which are not immediately Seen 
An example which may be cited is in the section on spray 
towers where it is stated that I showed that “the maximum 
collection, by inertial impaction . . . is independent of 
the collected particle size”, whereas the curves given (and 
the original reference) show that it is the droplet size 
which is not critical: the dust size is of paramount 
importance. Again, on page 317, it is stated that a low 
inertial impaction parameter is required for high collection 
efficiency, whereas on page 302 the reverse is suggested. 
The matter is correctly resolved in chapter 7, which 
deals at length with the various theories of inertial impac- 
tion. These and other errors in the text are unfortunate. 

Less serious, but none the less irritating, are a largo 
number of spelling mistakes, such as ‘“‘flouride’”’ for 
“fluoride”, reverb rory" for “‘reverberatory”’, “inertical” 
for “inertial”, and “‘tetraphthalate” for “terephthalate” ; 
and, perhaps even more irritating to some, mus-spelling 
of well- known names, such as Millikan, and Whytlaw- 
Gray. 

It is to be hoped that some rather more detailed cheok- 
ing will be done so that the more serious ‘‘errors of fact” « 
can be eliminated in future editions, and possibly a more 
critical comparison on the application of the various types 
of equipment to particular problems included. 

These criticisms are, however, comparatively minor, 
and the volume makes a very valuable contribution to a 
subject which 1s becoming of increasing importance as 
larger and larger single-stream plants are being erected 
all over the world, with correspondingly greater interest 
being taken by local authorities and governmental bodies 
in the containment of pollution. The book is a valuable 
source reference, and is eminently readable—it will, no 
doubt, remain a standard reference for a long time, and 
as such should find a place in busy plant offices, as well as 
on library bookshelves. C. J. STAIRMAND 


INHERITED DISEASE 


Mendelian Inheritance In Man 

Catalogs of Autosomal Dominant, Autosomal Recessive, 
and X-Linked Phenotypes. By Victor A. McKusick. 
Pp. xvii+344. (London: William Heinemann Medical 
Books, Ltd., 1967.) 608. net. 


Tms volume is more difficult to review than any I have 
previously met. This is not because it is a bad book— 
quite the contrary, it 13 a very good one—but because it 
is an encyclopaedia of genetically determined diseases in 
man. Consequently the only way to review the book 
satisfactorily is to dip into it at intervals and try to 
discover what has been included and what has been left 
out. So far I have failed to find anything of consequence 
that has been omitted ! 

The compilation is from information stored on magnetic 
tapes which, as the author points out, allows corrections 
and additions to be made easily in future editions. Because 
the book is produced directly from data tapes, some of the 
symbols normally used in genetic work have had to 
be modified. This has not detracted, however, from the 
clarity of the presentation. 

There are three main parts to the book, one concerned 
with autosomal recessive inheritance, one with autosomal 
dominant characters and one with sex-linked recessives. 
Each entry consists of the name of the condition, a short 
description of it and suitable key references. In addition, 
the author has indicated by means of an asterisk where, 
in his opinion, the mode of inheritance of the condition is 
certain. Furthermore, his opinion seems to be pretty 
reliable. 

This book is indispensable to human geneticists and to 
physicians concerned with genetic counselling. It should 
certainly be in every library which has a medical section. 

P. M. SHEPPARD 
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MIND AND VOICE 


Brain Function, Vol. 3 

Edited by Edward ©. Carterette. (Proceedings of the 
Third Conference, Nov. 1963—Speech, Language and 
Communication. UCLA Forum in Medical Sciences, 
No. 4.) Pp. xii+279. (Berkeley and Los Angeles: 
University of Calforma Press; London: Cambridge 
University Press, 1966.) 96s. net. 


Iw the past decade scientific publication has increasingly 
tended, at least in the more progressive fields, to occur as 
a by-product of those occasions in Tokyo, Miami or 
Florence when, thirty-two or -three are gathered together 
in the name of multi-disciplinary enterprise. Whether this 
formula for collaborative progress 1s working itself to 
death or not, the outcome in cold print is not always 
optimal as a cerebral stimulant for the reader. Redun- 
dancy, cross-purposes, and displays of throw-away erudi- 
tion may all induce somnolence. 

This volume of contributions and discussions has the 
faults of its kind, but includes as well some rewarding 
elements. Geschwind’s challenging little essay on 
Wernicke’s place in the history of aphasia study is an 
admirable corrective to the contemporary over-swing in 
favour of the English school of neurologists. It perhaps 
deserves a wider circulation among potentially inte 
readers than it is likely to get ın its present company. 
Roberts's views on the central brain mechanisms of speech 
have directness and simplicity befitting his surgical dis- 
tinction; one of the briefest papers, it provoked one of the 
longest discussions. Lenneberg’s essay on the anatomical 
and physiological concomitants of speech and develop- 
ment can scarcely fail to whet the reader’s appetite for his 
forthcoming book. Jakobson gives a useful survey of 
recent work relevant to his now well known two linguistic 
types of aphasia. Speech disorders in childhood, especially 
those associated with brain damage, have had far too little 
intensive study. Ajuriaguerra’s suggestive contribution 
may do something to remedy this. The value of quanti- 
tative techniques deriving from experimental psychology 
for aphasia research is not as widely appreciated as it 
should be, and Wepman and Jones’s explicit example of 
how they can be woven into the individual case study 
could be thought over with profit by those clinicians who 
are hesitant in making use of them. There are contribu- 
tions by Lamb (a linguist), Osgood (a psychologist), 
Hoijer (an anthropologist), and Ferguson (an applied 
linguist) from diverse angles which produced varied 
reactions, to judge by the ensuing discussions. 

The book as a whole serves to emphasize the fact that, 
as a result of a convergence of interests and the consequent 
availability of a variety of technical and methodological 
resources, there is now a favourable opportunity for real 
progress in understanding the nature and mechanisms of 
speech, language and communication. At present tho 
atmosphere is multi-lingual rather than polyglot. A 
common tongue cannot be artificially contrived, but may 
well develop as solid results begin to emerge. 


R. C OLDFIELD 


OBITUARIES 


Academiclan Vladimir Sukatchev 


Tue prominent biologist and geographer Professor V, 
Sukatchev died on February 9 in Moscow. He was born 
in 1880 in a village in the Kharkov region and in 1902 
graduated from the Petersburg Institute of Forestry. 
By detailed examination, mamly of forests and marshes, 
as well as steppes and meadows, Sukatchev developed his 
own methods in plant ecology during the first quarter of 
the present century. His book Plant Communities was 
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first published at this time. He had already establishe 
some of the principles of present day European phyta 
sociology—the term itself was recommended by him i 
1910. Sukatchev’s principles for the distribution of plaw 
communities and their grouping into ecological and phyt- 
coenio series are well known. Several generalization 
concerning the dynamics of vegetation and forest stru 
tures are due to him. He is considered one of the founde 
of the biological trend in the study of marshes in tM 
Soviet Union. His book Marshes, their Formation ar 
Characteristics was published several times. For mar 
years he studied the Quaternary fossil flora, and on tM 
basis of this research, as well as on spore and pollen anal: 
sis, he made important deductions about the palae 
geography of the interglacial stages in Eastern Europe ar 
Western Siberia. 

After 1914 Sukatchev worked on exper:mental phytoc 
enology. He put into practice for the first time origina 
methods for investigating competition between specic 
and between, the biotypes and ecotypes within the specie 
Sukatchev worked persistently to umprove methods 
field research. His best known publication is the Gui 
to the Research of Forest Types. Regional examination 
vegetation was made by him or under his supervision 
the Russian plateau, in Siberia and the Urals, in t 
Crimea, the Caucasus and in Middle Asia. From Ł 
travels came dozens of publications—a great contributie 
to botanical geography. 

At the end of the nineteen-thirties Sukatchev formes 
an original conception of the complex study of the natur 
environment; it formed the bams of the scientific trem 
which he called biocoenology. He devoted the ləm 
twenty years of his life to working out a theoretical bam 
for biocoenology and to a complex study of forest bioc 
enoses. The book Programme and Methods of Btogeoc 
enological Investigations was published shortly before Mi 
death. 

At the Institute of Forestry Sukatchev trained maw 
prominent foresters and typologists. At the beginni= 
of the present century he supported women’s high= 
education in agronomy and taught botany and ecolo 
in, the Stebut Institute. In 1925 he organized a chair 
geobotany at the Leningrad University and waa head of t 
Leningrad geobotanical school. 

Sukatchev held many posts: from 1912 he worked 
the Academy of Sciences; he started as a junior botani 
became a corresponding member in 1920, Academiciom 
Ordinaire in 1943, director of the Forest Institute 
1944 and finally deputy to the Academician Secretary 
the General Biological Branch of the Academy of Scient 
of the Soviet Union. For many years he was active 
botanical life. He was constitutor-member in 1915, awm 
president from 1946, of the Botanical Society of the Sow 
Union. He was also president of the Moscow Society 
Naturalists and an honorary member of the Geographia» 
Society of the Soviet Union. He served as the head of t 
Academy of Sciences’ Commission for the study of t 
Quaternary period and he was the chief editor of t 
Botanical Magazine for many years. 

Vladimir Sukatchev was an untiring worker, a passic 
ate naturalist, brought up on the ideas of Charles Darw» 
and Vassily Dokutchaev. He fought selflessly for t 
purity of moral principles in science and life; was ve 
popular and sincerely respected. Sukatchev receiv 
many scientific and state decorations. In the Sov 
Union he was awarded the highest honorary title of 
Hero of Socialist Labour. V. Sorceava 


Dr. J. K. Sen 


Dr. JITENDRA Kumar SEN, who died at his home in t 
Indian Botanic Garden, Calcutta, on December 12 agma 
45, was a distinguished palaeobotanist. 

He obtained an honours degree and a masters deg 
from the University of Calcutta, where he attended wii 
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‘Tniversity College of Science. From 1040 he was a 
scturer in the Department of Botany at the University of 
aloutta and during this time obtaimed his D.Phil. degree. 
< 1961 he became the last of a line of superintendents of 
ae Indian Botanic Garden which began with Robert Kyd 
1. 1787. When this institution was transferred to the 
“overnment of India ın 1963, Sen became deputy director 
K the Botanical Survey of India. 

Son was the first to apply the palynology of coal, oil 
md petroleum to stratigraphical geology in India. He 
Eso described the reproductive organs of the fern Glos- 

»pterts, which gave valuable information about the 
«volutionary position of the plant. By means of X-ray 
Kffraction he showed the changes which take place in 

16 cell walls of wood during its degradation. 

Ben was a fellow of the Geological and Linnean Societies 
K London, and of the Geological and Palaeontological 
societies of India. He was a vice-president of the 

otanical Society of Bengal. 


V. J. Cooper 


Ioror Jamms Coorgr, who died on March 6, was deputy 
rector of product planning for the Marconi Company, 
sad was a distinguished television and radio engineer. 

Cooper was born in 1911 and was educated at Sir 
Walter St. Johns School and City and Guilds College, 

“‘niversity of London. In 1936 he joined the Marconi 
ompany, to work on the development of MF and HF 

‘anamitters. After radar research during the Second 
world War he became involved in television work, which 

cluded responsibility for the design and development 
be the high level modulator for the B.B.C. Holme Moss 

‘ansmitter. This modulator was colour compatible 
wad the first of its kind in Britain; this was at a time when 

merican colour systems were also first beginning. 
«ooper was later in charge of the design of the Marconi 

lour camera, which was the first one to be supplied to 

120 B.B.C. in the carly days of colour experimentation. 

s chief television engineer, in 1959, he took charge of 

ork on closed circuit television when it was still at the 
Mioneering stage. 

At the time of his death Cooper was a member of the 
schnical sub-committee of the Postmaster General’s 
molevision Advisory Committee. He had also been 

airman. of the Television Society, and in 1955, led the 
mcitish delegation to the International Electrotechnical 

ommission Conference. He died with an international 
putation in the world of television and radio. 


niversity News: Aston In Birmingham 


maoressor J. E. FLoon, at present professor of light 
«arrent electrical engineering in the university, has been 
pointed head of the Department of Electrical Engineer- 

g. 
Massachusetts Institute of Technology 


<n. Jonn M. Buowanan, head of the division of bio- 

«<emistry of the Department of Biology, has been 

«pointed the first John and Dorothy Wilson professor 
the Institute. 


Victoria University of Wellington 
pac. F. F. Evison, formerly director of the Geophysics 
=e of the Department of Scientific and Industrial 

29 


earch, Wellington, has been appointed to the newly 
«tablished chair of geophysics. 


pmepolntments 


UR new members of the United States Science Advisory 
mmittee have been appointed for a term of four years 
til the end of 1970. They are Dr. Michael Ference 
‘ord Motor Company). Dr. James O. Fletcher (Univer- 
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sity of Utah), Dr. Lewis Thomas (New York University 
School of Medicine), and Dr. F. H. Westheimer (Harvard 
University). 


Announcements 


Ms. J. 8. MoDONNELL, chairman and chief executive 
officer of the McDonnell Aircraft Corporation of St. 
Louis, Missouri, has been awarded the second Founders’ 
Medal of the U.S. National Academy of Engineering. 


Dr. A. Karuy, lecturer in metallurgy ın the University 
of Cambridge, has been awarded the William Hopkins 
Prize of the Cambridge Philosophical Society for his 
contributions to the study of the role of fibres and pre- 
cipitates in strengthening materials, and for his mono- 
graph on strong solids, published in, 1966. 


Prornsson KENNETH N. Oarn, professor of physiological 
optics at the Mayo Graduate School of Medicine, has been 
awarded the Optical Society of America’s Edgar D. 
Tillyer Medal, and Dr. George A. Morton, director of the 
Conversion Devices Laboratory at R.C.A. Laboratories, 
Princeton, New Jersey, has been awarded the society’s 
David Richardson Medal. 


Dr. RicHarpD M. Kren of the New York Botanical 
Garden is compiling a Sourcebook of Methods in Develop- 
mental Botany intended to help with the introduction of 
developmental botany into the curriculum. Dr. Klein 
and his colleagues on a committee of the Botanical Society 
of America solicit ideas and techniques which have been 
shown. ‘‘to work and to be stimulating to students”. 


Aw organization known as the Peripheral Circulation 
Group has been established in Glasgow to arrange for 
informal discussions of matters concerning peripheral 
circulation, microcirculation, and the relationship between 
flow of fluids and the function of local tissues. Further 
details can be had from Dr. I. A. Sewell, the Royal 
Infirmary, Glasgow, C.4. 


Meetings 


Serine Mmetrne of the Western States Section of the 
Combustion, Institute, April 24-25, University of California 
(Western States Section/The Combustion Instatute, ¢/o 
Dr. Forman A. Williams, 5230 Urey Hall, University of 
Cahfornia, San Diego, La Jolla, California 92037). 


CORRIGENDUM. In the article entitled “Phase Dependent 

of Circadian Frequency after Light Steps’ by 
Michael Lohmann (Nature, 213, 196; 1967), lines 11-14 
should have read: “. . . that is, a continuous action of the 
light intensity on a frequency determining parameter of 
the biological oscillation. The timing of the transition 
from. one light intensity to another in this interpretation 
has no effect on the subsequent frequency*.” The legend 
to Fig. 1 should have read: “‘... from a lower to a higher 
intensity (onset of activity = 0°/360°). Black circles 
indicate light steps from 0-01 to 2 lux, open circles 2 to 
100 lux. Means with standard error refer to data within 
90° segments of the abscissa. Dashed line equals the 
overall mean.” The final sentence of the fifth paragraph 
should have read: “No dependence of the after-effects 
on phase has been reported”. 


CORRIGENDUM. In the article by B. G. Forget and 
8. M. Weissman entitled “Low Molecular Weight RNA 
Components from KB Cells” (Nature, 213, 878; 1967), 
para. 6, line 14, ‘Cellogel’ should read ‘Sepraphore No. 3, 
and line 15, ‘Sepraphore No. 3’ should be ‘Cellogel’; 
para. 12, hne 12 should read ‘“‘spots 39 and 62” and 
line 15 should be “‘2’ and 4°”; in para. 13, line 22, “and 24” 
should be omitted. The following corrections should also 
be made to Table 2: Spot No. 23, component O, “O”; 
No. 29, VA-RNA, “Tr”; No. 54, “(G, A) GGU”; No. 80, 
“A (A, G) AGU”; No. 108, “G (G, A) AGU”. 
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(Contsnued from page 234) 
difficult and hazardous, not to say :mposarble, task without 
very specific outside information. 

On the other hand, from a 5'5 A resolution map, 1b 1s 
possible to locate the heavy atom positions and binding 
sites (ref. 3 and unpublished results) and I think that with 
the proper change of origin, the region of the active site 
as found by the two groups can be brought into reasonable 
proximity. In fact, even though this position is nowhere 
specifically given, an investigation of their heavy atom 
positions suggesta that the two origins are related by an 
a/2 and o/2 translation along ~ and z axes, and approxi- 
mately the same origin along the y axis, but with a reversal 
of its direction. With this correlation of origins, it is 
possible to identify the regions of the molecule in our 
map that have been designated as disulphide bridges by 
the London group and it is seen that these regions are 
appreciably different from the cystine positions given here. 


Table 1. POSITION OF THA DISULPHIDE BRIDGES OF RNase ACCORDING TO 


THN 2 A MAP AND TO AVEY etal? 
Co-ordinate set Co-ordinate pet 
Disulphide bridge (A)* (B)* 

ala w/b zje ala yib ajo 

I-VI 0 48 O24 015 0 69 0-45 0 00 
H-V 073 0-10 0 86 0-22 0-85 045 
M-Y 025 078 0 32 0 00 075 014 
Iv-V 0-18 0-50 0-39 0:04. 0 45 0:46 


* (4) According to the 2 A map; (B) according to Avey et al.*. 


Thus, in summary, while with proper changes of origin 
the disagreement about the region of active site estab- 
lished by the London group can be reconciled with that 
which we found from the phosphate binding site, the 
disulphide positions as found from the 5-6 A map by them 
are probably incorrect and their model, which is largely 
based on the assumption of the correct location and desig- 
nation of these bridges, may need extensive modifications. 
It seems likely, however, that when adequate X-ray data 
are used in computing the electron density map by 
Avey et al.?, it will be possible to construct from it a model 
which is more objective and less dependent on the correct 
identification of the S-S bridges alone; and that model 
will not differ much in its main features from the one which 
we propose. 





Di 1. Klectron denmty section at 2=0-857 from a map computed at 
2A resolution and 7,204 reflexions Contours at 200 units interval. 
Dotted contour 100. 
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Figs. 2 and 


8. Same electron density section computed with our dat 
terminated at 55 A. This involved 862 reflexions In Fig. 2, the contour 
are the same asin Mig. 1, and in Fig. 8, dotted contour corresponds to 2F 

and remaining contours are in steps of 40. 
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This 110 page pocket size ring-binder handbook from 
the Phoenix Precision Instrument Co describes and 
illustrates some of the most widely used automatic 
equipment tn the field of ion exchange chromatography 
as applied to amino acid and nucleic acid analyses. 





Building Construction 
in Warm Climates 


Volume I 
R. L. FULLERTON 


This book is an attempt to bring to the student the 
basic techniques of construction, emphasizing the 
special needs of the tropics. It aims to forewarn the 
reader of the more common organizational and 
administrative problems he may encounter, and help 
him to overcome them. 45 line diagrams 

paper covers \Ssnet To be published 20 April 
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vascular plants recorded, 17 text figures 40s net 
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APPOINTMENTS VACANT 


UNIVERSITY OF EDINBURGH 
Laboratory Superintendent 


Applications are invited for the post of 

Superintendent of the Laboratories of the 

of Natural Philosophy 

Candidates for the post should 

preferably be graduates in physics or in 

some branch of engineenng, or holders of 

a Higher National Certificate, or equivalent. 

Expenence in mechanical workshop practice 

as desirable; a talent for leadership 18 
essential. 

Duties will include assistance to members 
of the teaching staff in the design of ap- 
paratus for research, general supervision of 
the technical staff, overught of the mech- 
amca! workshop and stores and of the 
Maintenance of apparatus in the teaching 
laboratories, and the organization and 
supervision of a departmental technician 
training programme. 

Salary will be on a scale identical to that 
for Univermty Lecturers (£1,470 to £2,630 
eer annum), with intai panan according 
to qualifications and 

Applications, by letter (three Tomen, gT- 
ing the names of two referers, should bo 
lodged with The Secretary to the Univer- 
sity, University of Edinburgh, Old College, 
South Brndge, Edinburgh, not ister than 
Apni 26 1967. 1518) 





BIOCHEMIST 


With some postgraduate experience with pro- 
tem studies, required for research into the 
properues of human parathyroid hormone. Ex- 
perience with rats an advantage bot not essential. 
Salary according to age and expenence. 

Further details from and applications to: Dr. 
G. A. Rose, Institute of Urology, Henrietta 
Street, W.C.2. (1484) 


have a vacancy for 


ANALYTICAL 
CHEMIST 


in their 


RESEARCH INSTITUTE 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF CHEMISTRY 


LECTURER OR 
ASSISTANT LECTURER 


Applications are invited for the post of 
Lecturer or Assistant Lecturer in the De- 
partment of Chemistry, with special Interests 
in Inorganic 


Chemustry. Sgr Scales: 
Lecturer: £1,470 to £2,630 annum ; 
Assistant Lecturer: £1,105 to PE 340 per 
annum, with placement according to quèli- 
fications and expenence, and with super- 
annuawon efit, 


The succesaful candidate will be expected 
to take up duty on October 1, 1967, 

Farther perucolars may be obtained from 
the Secretary to the Univermty, Old Col- 
lege, South Bridge, Edinburgh, with whom 
applications (mx copies), giving the namex 
of two referees, should be lodged ne later 
than May 3, 1967. 1519) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


Applications are mvyited for the following poss 
in the Department of Chemsry: 

CHIEF TECHNICIAN (Ref. CH 18) 

A Chief Technician is required to carry ont 
research and development work on the synthesis 
of organic compounds, new polymers, etc. In 
selecting candidates for the post emphasis will 
be placed on their skill in expemmental organic 
chemistry, but a working knowledge of chemical 
theory Is necessary 

SENIOR TECHNICIANS (Ref. CH 19) 

Senlor Technicians are required to work with 
research teama on interesting preparative organic 
and inorganic ch . Experimental skill and 
a working knowledge of chemical theory casenttal. 

Applicants for these posts should be over 21 
years of age. 


Salary Scales : 
Chief Techniclam—2£1,242 to £1,423 per annum 
according to experience, rising to £1,656 
per annum in special circumstances. 
Senior Techniclass—within the scale £912 to 
£1,230 per annum according to qualifice- 
tions and experience. 
Five-day, 37{-hour week Superannuation 
Scheme Canteen facies 

Requests for Application Forms, quoting the 
appropriate reference number, should be sent to 
the Bursar, The University of Manchester Insti- 
tute of Science and Technology, Room M2, 
Velvet Honse, Sackville Street, Manchester, L 
Completed Forms to be returned as soon 
possible after the appearance of ths advertises 
ment. (1510) 


A Vacancy exists for an Anal 
Institute of Smith Kline an 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF AGRICULTURE 


LECTURER IN AGRICULTURE 
(Farm Management) 


Applicanons are Invited from graduates 
for the post of 


Aaticulture, 
somo years of experence in management, 
or in management advisory work. The 
saccessful applicant will be required to lece 
ture to undergraduate and postgraduate 
students, and he will be expected to 
velop a research interest, Salary Scale: 
£1,470 to £2,630 per annum; with place- 
ment according to qualifications and ex- 
penence, and with superannuation benefit, 
The successful candidate will be expected 
to take up duty on October 1, 1967. 
Further particulars may be obtained from 
The Secretary to the Umversity, Old Cot 
lege, South Bndge, Edinburgh, with whom 
applications (four copies), grvmg the names 
of two referees, should be lodged not later 
than May 3, 1 1515) 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF GEOLOGY 
Applications are invited for the following poe 

tenable from October 1, 1967: 

(A) ASSISTANT LECTORER OR LECTURE 
IN PHYSICAL OCEANOGRAPHY OR 
MARINE GEOLOGY 
(B) TEMPORARY ASSISTANT LECTURER O 
LECTURER IN SEDIMENTOLOGY 
Gor one year) 

Salary scales: Assistant Lecturer, £1,105 : 
£1,340 per annum; Lectorer, £1,470 to £26 
per annum, together with benefita under F.S S.W 
Further particulars may be obtamed from th 

siege Univernty College of Swansea, 

n Park, Swansea, by whom applications @ 
conics should be received by Monday, 
1967. as57) 





UNIVERSITY OF ALBERTA 
GRADUATE ASSISTANTSHIPS 
FOOD MICROBIOLOGY 

Applications are mvited from mmitably qualific 
candidates (Microbiology, Food Science) f 
Graduate Teaching hips ($4,000) a» 

Graduate Research tahips ($2,300 
tenable m the Department of Foc 


study of the effects of temperature on the grom 
and metabolimm of bacteris, leading to the degre 
of MSc or Ph.D. 

Further particulars may be obtained from D> 


L. F. L. Clegg, Head, Department of Foc 
Science, University of Alberta, Edmonto 
Alberta, x (1545) 


ical Chemist in the Research 
French Laboratories Ltd., a 


leading company in the Pharmaceutical Industry. 


The work wili be primarily concerned with the development 
of new and adaptation of existing P methods and 


testing procedures for the evaluation 
of new products and formulattons. 


including stability), 
A wide range of modern 


physto-chemical techniques are In general use 


Applications are invited from men aged between 23-26 years, 
pomesing a good Honours Degree (B.Sc. Chemistry, B. 
harm. or A.R.LC.) and with experience in Pharmaceutical, 


Food or Fine Chemical Analysis. 
Conditions of employment are excellent and include progres- 


sive salary scales, non-contributory pension and life assurance 
schemes and full assistance with house removals where 


applicable. 


Please send brief but concise details quoting reference A 10175 to : 


The Personnel Officer, Smith Kline and French Labora- 
tories Ltd., Mundells, Welwyn Garden City, Herts. 
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ADVICE AND DISSENT 


Sm SoLLY ZUOKEBMAN’S recitation of the limitations 
of advisory committees (see page 341) should be taken 
strictly at its face value—as a contribution to public 
enlightenment. Coming as his statement does from 
one who has been chairman of more advisory com- 
mittees than most people can name, it is an important 
declaration. It is not every day that one of the oldest 
hands in the business should say, in effect, that men 
and women who seek to influence events should not be 
disappointed that they cannot make a real mark by 
spending one day each month dancing attendance on a 
committee. This is candid, to say the least of it, 
although it is unlikely that there will now be mass 
resignations from the committees. Better a little in- 
fluence than none at all is how the committee men will 
calculate. In any case, many of them will be tempted 
to wonder whether Sir Solly can be right. Is it possible 
that discussions which seem quite marvellously to put 
the world—or some small part of it—to rights can in 
the end be so frustrated ? 

This is why it is important to acknowledge the hard 
if unpalatable kernel of truth in Sir Solly’s argument. 
Some advisory committees may have more influence 
than others, and a good chairman oan do a great deal 
to help, but in the last resort, and in the British system 
of government, it is for ministers and civil servants to 
decide whether to listen to the advice they ask for. 
At the bottom of the hierarchy, of course, success is 
not too hard to come by. The subcommittees which 
advise the research council on the disposition of 
research grants, for example, probably do a job that 
is useful if not indispensable, for it suits the research 
councils and their officials to delegate to other people 
the invidious business of deciding who should not get 
grants. The difficulties start with committees which 
have responsibility for strategy, not just tactics. 
British ministries if they are so minded can cheerfully 
ignore the recommendations made to them. If chair- 
men. threaten to throw their weight about, it is usually 
possible to invoke the Treasury as a reason why innova- 
tion must be postponed for yet another year. The 
way in which the old Advisory Council on Scientific 
Policy in the fifties had to clamour for a decent national 
reference library is a amall but telling example of how 
advisory committees can be humiliated by their 
masters. On other occasions, of course, things can go 
the other way, but the success with which the new 
Council for Scientific Policy has been able to wring 
from the Treasury an extra fifteen per cent for the 
research councils in the coming year is probably as 
much a measure of the sympathy of its minister as 
ofits own ability. And itis only natural that everybody 
will now be fascinated to see how Sir Solly Zuckerman’s 
own central committee on science and technology 
succeeds. Will it make more enemies than friends ? 
Will it be taken seriously where this really matters, 


chiefly in defence? Not even its influential chairman 
can be sure in advance. 

So must public-spirited scientists look for openings 
in politics ? This was what Sir Solly had to offer them. 
In part, no doubt, his tongue was firmly planted in his 
cheek, although his advice is also an acknowledgment 
that in Britain it is easier to influence the government 
from within. The difficulty, of course, is that this is 
quite the wrong direction in which to look for a sub- 
stantial improvement in the machinery for the adminis- 
tration of science. Such defects as there may be in the 
present arrangements for the administration of science 
are to be found in the excessive secretiveness of the 
processes by which decisions are made. It is, after 
all, quite absurd that important decisions are being 
made about the involvement of the United Kingdom 
in the building of still bigger accelerators at CERN 
without the benefit of anything that could pass for 
open discussion among professional scientists. It is 
true that high-energy physicists can usually be counted 
on for a fierce though illogical defence of the 300 GeV 
machine. It is also true that the committee men can 
be driven into a corner at meal times and on other 
informal occasions in such a way as to spread the 
illusion of being influential outwards from the com- 
mittees. But none of this is a real substitute for the 
kind of informed discussion withm the scientific 
profession that would at once be an assurance that 
wise decisions are being made and a means of giving 
to a much wider circle of people a sense of participation. 
The truth is, of course, that no constellation of advisory 
committees, however grey-bearded, can know all the 
answers. Even when British governments do what the 
advisory committees suggest, there is no means of 
knowing whether their actions or inactions are those 
that would have risen to the surface of free, vigorous 
and informed discussion. To make things worse, the 
existing advisory committees are as much a 
hindrance as a help, if only because the knowledge- 
able people who serve on them are frequently—and 
mistakenly—-constrained to bite off their tongues in 
public. 

Filling the corridors of power with scientists would 
be no solution, but the opposite. What needs most 
urgentl¥ to be done ia to stimulate and sustain the open 
professional discussion of important issues which is 
the only possible guarantee of good sense in. the public 
administration of science. All kinds of questions cry 
out for more discussion. What, for example, should 
be the balance between the spending of the research 
councils and the rest of the public sector? Where 
should a balance be struck between the universities 
and the public laboratories ? Is the British Government 
right in its now fashionable doctrine about the relation- 
ship between science and technology ? What, in any 
case, does technelogy consist of? What should be 
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done about space research? And oceanography ? 
What is happening to the Southern Hemisphere Tele- 
scope, and will it ever be built ? Is enough effort being 
devoted to biology? And does high-energy physics 
get too much? It is a perennial puzzle that British 
scientists claim so small a voice in settling these and 
the host of other issues which touch directly on the 
conditions under which they work. It is true that 
there will often be plenty of grumbling after foolish 
decisions have been made and have become irrevocable 
through being invested with too much of the Govern- 
ment’s prestige, but grumbling is no substitute for 
discussion. Rather, it amounts to acquiescence in the 
doctrine that governments should make decisions 
subject principally to the restraint that they may be 
called hard names if they consistently settle for 
outrageous policies. 

All this will not, of course, be changed overnight, but 
there are a number of important steps which could be 
taken to broaden the base of public policy. The simplest 
device of all would be the provision of more material 
with which to feed discussion. The Council for Scienti- 
fic Policy has made a good start by undertaking and 
then publishing studies on matters such as the need 
of computers in universities, the recruitment and 
employment of undergraduates and the relationship 
between universities and government laboratories, 
but there is a great deal more that could be done. 
Why, for example, should not the council publish 
once a year the details of its recommendations to the 
Department of Education and Science on the prospec- 
tive rate of growth of the research councils? Even if 
the minister or the Treasury should deny whatever 
claims are made, nobody need lose face and everybody 
would be wiser. Alternatively and perhaps more 
safely, the council and the other advisory committees 
could commission independent studies of particular 
questions—the new accelerator at CERN, for example 
—and then deliberately use published reports of these 
as means of testing professional opinion. This is a 
common and valuable procedure in North America. 
It will be remarkable if it has no part to play in Britain. 

Other more adventurous innovations could easily 
bring greater benefits. One possibility, for example, 
would be to abandon the attempts of the research 
councils, particularly the Science Research Council, to 
make research grants in accordance with some kind of 
consensus established by a hierarchy of committees, 
but instead to allow a short-term director freedom to 
make and pursue policies of his own. In circumstances 
like these, it would be much easier than at present to 
do things for the first time. And for each advisory 
committee disbanded, there would be a thousand 
volunteer advisers determined to be heard. The result 
might often be unseemly, but it might also be worth- 
while. And this, after all, is only one of the ways 
in which the administration of science might be made 
more simple, more efficient and more accessible at 
once to discussion and to understanding. It would bea 
public service if some advisory committee would give 
these questions a serious airing. 
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WHAT NEXT AT HARWELL? 


Dz. Rosrert Spenow is understandably proud of the 
achievements of the research establishment at which 
he is now director (see page 343). For much of the 
past 21 years, Harwell has played an influential part in 
British science well outside its strict terms of reference. 
In the years immediately after the Second World War, 
the then desolated airfield became a kind of Mecca for 
all kinds of people wishing to learn new techniques 
and to use equipment which the universities could 
not afford. The nuclear developments were important 
and attractive in themselves, of course, particularly 
when the rest of Britain was largely occupied with 
making good the dislocation caused by war, so that it 
is natural that Harwell should have gathered a splendid 
galaxy of talented people. But the establishment did 
what it could to give as well as to take, and its relation- 
ship with the universities has been friendly from the 
start. On many occasions it has served as a focus for 
academic work of various kinds, from cosmic rays to 
computers, seeking where it could to provide services 
on which the universities could call. The way the 
establishment has spawned laboratories such as the 
Computer Laboratory at Chilton, now operated p 
independently by the Science Research Council, is 
powerful evidence of the healthy influence of the estab- 
lishment. Much of the credit for these developments 
belongs to the first director, Sir John Cockcroft, for 
liberal policies were by no means the natural ones to 
follow immediately after the war. Now, two decades 
later, it is only natural that Harwell should command ' 
the affections of a host of people. 

But what of the next twenty-one years? It is! 
unlikely that Dr. Spence’s successors will have as’ 
simple a success story to tell. The trouble, of course, 
is that the establishment has outlasted the urgent | 
need that brought it into existence. It remains a' 
centre of excellence, but there is at present no single 
task which can foous its energies in some natural 
direction. At the same time, unfortunately, the, 
search for fresh objectives has by no means justified | 
the hopes of those who thought, three years ago, that | 
the establishment would be able to wave a magic! 
wand over a large part of British industry. One; 
difficulty is that the kind of research and development ' 
most urgently necessary in British industry cannot! 
easily be carried out at a distance. It remains to be 
seen whether the centres for research in ceramics and , 
materials testing, like the research on water desalina- | 
tion, will have more bite, or whether some quite differ- , 
ent project can give the establishment a new lease of 
life. Until and unless some goal emerges, the managers 
at Harwell must not be surprised if people elsewhere‘ 
look enviously at the still considerable stock of skill 
which they have at their disposal. In the Jong run, the 
establishment may well be more valuable if it increases: 
still further the considerable flow of people from Harwell 
to the outside world. To say this is not to suggest 
that it should close down, but rather that it should 
more openly seek to act as a leavening within industry. 
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NEWS AND VIEWS 


Oecumenical Chemists 


Tue annual conference of the Royal Institute of 
Chemistry this week has been suffused with talk of 
some kind of federation of the several British learned 
societies at present concerned with chemical affairs. 
For some time chemists in Britain have had a somewhat 
clannish corporate image, particularly since the 
physicists have chosen to weld together the Institute 
of Physics and the Physical Society and because the 
engineering institutions are making quite rapid 
in combined operations of many kinds. Sir 
Melville set tongues wagging with a reference 
in his presidential address to the Chemical Society 
two weeks ago to some kind of federal structure for 
the chemical societies. This view was echoed this week 
by the retiring president of the Royal Institute of 
Chemistry, Dr. Frank Hartley. By all accounts, 
friendly discussions are under way between several 
of the societies—including the Faraday Society, the 
Society of Chemical Industry and the Society for 
Analytical Chemistry. It seems to be agreed that the 
interests of the several societies are so distinct that 
outright amalgamation is out of the question. The 
Royal Institute, for example, is understandably marked 
out from the others by its charter to award professional 
qualifications. As a beginning, the Royal Institute of 
Chemistry and the Chemical Society have decided to 
hold their next two annual conferences, at Dublin 
and Nottingham, in concert and plainly it will there- 
after be difficult for them to meet separately without 
giving offence to somebody. It remains to be seen 
whether the outcome will be federation or confederation 
—and precisely what the difference between these 
two words amounts to. 


Chilbolton Steerable Aerial 


Tue latest movable radio aerial in Britain was opened 
on April 14 by Mr. Anthony Crosland, Secretary of 
State for Education and Science. The new dish has 
been built for the Radio and Space Research Station, 
although the site, chosen because of its isolation from 
sources of electrical noise, is some distance from the 
laboratories at Slough. It is at Chilbolton in Hamp- 
shire, on the site of a disused airfield, where it sits 
on a deep and solid layer of chalk with a commanding 
view of the country around. 

The aerial, 82 ft. (25 m) in diameter and with a 
focal length of 29-5 ft. (9 m), must maintain a precise 
parabolic profile in different positions of azimuth and 
elevation, and in strong winds. This requires a struc- 
ture of great stiffness, and the rotating part of the 
aerial—which weighs 430 tons—is mounted on a rein- 
forced concrete tower weighing 2,300 tons. The joints 
between the backing structure and the dish are de- 
signed to allow thermal expansion in a direction tangen- 
tial to the dish, so that differences in temperature and 
coefficient of expansion between the aluminium dish 
and the steel backing structure do not reduce the 
accuracy. The dish itself has a central disk, and 48 
petals of an aluminium honeycomb construction giving 





great precision, fatigue strength and stiffness. The 
aerial, which is capable of operating down to 3 cm 
wavelength, has a pointing accuracy of better than 
2 min of arc in winds of up to 35 m.p.h. It can operate, 
however, in winds of up to 60 m.p.h., and what is 
blithely called the survival speed is given as 120 m.p.h. 

The Radio and Space Research Laboratory firmly 
describes the new dish as a movable aerial, rather than 
a radio telescope, and it will be used primarily for 
investigations of radio wave propagation. The signal 
from one of the NASA advanced technological satellites 
will be studied, particularly as it rises above or falls 
below the horizon; the results, it is hoped, may improve 
satellite communications. The scatter of rádio signals 
in the troposphere will be studied by beaming signals 
from Great Yarmouth to Chilbolton, and the tropo- 
sphere itself will be studied by radar echoes. The 
incoherent scattering of the ionosphere will be investi- 
gated by means of the Doppler spread in the energy 
received; this may provide information about the 
electron and ion content of the ionosphere. The dish 
will also be used to receive signals from a mast 14 miles 
north-east of Chilbolton, to find the causes of fading 
and scintillation on microwave communication links; 
at the other extreme, the scintillation of quasars may 
provide information about the interplanetary plasma 
through which the radio signals pass. 


Looking at Southern Skies 


Tue Radcliffe Observatory, which began its career in 
Oxford in 1772 and in 1935 moved to sunnier and 
clearer skies in South Africa, became the responsibility 
of the Science Research Council on April 13. This ends 
nearly 200 years of control by the trustees of the will of 
John Radcliffe, who died in 1714, leaving money in his 
will for the building of an observatory. The 74 in. 
optical telescope was built in Pretoria with money from 
the sale of the old site in Oxford, and because of the 
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Second World War was not completed until 1948. For 
some years the trustees have been supported by sub- 
stantial contributions from the British Exchequer 
(£21,000 in the current year) and payments from the 
Royal Greenwich Observatory, but this uncertain 
method of support has now been replaced by direct 
support from the Science Research Council. For a 
seven year period the full cost of maintaining and 
operating the observatory will be paid by the S.R.C., 
except for a small contribution from the Radcliffe 
Trustees Astronomy Fund. 

The telescope is important, because the southern 
skies are relatively unexplored, and contain vitally 
important objects such as the Magellanic Clouds and 
the centre of the galaxy. For some time there have been 
plans for a new telescope in Australia, to be called the 
Southern Hemisphere telescope, but financial diffi- 
culties have so far prevented it from being built. There 
have successively been suggestions that either the 
British or the American governments might be prepared 
to support the building of the new telescope. At the 
moment discussions are apparently in progress between 
the Australian and British governments, but so far no 
decision has been reached. 


Editors United 


AT a conference of editors of biological journals in 
_ Amsterdam on April 11-12, the decision was taken to 
set up an Association of European Editors of Bio- 
logical Periodicals. The association hopes to become a 
channel for communication and co-operation between 
editors, and hopes that the result will be greater 
efficiency. Among the issues of importance to the 
journals raised at the conference was that of copyright: 
journals are increasingly concerned at the photocopying 
of printed text, but there is also the question of whether 
there should be a uniform code of practice in the 
reproduction of journal articles in other secondary 

ublications. A working party under Dr. J. E. 

reherne (Cambridge) will study this matter. Another 
working party under Professor K. Faegri (Bergen) is 
embarking on a comparative study of the machinery 
used by various journals for refereeing original com- 
munications. There is also to be an attempt to devise 
an internationally valid style book for biological 
journals, 

The president of the new association is Professor 
F. A. Stafleu of the Instituut voor Systematische 
Plantkunde, Utrecht. The secretary is Dr. J. Bures of 
the Institute of Physiology of the Czechoslovak Aca- 
demy of Sciences. It is expected that the total mem- 
bership of the association may eventually include 200 
or more European biological journals. It is planned 
that there shall be general assemblies of the association 
at intervals of three years. 


Vanishing Phenomenon 


Tue backlog of manuscripts awaiting publication in 
Nature has become such a persistent but variable 
entity that it may be thought to constitute a pheno- 
menon in its own right. From time to time it has been 
spoken of as if it were a joke, although most of those 
concerned with it—and particularly authors of manu- 
scripts—say quite properly that it is not a joke at all. 
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For this reason, the accompanying histogram may be 
at once interesting and comforting. It shows the 
numbers of manuscripts in the Nature office at the 
beginning of each month since the beginning of 1966. 
These figures do not include the manuscripts already at 
the printers. This omission is, however, almost 
exactly compensated for by the inclusion in the monthly 
census of manuscripts then with referees, many of 
which are destined to be returned to their authors (in 
white for April 1967). The fact that the Nature 
backlog was of the order of 500 manuscripts at the 
beginning of April—it is less now—should be set against 
the fact that during the past 9 months, the rate of 
publication in Nature has been 299 manuscripts a 
month. It is on this basis that the backlog is expected 
to disappear before the seasonal demand on space 
reaches its peak at this end of the academic year. 
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More Enzyme Molecules 


Dr. L. N. JoHNson writes: 

For some years knowledge of the three-dimensional 
structure of proteins has been limited to two structures 
—myoglobin and lysozyme. Suddenly in the past few 
months, the total has increased from two to five 
structures. At the meeting of the Institute of Physics 
X-ray Analysis Group in Oxford last week, the struc- 
tures of the three new proteins—ribonuclease A, 
ribonuclease S and alpha-chymotrypsin—were reported. 
It was also clear that high resolution work on carboxy- 
peptidase A is progressing well, that more detailed 
comparisons of human and horse deoxy-haemoglobin 
with horse oxyhaemoglobin are proving fruitful, and 
that good low resolution studies on carbonic anhydrase 
and beta-lactoglobulin have been carried out. Progress 
was also reported in the location of iron atoms in 
ferredoxin and in the study of the elusive structure of 
insulin. On other biological materials, there were 
encouraging reports of X-ray diffraction studies on 
RNA, viruses, polysaccharides and lipids. This meeting 
will no doubt be recognized as a historic landmark, and 
it was particularly pleasing to have at the conference 
Professors J. D. Bernal and Dorothy Hodgkin, who 
thirty-three years ago had taken the first X-ray 
diffraction photographs of a protein. 

The most remarkable paper was the report from 
Dr. David Blow of the Medical Research Council in 
Cambridge on the structure of the proteolytic enzyme 
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alpha-chymotrypsin. This group had obtained a 2-5 A 
Fourier map only a week before, and had been able to 
interpret it with the aid of the known amino-acid 
sequence. Thus they could describe the folding of the 
largest protein yet to be solved (molecular weight 
23,000; 230 amino-acid residues). The folding is most 
intricate, and remarkable in that it contains only one 
short stretch of alpha helix of eight residues in length 
near the C terminal end. 

Professor David Harker of the Roswell Park Memor- 
ial Institute, Buffalo, New York, described the exciting 
work of his group on the three-dimensional structure 
of ribonuclease A (see Nature, 218, 862; 1967). It was 
of particular interest to compare this structure with 
that of Dr. C. H. Carlisle’s group at Birkbeck College, 
London. Although the British work is less advanced, 
there is some agreement between the two groups, 
Regions where they differ may be due to solvent changes 
—the two groups used slightly different solvents— 
or to possible but improbable changes in structure. 

Ribonuclease 8 is a chemical modification of ribo- 
nuclease A in which the enzyme has been carefully 
digested with subtilisin so that the peptide bond 
between residues 20 and 21 is broken. Neither the 
peptide (20 residues) nor the remaining protein frag- 
ment show enzyme activity. But, if the two are 
allowed to associate without reformation of the peptide 
bond, complete activity is regained. Professor Freder- 
ick Richards, who first discovered this intriguing 
property, described the crystal structure of this 
protein which has been determined by himself, Dr. 
H. W. Wyckoff and their team at Yale University. 
In the record short time of 3-5 years they have achieved 
a 3-5 A resolution map in which the positions of nearly 
all the amino-acid side chains could be located. The 
model of the molecule was illustrated with a film, 
which is certainly one of the most entertaining ways of 
viewing these complex structures. Already Professor 
Richards has been able to put forward an explanation, 
based on steric considerations, for the specificity of 
the enzyme towards pyrimidine but not purine bases 
in the RNA substrate. Again there was agreement 
between this model and that of Harker, the chief 
difference being, as one might expect, in the region of 
the peptide bond 20-21. 

It is expected that a detailed explanation of the 
activity of ribonuclease will emerge in the near future, 
but for the present lysozyme remains the only enzyme 
for which the mechanism of action may be understood 
in terms of molecular geometry. This work is shortly 
to be published by Professor David Phillips and his 
group at Oxford, and was also described last week. 
Lysozyme has the property of promoting the dissolu- 
tion of certain bacteria by catalysing the hydrolysis 
of a polysaccharide component of the bacterial cell 
walls. A feature of the hypothesis for the enzyme 
mechanism involves a small distortion of the substrate 
and a small conformational shift in the enzyme mole- 
cule (of the order of 0:75 A). When the polysaccharide 
substrate is bound in this manner to the enzyme, the 
hydrolysis of the specific link is carried out by acid- 
based catalysis involving an aspartic acid residue and 
a glutamic acid residue. 

Among the structures which are, as yet, unsolved, 
the work of Professor Lipscomb’s group at Harvard 
University on carboxypeptidase A was particularly 
interesting. A 2-8 A map has been calculated in which 
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certain helical portions of the chain are astonishingly 
clear. Because the amino-acid sequence of this protein 
is not yet known, however, only a limited interpreta- 
tion can be made. A 2 A map will reveal more detail, 
but this emphasizes the dependence of the protein 
orystallographer, at this time, on the biochemist for 
the amino-acid sequence. Perhaps the next excitement 
in this field will be the interpretation of a protein 
the sequence of which is unknown. In any case, these 
developments herald an era where it is becoming pos- 
sible to understand biological processes in terms of 
interactions at the molecular level. 


Spectra of Biopolymers 

from a Correspondent in Molecular Blology 
A MEETING of the British Biophysical Society in 
Oxford last week produced a number of exemplary 
reviews of current theoretical and experimental topics 
as well as reports of important new developments, 
several of them unpublished. 

There was a taste of things to come in a report by 
McDonald of some data gathered with the new Varian 
220 Mc.p.s. nuclear magnetic resonance spectrometer, 
the only one of its kind so far in operation. This instru- 
ment, which uses a superconducting magnet, became 
available less than a year ago, and users of standard 
60 Mo.p.s. instruments have been awaiting first 
reports with interest and perhaps even apprehension. 
The sensitivity is in fact extraordinary. It appears 
possible, for example, to resolve many single side-chains 
in proteins. A fully denatured protein shows an 
NMR spectrum apparently equivalent to the corre- 
sponding mixture of amino-acids. On refolding, 
however, extensive changes occur, with broadening 
of lines, progressive disappearance of certain reson- 
ances and their replacement by new ones. Several 
ring current shifts (displacements of aliphatic proton 
signals by adjoining ring systems, such as aromatic 
side-chains) have been identified, for example, in 
lysozyme. Conformational changes in ferric cyto- 
chrome c have been observed on addition of cyanide 
ions, but scarcely at all with azide or histidine ions, 
which are also ligands. Other effects, not readily 
accessible by other techniques, were also reported. 
Work is in progress on the allocation of lines by the 
use of species of cytochrome c with known amino-acid 
sequences. 

Jardetzky, and also Rattle, Bradbury and Crane- 
Robinson, presented new findings on NMR spectra 
of synthetic polypeptides as a function of conformation. 
Conformational transitions of the backbone can be 
followed, and the degree of freedom of the various 
side chains can be observed at the same time. The 
second group has been able to estimate the compositions 
of the regions in histones and protamines which aro in 
the helical state. Jardetzky also showed new data on 
ribonuclease, in which resonances from all four histi- 
dines were separately resolved, and their titration 
curves could be measured individually. The two 
abnormally ionizing histidines show shifts on binding 
an inhibitor. 

In the field of fluorescence, Wahl has described a new 
procedure for the measurement of rotational relaxation 
times of macromolecules from fluorescent decay rates. 
By this method, it is no longer necessary to make 


measurements as a function of temperature or otherwise 
to adjust the viscosity. The presence of free conjugate 
in the solution does not interfere with the determina- 
tions, and it should therefore be possible to use 
adsorbed instead of chemically coupled dyes. These 
advantages should widen the scope of an increasingly 
popular technique for the study of processes involving 
binding or shape changes in proteins. 

At the conference, extensive data were given by 
Brahms on the stacking of dinucleotides in aqueous 
salt solutions. Contrary to the conclusions of earlier 
workers, all dinucleotide phosphates at neutral pH 
show stacking and differ only in the magnitude of 
the equilibrium constant. Enthalpies of stacking are 
in all cases similar. The data have been applied to the 
analysis of the conformation of a specific transfer 
RNA. 


Cancer by Viruses 
from a Correspondent in Cell Biology 


Some elegantly simple experiments of Defendi, 
Ephrussi et al. (Proc. U.S. Nat. Acad. Sci., 57, 299; 
1967) have provided strong support for the general 
hypothesis that cancer induced by virus results from 
the addition of genetic information. 
- Uncontrolled growth is the characteristic property 
that distinguishes all cancer cells from normal cells. 
Cancer cells are unable to regulate cell division and, 
since this characteristic is inherited, it is highly likely 
that it results from a genetic change. Before the 
discovery that DNA and RNA viruses can both trans- 
form normal cells into cancer cells, the hypothesis most 
frequently considered was that cancer is caused by the 
accumulation of somatic mutations leading to the loss 
of the function of some essential regulatory gene. 
With the discovery of cancer inducing or oncogenic 
viruses, an alternative hypothesis could be considered 
—that cancer results from the acquisition of genetic 
information. Of course, it is equally possible that 
oncogenic viruses either cause a deletion of part of the 
cell genome or induce recessive mutations. The crucial 
question then is whether the genome of an oncogenic 
virus persists in transformed cells, perhaps incorporated 
into the chromosome as a prophage is in a bacterium. 
Defendi, Ephrussi and their colleagues have now 
produced hybrid cells by growing, in the same culture, 
normal mouse cells and mouse cells which have been 
transformed to cancer cells by polyoma virus. The 
question is whether the hybrids have the properties of 
the normal cells or of the transformed cells. The 
answer is that they clearly have the three charac- 
teristics of the polyoma transformed parental cells— 
they produce polyoma induced transplantation and 
complement fixing antigens (which are not made by 
normal mouse cells), they are neoplastic and, when 
injected into young mice, they induce tumours. This 
result is incompatible with the hypothesis that viral 
induced cancer results from recessive mutations or the 
deletion of genetic material, because the hybrid cells 
contain the normal genome donated by the parental 
normal cells as well as the genome of the parental 
transformed cells. Moreover, the same experiments 
show that the hybrids are more tumorigenic than 
original parental polyoma transformed cells. What- 
ever the reason, and Defendi, Ephrussi ef al. discuss 
several possibilities, it does seem that in vivo the fusion 
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of tumour cells with adjacent normal cells may be the 
cause of tumour progression. 

This result is in agreement with those of Benjamin 
(1966), who showed a small fraction of the RNA in 
cells transformed by polyoma and which are free of 
virus particles and can be hybridized with polyoma 
DNA. It is difficult to interpret this observation in 
any other way than that the polyoma genome persists 
in transformed cells 


Collagen Meeting 


Ar a one-day meeting of scientists working on collagen 
at the British Leather Manufacturers’ Research 
Association last week, it was decided to set up a 
Collagen Group to stimulate discussion and to hold 
meetings at appropriate centres. Meetings of the group 
are likely to be timed to coincide with visits of scient- 
ists from abroad, who could then describe their work. 
For the time being, the group decided to remain 
independent of the Biochemical Society. 

Dr. K. Piez of the U.S. National Institutes of Health 
described recent amino-acid sequence analysis on the 
collagen. molecule; it was, he said, a rod-like molecule 
containing three chains, two «, chains and one a, 
chain. Breaking up the molecule into smaller pieces 
by cleavage, for example, with cyanogen bromide had 
made it possible to determine the order of amino-acid 
residues in the a, chain in rat skin collagen. Hight 
unique peptides in the a, chain had been demon- 
strated by chromatography, and smaller satellite peaks 
in the chromatograms did not indicate two kinds of 
a, chain. They were either artefacts, or minor variants, , 
and both a, chains were identical, or nearly so. All 
but the firat peptide had glycine as every third residue. 

Dr. Piez also described a difference between rat skin 
and rat tail tendon collagen; residues 16 to 51 in the 
a, chain showed different quantities of proline and 
hydroxyproline; either some positions interchange, or 
hydroxylation is incomplete in this part of the molecule 
The difference in chemistry, Dr. Piez suggested, might 
be related to the difference in function between skin 
and tail tendon. 

At the same meeting, Dr. J. H. Bowes of the research 
association described the interaction of aldehydes with 
collagen. Little was known about the insoluble 
fraction in collagen, but she described the process of 
tanning leather as tying up the cross-links broken by 
the previous treatment of the hide. Glutaraldehyde 
was the most effective cross-linking agent, and acrolein 
was also good. At physiological pH, aldehydes would 
form cross-links with amino groups, but the precise 
chemistry of the links was still obscure. 


School Mathematics 


Prorussorn K. W. KEOHANE writes: 

Mathematics holds a special place in the school 
curriculum. Few would dispute that in Britain young 
people are not given encouragement to continue the 
subject as far as many of them could. But once 
mathematics has been dropped, people are lost forever 
to the physical sciences and technology—and increas- 
ingly to the biological sciences as well. For those 
who do continue, however, the mathematics they 
are taught is all too often inappropriate, mechanical 
and dull. This was the background for the splendid 
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conference at Exeter last week on the teaching of 
mathematics to physicists, held under the auspices 
of the Institutes of Physics and Mathematics. o- 
fessor H. B. Griffiths (Southampton) set the ball 
rolling with a description of the search for order in 
various categories of objects and manoeuvres which 
made many feel from the start that the similarity 
between the two disciplines was indeed considerable. 

Mr. Cyril Hope, Director of the Midlands Mathe- 
matics Experiment, gave an idea of what is likely to be 
expected at A-level and beyond from the changes due 
to the School Mathematics Project and his own. Few 
will regret the passing of geometrical optics, many 
will welcome an appreciation among schoolchildren 
of “acceptable accuracies”, some will question the 
introduction of probability and statistics, but all will 
be grateful at the attempt to get teachers from out of 
the rut into which examinations have so often led 
them. Just as science teachers have said for years, 
so mathematicians put much of the blame for the 
quality and character of the teaching on examiners. 

At Exeter, Sir Nevill Mott, speaking on the role of 
mathematics in physics, said that the relationship 
between applied mathematics and physics could be 
expected to raise its ugly head, but only one voice was 
raised against the notion that in school mathematics, 
dynamics must and, indeed, can only arise logically 
from experiment. The introduction of trolleys and 
ticker tape in the courses of the Nuffield Science Teach- 
ing Project has seemingly completely changed the 
understanding of kinematics. 

Dr. 8. Raines (Imperial College), speaking on under- 
graduate mathematics, said that the Peierls report 
published last year showed the very wide range of time 
spent on mathematics in university departments of 
physics. The frequently uneasy relationship between 
the teachers of the two disciplines is often blamed not 
on the content of what the mathematicians teach to 
physics students but on their approach and the lack 
of illustrations and relevance to the physical world. 
Dr. Raines also spoke of the inadequate preparation 
in the schools for what is required by a new under- 
graduate—a point disputed by Dr. Bryan Thwaites, 
who made a special plea for a single “core” subject of 
mathematics with a wide variety of additional options 
at A-level. The sixth form is crucial to the British 
tertiary system of education, and the mathematicians 
must satisfy the prospective physicists, chemists, 
engineers and mathematicians as well as the biologists 
and sociologists. Dr. Thwaites said that it was essen- 
tial and urgent that the Department of Education and 
Science should give a lead to curriculum reformers in 
support of the A-level examination as a school-leaving 
examination. 

At the end of their successful meeting, the two 
institutes agreed to establish a joint working party on 
the teaching of mathematics to physicists. Tho objec- 
tive is to design an improvement of the sixth-form 
mathematics curriculum, and to collaborate with the 
Schools Council. 


Structure and Properties of Liquids 


Prorsssog H. N. V. TamrPERLEY writes: 

The Faraday Society held a discussion with the 
above titlo from April 11-13 at the University of 
Exeter. Growing interest in the subject was reflected 
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in the attendance of more than 280, ranging from pure 
mathematicians and chemists to electrical engineers. 
(For a survey, see Nature, 211, 906; 1966.) 

The section on equilibrium theory was introduced 
by the Spiers memorial lecture given by Professor | 
G. 8. Rushbrooke (Newcastle). It is interesting that ` 
the date of the last Faraday Society discussion on 
liquids (1936) corresponded with the beginning of the 
modern approach to liquids by means of the two- 
molecule distribution fonction. The appropriate 
mathematical tools for studying this are integral 
equations, series © ions or some combination of 
the two. All workable integral equations are neces- 
sarily approximate and it is still far from clear why 
the newer ones (Perous—Yevick and hypernetted chain) 
work so much better than the older ones (Kirkwood and 
Born-Green). As between the two newer ones, the ’ 
Percus-Yevick equation is very satisfactory at high 
densities and temperatures, but Henderson (University 
of Waterloo) provided some evidence that the hyper- 
netted chain equation works better at lower tempera- 


tures. No known equation gives satisfactory results -` 


in the critical region. 
The studies initiated by Bernal of the geometry of a 


random arrangement of spheres have been very fruitful. -` 


Besides the latest developments of this work from ~ 
Finney (Birkbeck), we heard of various attempts to. 
simulate a heap by computer methods. A pleasing film ,: 


showed an assembly of disks gradually swelling anda%a 
forcing one another into an ordered configuration.-.~, 


Despite some encouraging indications, it is still not - 
known whether the integral equation approach ' 
gives a proper description of the solidification 
transition. 

There was a lively discussion about the properties of 
water and hydrogen-bonded liquids. Even with the 
much better X-ray techniques now available, and with 
the help of infra-red spectroscopy, it is even now only 
possible to put forward tentative structures. 

A survey by Egelstaff (U.K. Atomic Energy Research 
Establishment, Harwell) called attention to the various 
types of information obtainable from neutron X-ray 
and optical scattering. In contrast with the X-ray 
work, it is possible to study the correlation between 
two molecules in time as well as distance, which is 
important from the point of view of transport pro- 
perties, As possible further generalizations one can 
study correlation as a function of angle (Buckingham; 
Bristol) and of frequency (Stecki; Polish Academy of 
Sciences). Both of these approaches were shown to 
be potentially fruitful. Nuclear magnetic resonance 
and nuclear relaxation (Pople, Dweck and Richards) 
in which the nucleus acts as a probe are also useful in 
some liquids. 

A typical example of possible cancellation of errors 
is provided by attempts to represent the interaction 
of molecules by the simple Lennard-Jones 6-12 poten- 
tial function. This seems to work better for liquid 
argon. than it should on the basis of evidence from the 
gas and the solid. It may be that three-molecule 
interactions are tending to cancel out the fact that the 
‘bowl’ of the Lennard—Jones function is almost certainly 
too wide and too shallow. 

By way of a look into the fature, Prings (California 
Institute of Technology) thought that it should soon 
be possible to determine an inter-molecular interaction 
fanction directly from X-ray scattering. 
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Parliament in Britain 


Seen and not Heard? 


Ox April 17 the U.K. Board of Trade published the 
proceedings of a conference organized by it last Novem- 
ber on the noise and disturbance caused by aircraft 
(Nature, 212, 970; 1967). The same day it took the 
first steps to match fine words with actions, when Mr. 
Douglas Jay announced in the House of Commons that 
aircraft operating in Britain would eventually have 
their nuisance value taken into account when certifi- 
cates are being issued. The date at which this system 
will come into action is not yet decided, but Mr. Jay 
indicated that it would not cover aircraft already in 
operation, or, more significantly, under development. 
In addition, international agreement will be necessary 
before any changes in licensing can be made. 

The conference report describes the ways in which 
noise can be cut down. Operating techniques can help 
a great deal, but in the case of Heathrow and Gatwick 
most of the gains to be squeezed from these changes 
have already been made. Insulation of houses is also 
already under way around Heathrow. The best hope 
is that designers will be forced to think carefully about 
noise before they commit their ideas to paper. It 
may then be possible to design quieter engines, or 
aircraft which can land and take off without needing 
to use full power. Turbofan jet engines, now coming 
into use, for instance, are quieter than the old type of 
jet. The sonic boom, though, is another matter 
altogether. 


Select Committee 


Two arguments have so far emerged from the sessions 
of the Select Committee on Science and Technology, 
which is investigating the British nuclear reactor 
programme. Do standardized designs—curiously called 
“chinese copies’”—reduce costs more quickly than 
technological development? And is competition in 
Britain provided entirely by the prospect of inter- 
vention by American companies? Giving evidence 
for the Nuclear Power Group, Sir Edwin McAlpine 
and Mr. S. A. Ghalib answered no to both questions. 
There had been development between Dungeness B 
and Hinkley B, Mr. Ghalib said, and the reduction in 
cost (£10 per kw against a cost for Dungeness B 
of £65 per kw) was more than the 10 per cent which 
duplication would have brought. As for competition, 
it was suggested that this might be intensified if 
different parts of the station were tendered for in a 
conventional way, but Mr. Ghalib replied that on the 
Hinkley project his company had obtained competi- 
tive quotations on the majority of components, both 
for conventional and nuclear parts. If this is so, he 
was asked, why is it necessary to form consortia at all ? 
Mr. Ghalib replied that they had been set up at the 
request of the Government as the best way of develop- 
ing nuclear power, and that nothing had happened 
which suggested that any other set-up would be better. 

The committee also discussed the Advanced Gas 
Cooled reactor, and export prospects. At Dungeness B, 
Mr. Ghalib said, the Nuclear Power Group had not been 
allowed to deviate from the gas pressure and the fuel 
element specified by the Central Electricity Generating 
Board. One of its competitors (A.P.C.) had done so, 
in what Mr. Ghalib thought was something of a gamble, 
to get ite first order since 1959, and had come up 
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with a much lower cost. Since T.N.P.G. had been 
the first to suggest these changes, and had not been 
allowed to make them, the C.E.G.B. “may have 
thought that they had not been completely fair to 
T.N.P.G.” In Mr. Ghalib’s opinion, this may explain 
why his company got the next tender, for Hinkley B, 
without the customary competition. Mr. Ghalib was 
not optimistic about exports. After describing the 
situation in Brussels where T.N.P.G. had not made 
much headway and there were “Americans popping 
out of every cupboard wherever you went”, he agreed 
that the problem was primarily technological, rather 
than promotional. The Advanced Gas Cooled Reactor 
should be developed quickly, he thought, and would 
then provide a system with as low a capital cost as the 
water reactor, and lower generation cost. 


Damaged Reactor 


Lord Bzuswicg, for the Department of Commonwealth 
Affairs, said that the Atomic Energy Authority had 
set up a board of inquiry to ascertain the causes and 
extent of the damage recently found in the steam- 
generating heavy water reactor at Winfrith Heath. 
The police had been called in, but no question of 
military security arose. The Ministry of Technology 
had been advised that the damage was minor. In the 
absence of any other unforeseen circumstances, the 
Authority firmly intended to have this reactor at full 
power by the end of the year as planned. (Question, 
House of Lords, April 13.) 


Fuel Policy 


Lorp Srownam, replying for the Home Office to 
demands for a national energy policy, said that the 
Government had never doubted the need for one. He 
maintained that the Ministry of Power was sufficiently 
well staffed to devise a satisfactory policy; more than 
one-third of its staff was technical, and of this 680 
about 350 were qualified scientists, engineers and tech- 
nologists, or five times the number of graduate ad- 
ministrative staff. Lord Stonham said that the Ministry 
was still considering the information accumulated in 
the recent review, which would enable policy to be 
considered in a comprehensive framework. Models of 
the fuel sector of the economy were being developed 
which would provide a much fuller understanding of 
the interaction of the various factors of supply and 
demand for various fuels and permit a better assess- 
ment of the effects of different policies. 

On natural gas, Lord Stonham said that since drill- 
ing first started in the North Sea two years ago, 52 
wells had been drilled, ten of which had started this 
year. He was now convinced that the North Sea 
could produce at least 2,000 million cubic feet of gas 
a day by 1970, or a little less than 10 per cent of total 
British energy requirements. To begin with, the 
supplies available in 1970-71 would be at least double 
the present average daily demand for gas in the United 
Kingdom, but, because natural gas has twice the 
calorific value of town gas, appliances would require 
conversion for satisfactory operation: the estimated 
cost of this was some £400 million. 

The Algerian gas pipe-line from Canvey Island to 
Manchester and Leeds already linked eight of the 
twelve Area Gas Boards and would form the backbone 
of the natural gas transmission system: it would be 
connected to coastal landing points by feeder lines 
(Debate, House of Lords, April 13.) 
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The Limitations of Advisers 


Sir Solly Zuckerman delivered the third annual lecture to the 
Sclence of Science Foundation on April 10. One of the questions 
he raised was the extent to whlch advisory committees can Influence 
policy, and the extracts which follow are those parts of his address 
dealing with this theme. 


Many believe that we would be better able to control 
the speed and the directions of the growth of science 
if we knew more about the way it grows, and about the 
ways it affects social and economic affairs. The proposition 
contains two important admissions. The first is that 
scientists do not know much about the natural history of 
scientific growth; the second is that scientists as well as 
non-scientists are poorly equipped, if indeed equipped at 
all, to predict the social and political repercussions of the 
applications of science and technology. 

Until recently, those concerned with matters like these 
were relatively few in number. Today they are com- 
monplace. While some scientists still live and dream 
in ivory towers, the facta leave no doubt that the bulk 
of science and technology has moved to the public arena. 

It is worth spending a moment outlining the nature of 
the transformation as it occurred in Britain. At the turn 
ofthe century, science in the United Kingdom was pursued 
with relatively little support from public funds, and 
politics went its way almost unaware that its preoccupa- 
tions were going to be affected by the advances of scientific 
knowledge. The Government research councils, which 
are at the heart of the British form of scientific organiza- 
tion, were created just before, during and immediately 
after the First World War, to ensure that adequate 
resources were made available for scientists to pursue 
their researches in medical, agricultural and industrial 
fields. The Haldane Committee, which was set up in 
1917 to enquire generally into the responsibilities of 
departments, recommended that the responsibility for 
national research institutions should be placed “in the 
hands of a minister who is in normal times free from any 
serious pressure of administrative duties” and who was 
“immune from any suspicion of being biased by admini- 
strative considerations against the application of the 
results of research”. 

This recommendation soon developed into a presumed 
principle of scientific independence, which clearly helped 
the ‘pure scientist”. But ite effect was to create a series 
of autonomous research councils which pursued their 
work in quasi-isolation, and whose aotivities did little 
to influence the policies of those government depart- 
ments which were concerned executively with related 
technological matters. A vertical division developed 
between research council and university science on the 
one hand, and the executive activities of government 
departments on the other. 

The mobilization of scientists and engineers in the 
Second World War did little that was permanent to break 
down these barriers. It did, however, point to the need for 
some central advisory council which would be charged, in 
the words of the Barlow Committee of 1946, with advising 
the Lord President of the Council “in the exercise of his 
responsibility for the formulation and execution of Govern- 
ment sciontifle policy”. It was for this reason that an 
Advisory Council on Scientific Policy came into being at 
the beginning of 1947. 

While the council was not inhibited when debating a 
variety of problems in which no other body had a particu- 
lar vested interes uestions such as the growth and 
deployment of scientific manpower, the scale of financial 


support for basic research, and matters concerning 
certain aspects of our overseas scientific relations—it not 
surprisingly found itself impotent when it came to 
advising about the use of scientific and technological 
resources in executive departments of state. In spite 
of these inhibitions, the council observed in its final 
report of 1964 that the over-riding issue by which it had 
been exercised during ita seventeen years of life was the 
scale and balance of the national civil scientific effort. 
While it had failed “to discover any way of deciding” 
what proportion of any country’s gross national product 
should be devoted to the advancement and exploitation 
of science, the essential task which it therefore passed on 
to its successor body was to determine how much money 
should be devoted to science and technology, and the 
clarification of the priorities and criteria by which to 
decide how to divide the cake of our national scientific 
resources. 

The way in which the old council became transformed 
into ite successor bodies, the Council for Scientific Policy 
on the one hand, and the Advisory Council on Technology 
on the other, was determined first by the recommenda- 
tions of the 1963 Committee of Enquiry into the Organiza- 
tion of Civil Science (the Trend Committee), and, second, 
from the departmental changes introduced by the present 
Government when it took office at the end of 1964. Over- 
shadowing the enquiries of the 19863 committee was the 
soaring cost of certain branches of science, but the two 
essential questions to which it addressed itself were, first, 
the fact that the various agencies which were concerned 
with the promotion of civil science were not interrelated 
in a coherent and articulate pattern and, second, that 
the arrangements for apportioning resources between 
agencies were insufficiently clear and precise. The 
recommendations put forward were in the end wrapped 
up in the changes which flowed on the one hand from the 
creation of the Ministry of Technology, and on the other 
from the shaping of the Department of Education and 
Science to its present pattern. These initial changes, made 
in accordance with the Science and Technology Aot of 
1965, were taken a considerable step forward when the 
Ministry of Technology took over, only three months 
ago, most of the functions of the previous Ministry of 
Aviation and so became provided with the apparatus to 
help chart, and indeed determine, the future of a signifi- 
cant section of that part of British manufacturing indus- 
try which is based on advanced technology. 

The objectives and value of the scientific advice given 
by committees vary according to the circumstances of 
the moment and the executive responsibility of the 
authority which is being advised. Even committees 
which are charged with the straightforward direction of 
programmes of basic research are far more limited in the 
exercise of a corporate wisdom than is often supposed. 
They can make judgments about the intellectual value 
and promise of work that may be proposed to them, and 
decide what degree of support it should receive. But 
encouraging or discouraging proposals is almost all they 
can do in the field of basic research, and even in that of 
inventions. Committees discovered neither the atom nor 
penicillin, nor did they invent jet engines or zip-fasteners. 
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This, however, 18 not the level at which the advisory 
bodies to which I have referred operate. Their concern 
18 primarily with general matters such as the volume and 
soale of national scientific resources and with the criteria 
which determine, or which should determine, the way they 
are used. 

Let us first look at the problem of increasing the 
numbers of professionally trained scientists and engineers. 
The original stimulus for embarking on this course in the 
United Kingdom came from the Barlow Committee of 
1946, and was based on the very reasonable assumption 
that the problem of post-war reconstruction, and of 
maintaining, leave alone raismg, our standard of hving, 
depanded upon a very rapid mereage in the numbers of 
professional scientists and engineers in the working 
population. 

Starting from the acceptance of this recommendation, 
a vast national programme was initiated, spurred by the 
advocacy of a succession of advisory committees, including 
the Scientific Manpower Committee which was estab- 
lished in 1950 and its successor body the Committee on 
Manpower Resources for Science and Technology. In 
1939 just before the Second World War started, the level 
of output of qualified scientists and engineers was of the 
order of 4,000 a year. Today it is 23,000. 

But while scientific advisory councils have been success- 
ful in urging the Government to provide the resources 
necessary to allow of this vast rate of increase, they have 
been far less successful in determining what kinds of sub- 
jects or what kind of science the students take up. More- 
over, in spite of much propaganda, they have not been 
very successful in raising to the desired level the propor- 
tion of the brighter boys and girls in sixth forms who go in 
for science and technology. Regardless of national needs, 
hundreds of university places in departments of pure and 
applied science, and especially engineering science, remain 
unfilled. This issue dogged the old Advisory Council on 
Scientific Policy in the same way as it does the present 
Council for Scientific Policy. 

If their achievements have fellen short of the mark 
in these latter respects, the advocacy of these two councils, 
coupled with pressure from the universities and research 
councils, was, however, highly successful in persuading 
successive governments to multiply the financial resources 
made available from public funds for science and tech- 
nology. The results have been spectacular. In 1939 the 
total amount of money available in the United Kingdom 
for research and development was little more than a few 
million pounds. Today it is approaching £1,000 million. 
On the other hand, both the old Advisory Council on 
Scientific Policy and the present Council for Scientific 
Policy have learnt from experience that the money which 
is made available by government for pure research is only 
with considerable difficulty re-partitioned between one 
field of potential discovery and another. With new money 
limited, fashion and inertia play a much bigger part than 
tational decision in determining the pattern of research 
expenditure at any given moment. 

Another problem on which advisory councils have 
focused attention is the distribution of money between 
different fields of science and technology. This has been 
determined not on the basis of an up-to-date assessment of 
needs, but through a series of unrelated decisions taken 
in the past, many of them hardly explicit. Advisory 
counous, such as the old Advisory Council on Scientific 
Policy and the present Council for Scientific Policy, 
have dealt mainly with the amount of money which goes 
either to pure basic research or to objective basic research. 

The criteria for assessing the relative merits of projects 
which fall into these two categories are necessarily differ- 
ent. Where pure basic research is concerned, experience 
has shown that there is no objective way of deciding how 
much money should go to this kind of scheme. For where 
science is pursued simply as a cultural activity, ite claims 
on resources have inevitably got to be judged in relation 
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to those of other cultural activities, although scientists 
have the advantage that they can argue that without an 
adequate base of pure science most other parts of the 
scientific process would suffer. In the case of objective 
basic research, the assessment of value has to take account 
of the social and economic purpose of the research, 
and of its cost, as well as of ita merit from the point of 
view of scientific quality. The political objectives under- 
lying any sector of Government, whether it be health, 
defence or roads, determine the volume of resources which 
is made avaiable to that sector as a whole, and indirectly, 
therefore, the amount of money which can or should be 
devoted to the research and development necessary to 
sustain the whole operation. 

There is an immediate parallel here with industry. The 
primary purpose of the research and development which is 
carried out by or for manufacturmg industry is not to 
increase the body of scientific knowledge, but to secure and 
maintain a high rate of productivity through technical 
innovation, and eventually to make greater profits. That 
which is spent on public services, such as health, agricul- 
ture, or defence, is directed to corresponding utilitarian, if 
not necessarily commercial, ends. The criteria which 
determine the allocation of research and development 
resources for defence are fundamentally based upon an 
assessment of the needs of the services for equipment 
to carry out their defined tasks. 

Here we immediately run up against a limit in the 
powers of independent advisory councils. None of this 
kind of work falls within their ambit, for the good reason 
that in the case of industrial projects responsibility lies 
with industry itself, and for projects which are supported 
out of public funds with the particular minister concerned. 
But the problem of improving the efficiency of all activities 
which lead to economic growth, and in particular the 
efficiency of manufacturmg industry, nevertheless lies 
at the heart of science policy. 

British expenditures on research and development in 
advanced technological industry are high in relation to 
those of most countries. The reason why they have not 
brought in their train all the rewards we should like is 
almost certainly that the bigger American firms against 
which they compete are better geared than we are to 
achieve commercial value out of what is discovered in 
the laboratory. These things cannot be changed just 
through the advocacy of departmental advisory councils 
of independent scientists. If they so decided, the latter 
could, of course, recommend that leas money be made 
available for basic research, and more for generalized 
scientific and engineering education, or that the former 
should not be reduced and the latter increased. But 
widespread propaganda for people to go in for a scientific 
education has failed so far to fill all the places that have 
been made available in our universities for this purpose. 

Science is thus in the public arena, and decisions about 
the deployment of our scientific resources must in the end 
inevitably be political. Advisory bodies can only advise. 
In our system of government the power of decision must 
rest with the Minister concerned or with the Government 
as a whole. Although we are learning fast, as we stand 
today, the scientist still lacks the apparatus with which 
to predict the repercussions of technological developments, 
and so the ability to help the politician more than he 
does. It is the repercussions which transform the sphere 
of politica—not straighsforward decisions like that of 
increasing the size of the scientifically trained population. 
Science policy would have much greater meaning than it 
has if only there were fewer unknowns in the scientific and 
technological process. But the scientist is in the arena 
as the expert. It is his employer, whether it be the 
Government or the board of an industrial company, 
which commands his service and which has the responsi- 
bility for action, which decides whether or not it will 
follow his advice. If scientists want more than this, 
then they will have to become politicians. 
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Twenty-one Years at Harwell 


by 
R. SPENCE 


Director, 
Atomic Energy Research Establishment, 
Harwell 


old. 


On November 29, 1945, the British Prime Minister, then 
Mr. C. R. Attlee, announced in the House of Commons 
that the Government had decided “to set up a research 
and experimental establishment covering all aspects of the 
use of atomic energy” at Harwell. Responsibility for 
atomic energy was to be transferred from the Department 
of Screntific and Industrial Research to the Ministry of 
Supply, and Dr. (now Sir) John D. Cockcroft, at that 
time head of the Anglo-Canadian Atomic Energy Labor- 
atory in Montreal, was to be director. It was thought 
that much time would be saved by using the former 
RAF Station buildings at Harwell, and that the airfield 
would allow plenty of room for future expansion. The site 
was formally taken over from the RAF on January l, 
1946, and work began immediately on the adaptation of 
buildings. It was essential to have an experimental 
nuclear reactor and at least a few particle accelerators 
operating as quickly as possible and these were given 
priority. The need for radiochemical laboratories was not 
so urgent, as the British chemical group in Canada was 
able to continue its work in the new Chalk River Labor- 
atories. 


The Start 


Most valuable among the buildings taken over from 
the RAF were four magnificent aircraft hangars. It was 
decided to build the new synohrocyclotron in a pit at one 
end of hangar 7, to put the graphite low energy reactor 
(GLEEP) together with a 5 MV Van de Graaff accelerator 
in hangar 8 and to use hangar 10 for the big experimental 
reactor BEPO (British Experimental Pile-O). The Van 
de Graaff machine began working and GLEEP went 
critical during the summer of 1947. By this time many 
of the staff in Canada had transferred to Harwell. They 
were reinforced by others from the American laboratories 
at Oak Ridge, Los Alamos and Berkeley, and there were, 
in addition, a small number of people who had been 
working on isotope separation processes mainly at Oxford 
and Birmingham; everybody else was new to the subject 
and required training. Because the basic design of BEPO 
had already been settled in Montreal and most of the 
graphite for the moderator was to be supplied by a 
Canadian company, the chief problem was to arrange for 
the manufacture of the fuel cartridges (slugs) consisting 
of bars of uranium metal enclosed in sealed aluminium 
cans. Fortunately the ICI General Chemicals Division 
had developed a process for the production of high purity 
uranium metal and were able to build a plant on behalf 
of the Ministry of Supply at an existing Government 
factory at Springfields in Lancashire. Uranium rods used 
in American reactors had been fabricated by rolling and 
the same technique had been adopted for the new NRX 
reactor in Canada, but the BEPO rods were cast directly 
into moulds. BEPO became critical on July 3, 1948, and 
reached full power by the end of the year. 

Although the Harwell site had many advantages, 
including easy accessibility to London and to a university, 
its situation in the Thames drainage area created a serious 
problem. All the war-time establishments and plants in 
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the United States had been sited in places where radio- 
active effluent could be safely diluted in rivers which 
were not sources of drinking water for large populations. 
It was decided that each building at Harwell likely to 
give rise to radioactive effluent would be provided with 
local hold-up tanks placed in concrete sumps where each 
batch of effluent could be checked before being pumped 
to the main effluent plant. The most urgent problems 
were, however, to arrive at an agreement with the public 
bodies concerned on safe limits of radioactivity which 
could be put into the Thames and to develop acceptable 
methods of control and analysis. The methods which 
were developed and the discharge formula, which took 
account of the different classes of radioisotopes, were 
subjected to extremely careful examination by the 
Thames Conservancy, the Metropolitan Water Board and 
Government Departments before bemg accepted as a 
basis for regular operations. The first discharge from the 
effluent plant took place in July 1948. The principles of 
control, then so urgently arrived at, have stood the test 
of time and have been applied at many subsequent 
atomic energy sites. 

Meanwhile ıt had been decided to build the reactors 
and chemical plants for the production of plutonium at 
Windscale in Cumberland, and work began there in 1947 
to @ time table determined more by construction rates 
than by research and development programmes. One - 
of the advantages of the site was the possibilty of dis- 
posal of radioactive effluents through a pipeline to the sea. 
A special operation was mounted from Harwell in 1947, to 
study the processes of diffusion and transport in the sea and 
to investigate the potential hazards to man. The Fisheries 
Laboratory at Lowestoft and the Marine Biological 
Laboratory at Plymouth co-operated with the Harwell 
team so that when active operations began towards the 
end of 1951 controlled discharges to sea could be made 
with complete confidence. 

Although one of the most important projects at Harwell 
in these early days was the construction of the BEPO 
reactor, this was only part of the much larger project of 
building the plutonium production reactors at Windscale. 
At first it was proposed to use water cooling on the lines 
of the Hanford reactors in the United States, but sites 
with the necessary supplies of pure water were unaccept- 
able in other respects so that the decision was taken, in 
April 1947, to use air cooling asin BEPO. This decision, 
which profoundly affected the trend of reactor design in 
Britain, marked another point of departure from estab- 
lished American practice. Each of these new departures, 
in a single chain of successive operations, added to the 
doubts and uncertainties of the programme and led to 
greater pressure on Harwell to produce key information. 
Theoreticians and reactor physicists worked ın close 
concert with the Risley engineers to establish the design 
of the two large air cooled graphite moderated production 
reactors, building on the experience already gained in the 
design of BEPO. It was also necessary to arrange for 
the large scale production of reactor grade graphite in 
Britain, to study its physical properties, its behaviour 
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under irradiation and its oxidation. This work on graphite 
technology, which began at Harwell in 1947, has continued 
ever since. 

As the production piles were to operate at a substan- 
tially greater temperature and power density than BEPO, 
the heat transfer characteristics of the fuel elements had 
to be improved. This was dono by developing a finned 
design of can and using an atmosphere of helium inside. 
At the higher operating temperature there was a tendency 
for the compound UAI, to form where the uranium metal 
and the aluminium can were in intimate contact, giving 
rise to the possibility of can failure. This was avoided by 
introducing a layer of graphite dag between the uranium 
and the inner surface of the can. From these beginnings, 
fuel technology at Harwell developed steadily until it is 
now the largest single item in the programme. Start-up 
date of the first Windscale pile was July 1950; thereafter 
all efforta were concentrated on the chemical plants. 
Although the chief principles of the separation process 
had been worked out in Canada, completion of the 
development according to programme required a much 
larger effort in Britain. 

With the opening of the radiochemical laboratories at 
Harwell in 1949 and the completion of the plutonium wimg 
in 1950, the work proceeded rapidly. In addition to 
primary separation, processes for plutonium purification 
and for metal production were worked out using plutonium 
supplied in the form of a nitrate solution from Chalk 
River. The first billet of plutonium metal was produced 
in the pilot unit at Harwell on a Saturday evening in 
December 1951; the primary separation plant at Wind- 
scale, which was already operating with inactive material, 
began operation with radioactive materials during the 
early months of 1952 and metal was produced on a routme 
basis. The solvent extraction process used at Windscale 
was completely different from the precipitation process 
used in the American war-time plant at Hanford. It 
differed also from the solvent extraction process which 
was being developed in the United States and which was 
put into operation in a new plant at Hanford shortly 
after the start of the Windscale plant. Up to this time a 
great deal of the load of detailed flowsheet development 
and development of items of plant had been undertaken 
by ICI General Chemicals Division laboratory at Widnes. 
Chemical engineering research at Harwell became in- 
creasingly effective after 1949 and it became possible to 
develop a much improved plutonium purification section 
of the Windscale plant during 1952. The new research 
and development laboratories at Windscale also began to 
operate towards the end of 1951 and gradually took over 
the work formerly done by ICT. 


Radioisotopes 


Although the first work on the separation of the fissile 
’ isotope of uranium by a diffusion process had been carried 
out in Britain, it was not expanded because of the war- 
time agreement to develop the process in the United 
States and build the plant there. Work ceased altogether 
by 1945, but when it was decided in June 1947 to build 
a diffusion plant in Britain it was necessary to reopen 
several of the old lines of work and to begin new ones, 
some of which were assigned to Harwell. Theoretical and 
applied physics, chemistry, engineering studies and in- 
strument development were vigorously pursued. in close 
collaboration with Risley and ICI. Information from the 
United States on plant technology was negligible, so the 
way in which the Capenhurst plant began to operate 
smoothly early in 1953 was all the more remarkable. 

In spite of the preoccupation with these projecta, all of 
them proceeding in parallel, some progress was made in 
other directions. The first radioisotopes were produced 
from the low energy reactor GLEEP in September 1948; 
production on a large scale from BEPO began in February 
1949 and the foundations were laid for what was to 
become & world-wide radioisotope business. At the same 
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time, the electronic instruments essential for nuclear 
technology were developed at Harwell and manufactured 
in growing numbers by industry. 

Thinking on posmble designs for nuclear reactors for 
production of electric power had already begun in Mon- 
treal, and towards the end of 1947 a proposal was put 
forward at Harwell for a high temperature power reactor 
with a core consisting of a random array of ceramic 
spheres of beryllium oxide containing either plutonium 
oxide or enriched uranium—the “Marble” reactor. Like 
the rather similar “Daniels” reactor in the United States, 
this was in advance of the time and was soon dropped. 
It was recognized, however, that oxide ceramic fuel was 
likely to be used in the long run and research on uranium 
oxıde, initially undertaken for the “Marble” reactor, was 
continued. 


New Coolants 


Carbon dioxide had already been suggested as a reactor 
coolant in Montreal and was considered but rejected as a 
coolant for the first production piles. It was readily 
established that pile grade graphite is chemically inert in 
this gas up to 650° C, but nothing was known about the 
effect of radiation. Preliminary experiments at Harwell 
and in the NRX reactor at Chalk River indicated cor- 
rosion, but the reaction was very slow. A design study 
was initiated in January 1951 of a graphite moderated 
power reactor cooled by carbon dioxide. Further work 
on the CO,-graphite radiation reaction suggested that 
this would present no problem, but serious difficulty 
arose over the fuel. At the fuel temperatures required 
for an economic power reactor, the uranium metal fuel 
canned in pure aluminium as used in the Windscale 
piles would be unsuitable, yet the neutron economy of 
a natural uranium reactor gave very little freedom 
of choice. The problem was solved by the discovery 
of the Magnox class of aluminium alloys, which had 
acceptable physical properties and had the important 
advantage that they would not ignite when heated in the 
presence of carbon dioxide. This design study (PIPPA) 
formed the starting point for the design and construction, 
by the Industrial Group, of the world’s first nuclear power 
station at Calder Hall. 

The six years from 1946 to 1952 had been a period of 
intense creative technology. The heavy burden of design- 
ing the reactors and plants, of building them and making 
them work safely, lay with Sir Christopher (now Lord) 
Hinton and his colleagues in the Industrial Group at 
Risley. Their task was made still more difficult by the 
knowledge that much of the scientific information had 
yet to be produced. The greater part of this was produced 
at Harwell. To the engineers, it never seemed enough and 
so much of it seemed to come at the last minute. By 
comparison with the very large American wartime staffs 
and with the numbers at present engaged on atomic 
energy, the Harwell effort during those six years was 
small. Tho total number of staff was about 1,000 in 1947, 
877 of whom were professionals; in 1952 it had risen to 
3,500, with 710 professionals. 

After 1952, there were drastic changes in programme. 
The new Research and Development Branch of the Indus- 
trial Group gradually took over responsibility for much 
of the technological support for the design offices and the 
plants. At the same time, attention at Harwell was trans- 
ferred from the problems of production plants to the 
physical, chemical and metallurgical problems of power 
reactors. Work on detection of nuclear explosions and 
some other defence work were also moved to the new 
Atomic Weapons Research Establishment at Alder- 
maston. These changes produced only a slight effect on 
the growth of the Establishment, partly because of new 
problems which arose in the drive towards economic 
nuclear power and partly because of new developments 
in accelerators and other nuclear devices for which Har- 

(continued on page 436) 
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Neural Organization underlying Conscious Thought 


What Is the physiological basis of conscious thought In the mammalian 
by brain? A model Is established of the neural organization underlying 
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Oxz of the central problems in modern neurophysiology 
18 to explain the relationship between the facts and laws 
of conscious thought and actions and the detailed neural 
organization which, presumably, underlies them. An 
explanation might well be expected to bear at least a 
superficial analogy with statistical thermodynamics. 
In both cases we have a microscopie description of the 
system-——the detailed sequence of firing of each of the 
individual nerve cells (about 10° in man) in the brain 
to be compared with the detailed specification of the state 
of motion of each gas molecule (perhaps 10*°-10**) in 
a sample of gas or other matter. And we have a macro- 
scopic description in terms of words, feelings and behaviour 
to be compared with the macroscopic thermodynamic 
quantities, such as pressure, energy and entropy. But 
while for matter we possess a satisfactory relationship 
between the two, for the brain we possess none at all. 
It is the purpose of this article to construct an outline of 
a possible one. 

In view of the comparatively sparse detailed know- 
ledge of the microscopic anatomy and physiology of 
the brain, it ıs well to ask to what extent theorizing 
is useful at present. Because of the vast diversity of 
viable mammalian brains, it ıs clear that a theory of 
“the mammalian brain” can never do more than try to 
expound the general principles of organization of such 
brains. The actual number of constituent cells and the 
finer details of their connexons must, at least to some 
extent, be things which can be varied without destroying 
the overall efficacy of the brain. My theory 1s an attempt 
to explain the many general features of anatomy, func- 
tional organization and psychology which are common 
to all mammals, including man. 

It is claimed that the theory is physiologically plausible, 
although speculative. Apart from the possibilty that 
it may be right, it seems to have a value for two reasons. 
First, it shows a way in which the most puzzling proper- 
ties of the brain can be fitted together into a mechanistic 
theory based on known properties of nerve cells and should 
therefore act as an encouragement to further thought 
along these lines. Second, as we shall see, it leads in a 
natural way to a solution of the problem of how it is 
possible to have memory distributed continuously acroas 
the cortex while at the same time referring to compara- 
tively discrete entities (see, for example, pages 14 and 17 
in ref. 1). This is of enormous importance because the 
possession of any reasonable solution removes the main 
conceptual difficulty facing theories of memory which 
are based on synaptic facilitation. 

Unfortunately we do not have a macroscopic descrip- 
tion of mental activity which parallels in precision the 
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thermodynamic description of matter. It1s clear, however, 
that we can roughly describe a state of consciousness by 
giving the word which is currently in it (for most thought 
is mainly verbal) and also some other quantities de- 
scribing emotional state, such as degree of pain felt, 
presence or absence of a sense of recognition, and so 
forth. Such a state might be written S = (a1,..., an), 
where «, is some word and a, up to a» are measures of the 
other quantities. The “stream of consciousness” is S 
given as a function of t. At least so far as a, is concerned, 
8 typically changes in a period of the order of a tenth of 
a second. We wish to concentrate attention for the 
moment on «, and may then think just of the sequence 
of words in 8S. 

Regarding these words as macroscopic parameters 
in a statistical theory, what can we notice about them ? 
First of all, in contrast with the thermodynamic situa- 
tion, there seems no tendency for the system to pass to 
macroscopic equilibrium. For if it did, we would expect 
to find that in the isolated system all of the sequence of 
successive values of g, would ultimately become the same. 
There seems no evidence that this occurs, even in sensory 
deprivation experments. It should also be noted. that 
this passage to a terminal unchanging state is also liable 
to occur in randomly connected networks of neurones*-* 
The present theory makes it difficult for there to be any 
simple equilibrium and so we shall not discuss this prob- 
lem further. 

The second point ıs more important and it is that the 
symbols on the whole follow each other reliably and 
uniquely. That is, one does not often get two turning 
up in the consciousness at once. This means that if 
the words œ, = “that” and a,’ = “really”, then there 
must be some mechanism to prevent the corresponding 
neural configurations occurring simultaneously. Further- 
more, hybrids between words rarely occur, showing the 
mechanism to be one which normally produces one word 
in its entirety, without fragments of others being present. 

This kind of situation occurs not only in human sym- 
bolic thought but is also typical of the highest decision- 
making level in any animal. An animal typically chooses, 
in any situation, between a number of well integrated 
alternative actions, and the problem of how this happens 
is very similar to the problem of how words occur in the 
consciousness one at a time. Those who think in terms 
of superficial analogies between brams and computers 
may imagine that this problem of decision making is a 
trivial one—because it is for a computer. It is only easy 
for a computer, however, because of the centralization 
of the amthmetic functions. All the actual computation 
takes place in a very limited set of ciremts in which 
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every “bit” counts. There 1s no reason to suppose an 
analogous situation occurs n the brain of a mammal. 

The importance of this problem and the difficulty of 
finding any physiologically plausible solution to it at all 
was recognized, for example, by Sherrington’ and Eccles*. 
In this article I shall present a solution which is based 
on & quite definite hypothesis about the general pattern 
of functional interaction between nerve cells im the 
cerebrum. The pattern involves extensive use of recipro- 
cal innervation, which seems quite plausible in view of the 
experimental evidence for its widespread occurrence 
which already exists’~*. The model itself is naturally 
quite complicated and so we shall first investigate some 
rather simple and easily analysable situations which we 
shall then progressively generalize. 


Mutually Exciting Neurones 


Suppose that we have n nerve cells which are exten- 
sively interconnected with one another through synapses 
at which only excitatory post-synaptic potentials are 
produced. It has been argued that such a network 
would have just two stable states of activity—one in 
which no cells at all are firing and the other in which all 
cella are firing at their maximum rate**1°, If the net- 
work were started in some intermediate state, it would 
pass to one of these two stable states and permanently 
stay there. 

Thus such a network of nerve cells has itself a threahold 
of mean activity. If the mean activity is initially less 
than the threshold it fades away completely but if it is 
greater then it increases until all cells fire repetitively 
at their maximum possible rate. 

The deduction of this property rests on many assump- 
tions which, if incorrect, would invalidate it. It assumes 
the neurones sre fairly randomly interconnected and 
cannot, for example, be separated into two sets un- 
connected with each other. It ignores the refractory 
periods of the neurones and the possibility of habituation. 
The effect of habituation is to be crucial for our model. 
It moans that if the aggregate goes into its maximally 
active state, the neurones will all ultimately habituate. 
The mean activity will then decrease, until it passes 
below the threshold, whereupon it decays completely. 

For convenience later, we shall introduce the word 
“mode”? to describe such an aggregate of excitatorily 
interconnected neurones, When the activity in a mode 
exceeds threshold and passes to its maximum, we shall 
say that “the mode becomes established”. Because of 
habituation an established mode will decay but can be 
later re-established. 

We now show that if a mode is furnished with an 
input and output it forms a simple artificial brain having 
many of the general characteristics which we seek to 
explain for real brains. Suppose, then, that the neurones 
of the mode receive inpute from the axons of a set of 
sensory cells. Each neurone of the mode can give an 
output along one or more terminals of its axon. Now 
consider the effect of the sensory input. As long as 
the mode is not established a relatively small propor- 
tion of the constituent neurones fire and there is a small 
output. If, however, sufficient excitation comes from the 
mput, the mode is established and output occurs along 
all the relevant axons. Thus there are two kinds of out- 
put: a continual low-level, and somewhat random activity 
with an occasional burst along all axons. 

If the cells of the mode were motoneurones, then 
there would be a continual twitching of muscle fibres 
with an occasional simultaneous contraction of them all. 
If, however, they were merely interneurones, the low 
level activity might be insufficient to reach the thresholds 
of the next set of cells along the efferent pathway. In 
that case these next cells might be fired only when the 
mode is established and so our artificial brain would 
give a maximum output or none at all. 
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We have, then, a device which can make one clear- 
cut decision. Of course, so could a single neurone. What 
is special about our device is that it does it without 
having a hierarchical structure converging on a single 
“decision-making” cell. Furthermore, 1+ is clear that 
the operating characteristics of the device are not very 
sensitive to the details of the intercellular connexions 
and that, in particular, the extirpation of a small fraction 
of the nerve cells would be expected to have only a small 
affect. 

While a mode, with input and output, seems to have 
some of the properties which we are seeking to explain, in 
the mammalian brain, it ıs clearly much simpler than 
any such brain. We ask, then, how we can generalize 
the model while preserving these general features and 
also the ability of the model to make clear-cut decisions. 
In seeking this generalization we must not be guided 
primarily by mathematical considerations but rather by 
what is physiologically plausible. As has already been 
atated, we achieve it by assuming & mechanism based 
on reciprocal innervation. For clarity we describe first 
the barest skeleton of the model—a skeleton which 18 
still quite sumple in structure—and then pass on later to 
argue that actual mammalian brains may be constructed 
according to a more sophisticated version of the same 
model. 


The Simple Model 


Apart from mput and output (communication with 

the rest of the nervous system and the outside world), 
there are two sets of nerve cella in the model—the centre 
and the cortex—between which there is a continual 
traffic of activity. This is in general agreement with 
the now unfashionable ideas of Penfield and Jasper". The 
centre corresponds anatomically to some sub-cortical 
mass of cells. The cortex corresponds to the non-specific 
areas of the cerebral cortex. The cells of the centre 
can be divided into a set of N mutually exclusive modes. 
The cells of each mode are connected strongly, probably 
through interneurones, inhibitorily with the cells of 
all other modes. Because of the thresholds of the inter- 
neurones, this inhibition operates only when a mode is 
practically maximally active and is then sufficient to 
inhibit all cells in the other modes. Evidently if two 
modes become maximally active at the same time, they 
will inhibit each other and all other modes, and the 
system would go into an inactive state. To show 
that it is possible to construct a system in which this 
can only rarely happen involves a fairly long discus- 
sion (to be published elsewhere). Here we shall assume 
that it is. Then we have a system in which only 
one mode can be active at a time and the individual 
modes correspond to the individual states of conscicus- 
ness. 
In the simplest version of the model, the cortex 
consists of cells the only inputs of which are from cells 
of the centre and the only outputs to cells of the centre. 
Each cell in the cortex will, however, presumably have 
inputs from many cells of the centre and vice versa. 
In a more realistic model, the sequence from centre 
back to centre would pass through more than one cortical 
cell, partly because of the layering of the cortex and 
partly because of the association fibres connecting 
different regions of the cortex, and might even include 
sub-cortical synapses. The connexions to the cortex 
may be either excitatory or inhibitory. Thus when a mode 
is active, it excites certain corresponding cells in the 
cortex which, in their turn, excite cells back in the centre. 
Once the first mode has become habituated, the excitation 
returning from the cortex leads to the establishment 
of a new mode, and so forth. This completes the feedback 
oycle. 

We now have a picture of activity shuttling to and fro 
between the centre and the cortex. The centre necessarily 
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passes through a sequence of modes and these are to be 
correlated with states of consciousness. The connexions 
to the cortex, within it, and back, determine the way 
in which the modes follow each other—the transition 
PAIE between modes, in a physicist’s termin- 
ology. 

In a computer it is necessary that the internal lan; 
of the machine should be easily compatible with the input 
and output languages. Here we are hypothesizing that 
the internal language is the language of the modes— 
that is, the presence of a particular word or idea in 
the consciousness corresponds not to some subtle details 
of the activities of neurones, but to the massive activity 
of a certain group of cella coupled with the quiescence 
of all the others. This internal language ıs satisfac- 
toriy compatible with the output, which mvolves the 
simultaneous activity of a large number of cells in the 
motoneurone pools affecting the motion of chosen muscles. 
The input is more difficult to be sure about. In the very 
important visual system, however, it certainly appears 
that as one passes up to the neurones in the visual cortex 
one has already gone a long way towards transforming 
the input from a set of elementary events into a situation 
where cells are responding to rather complex abstractions 
from the observed scene". It is not unduly speculative to 
suggest that at a further stage cells respond to features 
which would be said to be of interest at the conscious 
level, Then one would say that if, at that stage, the cells 
corresponding to a certain feature were excited then 
they in their turn might excite a mode which was related 
to the feature. 

With this description of the input, we see that there 
will be competition between the different inputs and 
between them and the cortical feedback in determining 
which mode appears at a given stage. Clearly only one 
mode does finally appear; which one is some complicated 
function depending both on the input and on which mode 
was present previously. Thus we have a rather simple 
neural analogue of thinking—the determination of the 
new mode corresponds to weighing up the relative impor- 
tance of the various things recently sensed, comparing 
them with the previous assessment of the situation, 
and then acting (if the new mode leads to excitation of the 
motoneurones). 


The Model Developed 


We now add two further elements to our model 
in order to make it, at least in outline, a complete theory 
of brain operation. The first is what we shall call the 
moderator. Our description of consciousness is undoubtedly 
too simple. Although most thought is verbal, or at least 
symbolic, other features of the consciousness are also of 
central importance. These are the various emotive 
aspects, such as feelings of recognition, of pleasure, 
resolve to act, pain, certainty, anger, which can exist with 
and largely independently of the symbolic content. 
Furthermore, the sequence of symbols in consciousness 
is obviously guided by other things which are also con- 
scious. That is, when I write this sentence I know that 
I am doing it, and it has the properties it has partly at 
least because of some conscious decision of which I am 
aware, 

These somewhat vague ideas are to be replaced in the 
theory with the concept of moderator. A moderator is a 
group of cells, anatomically also probably one of the grey 
masses buried in the brain such as part of the hypo- 
thalamus, which has an independent modal system of its 
own. We suppose that our original set of modes corre- 
sponds only to symbolic expression in the consciousness 
and that the moderators subserve the emotive aspects of 
consciousness. Each moderator may only have quite a 
smal. number of modes. But although there will be 
interaction between the moderators and the centre, both 
directly and by way of the cortex, they will be independent 
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in the sense that each mode of each moderator can occur 
in conjunction with each mode of all the others and of the 
centre. Thus if there are X moderators, each with M 
modes, then the whole system of moderators together with 
the centre has O= MXN possible different assignments of 
modes which can occur simultaneously. In a sense O isa 
measure of the complexity of consciousness and log,0 is 
the information capacity of it. 

The part played by the moderators, from the point of 
view of the centre, 15 to exert control over the transition 
probabilities between the modes of the centre. The 
original concept of the consciousness as having a state 
S= (oy, Xg». €p) is now seen to correspond to the centre 
being in mode «, and the X=n—1 moderators in. states 
Oy, + ++ > O&, respectively. In our thermodynamic 
analogy, these are the internal variables which correspond 
to temperature, entropy, ete. It should also be noted 
that even if the sequence of states S form a simple Markov 
chain, the sequence of œ, does not necessarily. This is one 
way in which the non-Markovian character of language 
enters the theory. 

The second element we must add is, of course, memory. 
The simplest assumption to make here is that the modal 
structure is established early in life and that memory in 
later life occurs through the alteration of synaptic con- 
nexions to, from and within the cortex. A specific 
proposal about the physical basis of such alterations has 
already been made!*, and we now see how that proposal 
fits into the present scheme. First, we suppose that 
memory is not simply a matter of usage of cells in the 
cortex. We suppose rather that connexions from a mode 
a, of the centre to another q,” through the cortex are 
strengthened or weakened in accordance with the state 
of a special moderator, the memory moderator. Thus a 
typical sequence leading to the laying down of a strong 
memory is as follows. «, and a,’ become excited in order 
and subsequently a moderator, the modes of which 
correspond to states of emotion, gets into a mode of a 
favourable kind (pleasant, perhaps). This mode then 
excites @ “‘record’’ mode of the memory moderator, which 
im its turn sends messages diffusely to the cortex to 
strengthen all synapses which have been recently excited. 
Thus the next time that a, becomes excited, with the 
same modes for a, ..., an, it is more hkely that «,’ will 
follow. 

This picture of memory has many attractive features. 
First of all, the existence of Korsakoff’s syndrome" 
shows that the laying down of memory is not just a 
simple strengthening of used synapses but involves some 
rather special mechanism on top of this which can go 
completely wrong. Obviously removal of the mass of 
cells forming the memory moderator will remove the 
possibility of long term memory. Surgical removal of the 
hippocampus has this effect*, although this might merely 
mean that it contains connexions to or from the memory 
moderator. Second, the picture gives an interprets- 
tion of a rather puzzling fact. It is generally recognized 
that long and short term memory have a different basis, 
yot subjectively they do not seem different in character. 
My theory of the physical basis of memory", however, 
made the long and short term version of a particular 
memory depend on identically the same set of synapses. 
It is hardly surprising therefore if they have the same 
subjective character. Third, we note that we have a 
satisfactory resolution of the old problem that memory 
appears to be delocalized, yet memories appear to be 
precise and almost “digital’!*, In our model, the 
modes are precise and “digital”, but they are connec- 
ted diffusely through the non-specific areas of the 
cortex. Bo ablation of quite large pieces of cortex will 
make no difference to the modal structure and little 
difference even to the transition probabilities between 
modes. 

Finally, one may ask why there should be a special 
and rather complicated mechanism for laying down 
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cerebral memory. One possible answer is that the 
strengthening of synapses by use is not in fact a natural 
property of nerve cells and can only be organized by a 
special mechanism. 


Discussion of the Model 


One of the very satisfactory features of the present 
model is the immense stability of the general description 
of the macroscopic structure. We have already seen this 
with respect to damage of the non-specific areas of the 
cortex. A similar matter arises with respect to the corpus 
callosum, which is the largest and most obvious fibre 
tract in the brain. As is well known, if it is cut completely 
through, little observable effect results. And, ın fact, the 
two halves of the brain work perfectly well by themselves, 
although in man there are certain defects in the non- 
dominant hemisphere’. How are we to understand 
this, and what indeed is the role of the corpus callosum 1? 

We shall suppose that the discuasion previously 
given really applies to one side of the brain alone. 
Then the whole brain has two centres, two cortices, and 
a dual set of moderators. The corpus callosum and also 
the other upper midline structures then simply lnk these 
together and their most important role is to provide a 
strong excitatory link between corresponding modes of 
the two centres and of the two sets of moderators. No 
doubt one of the two asides will often lead the other. 
The midline structures ensure that both sides normally 
pasa through the same sequence of modes and so, when 
they are cut, each aide proceeds independently and with 
its own consciousness. The fact that the two sides work, 
separately, is thus easily understood. 

An interesting question arises here. In lower 
mammals, where there is little cerebral dominance, one 
might expect the two halves to be practically mirror 

But in man this is not so and raises the possi- 
bility that the correspondence between the modes of the 
two centres might not be one-to-one. The ‘‘cleverer”’ 
hemisphere might have more modes than the other. Then 
corresponding to each mode «œ of the centre in the 
“stupid” hemisphere might be n modes of the clever 
hemisphere a(l), «(2),..., a(n), say. The joint state 
of the two hemispheres would be (a(t), æ). Thus if the 
clever hemisphere leads and is in mode a(#), for any 
i = 1, 2,..., n, the stupid hemisphere will set into 
mode «. But if, by any chance, the stupid hemisphere 
gots into mode « first, it will drag the clever hemisphere 
into one of the states a(t), but the value of 4 will depend 
on the prevailing conditions in that hemisphere. On 
separation, the “stupid” hemisphere would then be really 
much more etupid than the other, in agreement with the 
observations. 

Another curious feature of the brain is demonstrated 
by the production by Penfield and his collaborators of 
well organized memories by macroscopic stimulation 
of the cortex’*. Clearly this will ultimately establish a 
well defined mode, even though the stimulation may bear 
little relation to the pattern of connexions in the cortex 
below the electrode. In fact the unspecific areas of the 
cortex can from a dynamic point of view be regarded as 
merely connexions, albeit very subtle and complicated 
ones, between the all-important modes below. 

Our model fits satisfactorily with the view thet the 
primary functional organization of the cortex is in vertical 
chains of neurones (ref. 8, p. 805; see also refs. 19 and 20). 
Furthermore, it evidently implies that the cortex can 
only perform its normal function in conjunction with 
sub-cortical structures and thus makes the rather dull 
behaviour of isolated pieces readily comprehensible". 
I would argue, not in disagreement with Burns, that the 
transmission without attenuation of excitation laterally 
through his type B cells does not occur in the normal, 
intact brain. 
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The model is envisaged to apply to all mammals, 
although, as in the case of the stupid hemisphere, the 
number of modes may be much less in some lower mam- 
mals than in man. Indeed the number of modes may 
be an important factor in intelligence. It is proposed that 
the general description is identical for man and at least 
the higher mammals—the centre, cortex and the same 
number of moderators. Man’s main advantage would 
seem to lie in the much greater flexibility available for the 
transition probabilities between the modes due to his 
much more extensive cerebral cortex. 

We have not yet attempted to locate the centres 
anatomically. Because consciousness is so dependent 
on them, it is tempting to suggest that they lie in the 
mid-brain reticular formation, although they might be 
assigned to the basal ganglia (including the non-relay 
part of the thalamus) or to the hypothalamus. In con- 
nexion with this, it is very interesting to note that Burns 
and Salmoiraghi (1960), working with decerebrate cat, 
have actually found moderators located within the 
reticular formation which control respiration. There is a 
symmetrically placed and largely independent pair, one 
on each side. Each has two modes, one controlling 
expiration and the other inspiration, and Burns and 
Salmouaghi thmk that they are reciprocally innervated 
in the way we require in our model. This fact, which 
was not known to me until recently, is very encouraging. 

It leads us also to the question of experimental test. 
The theory assumes that one or more grey masses within 
the brain contain reciprocally innervated modal struc- 
tures, and concentrates attention especially on the 
reticular formation and probably the hypothalamus. 
Activity in different modes of a given centre or moderator 
is mutually exclusive and so, with a multi-microelectrode 
system, this feature should be demonstrable. 

Because Burns and Salmoiraghi have already given 
evidence for a modal structure in one particular case, 
it is well to examine their experimental method to see 
whether it could be used in other cases as well. They 
correlated the activity of a neurone in a mode with 
the activity of the muscles of the corresponding group 
(expiratory or inspiratory). If we wished to follow 
their method we should need some external indicator 
the behaviour of which we could hope was reproducibly 
correlated with the activity of a particular set of 
modes. One way of doing this may be to monitor the 
reticular formation (or elsewhere) of an unanaesthetized 
animal performing some simple stimulus—response learning 
programme, and see whether cells could be found which 
gave a burst before each successful response. Finally, 
on the input side, we might pay some attention to the 
Phenomenon of ambiguous figures (see, for example, 
ref. 5, p. 276). The present theory would naturally inter- 
pret these by supposing that two modes receive about 
equal excitation from such a figure. The two modes alter- 
nate because of habituation. By training an animal to 
respond to changes in an image presented to it, it should 
not be impossible to find figures which are ambiguous to 
it. A search could then be made for the modes corres- 
ponding to the figure. 

Our theory is speculative and skeletal, but it does seam 
to offer a plausible correlation between a number of curious 
general features of the higher control exercised by the 
brain. The theory has paid most attention to those prob- 
lems which have been emphasized by experimental workers 
on the brain, especially those raised by Eccles, Lashley and 
Sherrington. It owes a great deal to the views of these 
authors and many others. It is also similar in general out- 
look to Hebb’s cell assembly theory?! and its further de- 
velopment***4, although the details are very different. 

I am indebted to Dr. G. 8. Brindley for his helpful 
comments on an earlier version of the paper, and especially 
for drawing my attention to the relevance of the respi- 
ratory system. 

Recelved January 6; revised March 8, 1067. 
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Some biologists claim that an understanding of the 
evolutionary history of organisms is a prerequisite to any 
comprehension of ecology. We believe that this notion is 
having the effect of sheltering large areas of population 
biology from the benefits of rigorous thought. It is clear 
that the phylogenetic origins of an organism, structure, or 
process may be of great interest, and that the elucidation 
of such origins is a legitimate subject for investigation and 
speculation. We contend, however, that such investigation 
or speculation is not required for many studies of ecology 
and taxonomy. Indeed, since the level of speculation 
(rather than investigation) is inevitably high in phylo- 
genetics of any kind, a preoccupation with the largely 
unknown past can be shown to be a positive hindrance to 
progress. 

The data for the contemporary investigation of ecology 
and taxonomy are the distribution, numbers and variation. 
of existing organisms in their present environments. 
When this ecology and taxonomy is understood we may, 
in some cases, be in a position to make reasonable guesses 
about phylogenetic origins. On the other hand, to reverse 
the process and attempt to investigate ecology and 
taxonomy through a series of inferences about the past is 
to base these sciences on non-falsifiable hypotheses, The 
protocol for this reversal is difficult to umagine and, of 
course, it is never achieved in actual practice. All that is 
accomplished by those who feel that evolutionary history 
is the only pertinent aspect of population biology is a 
confusion of data end untestable hypotheses. This con- 
fusion is often compounded when a simple rewording of 
the problem is accepted as a solution to the problem. For 
example, the mutually exclusive ranges of X and Y are 
“explained” by “competition”. How do you know there 
was competition? Answer, because each “obviously” 
excluded the other from its range! A sine qua non for 
rectifying this way of thinking is the more rigorous 


While eae evolutionary theory, should ecologists be more 
sceptical about 

tions about the past ? The authors put forward the view that many 
ecologists underestimate the efficacy of natural selection and fail 
to distinguish between phylogenetic and ecological questions. 


ypotheses derived solely from untestable assump- 


proposal and testing of falsifiable hypotheses. We make 
some suggestions along these lines and discuss the problem 
of phylogenetic thinking in ecology. The confusion 
created by phylogenetic thinking on taxonomy has been 
discussed in detail elsewhere! ?, 

Two recent articles by Orians? and Lack‘ can be used 
to exemplify the thinking of historical ecologists. Orians 
pleads for an evolutionary approach to the study of 
ecology. He claims that in the view of Andrewartha and 
Birch’ ‘evolutionary concepts have no place in ecological 
theory”, and he believes that this attitude of Andrewartha 
and Birch can be traced to their investigations of insect 
pests “in the highly artificial and recently derived com- 
munities of pure stand crops”. He points out that in most 
cases nothing is known of the ecology of the species in their 
original natural communities so that the adaptive sig- 
nificance of many life history features is obscure. Lack also 
remarks that he overlooked for many years the rmportance 
of investigating what he calls “evolutionary ecology”, m 
the natural habitat of the species, ‘‘as many of its ecological 
adaptations may not be well suited to habitats modified 
by man. Moreover man has so greatly modified so many 
habitats that adaptations may be hard to recognize as 
such ... the English countryside is itself a huge artefact, 
so that ecological research carried out there may give 
misleading results”. The implication of these statements is 
that organisms that now live in an environment different 
from the one they occupied decades or centuries ago will 
have biological characteristics that were adaptive in the 
old but not necessarily in the more recent environ- 
ment. 

We believe that the views of Orians and Lack are 
deficient on two counts: (1) that they may underestimate 
the efficacy of natural selection, and (2) that they fail to 
distinguish between two different questions, one a phylo- 
genetic question and the other an ecological question. 
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Underestimation of Efficacy of Natural Selection 


Orians and Lack expect to find non-adaptive characters 
in present day populations because these populations have 
not yet evolved in response to present day conditions. 
Nevertheless the species they write about are sufficiently 
well adjusted to the environments changed by man to be 
plentiful and widespread. On the other hand, our investiga- 
tions of the ecology of invertebrates and vertebrates, 
both those that are pests and those that are not, have 
impressed us with the genetic plasticity of natural popula- 
tions and with the rapidity with which natural populations 
are moulded by changing environment. 

It seems to us rather unlikely that, as Lack‘ suggests, 
clutch size in certain birds is so non-protean as to be unable 
to shift rapidly in response to a ing environment. 
In any case, the example which Lack gives to support the 
importance of the past appears to be a much better example 
of the need for a thorough understanding of the present. 
In a broad-leaved wood near Oxford the commonest 
clutch-size in a population of the great tit (Parus major) is 
nine eggs. In most years those nests with nine eggs have 
also been, on the average, those with the most surviving 
young per brood. In conifers the average clutch size “‘is 
similar to the oak woods, presumably because extensive 
conifer plantations are recent in England and the great 
tits breeding there are not genetically isolated from those 
in broad-leaved woods”. Because of a shortage of food in 
the pine woods, however, many of the nestlings starve 
and the rest are badly underweight, suggesting to Lack 
that a smaller brood size would be advantageous. 

If we accept Lack’s hypothesis that a smaller clutch size 
would be advantegeous in the pine woods, how can the 
persistence of the “wrong” clutch size be explained ? It 
seems to us that a critical piece of evidence necessary for 
answering that question is knowledge of the genetics of 
clutch size in great tits. Some information could doubtless 
be gained by comparing the clutch sizes of offspring with 
those of the parents, if these data can be extracted from 
the observations. The literature on clutch size gives us 
the impression that either there is considerable genetic 
variance in clutch size, or that clutch size is quite re- 
sponsive to environmental change. Lack, Gibb and Owen 
state on page 314 of ref. 6 that “There is much circum- 
stantial evidence that the clutch size of great and blue tits 
is adapted to local and temporary conditions”. They go on 
to quote results showing that clutch size varies among 
years in relation to the abundance of caterpillars. Perrins? 
states that mean clutch size has varied between 7:8 and 
12-6 in different years, and lists four sorts of variation in 
clutch size: clutches are smaller late in the season, amaller 
at higher densities, smaller in habitats with fewer large 
trees, and smaller when laid by birds which are breeding 
for the first time. Furthermore, Lack! comments on varia- 
tion in clutch size of the great tit and blue tit thus: 
“This section shows, once again, how variable and 
adaptable clutch size is .. . clutch size 18 much more 
adaptable to the particular conditions than I formerly 
sup Slee ts 
In the face of even this limited information it seems to us 
unlikely that the great tits ın the pines are hanging on to 
their “old adaptations’. A much more likely explanation 
may be that hinted at by Lack, namely, that rather than 
being adjusted to the conditions of another time, they are 
adjusted to the conditions of another place. That is, they 
are peripheral populations which cannot adjust to local 
conditions because of the rate of flow of genes from broad- 
leaved woods. It is clear that considerably more thorough 
investigations of the present day population biology of 
these birds, with the emphasis on the genetics of clutch 
size, magnitude of selection pressure on clutch size, and 
rates of gene flow, will be necessary before we fall back on 
an untestable historical hypothesis. If gene flow from the 
broad-leaved woods is responsible, then the situation is 
entirely explicable without any gueaswork about the 
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“ancestral habitat of the British great tit”, or other 
untestable hypotheses about the evolutionary past. 

In fairness to Lack, however, we must state that in our 
own work we have not been impressed merely with the 
speed with which selection can shape a population; we 
have also been impressed with the speed with which en- 
vironments can change. One may well be able to detect 
populations “out of step” with their ourrent environ- 
ments, but we insist that all testable hypotheses be 
thoroughly falsified before resorting to “adaptation to the 
past”. 


Distinction between Phylogenetic and Ecological 
Questions 


The statements we have quoted from Orians and Lack 
confuse two questions. When an ecologist investigates a 
species he may ask: given the existing characteristics of 
the species, as for example its temperature tolerances, 
birth rates, death rates, capacity for dispersal and so on, 
what determines the distribution and numbers of the 
species in the world ? In order to answer that question we 
do not need to know how the species evolved its particular 
characteristics. The phylogenetic question is interesting 
in itself but it is not relevant to the investigation of the 
question of distribution and abundance. How the species 
acquired its present adaptive characteristics is a second and 
independent question. To deny the relevance of the in- 
vestigation of phylogeny in seeking an answer to the 
ecological question of abundance is not to deny, as Orians 
and Lack imply, that the adaptive characteristics of the 
species evolved. In correspondence Orians makes it 
clear that he that the two questions (or ‘proximate 
and ultimate factors”) should be kept distinct, and that 
his statement? of the point of view of Andrewartha and 
Birch’ regarding the celebrated case of the Canary 
Islands’ chaffinches is misleading. 

The example to which Orians referred concerns the 
distribution of the chaffinches Fringella coeleba and F. 
coerulea in the Canary Islands’. The facts as stated by 
Lack and Southern are that J’. coelebs is the only species of 
the genus in Europe. There, it is abundant in both broad- 
leaved and coniferous woodland. On Tenerife there are 
two species; F. coelebs occurs in broad-leafed foresta while 
F. coerulea is restricted to conifers. This is also true of 
Gran Canaria. On tho islands Palma and Hierro, however, 
F. coerulea is absent. Here the “local forms” of F. coelebs 
are common in the conifers. Orians wrote “As functional 
ecologists, Andrewartha and Birch are concerned with the 
operation and interaction of populations and one of their 
major concerns is with the experimental control of en- 
vironmental variables. This approach leads to the re- 
jection of results directed toward the elucidation of the 
action of natural selection on populations such as the 
distribution of chaffinches (Fringilla coelebs and F. 
coerulea) in the Canary Islands (Lack and Southern, 
1949)[°]...” We and others have interpreted this sen- 
tence as a criticism of Andrewartha and Birch for rejecting 
the untestable hypothesis that the observed distribution 
was caused by competition in the past. We have discussed 
the matter with Orians, who tells us that he did not mean 
to imply this. He has pointed out to us that elsewhere 
Orians and Collier’ have bean critical of basing explana- 
tions on the untestable hypothesis of competition in the 
past. We and Orians now agree that the relevant questions 
are the following: (1) What keeps F. coelebs out of the 
conifers on Tenerife and Gran Canaria? In other words, 
what are the factors responsible today for the observed 
distribution and abundance of this organism on these 
islands? (2) What are the phenetic and genetic relation- 
ships of the Tenerife, Gran Canaria, Palma and Hierro 
populations labelled F. coelebs ? Included under phenetic 
relationships would be a detailed investigation of eco- 
logical and behavioural similarities and differences. At 
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least colour, bill size and food choice differ among these 
populations. It is a common error for ecologists to con- 
sider all populations placed by fiat into the same “bio- 
logical species” to be somehow the same. (3) Questions 
l and 2 should obviously be investigated first. It is then, 
of course, quite legitimate to ask what historical events are 
responsible for the divergence in habits of F. coelebs 
occupying islands where F. coerulea is present and those 
where F. coerulea is absent. Any reasonable guess at an 
answer to this evolutionary question will depend in a 
large part on the answers to questions 1 and 2, but the 
reverse is clearly not true. In addition, no hypothesis on 
the development of this situation, no matter how in- 
geniously contrived, will add anything to our understanding 
of today’s ecology. It is legitimate to make inferences 
about past events on the basis of knowledge of the 
present, but such inferences can make no direct contri- 
bution to our knowledge of distribution and abundance 
today. 

We think that in answering this sort of question Lack™ 
18 too ready to invoke the hypothesis that divergences 
have been the result of “competition” in the past when the 
two populations have overlapped. This statement is in 
itself meaningless (see Birch!® and Ehrlich and Holm") 
unless the exact form of this “competition” is specified, 
including the ways in which it produced selection pressures 
resulting in the restriction of one or both species. The 
Phenomena which now go under the name of ‘‘competi- 
tion” will never be understood without detailed investiga- 
tions of the pertinent interactions in nature today. 
Investigation of the operation of selection will be para- 
mount in such investigations. In fact, we would claim 
that detailed investigations of the present situation, 
including field experiments, is the chief approach which 
will lead to the understanding we seek; the simple state- 
ment that competition occurred in the past elucidates 
nothing. More field investigations such as that of 
Orians and Collier'® are badly needed in all groups of 
animals. 

To reiterate, when two similar species have different 
distributions on a single island it is important to in- 
vestigate behaviour and other characteristics that are 
responsible for the observed differences in distribution. 
It is no answer to say that they are differently distributed 
because they have evolved different characteristics as a 
result of having had overlapping distributions in the past. 
This is an interesting historical hypothesis, but it does not 
help in elucidating how these different characteristics 
result in a different distribution today. Moreover, we have 
yet to be shown how to investigate the ecology of the 
Triassic or Pliocene. Lacking such techniques it becomes 
hard to design a test of the overlap hypothesis. 

Lack‘ says that he has been primarily interested in 
problems for which the explanation has to be sought in the 
evolutionary history of the species. In pursuing this he 
says “‘one must be clear at the start as to which features of 
& species or population are evolutionary adaptations and 
which are merely consequences of population dynamics”, 
He then gives as an example of a feature of a species that 
18 an “evolutionary adaptation” as opposed to a “‘con- 
sequence of population dynamics” the ‘differences in 
habitat between closely related species of birds”. Lack 
claims that these habitat differences are ‘‘due to the fact 
that two species with similar ecology cannot persist in the 
same area, and that each is differentially adapted to ite 
habitat”. This is Lack’s statement of the so-called Gause 
rule (or competitive exclusion principle). The second 
part of Lack’s statement can be translated as “different 
species are different”. The first part is a loosely drawn 
argument because, among other things, “similar ecology” 
and “persist” are not defined. 

Lack wants to know how closely related species evolved 
different requirements. We agree with Laok that this is 
an interesting problem. We disagree that he has provided 
any convincing evidence that the Gause hypothesis is a 
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likely explanation. Furthermore, this hypothesis cannot 
be tested in this context because it refers to events in the 
evolution of the species, events about which nothing is 
known. Despite this, Lack considers the hypothesis to be 
capable of application and to exclude any possible alterna- 
tive hypothesis. Andrewartha and Burch® criticized 
Lack’s analysis of this problem along the same lines as 
we have done. Lack replied: “the criticism of this view 
by Andrewartha and Birch (1954) seems basically due to 
disagreement with my view that this is a problem of 
evolutionary ecology and therefore to be interpreted in 
terms of survival”. We agree with the criticism by 
Andrewartha and Birch’. We do not deny at all that the 
closely related species of birds have come by the properties 
they possess as a result of an evolutionary history, though 
we are less convinced than Lack as to what that history 
is. What we deny is that we need to know the evolution- 
ary history before we can understand the ecology of two 
related species that happen to occupy the same island 
today. Ifecological studies were to depend on a knowledge 
of the evolutionary history of the species, as Lack seems 
to want, then most ecological studies would be halted, 
for this information is denied us for most species. Indeed, 
we know nothing whatever of the antecedents of most 
species for thousands of years. Perhaps these dismal 
facts account for some of the strangely unsatisfying 
“explanations” of the evolutionary ecologists. 

In any study of distribution and abundance, the ecolo- 
gist soon becomes aware of critical features of the life cycle 
(such as the presence of diapause, high birth rate associated 
with high death rate and low birth rate associated with 
high survival rate), and community associations (for 
example, parasites and hosts, herbivores with food 
plants) which invite analysis and speculation on phylo- 
genetic origins. Cole’ made an interesting analysis of 
the relative adaptive advantages of different sorte of life 
histories, and Lewontin! has interpreted life history types 
in terms of selection. Lacki? has studied clutch size in 
birds, and has been able to interpret it in terms of selection 
for the brood size favouring maximum survival of young. 
Hamilton and Orians?” constructed a logical model for 
the evolution of brood parasitiam in altricial birds 
Ehrlich and Raven" investigated the co-evolution of 
butterflies and their larval food plant, and were able 
to infer a pattern in which the butterflies act as a potent 
selective agent on the plants, and vice versa. These seem 
worthy subjects for study, despite the inevitable difficulty 
of providing much more than speculative analyses. It 1s 
important to remember that such studies are useful to 
the ecologist only in so far as they analyse present day 
situations. For instance, the patterns of plant utilization 
by butterflies shown by Ehrlich and Raven can be useful 
to the ecologist in many ways, such as in making predic- 
tions about food plants of species the biology of which is 
unknown and in accounting for certain features of butterfly 
distribution and abundance. On the other hand, the 
phylogenetic speculation in this study—about the relative 
times of divergence of butterfly and plant groups, the past 
significance of secondary plant substances, and so on— 
are of no help whatever in explaining present day ecology 
They are a series of unfalsifiable hypotheses. These 
hypotheses do not help us to understand the distribution 
and abundance of plante and butterflies today, because 
they are not subject to testing. 

While workers in this field often emphasize the impor- 
tance of the evolutionary past, their work seems peculiarly 
lacking in selectionist thinking about the present. Where 
are the studies on selection in competing natural popula- 
tions, showing how competition alters the genetic charac- 
teristics of the two populations? Where are the works 
showing that when two populations come together in 
nature, selection against hybrids can produce character 
displacement ? Are we to assume that this sort of thing 
went on only in the past, that evolution as pictured by 
the evolutionary ecologists has ceased ? 
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Our theory of evolution has become, as Popper’® de- 
scribed, one which cannot be refuted by any possible 
observations. Every conceivable observation can be 
fitted into it. It is thus ‘outside of empirical science” 
but not necessarily false. No one can think of ways in 
which to test it, Ideas, either without basis or based on a 
few laboratory experiments carried out in extremely 


simplified systems, have attained currency far beyond . 


their validity. They have become part of an evolutionary 
dogma accepted by most of us as part of our training. The 
cure seems to us not to be a discarding of the modern 
synthesis of evolutionary theory, but more scepticism 
about many of its tenets. In population biology, more 
work is needed in elucidating the general properties of 
populations, both those made up of one species of organ- 
ism, and those made up of two or more species, without 
reference to dogmas or guesses about how they may have 
evolved. First we need answers to questions such as 
(1) How frequently do populations become extinct in 
nature? (2) Do most populations have self-regulating 
properties? (3) How frequently do populations utilize 
the same lımıted. resources in nature? (4) What kinds of 
selection pressure does such utilization impose on each 
population? (5) Is great reduction of gene flow necessary 
for differentiation of populations in nature ? (6) How are 
community complexity and stability best defined and 
measured ? (7) What is the relationship between com- 
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plexity and stability ? Then we can see how the answers 
fit into the modern synthesis. 

Gordon H. Orians of the University of Washington has 
been most helpful in clarifying pointe of agreement and 
disagreement by correspondence. H. G. Andrewartha 
of the University of Adelaide, R. W. Holm, P. Labine, 
P. H. Raven, of Stanford University, have all been kind 
enough to read and criticize the manuscript. 
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neocortex of a 30 month old boy with psychomotor retardation of 
unknown orlgin are similar to the changes observed In other human 
diseases characterized by disorders of memory and learning. Such 
changes In the architecture of axons and synapses may cause certain 


disorders the aetiology of which is at present obscure. 


THe part played by the synapse in establishing functional 
contacts between nerve cells or nerve cells and muscle has 
been well substantiated'. The initiation of the post- 
synaptic potential by neurotransmitters (neurchumours) 
is also established beyond any reasonable doubt in the 
case of several types of synapse*. Uncertainties about the 
structure of the synapse have been clarified by examining 
this important segment of the neuron under the electron 
microscope*, Mitochondria and vesicles containing 
acetylcholine or other neurotranamitters have been seen 
in the presynaptic axon terminals (boutons terminaux)*-*. 
It is believed that the synthesis of neurotransmitters takes 
place at the terminal from substrates and enzymes trans- 
ported from the perikaryon by axoplasmic flow*!°. 
Energy and probably certain substrates and co-enzymes 
are provided at the presynaptic ending by mitochondria. 
The site of actual contact between axon and axon, axon 
and dendrite or axon and soma is characterized by slight 
thickening of the apposed membranes; the interstitial 
space between the pre- and post-synaptic terminals 
(intersynaptic cleft) is filled with linear or spherical 
osmiophilic material which probably serves as a cohesive 
matrix between the pre- and post-synaptic membranes™:!%, 
The fine structure of the post-synaptic element has also 
been the subject of a number of investigations-*5. 
Information is not available about neocortical synapses 
in neuropsychiatric disease because it is diffloult to obtain 


fresh specimens and because this vital segment of neo- 
cortical neurons is inaccessible to histological methods". 
It ia generally assumed that the synapse plays a secondary 
part, and degenerates in a non-specific manner after any 
type of lesion of the perikaryon. Recent evidence suggests 
that this assumption may not be correct!?.1*, Abnorm- 
alities of synaptic fine structure consisting of enlargement 
of the presynaptic terminal, reduction of the number of 
synaptic vesicles, and accumulation of fibrillar or vesicular 
material were observed in biopsy specimens of frontal 
cortex from patients with psychomotor retardation and 
Alzheimer’s presenile dementia!?*, In one case’, the 
synaptic lesions were the only recognized changes by ght 
or electron microscopy. These changes are significant in 
view of the importance of the synapse in establishing 
functional contacts between neurons! and the current 
belief that the synaptic transmission is an integral part 
of learning and memory processes?*,?°, 

This article describes axonic and synaptic changes 
observed in the frontal cortex of a 30 month old boy with 
severe psychomotor retardation; the significance of 
synaptic “lesions” ın neuropsychiatric disease will be 
discussed. 

The patient, a Negro male, 30 months old, was admitted 
to the Hospital of the University of Pennsylvania for 
evaluation of psychomotor retardation. He was the 
product of an essentially normal, full-term pregnancy. 
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Development was normal during the first year, but 
gradually deteriorated and, at the present time, he cannot 
sit or stand by himself and can only “slur monosyllables 
unintelligibly’’. The two siblings, girls 11 and 7 years old, 
are normal. Physical examination showed this boy to 
weigh 25 Ib. with hypotonia of trunk muscles and spasticity 
of biceps, hamstrings and quadriceps groups. His deep 
tendon reflexes were normal. There was generalized motor 
weakness. He seemed to recognize people around him. 
Routine laboratory tests of blood, urine and cerebro- 
spinal fluid were within normal limits. Metachromatic 
granules were not found in the urine. The electromyogram 
was interpreted as showing a possible neurogenic pattern. 
A biopsy of the right gastrocnemius showed neurogenic 
atrophy of muscle and endoneural fibrosis of muscle 
nerves. A pneumoencephalogram and myelogram carried 
out in another hospital were reviewed and found normal. 
The electroencephalogram was normal, The clinical 
impression was that of a diffuse degenerative disease of the 
central nervous system. A definite diagnosis could not be 
established. 

A biopsy of the right middle frontal gyrus and under- 
lying white matter was obtained through an open crani- 
ectomy. Tissue was immediately fixed in formol calcium®, 
formalin, and glutaraldehyde followed by osmic acid?*, 

Neuropathological examination of the specimen revealed 
little. The cell structure was normal. There was no 
cell loss, cellular infiltrates, demyelination, evidence of 
storage, or deposits of metachromatic material. The 
leptomeninges and the blood vessels were unremarkable. 
Silver impregnation stains (Bodian) were within normal 
limits. Cytochemical stains for lysosomes (acid phos- 
phatase)**, Golgi apparatus (thiamine pyrophosphatase)**, 
and mitochondria (nicotinamide adenine dinucleotide)** 
were normal. 
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Electron microscopie examination of the specimen 
revealed no apparent abnormalities in neuronal peri- 
karya, dendrites, glial cells, blood vessels or myelin 
sheaths. The only abnormalities noted were numerous 
distended non-myelinated segments of axons and pre- 
synaptic terminals (Fig. 1). In contrast with normal 
presynaptic terminals which measure about 1-5 in 
greatest diameter, the abnormal terminals measured 
5-l5p. On a thin section, normal presynaptic terminals 
contain between ten and forty synaptic vesicles and one 
or two mitochondria; the enlarged endings contained few 
or no synaptic vesicles, and mitochondria were not noted 
in many of the enlarged endings. Instead, the enlarged 
axons and terminals were filled with haphazardly arranged 
branching tubular or vesicular profiles with smooth walls 
60-70 A thick. Unlike neurotubules which measure about 
270-300 A in diameter**, these tubular or vesicular struc- 
tures measured 165-550 A. Neurofilaments and neuro- 
tubules were sparse or absent. When present, the neuro- 
tubules had a haphazard course instead of a parallel 
direction to the long dimension of the axon. The apposed 
plasma membranes at the synapse and the intersynaptic 
cleft were normal. The post-synaptic element was also 
normal. Although enlarged presynaptic axon terminals 
were noted in contact with neuronal perikarya and 
dendritic trunks, synaptic contacts were definitely iden- 
tified only between enlarged pre-synaptic terminals and 
dendritic spines. These changes were ubiquitous. They 


were seen in more than sixty sections of the tissue; 
usually a field at a magnification of 4,000 contained four 
to six enlarged processes. 

The subcortical white matter was normal and only a 
rare myelinated axon contained similar vesicular struc- 
tures with few or no mitochondria, neurofilaments and 
neurotubules (Figs. 2 and 3). 


The axolemma of these 





Fig. 1. S, Enlarged presynaptic terminal. Arrow points to one or two synaptic vesicles near intersynaptic cleft. Note absence of mitochondria 


from abnormal terminal. d, Dendritic spine; n, neurotubules; s, noi 


presynaptic terminals, note synaptic vesicles filling terminal; M, mito- 


chondria. (x 24,000.) 
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rare abnormal axons was intact; the axon was not 
enlarged and the surrounding myelin sheath was normal 
(Fig. 3). It was estimated that only one out of two or 
three hundred axons showed these abnormalities (Figs. 2 
and 3). 

The following two hypotheses could be advanced as to 
the significance of the enlarged axons and presynaptic 
terminals: (a) they are “degenerating” terminals of a 
destroyed perikaryon or severed axon; (b) the axon and 
presynaptic swellings either reflect an abnormality local- 
ized at the terminal segment of the axon, or are secondary 
to a disturbance of the metabolism of the perikaryon 
unassociated with morphological changes detectable by 
light or electron microscopy. 

Enormous enlargements of axons and presynaptic 
terminals or the peculiar vesicular structures have not 
been observed in experimental degenerations of nerve 
endings*’-*5; furthermore, in most experiments the pre- 
synaptic terminal disintegrated and became phagocytosed 
by adjacent glial cells. Also, ultrastructural data in 
Wallerian degeneration of peripheral nerves bear no resem- 
blance to the findings in this case**-4*, Wallerian degenera- 
tion is characterized by early disappearance of axons and 
fragmentation of myelin sheaths. In this case, on the 
other hand, the myelin sheaths are intact and the axons 
do not undergo lysis. 

The axon and its presynaptic terminal may be the sole 
morphological index of neuronal disease. Examples of 
experimental conditions or spontaneous disease may 
support this hypothesis. Experimental vitamin E 
deficiency in rats is associated with “dystrophic” terminal 
segments of axons*®. Axons appear to be extensively 
involved in the human disease, infantile neuroaxonal 
dystrophy*?“, Electron microscopy studies in infantile 
neuroaxonal dystrophy are not available for comparison 
with the present and reported cases'’; the case reported 
here may represent an early stage of neuroaxonal dys- 
trophy. 

An isolated structural and metabolic defect in axons 
and presynaptic terminals could cause severe psychomotor 
retardation or arrest of development. The reduction or 
absence of synaptic vesicles could represent a decreased 
synthesis of neurotransmitter substances, increased rate 
of their release, or both. This would result in an altered 
function of the presynaptic terminal with direct effects 
on synaptic transmission, that is, altered intercellular 
communication and transfer of information. The paucity 
or absence of mitochondria from the enlarged presynaptic 
terminals and axons could deprive the synthetic processes 
of neurotransmitters of essential energy and substrates. 
Energy provided by mitochondria is also essential for 
ionic movements associated with the passage of impulses**, 
and it is reasonable to assume that the conduction of 





Fig. 2. Axon(A4)in centre of figure contains vesicular structures, Axons 
in lower left and upper right corners are normal. (x 11,000.) 
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Fig. 3. 


Enlargements of Fig. 2. g a 
Arrowheads Indicate intact axolemma with adjacent normal myelin 


V, Branching vesicular structures. 


sheath. (x 55,000.) 


nervous stimuli in swollen axons without mitochondria 
and filled with an unusual material (Figs. 1-3) is altered. 
The peculiar vesicular structures (Fig. 3) may be pre- 
cipitates of a normally soluble substance, or products of 
the breakdown of mitochondria, plasma membrane, neuro- 
filaments or neurotubules; or they could represent 
abortive attempts for formation or packaging of neuro- 
transmitter substances. Since the peculiar vesicular 
structures are seen in myelinated segments of the axon, 
a relationship of the vesicular structures (Fig. 3) to 
mitochondria, axolermma or neurofilaments and neuro- 
tubules, rather than to synaptic vesicles, may be more 
plausible. 

Axonic and synaptic swelling may be due to disturbance 
of axoplasmic flow’. The existence of axoplasmic flow as 
a mechanical phenomenon is fairly well established?. 
The structural entities and biochemical events con- 
tributing to the axoplasmie or cytoplasmic streaming are 
not, however, known. It has been suggested that micro- 
tubules and neurotubules may serve as cytoskeletal 
elements, and cytoplasmic flow may be due to inter- 
actions at the surface of these stationary structures, or 
that cytoplasmic streaming may be accomplished by 
undulating motions of the tubules”, The homology 
between the morphological nature of neurotubules and 
mitotic spindle tubules?® which are involved in chromo- 
somal motion suggests that neurotubules may be instru- 
mental in cytoplasmic motion. The absence of neuro- 
tubules and the swelling of the axons and presynaptic 
terminals may therefore be related. An impaired axo- 
plasmic flow could interfere with the availability of 
essential metabolites for neurotransmitter synthesis. 

The axonic and synaptic changes described in this 30 
month old child with severe psychomotor retardation 
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constitute the only anatomical substrate of the patho- 
logical process. The recognition of similar ultrastructural 
b m axons and synaptic endings in other human 
diseases characterized by disturbance of memory and 
learningt?.1° justifies the hypothesis that a causal relation- 
between synaptic “lesions” and some forms of 
psychomotor retardation or dementia could exist. 
This work was aided by grants from the U.8. Public 
Health Service, and tho Widlyer Fund. 
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Response of Early Erythroid Precursors to Bleeding 


by The proliferation of morphologically unrecognized erythroid precur- 
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Jacobson, Goldwasser and Gurney! reported that poly- 
oythemia induced by transfusion almost abolishes the 
production of red cells in mice. Bleeding or administration 
of erythropoietin will, however, rapidly restore erythro- 
poiesis, and Gurney et al.* found that the early erythroid 
cells increase strikingly in numbers in spleen sections, as 
early as 15-18 h after subcutaneous administration of 
6 v of erythropoietin in polycythemic mice. When they 
injected tritiated thymidine half an hour before the 
injection of erythropoietin they found that 20 h after- 
wards at least 25 per cent of the early erythroid cells were 
labelled heavily with twenty grains or more. From this 
they concluded that the early erythroid cells produced in 
response to erythropoietin in polycythemic mice must be 
the progeny of cells which are in cycle, although at the 
time of injection of tritiated thymidine they were not 
differentiating into erythroid cells. 

This investigation has been extended to examine the 
labelling characteristics of the erythroid ‘cells as they 
appear in the bone marrow of polycythemic rats after 
initiating erythropoiesis by a bleeding stimulus, tritiated 
thymidine being injected either before or after bleeding. 
The same type of investigation was also carried out on 
normal (non-polycythemic) animals. i 


sors In the rat increases shortly after bleeding. 


Male F, hybrid rats of the highly inbred “August” 
and “Marshall” strains, 10-12 weeks old (160-180 g body 
weight) were used. Polycythemia was induced by the 
intravenous injection of 5-0 ml. of washed red blood cells. 
On. the fifth day after this single injection of blood, red 
cell production was practically abolished and very few 
recognizable erythroid precursors were seen in bone- 
marrow smears stained with Lepehne’s and dilute giemsa. 
On the fifth day after transfusion, red cell production was 
initiated by making the rats anaemio by means of acute 
bleeding, removing a third of their blood volume by 
cardiac puncture. The mean values for concentration of 
haemoglobin, volume of packed red blood cells, peripheral 
blood reticulocyte count, total nucleated bone marrow 
count and percentage of marrow erythroid cells are shown 
ım Table 1, and demonstrate the effectiveness of trans- 
fasion in abolishing erythropoiesis in normal rats, and 
bleeding in initiating it in polycythemic rate. 

Labelling was carried out in all experiments by intra- 
peritoneal injection of 1 po./g of body weight of tritiated 
thymidine and the smears were dipped in Gevaret 7-15 
emulsion and exposed for 4 weeks. Grain count distribu- 
tions were plotted and the level of background grain count 
waa estimated for each cell type on each slide separately. 
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In the first experiment tritiated thymidine was injected 
at different time intervals before or soon after bleeding 
polycythemic rate, and the animals were killed 24 h 
after bleeding. In all these groups the labelling index 
was found to be almost equal for each of the maturation 
stages of the erythroid cells present in the bone marrow 
at that time. The results in Fig. 1 show that when 
tritiated thymidine was injected 1 h before bleeding the 
labelling index was about 35 per cent and when it was 
injected 16 or 24 h before bleeding the index was about 
40 per cent with rather more spread. When, however, 
tritiated thymidine was injected 3 h after bleeding, a 
much larger labelling index of about 70 per cent was 
found. 


Table 1 
Polyo themio rats 
Polyoythomio rate ble daya aftor 
on 
Normal 5 da: 8 days 3h 24 h 
rate after, after after after 
trans- trans- bleed- bleed- 
fusion fusion ng ing 
eo tae (g/100 ml. of 15-8 19-1 18-5 12:1 118 
Volume of packed red 46-0 58-0 570 36-0 34-0 
blood cells (volume of red 
blood celts/100 mL of 
blood) 
Røtionlooy sen tno red 24 ol 1 OL 0-4 
blood cells 
Total nucleated marrow 1-6 12 12 12 1-6 
cells ( x 10*/mm? femoral 
marrow 
Erythroid cells/100 mar- 26-0 0-05 0-5 O1 3-2 
row cells 


In the second experiment polycythemic animals were 
injected with tritiated thymidine 3 or 48 h after bleeding 
and then killed 24 h after the injection. In addition, some 
animals were injected 1, 2, 3, 4, 5 and 7 days after bleed- 
ing and killed 1 h after the injection. The results are 
shown in Fig. 2. As in the first experiment the 24 h 
labelling index was almost equal for all the different 
erythroid maturation stages and was 65 per cent when 
tritiated thymidine was injected 3 h after bleeding and 
95 per cent whon it was injected 48 h after bleeding, with 
a mean grain count of more than twenty grains for the 
smallest cell. 


80 


Labelled cells (per cent) 
8 S s 


kd 
© 
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—24 22 20 18 16 1412108 6 420 2 4 + 
‘Time (h) of tritiated thymidine injection before or after bleeding 


ery Id tolls aa neon 24 {rafter moeding polyeytnamye min” Lams 
e colls as seon after bles o ratae. A single 
injection of tritiated thymidine given to alfesent groups of amak ae 
various times before bleeding and to one group 3 h after bleeding. 
@, Pro-normoblast; A early normoblast; x, mtermediate normoblast, 
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Labelled cells (per cent) 





8 24 48 72 96 
Time (h) of tritiated thymidine injection after bleeding 


120 144 148 


. 2. . index of erythroid cells 1 h after Injection of 
trilkated thymidine and ---—, 24 h after injection of tritiated thymi- 
. A single injection of triliated thymidine was given to different 
groups of animals at various times after bleeding polycythemic rats. 

Symbols are the same as those in L 


In the previous two experiments, when tritiated thymid- 
ine was injected either before or 3 h after bleeding poly- 
cythemic rats, the labelling of the recognizable erythroid 
cells geen 24 h after bleeding must refleot the labelling 
characteristics of primitive cells preceding the pro- 
normoblasts, because there were no recognizable erythroid 
precursors present at the time of injecting tritiated 
thymidine. When injection was 48 h after bleeding and 
the bone-marrow was examined 24 h later, the situation 
could have been complicated by the fact that the erythroid 
cells examined could be in part the descendants of the 
recognizable erythroid cella present at the time of injec- 
tion as well as of earlier cells. It is, however, unlikely 
that the 24-h labelling index of 95 per cent does not reflect 
mainly the labelling characteristics of a compartment 
previous to the pro-normoblast compartment, because all 
the morphological cell types have the same labelling index, 
and the value is much greater than the 1-h labelling index 
of the cells with the greatest value, namely, the pro- 
normoblast (Fig. 2). The increase in the 24-h index after 
bleeding suggests either a shortening of the cell cycle time 
or an increase in the proportion of dividing cells within 
the compartment of unrecognized precursors supplying 
or differentiating into recognizable erythroid precursors. 

In a third experiment, a similar type of investigation 
was carried out, but on animals which were not made 
polycythemic. Before bleeding these animals the 1-h 
labelling index for the pro-, early, intermediate and late 
normoblasts was 70, 60, 30 and 0 per cent respectively. 
Fig. 3 shows the change in the 24-h lebelling index when 
the time of injection of tritiated thymidine varies from 
1 h before bleeding to 8 days after bleeding. The 24-h 
labelling index was again almost equal for each of the 
different erythroid cell types. The 24-h labelling index 
in animals bled 1 h after injection of tritiated thymidine 
is about 50 per cent, which is not different from the 
24-h labelling index for non-bled controls. It increases 
to 80 per cent when tritiated thymidine is injected 3 h 
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Fig 3. Labelling index of erythroid cells as sean 24 h after a single 


injection of tritiated thymidine. This was obtained from control 
animals (non-bied non-polyoythemie), The same was obtalned from bled 
non-polycythemic animals, single injection of tritiated thymidine was 
gtven to the animals 1 h before and 3h, 2 days, 5 days a days and 8 days 
after bleeding. The animals in each case were killed 24 h after the 
injection. Symbols are the same on ad in Big. 1, and O, late normo- 


after bleeding, reaches 90 per cent at 56-6 days and then 
starts to decrease. Normal and polycythemio rats, there- 
fore, show the same increase of 35 per cent in the 24-h 
labelling index when tritiated thymidine is injected 3 h 
after bleeding. 

Other workers have also found that the labelling index 
of the different erythroid cell types have the same mdex 
24 h after a single injection of tritiated thymidine. The 
values of the 24-h index have differed considerably, 
however. A value of 45 per cent has been reported for 
human bone marrow’, 96 per cent for female Sprague- 
Dawley rats‘ and 65 per cent for female beagles which 
are 6 months old’. The large values of 65 per cent and 
96 per cent could reflect increased erythropoietic activity 
because of young age in beagles or anaemia in female 
rats. 

It could be argued that the presence of labelled ery- 
throid cells 24 h after bleeding polycythemic animals, 
when tritiated thymidine was given before bleeding, was 
indicative of re-utilization of labelled DNA rather than of 
proliferative activity in the unrecognized erythroid pre- 
cursors. If, however, the unrecognized erythroid precur- 
sors in the polycythemic animal are not engaged in DNA 
synthesis before bleeding and the labelling seon 24 h after 
bleeding was caused by re-utilization of labelled DNA by 
the pro-normoblasts as they appear in the marrow after 
bleeding and commence DNA synthesis, one would expect 
a labelling index much greater than the observed 35 per 
cent. This is because the pro-normoblasts have an initial 
labelling index of 60 per cent when tritiated thymidine is 
available for less than 1 h (Fig. 2) and labelling by re- 
utilization must give values between 60 per cent and 
100 per cent depending on the time when re-utilization 
starts before killing the animals. It has been indicated 
by Feinendegen et altt that the commencement of re- 
utilization in the bone marrow of normal rate after a 
single injection of tritiated thymidine follows only after 
a lag period of about 12-24 h. Also the increase in the 
24-h labelling index within 3 h of bleeding polycythemic 
rats (Fig. 1) cannot be explained by an increased rate of 
re-utilization, because the animals given tritiated thymid- 
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ine 1 h before bleeding were killed 25 h after injection 
and the animals given tritiated thymidine 3 h after bleed- 
ing were killed 21 h after injection. Thus, the cells with 
the greater labelling index of 70 per cent had a shorter 
period in which re-utilization could possibly ocour, and 
in both situations the animals were subjected to the stress 
of bleeding which cannot be considered to have pre- 
ferentially raised the rate of re-utilization in either of 
these groups of animals. It follows, therefore, that 
bleeding markedly increases the proliferative activity of 
the early progenitor cells within a period of 3 h. 

The 24-h labelling index reaches 95 per cent when 
tritiated thymidine is injected 2 days after bleeding 
polycythemic animals and after 5 days in non-polycy- 
themic animals. Such a large labelling index is not 
explicable in terms of any established cell cycle, and re- 
utilization may here be playing some part at that stage 
after bleeding, because erythropoiesis is very active and 
more erythroid cells are losing their initially labelled 
nuclei during maturation, possibly making more DNA 
available for re-utilization. Synchronization of cell cycle 
cannot explain the results in Fig. 3, because it is im- 
possible to believe that synchronization can operate for 
& period of time as long as 8 days. 

The conclusions of this investigation may be summar- 
ized as follows. (a) In polycythemic rats, the early 
unrecognized progenitor cells are in cycle, although no 
differentiation of early progenitor cells into recognizablo 
erythroid cells takes place. (b) Twenty-four hours is a 
sufficient period after a single injection of tritiated thymid- 
ine for the labelling index of the recognizable erythroid 
cells in the bone marrow of the rat to reflect the labelling 
characteristics of the morphologically unrecognized pre- 
cursors. (c) Polycythemia does not appear to change the 
kinetics of the cells earlier than the recognizable erythroid 
precursors, because the labelling index of the erythroid 
cells appearing ın the marrow 24 h after bleeding poly- 
cythemic rats when tritiated thymidine was injected 1 h 
before bleeding is similar to the labelling index 24 h 
after injecting the labelled thymidine in non-bled non- 
polycythemic rats. (d) Bleeding markedly increases the 
proliferative activity of the unrecognized erythroid pre- 
cursors. This effect takes place within 3 h after bleeding, 
and such a short period favours the contention that the 
effect of bleeding is by direct control of the rate of pro- 
liferation in the progenitor cell pool rather than by 
controlling the differentiation of cells into recognizable 
erythroid precursors. (e) Re-utilization is not responsible, 
either for labelling of the erythroid cells: when label is 
injected 1 h before bleeding polycythemic rats, or for the 
rise in the 24-h labelling index 3 h after bleeding normal 
or polycythemic rats. 

Experiments are under way at the moment to investi- 
gate in more detail the changes of the labelling index and 
grain count distribution in the erythroid cell compart- 
ment with time after injection of tritiated thymidine in 
normal and bled rats. 

I thank Professor L. F. Lamerton and Dr. N. M. 
Blackett for their advice and encouragement and Mra. L. 
Tarbutt for technical assistance. 
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by Investigations of the properties of ribosomes and polyribosomes 
C. M. TSIAPALIS * isolated from adult houseflies, Musca domestica, throw new light on 
Y. HAYASHIt the part played by these structures in protein biosynthesis and 
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THERE 18 much evidence to suggest that the functional 
units ın protein biosynthesis are ribosomal aggregates 
called polyribosomes or polysomes. The fact that these 
units contain the genetic information in a specifo RNA 
(mRNA) which links the individual ribosomes explains 
why amino-acids are incorporated. by ribosomal aggre- 
gates and why the polyribosomes are disaggregated into 
single ribosomes by small amounts of RNase (refs. 1—4). 
It has been suggested that in many cases the oyto- 
logical functional units for protein biosynthesis are ribo- 
somes attached to endoplasmic reticulum membranes’. 
We have recently shown that nascent protein is probably 
the agent that binds the polyribosomes to such mem- 
branes’. Considerable interest is therefore attached to the 
question of the generality of this aspect of the mechaniam 
of protein synthesis. 

Fig. 1 shows a typical sedimentation profile of absorb- 
ancy and radioactivity of the ribonucleoprotein particles 
recovered from adult houseflies. In addition to the three 
major peaks of absorbance consisting of single 78S (tube 
29), dimer 1008 (tube 23) and trimer 13085 (tubes 17-19) 
ribosomes, several minor regions of absorbancy with S 
values of 145 (tube 13) and 170 (tube 8) are also evident. 
The relative proportion of the polyribosomes larger than 
the dimer differed from one preparation to another and 
this probably reflects variations in the physiological state 
of the animals. All these absorbancy peaks are rapidly 
labelled with “C-leucine in vivo. The maximum radio- 
activity occurred in the region of the monomers, dimers 
and trimers but, as Fig. 2 shows, the speorfic activity 
was similar for the entire spectrum of polyribosomal sizes, 
which suggests that all aggregates were equally active in 
incorporating 1C-leucine. The monomers, dimers and 
trimers play a dominant part in protein synthesis in 
housefly cells principally as a result of their abundance. 
It should also be noted that some radioactivity was 
detected in material trapped in the 50 per cent sucrose 
cushion as well as at the bottom of the tube. This heavy 
material probably represents rough membranes*~, 

The incorporation of 1C-leucine by ribosomes was 
probably directed into the nascent protein. Thus a 20 min 
“chase”’ with an excess of cold leucine reduced the specific 
activity of the ribosomes by about 80 per cent. The nature 
and the origin of the material of high specific activity 
which was consistently found in the upper regions of the 


* Pressot address: Cancer Research Laboratory, Faculty of Medicine, 
University of Western Ontario, London, Ontarlo. 


t N.B.C. Postdoctoral Fellow, present address: Insect Pathology Labora- 
tory, Sault Sie. Marle, Ontario. 


suggest that nascent protein may be an important constituent that 
holds a polyribosome together. 


sucrose gradient remain unknown (Fig. 2). Its specific 
activity was not affected by the “cold” chase. 

It is well known that polyribosomes are generally very 
susceptible to harsh mechanical treatment and to endo- 
genous nucleases’. Thus it was suspected that grinding 
with sand in the absence of nuclease inhibitors was 
responsible for the low recovery of polyribosomes larger 
than trimers. Gentler homogenization (about 30-60 sec) 
in a Potter-Elvehjem glass ‘Teflon’ homogenizer (1-2 mm 
clearance), however, did not alter the pattern of poly- 
ribosomes; indeed, it generally increased the proportion 
of monomers. Furthermore, because the integrity of the 
polyribosomes was preserved to a considerable extent 
even after they were stored at 23° C for 60 min or at 
2°-3° C for 12-16 h, the endogenous nuclease activity 18 
probably low. Finally, most of the heavy polyribosomes 
could be associated with membranes. If thia were the 
case then it would be expected that dispersion of the 
membranes with deoxycholate’? would release polyribo- 
somes and ribosomes"!. We treated microsomal prepara- 
tions with 1 per cent deoxycholate at 2°-3° C and at 23° C 
for 30 min. Not only did this treatment fail to clarify the 
solution immediately but, once clarified, this treat- 
ment did not appreciably increase the proportion of heavy 
polyribosomes. In fact, deoxycholate at room temperature 
reduced the proportion of trimers and dimers and formed 
a smaller unit of about 46S. Lipid may therefore serve 
to hold the ribosomal sub-units together. Alternatively, 
this dissociation may result from solubility of some ribo- 
somal proteins!®. 

These results suggest that unlike most mammalian 
cells the chief components of the housefly ribonucleo- 
protein particles are monomers, dimers and trimers and 
that these are the main sites of protem synthesis. 

The properties of the single ribosome resemble those of 
other sources. Well washed microsomal particles (105,000g 
for 1 h) showed an RNA/protein ratio of 58:42, which 
was increased to 70:30 after treatment with deoxy- 
cholate. All sizes of aggregates showed a characteristic 
absorption at 260 mp with a 260/236 ratio of 1-7~-1-9 and 
260/280 ratio of 2-0-3-0. At least 6 mmolar magnesium 
was essential for the preservation of the polyribosomes. 
The single ribosome showed instability at 0-1 mmolar 
magnesium and two sub-units of about 54-585 and 36-388 
appeared when the ribosomes were prepared in the 
absence of magnesium. Prolonged centrifugation (15 h) 
in the absence of magnesium resulted in the resolution of 
additional sub-units of about 249 and 179. Removal of 
ribosomal magnesium by chelation with either ethylene- 
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diaminetetraacetate or pyrophosphate produced two major 
componente of about 50-529 and 7-105, and three minor 
ones of about 36-408, 28-299 and 16-178. By contrast, 
liver ribosomes treated in a similar manner produced only 
two sub-units, 52S and 328. Treatment of housefly 
ribosomes with sodium dodecyleulphate and phenol?! 
produced two sizes of rRNA, 229 and 15S, with a smaller 
component of about 9S. This is similar to the isolates 
from Escherichia coli ribosomes!*4, The S-values of the 
rRNA from mouse liver ribosomes were 28 and 18, and 
are thus similar to those of rat liver. 

The ability of ribosomal aggregates to incorporate 
amino-acids and their disintegration to single ribosomes 
after they have been treated with RNase are usually taken 
as evidence of the occurrence of mRNA. A portion of 
the microsomal preparation was therefore treated with 
2 ug/ml. of RNase A for 1 h at 2°-8° O. The data in 
Fig. 1 show that the polyribosomes did not disappear as 
expected. Instead the absorbancy in the region of the 
polyribosomes increased at the expense of the single ribo- 
somes. The radioactivity profile also shifted in favour of 
the heavier peaks. Because the total absorbancy of the 
sample treated with RNase was similar to the control, the 
formation of these heavier polysomes could not be due to 
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Big. 
and of amino-acid incorporating activity before and treatment with 
RNase. Thirty adult houseflies (3 days old) were injected with 0°15 fe: 
“Q.Jenaine (B.A. 8 8 me./mmole) /al./fly. o hours after injection, the 
flies were decapitated and the bodies ground in § ml. TMK (0-03 molar 
fris-acetate pH 7:5, 0005 molar magnesium chloride, 0'025 molar 
potassium chloride) buffer in a mortar with sand at 2°-8° C. The homo- 
genate was filtered cheesecloth and the nuolet and mitochondria 
were removed by a single centrifugation for 10 min at 10,000g, The 
post-mitochondrial g8 t was again filtered through cheesecloth 
and the rfbonucleoprotein particles were then isolated by centrifugation 
thro a discontinuous nt", The trans nt ot was resus- 
pen ın TACK buffer and a portion was treated with aso (2 ug/ml.) 
or 1 hat 2°-3° O. The controls (@) and treated samples (x ) were then 
layered on a 10-34 per cent Linear sucrose nt™ and con for 
4h at 25,000 r.p.m. in an SW26 rotor in a Spinco model L. The bottom 
of the tube was punctured, twenty-nine collected and absorbansy 
at 260 my determined in a Beckman model DU spectrophotometer. 
Albumin was added, as a carrier, to the fractions from the gradients and 
the ribonucleoprotein particles precipitated with trichloroacetic acid, The 
recipitates were collected on glass fibre ‘Millipore’ filters type 4. The 
ters were washed several times with 6 per cent trichloroacetic acid 
containing 01 per cent D,L-leucine, dried and placed tn vials to which 
wore added 10 ml. of standard ‘Iiquifiuor’ mixture in toluene. The 
radioactivity was counted In a Nuclear Chicago scintillation spectro- 
meter. The S values were determined by the method of Martin and 
Ames" umng the monorlbogome of liver (78S) as a marker. 
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. 2. The ifie activity of polyribosomal material before and after 
Pains with cold leucine. One batch of thirty adult files (@—@) 
was Injected with 0-05 xo. “O-lenome (S.A. 231 me./mmol)/ul./fiy, Ten 
minutes after the last fly was trea the flies were decapitated and the 


tibonucleoprotein particles pre: . 1. A second batoh 


as ın 
(@-~--@) was smilarly except that 10 mun after on of 
the Jaotpe the flea were relnjected with a “chaso” of about 
exces of cold leuome (80 g2 uL/fiy). Twenty minutes later, 
“chased” flies were killed and p: as desoribed in Fig. 1. Fi 
of 50 per cent sucrose solution Tedi aea as a cushion beneath the sucrose 
ntes, 


the release from heavier material usually found at 
the bottom of the tube’. Rather, this increase of poly- 
ribosomes probably represents an aggregation. of the single 
ribosomes. Henney and Storck!" reported a similar 
aggregation of Neurospora ribosomes after treatment with 
much higher amounts of RNase. The aggregation reported 
here, which was evident after treatment with 0-5—5-0 ug 
RNase A/ml., left some doubt about the sensitivity of 
polyribosomes to RNase. A suspension of microsomes 
was therefore treated with 2°5 pg/ml. of trypsin for 1 h 
at 2°-3° C. The results for Fig. 3 indicate that such treat- 
ment considerably decreased the number of the heavier 
polysomes present in favour of single ribosomes. When the 
microsomes were treated with a combination of trypsin 
(2:6 ug/ml.) and RNase A (2 pg/ml.) for 1 h at 2°-3° C 
all the polyribosomes were completely fragmented into 
single ribosomes. Thus proteolysis sensitized the poly- 
somes to RNase A and completely abolished their ability 
to aggregate, presumably by removing a protein. 

The data in Fig. 4 show that concomutantly with the 
removal of this protein by trypsin the radioactivity of the 
polyribosomes and monomeric ribosomes was stripped off 
and appeared as a light fraction insoluble in acid at the 
top of the gradient. Thus the partial disruption of free 
polyribosomes by proteolytic enzymes (Fig. 3) with the 
shift of radioactivity into a light fraction insoluble in 
acid (Fig. 4) indicates the importance of nascent protein 
as a structural element in the ribosomes-mRNA-tRNA 
complex. 

Several reports have suggested that protein may be an 
important structural element of large ribosomal assem- 
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blages of certain tissues'*-*, This conclusion, however, 
was based on the effects of rather large quantities of 
proteolytic enzymes. We have already demonstrated’ 
and now confirm this effect at relatively low concen- 
trations of trypsin. In fact, the first detectable effect of 
trypsin, on housefly polyribosomes occurred at 0-25 wg/rl.’. 
Furthermore, it is not clear whether the ribosomal assem- 
blages investigated by previous workers represented free 
or membrane-bound ribosomes. Although we showed in 
a previous investigation’ that nascent protein was involved 
as a binding agent in the ribosomes linked to endoplasmic 
membranes, the present resulta suggest a similar function 
for nascent protein in free polysomes. Thus, it is probable 
that protein as an integral structural element holding the 
polyribosome together is restricted to those polyribosomes 
which are active in protein synthesis. 

The predominant occurrence of single, dimer and trimer 
amino-acid incorporation particles in the tissues of 3 day 
old adult houseflies has several implications. The dis- 
tribution of polyribosomal sizes is considered to be related 
to the lengths of the constituent mRNA which determines 
the size of the protein!:3:39-13, Thus in the reticulocyte 
which manufactures a single protein, haemoglobin, the size 
of the polyribosomes is restricted mainly to clusters of five 
or six ribosomes!.?)33; however, larger polyribosomes have 
been detected**. On the other hand, liver and HeLa cells 
which make many proteins contain a broad spectrum of 
polyribosomal sizes*:?1:33, Tt has also been calculated that 
aggregates of between eight and twelve ribosomes are 
capable of making a peptide chain of about 300 amino- 
acid residues. This co onds to a protein sub-unit with 
molecular weight of about 35,000 (ref. 21). Clearly, the 
upper size for proteins synthesized by polyribosomes in 
adult houseflies would be about half this value. This 
would correspond to an mRNA of about 450 nucleotides 
or molecular weight of 150,000 (ref. 21). Proteins of 
larger molecular weights would presumably form by 
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time was 
combination of this basic sub-unit. On the other hand, 
very little is known of the nature and size of polyribo- 
somes that may be attached to the outer membrane of 
endoplasmic reticulum. If large aggregates are present 
bound to endoplasmic membranes, their mRNA may con- 
tain sufficient information to code for larger proteins or 
may even be polycistronic to code for several proteins. The 
failure of our efforts to release polyribosomes from house- 
fly microsomes by deoxycholate may result from many 
reasons, not the least of which is the inability of deoxy- 
cholate to disperse housefly membranes the phospholipid 
composition of which is different from mammalian cells. 

We hope that answers to some of these questions will 
be forthcoming with the experimentation now in progress 
in this laboratory. 

We thank Mr. 8. T. Bajura for his excellent technical 
assistance, Dr. J. R. Robinson for advice in sample 
preparation and radioassay, and Shell Development Co., 
Agricultural Chemical Division, for financial support for 
one of us (C. M. T.). 
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Virus Infection, and Trisomy in Man 


by The virus of infectious hepatitis has been suggested on epidemiological 
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grounds as a causative factor in Down’s syndrome (mongollsm). 
if this hypothesis ts correct, the virus may produce Its effects not by 


inducing chromosome breaks but by an effect on the nucleolus of 
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THERE has recently been speculation about possible re- 
lationships between infectious disease in man and the 
incidence of congenital abnormalities associated with 
chromosome structural change. Such speculations have 
been particularly stimulated by the numerous reports of 
chromosome aberrations in peripheral blood leucocytes 
from individuals suffering from virus infections! and ın 
cultured cells infected with virus tn vtiro®?. 

The epidemiological investigations of the incidence of 
Down’s syndrome (mongolism) in the State of Victoria, 
Australia, by Collmann and Stoller‘ led them to suggest 
that this congenital anomaly was a consequence of in- 
fection by a virus of long incubation, which in some way 
affected the ovum of the ageing mother before or at about 
the time of conception. More recently, after a search for a 
possible correlation between the incidence of any of the 
notifiable infectious diseases and the incidence of Down’s 
syndrome, these authors reported" a correlation between 
this congenital anomaly and infective hepatitis. The 
degree of correlation was such that the cyclical pattern of 
the incidence of infectious hepatitis preceded by 9 months 
a similar cyclical pattern in the meidence of births of 
children with Down’s syndrome. No such correlation was, 
however, observed in similar investigations carried out in 
the United States* and in Britain’, although these in- 
vestigations do not exclude the possible importance of 
hepatitis virus or indeed any other infectious agents as 
contributory factors ın the aetiology of Down’s syndrome. 

The increasing incidence of Down’s syndrome’, and of 
various other congenital anomalies’, with increasing age of 
the mother is well known and it has been clearly established 
that this particular condition is associated with, and is 
almost certainly a consequence of, trisomy? or partial 
trisomy due to translocation! of a chromosome in group G 
(referred to henceforth as chromosome 21). About 3-5 
per cent of cases of Down’s syndrome are due to trans- 
location and although no cytological data were obtained 
in the Australian investigation, the observed three-fold 
cyclical increase in the incidence of this condition must 
almost certainly be due to non-disjunction giving an extra 
complete chromosome rather than to translocation. 

Tn discussing their findings, Stoller and Collmann' drew 
attention to the fact that chromosome aberrations had 


the ovum leading to a failure of separation of half-bivalents during 
melosis. The persistence of the nucleolus during melosis may also 
be the mechanism by which other forms of trisomy are produced. 


been observed in cultured human leucocytes exposed to a 
transmissible agent recovered from the plasma of patients 
with infective hepatitis’. In the investigations of El-Alfi 
et al.*, aberrations were produced only after a prior un- 
productive passage through the cell culture, and Stoller 
and Collmann cite this as evidence in support of ther 
suggestion that the effects of the virus are due to some 
metabolic factor affecting the DNA and producing chromo- 
some breaks. More recently Matsaniotis et al.* have 
shown that chromosome aberrations are present in bone 
marrow cells of infants suffering from infectious hepatitis, 
and Alliaon and Paton have suggested that infection with 
mycoplasma may be relevant to the aetiology of Down’s 
syndrome because these organisms also induce chromo- 
some aberrations. 

I should like here to argue that any increase in the 
incidence of Down’s syndrome that may be associated 
with viral infection has little or nothing to do with the 
propensity of viruses to induce chromosome breakages. 
I wish to suggest rather that any such increases observed 
in association with virus infection (infectious hepatitis ?) 
may be due to an effect of the virus on the nucleolua(i) 
of the ova, resulting in a reduced capacity for the disso- 
lution of this organelle durmg meiosis and hence to a 
failure of separation (non-disjunction) of half-bivalents 
sharing a common nucleolus. Furthermore, even in the 
absence of infection, it is suggested that the major factor 
resulting in non-disjunction and trisomy in the autosomal 
complement of man 1s the abnormal persistence of nucleoli 
during meiosis—particularly in ageing oocytes (compare 
ref. 11). 

Cytological investigations on human, chromosomes 
carried out im recent years have shown that certain 
chromosomes appear to be involved in structural re- 
arrangements and/or non-disjunction far more frequently 
than others. Although a quantitative assessment of this 
non-random involvement may be biased, because changes 
involving other chromosomes might have a greater 
probability of being lethal and hence cannot be sampled, 
investigations on the chromosome constitution of aborted 
foetuses!’ support the conclusion that the majority of 
autosomal trisomic conditions involve chromosomes in 
groups D (chromosomes 13, 14 and 15), Æ (chromosomes 


362 


17 or 18) and G (21 or 22). Sumiarly, chromosomes from 
these same groups appear to be involved in translocation 
rather more frequently than chromosomes from other 
groups. In addition to these autosomal anomalies, non- 
disjunction involving the X chromosome also occurs far 
more frequently than would be expected if all chromo- 
somes were involved at random. 

A number of possible explanations have been put 
forward to account for the apparent non-random involve- 
ment of chromosomes in these groups. Yunis'* has re- 
ported that large portions of the chromosomes involved in. 
trisomy or translocation undergo replication late in the 
DNA-synthesizmg phase and, on the assumption that these 
late replicating regions are genetically ert, suggests that 
loss or gain, of these chromosomes (or chromosome parts) 
may bo far less deleterious than loss or gain of other auto- 
somes. This argument is most certamly a valid one, but 
it should also be noted that these so-called “late repli- 
cating” chromosome regions are heterochromatic and 
that such regions tend to undergo fusion in the interphase 
nucleus. Heterochromatio fusions may take place be- 
tween, homologous or non-homologous chromosomes and, 
because a close spatial association between chromosomes 
involved in an exchange of parts 1s a prerequisite for 
exchange, chromosomes and chromosome regions bearing 
large blocks of heterochromatin may be mvolved in 
translocation far more frequently than chromosomes 
containing little heterochromatin!’?. Heterochromatic 
fusions may therefore play some part in modifying the 
distribution and frequency of translocation in the human 
chromosome complement, but 1b is doubtful if such fusions 
could lead to non-disjunction and trisomy. 

Tt has been pointed out that the chromosomes that are 
most frequently involved in aberrations (including non- 
disjunction) are chromosomes that appear to bear nu- 
cleoli#®, Ag many as six nucleoli can be distinguished in 
human interphase or prophase nuclei although m the 
majority of cells the observed number is considerably 
less than six due to nucleolar fusion. A number of recent 
investigations’*-*! have shown that the nucleoli in man 
are organized on the short arms of the acrocentric chromo- 
somes in groups D and G and these chromosomes are 
characterized by well marked secondary constrictions and 
distinct satellites!*.**. Included in group @ are the 
chromosomes involved in the aetiology of mongoliam 
(chromosome pair 21) and these are satellited and bear 
nucleoli?)21, 

It is sometimes stated that the human nucleoli bearing 
chromosomes are more prone to undergo breakage than 
the other chromosomes in the complement'*1", There 18 
no evidence in support of this contention but, following 
their reformation, at the telophase of mitosis, nucleoli 
frequently undergo fusion (up to 83 per cent of early 
prophase nuclei in human somatic cella have been reported 
to contain a single large nucleolus? and about 70 per cent 
of meiotic pachytene nuclei!*) and the close proximity of 
acrocentric chromosomes sharing a common nucleolus 
may increase the opportunity for exchange between such 
chromosomes. Nucleolar fusion, therefore, will also 
influence the frequency and distribution of translocations, 
but the question at issue 1s whether such fusions play a 
causal part in the induction of non-disjunction. 

In somatic cells, nucleoli become reduced in size during 
the prophase of mitosis and have usually disappeared 
before metaphase. At meiosis there is a similar progressive 
diminution in size of nucleoli throughout prophase leading 
to their disappearance before the completion of diakinesis. 
In female mammals, oocyte nuclei proceed through the 
early prophase stages of meiosis usually prior to, or shortly 
after, birth, but then come to rest in a late prophase stage 
known as the diotyate stage. Nucleoli are still prominent 
at the dictyate stage and do not disappear until the 
oocyte ultimately proceeds into diakinesis and metaphase I 
of meiosis. In man therefore viable eggs which are liable 
to be fertilized may develop from oocytes that have re- 
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mained in a dictyate stage for up to 40 or so 
years. 

I would like to suggest here that with an increasing 
duration of stay in the dictate stage there 1s an increasing 
probabiity that the nucleoli may not be completely 
broken down during diakinesis and thus persist through 
metaphase and anaphase. Persistence of a nucleolus 
shared by both partner chromosomes of a bivalent will 
lead to a physical difficulty in the separation of the half 
bivalents at anaphase I and would be expected to result 
in pon-disjunction. Further, ıt might be expected that 
the probability of disjoining failure would be enhanced 1f 
the nucleolar organizer is located close to the centromere, 
as indeed 18 the case in the nucleolar bearing chromosomes 
of man. 

Persistent nucleoli have been reported in somatic and 
meiotic nuclei of a variety of plants and animals**, and of 
particular relevance to the present suggestions are the 
reports on the role of a persistent nucleolus in the meiotic 
cells of males of certain coleopteran species. Here a 
non-chiasmate association of three X chromosomes 
sharing a common nucleolus results in a directed non- 
disjunction that ensures a segregation of all the X chromo- 
somes from the single Y chromosome. 

If the production of trisomy resulting in Down’s syn- 
drome in man is a consequence of the mechanical preven- 
tion of disjunction due to nucleolar persistence, then this 
immediately suggests a possible reason why virus infection 
could be important in relation to the aetiology of this 
condition—or indeed any other condition that involves 
trisomy of a nucleolar bearmg chromosome—particularly 
if the viruses are DNA viruses that replicate within the host 
cell nucleus. 

Investigations on mammalian cells infected by DNA 
viruses that replicate in the host cell nucleus have all 
shown that the nucleolus plays a most important part in 
the development of the virus. An merease in the size of 
the nucleolus has been observed with all intranuclear 
DNA virus infections that have been investigated™*, and 
enlarged nucleolini have been observed with varicella‘, 
polyoma?’, simian virus 40, polyoma, common wart virus 
and Shope papilloma, whereas nucleolini are unaffected 
by vaccinia?*#—a DNA virus that replicates ın the cyto- 
plasm**—or Newcastle disease (an RNA virus). 

In the electron microscope investigations of Gran- 
boulan et al.*8, infections with each of the four DNA 
viruses investigated all resulted in nucleolar lesions 
(“spotted nucleoli”) characterized by an increase in the 
amount of intranucleolar chromatin and a number of 
dense condensations within the nucleolus. 

Recently Kachani*® isolated a hepatitis virus from 
patients suffering from acute or chronic hepatitis epidemica 
or serum hepatitis. This virus was also found in sewage 
and faeces as well aa in blood of some normal donors and 
was shown to be a DNA virus. A DNA virus responsible 
for canine hepatitis was recently found’! to be a typical 
intranuclear replioating virus, and if its human counter- 
part behaves in a similar fashion then it would follow 
that it must influence the structure and behaviour of the 
nucleolus. The suggestion that we make, therefore, is 
that any intranuclear DNA virus that entered human 
oocyte nuclei would, by virtue of its effect on the nucleolus, 
interfere with the normal dissolution of the nucleolus if 
and when the cell was allowed to complete its meiotic 
division. 

It should be pointed out here that Polani & al.™, in a 
paper that has unfortunately been ignored or overlooked 
by many authors in discussing the aetiology of Down’s 
syndrome, have suggested that the persistence of nucleolar 
remnants might be an important factor in the develop- 
ment of this condition. This possibility was suggested on 
the basis that: (i) nucleol in aged oocytes might be more 
resistant to the normal nucleolar breakdown processes, 
and (ii) nucleolar persistence might inhibit pairing of the 
nucleolar bearing chromosomes so that no chiasmata 
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could be formed—the chromosomes remaining as un- 
paired univalents. 

It 1s indeed well known that nucleoli may inhibit pairing 
and hence chiasma formation ın thew immediate viomnity™, 
but it is equally clear that pairing and chiasma formation 
are completed before diplotene. Thus these processes are 
completed before or shortly after birth in the case of 
the human oocyte (compare von Winiwarter’s*® classic 
investigations of rabbit oocyte nuclei) and hence prior to 
the development of the cell to the dictyate (diplotene) 
resting stage. It follows, therefore, that if failure of pairing 
and of chiasma formation were important causal factors 
in the non-dis)unction of chromosome pair 21 in the human 
oocyte, such non-disjunctional events would not only be 
independent of the age of the oocyte, but would also be 
independent of any infectious or other process influencing 
the behaviour of the nucleolus. 

Finally, we should note that the factors that are respon- 
sible for the dissolution of the nucleolus at mitosis or 
meiosis are not well understood. On the other hand, it 
can be shown that nucleoli can be made to persist at 
mitosis, for example by the use of cobalt salts™*, and that 
their propensity for fusion in interphase can be enhanced, 
for example by treatment with thyroxin®®. If nucleolar 
persistence is indeed the major cause of trisomy in man, 
then a better understanding of the processes resulting in the 
normal dissolution of this organelle could well lead to the 
development of a simple and effective remedial therapy. 
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Tum regular helical conformations of polypeptide chains 
are often described in terms of the parameters n, the 
number of residues per turn, and h, the height per residue’ *, 
These parameters can be related directly to the dihedral 
angles p and p which describe the local conformation at 
each «a-carbon atom in terms of the angles of rotation 
about the N-C2 and Ce-C’ bonds*. Miyazawa‘ has de- 


Stereochemical studies predict bent h 
CO and NH groups in the peptide chains of a- 
crystallography has revealed the existence of such bonds In myoglobin 
and lysozyme. 


drogen spl a ih some 
ellces. X-ray 


rived the appropriate equations in a convenient form and 
we have shown, in a previous publication®:*, that in general 
there are two solutions, that is, two pairs of angles 9 and 
p, both for right-handed and for left-handed helices, 
corresponding to any n, h. (In a limiting case, however, 
the two solutions for each handedness may coincide, and 
for some choices of n and h no solutions exist*-*.) 
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In the case of the a-hehx, the 3,,-helix or any other 
helix stabilized by hydrogen bonding, one of the pairs of 
dihedral angles corresponds to the helix as originally 
described? * (designated here as ay, (3,5)7, etc.) with nearly 
straight C=O... H-N hydrogen bonds of normal length. 
In the other solution (designated here as ay, (3,¢)11, ete.), 
the planes of the peptide groups are tilted in such a manner 
that, while n and h are maintained constant, the N-H 
groups point toward the helix axis and the C=O groups 
point away from it. The dihedral angles corresponding to 
both solutions for the «-helix were listed earher’. It was 
stated®:* that “no hydrogen bonds can be formed between 
adjacent helical turns and, therefore, no stable helices 
corresponding to the second set of solutions exist”. 

The dihedral angles for both I and IL versions of the 
“standard” (as regards n and h) «-helices®.* and 3,,-helices 
are given in Table 1. It should be noted that the dihedral 
angles published before’® for the 3,9-helix correspond to 
the (3,9)y7 variant of this helix, that is, to the form in which 
no hydrogen bonds can be formed. 


Table 1. DIHEDRAL ANGLES* OF THE RIGHT-HANDBD +t a- AND 8,,-HBLIOES $ 





n 
Helix type (adua h 9 y Hydrogen bonding 
turn (A/reafdue) (degrees) 
ar 36 165 127 128 Straight 
arn 36 15 87 162 Bifurcated, bent 
guys 3-0 2-0 160 126 Straght 
Bior 3-0 2:0 100 179 None 


* According to the standard conventions? 
+ For the left-handed helices, * p.~360°~ qpa and pi =360° — yr. 
¢ Calculated for the angle r[NO20’]=109 5°. 


Recently, we have investigated the hydrogen-bonding 
properties of the two solutions in more detail. No hydrogen 
bonds can be formed at all in a helix of several turns in 
which all dihedral angles correspond to the ay-helix: the 
tilting of the N~H and C=O groups with respect to the 
helix axis moreases the O . . . H distances to 2-9 A, and the 
bond angles are reduced to 109° for the NHO e and 
118° for the HOO angle (as compared with 1-89 A, 157°, 
and 164°, respectively, for the ay-hebx). 

If, however, any one or more of the last three peptide 
units at the C-terminus of an a-helix were in the conforma- 
tion corresponding to the ay-helix, with the rest of the 
helix retainmg the ay-helical conformation, then the N-H 
groups of the tilted terminal peptide units would point 
approximately midway between the C=O groups of tho 
third and fourth preceding residues (Fig. 1). Thus, the 
hydrogen bonding arrangement of these residues is inter- 
mediate between that of the ay-helix and the (8,,)7-hehx, 
while the helical parameters n and h are still those for the 
a-helix’, This structure represents an example of “bi- 
furcated hydrogen bonds” discussed by Baur’. For the 
C=O atoms belonging to a peptide group in the «y-helical 
conformation and the N-H atoms of the fourth following 
residue (corresponding to the «-helical hydrogen bond 
arrangement), which is in the tilted «yy-helical con- 
formation, the O...H{ distance is 2-1-25 A, with an 
NHO angle of 113°-127° and an HOC angle of 129°-151°. 
Between. a similar C=O group and the N-H group of the 
third following residue (corresponding to the 3,,-helical 
hydrogen bond arrangement), the O...H distance is 
1-5-1-8 A, the NHO angle is 140°~143°, and the HOC angle 
is 104°~111°. Both hydrogen bonds are considerably bent. 
The parameters of the 3,-type hydrogen bond, however, 
are more favourable, both as regards the 0... H distance 
and the NHO angle. The HOC angle is presumably less 
critical’, 

At the residue where the transition from the ar- to the 
ay-helix occurs, there is a slight distortion of the helix, 
that is a displacement of one C2-atom, because of the 
restrictions on bond angles. This results in differences in 
the parameters characterizing the various hydrogen bonds 
in the transition region, as indicated by the ranges already 
quoted. 
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X-ray orystallographio investigations indicate that the 
ay conformation can actually occur in proteins. In 
myoglobin, most of the «-helical segments are terminated 
by one or two peptide units in a tilted position, forming 
bent hydrogen bonds of the 3,,-type, and having ọpọ and ù 
values close to those calculated for the ay;-helix (Kendrew, 
J. O., personal communication). In lysozyme, several 
even more extensive sequences of o7-helical peptide units 
ocour within various helical segments with hydrogen 
bond arrangements as described here. The conformations 
(, Ņ) are close to that calculated for the ayy-helix. 

If one to three consecutive residues in the interior of an 
«-helix have the ay-helical conformation, they can form 
the bifurcated hydrogen bond with the preceding turn of 
the helix (that is, that toward the N-terminus), as already 
described. No hydrogen bonds with the following turn of 
the helix are possible, however, because of the wrong 
orientation of the C=O groups of the tilted residues: 
the O...H distances are all greater than 2-5 A (Fig. 1). 
By the same token, ary-helical residues at the N-terminus 
of an az-helix cannot form any hydrogen bonds. 

In the (3,,)yy-hehx, the second solution for n=8-0, 
h=2-0 A, the peptide groups are tilted in a manner similar 
to that described for the ay-helix. Hydrogen bonding is 
unfavourable everywhere. If a (3,,)y-helix were followed 
by one or more peptide units in the (3,,)17 conformation, 
several very close approaches (<1-5 A) would occur 
between atoms of a C=O and an N-H group separated by 
one residue. Thus, the second solution for the 3,)-helix 
does not appear to be stable. 


Coaxial 


ar 
H-Bonds 
Bifurcated 
H-Bonds 
Air 
No 
H-Bonds 





Fig. 1. Transition region in an a-helix from the ar to the au-helical 
conformation. The helix is represented as being wrapped around s cylin- 
der, for thesake ofclanty, so that only the front is shown. The chango 
from the angles corresponding to the ar-helix to those for the an- 
helix ocours at the C-atom marked by an asterlak. The straight hydrogen 
bonding directions on each amide H and O atom are marked by a 
dashed line. The bifurcated h n bonds ın the transition region are 
indicated by dotted hnes o such bonds can form in the an-helix 
{lower part of figure). 
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_ Aeeording to computations of the potential energy of 
polypeptide helicés", the (3,9)r-helix is energetically very 
unfavourable. The oy7-helix, however, is not much higher 
in energy than the ay-helix. Thus, it is very likely that any 
8,0-type hydrogen bonding observed in polypeptide helices 
-oceurs in a combination of the a and ayy helices rather 
than as a true 3,9-helix. The entire region between the 
_ positions of the ay- and the oy-helix on the conformational 
map is of low potential energy. Throughout this region, 
_ the helical parameters n and h are very close to the theo- 
retical values for the a-helix??, so that structures inter- 
“mediate between the ar- and oyy-helix could occur easily, 
as-is observed in myoglobin (Kendrew, J. C., personal 
communication) and lysozyme. 

“All numbers cited for the «-helix in this article were 
computed for the exact theoretical values of n= 3-60, 
h=150 A. As discussed in the previous paragraph, 

however, slight variations in % and h can oceur without a 

large increase in potential energy. The conclusions 
| reached here are therefore valid even for a-helices which 

differ slightly from the “theoretical” a-helix. The para- 
“meters characterizing the hydrogen bonds change in a 
continuous manner in the transition region between the 
<ar- and ayy-helices. 

Because of the variations which occur in the arrange- 
‘ment of the hydrogen bonds, as described in this article, 

the two usual criteria for the classification of various types 
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of helices, that is, the n and h parameters on one hand, and 
the hydrogen bond arrangement (as described by- the 
parameter R in the Sp notation!) on the other hand, 
do not always coincide. Thus, whenever observed. struc- 
tures are said to have a-helical or 3,)-helical character, 
it is advisable to state which of the two criteria is being 
used for the classification. 

We thank Dr. J. ©. Kendrew for making unpublished 
data on myoglobin available to us. ne 
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JALCAREOUS sponge spicules are composed mainly of 
calcite and are enveloped by an organic sheath, which 
appears from its reaction to stains to consist of a thick- 
ening of the ground substance which embeds the spicule!?. 
The spicules also exhibit a fine line along the centre of 
their rays, particularly after heating. This is the so-called 
central canal or axial filament, the nature of which has 
been a subject of much controversy. Von Ebner? showed 
that the darkening of this axial region after igniting the 
spicule is caused by the production of vacuoles, not carbon 
particles, in contrast. to the behaviour of the sheath, which 
does carbonize on heating. From the absence of any 
residue after acid corrosion he concluded that the filament 
was not organic, but merely a region of less pure calcite. 
Impurities (magnesium, sodium and sulphate ions and 
probably water) were known to occur in the spicules, and 
these could account for the differences in properties 
“between the spicules and pure calcite. Bütsehlit sup- 
“ported this interpretation, although after corrosion by 
‘hydrochloric acid he did detect a slight residue with the 
form of a shrivelled, twisted tube. He observed that 
natural caleite also could leave a slight residue after 
corrosion, somewhat like the spicule fragments. Maas? 
and Weinschenk®, however, took a different view, affirming 
that the spicules are composed of innumerable crystals of 
calcite embedded in an organic matrix. Their observations 


Stain reactions and electron microscopy indicate that the characteris- 


tic crystallographic structure of the sponge spicules is not the result 
of the growth of calcite over an organic precursor. The axial 
filament sometimes seen in the spicule rays probably consists of 
inorganically impure calcite. 


have been severely criticized by Bütschli”. The contro- 
versy was apparently settled finally by Minchin? and Min- 
chin and Reid’, who demonstrated the presence of a dis- 
tinet stainable axial filament in a variety of spicules by 
means of picronigrosin. Minchin and Reid* have reviewed 
the early research concerned in the controversy, and Büt- 
schli® has quantitatively analysed the spicules of Leucandra 
aspera. They contained 86-76 per cent calcium carbonate, 
6-84 per cont magnesium carbonate, 0-26 per cent ferric 
oxide, 1-97 per cent calcium sulphate dihydrate, 3-14 per 
sent water and 0-42 per cent organic matter, but because 
the organic content varied widely from sample to sample 
(0-0-42 per cent), Biitschli thought it was derived, not 
from the spicules themselves, but from foreign matter 
grown on or in the sponge. 

More recently I have shown that the sheath of spicules 
of Leucosolenia complicata, when isolated by means of 
potash solution, is an artefact, consisting of the true 
sheath together with an inorganic deposit laid down on 
its inner surface as corrosion proceeds”, The deposit 
is produced by the interaction of the calcite and the 
potash. The true sheath was shown to be a thin, retractile 
structure, which can be softened by concentrated hydro- 
chlorie acid, but not dissolved completely. No trace ofa 


residue from within the spicule substance could be detected 
during acid corrosion. Minchin and Reid‘, however, stated 


ee 
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that spicules of the Leucosoleniidae do not show the axial 
filament as clearly as do those of the Clathrinidae. 
Minchin and Reid used spicules that were either free in 
distilled water, or embedded in eoagulated albumin, when 
staining the axial filament. The ins used (nigrosin or 
indulin) were either combined with acids (nitric, acetic, 
hydrochloric or picric), or applied after decalcification of 
the spicules using one of the acids mentioned. With 
albumin-embedded spicules they obtained a stained fila- 
ment running along the centre of the cavity formerly 
occupied by a spicule ray, but because the albumin also 
took the stain, the sheath could not be distinguished with 
certainty from the enveloping albumin. With the non- 
embedded spicules thoy found that the sheath stained so 
deeply that the axial filament was largely obscured. Also 
with non-embedded spicules they observed that acetic 
acid corrosion by itself revealed only the axial filament, 
probably because the sheath had collapsed around this, 
but when the acetic acid was combined with the stain 
both filament and sheath were left intact. It thus appears 
that the only observation in which both sheath and 
filament were simultaneously detected without doubt was 
the one made when acetic acid was combined with the 
stain. Minchin and Reid, however, also stated that acetic 
acid tended to leave a flaky deposit when used in com- 
bination with the stain, and one is mindful of von Ebner’s 
experience concerning the use of acetic acid and Bismarck 
brown®. This combination gave membranous formations 
not only with sponge spicules, but also with pure calcite, 
beeause the calcium carbonate and the stain reacted to 
form an insoluble precipitate. None of Minchin's and 
Reid's observations, therefore. can be accepted as con- 
clusive. The so-called stained filament obtained with 
albumin-embedded spicules might well have been merely 
the sheath itself in a partially contracted condition, just 








Fig. 1. (4) The sheath of a spicule of Clathrina coriacea photographed 
in water after embedding in ‘Laktoseal’ and decalcifying with picroni- 
grosin. Boundaries of the ‘Laktoseal’ are visible at the tips of the rays, 
where it was unable to penetrate between the spicule and the slide. (B) 
The remnant of a picronigrosin-decalcified broken spicule of C. coriacea 
exhibiting an apparent axial filament, which lay beneath the spicule and 
was produced by the two opposing edges of the ‘Laktoseal’ being unable 
to meet beeanse of the contiguity of the slide and spleule surface. 


NATURE, VOL. 214. APRIL 22. 1967 





Spicule sheaths similar to the one shown in Fig, 14 after dehyd- 

rating in alcohol, clearing in xylol for a few seconds and returning to 

water. The sheaths have contracted transversely along their length and 
now run along the cavities formerly occupied by spicule rays, 


Fig. 2, 


as could Bitschli’s shrivelled, twisted tube left after acid 
corrosion’. Even if the axial filament were to exist as a 
discrete structure there would be no clear evidence that 
it is organic. Minchin and Reid themselves admit that it 
does not stain with carmine, Kernsehwarz, or indigo- 
carmine, It is surprising that they found the sheath to 
be delicate and much less strong than the filament. On 
the contrary, I found only a sheath left by spicules of 
Leucosolenia after corrosion by distilled water, and while 
this was somewhat flexible, it had sufficient rigidity to 
support the weight of the corroding calcite of a spicule 
resting on the tips of its rays'®, 

I have now investigated the action of picronigrosin on 
spicules of Clathrina coriacea embedded in ‘Laktoseal’ 
(Edward Gurr, Ltd.). A suspension. of the spicules in 
absolute aleohol was placed on a slide and the aleohol 
was ignited. When the slide was cool some ‘Laktoseal’ 
was poured over the spicules and spread as thinly as 
possible by tilting the slide. The slide was then placed in 
an oven at 35° C for several days, during which time the 
‘Laktoseal’ hardened to form a rigid lamella which was 
easily detached from the glass. Lamellae prepared in this 
way were immersed in picronigrosin (alcohol saturated 
with pierie acid and nigrosin) for half an hour. After 
rinsing in water the cavity left by the decalcification of 
a spicule was photographed (Fig. 14). No axial filament 
could be observed and the stained sheath was everywhere 
adherent to the surrounding unstained ‘Laktoseal’, The 
faint lines seen near the tips of the rays or along the 
axes of the rays (Fig 14, B) were simply the edges of the 
‘Laktoseal’, where this had been unable to penetrate 
between the spicule and the slide. The lamellae were then 
dehydrated in aleohol and cleared for a few seconds in 
xylol. The latter caused the lamellae to soften and curl 
somewhat, and freed the sheath from the ‘Laktoseal’, so 
that, on returning the lamella to water, the spicule rem- 
nant appeared as in Fig. 2. The sheath had contracted 
in the transverse direction and now appeared as an axial 
filament running along the cavity of each ray. The 
appearance is similar to that obtained by Minchin and 
Reid, except for the absence of staining of the enveloping 
‘Laktoseal’, Similar results were obtained with Gurr’s 
carmine ammonia picro after corrosion by 0-5 per cent 
acetic acid. Likewise if the spicules were embedded in 
glycerine jelly before decalcifying and then staining with 
the picrocarmine, no axial filament, only the sheath and 
the boundaries of the jelly beneath the spicules, could be 
seen. Dehydration and clearing in this case resulted in 
some contraction of the jelly and a consequent tendency 
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Fig. 3. Sheaths of spicules of Clathrina coriacea after embedding in 

glycerine jelly, decalcifying in 0-5 per cent acetic acid, rinsing in water, 

staining in picrocarmine, clearing and mounting in D.P.X. g, Granules; 
Gd, boundary of glycerine jelly; 8, sheath. 


¿for enlargement of the cavities formerly occupied by the 
spicules (Fig. 3), This indicates that the sheath is exten- 
sible as well as being retractile. In some cavities granules 
were apparent, but these probably lay on the outer surface 
of the sheath concerned. 

Some other evidence requires clarification. Minchin? 
detected a distinct axial filament and sheath when he 
applied picronigrosin to pieces of the wall, or to unde- 
ealcified sections, of Clathrina coriacea, but again the 
so-called filament could have been none other than the 
constricted sheath, separated from the rest of the en- 
veloping ground substance. Interestingly, however, he 
mentions that when he unmounted some permanent 
preparations of this sponge and applied picronigrosin to 
them, the delicate filaments could be made out only with 
great difficulty, whereas the sheaths were well shown. 
Also relevant are the experiments of Maas® 11! on the 
rearing of young Sycandra in sea water containing no 
carbonate ions. After the larvae had settled and meta- 
morphosed, Maas found that the young spongelets pro- 
duced flexible ‘“‘spiculoids” of irregular form, instead of 
the normal spicules. The spiculoids were apparently 
composed of organic matter, but even so, this is no proof 
that the normal spicules likewise contain organic material, 
because Maas also stated that the ground substance could 
become richly developed and exhibit membranous struc- 
tures in these spongelets. The spicule sheath develops 
at the same time as the spicule calcite? and the sheath 
has apparently a similar composition to the ground sub- 
stance, and so it follows that Maas’s spiculoids could have 
been produced by an over-secretion of the material of the 
sheath. 

Fresh evidence concerning the nature of the sheath and 
the absence of an organic filament has recently been 
obtained with the aid of the electron microscope. Sections 
of Leucosolenia complicata (decalcified by acid alcohol) 
were obtained by a method already published}, These 
revealed that the cavities formerly occupied by spicule 
rays contained no trace of structure whatsoever (Fig. 4). 
This contrasts strongly with the result obtained by Lévi" 
for the siliceous spicules of Mycale contarenti. ` At the 


367 


periphery of the spicules of Leucosolenia there is. a con- 
eentration of fibrils, which also occur in parts of ‘the 
mesohyl (Fig. 5). The distribution of the fibrils is: not 
uniform, and they clearly bind some spicule rays closely 
together. They appear to be less abundant in the vicinity 
of the choanoderm. These observations conform ‘with 
those made earlier, that the mesohylial matrix was more 
easily swollen and dispersed by potassium nitrate solution 


in parts closest to the choanoderm, and that while. the 
older spicules appeared often to be attached together, the 


small spicules growing in contact with the choanoderm 
could rotate and move about!*7, For Clathrina coriacea, 
Herlant-Meewis'® also distinguished two layers in the 
mesohyl, an outer skeletal layer and an inner amoebocytic 
layer. The outer layer is apparently a firm gel, for Min- 
chin’? noted that it had a sharply defined outer limit 
which became clearly visible during the contraction of the 
exopinacoderm covering the outer surface of the oscular 
tube. 

The fibrils visible in Figs. 4 and 5 are about 100 A or 
less in thickness. In places they exhibit alternating light 
and dark bands, spaced at intervals of about 140-180 A. 
They may be a form of collagen, for hydroxyproline has 
been extracted from this sponge**. On the other hand, 
orcein stains the spicule sheaths in Leucosolenia™, and the 
network of fine, granular fibrils detected in the collagenous 
ground substance of C. coriacea by Herlant-Meewis*™* 
using the light microscope has the staining reactions of 
so-called elastin. The retractability and extensibility of 
the spicule sheath also suggest an elastic substance. 
Collagen fibrils have been found in Sycon raphanus™ and 
silver-staining fibrils occur in Clathrina (= Leucosolenia) 
falcata” and Leucandra sacchari. 

The spicule sheaths of developing spicules of Leuco- 
solenia are extremely thin and membranous. They can 
be seen in a partially contracted condition while still 
enveloped by the secretory calcoblasts (Fig. 6). One often 
observes two intercellular junctions around the spicule 
ray (Fig. 6), indicating that the two cells responsible for 
secreting the ray?! are separate cells, Whether this is so 





Fig. 4. Electron micrograph of a section of Leucosolenia complicata 

showing part of the cavity formerly occupied by a spicule ray and the 

fibrils aggregated at the surface of the spicule, Part of an exopinacocyte 
which projected into the mesohy! is also shown (top right). 
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for the six calcoblasts at the beginning of the development 
of a triradiate is at present unknown. Minchin? com- 
mented that the cells of the sextet in Clathrina were 
either syneytially fused centrally, or in very close contact. 
For those of Leucosolenia he made no assertion™, but 
maintained that the pair of cells which formed a monaxon 
were incompletely separate at first. Woodland® likewise 
was uncertain that cell fusion occurred with the sextets 
of Sycon, although he could detect the limits of the 
individual cells at later stages of spicule formation by 
staining with Kernschwarz. If the sextets are not syn- 
eytia, spicule secretion might well be an extracellular 
process, the calcite crystallizing in the space bounded by 
the six cells. 

It has already been shown that there is no convincing 
evidence for the existence of an organic axial filament in 
the spicule rays; the line sometimes seen in the axis of 
the rays is probably a region of less pure calcite grading 
into the purer material on the outside, as von Ebner’ 
concluded. This is of great significance in relation to the 
mechanism of spicule orientation. Each spicule is erys- 
talline and behaves as a single-crystal individual?**, The 
spicules tend to be oriented, both as regards their external 
form and their internal crystalline substance, in a definite 
way in the sponge tissues*:?6.27, To explain the orientation 
of the erystallographie axes I have postulated an oriented 
overgrowth of the calcite on precursor material, which 
was at that time presumed to be organic®?. The concept 
of organic precursor material arose from Minchin’s ob- 
servation? that birefringent calcite was secreted on the 
central junction of three non-birefringent rodlets. Minchin, 
however, made his observations on preparations that were 
over a year old, some of which showed evidence of cor- 
rosion, Thus, quite possibly the non-birefringent rodlets 
may have been spaces left by the corroding calcite. In 
any case the rodlets were extremely thin and it would 
have been difficult to detect any birefringence in them, 
especially because the optic axis of the spicule was almost 
coincident with the axis of the microscope. Tt seems from 








Fig. 5. Electron micrograph of a section of Leucosolenia complicata 

showing two cavities formerly occupied by spicule rays (SR) that were 

attached together by a dense network of fibrils. Part of the exopinaco- 
derm is visible at the top. 
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Fig. 6. Electron micrograph of a section of Leucosolenia complicate 

showing two spicule rays in the course of development. Each cavity is 

bounded by a delicate, contracted sheath. The upper ray is enclosed by 

two calcoblasts as shown by the two intercellular junctiona (j). The 

lower ray has one calcoblast, which contains large granules. Mitochon- 
dria (m) and choanoertes (ch). 


the evidence now presented that an organic precursor 
substance is not initially secreted, and that an alternative 
hypothesis is needed to explain the orientation of the 
spicule calcite. It is conceivable this could arise by the 
impure calcite tending to crystallize in a particular form 
within the space enclosed at the centre of the sextet by the 
six calcoblasts. The shape of the available space might well 
exert a mechanical orientating action on the developing 
erystal, such that its crystallographic axes bear a definite 
relationship to the arrangement of the six cells. These 
cells are arranged as two tiers of three cells and, because 
the outer trio remains at the central junction of the 
developing spicule, while the inner three cells move 
radially outwards, lengthening the rays as they go, the 
former three cells by their grip could well maintain the 
initial crystallographic orientation throughout spicule 
development. 
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Model System for Hydrophobic Interactions 


by Small glass beads coated with dichlorodimethyl silane can be regarded 


R. CECIL 


Department of Biochemistry, 
University of Oxford 


as uniform particles of solid hydrocarbon. They have been used to 
study hydrophobic interactions, by finding the point at which their 
aggregates break down as the polarity of the solution in which they 


are placed is decreased. 


_ Tue importance of hydrophobic interactions in stabilizing 
the structure of proteins is now accepted, and it has been 
shown that the groups involved in such interactions may 
have their chemical properties considerably modified! ?. 
Many experiments on proteins depend on observing 
changes in their chemical and physical properties in the 
. presence of different solvents, and it is important to be 
able to apportion the effects of these solvents between 
-hydrophobie interactions and the other non-covalent 
forces. 

One of the difficulties is to find a system in which the 
- specifie effects of solvents on hydrophobic interactions 
ean be studied. Bruning and Holtzer? have measured 
‘changes in the critical micelle concentration of n-dodecyl- 
- trimethylammonium bromide in the presence of urea and 
“observed a small but steady increase as the concentration 
iof urea was raised from zero to 6 moles/l. Whitney and 
-Tanford4 measured the solubility of some amino-acids 
with non-polar side chains in aqueous solutions of ethanol 
and urea. They subtracted the figures for glycine and 
calculated the contributions of the different side chains to 
the free-energy of transfer from water to the two solvents 
and found that the free-energy of transfer to 8 molar urea 
was leas than that to 40 per cent ethanol. 

In both these methods the inherent insolubility of long 
chain hydrocarbons was overcome by introducing charged 
groups, with the result that the systems were no longer 
purely hydrophobic. In the present work this problem of 
hydrocarbon insolubility has been overcome in another 
way. Small glass beads (0-2-0-3 mm in diameter} were 
immersed in boiling concentrated hydrochloric acid for 
10 min, washed with water and dried. They were then 
coated with methyl groups by exposure to the vapour 
of dichlorodimethy] silane? for 12 h. The excess reagent 





Fig. 1. 
dichiorodimethyl silane as deseribed in the text. a, In water and low alcohol concentra- 


tions showing the formation of clusters, 6, 4 
dispersal as individual beads, 


Photographs of 0-2 mm diameter glass beads which had been treated with 


b, At high alcohol concentrations showing 


was subsequently removed by extraction with carbon 
tetrachloride. 
Glass beads treated in this way can be regarded as 
particles of solid hydrocarbon, of uniform size, except that 
their solubility in non-polar solvents is effectively zero 
and, being of higher density, they remain immersed in: 
aqueous solutions. In “ordered” liquids such as water or 
formamide they undergo normal hydrophobic interactions 
and consequently aggregate into clusters, whereas in non- 
polar solvents they remain as individual beads (see Fig. 1), 
The transfer of beads from an aggregating to a mon: 
aggregating solvent involves a change in both the area 
in contact with the liquid (A) and in the interfacial tension 
(y). The free energy change can therefore be written as 


AG=yAA+A Ay 


where Ad is the area of contact between aggregated beads. 

This free energy change is compensated by changes in 
entropy and enthalpy in the solvent caused by the break- 
up of interactions between the beads®”, The degree of 
aggregation was observed with the beads at rest im test- 
tubes and so the effect of mechanical disturbance on a 
macroscopic system can be ignored. 

The area of contact between spherical beads must be 
finite and can be defined as the area contained within a 
minimum distance of separation, this being small iin 
relation to the radius. The ratio of the area, A, in contact 
with the solvent to AA will therefore be proportional to 
the radius, and it follows that the tendency to form aggre- 
gates increases with decreasing size of beads. The best 
results were obtained with beads of 0-2 mm and 0-3 mm 
diameter; larger beads do not form stable aggregates, 
while smaller ones (< 0-1 mm) tend to collect at the air- 
liquid interface*. 

Frank and Ives? have considered the 
thermodynamic properties of aleohol—- 
water mixtures; they concluded that addi- 
tion of aleohols to water results in a rapid 
breakdown of the water strueture and that 
this effect becomes more marked as the chain 
length of the aleohol increases. Table 1 
shows the effect of various water-alechol 
mixtures on 0:2 mm beads at 25° C. 
Approximately 0-1 g of beads together with 
5 ml. of liquid were placed in stoppered 
test-tubes and agitated gently for about 
10 min in a water bath at constant tempera- 
ture. At low concentrations of alcohol 
clusters are formed, each containing about 
fifty beads, denoted as “O” (Fig. la). At 
high concentrations of alcohol, the beads 
remain as individuals and are denoted as 
“B? (Fig. 1b). The change-over from 
clusters to beads occurs over a reasonably 
small range of alcohol concentration. The 
proportion of beads aggregated was estim- 
ated by eye. Table 2 gives the change-over 
points obtained with both 0-2 mm and 0:3 
mm beads; these are expressed both as the 
percentage by volume and as the molar 
ratio of aleohol to water. Experiments 
were also carried out at 0° © and 40°°C 
in an attempt to determine tempera- 
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ture coefficients, but the change-over points were the same, 


within the experimental error, as those observed at 25° U. 


This suggests that the changes in enthalpy are small and 
that the changes in free-energy must be due mainly to 
differences in entropy and are consistent with Preston's" 
observation that the critical micelle concentrations of 
detergents are virtually independent of temperature. 
The behaviour of formamide is interesting in that it 
appears to be more highly ordered than water. Experi- 
ments with ethanol-formamide mixtures showed that 
(using 0:2 mm beads) the change-over point occurred at 
a molar ratio of 0-38 as compared with 0-18 (Table 2) for 
ethanol-water mixtures. It is relevant that the dielectric 
constant for formamide is 109 as compared with 80 for 


„water, Dimethyl formamide does not behave in this way. 

- Cecil and Thomas? studied the kineties of the reaction 
of tho “unreactive” sulphydryl groups of human carboxy- 
~ haemoglobin 

-Hg(80,),-. the 

| phydryl groups was thought to be due to their involve- 

< ment in hydrophobic interactions, the reaction was studied 
-in the presence of the same alcohols as have been used in 


with the  sulphito-mercuri complex, 
Because the low reactivity of these sul- 


this work and the logarithm of the (first order) rate con- 
stant. was found to increase linearly with the molar ratio 
of alcohol to water. The slopes of the lines increased with 
increasing chain-length of the alcohol. These slopes were 


“then used to compare the relative effectiveness of the 
_aleohols in increasing the reactivity of the sulphydryl 
groups. 
“breaking up the clusters of beads has been calculated 


The relative effectiveness of these alcohols in 


from the molar ratios at the change-over points given in 
Table 2. The figures are given in Table 3; in each case 
methanol has been taken as unity. 

These figures are consistent with the view that both the 


‘break-up of the clusters of beads and the reaction of the 


sulphydryl groups of haemoglobin involve the breakdown 


of hydrophobic interactions. The different sizes of beads 
-give comparable figures for the relative effectiveness of 


ae the alcohols but the change-over points obtained with 


oe 


polvents. 
ammonium sulphate, did not cause any break-up of the 


each alcohol differ for the reasons given already. 
‘Experiments were also carried out with various other 
High ionic strength, in the form of 4 molar 


clusters, neither did the addition of dimethyl sulphoxide 


‘or ethane diol at any concentration. 


Table 1: EFFECT OF ALCOHOLS ON AQUEOUS SUSPENSIONS OF SILANH-COATED 
Oe GLASS BEADS AT 25° C 





Methanol Ethanol n-Propanol n-Butanol 
Op. DH oe Cf AY me 
DoE ty” =e gene 
Bese gexceeg: Bg 
a 20% e0 To = 
Ezg B- ae 82m 
665, =B R 


< Whe alcohol concentrations are given as percentage by volume. “O” 
represente beads in cluster form (Fig. 10) and “B” representa beads as 
individuals (Fig. 1b), “C B” means that half the beads arein each form. The 
beads were 02 mm in diameter, 


Tablo 2, COMPARISON OF THE EFFECT OF DIFFERENT ALCOHOLS ON HYDRO- 
PROBIC INTERACTIONS BETWEEN PILANE GOATED GLASS BRADS OF DIFFERENT 
‘ STARS AT 25 


Change-over point 
protease nil Ana 


ae ew 
0-2 mm beads 0-3 mm beads 
~ pit tote 

% WIT Molar ratio My VV Molar ratio 
Methanol 50 + 6 0-44 +011 3045 O19 +004 
Ethanol 3545 O18 +0-05 25 t4 010 +002 
n-Propanol 1942 0-057 + 0-007 112 0-030 +: 0-006 
n-Butanol 65405 O014+0-001 BH5+0-5 0-007 +0001 


The change-over points from clusters to beads are given both as percentage 
by volume and as the molar ratio of alcohol to water. The data for 0-2 mm 
beads are taken from Table 1; those for 0-3 mm beada were obtained by the 
same technique, 


Table 3 
MeOH EtOH n PrOH n BuO 
0-2 mm heads 1 25 TR 31 
03 mm beads 1 2-0 6:3 27 
HCO 1 3-1 TA 16 
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< Urea did not give a definite change-over point as was 
observed with the alcohols; instead there was a gradual 
break-up of the clusters as the concentration was in- 
creased from 2 moles/l. to 9 moles/l., when the proportion 
between the clusters and beads was approximately equal. 
Thus urea at 9 moles/l. is approximately equivalent in its 
effect on hydrophobic interactions to 35 per cent ethanol; 
this is in accord with Whitney and Tanford’s' finding 
that 8 molar urea is less effective than 40 per cent ethanol. 
Abu-Hamdiyyah" has reviewed recent work on the prop- 
erties of aqueous solutions of urea. He concludes that, 
unlike the simple alcohols, urea molecules can substitute 
for water in a hydrogen-bonded structure and that strong 
urea solutions retain a high degree of hydrogen bonding, 
although their structures will differ from that of water. 
This view provides a possible explanation for the different 
effects of alcohols and urea on the glass. beads. 

7 molar guanidine hydrochloride gave approximately 
the same result as 9 molar urea, but a 2 molar solution 
caused no break-up of the clusters. The effects of 7 
molar guanidine on proteins is more drastic than that of 
9 molar urea but this increased effect clearly cannot be due 
to its action on hydrophobic interactions. 

Sodium dodecylsulphate was effective at a very low 
concentration; the change-over point occurred at 2-3 x 
10-3 moles/l., corresponding to a molar ratio of 41x 
10, This is considerably below the critical micelle 
concentration of 7-6x 10- moles/l.6. The effect of dis- 
solving a detergent in water is essentially the same as 
dissolving a hydrocarbon; in both cases there is an 
increase in free energy due mainly to a decrease in the 
entropy of the water. The negatively charged sulphate 
group serves to increase the solubility of the hydrocarbon 
chain but, at the concentration used, will not in itself 
have any significant effect on the structure of the water . 
(compare the experiment described earlier with 4 molar 
ammonium sulphate). The action of sodium dodecyl- 
sulphate on the glass beads must therefore be attributed 
to a layer, presumably a monolayer, on the surface. The 
fact that the change-over point occurs below the critical 
micelle concentration suggests that the detergent mole- 
cules are in a lower energy state on the surface of the beads 
than in a micelle. 

It was also found that the change-over point remained 
unaltered when the weight of beads was varied by a factor 
of eight (from 50 mg to 400 mg), while the volume of 
solvent was kept constant at 5 ml, This is explained by 
the fact that, at the change-over point, the amount of 
detergent present is approximately 500 times that required: 
to form a monolayer on the surface of the beads. The 
density of methyl groups on the surface of the glass has 
not yet been measured and may be less than in a 
hydrocarbon. Nevertheless this result suggests that there 
may be a significant concentration of a surface-active 
substance present in an aqueous phase which is in equili- 
brium with a non-polar surface. 

The system described here does not aspire to great 
precision but it is restricted to hydrophobic interactions 
and it can be used to compare a wide variety of solvents. 
Moreover the experiments are simple and quick. 

I thank Professor A. G. Ogston and Drs. G. K. Radda 
and I. O. Walker for helpful discussions. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


_ Evidence for an Association between 
Magnetic Field and Gas Outflow from a 
; Spiral Arm 


main features of the local magnetic field have been 
ionably well established from determinations of the 
raday rotation of the polarized radiation from extra- 
ctie radio sources!-*, Previously, however, the pro- 
cted density of observed sources on the sky has been 
00 low to show fine structure in the field distribution. 
tween November 1963 and October 1966, with the 
Kes. 210-ft. telescope, determinations were made of 
polarization, of about 500 sources and we now have 
ence for irregularities in the magnetic field in two 
rections of our Galaxy. 
_ The overall galactic distribution of polarized sources 
shown in Fig. 1. The selection has been restricted to 
extragalactic sources for which the results at wavelengths 
em, 17-7 or 18-4 om, and 20 em unambiguously define 
rotation measure’ independent of wavelength, and for 
hich the degree of polarization is reasonably constant 
er the wavelength range. The data consist of the 
following: 








Reappraised sources of Gardner and Davies? 

New sources 

Sources north of declination +27° (the northern 
limit of the Parkes telescope) 





Total 3 
Each source is represented by a circle the diameter of 
ich indicates the magnitude of the Faraday rotation. 
16 rotation measure is indicated alongside the posi- 
tions; positive values and filled circles denote mag- 
netic fields towards the observer. The dashed line 
marks. the approximate limit of low-velocity neutral 
hydrogen with brightness temperatures exceeding 40° K 
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pie to dm / sec 








possible distortion of the spiralarmn fie! 





Fic, 2 

: *hitsetion of which is shown by arrows) by an outward flow of was 
(ref. 6). 
contour. 

The general distribution of the rotation measures. | 
will be discussed elsewhere. Here we shall direct attention | — 
to two directions in which the values are large yet reverse | 


Ulustration of a 


The fine line represents the +27° deeli 


R 


sense for directional changes of a few degrees. 
located at M= 180°, b= -30° and [T= 15°, W10, 
The rotation measures are unusually large for directions 
that are generally considered perpendicular to the mag. . 

netic field of the local spiral arm (the rotation measure 
is proportional to the path integral of the product of | 
electron density and longitudinal field). The former- 
direction contains a spur of neutral hydrogen in whieh 


there is a narrow tongue of gas flowing away from the 


solar neighbourhood with a velocity of +6 to +9 km/sec 
(Plate 3 of ref. 6). We suggest that the two phenomena 
are related, and that the polarization data are col 
sistent with lines of magnetic field dragged out of th 
spiral arm by the gas flow, as illustrated by Fig 2. In 
such a model, the line-of-sight magnetic field can be large 

while its sense can change for small changes of direction. 
A comparison of Fig. 2 with the distribution. of rotation 





measures near [T= 180°, bll=—30° shows that a more __ 







complicated distortion of the field, probably ir 
considerable twisting, is required. It is implicit in. | 
explanation that the conductivity of the gas is sufficient 





high to produce a “freezing” of the magnetic field. MeGee 


et al. have referred to the close connexion between 


hydrogen spurs and the distribution of HIT ‘regions’, oo 


The presence of ionized hydrogen could account for both 
high conductivity and large rotation measures, ae 
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It is possible that the anti-centre feature is related to 
that part of the local spiral arm known as the Orion 
Spur', although there is nothing to show in our meagre 
evidence in the direction of Orion (= 209°, bH = — 19°) 
that there are any field reversals. The absence of the 
feature in the distribution of polarized galactic emission®, 
which probably originates within 50 parsec of the Sun‘, 
implies that the field distortion is confined to the outer 
edge of the spiral arm, at a distance of 200-500 parsec. 
The other field irregularity near II = 15°, b= +10° is 
not as well defined by the data but coincides with another 
neutral hydrogen spur, where again the gas flow is out- 
ward. By contrast, in all other directions at galactic 
latitudes similar to these spurs the motion is inward. In 
the direction of the second spur, however, contributions 
from the central region of the Galaxy might complicate 
the situation. 

Tt is possible that additional irregularities of the type 
described here occur in other directions, but for these the 
existing longitudinal field will tend to mask small scale 
reversals, which will then not be distinguishable from 
variations in, for example, electron density. 

We thank Miss M. Chapman and Miss J. Milton for 
assistance with computer reductions and figures. 

F, F. GARDNER 
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D. Morris 
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PLANETARY SCIENCE 


Tektites and Geomagnetic Reversals 


Tas microscopic glassy objects which oceur in sediments 
deposited in the Australasian area during and shortly 
after the last magnetic polarity reversal are apparently 
tektites (see succeeding communication). The last reversal 
occurred 0-7 x 10° yr ago: potassium-argon dates! 
indicate that the Australasian tektites were formed 
0-7 x 10° yrago. The tektites were formed and deposited 
at the same time as the geomagnetic field reversed, and 
so both phenomena could have a common cause. 

The principal hypotheses of tektite origin involve 
collisions of asteroids, meteorites or comets with the 
Earth or the Moon. The close correspondence between 
the 0-7 x 10° yr date of deposition of the Australasian 
tektites (indicated by the palaeomagnetic stratigraphy) 
and the 0-7 x 10° yr date of their formation (given by 
potassium~argon and fission track ages)? shows that 
the tektites could not have originated in their present 
form outside the Karth-Moon system. The absence of 
aluminium-26 also shows that tektites in their present 
form could not have existed in space for more than 
90,000 yrë”. The aerodynamic’ evidence that tektites 
were formed in a near vacuum! supports the theory that 
they were ejected from the Moon; but the discovery 
that impact glasses found in eryptoexplosion craters are 
of the same age as the associated tektites* suggests that 
the collisions were with the Earth. Soviet investigators 
concluded that the 1908 Tunguska meteorite fall resulted 
from the explosion of a small comet in the atmosphere. 
Tt spread silicate and magnetic spherules over an area 
20-30 km in radius’. 
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The deep-sea microtektites of the Australasian fall are 
dispersed through a sediment zone which represents 
40,000-100,000 yr of deposition. The tektite fall was 
probably instantaneous, and so dispersal through a layer 
30-60 cm thick suggests that bottom currents® and in- 
vertebrate burrowers mixed the microtektites upwards 
into sediment deposited during the following 40,000- 
100,000 yr. 

It has been estimated that the total weight of tektites 
in the Australasian strewn field is 1,000 tons*, The 
weight of the microtektites, however, assuming average 
concentrations of 50/cm? and an average diameter of 
9-02 em, is 150 x 10% tons. Such a mass would be equiva- 
lent to a body 0:3 km in radius. This hundred thousand- 
fold increase in the estimated minimum mags should be 
an important consideration in future discussions of tektite 
origin, 

The Earth’s main dipole field is thought to be caused by 
dynamo action taking place in the Earth’s core’. Although 
polarity reversals are suspected to be governed by oscilla- 
tions of the dynamo, there is no general theory. The 
discovery that the Australasian tektite fall coincided 
with the last reversal of the Earth’s magnetic field suggests 
that a common cause was responsible for both phenomena. 
An encounter of a cosmic body with the Earth which left 
identifiable debris spread over 4 per cent of the Earth’s 
surface could have had mechanical or electro-magnetic 
consequences on the magneto-hydrodynamic motions 
of the Earth’s core. One might thus speculate that cosmic 
encounters caused at least some of the geomagnetic rever- 
sals which have occurred each 0-5-1 x 10° yr throughout 
the late geological history of the Earth®. 

An investigation of the palaeomagnetic stratigraphy 
of the other known tektite deposits and a search throughout 
the world for tektites in sediments deposited during other 
reversals are necessary steps in order to rule out the 
possibility of an accidental coincidence. 

An encounter of a cosmic body with the Earth would 
have obvious direct biological effects at least in the area 
of impact. It has already been suggested?! that the 
temporary reduction in the Earth's field*** attendant 
with the polarity reversal would effect organic evolution 
through the increased bombardment of the Earth by 
cosmic rays. Thus, the combined physical and evolu- 
tionary consequences of cosmic encounters can be recorded 
in geologic history. 

This research was supported by the U.S. National 
Science Foundation. We thank W. A. Cassidy for his help. 


Bint Grass 
Bruce C, HEEZEN 
Columbia University, 
Lamont Geological Observatory 
and Department of Geology, New York. 


Received March 6, 1967. 

1 Gentner, W., and Zahringer, J., Nature, 199, 1583 (1963). 

* Fleisher, R. F., and Price, P, B., Geochim. et Cosmochim, Acta, 28,755 (1964). 

* Viste, E. and Anders, E., J. Geophys. Res., 67, 2913 (1962). 

‘Chapman, D. R., and Larson, H. K., J. Geophys. Res., 68, 4305 (1963). 

* Suess, H. E., Geochim, et Cosmochim, Acta, 2, 76 (1951). 

* Fleischer, R. L., Price, P, B., and Walker, R. M., Geochim, et Cosmochim. 
Acta, 29, 161 (1985), 

? Kirova, O. A., Ann, N.Y. Acad. Sei,.119, 235 (1964), 

* Heezen, B. C., and Hollister, C., Marine Geol.,1, 141 (1964). 

t Urey, H. C., Science, 187, 746 (1963). 

H Rikitake, T., Electromagnetism and the Earth’s Interior (Bìsevier Publ. Co., 
Amsterdam, 1966), 

"Cox, A., Doell, R, R., and Dalrymple, G. B., Science, 144, 1537 (1964), 

1 Uffen, R., Nature, 198, 143 (1963). 

'* Opdyke, N., Glass, B., Hays, J., and Foster, J., Science, 154, 349 (1966). 


1 Ninkoviċh, D., Opdyke, N., Heezen, B. C., and Foster, J., Earth and 
Planetary Sei, Lettr., 2 (1968). 


Microtektites in Deep-sea Sediments 


AN examination of deep-sea sediments deposited south of 
Australia and Sumatra during and after the last polarity 
reversal of the Earth’s magnetic field resulted in the 
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discovery of a zone containing microscopic (<1 mm) 
glassy objects. (Five to ten gram samples were washed 
© through a 125y sieve.) This zone, which occurs im- 
mediately above the last geomagnetic reversal, has now 
been found in five cores from the Australia Basin, one 
i from the Wharton Basin, and one from the Philippine 
. Basin. Two of these cores will be discussed in a later 
publication (RC 9-142, 42° 42’ S., 116° 52’ E., depth 
0 2,290 fathoms, from the Australia Basin, and V 20-138, 

28° 52° N., 135° 33’ E., depth 2,264 fathoms, from the 
. Philippine Sea). 

- Of the more than thirty cores examined from the area, 
“only ten penetrate the last magnetic reversal. Three of 
_ these cores which do not contain the microscopic glassy 
objects establish the southern and south-eastern limits of 
_ the distribution (RC 8-49, 51° 04’ S., 81° 33’ W., depth 

2,102 fathoms; RC 9-115, 31° 23-5’ S., 163° 36’ W., 
. depth 2,815 fathoms; and RC 9-117, 26° 25-8’ 8., 
166° 47-2’ W., depth 2,986 fathoms). Two of the cores, 
RC 8-52 and RC 8-53, were sampled every 10-50 cm 
above and below the magnetic reversal. Of the approxi- 
= mately 100 samples only those within 50 em of the 
_ magnetic reversal contained glassy objects. 

_. The five Australia Basin cores are from the north flank 

¿of the Mid-Oceanic Ridge and consist of layers of tan 
= foraminiferal lutite and brown lutite, whereas the one 

Wharton Basin core (V 19-153) is from the flank of the 

Indonesian Outer Ridge and consists of tan silty lutite 
with several ash layers, The few mineral grains and rock 
-fragments in the Australia Basin cores seldom comprise 
“more than 0-5 per cent of the sediment and are apparently 
~ iee-rafted (personal communication from J. R. Connolly). 
-Many of the objects have a smooth glassy surface and 
some are in the form of fragile teardrops, often with long 
‘slender tails (Fig. 2). 

The glassy objects are more abundant in the Wharton 
Basin core than in the Australia Basin cores (Fig. 1). 
-Their number/unit volume of sediment increases with 
decrease in size (down to 38u), whereas their weight. 
per cent decreases with decrease in size. The largest 
from the Australia Basin are spherical with a maximum 
diameter of 0-8 mm. The maximum diameter of spheres 
from the Wharton Basin core is about 0-30 mm, although 
some teardrops and dumb-bells are nearly 1 mm long. 

The glassy objects are brittle and break with a con- 
choidal fracture. Their surface texture varies from 
perfectly smooth with a vitreous lustre to badly pitted 
and corroded with a dull lustre. Although about 90 per 
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present (Table 1). Those from the Wharton Basin are 
more irregular (irregular shapes and fragments being very 
abundant) and flattened shapes are present (Fig, 2; 
Table 1). 

This pattern of distribution, according to shape, is 
observed in the distribution of tektites on the adjacent 
continents. Among the australites about 80 per cent of 
the primary shapes are spheres or oblate spheroids!, while 
in South-East Asia the percentage of shapes other than 
spheres is greater and flattened forms are common! 
(Table 1). a 

The deep-sea glassy objects, like the tektites previously: 
described, have no crystalline inclusions, but many of them. 
have bubble cavities. The bubbles are all spherical, as 
are 99 per cent of the bubbles in australites and 97 per 
cent of the bubbles in javaites*. 

Most of the microscopic glassy objects from the Australia 
Basin are colourless to greenish yellow. Core RC 8-53, ° 
however, contains mostly yellowish-brown ones and core 
RC 9-143 contains a large percentage of bottle green.ones 
(Table 1). On the other hand, in the Wharton Basin 
about 90 per cent are dark brown to yellowish brown 
(Table 1). Similarly, australites are colourless to pale 
greenish yellow and javaites and billitonites are browni 
(Table 1). 

Separations on a Frantz isodynamic magnetic separator 
indicate that the dark brown to yellowish brown glassy 
objects have a greater magnetic susceptibility than: the 
colourless to pale greenish yellow ones. It has been 
observed’ that the basic colour of all tektites is green or 
greenish blue and that brown to black coloration “in 
some tektites is caused by finely dispersed ferrous oxide 
and (or) metallic spherules of colloidal size. Consequently, 
the brown to black tektites have the greatest temperature- 
independent magnetic susceptibilities. 

Nearly all the deep-sea glassy objects are isotropic. 
Several, however, have a weakly birefringent outside 
layer surrounding a paler core with a slightly different 
refractive index. A few are anisotropic (the polarization 
colours are low order grey) and undergo undulose extine- 
tion. Specific gravity (2-37--2-55) increases with refractive 
index (1-50-1-55) and both range higher than for pre- 
viously described tektites (Fig. 1, Table 1). (The increase 
of refractive index with increase in specific gravity was 
noted by Barnes*.) Java tektites range higher in specific 
gravity than the australites (Table 1). The higher average 
refractive index of the glassy objects in core V 19-158 
(Table 1) suggests a similar contrast between the glassy 








cent of those from the Australia Basin are spheres, disk, objects of the Wharton Basin and the Australia 
teardrop, pear, dumb-hbell and cylindrical shapes are also Basin. 
Table 1 
Age of Age of form- 
Shape Colour RI. Sp. gy deposition ation™# 
Sp p TPD Cy def B-B BBY GY-Y@ Y-C BG Cx 10° yr) («10% yr) 
Australia Basin 

RG 8-52* 93 5 2 23 10 67 150-154 0-65-0-70 
RC 8-53 + O4 6 58 42 1G1~-153 065-070 
RC O-137 + 76 16 3 a 16 22 62 1:50-1:53 0-65-0-70 
RC 9143$ 93 5 1 1 tt 56 L4 19 150-152 0-65-0-70 

Average 90 5 2 1 2 19 32 4 8 ~ 1-518 (1 0-65-0-70 

Wharton Basin 
V 19-1534 35 9 l4 5 37 29 60 6 <l 5 TSE 1-55!) 25040-0211  0-65--0-70 
Bottle green z ; ; 

V 19-158 and Spheroidal Bottle green DSSS 1-604 2-80 + 0-021 065-070 

RC 9-143 

Previously described tektitest 

Australites 73 i “26 : Colourless to greenish yellow 2° Recent OT 
Javaites + + + + + Brown 2 M. Pleist 7 
Billitonites + = r + + Olive brown to dark brown 2 Pleist. O7 
Moldavites + + a + + Bottle green 2 M. Mio 15 


* 41° 06° S., 101° 25’ E.; depth, 4,895 m; length 1,103 om. 
+ 39° 23° S. lat., 104° 22’ B. long.; depth, 4429 m; length, 965 em. 


t 45° 01-3’ S. lat., 182° 45-2’ B. long.; depth, 4,675 m; length, 989 cm. 


§ 41° 21-8’ S. lat., 114° 08’ E. long.; depth, 4,396 m; length, 1062 em. 
@ 8 SVS. lat., 102° 07° E. long.; depth, 5,433 m; length, 749 em. 
i Does not include bottle green microtektites, 


: Shape, physical properties and age of glassy objects found in deep-sea sediments and previously described tektites, 
~~, absent; r, scarce; +, abundant); Sp, sphere or spheroid; D, disk; TPD, teardrop, pear or dumb-bell shape; 2h 
brown, Y, yellow; G, green; Sp. gr, specific gravity. The age of deposition is based on 


and fragments. Colour (percentage occurrence), Bl, black; B, 


Shape (percentage occurrence: 
Cy, cylindrical; JrF, irregular shapes 


magnetic stratigraphy or age of geological formation on which tektites are found. The age of formation is based on fission-track dating and pofassium~_ 


argon. Brackets refer to number of determinations. 
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The bottle green objects from cores RC 9-143 and V 
19-153 have a higher specific gravity and refractive index 
than any previously described tektites, including the 
moldavites (the only previously deseribed bottle green 
tektites) (Table 1). 

The age of deposition of the glassy objects is about 
0-65 to 0-70 x 10° yr according to the magnetic strati- 
graphy. This age is consistent with the age of deposition 
of previously described tektites (Table 1), and is the same 
as the age of formation according to potassium—argon and 
fission track dating?’ (Table 1). 

On the basis of their geographical distribution, appear- 
ance, physical properties, and age of deposition, it is 
concluded that the glassy objects discussed in this report 
are microtektites, and that they constitute a portion of 
the Australasian strewn field which extends from Thailand 
to Tasmania. 

An investigation of the chemical composition of the 
glassy objects is being conducted in collaboration with 
W.A. Cassidy. I thank N, D. Opdyke for making a 
magnetometer available and for the use of the magnetic 
stratigraphy of cores RC 8~52 and ~53; and D. Ninkovich 
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Fig. 1. Core locations and stratigraphy of cores, (Top) small dots 


indicate location of tektite finds on land‘, Large dots show core loca- 

tions. Specific gravity of tektites from certain locations on land’ and 

for deep-sea microtektites indicated by slanted numbers, (Bottom) 

the numbers adjacent to the zones of microtektite occurrence give the 

average number of microtektites/g. The 0-7 x 10° yr boundary between 

the Brunhes normal epoch and the Matuyama reversed epoch is shown 
by a solid line. 
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Fig. 2. Glassy objects (microtektites) from the Wharton and Australia 
Basins. (Upper left) bottle green sphere from RO 9-143, diameter 
3204. (Upper centre) hollow sphere from V 19-153, diameter 150x. 


(Upper right) Sphere from RC 8-52. Note two small bubble 
cavities, diameter 4204, (Left centre) teardrop fram V 19-153, length 
8504. (Centre) dumb-bell from V 19-153, length 4404, (Right centre) 
irregular dumb-bell from V 10-153, length 870x. (Bottom left) sphere 
with a large rounded equatorial flange from V 19-153, maximum 
diameter 2004. (Bottom centre) irregular shape from V 19-153, 
maximum length 5204. (Bottom right) flattened teardrop from 
V 19-153, length 240. 


for the magnetic stratigraphy of core V 19-153, I thank 
J. Imbrie and A. McIntyre for use of microphotographic 
equipment, and W. A. Cassidy, W. Folger, P. J. Fox, 
J. E. Nafe, D. Needham and D. Ninkovich for helpful 
discussions. I also thank my wife and Bruce C. Heezen 
for help with the manuscript. 
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Formation of Equatorial Electrojet Current 
Layers 


Muasurnmawrs of equatorial electrojet current by rockets 
have produced evidence for two current layers. The first 
electrojet current layer is prominent and appears at a 
height about 100 km and the second layer is less pro- 
minent and appears at heights of 120-150 km as shown in 
Fig. 1. The formation of the first electrojet current layer is 
fairly well understood whereas the formation of the second 
electrojet current layer ıs neither theoretically estab- 
lished nor its height of appearance experimentally ascer- 
tained. Zmuda! assumed a constant conductivity and a 
parabolic variation with height in the horizontal electric 
field to explain the magnitude and height of appearance of 
the second elestrojet current layer. But his assumptions 
are quite unrealistic’. Cahill recorded two equally promi- 
nent electrojet current layers (Fig. 1) and argued that one 
of the two electrojet current peaks results from the 
presence of sporadic Æ at that height. Whitehead? con- 
sidered Cahill’s data of 1959 and pointed out the anomaly 
in, interpreting the equal amount of currents in the upper 
and lower electrojet current layers. In recent flights', 
however, it has been found that the first current peak is 
considerably stronger (Fig. 1) compared with the simul- 
taneous second electrojet current peak. In the present 
communication we have invoked partial Hall current 
inhibition to explain the observed characteristica of the 
electrojet current layers. 

The electrojet layer 1s generally considered to be a thin 
equatorial layer sandwiched between two non-conducting 
layers. In the equatorial region the magnetic field becomes 
horizontal and is perpendicular to the equatorial belt en- 
circling the Earth. Because of the presence of a horizontal 
magnetic field the charged particles (electrons and ions) 
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Fig. 1. Variation of current density with helght measured by rocket 
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experience & Lorentz force and move in opposite directions. 
The charged particles are accumulated on the lower and 
upper non-conducting boundaries. The magnitude of 
the accumulation of charge is such that the further flow 
of Hall current is completely inhibited. The complete 
inhibition of Hall current depends on certain ideal assump- 
tions which in fact are never satisfied. If E is the applied 
field along the equatorial belt, the current along the 
equatorial belt is 


J,=0, E (1) 
and the Hall current perpendicular to the geomagnetic 
field can be written as 

J,=0, E (2) 


Let Ep be the electric field due to the polarization of the 
ambient ionized gas. The current density due to polariza- 
tion field is in opposite sense to the Hall current. Therefore, 
for complete inhibition of the Hall current 


a, Ëp =0, E 
Ep= |E (3) 
a1 


The polarization electric field thus generated adds to the 
current density along the original electric field Æ. The 
totel current is thus written sa 


Je = Ji + J'i =o, E +0, Ep 
= (m, + 0/01) E 
=o E (4) 


It is obvious that the Cowling conductivity o,° in favour- 
able conditions is increased considerably and results in a 
strong electrojet current along the equatorial belt. The 
magnitude of the electrojet current depends on the J’, 
contribution, which is a measure of the degree of inhibition 
of the Hall current. When the Hall current is completely 
inhibited, the enhancement of electrojet current is com- 
paratively less pronounced. The assumed sandwiching 
ionospheric boundaries are partially conducting and 
some charge therefore leaks out. The polarization field 
Ep thus generated ıs written as 


where B is a factor controlling the degree of Hall current 
inhibition. Therefore, the electrojet current generated as a 
result of the partial Hall current inhibition is 


Jp = (0, + Bo,3/o,) E =0 E (5) 


where a,’ is the effective Cowling conductivity for partial 
Hall current inhibition. Likewise, the total current for 
no Hall current inhibition® is 


Jy = (o,0,)t E = (0,7 + 9,%)} E=0,” E (8) 


where a,” is the effective Cowling conductivity for no Hall 
current inhibition. 

Adopting an atmospheric model’, ionospheric conduc- 
tivities co, o, and g, are computed (Misra and Singh, to be 
published). The effective Cowling conductivity corre- 
sponding to three physical situations, namely, complete 
Hall current inhibition o,’, partial Hall current inhibition 
o,” (with varying degree of inhibition) and no Hall current 
inhibition o,%, are calculated and their variation with 
height is shown in Fig. 2. The effective Cowling conduc- 
tivity corresponding to complete Hall current inhibition 
and no Hall current inhibition is depicted by curves 1 and 
4 of Fig. 2. The effective Cowling conductivity is maximum 
for complete Hall current inhibition (Curve 1) and is 
minimum for no Hall current inhibition (Curve 4). These 
curves show one peak appearing at about 100 km which 
is followed by a gradual decrease with increasing height. 
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Curves 2 and 3 in Fig. 2 depict very umportant charac- 
teristics of partial Hall current inhibition and correspond 
with 50 per cent increase in o, with simultaneous 50 per 
cent decrease in o, (Curve 2) and 100 per cent increase in 
c, with sumultaneous 20 per cent decrease in o, (Curve 3) 
respectively. These curves show two peaks, one at a height 
of about 100 km and another appearing at about 140 km. 
The magnitude and height of second peak are found to 
change with degree of Halli current inhibition. The atmo- 
spheric model adopted, however, shows no peak around 
this height. Increase ın the effective Cowling conductivity 
is therefore mainly due to suitable changes in the 
constituent ionospheric conductivities. Such changes in 
various conductivities are quite possible during disturbed 
ionospheric conditions. The presence of sporadic-H 
at these heights would change the Cowling conductivity 
considerably and result in a prominent second electro- 
jet current layer’. In the absence of a sporadic-# 
layer, however, the degree of Hall current inhibition is 
comparatively quite low and gives rise to a compara- 
tively weaker second electrojet current layer. It is 
well known that the critical frequency, virtual height 
and time of appearance of the sporadic-H# layer are un- 
predictable. The small number of available rocket flights 
as shown in Fig. 1, however, have shown considerable 
variation in the height and the magnitude of the second 
electrojet courrent layer. The critical frequency of the 
sporadic-H# layer is known to correlate well with the 
8g Variation of the geomagnetic field’. 
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lonospheric No-echo Occurrences 


AT stations in high latitudes, the absence of ionospheric 
echoes at vertical incidence (“blackout”) is usually 
attributed to increased ionization in the D region causing 
strong absorption of radio waves and is usually associated 
with a disturbed magnetic field 
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In the work reported here, the relation between “‘no- 
echo” conditions and absorption of cosmic radio noise as 
measured with a riometer is studied, using data obtained 
during 1963 from the Mawson Station of the Australian 
National Antarctic Research Expeditions (67:6° §., 
62-0° E. g.g.; 73-3° S., 104-5° E. g.m.), 

Fig. 1 compares the curve of diurnal variation of per- 
centage hourly occurrence of no-echo conditions with that 
of quarter-hourly maxima of ionospheric absorption of 
cosmic radio noise for the winter months. ‘The dis- 
crepancy between the curves in the 3 h before and after 
midnight can be explained by the fact that the hourly 
ionograms show no-echo conditions only when they occur 
on the hour. Consequently, the frequent night-time 
auroral absorption events of short duration which are 
apparent on the continuously recording riometer trace 
are often not revealed. 
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¥ig. 1. Mean diurnal variation of percentage hourly occurrence of no- 
echo conditions and r-hourly maxima of cosmic radio noise 
absorption in dB for the winter months, May—Anugust, 1968, at Mawson. 
No-echo occurrence ----, c radio nose absorption’ ——— — —— 


During the interval 1500-2000 h no-echo occurrences 
are far more frequent than would be expected from the 
absorption records. A similar anomaly at about 1900 h 
L.M.. was reported by Bellchambers and Piggott? from 
investigations of “blackout” occurrence at Halley Bay 
(65-8° S. g.m.) during the International Geophysical Year. 
It was thought to be an effect of low magnetic activity in 
the winter months. 

It is now suggested that this anomalously high frequency 
of no-echo conditions in winter is due simply to the lack 
of ionization in the E and F regions. That is, the critical 
frequencies of both E and F layers are below fmin, the 
minimum frequency not absorbed in the D region. 

This explanation is consistent with other observations 
from Mawson: the occurrence frequency of sporadic E 
ın winter is low at 1500 h and rises to a maximum as the 
discrepancy between the curves in Fig. 1 diminishes. 
During magnetically quiet periods, there is usually a 
negative correlation between sporadic Æ and no-echo 
conditions. This is to be expected if the F-layer critical 
frequencies are less than fmin and, in fact, fof: is some- 
times observed as low as 1:5 Mc/s under magnetically - 
quiet conditions in winter. (No pattern of variation of 
F-layer critical frequencies could be obtained between 
1500 and 2000 h because there was not a sufficient numbor 
of observations of the F-layer ) 

In the summer months, sporadic-# occurrence is less 
frequent in this 5-h interval but so also is no-echo occur- 
rence, simply because F-region ionization is relatively 
high. Then, any observations of “blackout” are almost 
certainly caused by strong radio wave absorption at lower 
levels. 

This work was supported by the Ionospheric Prediction 
Service, Australian Department of the Interior. I thank 
Professor F. H. Hibberd, Dr. F. Jacka and Dr. B. H. 
Briggs for helpful discussions, 
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Submillimetre Wave Observations at an 
Altitude of 40,000 ft. 


A PRELIMINARY experiment has been carried out to 
investigate the feasibility of making submillimetre wave 
measurements from a jet aircraft flying in the strato- 
sphere. The value of such aircraft as observation plat- 
forms is that very low values of water vapour content in 
the line of sight can be obtained and water vapour is the 
dominant atmospheric absorber at submillimetre wave- 
lengths. In this sense the experiments can be regarded 
to continue those made at high altitude observatories?*, 
but to umprove on them greatly because it was possible 
to determine lower total water values. 

The aircraft used was the N.A.S.A. Convair 990 
‘Gallileo’ which was equipped for observing eclipses. A 
polypropylene window was specially installed in the 
fuselage and this enabled observations to be made of the 
sky or of the Sun at an angle to the zenith of 65°. The 
face aperture of the window was about 25 cmx 25 em. 
Spectroscopic measurements were made by the Fourier 
transform method using an N.P.L. modular interferometer 
(Fig. 1) and a Golay cell detector. The spectral range 
investigated was about 10 om-! to 70 em~! (1 mm to 130p). 

The main result obtamed from a very lmited set of 
observations 18 a spectrum of the transmission of the 
atmosphere in the range 15 om~ to 65 cm~ obtained by 
recording interferograms of the exchange of radiation 
between the hot Golay cell detector (temperature 310° K- 
330° K) and the cold sky background (temperature about 
220° K). This is modified by water vapour absorption 
lines as shown in Fig. 2, where the theoretical positions 
and strengths of H,'*O lines are added. It will be seen 
that there is a good correlation with the theoretical 
prediction. In particular it is of mterest to verify the 
existence of the low absorption region at about 50 om~! 
because this “window” may be important when further 
sub-millimetre wave observations are made. Our present 
observations were made at a height of 40,000 ft. when 
flying at a latitude of 46°N. The total water content 
above the aircraft under these conditions was of the 
order of 20u of precipitable water. In addition, we verified 
that much larger signals are obtainable from the Sun 
(the expectation is that they would be about twenty times 
greater and of course of opposite sign) than from the aky, 
but our arrangements for following the Sun were too 
primitive for useful spectra to be recorded. 

There is one notable anomaly in the spectrum shown in 
that an absorption feature occurs at 30-5 om- which is 
much stronger than would be expected from the known 
water line (3,—»4,) at this frequency. Although the limited 
number of observations which we made in this experiment 
makes it inadvisable to attach too much weight to this 
result, we think that it is qualitatively correct and should 
certainly be investigated further. 
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Fig. 2 Observed spectrum of the sky at 40,000 ft. showing atmospheric 


“windows” and compared with theoretical water vapour spectrum. 
(Resolution, 1°88 cm; precipitable water, fon) 


These observations, which so far as we know are the 
first to be made in the range 30 om“ to 60 em, show that 
‘high flying aircraft offer a good means of making sub- 

millimetre observations and further work is planned. 
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Evidence for Organic Complexed Copper in 
Sea Water 


CoPrER has probably been the most extensively investi- 
gated trace metal in sea water, yet little is known of the 
contributing chemical forms. Atkins! used sodium dı- 
ethyldithiocarbamate to complex the ionic or more easily 
chelated copper and more recent investigators have 
continued to use this method* or have sub- 
stituted dithizone or some other chelating 
agent. The complexed copper may later be 
extracted into a suitable organic solvent 
such as chloroform or carbon tetrachloride 
and determined colorimetrically. The use of 
these procedures has meant that the majonty 
of results reported in the literature refer 
only to the readily chelated, divalent frac- 
tion of copper. 

A few attempts have been made to charac- 


cel “hd k spherical terize the chemical components contributing 
(To) A% : Mercury lamp to the copper content of sea water. Love- 
Moving iA 4 oo > used only for ridge et al.* found about 0-3 ug/l. of partiou- 
miror Aa j sanmensa! late copper m two stations m the English 
NPL cube ») \ NB aed ot aiea Channel and Buglo et al.” found 15 ug/l. of 
Te? e pr TO N ( observation ultrafilterable (10 my) but non-dialysable 





Fig. 1. Schematic diagram of the 
$ N.P.L modular interferometer. 


experimental arrangement of the telescope and the 


copper in a sample from Texas Bay. Corcoran 
and Alexandert have presented evidence 
for copper in the organic form in waters of the 


378 


Otr 


Weight (ag) of extractable copper 





ethene EXTRAPOLATED BLANK (008 HG) 


a 





E eee, Nis t 
1,000 1,500 2,000 2,500 
‘Volume (ml.) sea water 





0 600 


Fig. 1. Recovery of complexed copper from varying volume of sea water. 


Florida Current. The latter investigation was based on the 
colorimetric analysis of dithizone extracts from sea water 
before and after digestion with perchloric acid. The 
different values obtained were taken to be strong evidence 
for the presence of organically bound copper which would 
be released by the oxidation step. More recently, this work 
has been confirmed by Slowey and Hood! in a study which 
used persulphuric acid and diethyldithiocarbonate as the 
oxidizing and chelating agents before a neutron activation 
analysis. In addition, the occasional presence of non- 
dialysable copper as reported by Bugho et al. and Slowey 
et al. for many samples from the Gulf of Mexico suggests 
that strongly complexed copper-organic compounds are 
present in sea water. This communication presents evi- 
dence for such complexes that are extractable into a non- 
polar solvent in the absence of any added chelating agent. 

Samples were collected in 7-gallon fabricated polyethyl- 
ene bottles at one station near Aransas Pass (Texas) and 
two deep stations ın the open Gulf of Mexico. Immediately 
after collection, the water was filtered through 0-45u 
‘Millipore’ filters to remove the particulate matter and 
500-ml. samples were extracted three times with 15 ml. 
of metal-free chloroform. The extracts were subsequently 
combined, washed twice with triple distilled water to 
remove any traces of 1onic copper or other salts, transferred 
to ‘Teflon’ beakers and evaporated to dryness. Five ml. 
of concentrated redistilled nitric acid were added and the 
samples were re-evaporated to dryness to oxidize any 
copper-containing organic compounds. Each sample was 
finally dissolved ın nitric acid and transferred to 1-5-ml. 
polyethylene vials before neutron activation in the Texas 
A and M research reactor for a period of 1 h at 1x 1012 
thermal neutron/om'*/sec. After activation, the vials were 
opened to allow the escape of simultaneously produced 
argon-41 which would interfere during the subsequent 
analysis. The vials were then counted on a 400-channel 
pulse height analyser. The activity of copper-64 produced 
in each sample was converted to element weight by 
comparison, with the activity of a standard, prepared and 
activated under the same conditions and at the same time 
as the samples. 
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Table 1. CHLOROFORM HXYRACTABLE COPPER IN SBA WATER 
Depth Total co per Extractable Extractable 
Location Station (m) (agi copper (ug/l.) copper (%) 
27° 60 N.: AP-1 10 w 19 010 84 
97° 00 
24° 57° N 64.4 5-3 10 0 88 O15 17 
89° o2’ ty 
22° 40° N ; 
98° 45° W. 65.4064 100 0-47 0-11 28 
300 O45 NDt — 
600 £6 045 98 
900 0-32 0-18 66 
1,200 0-48 ND — 
1,800 037 ND — 
2,500 044 ND — 
Blank ¢ — — 010 — 


* As determined by the method of Slowey’. 
ND indicates not detected. 
Previously removed from values reported. 

The specificity of the extraction method for other than 
ionic copper was determined by adding divalent copper-64 
spikes to identical samples and following through the 
chloroform extraction procedure. Less than 1 per cent of 
the ionic copper was found in the chloroform extract. 

Analytical resulte obtained for samples collected at 
three stations in the Gulf of Mexico are presented in 
Table 1. These indicate that up to 50 per cent of the total 
copper present in sea water is in a form directly extract- 


able by chloroform. 


Most interesting are the results for Station G54AG-4, 
showing that the largest amounts of extractable copper 
were found at depths in which sinking, decaying organ- 
isms were most likely to release organic compounds into 
the sea water. 

The presence of extractable copper in surface waters of 
all three stations was expected because 1t is in the upper 
layers of the ocean that primary biological productivity 
occurs. Thus release of some organic compounds into the 
sea should occur as a result of rupture of the fragile 
phytoplankton and zooplankton. 

As indicated in Table 1, the values for extractable 
copper were usually not more than two to three times 
the blank value obtained for triple distilled water. Because 
there may be some question about the validity of any 
results obtained for volumes as small as 500 mi., an 
additional experiment was carried out in which the volume 
of sea water was varied but that of the solvent held 
constant. Because the blank value should remain con- 
stant, the values observed for different volumes should be 
constant on a volume basis if the procedure were actually 
measuring copper compounds present in sea water. 
Results shown in Fig. 1 indicate that such constancy did 
indeed occur. 

The nature of the copper-organic complex has not yet 
been resolved. Preliminary results have, however, shown 
that the copper-organic complex isolated by chloroform 
extraction occurs in the eighth fraction of the Hirsch and 
Ahrens’ lipid separation, method using silica gel chroma- 
tography. This would indicate that copper complex 18 
associated with the phosphohpid, amino lipid or porphyrin 
fraction of the hpids. Further characterization work 18 
at present in progress. 

This work was supported by contracta with the U.S. 
Atomic Energy Commission. 
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PHYSICS 


Calculations of the Einstein A Coefficient 
for the 18 em Transition of OH 


Live’ has pointed out that my calculation? of the Einstein 
A coefficient for the 18 cm transition of OH is twice the 
correct value. This calculation referred to a representa- 
tion in which hyperfine splitting is not included. I agree 
with Lide, who notes that the dipole factor |ual? was 
correctly calculated in ref. 2, but that the statistical 
weight was too small by a factor of two. 

Lide also suggested some numerical imconsistencies 
existed in an otherwise correct calculation by Turner for 
the Einstein A coefficients of the individual hyperfine 
transitions in the ground state. Lide did not account, 
however, for differences in the frequencies of the four 
hyperfine transitions, and when these are included, the 
results of Turner follow. This means that (A 1661/8607) + 
(Ayza0/Vina0) © (A sess/Viees) + (Arera/Viers) is a considerably 
better approximation t Assert Aro Ar t+ Aia 
Actually, as Lide has privately remarked, the former 
of these relations is itself limited in accuracy by the first 
order approximation made in the hyperfine calculation, 
that the nuclear spin perturbation 1s much smaller than 
the spacing between unperturbed levels in the A doublet, 
A higher order matrix element calculation would, however, 
affect the matrix elements by only about 0-1 per cent, 
which 18 much smaller than the inaccuracies introduced 
by taking the four hyperfine transition frequencies to be 
the same. I think therefore that the results given in ref. 2 
are correct to well within present needs, namely: 


Ayer™7 TL2 x 10-77 

Areas ™ 7-116 x 10-2 

Are ™ 1-291 x 10-9 

Aim = 0042 x 10-7 

Conversely, it is especially the relative inaccuracies 
among the four hyperfine A coefficients aa given by Lide 
that may be large enough eventually to affect theoretical 
attempts to interpret anomalous OH emission and absorp- 
tion in the interstellar medium. 
Barry E. TURNER 

Radio Astronomy Laboratory, 
University of California, 
Berkeley. 
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Nucleation of Freezing by Cavitation in 
Supercooled Liquids 


I ma vE proposed! that the nucleation of freezing by cavita- 
tion 18 caused, in all supercooled liquids, by the high 
compressions generated near the surfaces of collapsing 
cavitation bubbles. I have assumed? that the compression is 
isentropic. Recently, Hunt and Jackson suggested that this 
assumption is erroneous and that the Rankine~Hugoniot 
relations across a shock wave front are a more realistic 
representation of the thermodynamic behaviour of the 
liquid during cavity collapse*. Because the theory of 
nucleation that I propose is apparently* dependent on 
the validity of the isentropic assumption it is necessary 
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to decide which of the two thermodynamic states is more 
appropriate, 

Hunt and Jackson support the Rankine~Hugoniot 
relations, and therefore their point of view 18 clearly based 
on the behef that shock waves occur during the collapse 
of cavitation bubbles. Shock waves, however, cannot 
occur at this stage of the bubble wall motion, because 
the conditions for generating shock waves do not arise. 
Only a simple compression occurs at this time. A shock 
wave emanating from the collapse centre of the bubble 
does indeed form?, but only at a later stage after the 
collapse and its associated process of compression have 
been completed. This process of compression can deviate 
from the isentropic condition through viscosity and heat 
conduction. The viscous effects are usually acknow- 
ledged, however, to be negligible and I have shown! that 
there is not much time for heat conduction. If heat 
conduction does occur then the conditions for creating 
nucle: under high pressure would only be further improved. 
There therefore seems to be no reason to believe that the 
isentropic condition 1s not a suitable assumption. 


R. HIKING 
General Motors Research Laboratories, 
Warren, Michigan. 
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CHEMISTRY 


Identity of the Cso-Carotenold Dehydrogenans- 
P439 and Sarcinaxanthin 


A UNIQUE C,pcarotenoid has been isolated from the 
Gram-positive bactermmm, Flavobactertum dehydrogenans 
Arnaudi', and the compound partially characterized? *. 
Subsequent investigations have revealed that the caro- 
tenoid, designated dehydrogerans-P439, commonly occurs 
in pigmented Gram-positive bacteria‘. The carotenoid 
sarcinaxanthin, originally obtained from the bacterium 
Sarcina lutea, has previously been characterized only 
from its melting point, electronic spectra in various sol- 
vents, partition behaviour and adsorptive property‘. 
These and subsequent data"! showed a neurosporene-like 
absorption spectrum but a more polar behaviour than 
neurosporene, and a number of investigators have used 
these very general properties to claim the presence of 
sarcinaxanthin in algae’ and bacteria other than Sarcina®,’. 
Dehydrogenans-P439 has the general characteristics of 
sarcinaxanthin#® and the comparative investigation 
reported here has shown the two carotenoids are identical. 

In order to determine the chemical nature of dehydro- 
genans-P439 we used the carotenoid isolated from F. 
dehydrogenans (the procedures have been described 
elsewhere*). Dehydrogenans-P439 orystallized from 
acetone-petroleum ether as red needles, with a melting 
point of 154°-155° C (uncorrected; evacuated capillary 
tube) which is in satisfactory agreement with the melting 
point previously reported for sarcinaxanthin'. Dehydro- 
genans-P439 was further characterized from stereomuta- 
tion investigations (Table 1), the preparation of a mono- 
acetate and diacetate by acetylation with acetic anhydride 


Table 1. ABSORPTION MAXIMA IN VISIBLE LIGHT OF DEHYDROGRNANS-P439 AND SAROINAXANTHIN 


Absorption me (my) in 


Oarotenold Sterecisomer Hexane ethanol Carbon disulphide 
Debydrogenans-P430 Trans (894) 416 489-6 470 416 439 469 440 469 499 
Neo U 415 436 465 414 436 465 
Todine catalysed equilfbrium mixture (894) 416 488 468 415 437 467 
Sarcinaxanthin* (418) 440 489 436 466 5 499 
Sarcinaxanthin Trans 416 439 469 
Neo U 412 436 466 
Jodine catalysed equilibriam mixture 414 487 468 


* Takeda and Ohta‘, 
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Table 2. ADSORPTIVE PROPERTIES OF DHHYDROGRNARS-P480 AND SAROIN- 
AXANTHIN AND SOME DERIVATIVES THEREOF, DETERMINED BY CO-OHROMATO- 
GRAPHY TESTS 


Rr-values on Schleicher and Schull 


Trans carotenoid No, 287 paper 
2 pər cent 6 percent 10 percent 
acetone* acetone* acetone* 
Dehydrogenans-P489, free diol 0-16 0-62 
monoacetate 0-66 
diacetate 0 0 98 
monoaldehyde 0 60 
dualdehyde 0-80 
Saromaxanthin, free diol 0 62 
monoacetate 0 66 
diacetate 0 
monoaldehyde 060 
dehyde O80 


* Tn petroleum ether, boiling point 65°-78° O. 


in pyridine!’ and a monoaldehyde and dialdehyde by 
allylic oxidation with nickel peroxide!!14, These deriva- 
tives exhibited the same absorption spectra as the parent 
carotenoid, the spectrum of which is identical to that of 
neurosporene’?, Adsorptive properties of the carotenoid 
and its derivatives are shown in Table 2. Expermmental 
details and the ımphoations of its structure will be pub- 
lished elsewhere by 8. L.-J. and O. B. W. High precision 
mass spectrometry of dehydrogenans-P439 gave a mole- 
cular ion peak at 704 which corresponds to a molecular 
formula of C,,.H,.O,. 

Sarcinaxanthin was obtained in small quantity from 
S. lutea NTCC 196, S. flava NTCC 7503 and M. lysodetiticus 
NTCC 2665 grown on nutrient agar (Oxoid, Ltd.) enriched 
with 5-0 per cent glucose. Surface growths were removed 
after incubation for 48 h at 30° C in the dark. Cell sus- 
pensions in methanol were disintegrated with ultra- 
sound and extraction of carotenoids completed by heating 
for 3 min at 80°C. Extracts were clarified by centrifuga- 
tion and a lipid fraction removed before saponzfication*. 
Saponification was carried out at room temperature for 
ő h in a 10 per cent solution of methanolic potassium 
hydroxide and the pigments were then isolated in the 
usual manner. The carotenoids from J. lutea, S. flava 
and M. lysodetkticus appeared to be qualitatively similar 
when they were resolved on thin-layer plates (silica-gel G 
with a benzene, methanol, acetic acid solvent system 
(87:11: 2, v/v)); this finding is in agreement with earlier 
observations’. The pigment of the chromatographic zone 
assumed to be sarcinaxanthin was eluted with methanol 
and used for further investigations. Sarcinaxanthin was 
characterized by spectral absorption and by the prepara- 
tion of its acetylated and aldehydic derivatives (Tables 
land 2). It was not possible to separate dehydrogenans- 
P439 and sarcinaxanthin, or their corresponding deriva- 
tives, by co-chromatography on kieselguhr paper’. 
On iodine catalysis the two carotenoids each produced a 
single cts isomer (neo U) with identical Rr value. Mass 
spectrometry of sarcinaxanthin gave the highest mass 
number peak at 704 which corresponds to a moleoular 
formula of C,9H,,0,. Details of the study of sarcinaxan- 
thin will be included ın a separate report to be published 
by D. T. and R. H.C. 8. 

The carotenoids dehydrogenans-P439 and sarcinaxan- 
thin are therefore identical and because sarcinaxanthin 
1s a well-established trivial name it should be applied to 
P439 from F. dehydrogenana on the basis of priority. 
Sarcinaxanthin is an example of a new class of naturally 
occurring C,9-carotenoids which may be termed decapreno- 
cearotenoids!*1’, No procedure other than mass spectro- 
metry is known which will distinguish unequivocally 
between the well-known C,)-carotenoids and the Cso- 
structure of sarcinaxanthin. Preliminary investigations 
indicate that similar C,)-carotenoids commonly occur in 
Gram-positive non-photosynthetic bacteria and we are 
continuing our investigations in order to determine the 
structure of sarcinaxanthin as well as to establish the 
distribution of this carotenoid ın bacteria. 

Mass spectra were recorded through the courtesy of 
Dr. O. Isler, Hoffmann-La Roche, Basle (dehydrogenans- 
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P439), and Dr. Chapman, Associated Electrical Industries, 
Manchester (authentic sarcimaxanthin). 
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O. B. WEEKS 
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lon Pair Association Constants and Solvent 
Composition 


Tan variation of ion-pair association constants, Ka, with 
change in solvent is generally summarized as a plot of 
log Ka against the reciprocal of the solvent permittivity, 
e, thereby testing the success of theoretical treatments of 
ion association’. Generally, agreement between theory 
and experment is qualitative rather than quantitative. 
For example?, in a plot of this sort for lithium iodide m 
mixtures of dioxan and water, the curve has two essentially 
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Mean molecular weight of solvent (Mf) 
Fig. 1. Association constants, K a(x) for lithium iodide in mixtures of 


dioxan and water at 25° C correlated as variation ın log Kale) with 
changes in =" (©), and mean molecular weight, M (2). 
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linear portions covering the range 44:-47>e>19-13 (that 
is, 10° Act = 2:9787) and 12:03 > e > 4-00 (that ia, 10*Ac-t= 
17-6874). Even in the event of the plot being a straight 
lne, the molecular significance of the trends in association 
constant with bulk permittivity are not obvious. For this 
reason, other correlations must be sought. One such 
possibility is the relation between log Ka and the mean 
molecular weight of the solvent. For relations of this 
sort, comparison between the properties of solutes in 
various solvents is facilitated by converting derived 
parameters, for example, association constants expressed. 
in molarities, K4(c), t> corresponding thermodynamic 
parameters using molo fraction concentration units’, 
such as Kalz) (assuming densities at 80, 87, 91 and 95 
wt per cent dioxan in water are equal). Thus this removes 
the cratic contributions leaving the required unitary 
quantities’. In Fig. 1 comparison is made between plots 
of log K1 against both e~t and the mean molecular weight, 
M, for lithium iodide m dioxan—water mixtures at 25° C. 
The correlation with solvent molecular weight is at least 
as good as that with permittivity and is perhaps prefer- 
able since the permittivity is also some function of solvent 
composition. Correlation between a derived quantity, 
for example Ka, with a continuum function begs the 
question of how the latter is related to solvent composition. 
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A Direct Electrical Measure of Adsorption 
on Electrodes 


ELECTRICAL measurement of the impedance of electrode— 
solution interfaces involves expermental determination 
of the umpedance of the whole electrochemical cell and 
correction for the ohmic drop across the mternal cell- 
resistance that is in series with the interface under study. 
This ohmic drop 1s not negligible in investigations of redox 
processes (alternating current polarography”) or of adsorp- 
tion—desorption reactions (tensammetry'). 

Correction for the resistance involves additional experi- 
ments; data obtained by calculation for the interfacial 
impedance consequently are of lower accuracy than can 
be achieved in the experimental determination of the 
impedance of the cell as a whole; furthermore, tho range 
of interfacial impedances that can be investigated has a 
limit (at low impedance) for any given desired precision. 

It has been pointed out* that the degree to which 
sinusoidal alternating signals are rectified by adsorption- 
desorption processes should give a quantitative measure 
that requirés no correction for series-resistance effects 
provided the cell is polarized by an alternating current 
of controlled waveform and magnitude. We are now able 
to report that this prediction has been experimentally 
verified. 

Instrumentation sunilar to that described for the study 
of redox processes under controlled alternating current? 
was used; in addition, a wave-analyser was connected 
across the cell and rectification measured as the second 
harmonic component of the alternating voltage across the 
cell. A fixed alternating current was applied to the cell 
and the total voltage across the latter, as well as the 
second harmonic voltage, was observed. A decade 
resistance-box was connected m series with the cell in 
such a manner that it appeared as part of the cell itself 
(that is, measurements were made across the cell plus the 
adjustable resistance). 

Confirmation of the earlier prediction was obtained in 
that variation of the resistance of the cell drastacally 
altered the total alternating voltage across the cell but 
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had no effect on the magnitude of the second harmonic 
component of the voltage. 

The experiment succeeds to a degree that depends on 
the extent to which the applied alternating current 1s free 
from second harmonic. For example, when the apphed 
alternating current contained 0-5 per cent second har- 
monic, the distortion induced by the tensammetric process 
(of half-saturated amyl alcohol in a molar solution of 
sodium sulphate) was unaffected by increased cell re- 
sistance of up to 2,000 ohms; when tho harmonic content 
of the applied current was decreased by a factor of ten the 
measured distortion was unaffected by added cell resist- 
ance as high as 20,000 ohms. The cell resistance itself 
can normally be kept below 100 ohms, and therefore the 
requirements for a suitable source of alternating current 
are not at all stringent. The precision of the measurement 
of the distortion will be approximately the same as the 
percentage of the second harmonic in the applied signal. 

All the ramifications of the new approach described here 
cannot be foreseen, but certain advantages are im- 
mediately apparent: for example, measurement of ad- 
sorption as a function of time at the dropping mercury 
electrode is a most involved procedure when interfacial 
impedance is used as an indicator (in fact, no such work 
has been published despite the valuable information that 
is, in principle, to be obtained) whereas display of the 
second harmonic voltage as a function of time offers no 
special difficulties. 

We now intend to explore the extent to which measure- 
ments of rectification can provide information about the 
mechanisms, energetics, and kinetics of adsorption 
phenomena. 


Henry H. BAVER 
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Effect of Introducing a Sulphur Bridge on 
the Herbicidal Activity of Diquat 


Diquat}, paraquat? and related diquaternary salts from 
2,2’-and 4,4’-bipyridyls* have attracted much attention as 
herbicides*)*. Their mode of action is thought®-* to be 
connected with their ability to be reduced to a stable 
radical cation at a potential (Eo) of about — 0:36 to —0-45V, 
the stability of the free radical bemg due to the delocaliza- 
tion of the odd electron over both pyridine rings. The 
influence of the introduction between the pyridine mngs of 
an atom or group which is capable of acting as an electron 
transfer bridge has not so far been mvestigated. This 
communication reports our results with diquaternary 
salts of 2,2’-dipyridyl sulphide. 

Before this investigation no diquaternary salts of 
2,2’-dipyridyl sulphide had been prepared. The dimethio- 
dide of 2,2’-dipyridy]l sulphide I; R=CH,, X=—I) was 
obtained by reacting 2,2’-dipyridyl sulphide with boiling 
methyl iodide for 6h. The solid which precipitated during 
the reaction consisted of a mixture of the dimethiodide and 
the mono-methiodide salts. When the solid was treated 
with cold ethanol the mono-methiodide salt dissolved. 
The almost pure dimethiodide which remained undissolved 
crystallized from aqueous ethanol as yellow crystals, 
m.p. 212° C (with decomposition). (Found: C, 30-65; H, 
3-2; N, 5-6; 8, 6-9; I’, 53-2. C,,H,,1,N,8 requires C, 30-9; 
H, 3-0; N, 5:9; 5, 6-8; I’, 53-8 per cent.) The ultra-violet 
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spectrum in water consisted of a shoulder at 269 mu 
and a maximum at 304 my, e=10,000 and 14,200 
respectively. The N,N’-diethyl dibromide of 2,2’- 
dipyridyl sulphide (I; R=0,H, X=Br) was ob- 
tamed similarly using ethyl bromide. After crystal- 
lization from ethanol it had a melting point at 211°. 
(Found: C, 40-9; H, 4:3; N, 6-7; 8, 7-9; Br’, 39-3. 
C,,H,,Br,N,8 requires C, 41-4; H, 44; N, 69; 8, 
7-9; Br’, 30-4 per cent.) We have also investigated 
the cyclic structures, 6H-dipyrido[2,1-b: 1’,2’-e]- 
1,3,5-thiadiazintum dibrormde (II; n=1)*® and 6,7- 
dihydrodipyrido[2,1-b: 1’,2’.]-1,3,6-thiadiazepinium 
dibromide (II; n= 2)™, 

Like the bipyridylium herbicides* the diquater- 
nary salts of 2,2’-dipyridyl sulphide gave coloured 
(usually yellow-green) solutions in water on treat- 
ment with zinc dust, the coloration being attributed, 
at least in part, to the corresponding radical cation. 
Structure (ILI), for example, is one canonical form 
of the radical cation from compound (IT; n= 2). 
An examination of one of these solutions by electron 
spin resonance spectroscopy confirmed the presence 
of a comparatively stable radical!®. On polaro- 
graphic examination (at pH 6-8) the diquaternary 
salta gave typical one electron reduction waves (see Fig. 1 
and Table 1) with half-wave potentials of about — 0-60 to 
— 0:75 V (H’, values are — 0-35 to — 0-50 V, assuming the 
steps are reversible), the potentials being independent of 
pH. Diquat dibromide (IV) was included in the polaro- 
graph experiments for comparison. In substantial agree- 
ment with a recent report! it showed a symmetrical 
one electron reduction step with a half-wave potential of 
—0:61 V (#,=-—0:36) independent of pH, due to the 
formation of the corresponding radical cation (V 18 one 
canonical form) and a second reduction wave with a 
half-wave potential of about —1-0 V presumably due 
to the formation of (VI). The potential of the latter 
wave 1s similar to that of the corresponding wave from 
paraquat!, 

It is clear from these results that the diquaternary 
salts of 2,2’-dipyridyl sulphide are reduced to radical 
cations at about the same potential as diquat and paraquat. 
In post-emergent herbicidal tests, however, at a rate 
equivalent to 7 1b./acre on linseed, buckwheat, mustard, 
peas, sugar beet and barley they showed no significant 
activity. 
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The reasons for the differences in biological activity of 
the diquaternary salts from 2,2’-dipyridy] sulphide and the 
bipyridylium herbicides are not understood, but the strong 
evidence** implicating radicals in the mode of action of 
the bipyridyls suggests that differences in the stability 
and reactions of the two series of radicals may be in- 
volved (compare ref. 6). The polarograms show that the 
radicals differ, for example, in the ease with which they 
are reduced and preliminary observations indicate that 
there are also dissimilarities in their behaviour on atmo- 
spheric oxidation. These aspects are being investigated. 


Table 1. POLAROGEAPHY OF 0-001 MOLAR AQUEOUS SOLUTIONS OF DIQUA- 
TERNARY SALTS IN 0 067 MOLAR SORENSEN BUFFERS AT 20° O. 


„PHE 5:9 pH68 pH 8:04 

Compound E” i Kit E t Eé E Pi Eb 

(Iv) -061 ~036 +061 -036 061 —0-36 
— 0-98 — 1-00 ~ 1-08 

(T; R=» CH,, X =I) -0867 ~042 -0867 —042 ~068 -043 
G; R= 0,H,, X=Br) —087 —042 
My n=1) —074 ~-049 -075 -050 -074 —-0-46 
(I; nm 2) -068 ~088 -063 -088 ~062 -037 

peal pidge error is +0 02 V. 

+ BS values were calculated for ap ntly reversible waves by adding 

25 V r calomel electrode) to the E + values. 


I thank Drs. J. E. Falk and J. N. Phillips of the CSIRO 
Division of Plant Industry, Canberra, for arranging the 
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valuable discussion of the polarograph experiments. 
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PHYSIOLOGY 


Cuticular Water Pump in Insects 


Amona the ways in which terrestrial arthropods can 
control their environmental water relations, the active 
retention of water, the regulation of water loss*, and the 
active uptake of atmospheric water? have been found to be 
concerned with the movement of water through the 
enticle. All these phenomena imply a water pump associ- 
ated with the cuticle and the most satisfactory mechanism 
so far proposed is based on an active process which 
reduces the water content of the solid cuticle to a level 
below that which would be in equilibrium with the blood‘. 
If the gradient of water activity between atmosphere and 
inner cuticle across the epicuticular wax layer can be 
increased, retention, regulation or active uptake will be a 
consequence of the new conditions thus established. The 
body of evidence for a water pump makes it clear that, if 
reduction of cuticular water-content is a part of the 
mechanism, it should be sufficiently large to be demon- 
strable. This communication reports preliminary resulte of 
an investigation. of the possibility of a water pump in tho 
cuticle of two species of insect, the cockroach Periplaneta 
americana and the locust Locusta migratoria. 

Large nymphs of known instar age from the culture 
stock were exposed to atmospheres of low, intermediate or 
high humidity for 4 h before being anaesthetized and 
decapitated. The prothoracic shield was excised as rapidly 
as possible, and mechanically cleaned of celluler debris 
and superficial moisture, so that a disk of solid cuticular 
material 3-6 mm in diameter could be punched out, 
wrapped in aluminium foil and weighed on a torsion 
balance. The cuticle disks were then exposed at a relative 
humidity of 99-4 per cent maintained by a 0-175 molar 
solution of sodium chloride at 25° C, while very close 
control of temperature prevented the water from con- 
densmg. After 24 h, the disks were reweighed, dried at 
85° C, and weighed again to determine total water-content. 
Blood samples were also taken from some of these animals 
and the blood osmotic pressure determined. 

It is clear from Fig. 1 that all but two of the disks of 
cuticle gained water and that most of these gained water 
significantly when placed in free exchange with a relative 
humidity representing the mean osmotic pressure of the 
blood of the insect. The gain is particularly large in the 
case of the locust; there is a distinct difference in life 
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Fig. 2. The water content of the cuticle disks as a percen of the 
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between the level of water activity ın the blood and in the 
sohd cuticle. 

The amount of water absorbed by disks of cuticle showed 
no strong correlation either with the variation in the 
osmotie pressure of the blood of corresponding animals 
(Table 1) or with the humidity to which these anımals had 
previously been exposed (Fig. 1). Any relationship 
between the blood and a gradient across the cuticle must 
therefore be indirect. Furthermore, the choice of an 
arbitrary standard humidity (equivalent to 0175 molar 
sodium chloride) appears justified: apart from the experi- 
mental complication of matching a humidity to the 
individual blood sample, an independent test showed that a 
humidity in which disks of P. americana neither gained nor 
lost weight was in equilibrium with saline at nearly 0-6 
moles/l. This represents an equivalent osmotic pressure of 
about 27 atmospheres, far stronger than the blood of any 
animal tested. The water content of the cuticle disks 
(Fig. 2) varies considerably from imdividual to individual, 
and the variation is greatest in locusts. The water content 
might be expected to vary with the humidity to which the 
animal was exposed before each experiment; and, although 
such an effect shows up slightly, most is masked within 
experimental variation. 

Table 1. GAIN IN WBIGHT OF CUTIOLE DISKS OVER 0-175 MOLAR SODIUM 


CHLORIDH, WATER OONTENT AS PEROBNTAGH OF INITIAL WHIGHT, AND AF.P. 
OF THR BLOOD OF SIX P. americana FROM DRY AND FROM WET AIR 


Gain in Sodium 
No. of weight Water AF P. chloride 
animal (per cent) (per cent) (* 0) molar 
Dry aur equivalent 
1 8-6 261 0 670 0-193 
2 $1 15-1 0 655 0-188 
8 19 29-0 0-630 0-183 
Wet atr 
4 8-9 25-0 0-667 0-198 
6 10 2638 0 646 0 186 
6 87 800 0-621 0-180 


These results establish for the first time that the level of 
water activity ın the cuticle is substantially lower than in 
the blood; a cockroach cuticle gains 20 per cont of its 
initial water content in coming to equilibrium with the 
blood equivalent and the locust cuticle gains considerably 
more. Such a steep gradient across the epidermal cell 
layer, which is known to be relatively permeable to water, 
could not possibly be maintained passively. Not only, 
therefore, must there be an active water pump; the evi- 
dence presented here points firmly to its location in the 
epidermis itself. 

This research was made possible by a faculty fellowship 
from the University of Colorado, a grant from the Minna- 
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Influence of Anti-rheumatic Drugs on 
Urinary Excretion of Hydroxyproline in 
Lathyrism 


LaTHYBOGENIO agents in the diet of several animal species 
induced an increase in the soluble collagen fractions 
present in various tissues, with a parallel increase in the 
hydroxyproline peptides excreted ın the urine’. Simul- 
taneous administration of hydrocortisone to rata on a 
diet of Lathyrus odoratus partially reduced the increased 
amount of neutral salt soluble collagen in skin‘; although 
sodium salicylate was more effective thar hydrocortisone. 
The present investigation was undertaken to ascertain 
whether the simultaneous treatment of lathyritic rats with 
anti-rheumatio drugs influenced the increased concentra- 
tion of hydroxyproline in the urine. 

Male Wistar rats, mitiel weight 50 g, were placed on a 
diet containing 60 per cent sweet-pea seeds (Lathyrus 
odoratus). Control animals were fed standard Larsen 
diet. Anti-rheumatic drugs were administered simul- 
taneously with the diet of L. odoratus in the following 
doses: 7-5 mg/kg of hydrocortisone intraperitoneally, 
200 mg/kg of sodium salicylate intraperitoneally, 20 
mg/kg of chloroquine-diphosphate (Resochin-Bayer) intra- 
muscularly; all were given daily for 6 days a week. An 
atiempt was made to maintain the weights of animals 
so that they did not differ by more than 15 per cent. 
After a period of 35 days the urine collections were made 
during a 24 h period and urinary hydroxyproline determ- 
ined by the method of Prockop and Udenfriend‘. 


Table 1. WXORETION OF HYDROXYPROLINE IN CONTROL AND LATHYRITIO 
RATS TREATED WITH ANTI-RHEUMATIO DRUGS 


Weight Hydroxyproline/24h 


Treatment Number of ani- (ug + standard P 
mals (g) error) 
Control 8 180 646 141885 
Hydrocortisone 6 130 491:4 +1587 0 05* 
Sodium salloylate 8 125 9086+ 42-7 00o1* 
Chioroquino 6 120 686-6 + 146-5 Insign, 
Lathyrus 8 116 1,493-5 + 262-3 0 61* 
Lathyrus + 8 126 1,265°6 + 279 5 0-06-0 02t 
hydrocortisone 
La + 6 110 749-24 981 ooit 
um sahoylate 
Lathyrus + 6 110 585-2 + 188 2 oot 
chloroqune 
* Statistical si cance 1n comparison with control group. 
t Statistical cance ın comparison with lathyritic group 


Table 1 gives the results of this experiment. Lathyritic 
animals excreted more than twice as much hydroxyproline 
in a day as the control animals. The treatment with 
hydrocortisone in non-lathyritic anumals decreased the 
amount of excreted hydroxyproline which is in agreement 
with the findings of Kivirikko et al.’. Chloroquine did 
not influence the excretion of hydroxyproline. Normal 
animals treated with sodium salicylate excreted more 
hydroxyproline in urine. The administration of any of 
the tested anti-rheumatic drugs to lathyritic animals 
resulted m a decrease of elevated amounts of urmary 
hydroxyproline. The normahzation was complete in 
animals treated with chloroquine and sodium salicylate. 
In the group treated with hydrocortisone this decrease 
occurred to a lesser extent. 
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Results of Kuhn et al.® indicated that lathyrogenic 
agents increased the rate of collagen synthesis. It is 
possible that anti-rheumatic drugs have an effect on the 
amount of this newly synthesized collagen in lathyritic 
rats. This may be the case with corticoids which are 
claimed to oppose the synthesis of collagen and thus 
reduce the quantity of soluble collagen present in the 
body’. It 1s more difficult to explain the therapeutic 
effects of sodium salicylate and chloroquine because the 
former increased the amount of urinary hydroxyproline 
and the latter is known to increase the amount of soluble 
collagen in rat skin. Kühn et al.§ pointed out that in- 
creased synthesis of neutral salt soluble collagen in lathyri- 
tic rats is accompanied by a simultaneous increase in 
degradation of collagen. Lathyrogenic agents may activ- 
ate tissue cathepsins? which are capable of degrading 
soluble collagen, while anti-rheumatic drugs are known 
to inhibit certain proteolytic enzymes, It is suggested 
that the action of anti-rheumatic drugs 1s to suppress 
proteolytic attack on the collagen which has been newly 
synthesized in lathyritic animals and, thus, reduce the 
concentration of urinary hydroxyproline in these animals. 
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Oxygen Flux across the Environmental 
Interface of Teleost Cornea 


Writs the use of oxygen directly from the environment 
by mammalian cornea was long suspected and had even 
been shown qualitatively, oxygen uptake by the human 
cornea tn vivo has only recently been measured!-. 

A structure of considerable comparative interest ın this 
regard is the fluid immersed, poikilothermic cornea of the 
fresh water teleost. The normal oxygen demand of this 
epithelium might be expected to be somewhat less than 
that for the mammalian due to the generally cooler 
environment and consequently lower motabolic rate. 

To measure the oxygen uptake by this tissue directly 
from the environment a polarographic electrode of the 
‘Clark’ type‘ together with a ‘Beckman Physiological Gas 
Analyser Model 160’, and a potentiometric strip recorder 
were used. The reservoir from which the epithelial cells 
withdrew oxygen was a polyethylene sheet placed directly 
over the reducing electrode of the probe (25u diameter). 
The polyethylene membrane was separated from the plat- 
inum reducing electrode by a negligibly thin layer of pH 9 
borate buffer solution (0-01 molar in potassium choloride)*. 
For a membrane 12u thick the amount of oxygen dis- 
solved in the polyethylene at 155 mm of mercury partial 
pressure (24° C) is 1-0 x 10-5 ml./om?. The solubility of 
oxygen in polyethylene is not a sensitive function of 
temperature. Over the temperature range used here the 
solubility does not change more than 10 per cent*. Such 
change is considered negligible for the purposes of this 
study. The time constant of the system varied with 
temperature, but this was measured at each of the four 
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levels (4°, 14°, 24° and 34° C) and all records were cor- 
rected for this factor. 

The tm sttu corneas of two adult fresh water species 
from regions of different temperature were used: the 
common goldfish, Cyprinus carpo (normal environment, 
15°-20° C); and a tropical class teleost, Osphronemus 
goramy (normal environment, 20°-27° C). During periods 
of measurement the animals were immobilized with 
0-08 ml/kg body-weight of d-tubocurare hydrochloric 
acid, given in the back musculature, and were maintained, 
by circulating aerated water across the gill surfaces. A 
thermistor located on the cornea was used to monitor 
local temperature. 

Sample oxygen uptake curves for the teleost cornea 
are shown m Fig, 1. Each curve has been corrected for 
the time constant of the equipment for the particular 
temperature at which the recording was made. From such 
curves the volumes of oxygen taken from the environ- 
ment of these corneas can be calculated. Since the early 
portions of the oxygen tension versus time curves most 
nearly represent normal environmental conditions, oxygen 
uptake rates were computed from the 140 to 60 mm 
mercury sections. The 140 mm mercury point is below 
the initial current drop reported by Faris et al.’. This is 
confirmed by the observation that the calculated oxygen 
uptake rates are very similar if the 100-60 mm meroury 
sections of the curves are used. 

Unlike the curves reported by Faris et al.’ the oxygen 
tension versus time curves obtained during this work did 
not have a large initial “current drop”. The “current 
drop” may be masked in our records by the current spike 
often observed when the probe is pressed against the 
cornea or by the electrical and mechanical inertia of the 
amplifier and recorder. The effect of the ‘‘current drop” 
was avoided here, however, by calculating oxygen uptake 
from sections of the oxygen tension versus time curves 
which are well below the mitial section. 

The resulting uptake rates at 4°, 14°, 24° and 34° C 
relative to the rabbit cornea at those temperatures are 
shown in Fig. 2. Langham’s value for total oxygen uptake 
by this cornea (recalculated by Hall and Fatt?) is 8-6 wl./ 
om*/h at 34° C. The absolute teleost oxygen uptake rates 
can be calculated from this value and Tig. 2 (see Table 1). 
Uptake of environmental oxygen directly by the rabbit 
cornea measured in this study was found to vary with 
temperature at an average rate of 2-6 times/10° C change 
(solid line, Fig. 2)*. The corneas of the two teleost species 
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Fig 1. Changes in oxygen tension in the probe reservoir with time. 
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studied here were found to approach the rates for the 
rabbit rather closely except for the goramy at 34° C; 
however, this temperature level is sufficiently above the 
normal environmental range of these fish that comparison 
with the mammalian data is not practicable. 


Table 1, MBAN VOLUMES OF OXYGEN (y1,/em*/h) CH ORSEG THR ENVIRON- 
MENT-OORNBAL EPITHELIUM INTERFA 
acc 14°C 24° O 34°C 
$ a o £ o & o 
Rabbit 048 +001 147 +004 SOL +042 860 +138 
Goldfiah 1:12 +088 1-20 +030 310 +167 1819 +851 
Goramy 085 +022 2:84 +0438 616 +061 20-57 +14-28 
f 


* Based on tecalculated value of 8'6 yl./em'/h from Langham for rabbit 
cornes at 84° O. 


From observations on these two teleost species it 
seems that the direct oxygen pathway from water en- 
vironment to corneal epithelium is being well utilized 
and that within the normal temperature range of the 
animals the oxygen flux across this boundary roughly 
approximates that of the rabbit cornea at the same tem- 
perature. 
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Effect on Aphid Feeding of Dietary Methionine 


Recent behavioural and nutritional investigations on 
Myzus persicae (Sulzer) fed and reared on synthetic diets 
have shown that the sucrose concentration and the 
overall level of the twenty ammo-acids in the diet markedly 
affect the rate of ingestion of the diet! as well as the rate 
of growth of the aphid*. Specifically with respect to the 
amino-acids, diets with a total amino-acid concentration 
of less than 1 per cent were fed on minimally and supported 
only poor or no growth. Rates of uptake and growth 
increased as the concentration was increased to 3-0 per 
cent; but whereas uptake declined somewhat, the growth 
rate continued to increase beyond that level to 4:8 per 
cent, the highest concentration tested. 

Although these results oan be viewed in terms of the 
behavioural and nutritional responses by the aphid to the 
overall concentration of amino-acids in the diet, ıt was 
realized that the adverse effect on growth, m particular, 
of an overall reduction in the concentration of amino-acids 
could primarily be the result of reduction below a critical 
level of only certam of the twenty amino-acids. Detailed 
investigations? of the growth of larvae of M. persicae on 
diets in which individual amino-acids were incorporated 
at various concentrations led to the conclusion that, of 
the five amino-acids (methionine, isoleucine, histidine, 
cysteine and lysine) which in any way adversely affected 
growth if omitted from the diet, methionine was the only 
one the omission of which completely halted growth in 
the first generation. Thus, in contrast to the resulta of 
investigations on carbon-14 incorporation’, M. persicae 
appears from the nutritional investigations to be capable 
of adequate synthesis of at least six or seven of the ten 
amino-acids which are generally considered to be nutrition- 
ally essential for insects. Without knowledge of the rela- 
tive uptake of diets differing in their methionine content, 
however, it was not justifiable to attribute impai 
growth on methionine-deficient diets solely to an inability 
of the aphids to synthesize this amino-acid from the amino- 
acid pool supplied. 

Behavioural studies have shown that methionine is 
strongly phagostimulatory to M. persicae, when incor- 
porated at 0-02 per cent to 0-10 per cent in pure sucrose 
solution; the routine concentration at which the amino- 
acid is incorporated into the complete diet 18 0-04 per cent. 
The possibility, however, that diets lacking methionine, 
or with only a fraction of the routine concentration of 
methionine, but containing a total of almost 2-5 g of nine- 
teen other amino-acids (including at least eight other 
phagostimulatory ones*) per 100 ml. of diet, might be less 
phagostimulatory has only recently been considered. 

By difference weighing of sachets’ containing the diets 
on which replicated groups of forty to fifty instar IV 
diet-reared larvae are fed for two successive 24 h periods, 
the uptake of the following four diets was compared: 
(a) standard diet containing twenty amino-acids at the 
routine concentration; (b) diet lacking methionine; 
(c) diet with methionine as the only amino-acid; and (d) 
diet lacking all amino-acids. The results of four experi- 
ments are given in Table 1. 


Tablo 1. AVHRAGE UPTAKB/APHID/DAY (ug)* oF SYNTHBTIO DINTE OON- 
ACIDS 


TAINING VARIOUS OONOBNTRATIONS OF AMINO 
Experi- Successive All twenty All but 


Only No 
monts days omino oe a methionine amino-acids 

8 607 267 — — 

2 A 604 233 — — 

B 621 254 — -— 

3 4 839 466 300 196 

B 641 298 265 188 

4 A 840 404 408 202 

B 840 388 440 280 

Totals for IIT and IV 2,989 1,601 1,413 761 


* Means of tho ae apy values obtained In each of three or four replicates of 
groups of forty to fifty five- or six-day-old larvae. For each experiment 
uptake values are given for the same groups of larvae on successive days 
mp breatmonia, that is, on the fifth (4) and on the sixth (B) day of larval 

evelopmen 


NATURE, VOL. 214, APRIL 22, 1967 


In all cases the uptake of the methionine-free diet is 
about half that of the diet contaming all twenty amino- 
acids. There does not appear to be an “acclimatization” 
of the aphids to the methionine-free diet because the up- 
take values for the second 24 h periods (B) in each experi- 
ment do not have a different relation to the uptake values 
for the complete diet than in the first 24 h period (A). 

The smallest values for uptake were obtained with diets 
lacking all amino-acids, and were only about a quarter of 
those for the complete diet. When methionine was the 
only amino-acid in the diet, uptake was almost twice as 
great as with no amino-acids; however, the values for 
uptake were only half of those for the diet containing all 
the amino-acids. It follows that methionine, as the only 
amino-acid in the diet, does not provide the degree of 

phagostimulation given by the mixture of all twenty 
amino-acids, including methionine. The data indicate, 
furthermore, that the amount by which the uptake is 
reduced by the omission of methionine 1s very close to the 
amount of uptake attributable to the phagostimulant 
effect of methionine alone. 

That the concentration of a single amino-acid in a 
complex mixture of amino-acids and other nutrients in the 
diet of M. persicae can affect the aphid’s rate of feeding, and 
thus its growth, is a dramatic demonstration of the subtle 
dependence of aphids on the specific composition of their 
food. Although the recent finding, that the concentra- 
tions of certain other amino-acids (for example, histidine 
and isoleucine) markedly affect the proportion of M. 
persicae that develop wings’, cannot as yet be linked to 
the present results, it strengthens the mference that 
can be drawn for the uptake data, that small differences 
in the composition of the sap of the host plants of aphids 
may have a marked effect on the ecology of these insects, 
and that a knowledge of these differences will make pos- 
sible the prediction of the potential abundance and 
relative wingedness of aphid populations. 
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U.S. National Science Foundation. 
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Relationship between Serotonin and the 
Circadian Rhythm in some Nocturnal Moths 


THE presence of serotonin has been reported in various 
insect tissues; mainly m connexion with the venom glands 
of Hymenoptera!?, in head, thorax and abdomen or total 
insect extracts?? and in the corpora cardiaca‘. In several 
cases the corpora cardiaca and corpora allata have shown & 
relationship to a circadian rhythm**, but the nature of the 
activating material secreted has remained obscure. 

The structure of the corpora cardiacos in the orthop- 
teroid insects, on, which attention has largely been centred 
in the past, differs from that found in the Lepidoptera. 
In the latter, these organs are considerably smaller, in 
many species with as few as threo intrinsic cells, and it 
appears in the adult insects to have very little storage 
capacity (my unpublished work). My histological in- 
vestigations have confirmed that the neurosecretory 
material of the median and lateral cells of the pars inter- 
cerebralis is accumulated in the cell bodies and along the 
axons leading to the corpora cardiacs. 

In an investigation of the circadian flight activity of 
various nocturnal moths during the past 2 yr I have pro- 
duced evidence that serotonin 18 secreted by certain 
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brain neurosecretory cells, and appears to play a part in 
raising or lowering the threshold for activation. I was, 
therefore, interested to note that circadian fluctuation of 
concentration of serotonin has been demonstrated in 
extracts of gut and nervous system from the opilionid, 
Leiobunum longipes, and, furthermore, efflux of serotonin 
from the brain could be correlated with histological changes 
in the neurosecretory cells*, Histochemical investigations 
of the noctuid moths, Noctua pronuba and Agrotis ipsilon, 
revealed a large concentration of tryptophan in the median 
“A” cells, As tryptophan is the precursor of serotonin, 
the possible presence and function of this biogenic amine 
were further investigated. 

The brain and retrocerebral complex was dissected from 
adult male moths in Ringer’s solution, fixed for 18 h in 
Bouin’s solution, embedded in wax and sectioned at 5y. 
The neurosecretory cells were identified by a modified 
paraldehyde fuchsin technique. Tryptophan was made 
visible by the DMAB method!*, Application of Ninbydrin- 
Schiff and bromphenol blue indicated a smaller total 
protein concentration in some “A” cells than in adjacent 
neurons, all of which are tryptophan negative. These 
“A” cells alone gave a positive enterochromaffin reaction 
with diazotized saffranin (Fig. 2). The possibility of the 
enterochromaffin reaction giving a positive result with 
closely related substances could not be excluded. It seems 
unlikely, however. that tryptophan is stained, for when 
sections of the brain of the silk moth, Philosamia cynthia- 
ricini, were similarly treated the “A” cells were tryptophan 
negative, but strongly positive with the enterochromaffin 
reaction. An explanation of this dissimilarity might be the 
difference in longevity of the adult male insects, which is 
7-8 days in Philosamia and 2-3 months in Noctua. 
Obviously if serotonin is an essential secretion its continued 
synthesis would be necessary in Noctua, whereas Philo- 
samia could synthesize and store sufficient serotonin for 
its comparatively short adult life. 

The median “A” cells of Noctua exhibit a “Tindall” 
effect, which renders them visible when the brain is ex- 
posed in Ringer’s solution. This property is shared by 
some other noctuid moths and appears to be consistent 
with observations on Calliphora erythrocephalaY. This 
feature makes the selective ablation of the “A” cells 
possible with a microcautery. Experiments in which this 
operation was performed further support the idea that the 
material secreted by these cells is connected with nocturnal 
flight activity. 

Operated insects were separated for a period of at least 
5 days before being introduced into an aktograph. The 
post-operative delay was considered necessary because 









Fig. 1. Tryptophan-rich “A” cells (dark inclusions) in brain of Noetue 
pronuba, DMAB method-phase contrast. 
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Fig. 2. Enterochromaftin reaction in “A” cell (dark staining) in brain of 


Noctua pronuba. 





some individuals died after 1 or 2 days, but the survivors 
lived for several weeks. The result of “A” cell ablation 
was to abolish the normal night flight, but had little 
effect on flight activity which characteristically appears 
from 0-5-1 h after the lights are switched on (= “light 
activation’). As a control to these experiments other 
moths were subjected to sub-peripheral cautery of the 
neurones adjacent to the “A” cells. In these, the overall 
effect was to diminish slightly the flight amplitude, but 
not to impair either day or night flight. The likelihood of 
substances other than serotonin affecting the nocturnal 
cireadian rhythm was not overlooked; consequently a 
number of known biogenic amines of natural occurrence 
were tested. For these experiments unoperated male 
moths of known age were injected with 1 ul. samples of 
serotonin creatinine sulphate, tyramine, tryptamine, 
adrenaline and L-noradrenaline in concentrations of 1 part 
in 1x 10-%—1 in 1x 10-8 in both Ringer’s solution. and 
distilled water. In all cases adrenaline and noradrenaline 
suppressed all flight; tryptamine and tyramine had little 
effect, whereas serotonin usually enhanced the duration 
and amplitude of the night flight. A description of the 
aktograph used in these investigations, and details of the 
flight patterns evinced in the various experimental con- 
ditions will be published elsewhere. 

On the basis ot these results I would like to suggest that 
“light activation” is mediated directly through the nervous 
system and that dark activation is mediated or enhanced 
by the seeretion of serotonin from the “A” cells of the 
brain. The time of release would, then, comprise the 
onset of the endogenous component in the circadian 
rhythm of nocturnal flight. 
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2 Ly poca. 

) temic hormone ‘frat Hdecstibed by ‘Hirsch a 
tes the deposition of calcium in bone. Alia- 

indicated that in tissue culture, thyrocal- 
erted a direct positive effect on the deposition of 

into mouse ealvariae. Foster et al. have also 
‘recently indicated that thyrocalcitonin promoted calcium 
uptake by perfused isolated bone. Investigations from 
thi atories* indicated that perfusion of rats over a 
h with thyrocalcitonin and calcium-45 resulted 
ased isotopic concentration in the bones as 
io: the isotopic concentration of the bones of 
sd with calcium-45 only. Further, wet have 
d that the administration of thyrocalcitonin 
ar a period of 5 days led to an increased positive 
lanco and a reduction of endogenous calcium. 

and Heiskell® have observed that treatment with 
itonin did not elevate the calcium content of the 
es, an observation that we have confirmed. 
ntlys Gudmundsson et al.* have shown that while 
ose of thyrocalcitonin did not change the calcium 
ion of muscle and cardiac tissue, infusion of the 
‘era period of 12 h reduced the calcium content 
tuscle. These observations indicate that thyro- 
acts on bone, although most of the evidence, 
at of Aliapoulias, is indirect. The experiments 
here were performed in an effort to obtain some 
of a direct effect of thyrocalcitonin on bone 

















































“ovenou. injection of tetracycline Tanne (3-5 ae 
permit localization of the currently growing bone 
Twenty-four hours later the animals were 
into control and experimental groups. Control 
eived daily subcutaneous doses of saline whereas 
erimental groups received 80 units? of a partially 
thyrocalcitonin preparation. The thyrocalcitonin 
on-was the trichloroacetic acid precipitate of the 
use ef al? preparation. Treatment with the 
one was extended over a 21 day period. On the 
twenty-second day the animals were killed by etherization 
< followed by exsanguination. No remarkable weight 
: erences. were observed in the treated and control 
ups of rats. The long bones were removed and pre- 
ared for gross and histological examination. Cross 
ms were prepared with the aid of a fine toothed 
er's saw and a vice. Sections from each bone were 
at the same anatomical site. This was achieved by 
ab a measured distance from the proximal joint. 
‘were cut at the fibular junction. The cross 
'e placed under a dissecting microscope with a 
antation for comparative observations. The 
‘band was made visible by ultra-violet illumina- 
e distance from the inner edge of the band to 
of the lumen measured with the aid of a cali- 
ocular micrometer. Eight clockwise measurements 
the new bone were made on each sample examined. 
om, these observations, the average width of cortical 
6 growth. was estimated. The results of the first 
i ent are presented in Table 1. The data indicated 
: was significantly Po cortical bone gr owth 








Average width of new cortical bone in mm + S.E.M. 
Thyrocaleitouin 


Control rats treated rats P (t test) 
0:280 + 0-007 0-260 + 0-014 < 0-05 
0-211 +.0-012 314 +0023 < 0-001 
0:120 + 0-006 0200 + 0-011 < 0-001 


Twelve rats per group, one bone from cach rat. 
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nothing remarkable in either the oro a group or ike aS 


group treated with thyrocaleitonin. fi 
A second experiment was performed exactly as above- 


using twenty young rats per group. Only the tibiae were ` , 


examined for cortical bone growth; The cross sections: 
were oriented under the microscope so that the apex of the. 
interosseous crest coincided with 12:00 on our clockwise 
scale. Several readings of the new cortical bone growth’. 
were made, designated as 12:00, 1:00, ete. The results, > 
indicated in Table 2, showed significantly greater cortical. 
bone growth (in all the regions measured) in the group... 
of rats that had been treated with thyrocalcitonin. Da 
Table 2. CORTICAL BONE GROWTH OF THE TIBIAE FROM SALINE TREATED AND: ue 
THYROCALCITONIN TREATED RATS : 
Thyrocalcitonin Per cent 


Measured Control rats treated rate over controls P (t test). 
12:00 0-303 + 0-013 O47) £0012 55 € 0-001 
1:00 0-262 + 0-008 0-361 + 0-014 38 0-001 
3:00 0253 + 0-007 0-363 + 0-017 43 <0-001 
5:00 0:309 + 0-016 0-478 + 0-017 55 0-001 
6:00 0-312 40-017 0:458 + 0-012 45 €0-001 
7:00 0-282 + 0-000 0-382 + O-014 35 <€ 0-001 
9:00 0-220 + 0-007 0:326 + 0-013 42 0-001 
10:00 0-209 + 0-016 0-328 + 0-014 56 0-001 

Average 

values 0°270 + 0-014 0-395 + 0-022 46 < 0-001 


A third experiment was performed using four groups of 
rats, cight rats per group. The groups were treated with. 
thyrocaleitenin daily (subcutaneous route) for 15 days at 
dose levels of 31, 62, 124 and 248 units/100g of body weight. 
At the end of the treatment period, the animals were 
killed, the tibiae removed and the cross-sectional areas. of 
the new cortical bone determined. The area from the 
tetracycline line inwards to the lumen was measured by 
planimetry of the projected images. The area of the new 
bone was found to be proportional to the doses of thyro- 
calcitonin and exhibited a typical log dose response which 
is indicated in Fig. 1. 

One preliminary experiment was performed on a pair of 
littermate rabbits. Restricted supplies of thyrocalcitonin 
permitted treatment of only one rabbit with 400 units of 
thyrocalcitonin subcutaneously daily for 25 days; the 
control received saline. The new cortical bone of the 
femora and tibiae of the animals were measured. The 
average growth increment of the control femora was 
0-787+ 0-068 mm, whereas that of the thyrocalcitonin 
treated animals was found to be 0-994+ 0-049 mm, a 
difference of 27 per cent (P > 0-02, < 0-05). The growth iri- 
crements of the control and treated tibiae were found to be 
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Units thyrocalcitonin (log scale) i 
Fig. 1, Log-dose relationship of new cortical bone area Of tiblue ofr r: 


created with thyrocalcitonin over a 15-day test period. Points represent 
average area per group, bare indica standard errors, a 





















NATURE, VOL. 214, APRIL 22, 1967. 





06+0-060 mm and 1-081+0:077 mm respectively, a 

a of the thyrocaleitonin treated animals (P= 0-05). 

the observations presented above are reasonably good 

t evidence that thyrocalcitonin, chronically adminis- 

pd over a long period of time, enhanced cortical bone 

evelopment in the rat and in the rabbit. 
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Effect of Ligaturing on Puparium Formation 
in the Larva of the Tsetse Fly, Glossina 
morsitans Westwood 


-Tr has been known for a long time that the application of a 
-ligature posterior to the brain in the larva of the blowfly, 
-Calliphora erythrocephala Meig., prevents the pupation of 
“the posterior part, provided that the ligature is applied 
before a “critical period” in the development of the larva 
has been reached!. If the ligature is applied after the 

-eritical period has passed then the whole larva darkens 
“Sand forms a puparium. 

It is now known that the critical period is associated 
“with the liberation of the hormone ecdysone, which is 
secreted by the ecdysial glands lying anterior to the brain 

an the ring of Weismann. This hormone mediates the 

“tanning of the cuticle and the formation of the puparium, 
“and ligatured Calliphora larvae can be used for the bio- 
assay of ecdysone®?, 

“Tsetse flies are viviparous and the birth product is a 

fully developed third instar larva which pupates after a 

‘very short period of burrowing activity if environmental 




























1 ‘Larva‘of tsetse fiy ligatured behind the brain and photographed 
Ge oD laters oo. Ar 


yo increase of 19 per cent being exhibited by the 



















































Fig. 2. Larva of Musca domestica L. ligatured behind the brain. an 
photographed 40 h later. in 


conditions are favourable. Pupation, however, can be 
delayed for several hours if conditions are unfavourable 
and there is evidence that the delay is induced by the 
continued stimulation of the surface sense organs. If a 
tsetse larva is suspended by its posterior polypneustic | 
lobes, tactile sensory inflow ceases and pupation begins: 
within minutes‘. Saat eee 
During investigations into the function of the: tsetse 
neuroendocrine system it was found that the application 
of a ligature to the larva, such that the brain was confined.. 
anteriorly, invariably resulted in the pupation of. the 
posterior part. This is illustrated in Fig. 1. vig 
Larvae were ligatured immediately after deposition and. 
at intervals of 0-5-3 h after deposition. The result: we 
the same in each case and the time taken for the complet 
of darkening in the posterior part was between 12 and 24h. 
Such ligatured larvae have been kept for several days _ 
and during this time no indication of the commencement 
of the tanning process in the anterior part has been noticed 
Glossina species are generally placed in the Family 
Muscidae, and so a control experiment was performed in 
which larvae of a sub-species of Musca domestica L. were 
ligatured behind the brain and they were found to respon 
in the same way as Calliphora (Fig. 2). ie 
Several explanations can be put forward to accoun i 
the unusual reaction of tho tsetse larva to ligaturing but 
the most reasonable explanation seems to be as follows. 
Ecdysone is present in sufficient quantity in the body of 
the larva at the time of its deposition to mediate puparium. 
formation and the tanning reaction. The central nervous 
system, however, is capable of inhibiting the action of 
eedysone in response to stimulation of the surface sense 
organs, and this it does in the normal larva for several 
hours when environmental conditions are unfavourable. 
Thus, the brain is acting as an inhibitory centre which may 
be similar to that found in the mesothorax of the 
blowfly’. Me 
The application of a ligature to the tsetse larva euts off 
the posterior part from the influence of the central nervous 
system and permits the tanning reaction to proceed in this 
region, albeit more slowly than in the unligatured larva. 
It seems probable that in the normal larva more ecdysone 
is produced by the ecdysial glands when the inhibitory 
effect of the brain is removed and that this speeds up the. 
tanning process. 
In the ligatured larva the surface sense cells proba 
continue to be stimulated by the presence of the ligat 
and to maintain the inhibitory effect of the brain. 
The alternative hypothesis that ecdysone is prod 
in the posterior part of the larvae must not be ove 
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Muscidae. 


-but this seems unlikely in view of the fact that the internal ie 
anatomy of the tsetse larva is similar to that. of other 
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„Potentiation of Adenosine by Dipyridamole 

< DIPYRIDAMOLE [2,6-bis(diethanolamino)-4,8-dipiperidino- 
-pyrimido (5,4-d)pyrimidine] dilates the coronary vessels, 
‘and is used to treat angina'. Dipyridamole also changes 


the metabolism of adenosine and adenine nucleotides in 
ardiac muscle?-+, This action is clear in hypoxic hearts, 
in which dipyridamole decreases the loss of adenosine? 
and adenosine triphosphate (ATP)*. Adenosine and 
adenine nucleotides dilate the coronary vessels but there 
is not°yet sufficient evidence to prove that the coronary 
dilator action of dipyridamole is caused by alteration of 


nucleotide metabolism. 


- In the guinea-pig adenosine produces heart block as 
well.as dilation of the coronary vessels. It is inactivated 
rapidly. in blood and tissues®*, and as dipyridamole 
reduces the breakdown of adenosine in the heart? it 
seemed possible that dipyridamole would increase the 
heart block produced by adenosine in the guinea-pig. 
Guinea-pigs of either sex weighing between 0-3 and 


-OG kg were anaesthetized with urethane intraperitoneally 
(1-5 g/kg). Artificial respiration was applied, the thorax 
: was opened and a polythene cannula was inserted into the 
cleft atrium. A micrometer syringe was attached to this 
“gannula and adenosine was injected in volumes not 


exceeding 0-01 ml. The effect of adenosine in the electro- 
eardiogram was recorded from limb leads. Dipyridamole 
was injected into a jugular vein. 

-The effect of adenosine on the electrocardiogram of 


os. the guinea-pig is shown in Fig. 14. Heart block is the 
predominant feature of the response, but there is also a 

=i transient prolongation of the P-R interval, and brady- 

< cardia. After the intravenous injection of dipyridamole 

- | (50-500. pg/kg), the response to adenosine is greatly 
prolonged. The potentiation of adenosine after 150 yg/kg 
<- of dipyridamole is shown in Fig. 1B, C, D; the duration 
of the heart block produced by adenosine is increased 


from 4:6 sec to 37-4 sec. Potentiation of adenosine by 
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Fig. 2. The effect of a continuous infusion of dipyridamole (100’pa/kg/ 
min) on the duration of the heart block produced by adenosine (80 ng) 
injected at 3 min intervals into the left atrium of a guinea-pig, 


single injections of dipyridamole is transient, suggesting 
that dipyridamole is rapidly inactivated in the guinea-pig. 
Intravenous mfusion of dipyridamole produces potentia- 
tion of adenosine which lasts for the duration of the 
infusion. This is illustrated in Fig. 2, in which the dura- 
tion of the heart block produced by 30 ug of adenosine, 
injected into the left atrium at 3 min intervals, is plotted 
against time. During the infusion of dipyridamole 
{100 ug/kg/min) the response to adenosine is greatly 
prolonged, but soon returns to its original length after 
the infusion of dipyridamole is stopped. Faster rates of 
infusion of dipyridamole (150-300 ug/kg/min) produce | 
an even greater potentiation of adenosine. In six experi- ` 
ments, the duration of the response to adenosine was 
increased from 3-5 sec to 4-10 min by dipyridamole. 
On the basis of the known actions of dipyridamole, it 
is at present difficult to explain such a dramatic potentia- 
tion of adenosine. In vitro, dipyridamole is a weak in- 
hibitor of adenosine deaminase from intestinal mucosa, 
but the concentrations needed to produce this effect are 
high (1-4x 10-* molar), and the degree of inhibition is 
not great’. It thus seems unlikely that inhibition of | 
adenosine deaminase alone can explain the potentiation ` 
of adenosine by dipyridamole. Other mechanisms, such 
as the inhibition of uptake of adenosine into red blood 
cells7*, may contribute, as the inhibition of uptake 
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Guinea-pig electrocephalograph. Panel A shows the transient period of heart bloc 
by the intra-atrial injection of adenosine (25 zg). Panels B, y aa Gr hee 


C, and D, which run continuously, show 


the greatly increased response to adenosine (25 ug) 2 min after the intravenous injection of 
dipyridamole (150 ng/kg} 
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- would result in more adenosine being available to act on 
the heart. The ability of dipyridamole to potentiate 
adenosine provides more evidence suggesting that some 
of the pharmacological actions of dipyridamole are caused 
by its potentiation of endogenous adenosine in tissues. 
Another action of adenosine which is potentiated by 
dipyridamole is the retardation of platelet agglutina- 
tion® t, 
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Differentiation of Synaptic Bulbs in Clarke’s 
Column 


INVESTIGATIONS of the fine structure of synaptic junctions 
have revealed a morphological differentiation of apposed 
synaptic membranes and associated presynaptic and 
postsynaptic elements'-*. Presynaptic terminals have been 
shown to contain agranular synaptic vesicles, although 
larger granular vesicles have also been reported>*. Two 
kinds of axonal terminals were recently identified, one of 
which contains spherical, and the other flattened, agranular 
vesicles. The observation was made in boutons synapsing 
with dendrites in the molecular layer of the cerebellum’ 
and in boutons synapsing with anterior horn cells of the 
spinal cord’. This communication reports observations 
on two forms of synaptic vesicles which can be used to 
differentiate two types of boutons found within Clarke's 
column of the monkey (Saimiri sciureus). This nucleus of 
the dorsal column is found in the spinal cord at thoracic 
and upper lumbar levels. It receives proprioceptive im- 
pulses chiefly from neuromuscular spindles 
and Golgi tendon organs. These impulses 
are relayed to the cerebellum by spino- 
cerebellar tracts. 

Five adult male monkeys were anaesthet- 
ized with ‘Nembutal’ and perfused with 
glutaraldehyde? through the abdominal 
aorta. Lumbar segments L, and L, were 
removed and hemisected. One side of the 
cord was used to identify Clarke’s column 
by staining frozen sections with cresyl- 
echt violet. The other side was trimmed 
to delimit Clarke’s column and prepared 
for thin sectioning by postfixing in l per 
cent osmium tetroxide, dehydrating, and 
embedding in ‘Epon 812’. The localization 
of Clarke’s column was confirmed by 
examining plastic-embedded sections, 1--2; 
thick, stained with methylene blue and 
azure IY. Adjacent thin sections were 
stained with lead citrate and examined 
under an electron microscope. 

Examination of axodendritie and axo- 
somatic synapses revealed two types of 
boutons (Fig. 1), a type S containing 
spherical vesicles (S) and a type F con- 
taining flattened vesicles (F). Of the 


Fig. 1. 
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240 boutons investigated in axodendritie. synapses, 50 
per cent were of type S, containing spherical vesicles, 
41 per cent were of type F with flattened vesicles, and 
9 per cent could not be classified. Of the eighty synaptic 
bulbs found on the perikarya, 56 per cent were of 
type S, 38 per cent were of type F, and 6 per cent. 
could not be classified. The diameters of circular profiles 
representing spherical vesicles in boutons of type 8 
measured from 400 to 600 A, The flattened vesicles repre- 
sented in the micrographs as ellipsoidal profiles were 
200-300 A wide and 450-600 A long. Granulated vesicles 
were identified in synaptic bulbs but occurred infrequently. 

The finding of two types of synaptic bulbs in Clarke’s 
column, one with spherical vesicles and the other with 
flattened vesicles, provides information on the additional 
distribution of these types in the central nervous system. 
Boutons of both types F and S have been described synap- 
sing with dendrites in the molecular layer of the, cere- 
bellum, but only bulbs of type F have been reported, in 
synapses with perikarya of Purkinje cells’. Bodian® 
deseribed both types of boutons in association with peri- 
karya and dendrites of anterior horn neurones. 

The data indicate that boutons of type S are more 
numerous than the type F. Bodian* reported that of 
1,000 synaptic bulbs 45 per cent were of type S and 39 per 
cent were of type F. In Clarke’s column, of 320 synaptic 
bulbs classified, 52 per cent were type S and 40 per cent 
type fF. 

Both types of vesicles vary somewhat in size. For 
example, in synaptic bulbs associated with the anterior 
horn cells the spherical vesicles were 250-400 A in diameter 
and the flattened vesicles were 100-200 A wide and 300- 
600 A long’. In Clarke's column the spherical vesicles 
were 400-600 A in diameter and the flattened vesicles 
measured 200-300 A wide and 450-600 A long. Measure- 
ments were reported only for the spherical vesicles (400 A) 
in the cerebellum, although it was noted that the flattened 
vesicles or “ellipsoidal vesicles’ were smaller’. Circular 
profiles occurred in type F boutons in Clarke’s column and 
were also encountered in type F boutons associated with 
anterior horn cells*. While these circular profiles could 
represent sections of spherical vesicles, they could be 
interpreted as profiles of a disk with the large surface 
oriented at right angles to the electron beam. 

Both Uchizono’ and Bodian" have suggested that these 
morphologically distinct synaptic bulbs may be either 
excitatory (type S) or inhibitory (type F) in the systems 
investigated. Electrophysiological results indicate that 





Fig Micrograph of a transverse section of a portion of an axodendritic synapse in 
Clarke's column. Paris of a dendrite (D) and associated synaptic bulbs (S and F) are indi- 


The type S bouton contains circular profiles related to spherical vesicles whereas 
the type # bouton contains numerous ellipsoidal profiles related to flattened vesicles, 
The circular profiles shown also in this type F bouton may be disks oriented perpendien- 
larly to the electron beam, 
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ole of Red and White Muscles in the 
— Swimming of the Skipjack Tuna 
¿[N several respects the skipjack (Katsuwonus pelamis) can 
be considered the most highly specialized of the scombroid 
© fishes: in this species, the swimbladder has been lost, 
10 branchial musculature is extremely reduced, and 
deep red musele, found only in the tunas, assumes the 








Fig. 1. 
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düring spontaneous swimming with electrodes at aites indicated, 
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a, Lateral view of the skipjack, Katsuwonus pelamis, 


d, Records taken at the same sites after light tactile stimulation of the contralateral opercuhim region, 


px 


b, Cross-section just anterior to the posterior dorsal fin, AS 
A, B, and C are recording sites; dram, deep red muscle: Lsm., latoral superficial muscle; a.m., white muscle, e, Records taken 
In both records the upper trace is from the red muscle area (recording site A; es 
The lower trace in the upper record is from white muscle (site B, Fig, 1b) and in the lower record from red masele (site 0, Figs Iko oo 
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lature of any of the 





pecies investigated by Kafukn? in his comparative study 
of the distribution of red muscle. Constant forward motion — 


is thus required, not only to give hydrodynamic lift but. 
also to provide a flow of water over the gill surfaces; it: 
seems reasonable to suppose that the large amount. of 
deep red muscle is in some way associated with these. 
requirements. Braekkan*®, on the basis of a primarily 
biochemical investigation, has concluded that this deep 
red muscle functions as a store of energy for the adjacent. 
region of white rather than as a contractile tissue in its. 
own right, Recent work on the red muscles of other | 
teleosts** has shown that they are fully contractile and 
have neuromuscular properties similar to the slow fibres. 
of terrestrial vertebrates. These muscles are found in 
situations in which prolonged activity is required. By 
analogy with other fish, it might therefore be thought. 
that the constant “basal swimming” of the scombroids 
would be a result of red muscle contraction. There 
remained the possibility that in the highly specialized: 
scombroids the deep red muscle might indeed be found 
to perform a maintenance function; Brackkan? has 
stated that... “The anatomical situation of the red musele 
prevents its taking part in the main muscular work; ooo 
Skipjack tuna were studied at the Kewalo Basin tank 
of the Bureau of Commercial Fisheries Biological Labora- 
tory, Honolulu. Healthy 1-5-1-7 kg fish were transferred | 
rapidly to an experimental tank in which they were 
perfused through the mouth with oxygenated sea water, ; 
the fish being restrained by a tight-fitting flexible rubber 
membrane located close behind the pectoral and pelvic. 
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fins. Once in the tank, the fish were injected with 
either 0-2 ml./kg of sodium pentobarbital or 0-25 ml./kg 
propiopromazine hydrochloride, because we found that- 
without sedative or tranquilizing drugs these fish did not 
survive well in the experimental tank. With slight seda- 
tion, the fish remained in good condition for 2—4 h and most 
fish showed more or less continuous swimming activity 
throughout this period. Electrical activity ın different 
muscle regions was monitored by two concentric-electrode 
probes connected to differential condenser-coupled pre- 
amplifiers. The area of muscle sampled by each probe 
was approximately 2 mm in diameter. Recording sites 
were mapped by dissecting out the probe tracks at the 
end of the experiment, penetration along each track being 
noted at the time of recording. 

The preliminary results of recordings from some forty 
fish indicated that (a) The deep red muscle (“‘d.r.m.”, 
Fig. 1b) showed electrical activity in almost all cases in 
which any swi movements could be seen. The 
size of the extracellularly recorded spikes, their frequency 
and the duration of bursts of activity could be clearly 
correlated with the amplitude, frequency and form of 
the observed swimming movements. (6) During low 
frequency swimming movements, some electrical activity 
was also commonly observed in the lateral superficial 
muscle (“l.a.m.”, Fig. 1b)... (c) In the three fish investi- 
gated in which the deep red muscle was electrically silent 
during low frequency swimming, large spikes were ob- 
served in the lateral superficial muscle. (d) No electrical 
activity could usually be demonstrated in white muscle 
regions during low frequency swimming movements. 
These regions, on the other hand, showed increasing 
activity at the higher tail beat frequencies in the tran- 
quillized fish; they also showed activity after tactile 
stimulation of the head and operculum. In this latter 
situation, white muscle activity sometimes occurred with 
tail beats of low frequency and large amplitude. (e) 
White muscle activity was not normally found in fish 
treated with pentobarbital, even after strong tactile 
stimulation. When spontaneous high frequency swimming 
occurred, it was mediated entirely by increased red muscle 
activity. 

There seems to be no basis for Braekkan’s statement 
about the anatomical situation of the red muscle. On 
the contrary, a detailed anatomical study (to be reported 
elsewhere) has shown that the deep red muscle is ideally 
placed to function, either independently or in conjunction 
with the white muscle, in the production of swimming 
movements, 

If the maintained low frequency swimming movements 
in the experimental tank can be held to correspond to the 
basal swimming of the free-swimming fish, it would seem 
reasonable to conclude that this basal swimming is brought 
about entirely by the red muscle system. (It is perhaps 
of phylogenetic as well as functional significance that these 
movements can also be performed by the lateral super- 
ficial muscle alone; the anterior muscle fibres of this 
system are similar to those of the deep red muscle system, 
while the more posterior are more similar to the white 
muscle fibres.) The white muscle thus appears to repre- 
sent a reserve of power for short bursts of high activity 
as ın feeding or escape behaviour. That the activation 
of the white muscle system is ‘‘voluntary” in the sense 
that it only occurs after arousal is perhaps indicated 
by the specific inactivation of this system in pentobarbital 
anaesthesia. 
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Electric Fields in Perfused Nerves 

In perfusion experiments with squid giant axons, the 
internal potassium concentration K: can be reduced 
either by substitution of other univalent ions, so that 
both ionic strength 3, and osmolality are kept constant, 
or by dilution with non-electrolytes at constant osmolality. 
The importance of non-electrolyte perfusion in testing 
various models of resting potential difference (p.d.) and 
action potential is emphasized by the fact that there 18 a 
large range of resting potential difference (between 
— 25 and 0 mV) obtained by reducing Ki, in which action 
potentials are abolished if K; alone has been reduced 
but are still obtained if s; has been reduced proportion- 
ately!*. For brevity, we shall call this the conditional 
range of potential difference. We can envisage various 
mechanisms by which lowering a high electric field across 
the axonal membrane can influence ionic permeabilities ; 
all such possibilities would be lost if action potentials 
could still be obtamed by depolarization of a low field. 
In order to maintain a high field across the membrane, 
even when the measured potential difference between 
inner and outer solutions is reduced by dilution of K; 
with non-electrolyte, Hodgkin and Chandler‘ introduced 
the new assumption that the inner surface of the membrane 
binds about thirty times more negative charges than are 
needed merely to terminate the membrane field. In this 
communication we propose, as an alternative, that on 
dilution of internal K, with non-electrolyte, the membrane 
field becomes non-uniform im, accord with the Planck 
electrodiffusion model’. The field at the inner surface 
of the membrane remams high even when the overall 
potential difference is drastically decreased by perfusion 
with solutions of low K; and 3. 

The resting membrane is permeable to more than one 
ion’. The potential difference across the membrane is 
therefore not an equilibrium potential difference. In the 
steady (resting) state active transport prevents the fluxes 
through the membrane from changing the compositions 
of the internal and external solutions, but has no further 
effect on the resting potential difference’. Thus, Planck’s 
model’ may be applicable. A correction’ of his original 
electroneutrality method may be introduced in view of 
the appreciable fraction of the membrane thickness taken 
up by the Debye length, but this correction is not easential 
to our argument. In Planck’s model the membrane has 
no structure; however, the structural elements respons- 
ible for the action potential may not be involved in the 
formation of the resting potential difference with which 
we are concerned here. 

In the natural axon, the resting potential difference is 
usually close to the equilibrium Nernst potential of the 
potassium ions slone. The peak of the action potential 
(which can be stabilized by certain chemicals*) is close 
to the Nernst sodium potential. In Planck’s model 
either ion can approach potential-determining character 
if the product of its mobility and concentration in the 
membrane is much greater than the sum of the corre- 
sponding products for all other ions. Planck’s calculation 
determines also the distribution of the potential and of 
the field in the membrane. The external and internal 
ionic strengths in the natural axon are, however, equal 
within & few per cent; this circumstance reduces Planck’s 
result to a simpler special case (later rediscovered by 
Goldman’), in which the field is uniform throughout the 
membrane. When other univalent ions replace some of 
the internal potassium, the field calculated from the 
Planck equations is reduced but remains uniform. When 
the same dilution of the internal potassium is achieved by 
the isotonic dilution of all internal ions, the same fall of 
the potential difference corresponds to a non-uniform 
reduction of the field, the field being highest where the 
1onic strength ıs lowest. (In the steady state each ionic 
flux must be uniform throughout the membrane; where 
there are fewer ions, a higher field must act on 
them.) 
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The field distribution, in a measured potential difference 
can be deduced from Planck’s model even if the ionic 
mobilities are poorly known. Let the membrane extend 
from x=0 (mner surface) to x= (outer surface). The 
total inner and outer concentrations of ions are c: and Co 
respectively. The field strength is E= —dV/dx and the 
potential difference is Ve- Vi; eis the elementary charge. 
Planck’s crucial result is thenë 


A-B 
(co—e1)(#/8)] 





~ Bele. + (1) 


where A 1s the sum of the fluxes of all positive ions, each 
divided by the mobility of the 10n, and B is the corre- 
sponding sum for the negative ions. A and B need not 
be known, because for our purpose only their independence 
of x is required. The field varies inversely with the linear 
interpolation of the total 1omic concentrations at the 
edges; c; and co are close to the corresponding ionic 
strengths because the admixture of polyvalent 1ons is 
slight®. We integrate E across the membrane and 
eliminate A-B from the resulting potential difference and 
from (1) 


Co— ĉi (2) 
[or + (Co — cs) (a/8)] In(cofex) 

We call F(x, co/o:) the field distribution function. It is 
always positive, it tends to unity when c: tends to ĉo, and 
its average over the membrane ıs unity. We could use 
measured values of V.— V,in (2), but to facilitate theoreti- 
cal discussion we use the observation® that, within a wide 
range of resting potential difference, — Vir (kT le) 
In(Ki/K.), where K, and Ko are the internal and external 
potassium concentrations, respectively. In the natural 
squid axon K,/K,=20, yielding Vo—Vi=75 mV (for 
kT /e=25 mV) which is close to the observed 70 mV. The 
field across the membrane is, thus, about 10° V/cm, since 
8 is about 70 A (ref. 6). 

Suppose now that both o and K; are reduced by per- 
fusion with a non-electrolyte to ci/p and Ki/p, p being 
between 1 and 20 (the latter value reduces the Nernst 
potential difference to zero). Putting also cyaveco for the 
natural axon we obtain 

p-l 


K 3 
PE) -Demp = 
The average field #y(x) ıs the same as if K; alone was 
reduced to Ki/p. We note that #,(x)[1+(p—1)(#/8)] is 
independent of x, so that, in particular, H,(0)=pH>(8) 
holds for the maximum and minimum field strengths. Thus, 
the field near the inner edge is concentrated at the expense 
of the field elsewhere. Numerical calculation shows that 
the field concentration is so strong that between p=3 
and p=4, Ep(0) even exceeds the natural field value 
(p=1) by nearly 10 per cent despite the reduced potential 
difference. The crucial result 18 that H,(0) does not fall 
below 90 per cent of the natural field for dilutions of up 
to p= 10, while the field elsewhere is radically reduced. 

The assumption of a greater concentration of fixed 
charges on the inner membrane surface? would allow even 
a uniform membrane field to remain high in the conditional 
range of potential difference. The positive counter-ions 
in the axonal interior, at the distance of a Debye length 
from the membrane, give rise to an additional potential 
difference opposed to the membrane potential difference 
and partially masking the latter. As the ionic strength 
of tho interior is reduced (and the Debye length increased) 
the masking potential difference is increased, creating the 
observed conditional range while the membrane field 
remains high. 

The Planck model, without any additional assumptions, 
provides a different interpretation of the conditional 
range. The membrane potential difference is lowered 





E,(x) = — (kT /e8)in(K 
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but the field remains high locally at the inner edge of the 
membrane. If this model were correct, any mechanism of 
permeability change operating by a reduction of a high 
field would be located near the inner edge of the mem- 
brane. This would be consistent with the sensitivity of 
the inner (but not outer) surface to certain chemicals". 

A most remarkable perfusion effect ıs the initiation of 
spontaneous action potentials when the alkalinity of the 
internal solution 1s raised from its normal value (pH 7:2- 
7:4) to a pH greater than 7:5 (ref. 11). This instability 
can also operate in the natural axon as follows': when the 
resting field of 105 V/cm is depolarized by some 30 per 
cent, the calculated reduction in the Wien dissociation 
effect on a weak acid-base equilibrium would increase 
transiently the pH within the membrane by 0:1-0:2 pH 
units. Such a high-field Wien effect appears to be a 
reasonable link between electrical depolarization and the 
chemical or configurational changes leading to normal 
action potentials. 

While the predictions of the Planck and Chandler- 
Hodgkin models are similar for a reduction of K, and c, 
they can diverge for an increase in Ko and co by & common 
factor. (Such an experiment would involve addition of & 
non-electrolytic solute to the interior solution to balance 
osmotic pressures.) The potential difference of any 
masking double layer of the Hodgkin-Chandler type at the 
outside of the membrane would be reduced by an increase 
of cœ. The measured potential difference should approach 
the membrane potential difference with increasing Co, 
and if a conditional range were found, the action potentials 
would after all arise from the reduction of a low membrane 
field. In Planck’s model, on the other hand, only ratios 
of internal and external concentrations appear, and the 
division of ¢,, K, by p is equivalent to the multiplication 
of co, Ko by p. The field distribution remains unchanged 
(concentrated at the inner edge) and the model predicts, 
therefore, a conditional range of potential differences 
similar to that found on reducing the internal concentra- 
tions. 

Finally, a suitable combination of the two models might 
be contemplated. 
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Acetylcholine Sensitivity of Embryonic 
Ventricular Fibres 


In adult hearts, only fibres of the sinoatrial and atrio- 
ventricular nodes are innervated. In adult hearts, 
innervated nodal fibres are very sensitive, while non- 
innervated fibres are relatively insensitive, to low con- 
centrations of acetylcholine (ACh) and norepinephrine?)?. 
Similarly, in innervated skeletal muscle, the end plate 
membrane 18 much more sensitive to ACh than the rest 
of the membrane*. The presence of the nerve terminal is 
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in faet responsible for the low ACh sensitivity of the 
remainder of the fibre membrane, as with denervation, all 
of the skeletal muscle membrane becomes quite sensitive to 
ACh (ref. 4). Formation of a new end plate on a denervated 
muscle fibre is followed by decreased ACh sensitivity of 
the rest of the fibre membrane®. Furthermore, Diamond 
and Miledi observed that, in rat embryo, formation of 
an end plate is followed by decreased ACh sensitivity of 
the remainder of the skeletal muscle fibre membrane‘, 
The following experiments were carried out to determine 
whether imnervation of nodal fibres in embryonic heart 
is accompanied by decreased ACh sensitivity in non- 
innervated ventricular muscle. 

Embryonio chick ventricle was used ın this mvestiga- 
tion because the ventricle 1s easily dissected from the atria 
and has an autonomous beat. Since embryonic chick 
heart becomes innervated on the fourth day after fer- 
tilization’, 3- and 5-day embryonic hearts were used as 
non-innervated and innervated hearts, respectively. 
Embryos from fertilized chicken eggs mcubated for 3 or 
5 days were removed from the yolk and placed in phos- 
phate-buffered Tyrode solution. The heart or ventricle 
was dissected from the embryo and placed in a moist 
chamber at room temperature. 

The minimum ACh concentration necessary to stop 
contractions was considered the threshold ACh concentra- 
tion. First, Tyrode solution was blotted from the heart 
by placing the muscle on a glass grid and pressing filter 
paper against the lower surface of the grid to avoid direct 
contact of the heart with the paper. The solution to be 
tested was added to the heart on the grid and its effect 
on heart rate noted. The heart was again blotted, washed 
three times in Tyrode solution and returned to the 
moist chamber. Fifteen minutes elapsed between applica- 
tions of ACh-contaming Tyrode solution. In uninjured 
hearts, successive applications of the same ACh con- 
centration always produced the same effect on the heart 
rate, while application of Tyrode solution contaming no 
ACh had no effect on the contraction rate. In injured 
hearts, the effect of a given ACh concentration was not 
always the same, while Tyrode solution containing no 
ACh would alter the rate of contraction. Therefore, to 
determine whether the muscle had been injured, the 
response of each musole to each ACh concentration was 
determined at least twice and Tyrode solution with no 
ACh waa applied at frequent intervals. Data obtaimed 
from injured hearts were not included in the resulta. 

Threshold ACh concentrations were determined for 
fifty-six hearts. In some of these experiments, a heart 
and a ventricle from embryos of the same age were paired, 
the ACh threshold concentration of each was measured 
at the same time with the same solutions, and the dif- 
ference in ACh sensitivity was expressed as the ratio of 
the threshold concentrations (Table 1). Before innervation 
there is no apparent difference in, the ACh sensitivity of 
the heart and the ventricle. After innervation, the ven- 
tricle is 5 x 10~* less sensitive to ACh than is the heart. 
Innervation, therefore, is accompanied by a drastic change 
in ACh sensitivity of both innervated and non-innervated 
fibres. ACh sensitivities of 4-day heart and ventricle 
were measured in a few cases. For the two cases in which 
the results could be paired, the ratio of ACh threshold 
concentrations in the heart and ventricle was öx 10-*. 
Therefore, the alteration in ACh sensitivity accompanying 
innervation of the nodal fibres develops gradually. 


Table 1. Ah SHNSTITIVIFY OF EMBRYONIC OHIOK HART TIBSUH 
Relative ACh aenaitrvity 


Age Threshold conc. of isolated heart* n (pairs) 
Threshold conc. of isolated ventricle 
3 day 1 4 
5 day 6x10-* 4 
(10~*-10-4) ¢ 
* Threshold concentration was the minimum concentration of ACh which 
would cause the m to stop contracting. 
i Range of ratios of ACh threshold concentrations. No range given for 


3 day because in all pairs the ratio was 1. 
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The threshold concentrations of ACh indicate the 
manner in which this change occurs. The threshold con- 
centration for the 3-day heart was 10-* g/l. (ten hearts) 
and for the 5-day heart was 10-? g/l. (eleven hearts); the 
threshold for the 3-day ventricles was 10-* g/l. (seven 
ventricles), while that for the -day ventricles was 
10-* g/l. (eight ventricles). Innervation of the nodal fibres 
is accompanied by a decrease ın ACh sensitivity of non- 
innervated fibres. In addition, ACh sensitivity of the 
entire heart increased. This increased ACh sensitivity 18 
presumably caused by an increase in ACh sensitivity of 
innervated fibres. 

The threshold ACh concentrations in chick ventricle 
and heart reported here are less than the threshold 
concentrations found by Fingl et al. and Dufor and 
Posternak®, Dufor and Posternak found 10- g/l. ACh 
only slowed the heart. Although Fingl ef al. made no 
systematic study of relative ACh sensitivity in hearts 
from embryos 2~10 days old, they found 10-* g/l. ACh 
stopped hearts of embryos of all ages and concluded that 
no difference in ACh sensitivity existed. The instability 
of ACh in solution might explain these discrepancies. In 
this investigation, ACh solutions were made from vacuum 
dried recrystalhzed ACh chloride less than 2 h before use. 
It should be noted that the ACh threshold concentrations 
reported here for 5-day hearts were similar to those values 
reported for adult hearts. 

The findings of this investigation demonstrate the essen- 
tial similarity m development of chemosensitive areas in 
skeletal and cardiac muscles; that 1s, ın both innervation 
is accompanied by decreased ACh sensitivity ın the non- 
innervated membrane. A further similarity is that the 
occurrence of increased ACh sensitivity, found in the 
innervated nodal fibres, has been suggested in newly 
formed end plate membranes of neonatal skeletal muscle’. 
The areas over which the change occurs, however, are 
vastly different. In skeletal muscle, a nerve terminal 
influences only muscle fibres it innervates, while, in cardiac 
muscle, the ACh sensitivity of the entire heart 1s affected 
by innervation of a small number of fibres. Differentiation 
of the ventricular muscle could perhaps account for some 
of the observed decrease in ACh sensitivity. This research 
was supported by a grant from the Heart Association of 
Greater Miami. 
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CYTOLOGY 


Secretion of Mucopolysaccharide in the 
Whelk Buccinum undatum L. 


Tax hypobranchial gland of the whelk Buccinum undatum 
L. secretes a viscous mucin composed of a glucan sulphate 
(mucopolysaccharide) loosely associated with glycopro- 
tein!, While the general morphology of the gland has 
been previously reported’, this communication describes 
an investigation of those cells associated with mucus 
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Fig.1. The penile epithelium of the hypobranchial gland of Bucetnum 


undatum L; 
toxylin, alolan bine 8 


based on sections stained in Bhriich’s 
S and eosin; fixed Bouin and sectioned at 104. 


secretion, carried out in the light of knowledge of the 
chemical character of the mucin. 

Examinations of sections of gland show the presence of 
what appears to be two different cell types with acid 
mucopolysaccharide contents (Fig. 1). This is in contrast 
to Bernard*, who distinguished only one type of mucous 
cell. 

The distended, mucous filled, portions of the type A 
mucous cells usually extend from the peripheral ciliated 
region to one half to two thirds of the way to the base- 
ment membrane. These cells are large, distended and 
either irregularly bulbous along their length or flask- 
shaped, opening at the gland surface in gaps between the 
ciliated cells. The contents of type A cells appear frothy 
and granular and in certain instances can be seen dis- 
charging as a blob of more densely staining material at 
the gland surface. While the material in these cells stains 
strongly for acid mucopolysaccharide with alcian blue or 
toluidine blue, they show only a weak staining reaction 
for protein with light green or bromophenol blue and are 
negative to PAS (periodic acid—Schiff reaction for ad- 
jacent hydroxyl groups). Type B mucous cells are 
generally much narrower and less bulbous than type A 
cells although they are of the same order of length. The 
material in these colls has the same staining properties as 
the contents of the type 4 cells, but appears more 
vaouolate, rather in the form of membranes or bubbles of 
mucin stretching from wall to wall of the cell and pro- 
senting a reticulate appearance. In both types of mucous 
cell their basal portions are attenuated leading down to 
their nuclei through narrow extensions filled with cyto- 
plasm and devoid of mucin. Sandwiched between the 
mucous cells are numerous, remarkably elongate, densely 
staining, spindle-shaped nuclei associated with the 
ciliated cells. Apart from the ciliated cells and the two 
classes of mucous cell there is a fourth class (type O) 
occurring in numbers in the glandular region. These cells, 
which possess large spherical nuclei, extend from the 
basement membrane halfway to the gland surface and 
are broad at the base, tapering off at their peripheral ends, 
where they are interspersed between the mucous and 
ciliated cells. Their cytoplasm, which is finely and evenly 
granulated in appearance, has no mucin staining properties. 

The polysaccharide moiety of the mucin has been shown 
to have a $ 1—4 linked structure similar to that of cellulose 
and to be insoluble in aqueous media in the unsulphated 
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state’. It seems likely, therefore, that biosynthesis pro- 
ceeds either through sulphated monosaccharides or by 
sulphation of the glucose residues as polymerization takes 
place. This is borne out by the failure to detect any B 1-4 
linked glucan chains in the gland cells using a cellulose 
specific stain (Schultze’s chlor—zinc—iodine reagent). The 
failure to detect the protein component of the mucin in 
the mucous cells 1s perhaps the result of masking of the 
stain-reactive groups by the strongly charged sulphate 
residues of the mucopolysaccharide. 

The structure of the gland differs in some ways from 
that reported for the hypobranchial gland of Busycon 
canaliculatum”. Here also the secretion comprises a sul- 
phated polysaccharide associated with protein. Three 
types of mucous cell were distinguished, only two of which 
contained materiel staining for acid-mucopolysaccharide. 
The mucous cells extended all the way to the basement 
membrane and cells corresponding to type C appeared to 
be absent. 

In many respects the morphology of Buccinum hypo- 
branchial gland closely resembles the mucus-secreting 
regions in the integument of the slug Lehmania potriers* 
or the pallial epithelium of Hex aspersa’. 

Electron microscopy confirms the impression that there 
are two types of mucous cell. In one type observed, the 
vacuoles contain large individual, evenly stained, droplets 
(2u. in diameter), forced into polygonal shapes by pressure 
from adjacent droplets. The droplets appear to be con- 
tained within a definite membrane and to discharge at 
the gland surface still intact. These mucous vacuoles 
correspond closely in appearance to the goblet cells of 
human jejunum’ and rat intestine’ and also to the mucous 
cells in the poison gland of the pit viper’. A second type 
of mucous vacuole found contains large numbers of small 
(0-54 in diameter), more densely osmophilic, granular 
droplets. These droplets appear to coalesce to form an 
amorphous mass at the gland surface. 

The relation between the two types of cell seen in both 
light and electron micrographs is obscure. To postulate 
the secretion of two different acid mucopolysaccharides 
would be inconsistent with the chemical datat. The two 
cell types may represent different stages of mucin pro- 
duction while the type C cells may be supporting cells or 
possibly gland cell precursors. 

I thank Dr. J. H. Kennaugh, of the Department of 
Zoology, University of Manchester, for cutting the sec- 
tions, and Mrs. Joan Manning, of the Department of 
Clinical Sciences, for carrying out the electron microscopy. 
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Chromosome Polymorphism in the European 
Hedgehog Erinaceus europaeus (Insectivora) 


Tan karyotypes of two supposed sub-species of the 
European hedgehog’ were investigated by the use of bone 
marrow preparations. Two hedgehogs of each sex were 
caught in the Siebengebirge area near Bonn, Federal Ger- 
man Republic. They were recognized as belonging to the 
sub-species Erinaceus europaeus europaeus L. 1758, with a 
brownish coloured chest®%?, The modal diploid chromosome 
number was 48 as previously noted by Painter’ and Bovey’. 
In Fig. la the karyotype of a male animal of E. e. europaeus 
is shown. Several of the autosomes are easily identified, 
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namely, two large sub-acrocentrics, one medium sized 
acrocentrio and two remarkably small metacentrics. 
They are labelled tentatively as a, Nos. 2, 3, 21, 22 and 
23 respectively. There is an XX-XY sex determining 
mechanism. Using tritiated thymidine for labelling, the 
X chromosome could be ascertained as one of the moder- 
ately large metacentrics. The Y chromosome is a very 
small sub-metacentric, scarcely larger than the autosomes 
No. 22 and 23. 

From the area of Wolkersdorf, Lower Austria, one young 
male and one adult female hedgehog were taken. These 
animals showed the phenotype of the sub-species Æ. euro- 
paeus roumanicus Barr.-Ham. 1900 (white coloured 
chest®*), The modal diploid number of these animals was 
equally 48. Karyotypo analyses, however, revealed a re- 
markable divergence of the structural pattern of the 
chromosomes (Fig. 1b) of the male. Two additional large 
sub-acrocentries (b, Nos. 4 and 6) appear in the place of 
large metacentrics (a, Nos. 4 and 5). Furthermore, the very 
conspicuous medium sized acrocentric of FE. e. europaeus 
(a, No. 21) is absent. Instead, a very small acrocentric is 
present in all karyotypes (b, No. 21). The same XX-LY 
sex determining mechanism appears to apply to E. e. 
roumanicus. 

Bovey’s® description and drawings of spermatogonial 
metaphases of animals trapped in Switzerland appear to 
correspond to our findings in the sub-species F. e. euro- 
paeus. Without doubt colchicinized somatic metaphase 
preparations provide a higher standard of chromosome 
identification. 

The type of polymorphism reported here is different 
from the polymorphism found in another msectivore 
species, namely, Sorex araneus®’. This latter follows the 
Robertsonian type of metacentric fusion. A pericentric 
inversion, as observed by Matthey! in a specimen of Mus 
minutoides minut. and in Mastomys, may have been import- 
ant in the hedgehog. This could explain the different num- 
ber of large sub-acrocentrics (a, Nos. 2-3, and b, Nos. 2--5). 
Still another type of translocation may be responsible for 
the marked structural difference between the medium 
sized and the very small acrocentrics (a, No. 21, and b, 
No. 21). 

The widely extended European habitats of these two 
allopatric populations adjoin along a boundary which 
separates western and middle Europe (E. e. europaeus) 
from eastern Europe (E. 6. roumanicus)*. It 18 known that 
mixed phenotypes occur in a@ transitional zone. Also 
reciprocal hybridization was ascertained by Herter? in 
laboratory and frec-land breeding experiments. But it is 
unknown whether the F -hybrids are fertile. Thus, it 
remains undecided whether we must assume an allopatric 
intraspecific polymorphism or if the chromosomal differ- 
ences reflect @ genetic isolation. Nevertheless, the 
chromosomal polymorphism reported here may suggest 
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Fig. 1. 
-Ham 1900 
ferences in both “‘sub-species” are drawn in black. 


Tdiograms of (a) Krinaceus europaeus europasus L. 1768, and (b) Eninaceus 
roumanicus Barr. . Obromosomes with obvious structural dif- 
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that the two types of the hedgehog, previously regarded as 
sub-species, represent two different species. By this 
reasoning a revision of the genus Hrinaceus may be pro- 
posed. Analogous problems arising from the resulte of 
cytogenetic investigations are encountered m some other 


mammalian families, such as the Lemuridae’ and 
Equidae”. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. 
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Characterization of the Time Variations of 
Reproductive Processes in Living Cells 


Srvoz the first published account of the duration of some 
phase in the mitotic cycle of living cells by Mitscherheh! in 
1848, there have been more than 800 publications on the in 
vivo and in vitro kinetics of normal and neoplastic animal 
cells. Implicit in most calculations, based on these observa- 
tions and in mathematical models used in the analysis of the 
hfe cycle of mammalian cells, is the assumption that the 
generation time (that is, mitotic cycle time, replication 
time) is constanti, or so nearly so that variations can be 
ignored. The potential danger of assuming a mean or 
“average cell” in models of growth, normal and neoplastic 
cell intercomparisons, and chemotherapy schedules has 
not been generally recognized. Likewise, the assumption 
of a normal distribution or other distribution functions of 
mathematical convenience contributes little to our m- 
sight into the physical or biological process which results 
in a particular distribution of, for example, DNA replica- 
tion time, cell duplication time and mitotic time‘, The 
danger of using mean times or even appropriate frequency 
functions to describe coll replication without knowmg 
the magnitude of circadian rhythm in 
cell physiology’? and DNA synthesis 
rates? has not been emphasized by 
moat workers concerned with mam- 
malian, normal and abnormal cell 
physiology and cancer chemotherapy. 
The great variability in coll replica- 
tion time for mdividual cell types 
m constant environmental conditions 
is a biological fact of importance in 
understanding cell behaviour and effect- 
ing optimum chemotherapy. This 
communication presents a technique 


8 
D 


8 
a 


-20 21 22.23 


e - for charactorizing cell replication times 
and associated variability. Previous 
o =- attempts to graduate cell variability 


were initiated with the work of Rahn?, 
Kendall**, Powell'14, and more re- 
cently Kubitschek#*, About eight 
frequency functions which fit the 
distribution of generation time or the 
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reciprocal of generation time, “generation rate”, have been 
presented. These functions fit the positively skewed 
bell-shaped curve with about the same degree of ‘“‘good- 
ness-of-fit’’* but tell us little about the underlymg bio- 
physical processes. We, m common with Powell and 
Errington, do not believe that a normal distribu- 
tion can be used to describe the reciprocal of genera- 
tion time advocated by some"*-4.16, We have examined 
a model which not only characterizes quantitatively the 
kinetic parameters of cell growth but also allows inclusion 
of a circadian rhythm function. The derivation follows 
from the assumption that the number of cells which are 
dividing at time t is directly related to the time which has 
elapsed since some threshold, te, which 1s necessary for the 
essential events to have occurred before replication. 
Assuming that the number of cells dividing is also directly 
proportional to the number of unfissioned cells of those 
which were originally present in the environment, then 


AN = k(t — to) (No — N) dé (1) 
where k* is some positive coefficient and N, 18 the number 
of cells in the environment at t=0. Furthermore, it is 
assumed that all N, cells were newly born at t=0. If 
k= 2a, then 
f daN 

N,- N 
yields In(N,—N) = — a(t-t,)?+In C. 
The constant can be evaluated from imitial conditions to 
get 


N(ij)}=N,(1—e7e~b), which becomes after differentiating 


= = QaN,o-at~4)" (t— io), (E> to) 
This equation gives a bell-shaped curve skewed to the 
right when (dN/dt) ıs plotted against time. It is important 
to note that there is no remarkable difference between the 
fit of this function and that of others*®-!4 to experimental 
data. The probability frequency function is 


dP = Qa(t—t,) 0t- di (2) 


This relation was fit to the experimental data on the bae- 
terium, E. cols"; the “functional mutotie interval” from 
ascites tumour Epithelioma 2557; the protozoan Huglena 
gractlis#® in two environmental conditions; human 
amnion cells'*, and HeLa cells'*, using a method of least 
squares with computing machines. The results are shown 
in Fig. 1 as the cumulative frequency curves (integrated 
form of equation 2). Equation 2 has been evaluated for 
nineteen sets of experimental results of generation time 
measurements on a wide variety of cells and in all cases a 
good fit to the observed data was found (see Table 1), 
but it should be emphasized that many different distri- 





gh | 2a (tt) dé, can be evaluated which 


Table 1. PARAMETERS PROM FIT OF EQUATION 2 TO OBSERVATIONS 


Cell type a{h-*) hh) No. Mean(h) Ref. 
Bacteria 
Escherichia cols 81-1 027 201 0-44 18 
alerobacter 7165 0 50 804 0-87 12 
Bacterium asrogenss 23-7 0-16 462 035 11 
Bacterium cols anasrogenss = 19 6 O12 421 0 84 iL 
Streplococeus faccalss 186 O12 118 "42 11 
Proteus vulgaris 112 0-17 880 0 45 11 
Bacterium mycoudes 71 0-80 282 0-88 11 
Bacterium subtus series | 104 006 369 0-84 11 
Bactervum sublits series li 86 011 368 O48, 11 
Bactersim subtils series ul 98 O12 381 043 11 
Yeast 
Sacoharom esrevietae 14-3 086 186 1-12 24 
(diploid) 80° O 
Sacokar csrevisias 84 22 88 270 24 
(diploid) G 
Sea i 49x10 F8 790 140 
tu is “9 x 18 
salt na ti 
Euglena gracits 80x10 118 248 14-7 18 
organic medium 
Tetrahymena gelei HS 6:7 149 766 185 26 
Mammalia 
Human amnion total 80x10" 18-8 202 19-5 16 
Human amnion one film 38x103 14-2 118 19'4 16 
HeLa cells 638x107 18:5 91 305 19 
Rat sarcoma 69x10" 98 166 18 26 25 
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bution functions can be made to fit these expernmental 
data. Furthermore, although the same function may 
fit all experimental data, one cannot argue that this 
ımplies that the same processes control the phenomena 
being observed—t is a necessary but not a sufficient 
condition. 

The parameter « is a measure of the spread of the 
data and is related to the reaction rate constant used 
ın the derivation. The parameter t is the minimum time 
or threshold for the generation cycle of a particular class of 
cells. An examination of the relationship of the threshold 
time and the magnitude of « to species and environment 
may lead to interesting correlations. By combining this 
or other appropriate density functions with an analytical 
expression for circadian and other rhythms, the damped 
oscillation curve of percentage labelled mutotic cells 
versus time for tn vivo investigations can be approximated 
by Monte Carlo methods. ‘The least squares fit of the 
derived expression to the results of sn vivo autoradiography 
will provide parameters which characterize the distribution 
of cells ın various phases and the change of this distribution 
with time of day, type of tissue, chemotherapy schedule 
and imposed environmental conditions. Indeed Mendel- 
sohn?’ showed the simularity between the calculated 
curve and the observed labelled cells m mitosis versus 
time by mathematically transporting a distributed (log 
normal) population in the S phase through the replication 
cycle. A similar result can be derived from the use of 
density functions mentioned ın this report; however, an 
additional function of physiological rhythm should be 
included as a type of carrier wave. The circadian and other 
rhythms are clearly significant in the interpretation of the 
in vivo Measurements, and perhaps the in vitro measure- 
ments?-3t-§5, The importance of the physiological rhythm 
“oarrier wave” for models which describe the results of 
autoradiography is clear from the recent work of Potter 
et al.*, who found that DNA synthetic activity was ten 
times greater at 6 a.m. than at 6 p.m. in transplanted rat 
hepatomata. This result is based on the ten-fold change in 
specific activity and radioactive label index after injection 
of tritiated thymidine. The rate of DNA synthesis 
also varied with tıme of day in the normal rat liver tissues. 
Equation (1) can be modified to include this drurnal varia- 
tion using the simple additional condition that the number 
of cells in telophase or any other phase is proportional to 
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Fig. 1. Normalxed cumulative frequency curves (integrated form of 

(oy fit by least squares analysis to observations of generation time of a 

bacterium’, protozoan", human amnion cells'* and HeLa calls'*. Also 

shown is the curve for the “functional mitotio interval” of an ascites 

tumour strain’’, The value of the abscissa is the mid-point of the 
observation interval. 
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an oscillating time function having n periods per day anda 
ratio R of maximum to minimum: 


[R+1] . nn ) 
eee m (t—t t 
[Rj 13 ( a) d 
As would be expected the function resulting from inte- 
grating this differential equation fits experimental data 
better than all other distribution functions examined. 
The values for the number of periods, amplitude, and time 
synchronization, ĉn, will be presented in another communi- 
cation. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 


dN = k(N,—N)(t—t,) 
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BIOCHEMISTRY 


Is there Proton Noise in Mitochondrial 
Membranes leading to Chance Fluctuations 
in pH? 

In the recent issues of Nature, there has been much 
“noise” about protons ın mitochondrial membranes, and 
as a consequence it is not surprising that one of ita readers 
should raise questions about whether noise might prevent 
accurate measurements of pH in the intramuitochondrial 
space!, or indeed in any small space, such as the active 
site of an enzyme. The following points must not be 

overlooked in such a consideration. 

(a) Has a time factor been omitted in the calculation ? 
Indeed, at any instant of time the number of protons in a 
small volume can be calculated to be so small as to 
preclude an accurate measurement!. Physical measure- 
ments, however, are made over a finite time mterval and 
experimental data on the kinetics of the water equilibrium 
indicate the degree of averaging of statistical fluctuations 
during that time interval. Taking, for example, an 
observation interval of 1 sec—very close to that employed 
in our experiments—the combination of hydrogen and 
hydroxyl ions in the reaction: 


ky m 14 x 10! Mt x sect 
H+ + OH- == = 4,0 (1) 
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would have a half-time of 50 psec at pH =7-0 according 
to the bimolecular formula?. In the conditions that exist 
in the mitochondria, where many substances could con- 
tribute to the catalysis of the dissociation of water, the 
half-tume for the reaction may be very short. The amount 
of protons available to the mechanism of equation (1) 1s 
very large, because of the large water content of the 
mitochondrion and its large concentration (65 molar of 
water). Thus, the half-life of the proton is very short, 
and the statistical error would be reduced by factors in 
excess of 10%. 

More recently, data have become available on the 
relaxation times of indicators very similar to those 
employed in these mvestigations, namely, bromocresol 
purple’, where the dissociation of protons from the indi- 
cator can occur in 30 usec. Thus, the indicators similar to 
that we employ are also in rapid equilibria with protons. 

(b) Has a number factor been omitted in the calculation ? 
In our experiments, about 101° mitochondria are present. 
Whatever the statistical fluctuations of the individuals 
may be, they would not be synchronous and the fluctua- 
tions would be diminished by the square root of the 
unmber of mitochondria, or 105, 


| 60sec} 


eeeecememn LIGht Noise’ meme -¥ 
20% 







"Dark Noise’ 


"Dark Noise" 
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—Ř 
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Fig. 1, NADH fluorescence of a single mitochondrion or nebenkern In a 

single cell of grasshopper spermatid. The fluorescence was measured by a 

sensitive microfluorometer of 4 aperture. For further details see 
refs. 4 and 5. (916 II.) 


(c) Can the proton noise of a single mitochondrion be 
measured? Taking note of the fact that in anaerobic 
mitochondria, an equilibrium mvolvng NADH can be 
approached, and NADH can be used as a pH indicator: 


reduced substrate + NAD = oxidized substrate + 
NADH +H 


We have been able to measure the concentration of 
DPNH in a single large mitochondrion or nebenkern by a 
highly sensitive microfluorometric method‘:*. A typical 
chart of the fluctuations of the concentration of DPNH in 
these conditions is illustrated by Fig. 1. The amplifier 
response time is 1 sec. The inherent fluctuations of the 
instrument as recorded by the peak to peak deviation of 
the trace, the “dark noise’, is 10 per cent. The root 
mean square noise is approxumately 1/8 of this, or 1-3 per 
cent’. When the phototube is illuminated, the peak to 
peak fluctuation (“light noise”) is 13 per cent and the 
r.m.8. fluctuation 1-6 per cent. The merement of fluc- 
tuation in observing the NADH content of the mito- 
chondrion is 3 per cent peak to peak and 0-3 per cent 
r.m.8, The increment of noise can be entirely attributed 
to two sources, first, the shot noise in the photocurrent, 
and second, the slight movements of the mitochondrion 
within the cell or the cell in the surrounding fluid. In 
this direct experiment, proton noise is too small to detect; 
in these computations, proton noise ıs reduced by very 
large factors. Thus, it is clear that chance fluctuations in 
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proton noise do not vitiate expermmental studies of intra- 
mitochondrial pH. 
Britton CHANGE 
Johnson Research Foundation, 
University of Pennsylvania, 
School of Medicine, 
Phiadelplua, Pennsylvania. 
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Intramitochondrial pH: a Statistical. Question 
of Hydrogen lon Concentration in a Small 
Element of Space-time 


McCasz! has argued, on statistical grounds, that the pH 
within mitochondria is ul-defined. In the process he 
asserts that water at pH 7 contains about 30 hydrogen 
ions per p’, but, in fact, the value is more nearly 60 
hydrogen ions per u? (ref. 2). 

The instantaneous value of the hydrogen ion concentra- 
tion within a small volume element in an extensive aqueous 
phase is subject to relatively large fluctuations when the 
average number of hydrogen ions in the volume element is 
small. Statistically, it is usually immaterial whether the 
small volume elements in which the fluctuations occur are 
neighbouring regions of a continuous phase or whether 
they happen to be situated in separate microscopic com- 
partments (such as mitochondrial cristae vesicles). Taking 
the relative statistical error to be given by 1/4/n as 
assumed by McCabe!, if ıt were required that the instant- 
aneous value of pH should be specified with a probable 
error of less than 0:0001 umt, the total volume of the 
aqueous phase under consideration would have to be not 
less than about 1 myl. at pH 7 (containing 60 x 108 
hydrogen 1ons). 

The measurements of pH mentioned by McCabe! were 
done on mitochondrial suspensions contammg many 
million mitochondria (total intramitochondmal volume 
>> 1 mul), and the statistical factors to which he has 
directed attention would be far from playing any part in 
limiting the precision with which the intramitochondrial 
pE of the system could be defined. 

When the total volume under consideration is suffici- 
ently small—for example, if attention were focused on a 
small volume element within a single mitochondrion-——the 
issues raised by McCabe! take on a somewhat different 
significance. The fundamental question may then be 
summarized in the form: what could be the significance 
of the pH index in a region of small volume such that a 
proton is either present or not present ? We can illustrate 
the generality of this question by comparing it, for 
example, with the question: what could be the signi- 
ficance of the o/r potential poise when referred to a single 
molecule of a respiratory carrier which, at any given 
instant. would be either oxidized or reduced ? The answer 
18 that indices of intensity factors such as pH or o/r 
potential, which are usually defined with respect to 
extensive phases, can often be taken to specify time 
average values ın domains of microscopic spatial extent. 
The theorem that may (under certain conditions) justify 
transposition between the spatial and the temporal 
extension of a system is known as the ergodic hypothesis’. 

The usefulness of the time average pH. value is shown 
by the relationship between pH, as actually measured, 
and the theoretical instantaneous pH value. The normal 
pH-measuring instruments have finite time constants. 
This fact indicates that pH, as measured, is defined by 
a relationship of the kind 
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j fit At 
pH = loge (gf Ome dt) 


where [H+] fy is the hydrogen ion activity, and At is the 
time interval within which pH is measured. The instant- 
aneous pH is the limiting value for which At= 0. In 
glass electrode measurements, At is of the order of 1 sec 
(ref. 4), and in coloured indicator methods it may be 
somewhat less’. The reaction H+ + OH--»>H,O has a 
velocity constant of about 10" 1./mole sec at 25° C (ref. 6), 
and this high velocity constant is characteristic of acid- 
base buffers’. The mean life of the hydrogen ion is thus 
about 0-1 msec in water at pH 7, and in the presence of 
intracellular biological buffers the hydrogen ion is many 
orders of magnitude more short-lived. The rapidity of the 
proton turnover is related to the evenness of distribution 
of the influence of the protons in aqueous media. The 
pH, as usually measured, and as it usually affects chemical 
reaction rates and equilibria, can, therefore be meaningfully 
specified as a time average value in extremely small 
volumes of buffered aqueous media. 

The fluctuations discussed by McCabe! do have measur- 
able effects at the molecular level of dimensions, as shown, 
for example, by Edsall’s calculation? of the distribution 
of net charge between individual haemoglobin molecules 
at the isoelectric pH; but we may, nevertheless, use a 
precisely defined time average pH index, even at this 
dimensional] level (see also ref. 9). 

Perer MITOELL 
Glynn, Research Laboratories, 
Bodmin, Cornwall. 


Received February 7; revised February 10, 1967. 


1 MoCahbe, M., Nature, £13, 280 (1967). 

3 Peters, R. A, J. Stats Med., 37, 1 (1929). Netter, H., Pflugers Arch. Gea. 
Physiol., 234, 680 (1984). 

2 Lindsay, R. B., and , H., Foundations of Physics, 178 (Wiley, New 
York, 1036); Hill, T. L., Thermodynamics of Small Systems, Part 
(Benjamin, Kew York, 1963). 

1 Mitchell, P., and Moyle, J., Nature, 208, 147 (1905). 

* Chance, B., and Mela, L., Nature, 212, 369 (1966). 

* Eigen, M., and de Maeyer, L., Z. BleHrochem., 59, 986 (1965). 

T Bell, R. P., The Proton in Chemistry (Mothuen, London, 1959). 

t Edsall, J. T , in Protems, Amino Acids and Peptides (edit. by Cohn, B. J, 
and Edsall, J. T.), 465 (Reinhold, New York, 1943). 

* Davies, J. T., and Bideal, B. K., Inisrfactal Phenomena, second od., 94 
(Academe Press, New York, 1983). 


> 


Intramitochondrial pH and Intra-extramito- 
chondrial pH Gradient of Beef Heart 
Mitochondria in Various Functional States 


5,5-DIMETHYL 2,4-oxazolidinedione (DMO), a weak inert 
acid (pKa 6-18 at 37° C), has been employed to calculate 
the muscle mtracellular pH based on its distribution 
between the muscle tissue and plasma!. Although there 
is considerable interest ın 10n translocations, hydrogen 
ion secretion and membrane pH gradient of mitochondria. 
a method for the measurement of absolute values of 
intramitochondrial pH is not available. Measurement of 
intramitochondrial pH would greatly contribute to the 
understanding of mitochondrial function. DMO was 
therefore used to measure the intramitochondrial pH and 
intra-extramitochondrial pH gradient of beef heart mito- 
chondria in resting, respiring (state 4), both respiring and 
phosphorylating (state 3), and calcium ion(IT) activated 
respiratory states on the basis of the intra- and extra- 
mitochondrial distribution of DMO. 

“Heavy weight” beef heart mitochondria were employed 
in these studies?. These mitochondria were incubated at 
either 4°, 25° or 30° C. The reaction medium contained 
both dextran carboxy “C (400 ue./g) and “C DMO (7-42 
me./mmole). The buffer composition, specific substrates 
and incubation time were varied for different functional 
states of the mitochondna. The reaction mixtures were 
centrifuged at 4° C for 20 min at the end of incubation. 
The total pellet water (3:97 +011 ul./mg protein) was 
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determined gravimetrically’ and by tritiated water 
dilution methods. Extramitochondrial water (1:72 +016 
ul./mg protein) was measured from the dextran carboxy C 
content’. Intramitochondrial water (2:254+0-11 pl./mg 
protein) was calculated from the difference between the 
total pellet water and extramitochondrial water. 

Because both dextran carboxy “C and 1C DMO were 
simultaneously employed, “C DMO was quantitated 
using the extraction procedures of Poole et alt, Total 
uC radioactivity was measured in a liquid scintillation 
medium described by Bray’ usmg a “Tri-Carb’ liquid 
scintillation spectrometer. The radioactivity of dextran 
carboxy “C was estimated from the difference. Quenching 
of radioactivity was detected with an automatic external 
standard Quenching, when present, was quantitated 
by the extrapolation methods described by Schram 
and Peng’. The pH of the incubating medium was 
determined in a ‘Radiometer’ pH meter (model 27) 
equipped with a temperature controlled water bath. 
Mitochondrial protem was measured by the method of 
Gornal et al.’. 

The possibility of pH changes and redistribution of 
DMO during centrifugation was eluninated on the basis 
of different intra-extramitochondrial DMO ratios obtained 
for each functional state; that is, a ratio of 30 for 0-565 
mmolar calcium ion(II) activated mitochondria, and 1-5 
for 0-565 mmolar calcium ion(II) activated mitochondria 
supplemented with 20 umolar DNP; identical pH values 
of the medium obtained at the end of incubation and 
centrifugation or incubation alone for a similar period of 
time and other evidence. 

The measured variables were substituted imto the 
equation derived by Waddell and Butler’ for the calcula- 
tion of intracellular pH, and the intramitochondrial pH 
(pHim) was calculated. The data are summarized in 
Table 1 for pHim, medium pH at the end of incubation 
(pHe), and the intra-extramitochondrial pH gradient of 
beef heart mitochondria for different functional states. 
The pHtm values observed were as follows: resting 7-74, 
respiring and phosphorylating (state 3) 7-24, respiring 
(state 4) 7-68, uncoupled state (DNP) 7-44, calcium 
ion (IL) activated respiratory jump 8-31*, and calcium 
ion(II) activated respiratory jump with 2,4 dinitrophenol 
7-22. “Under these experimental conditions, the intra- 
extramitochondrial pH gradients were as follows: resting 
0-18, respirmg and phosphorylating (state 3) 0-20, respir- 
ing (state 4) 0-44, uncoupled state (DNP) 0-37, calcium 
jon(II) activation 1-61 and calcium ion(II) activation 
with 2,4-dinitrophenol 0:23. 

The observations reported for each functional state of 
the mitochondria were reproduced in multiple determina- 
tions. The differences between the results of state 3 and 
state 4 are primarily a result of permeant anions present 
im state 3 and absent in state 4. The higher intramito- 
chondrial pH observed durmg calcium ion(II) activated 
respiratory jump is expected because, under similar experi- 
mental conditions, a release of hydrogen ions from the 
mitochondria ito the medium and an alkalinity of the 
mitochondrial pellet have been shown®. When hydrogen 
and hydroxyl ions were determined under these conditions, 
a ratio of 1:02 was obtained which is virtually identical 
to that reported for rat liver mitochondria by Rossi et al ® 
Also, a pH gradient of 1-61 with calcium ions is not far 
from that reported for rat liver mitochondria by Chance 
and Mela’, who measured a pH gradient of about 1 00 pH 
unt under somewhat similar conditions utilizing brom 
thymol blue technique. The significant alkalinization 
established during calcium ion activation was neutralized 
with concomitant decrease in pH gradient (from 1-61 
to 0-23) when 20 pmolar DNP was supplemented to 
calcium ion activated mitochondria which is in agree- 

* The un-lonized form of a weak acid (pK«=6 82) at pH 83 will be less 
than 1 per cont. Were the pH of the medium also to be 8 or about, this 
method would be reliable. With an extramitochondmal pH of 6 to 7, 


however, the further the alkalinity of the mitochondria the more accurate 18 
the method 
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Table 1. INTRAMITOCHONDRIAL pH AND INTRA-RXTRAMITOCHONDEIAL pH 
GRADIENT IN VARIOUS FUNCTIONAL STATES OF BEAP HRART MITOCHONDRIA 
System (1) Dorve- plitiw® pRet gafent} 
ystem observa- pHim pHe en 
trons (2) (8) (4) (8)+(4) 
Resting mitochondria 4° C$ 13 7:74 756 01840017 
Respiring and phosphorylating 18 7 24 7-04 02040005 
mitochondria, 30° O (state 8)I] 
Reaping mitochondria, 25° C l4 7 68 724 O44+0-007 
(state 4) (basal) Y 
Basal +20 «molar dinitrophenol 4 T4 707 0374008 
Calcium ion activated respiring 4 8 81 6-70 16140091 
mutochondiia, 25° O** 
7 22 6 99 0 23+ 0-050 


Calorum ion activated zeapirin 4 
mitochondria with dinitrophenol, 
25°C tt 


*The pKa values of DMO at 4°, 25° and 30° C were 6-64, 6 $2 and 6 26 
respectively These values were employed for the calculation of pHi 


t pHe 1s the pH of the medium at the end of{ncubation. 
t Mean +S.D, 


$ Beef heart mitochondria (35 mg of protein) were incubated at 4° Cin a 
reaction medium containing 88 molar sucrose, 0-05 molar éris-chloride pH 
75 at 4° C, 1 uo. of “O DMO, 1 wc. of dextran carboxy C, an cin A 6 2 
ug/mg of protein) and rotenone (0:2 ug/mg of protein). Total volume af the 
reaction muxture wag 3 2 ml. At the end ofincubation, the reaction mixtures 
were centrifuged “C DMO and dextran carboxy MC radioactivity of the 
medium and pellet were determined. The experimental variables were 
substituted into the equation! and the pHwm was calculated 

|| Beef heart mitochondria (28 mg of protein) were ineubated at 80° C for 
1 mn. The reaction medium contamed 1 xe. of “O DMO, 1 wo of dextran 
carboxy "C, 00x 10-* molar~7 x 10 molar cold DMO, tris-phosphate 0 002 
molar, sodium-pyruvate 0004 molar, {ris-malate 0 004 molar, adenosine 
diphosphate 0004 molar, magnesium chloride 0:020 molar, sucrose 0 208 
molar, trichloride 0 05 molar, pH 7 51n a total volume of 10 ml. The ptm 
was calculated with methods desoribed for mitochondria Under the 
experimental conditions, these mitochondria had the following characteris- 
tieg. respiratory control 2 2, p/o ratio 8 2 and specific activity 0 082 atoms 
0./minjmg of protein. (Because phosphate eM a is added to the reaction 
medium, which contains in addition magnesium lons (II), phosphate ions and 
substrates, oxidative phosphorylation will predominate with about 20 per 
cent maxımum accumulation of phosphate and magnesium long.) 


4 Beof heart mitochondria (84 mg of protein) were incubated at 26° C 
for 1 min, The reaction contained 1 to 5 wo. of “0 DMO, 1 uc. of 
dextran carboxy “C, 08 molar sucrose, 0 026 molar succinate. The total 
volume of the reaction mixture was 10 ml. The pim was calculated with 
methods described for resting mitochondria. Under the experimental con- 
ditions, the specific activity of the mitochondria was 0-088 atoms O,/min/ 
mg of protein. (This reaction medium contained only cations and anions of 
the substrate ın order to minonize interference from other ions.) 


** Beef heart mitochondria (27 mg of protein) were incubated at 25° O for 
1 min. The reaction medium contained 1 ye. of “C DMO, I xo. of dextran 
carboxy O, 0-3 molar sucrose, 0 03 molar succinate and 0 568 mmolar calcium 
ions. The total volume of the reaction medium was 55 ml. The piim was 
calculated with methods described for resting mitochondria, e specific 
activity of the mutochondria without calcium ions was 00494 atoms 
0,/min/mg of protein. These mitochondria when tested in sucrose, iris- 
chloride, pyruvate, malate and adenosine diphosphate had the following 
characteristics: p/o 2-99, respiratory control 4 45, and specific activity 0 117z 
atoms O,/min/mg of protein. 


tt The reaction conditions are identical to those of calcium ion activated 
respiration except for the addition of 20 wmolar 2,4 dinitrophenol to the 
reaction medium. 


ment with the findings of Chance and Mela. It is note- 
worthy that the change in pH. gradient between state 4 
and state 4 supplemented with 20 pmolar DNP is no more 
than 0-05 pH umts. This latter observation does not 
support Mitchell’s chemiosmotic theory of oxidative 
phosphorylation”. 
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Selective Deamination of Nucleosides by 
2,4-Dinitrophenyl Hydrazine 

NUOLEOPHILIO substitution by semicarbazide in cytidine 
and its derivatives has been reported}. Such alterations 
of nucleic acid bases is an essential preliminary to the 
formation of synthetic ‘‘genetic messengers” to serve in 
the chemotherapy of growth abnormalities. Generally, 
methods for the synthesis of derivatives of nucleosides 
are of wide applicability to genetic problems. There is 
particular chemical interest in the reactions of dinitro- 
phenyl hydrazine with nucleosides because the reagent 
replaces, in a specific manner, amino groups without 
respect to their position in a pyrimidine or purine ring. 

A solution containing 30 mg of 2,4-dmitrophenyl 
hydrazine m 60 ml. of ethanol with 1 per cent hydro- 
chloric acid and 50 mg of nucleoside was stirred for 24 h 
at room temperature (22° C). The solvent was removed, 
in vacuo, and the residue washed three times with ether. 
‘The residue was then recrystallized twice from a mixture 
of ethanol and water. Analysis was made using infra-red 
spectroscopy (Beckman JR-8) and ultra-violet spectro- 
scopy (Beckman DB). Melting point temperatures were 
obtained on a micro-Koefler stage (Arthur H. Thomas) 
and molecular weights were determined by Rast’s method 
using camphor’. 

Derivatives of adenosine, guanosine and cytidme were 
formed (Table 1). Uridine was unreactive in these experi- 
mental conditions. 


Table 1. CHARACTERISTICS OF COMPOUNDS INVESTIGATED. 


Moleni int Molecular 
COO Amax(mu) weight 


Colour 
Adenosine 220 257 267 white 
4 Deamino, 4 dinttro 
AS a pa ay omens 174 262 447 ell 
enosine orange-yellow 

Quanoaine 280-235 250 288 white 
2 Deamuno, 2 dinitro 

(2,4) phenyl hydramnne 
Guanosine 197 260 468 yellow 
racine 280-231 270 248 white 
4 no, 4 dinitro 

(2,4) phenyl hydrazine 
Cytidine 206 279 428 olive green 


Infra-red spectra of the parent compounds showed two 
double peaks within the range 3,570 to 3,226 cm~. These 
were interpreted to represent N——H stretching vibrations. 
N—H bending vibrations appeared at 1,640 cm~! and 
C—N vibrations at 1,280 cm-!, These are all characteristic 
absorptions for a primary amino group. Spectra of the 
derivative compounds showed the N—H vibration at 
3,448 em, N—-H bending at 1,610 cm and C—N 
vibrations at 1,815 om-. These shifts indicate the absence 
of a primary amino group and the presence of a secondary 
amino group in the derivatives. 

Derivatives also showed absorptions at 1,408 cm- 
(nitro group vibrations), 735 om~ and 704 em (C—H 
stretching in substituted aromatic rings). Ring vibrations 
characteristic of substituted pyrimidine and purine ring 
appeared at 820 om~ and 980 cm-t, respectively, in both 
parent compounds and the derivatives. 

Spectral shifts in the ultra-violet seen when derivatives 
were compared with the parent compounds were of the 
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same magnitude as that reported by Hayatsu et al.1 for 
the semicarbazide derivative of cytidine. 

The possibility of hydrazone formation or of elimination 
reactions through cyclopurine and cyclopyrimidine* as 
alternative possible reactions has been eliminated by 
demonstration of the absence of primary amino groups in 
the derivative compounds. We suggest, therefore, that 
the reactions reported here are simple nucleophilic sub- 
stitutions of the first order for which a probable mech- 
amam is partial protonation followed by 2,4-dinitrophenyl 
hydrazine substitution. 
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Absence of RNA Synthesis in Shed Human 
Spermatozoa 


THE spermatozoon, the carrier of the paternal inheritance, 
has a bref lifetime sn vitro, during which it must be viable 
and motile until ıt has fulfilled its function of conjugating 
with the ovum. Mature, though non-motile, sperm can 
survive for many days in the male reproductive tract 
before being shed, and they may survive for up to 6 days 
in the female tract, according to recent observations. 
On the other hand, in vitro, their viability, as judged by 
motility, is limited to a few hours. The metabolism of the 
sperm would therefore appear to be different in each of 
these several circumstances. 

Several criteria are used to evaluate the fertility of 
human sperm: number, morphology and motility?*. Of 
these factors, motility and the quality of motility appear 
to be the most significant’. When the sperm is not motile, 
the diagnosis is obvious, but the examining physician not 
infrequently encounters specimens of apparently adequate 
quality, including motility, which nevertheless fail to 
fertilize a normal female. Accordingly, it is necessary 
to find other criteria to explain these cases of infertility. 

The metabolic activity of sperm in the epididymis 
appears to be very low. The inception of motility on 
ejaculation ushers ın a comparatively high rate of expendi- 
ture of energy. The energy of motility of sperm is met 
by the utilization and conversion of substrates, as in other 
cells. Human sperm are essentially glycolytic; ATP and 
Embden—Meyerhof~Parnas enzymes have been found in 
sperm‘, 

The energetic outlay for maintaining cellular function 
involves the conversion of substrates by enzymes. The 
enzymes, in turn, are normally regenerated on ribo- 
nucleic acid templates. In many circumstances, the rate 
of synthesis of RNA can. be used as an indicator of anabolic 
activity. The rate of synthesis of RNA in viable biological 
specimens can be measured by autoradiography, after 
incubation with an appropriate labelled precursor. 
Cytidine is a precursor of RNA which can be detected by 
autoradiography when it is labelled with tritium. 

Accordingly, a series of autoradiographic measurements 
of RNA synthesis in specimens of human semen were 
undertaken in an effort to determine whether or not 
resynthesis of metabolic enzymes does occur to any 
significant extent in sperm and, if so, whether or not 
variations in enzyme resynthesis, as measured by RNA 
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nthesis, might reflect differences in sperm viability or 
ility as an indicator of fertility or infertility, 
Thirteen semen samples, divided into three groups, 
re studied by autoradiography, using tritiated cytidine, 
precursor of ribonucleic acid (RNA). The semen of 
‘group 1 consisted of samples from patients with poor 
semen quality (as judged by the semen count, motility 
and morphology) and with known infertility. The semen 
if group 2 came from patients with passable to good semen 
uality (12,000,000 to 160,000,000), but in whom the 
‘tility state was unknown. Group 3 consisted of semen 
amples from subjects known to be fathers. The youngest 
ild of each of these patients was more than three years 
{see Table 1). 










Table 1. List OF CASES AND THEIR SEMEN ANALYSIS 


Sperm, Normal Vol- Age of 
count Motile morph- ume specimen Vis- Remarks 
ae million/e.c.) (%) ology (%) (nl) (min) cosity 
oo Grotp 1 
y P, 5 85 53 3-0 15 N 
21 30 44 28 240 N 
18 35 32 18 200 N 
100 40 48 3-0 90 34 
10 45 65 10 180 N 
140 60 80 28 120 N 
66 ü 70 LT 240 N 
46 50 0-8 240 N 
12 67 90 8 200 N 
160 65 85 3-2 150 N 
82 75 73 28 30 N Father of 2 
children 
20 60 76 L7 80 N Father of 1 
child 
A. 43 60 72 30 35 N 





Father of 1 
child 


: ~ $ p pecimons obtained from the Margaret Sanger Research Bureau, New 
LOrE, 


< Up to 0-1 ml. of seminal fluid was added to 2-6 ml. of 
Puck's medium. ‘Tritiated cytidine (0-3 ml.) at a con- 
centration of 100 ue./ml. was added to this sperm medium 
_ Suspension and the specimen was incubated for 15 min 
at 37° C. It was then centrifuged at 1,500 r.p.m. for 3 min 
and the supernatant fluid discarded. 

_ The cells were resuspended in a solution containing a 
large excess of non-radioactive cytidine (10 mg/l.) in 
order to dilute the radioactive material; in effect, stopping 
the reaction. After a second centrifugation and discarding 
of the supernatant fluid, the cells were suspended in a 
“hypotonic solution in order to expand the cells. Smears 
of the gently shaken suspension were fixed in acid aleohol 
“and dried in air. 

< In the next step, carried out in the darkroom, the slides 
“were dipped in NBT2 emulsion, air dried, and then put 
_ into light-tight plastic boxes with ‘Drierite’ and refriger- 

ated at 4° C in two groups: group A for 14 days and group 
(B for 30 days. The slides were then developed at 18° © 
and stained with rose Bengal-crystal violet stain, which 
| Was found to be superior to Papanicolaou stain for auto- 
_ radiographic studies. In four instances, autoradiography 
< Was: carried out immediately after the semen sample 
arrived in the laboratory and then 10 h later, on the 
same specimens, as motility decreased by more than 
60 per cent. Autoradiography was repeated at 10 h on 
the assumption that semen with much decreased motility 

as it aged should show much less uptake of tritiated 
eytidine. 
The autoradiographic endpoint, that is, the deposition 
of silver grains above the site of tritium incorporation, 
‘depends on (a) the concentration of the tritiated precursor; 
_(b)-the incubation time; (e) the access of the cells to the 
_ precursor; and (d) the time of exposure of the photographic 
im. The technique used in the study reported here was 
based on experience with other suspended cells in which 
so-called “flash” exposures were effectively demonstrated 
both by DNA and RNA synthesis. The conclusions 
reached in this experiment were confirmed by (1) doubling 
_ the radioactive dose, (2) doubling the incubation time, and 
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(3) increasing the photographic exposure time with several 
specimens. HEC 
The findings were essentially negative. Incorporation | 
of tritiated cytidine was not detected in any of the cases 
studied. This suggests that human sperm are metabolic- 
ally inert and without detectable anabolic capacity, and 
that the proteins of shed sperm are in a static rather than > 
a dynamic state, as in other more functionally active © 
cells, The energy for the short-lived span of motility is 
perhaps met by non-regenerative pre-formed enzym 
Measurements of metabolic turnover in sperm, ‘using 
method described, are of no value in fertility studies 

We thank Marian D. Butler and Olga Kastner for t 
autoradiographic processing. : 
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Binding of Tetracycline to Mammalian- 
Spermatozoa 


TETRACYCLINES are distributed to various body tissues!” 
which includes human prostatic fluid’? and sement: 
Oxytetracycline has been used as a fluorescent stain for _ 
condensed spermatid nuclei of the rat. Tetracycline 
HCl is a known fluorophor, and so we designed in vitro 
and in vivo experiments to determine, by fluorescent. — 
microscopy, whether this antibiotic binds to spermatozoa. — 
Rabbit, boar, and human semen, from fertile individuals. 
were mixed with yg quantities of tetracycline HCl in” 
0-9 per cent saline, Ringer, Krebs-Ringer phosphate opo 
*Tyrode’ solution for 10-30 min. Results with the various 
physiological solutions were comparable. Both bright and 
dark-field ultra-violet and ultra-violet-blue light were 
utilized in the determination of fluorescence. goa, 
Motile and non-motile human spermatozoa fluoresced 
with equal intensity but non-motile rabbit and boar 
spermatozoa fluoresced much brighter than did motile 
ones. The yellowish green fluorescence was not evenly 
distributed on the rabbit or boar spermatozoon. The 
nuclear ring’? (common boundary of acrosome cap and 
postnuclear cap) and a region adjacent to the neck (see. 
Fig. 1) showed the brightest fluorescence of the head. A 


nuclear ring was not discernible on human spermatozoa 


nor did the postnuclear cap region fluoresce more in- 


tensely. The literature is contradictory as to the presence 


of a postnuclear cap on human spermatozoa’. Of the 
entire mature germ cell, fluorescence was most intense in 
the midpiece region of all species. A transparent veil was 
seen around the apical part of some heads of spermatozoa. 
from all species stored for 1-2 days at 5° ©. The ‘veil’ is 
apparently the partial detachment of the outer membrane 
of the acrosome cap (see Fig. 1) which detaches durin 
post mortem changes’. The equatorial segment (a seg- 
mented area in front of the nuclear ring) present on both 


rabbit and boar spermatozoa was more prevalent on cells 


that had aged. : 
Fresh ejaculated spermatozoa, spermatozoa stored for 
16-24 h at 5° C and then labelled, and separated sperma- 


tozoa heads and tails all bound the fluorophor, although, 


as previously mentioned, motile rabbit and boar sperma 


es 
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tozoa did so much less effectively. Semen from the three 
species waa incubated with 1-4 ug of tetracycline HCI for 
each 10° spermatozoa, The spermatozoa were washed 
several times at 3~6,000 r.p.m. for 15 min and then checked 
for fluorescence. Labelled spermatozoa centrifuged at the 
higher speeds lost some of their fluorescence; however, in 
all cases the fluorescence was still very noticeable. Rabbit 
semen was labelled with 4 ug/10° spermatozoa of the anti- 
biotic, separated from the seminal plasma, and then 
incubated at 37° C for 8 hin “Tyrode’ solution with sodium 
pyruvate added. Motility decreased from 80 per cent to 
10 to 20 per cent during the 8 h period but spermatozoa 
fluorescence was not altered. Likewise, rabbit spermatozoa 
shaken for 12 h at room temperature did not diminish in 
fluorescence, 

Tetracyclines had previously been found in human 
semen, and we had established the in vitro binding of 
tetracycline HCI to human, boar, and rabbit spermatozoa. 
and so it seemed probable that this antibiotic would bind 
also in vivo, A series of experiments with rabbits was 
performed to establish this concept. Semen was collected 
with an artificial vagina before treatment to obtain values 
on normal semen parameters’. Dutch Belted and New 
Zealand males received intravenously 25 mg/kg of tetra- 
eycline HCl twice a day for 2 days. Control animals 
received sterile water with 0-25 per cent methylcellulose 
vehicle only. Twenty rabbits were used in various experi- 
ments and no fluorescent spermatozoa were seen in any 
pretreatment or control semen samples, Also, no detri- 
mental effects, resulting from treatment, were found in 
spermatozoa motility, numbers or morphology. 

Semen from treated rabbits was collected 2-4 h after 
treatment and generally found (73 per cent of the rabbits) to 
contain spermatozoa which fluoresced. Itis interesting that 
frequency and time of semen collection before treatment 
seem involved, Rabbits which were ejaculated seven 
times on the day treatment started all had good post- 
treatment fluorescent spermatozoa, whereas rabbits which 
had not been ejaculated from 1-14 days before the 
beginning of treatment had post-treatment spermatozoa 
which ranged from no fluorescence to good fluoreseence. 
Cauda epididymal spermatozoa from treated males were 
ehecked and found not to fluoresce (these spermatozoa. 
did fluoresce, however, when placed with the antibiotic 
in vitro), If spermatozoa do not pick up tetracycline HC 
in the epididymis, then the accessory glands must trap it. 











Fig. 1. Darkfleld fluorescent photomicrograph ofan aged rabbit sperma- 
tozoon labelled ia vitro with tetracycline HL Note the partial detach- 
mont of the outer acrosome, {x 960) 
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The glandulae vesiculares were found to fluoresce in 
rabbits treated with the antibiotic. This may explain 
why males from which one or two ejaculates had been 
collected several days before treatment did not con- 
sistently have good fluorescent spermatozoa in the post- 
treatment semen samples. The accessory glands from these 
males were most likely not as active in their secretory 
function as those glands from males whose seminal fluid 
stores had been exhausted immediately before treatment. 

Rabbit spermatozoa labelled with tetracycline HCI 
in vivo did not fluoresce as brightly as those labelled with 
34 ug/10° spermatozoa in vitro. The pattern of fluorescent 
intensity on different regions of a spermatozoon was, 
however, the same; non-motile spermatozoa fluoresced 
somewhat brighter than motile ones. Washing spermatozoa 
several times decreased the fluorescence but did not re- 
move all of it. Labelled and non-labelled spermatozoa 
survived equally well when stored at 5° C for 48-60 h. 

Washed ejaculated or epididymal spermatozoa from 
control males were suspended in urine from treated males 
and they immediately fluoreseed. As tetracycline HCl 
is excreted through the urine’, the urethral lumen (through 
which semen must pass) would be contaminated with the 
antibiotic. The first post-treatment semen sample served 
to flush out the urethra and then fluorescent determina- 
tions were made on the second and third semen samples 
collected, As the flaorophor was seen bound to spermatozoa 
in these last two ejaculates, its source had to be the semen 
and not a urine contaminant. 

Evidence so far indicates that the attachment of 
antibiotic and spermatozoa is not detrimental to the 
motility, morphology or concentration of spermatozoa. 
This technique seems ideal for investigating the morpho- 
logical differences of fresh and aged spermatozoa of the 
same and different species. The in vivo labelling of sperma- 
tozoa with tetracycline HCl apparently occurs at ejacula- 
tion, as epididymal spermatozoa do not show fluorescent 
evidence of the drug. Perhaps the concentration of the 
antibiotic in seminal fluids can be altered if the accessory 
glands are actively secreting during drug administration. 

We thank Dr. D. Buthala for help with the photomiecro- 
graphy. 
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N3-(2-amino-2-carboxyethy!)-ornithine, a 
New Amino-acid from Alkali-treated Proteins 


A new amino-acid, Ne-(2-amino-2-carboxyethyl)-lysine, 
in acid hydrolysates of alkali-treated proteins has been 
reported!?, The trivial name lysinoalanine was chosen 
for this compound, which is probably formed by the 
addition of an amino group of a lysyl residue at the 
double bond of a dehydroalanyl residue formed after 
alkaline decomposition of disulphide bonds. Lysino- 
alanine has been synthesized by two different methods!4 
in order to confirm its chemical structure. 

Further investigations of hydrolysates of wool samples 
including sericin treated with alkali have revealed a new 
amino-acid on the short column of the ‘Spinco’ automatic 
amino-acid analysert This new amino-acid, obtained 
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Fig, 1. Presence of a new amino-acid in an acid hydrolysate of sericin 
treated with alkali, (Elution patterns from the 15 em column‘) 


from an acid hydrolysate of sericin treated with alkali, 


emerged before lysinoalanine as shown in Fig. 1. Merino 
wool, denatured in 8 molar lithium bromide at 100° C for 
90 min was treated for 16 h in a solution of 0-7 molar 
“potassium carbonate at 50° C (ref. 5), washed with water 
- and finally dried before analysis. 
Sericin, isolated from silk (Bombyx mori) by heating in 
“water at 90° C, was boiled with 0-1 molar sodium carbonate 
_ for 60 min. Most of the salt could be removed by dialysis 
| for 24 h. The solution was evaporated to dryness, and 
: the proteins were hydrolysed with 6 normal hydrochloric 
acid in sealed tubes in a vacuum. 

By comparing the amino-acid composition of untreated 
and alkali-treated sericin, loss of serine, threonine, lysine 
and a small decrease of arginine have been observed. It 
is well known that combined or free arginine is degraded 
by weak or strong alkalis to form ornithine and (or) 
citrulline. If we assume that 3-amino groups of combined 
ornithine could react with dehydroalanine residues, present 
as decomposition products of cystine and (or) serine 
residues, a new compound could be formed as an artefact. 
By analogy to lysinoalanine it should be named orni- 


thinoalanine. Its chemical structure could be the 
following 
COOH COOH. 
HC mo CH, _NHCH,—CH,—CH,—-CH 
NH, yE 


In order to support our assumption we have prepared 
ornithinoalanine by the addition of N«-acetyl-n-ornithine 
to the double bond of N-acetyl-dehydroalanine-ethylester, 
a procedure similar to that deseribed for the preparation 
of lysinoalanine*. The resulting product of N8-(2-acet- 
amino-2-ethoxycarbonyl -ethyl)-Na-acetyl-ornithine was 
treated with 6 normal hydrochloric acid to remove the 

“two protecting acetyl groups and the one ester group. 
We have obtained colourless crystals contaminated by 
traces of ornithine. After several recrystallizations from 
“water by adding ethanol, ornithinoalanine was obtained 
“as @ slightly hygroscopic material with a yield of 1-1 g 
(87-6 per cent of theoretical value). The molecular 
weight was 273-72, and the formula C,H,,N,0,.HCLH,O. 
As percentages; calculated: carbon 35-10, hydrogen 
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7-36, nitrogen 15-35, chlorine 12-95; found: carbon 
35-61, hydrogen 7-09, nitrogen 14-95, chlorine 15-26: 
Ornithinoalanine has been further characterized by 
preparing its picrate at pH 8-9; melting point, 185°% 
188° C. The electrophoretic mobility of ornithinoalanine 
on paper-electrophoresis was compared with other 
naturally oecurring basic amino-acids (Table 1). 


‘Table 1. BLECTROPHORETIC MOBILITIES OF AMINO-ACIDS ON PAPER ELECTRO- 
PHORESIS (150 MIN, 40 V/CM, IN PYRIDINE-ACETIC ACID-WATER, pH 6-2) 
Distance of migration 
towards cathode (em) 


Ornithine 217 
Lysine 20°0 
Arginine 16-6 
Ornithinoalanine irh 
Lystnoalanine 105 


The value of the integration constant on the automatic 
amino-acid analyser was found to be 1-29 times that of 
lysine. ; 


Table 2, FORMATION OF ORNITHINOALANINE AND LYSINGALANINE IN SERICINE- 


TREATED WITH ALKALI : 


Amino-acid (moles/g) found in sericin 
Boiled in 0-1 molar sodium 


Untreated carbonate for 60 min 
Lysine 210 141 
Lysinoalanine = 75 
Arginine 255 220 
Ornithinoalanine ~ 23 
Serine 349 206 


From the amino-acid data given in Table 2 it can be 
concluded that ornithinoalanine is accounted for by more 
than half the arginine that disappears during treatment | 
of sericin with alkali. The significant decrease ‘of | 
143 wmoles/g of serine indicates its degradation by alkali to 
dehydroalanine residues which react in such a way that 
23 pmoles/g of ornithinoalanine are formed. This’ cón- 
firms other results’ according to which serine is responsible 
for providing dehydroalanine residues to react with lysine 
to form lysinoalanine. 

The amount of ornithinoalanine in hydrolysates: of 
denatured and subsequently alkali-treated wool is about 
10 pmoles/g. Investigations to find the conditions whieh 
will give larger yields of this new amino-acid are in 
progress. : 

We thank the Gesamtverband of the Textilindustrie in 
the Federal Republic of Germany (Gesamttextil e- V3, 
Frankfurt, and the Arbeitsgemeinschaft Industrieller 
Forschungsvereinigungen e.V. Köln for a grant. 
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Multiple Analyses on a Single Disc 
Electrophoretic Preparation 


Disc electrophoresis has been shown to be a rapid means 
of producing very high resolution separations of proteins. 
Various histochemical methods, such as the periodic acid— 
Schiff and the Feulgen techniques, have been applied 
to the gel columns to identify various proteins after elec- 
trophoretic separation. Although the reproducibility of 
dise electrophoresis is quite good, it is difficult to correlate 
results of staining each of several replicate separations by 
different methods because one cannot be completely 
certain that each protein fraction migrated exactly. the 
same distance in each replicate gel column, and various © 


Sd 
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histochemical techniques may not show protein bands 
seen by others, thus making it difficult to determine 
relative positions of the bands. 

The following description shows modifications of the 
basic equipment, as originally described, to permit 
multiple analyses on a single gel preparation. Such 
analyses may include various histochemical, elution and 
immunodiffusion techniques. 

The gel components, buffer system, and procedures are 
as originally described by Canalco in their information 
brochures, in which the lower gel is placed in the column 
and polymerized before application of the spacer and 
sample gels. 

The modified equipment (Fig. 1) consists of a flat 
vertical column of rectangular cross-section, supported 
between an upper and a lower butfer electrode bath. The 
column may be disassembled at the end of the electro- 
phoretie run for removal of the gel. It is formed by two 
glass plates separated at their edges by spacer-gaskets 
that form the edges of the column. ‘The plates used in 
our apparatus are standard 3:25 x 4 in, (8-3 x 10-2 em) 
photographic type glass, but any reasonable size may be 
used. The margins and corners must be smooth and free 
of chips. The main body of the two spacer-gaskets is 
formed of a piece of acrylic plastic (‘Plexiglas’), 0-5 x 
0-5 x 3-25 in., into which a longitudinal groove 0:25 in. 
wide is cut to a depth of 0-125 in. along the centre of one 
side. A second piece of plastic, 0-25 x 0-375 x 3:25 in., 
is cemented into this groove to serve as the spacer strip. 
Gaskets of 0-125 in. silicone rubber stock are cemented 
into the two angles formed by the two pieces of plastic to 
seal the corners of the column. If a column more or less 
than 0-25 in. thick is desired, the thickness of the spacer 
strip may be varied accordingly. The column assembly is 
held together by lateral pressure provided by a clamp 
made of a piece of acrylic plastic, 7-625 x 3 x 0-5 in. 








Fig. 1. 


are secured by screws. 


vertical pressure on the column. 


The described apparatus is shown assembled. 1, upper buffer bath ; 2, removable 
électrods-baffie; 3, inner removable baffle; 4, removable adapter for use with glass plates 
smaller than those for which the bottom of the buffer bath is slotted; 5, neoprene gaskets 
from 0-0625 in. stock; 6, column assembly consisting of items 7-9; 7, column clamp. 
Constructed of 0-375 in. stock acrylic plastic to which two strips of 0-5 x 0-5 in. plastic (7a) 


The position of these strips is adjustable for columns of various 
widths; 8, spacer-gaskets; 9, glass plates; 10, lower buffer bath; 11, removable lower 
column support with neoprene gasket cemented to ita upper surface; 12, brass bolts for 
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Fig. 2. Dise electrophoretic separation of human serum in acrylamide 
gel, stained with amido black. The print was dodged to show some of the 
more faint bands. The vertical defect is a crack that developed during 
photography, The approximate dimensions of the slab were 2x85 in, 





to which two strips of plastic, 3 x 0-5 x 0-5 in, are 
fastened with screws. Each of these latter pieces is 
drilled and tapped for two set screws to provide pressure 
to the column edges. 

The lower buffer electrode bath is provided with a 
removable, slotted. plastic support for the lower end of 
the column. The slot corresponds in horizontal dimensions 
to the internal cross-sectional dimensions of the column. 
A correspondingly slotted gasket is cemented to the upper 
surface of the support. 

The bottom of the upper buffer electrode bath is also 
slotted to correspond with the inside cross-section of the 
columns and a similarly slotted gasket cemented to its 
lower side. In order to use the buffer 
electrode baths for columns of various 
cross-sectional dimensions up to 5 x 0-26 
in., the slot in the bottom was made to 
measure 5 x 025 in. When columns of 
amaller cross-sectional dimensions are used, 
as in this study, an appropriately slotted 
adapter and gasket are fastened in place 
under the upper buffer bath, and an 
appropriately slotted lower support and 
gasket replace the larger support. 

The electrodes are of 26 gauge platinum 
wire secured to the outer aspect of the 
outermost of the two baffles. They are 
connected to standard banana plugs 
mounted on. the baffles for connexion to a 
power source, The entire assembly is held 
together by means of four 0-1875 in. brass 
bolts permanently secured in the extended 
edges of the bottom of the lower bath. 
These extend through the extended edges 
of the upper bath and through the re- 
inforcing blocks cemented to the outside 
of the upper bath. 

The apparatus is assembled with a 
dialysis membrane placed between the 
gasket on the lower support and the lower 
end of the column to hold the lower gel in 
place during polymerization. 

The column is checked for leaks by filling 
with distilled water. After removal of 
the water the column is rinsed with lower 
gel solution, care being taken to serub the 
inner edges and surfaces of the column 
with a small brush or pipe cleaner to 
remove all traces of water. The column 
is then filled to the desired level with lower 
gel solution. The lateral margins of the 
inside of the column are again serubbed 
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_ carefully. Failure to do this results in pulling away of 
he gel at these margins. Water is then overlaid on the 
during polymerization. 
Layering on of subsequent gel layers and of the sample, 
well-as the electrophoretic separation, are performed 
y the use of standard techniques. 
_ Following electrophoresis, the apparatus is disassem- 
bled, leaving the gel slab on one of the glass plates where 
may be cut into strips to best advantage with a rotary 
disc cutter, such as is used for cutting pizza. The cutter 
dge.should be uniform and sharp, free from nicks, and 
may be wetted with glycerine. We have found this type 
f cutter much better than a straight blade. 
Fig. 2 shows the results of a disc electrophoretic 
separation of a human serum by use of the described 
equipment. One part of serum was added to forty parts 
f upper gel solution, and the mixture layered over the 
pacer gel to a depth of about 4mm. This was overlaid 
‘with water before light polymerization. Special care must 
be used in all water overlays to prevent mixing of water 
ith gel, as this results in deformed protein lines. Strips 
ut from a preparation, such as that shown, are numbered 
onsecutively and analysed by the various desired means. 
Alternatively, several strips may be removed at spaced 
tervals across the slab, stained for protein, or other 
` Substances, and used as guides for removal of specific 
| bands for elution from the unstained portions. 
© -Ithank the U.S. National Institute of Arthritis and 
- Metabolic Diseases for a grant. 
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Proposed Technique for classifying and 
identifying Encephalitogens 

. EXPERIMENTAL allergic encephalomyelitis (EAE) can be 
produced in guinea-pigs by injection of acid extracts of 
“eentral nervous tissue mixed with Freund’s complete 
adjuvant. Some authors claim that the active factor in 
these extracts is protein'-* while others claim that it can 

- be polypeptide". From extracts of ox spinal cord we 
“have isolated a bovine encephalitogenie polypeptide 
- fraction (BEP) and also an encephalitogenic protein 
“fraction. Similar fractions were also isolated from extracts 
of guinea-pig brain. As other encephalitogons may be 
isolated in the future from nervous tissue of various 

» species it would be important to have a simple means of 
identifying and classifying them. At present it is difficult 
to correlate the results of chemical and immunological 
‘experiments from different laboratories because authors 

~ often fail to describe adequately the nature and homo- 
“geneity of their encephalitogenic preparations. This 
paper describes a simple gel electrophoresis procedure 
which can test the homogeneity of encephalitogenic 
“preparations and provides a convenient classification of 
the proteins or polypeptides in such materials. The 
proposed classification is based on a comparison of the 
mobility of the encephalitogen relative to the mobility of 

eytochrome c. 

Electrophoresis in polyacrylamide gel is accepted as 
one of the most rigorous tests for the homogeneity of a 
_ protein. The resolution obtained, however, depends on 
E the gel concentration, the pH of the buffer, concentration 

_of sample, and the addition of dissociating agents such as 
urea. For example, when a 5 per cent acrylamide gel was 
used for the electrophoresis of a mixture of basic proteins 
and polypeptides from bovine spinal cord, only two diffuse 

“bands were observed at pH 2-5 even in the presence of 
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4 molar urea; but with a 15 per cent gel, at least thirteen 
bands were observed. Conditions used for staining and 
destaining the gels are also important. If electrophoretic: 
destaining is used polypeptides are liable to be removed © 
along with the excess stain. These observations may in. 
part explain why Wolfgram? did not observe peptides. 
when he did electrophoresis of human and bovine enceph- 
alitogens in polyacrylamide gel. eee 
The isolation of BEP will be described in detail in as 
future publication. A mixture of basic proteins and 
polypeptides was obtained by extracting an acetone dri 
powder of bovine spinal cord with 0-02N hydrochloric acid. 
This extract was neutralized and applied to carboxy- 
methyl~‘Sephadex C-25'. The retained fraction was: 
eluted with hydrochloric acid and the proteins and poly. 
peptides precipitated with 90 per cent acetone. “This: 
“basic fraction” was passed repeatedly through a column © 
of ‘Sephadex G@-50’, using formic acid : acetic acid: water 
(1: 4:45) as solvent, to isolate the protein and polypep- 
tide fractions. The bovine encephalitogenic polypeptide 
(BEP) fraction was obtained as an apparently homogene- 
ous fraction with an elution volume equivalent to a 
polypeptide with a molecular weight of 3,500. Amino- 
acid analysis showed a high content of lysine, arginine, 
histidine, serine and glycine. On electrophoresis, however, | 
is was possible to observe three zones with only minor 
differences in mobility. This polypeptide BEP; when 
injected with complete Freund’s adjuvant in a dose of 
l ug, produced EAE in guinea-pigs (4/6 with clinical signs: 
between 14 and 16 days; 6/6 with histological lesions” ; 
when killed after paralysis or at 21 days). The bovine _ 
protein fraction which contained proteins of molecular © 
weight greater than 15,000 also produced EAE in guinea 
pigs when injected with complete Freund’s adjuvant in a 
dose of 1 ug (3/5 with clinical signs, 13-18 days; 5/6 with 
histological lesions). i 
Conditions for electrophoresis in polyacrylamide. gel: 
were similar to those used for the separation of histones?) u.. 
Gels were prepared in a ‘Perspex’ trough 5 x 30x 0-24 em 
by pouring in a mixture of 50 ml. ‘4M-9" (chemical 
grout from American Cyanamid Company) solution 15 per. 
cent (w/v) in water, 03 ml. 6-dimethylaminopropio- » 
nitrile and 0-3 ml. ammonium persulphate solution, 50 per 
cent (w/v) in water. The trough was covered with a lid m 
which were set four teeth 5x 1x2 mm, 9 em from the: 
anode end. After setting for 10 min the gel was trans: 
ferred to 300 ml. of a buffer composed of formie acid : 
acetic acid : water (1:4: 45 by vol), with urea to 4 molar, 
The pH of this solution was 2-5. The gel was soaked in 
this buffer for at least 24 h before it was placed on the 
cooling plate of a ‘Pherograph’ high voltage electrophoresis 
apparatus with a cooling bath temperature of — 6% C, 
Buffer in the electrode compartments was the same as 
above but contained no urea. Two thicknesses of ‘What: 
man No. 17’ paper encased in polyethylene film served as. 
connecting wicks. The gels were covered with film 






except over the sample slots. Voltage was applied for 


about 15 min before adding the samples (7-30 ug in Tople 
water) to the slots. For the separation shown in Fig. 1 
two gels were run together at 14 V/em and 60 m.amp 
for 3-5 h. Proteins and peptides were stained for 2h 
with amido black-mercurie chloride in methanol : aceti¢ 
acid: water (10: 2:10) (ref. 11) on a rotary shaker. 
To remove excess stain the gels were washed with the same. 
solvent until clear. During staining and rinsing the gels 
shrunk by approximately 35 per cent. 

We found that the conditions described here were the 
most satisfactory for assessing the purification of basie 
proteins and polypeptides. Electrophoresis at a higher 
potential produced diffuse zones, while fewer and more 
diffuse zones were observed in the absence of urea, Also, 
at pH 2-5 there was in general a direct correlation between 
the mobility of a zone and its elution volume from a Ae 
column of ‘Sephadex G-50’, the greater the mobility the 
larger the elution volume. ae 
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Fig. 1 shows the separation of three encephalitogenic 
preparations, the unfractionated “basic fraction” (O), 
the protein fraction (D), and BEP (A). The reference 
compound was cytochrome ¢ (B). The distance of each 
stained zone from the sample slot was measured with 
calipers. The relative mobility of each zone is expressed as 

distance of zone from sample sl 





with M, values between 1-85 and 2-05, and our bovine 
encephalitogenic protein fraction is classified as that 
fraction which has zones between 0-23 and 0-95. We 
suggest that Me values be used to classify other encephalit- 
ogens. 

Cytochrome ¢ is recommended as a reference compound 
because it is readily available in a highly purified state 
and has a similar isoelectric point to some of the basic 
polypeptides. Its small size enables it to enter readily 
the rather dense 15 per cent acrylamide gel. Because it is 
a coloured protein its movement may be observed during 
the electrophoretic separation. 

There is considerable controversy as to the molecular 
size of the encephalitogens. We have found that the 
solvent used for defatting the spinal cord before acid 
extraction considerably affects the composition of the 
“basic fraction’ (compared with ref. 12). When the 
sequence of solvents acetone-petroleam ether—acetone 
was used to partially defat the spinal cord, a mixture of 
basic proteins and polypeptides was obtained in the puri- 
fied acid extract (C in Fig. 1). When chloroform-—methanol 
(2:1) was used and the extraction procedure described 
by Kies! was followed, however, the acid extract contained 
mainly basic protein. This protein gave a sharp zone with 


Me value 0-72 and there were only faint traces of other 
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Fig. 1. Electrophoresis of polypeptide fraction (BEP) 1-2 me/ml. (A). 
cytochrome e 1 mgiml. (B), “Basie fraction” from bovine spinal cord 
4 mg/ml. (C) and protein fraction 1 mg/ml. (D), in 15 per cent poly- 
acrylamide gel in formic acid-acetic acid-water, 4 molar urea PH 2-5; 
14 Vicm, 60 m.amp. 3-5 h at -6° C. Mobility of zones relative to 
cytochrome ¢ (Me values) were in BEP 1-90, 1-95, 2-00: in the protein 
fraction 0-23, 0-42, 0-51, 0-67, 0-72 strong, 0-84, 0-95: and in the “basic 
fraction” 0:42, 0-63, 0-74, 0-85, 0-06, 1-07, 1-24, 1-39, 1-67, 1-98, 2-02, 241 
diffuse, Not all these zones could be shown on the photograph, 
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proteins and polypeptides. Thus it was equivalent to the 
component in our protein fraction which showed the 
strongest zone (Fig. 1D). To explain the effect. of different. 
solvents Kies?! has proposed that chloroform methanol 
inactivates an acid proteinase present in nervous tissue 
whereas acetone does not, and that hydrolysis of basic 
protein by this proteinase during extraction leads to 
encephalitogens of lower molecular weight. We have 
recently obtained evidence to support this view, The 
proteolytic activity of freeze dried spinal cord with haemo- 
globin as substrate at pH 3-5 was lowered by 65 per cent 
after treatment with chloroform—methanol (2:1 v/v). 
Synge and colleagues'* have recommended phenol-acetic 
acid—water (1:1: 1 w/v/v) as a solvent for the extraction 
of peptides since it denatures proteolytic enzymes. With 
this solvent we failed to isolate polypeptides but obtained 
a basic protein of Me value 0-72. 

It is hoped that all laboratories studying EAE will 
define which encephalitogenie fraction they are using, and 
ascertain its homogeneity with a technique, such as gel 
electrophoresis, which achieves high resolution. Our 
proposed procedure for classifying encephalitogens by 
determining Me values should make it easier to compare 
chemical and immunological studies on encephalitogens 
from different laboratories and should assist in the com- 
parison of encephalitogens from different species. 

This work was supported by a grant from the National 
Multiple Sclerosis Society of New York and in part by a 
grant from the Multiple Sclerosis Society of Canada. 
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Cell Wall Degradation by a Pectate 
Transeliminase 


CULTURE fluids of the soft-rotting bacterium Erwinia 
aroideae contain polygalacturonase activity and cause 
maceration of parenchymatous tissue. Much indirect 
evidence has indicated that polygalacturonase causes 
maceration; for example, both activities respond in the 
same way to pH, precipitation by organie solvents, 
and dialysis'. It has been demonstrated? that culture 
fluids of the closely related Æ. carotovora degrade 
pectate by transelimination rather than by hydrolysis. 
Methods for measuring polygalacturonase activity do not 
distinguish generally between hydrolysis caused by 
polygalacturonase and transelimination caused by pectate 
transeliminase, and it is probable that in many cases 
reactions aseribed to the first are caused by the seeond. 
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Fig. 2. Comparison of macerating, polygalacturonase (PG) and pectate 
transeliminase Cr) activities. 


Byrde et al.* have separated polygalacturonase from 
macerating activity in culture filtrates of Sclerotinia 
fructigena. Whereas at one time it seemed that the 
macerating activity was associated with arabinofuranosi- 
dase activity‘, since the completion of this work ıt has 
been found that this is not the case (personal communica- 
tion from Byrde and Fielding); arabinofuranosidase has 
not been detected in culture fluids of E. aroideae. In view 
of these results we have attempted to elucidate the mechan- 
ism by which culture fluids of F. arotdeae cause maceration. 
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A fractionation of culture fluid enzymes has been 
obtained by passage of the dialysed liquid (fraction 1) 
through columns of DEAE- and _ carboxy-methyl- 
celluloses. None of the macerating activity’ or poly- 
galacturonase was retained on a column of DEAE cellulose 
equilibrated with 0-005 molar iris buffer at pH 8-0, but 
much of the contaminating material was removed. The 
effluent, a partially purified preparation, is referred to as 
fraction II. 

Passage of fraction II through a column of carboxy- 
methyl-cellulose in acetate buffer at pH 6-6 followed by 
stepwise elution with acetate buffer containing increasing 
concentrations of sodium chloride gave five peaks of 
macerating activity in the effluent fractions as shown 
in Fig. 1. Each peak of macerating activity corresponded 
to a peak of polygalacturonase activity, measured as the 
ability to release reducing groups from sodium poly- 
pectate. Selected fractions, corresponding to each peak in 
the eluted macerating activity, were bulked to give samples 
A-F as indicated in Fig. 1. Protein concentration, macer- 
ating activity, polygalacturonase and pectate transelim- 
inage activities (measured on sodium polygalacturonate) 
of the samples were measured and the results are sum- 
marized in Table 1 which shows that considerable puri- 
fication of the enzyme activities in terms of protein was 
obtained. 

Fig. 2 compares the macerating, polygalacturonase and 
pectate transeliminase activities of the bulked samples. 
The latter wag measured as increase in optical density at 
235 mp of sodium polygalacturonate incubated with the 
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Table 1 
PG activity PTR ee 
Kanyaroles o of (mumoles o ( MA ) ( PG ) ( PTE ) 
Sample MA a ldehydo/ Protein MA PG PTE protein /sample \protein/sample protein/ sample 
ee (8/10 ml.) protem protein protein "HAT PG "PTE 
10 ml) 10 ‘al 1) ( protein Jorudo Gorn) crude (ooien) orude 
Fraction 
I 16-5 88 7 41-0 5,230 0 0081 0-017 0-008 1 1 1 
A 8-4 18-8 1:3 1,845 0:0026 0 010 0-010 08 0-6 1:2 
B 52 108 5-1 44 0118 247 0-116 87-5 146 14:9 
(6 49 55 27 10 0 4786 0-584 0 264 161 816 38 8 
D 98 867 126 96 0-108 882 0 182 B44 22-6 17-0 
A 1 9-3 50 85 0176 0-268 0-145 65-7 15:8 18:6 
F 2-9 46 1-8 121 0-024 0-088 ooi 76 22 14 


MA, Macerating activity; PG, polygalacturonase; PTH, pectate transelimmase. 


teat solutions. It shows close correlation between the 
pectate transeliminase and macerating activities of the 
different samples. 

Fig 3a illustrates the linear relationship between log con- 
centration of culture fluid and log macerating activity; 
Fig. 3b shows a similar relationship between activity of 
pectate transeliminase and macerating activity. Com- 
parison of these figures suggests that pectate trans- 
eliminase causes maceration. 

It has been found that the purified sample D, when 
incubated with potato cell wall material, causes an in- 
crease in the optical density of the supernatant fluid at 
235 mu. Changes in the absorption spectrum with time in 
reaction mixtures containing sample D and (a) sodium 
polygalacturonate and (6) potato cell wall material are 
compared in Fig. 4. They are similar and so it seems that 
partially purified pectate transeliminase oan degrade cell 
wall material, as well as extracted pectic substances. 

Paper chromatographic analysis of the degradation 
products obtamed on incubating the crude enzyme of 
fraction I with potato cell wall showed four producta which 
migrated on the paper. Two of these are probably oligomers 
of galactose, and the other two unsaturated oligomers of 
galacturonic acid. Similar treatment of cell wall with 
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tion erect with time in reaction mixtures 


sample D showed only the latter two products, indicating 
that the activity leading to production of galactose 
oligomers is not necessary for maceration. 

These resulta suggest that maceration of potato tuber 
tissue by culture fluids of Æ. arotdeae is caused primarily 
by pectate transeliminase. The mechanism is probably 
only one of several which may be found ane y or together 
in culture fluids of different micro-or 

We thank Dr. R. J. W. Byrde for the ` phenyl- a-L- 
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polypectate and polygalacturonic acid. 
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Molecular Size Distribution of Lignin in 
Wood 


THe macromolecular structure of lignin in wood is an 
important object of current controversy. Some workers 
consider lignin to be a chemically homogeneous, three- 
dimensional polymer whose molecular size is “infinite”, 
that is, limited only by the amount present. Others 
believe that lignin is a finite heteropolymer whose indivi- 
dual molecules differ in molecular size and chemical 
structure according to their location within wood cell 
walls. The ability to distinguish between these alterna- 
tives requires that lignin be isolated nearly quantitatively 
from morphologically distinct regions within wood cell 
walls without significant alteration. 

Methods involving micro-organisms and microbial 
enzyme systems that selectively solubilize the carbo- 
hydrates of wood and thus release lignin for extraction by 
lignin solvents are more suitable for testing hypotheses 
of the structure than conventional methods of isolation 
that usually involve intensive mechanical disintegration 
(ball mulling), or chemical treatments that drastically 
affect lignin as well as carbohydratest:?. 

The fungi that cause the brown rot type of wood decay 
inhabit the lumina of wood cells and selectively digest the 
wood carbohydrates’. Because tho organisms are closer 
in proximity to the secondary walls, it is logical to assume 
that lignin in this region is made accessible to extraction 
by lignin solvents in the early stages of decay and that 
middle lamella lignin becomes extractable in later stages. 
Both polarized light and electron microscopical evidence 
of this progressive mode of attack has been presented‘ ®. 
The particularly attractive feature of lignin isolated from 
wood by brown rot fungi is that it 1s nearly quantitatively 
representative of the total lignin present in a wood sample 
when carbohydrate removal is essentially complete. In 
the present investigation, lignin was isolated enzymatically 
from blocks of sweetgum (Liquidambar styraciflua) 23 per 
cent lignin, and sitka spruce (Picea sitchensis) sapwood, 
28 per cent lignin, by treatment with the brown rot fungi, 
Poria monticola and Lenzites trabea. The procedure of 
Cowling! was used to obtain weight losses ubed by decay 
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Fig. 1. Sweetgum, 60-5 per cent weight loss. 


between 69 per cent and 78 per cent, and 55 per cent and 
73 per cent, respectively. 

Gel filtration of lgnins on ‘Sephadex’ with formamide as 
solvent allows the separation of lignin components ac- 
cording to molecular size. Adsorption effects have been 
shown to be substantially absent ın this system by 
running lignin models with differing structures, ‘Sephadex 
G-50’ columns were prepared with formamide as sol- 
vent. Ultre-viclet absorption was measured at 280 my 
for 5 ml. fractions of eluate. Moleoular size distributions 
were prepared by plotting absorbance (280 my) against 
ml. eluate. The lignin models, monomer, dimer and trimer 
of the basic phenyl propane unit, assisted in labellmg for 
molecular weight and confirmed the elution sequence. 
Molecular size distributions (see Figs. 1 and 2) of the 
enzymatically isolated lignins from sweetgum and sitka 
spruce may be interpreted as being composed of two and 
three characteristic commonly positioned peaks, respec- 
tively. These are present in varying proportions according 
to the previous history of the sample. Dialysis of the 
sample with a weight loss of 69-5 per cent (Fig. 1) resulted 
in the separation and differentiation of the materials 
defined by peaks II and ITT; the construction of peaks IT 
and ITT in the diagrams is thus warranted. This observation 
indicated that different parta of the wood cell structure 
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probably contain lignin of characteristic 
molecular size; commonly positioned peaks 
would not be expected if the distribution 
resulted from the random breakdown of a 
three-dimensional structure. 

When the weight loss of a sweetgum sample 
changed from 69:5 per cent to 77-5 per cent 
the proportion of lignin extractable with 
formamide (15 per cent and 7 per cent 
residual carbohydrate based on degraded 
wood, respectively) increased, and a new 
high molecular weight peak, comprismg 
45 per cent of the total area, dominated the 
molecular size distribution (compare Figs. 1 
and 2). It is logical to assume that the pro- 
portion of middle lamella lignin extract- 
able from wood increased markedly in the most advanced 
stages of brown rot. Thus we consider the new peak to 
consist primarily of middle lamella ignin. The area under 
the hypothetical peak IT on Fig. 2, denoting material of 
intermediate molecular size, alao increases relative to 
Fig. 1 and it 1s suggested that this could represent middle 
lamella lignin of lower molecular weight. The inference 
here 1s that peak III and some of peak II constitute 
secondary cell wall lignin. The significance of these two 
main components may be revealed when the lignin distri- 
bution. within the secondary cell wall is better known. 

Similar results were obtamed with lignins isolated from 
sitka spruce (55 per cent, 64 per cent, 69-5 per cent and 
72-6 per cent weight loss, respectively). Lignin of larger 
molecular size was extracted with formamide on increasing 
carbohydrate loss, peak III being liberated at weight loss 
55 per cent and peaks II and IT, with an increasing pro- 
portion of the former, at weight losses 64 per cent, 69-5 
per cent and 72-6 per cent. With the sample of weight 
loss 72-6 per cent (residual carbohydrate 3 per cent) peak I 
should have been apparent. The molecular weight of 
this material was too high, however, for solubility m 
formamide. The sample was essentially completely 
soluble in 0-1 molar sodium hydroxide, and a high mole- 
cular weight peak corresponding to I evident on a G-50 
gel with this solvent. Significant degradation was 
established in this medium, however. 

The important feature of the present observations 18 
that increasing weight loss permitted extraction of lignin 
of larger molecular size. If enzymatic degradation of 
lignin were to account for its increased extractability the 
converse would be true. The possibility remains that some 
extracellular enzyme of the fungi might have catalysed 
polymerization of lignin. If this were the case one would 
expect to find some high molecular weight material in 
the distributions of the samples of lower weight loss; this 
material was conspicuous by its absence. 

The resulte of this investigation support the second 
alternative indicated in the first paragraph that lignin 18 a 
polymer of “finite” rather than “infinite” size and that it 
differs at least in molecular size according to its location 
within wood cell walls. 

` W. Brown* 


S. I. FALEEHAG 


Research Laboratory, 
West Virginia Pulp and Paper Company, 
Charleston, South Carolina. 
E. B. Cowra 


Dopartment of Plant Pathology and 
School of Forestry, North Carolina State University 
at Raleigh, Raleigh, North Carolina. 
* Present address: School of Forestry, North Carolina State University at 
Raleigh, Baleigh, North Carolina. 
Received December 23, 1966; rovised January 30, 1967. 
1 Cowling, E. B., in Cellular Ultrastructurs of Woody Plants (edit. by Cote, 
W. A.), 841 (Syracuse Univ. Press, 1965). 
2 Nord, F. F , Ser Amer., 199, 104 (1958). 
* Cowling, B. B., U.S. Dept. Agric. Tech. Bull., No. 1258, 78 (1961). 
Wilcox, W. W., Forest Products, 15, 255 (1965). 
3 Molor, H., Holz als Rok- und Werkstoff, 18, 323 (1955). 


412 
RADIOBIOLOGY 


influence of a Mixture of Chemical Radio- 
protectors on the Cellular Renewal in the 
Duodenum of Mice 


Leblond and Stevenst have shown that the functional 
cells of the small intestine mucosa of rats migrate in a 
coherent sheet from the mouths of the crypts to the tips 
of the villi where they are sloughed off into the lumen. 
More recently many authors have shown that cellular 
proliferation and migration in the intestinal epithelium 
are influenced by a large number of factors and namely by 
endocrine deficiency’, starvation?, exposure to ionizing 
radiation’, partial resection of the small intestine’, age 
of the animal‘ and the intestinal flora’. Data are reported 
here on the influence of a mixture of chemical radio- 
protectors on the cellular renewal of the small intestine 
of mice. 

Male mice 11-12 weeks old of the BALB/c strain, weigh- 
ing 25-30 g, were used. The mice were intubated into 
the stomach with 16 mg of reduced glutathione and in- 
jected intraperitoneally 15 and 20 min after the administra- 
tion of glutathione respectively with 7-5 mg of aminoethyl- 
isothiouronium-Br-HBr (neutralized to pH 72 with 
sodium hydroxide) and 1 mg of serotonin creatine sulphate. 
For experiments on the duration of the mitotic cycle, and 
on the transit time of the crypt cells along the villi, each 
mouse was given 25 uo. of *H-thymidine (1 o. /mmole) in 
0-5 ml. of isotonic saline solution 5 min after administra- 
tion of serotonin. Mice were killed by dislocating the 
neck 1 h or more after they received thymidine. The 
small intestine was fixed in ‘Carnoy’ and an autoradio- 
graphio study of sections of the duodenum was performed. 

One and four hours after a treatment with a mixture 
of 2-8-aminoethylisothiouronium (AET), glutathione and 
serotonin the diminution of incorporation of *H-thymidine 
into the crypt cells of the duodenum was reduced respec- 
tively to 58-7 and 79-3 of the control value and affected 
both the number of the labelled nuclei and the grains per 
nucleus. 

We used the technique of Quastler and Sherman‘ to 
determine the duration of the different phases of the 
mitotic cycle of the cells of the duodenal crypts. 

Fig. 1 shows that the sum of times for predivision (G2), 
mitosis (M) and synthesis (9) of the stem cells of the 
duodenum after the administration of the mixture of 
chemical protectors is prolonged relative to the control 
value. In the normal controls, 2 h after administration of 
thymidine, about 90 per cent of the mitoses are labelled 
(this time interval corresponds to the G2+M)’. The 
duration of the S-phase itself lasts about 6-5 h (that is, 
the time between the 45 per cent labelling intercepts of 
the ascending and descending limbs of the curve produced 
by the first mitotic division). In the treated mice, how- 
ever, G2+M lasted about 5 h and the duration of the 
S-phase was increased from 6:5 h to more than 9h. In the 
mice treated with AET + glutathione+serotonin the G1 
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Fig. 1. Fraction of mitosis aca versus time between Injection and 
killing. 
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Fig. 2. Mean number of labelled nuclei In the different part of the villi at 
different times after injeotion of tritlated thymidine. 


phase was shorter (1-30 h) than in the normal controls 
(3 h). 

Preliminary experiment seems to show that this mix- 
ture of chemical protectors does not have any direct 
influence on mitosis itself. At any time the relative 
proportion of the cells which are in a given mitotic phase 
1s the same in the treated and in the control mice. 

Fig. 2 shows that the transit time of the crypt cells 
along the villi was markedly increased in the treated mice 
compared with the values observed in the normal controls. 
When #H-thymidine is mjected 12 h after the treatment 
some delay in the migration of the orypt cella along the 
villi is still observed. 

The mechaniams by which epithelial renewal is regulated 
in the normal state and the factors which determine the 
normal pace of the renewal proceas are largely unknown’. 
Many factors are able to influence cellular proliferation 
and migration in the intestinal epithelium. Loran and 
Crocker? have shown that, after partial resection of the 
small intestine of rate, the proportion of intestinal crypt 
cells incorporating thymidine was considerably greater 
than in the normal controls, the life cycle of crypt cells 
was slightly reduced, and the time during which cells 
were retained in crypts was markedly reduced. On the 
other hand, Lesher ef al.® have shown that the rate of 
turnover of cells in the ileum of germ-free mice was 
significantly lower than in the ileum of conventional mice. 

Our results show that, after the administration of a 
muxture of chemical compounds, the proportion of crypt 
cells in DNA synthesis was lower, and that the sum of 
times for @2+ M +8 and the time during which cells were 
retained in a crypt were longer than in the controls. 

These results confirm the hypothesis that transit-time 
is dependent on the rate of cell production, which in turn 
depends on the number of cells in the proliferative pool 
and on the duration of the generation time’. The pre- 
longation of G2+M+S-phase of the stem ocells of the 
small intestine which we have observed is most probably 
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produced by a decrease in overall metabolic activity. 
This decrease of metabolic activity is the consequence of 
a “biochemical shock” produced by the large doses of 
thiol compounds which initiate a sequence of intracellular 
changes which alter the radioresistance of cella!#-15, 

We thank L’Agence Internationale de l'Energie 
Atomique and the Fonds de la Recherche Scientifique 
Fondamentale Collective for support. 
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Cytotoxic Effects of Extracts from 
y- irradiated Pineapples 


Y-IBRADIATION of foods shows increasing promise for the 
improvement of storage life, the inhibition of sprouting, 
and the disinfestation, sterilization and pasteurization of 
selected commodities. Treatments with gamma irradiation 
under 50 kr. have been shown to disinfest as well as improve 
the storage hfe of fresh pineapples without producing 
undesirable changes ın the fruit colour, flavour and 
sweetness?. 

Substances with cytotoxic or mutagenic properties 
have been reported from tissues and culture media treated 
with ionizing radiations*-*, although no evidence of their 
toxicity to ingesting animals has been obtained. Our 
investigations were initiated to assess the significance of 
cytotoxins induced im the pineapple by small doses of 
y-rradiation, and the ability of intact fruits to catabolize 
the cytotoxing produced. 

Pmeapple fruits were y-irradiated at 0, 30, 60, 100 and 
500 kr. (4:5 kr./min) in the Hawaii Research Irradiator. 
Half the fruits in each treatment were stored for 8 days 
at 65° F. Juice was extracted immediately after irradia- 
tion from the edible flesh of the remaming fruits. Onion 
roots were treated for 2 and 4 h with pineapple juices 
adjusted to a pH of 7-0 with phosphate buffer and to a 
total sugar content of 7 per cent. Frequencies of mitotic 
and chromosome aberrations in onion root cells were 
scored as measures of cytotoxicity. 

Mitotic frequencies were depressed markedly by the 
juices from irradiated fruits after treatment for both 2 and 
4h. The effect was positively correlated with dose in 4 h 
treatments, depressing mitotic frequencies by 0-84 per 
cent for each 100 kr. increase in dose (control frequency == 
4:02 per cent). In contrast to juices extracted immediately 
after irradiation, those extracted from fruits stored for 
8 days did not depress mitotic frequency significantly 
except in the case of 100 and 500 kr. treatments. The 
juices from stored fruits which had been irradiated with 
30 and 50 kr. seemed to stimulate mitotic frequencies. 
With large doses of radiation, however, the cytotoxic 
effects did not change during storage. 

An investigation was also made of the effects of irra- 

«diated pineapples on the frequency and types of chromo- 
«some breaks. Almost all the breaks observed occurred at 
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Table 1 WRRCHNTAGES OF METAPHASRS AND ANAFHASES IN ONION ROOTS 
SHOWING OHROMOSOME BREAKS AFTER TREATMENTS WITH EXTRACTS FROM 
IRRADIATED PINEAPPLES 


Fervontago of breaks after treatmenta for: 
2 ah 


Treatment 
Distilled water 60 5:7 
7 per cent sucrose solution 7-0 60 
Á. a s obtalned immediately after treatment 
control 70 67 
30 18-3 21:3 
50 12:9 153 
100 16°8 14:7 
500 148 28 0 
B. Extracta ghia after 8 days storage of fruit 
control 70 6-7 
30 68 70 
50 73 63 
100 18-4 11:0 
500 17-8 160 


Three hundred cells were scored for each treatment 


the kinetochore. There was a significant increase in the 
frequency of breaks in the root tips grown on irradiated 
pineapple juice with all doses of irradiation immediately 
after treatment, but there was no correlation with dose 
(Table 1). Rmehart and Ratty’, in Drosophila melano- 
gaster, reported simular non-correlation between sex- 
linked recessive lethals and increasing dose of irradiation 
of fruit fly media. 

When extracts from fruits stored for 8 days were tested, 
those resulting from treatments with 30 and 60 kr. in- 
duced breakage frequencies similar to the controls, whereas 
the mutagenicity of extracts of fruits given 100 and 500 kr. 
remained unchanged durmg storage (Table 1). The 
results indicate a high degree of detoxification of cyto- 
toxins during 8 days storage of pineapples irradiated with 
30 and 50 kr., but little or no recovery of fruits which 
received 100 and 500 kr. It seems probable that cyto- 
toxins are destroyed by enzymes during storage after 
irradiation when irradiation doses have been moderate. 
Larger dosages may render the fruits unable to recover, 
through the impairment of certain types of enzyme ac- 
tivity. At present the nature of cytotoxic substances 
formed in pineapple after irradiation 1s not known. 

Cytotoxic and antimitotic properties revealed by these 
and previous investigations need not necessarily have any 
correlation with the use of the respective foodstuffs for 
human and animal nutrition’. As Berry et al.’ have 
observed, cytotoxicity in vitro may not be paralleled by 
clinical toxicity in the intact anmmal, caused by dilution 
in body fluids and possible rapid removal of toxic substance 
by digestive, humoral or tissue-sited protective mechan- 
isms. Detailed toxicity testa can therefore only be made 
by adequately exploring the biochemical nature of the 
irradiation induced cytotoxic substances, and by using 
them in animal feeding experiments. 
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MICROBIOLOGY 


Four Transfer Factors in a Single Bacterial 
Strain 


A NEw class of genetic elements, termed episomes', has 
been recognized in bacteria. Episomes are accessory cell 
components which may or may not be present in any 
individual organism, and they are characterized by the 
ability to exast in a bacterium in either one of two states: 
as an integrated addition to the bacterial chromosome 
{with which the episome divides in synchrony), or as an 
autonomous, independently replicating, cytoplasmic melu- 
sion. In the latter state, episomes replicate more rapidly 
than the host chromosome and can be transmitted at mgh 
frequency to other cella, without associated chromosomal 
transfer. Herein resides the importance of these structures, 
because an entire bacterial population can rapidly acquire 
one or more new heritable traits through infection from 
a cell carrying an episome. 

It is conceivable that episomes are important in bacterial 
variation, and in this way have had a strong influence on 
the evolutionary development of the microbes. Whether 
or not this is so largely depends on both the vanety of 
episomes that can exist and the number of different 
episomes that can infect a single cell. Present knowledge 
of both these variables is still quite limited. Apart from 
temparate bacteriophages, only four types of episomes, all 
conjugally transmitted, have been established. These are 
the genetic determmant of maleness (F) (ref. 2), colicino- 
genio factors (col) (ref. 3), multiple drug resistance transfor 
factors (RTF) (ref. 4), and the lactose utilization factor of 
Salmonella typhi (F,-lac) (ref. 5). The recently described. 
factor that transfers a surface antigen in Hecherichtia colt* 
is probably another episomal type. More than one episome 
can occur in a single host, as shown by the presence of two 
col factors in the same organism, or the experimental 
transmission of either col or RTF to organisms ing 
F, another col, or a different RTF (refs. 7 and 8). With 
the exception of double col, however, the presence of 
multiple factors in the same host frequently creates an 
unstable situation in which expulsion or repression 
of one factor by another may result’. It is for this reason, 
perhaps, that httle has so far been published concerning 
bacteria with naturally acquired multiple episomes. As 
evidence that such exist, this communication reports 
preliminary observations on a strain of F. colt that carries 
and transfers four distinguishable factors. 

In a study of RTF bearing enterobacteria from monkeys, 
one strain of E. colt (G48-86W) with two unusual character- 
istics was isolated. This organism was highly resistant 
to sulphonamides and six antibiotics (streptomycin, 
chloramphenicol, tetracycline, ampicillin, neomycin and 
kanamycin), and ıt grew on non-selective media, for 
example, brain—-heart infusion agar, as opaque, highly 
convex, mucoid colonies thet were easily recognized. The 
ability of G48-6W to transfer its antibiotic resistance 
was determined in mixed culture with an F~, lactose nega- 
tive H. colt K12 sub-strain, as described by Watanabe’. 
The G48-6W : K12 ratio in the culture at onset of mixed 
growth was 1:3; that found after overnight incubation 
was >300:1. Despite this marked toxicity of G48-6W 
several resistant K12 colonies appeared after inoculation 
of mating mixtures on deoxycholate agar containing one 
or another antibiotic (25 ug/ml.). The ratio of K12 to 
donor colonies was the same on both antibiotic and con- 
trol plates, suggesting that virtually all surviving K12 
clones were probably resistant to antibiotics. The sur- 
vivors possessed the same pattern of resistance as the 
donor, and like it they produced mucoid colonies on brain- 
heart infusion agar. Immune sera (KO type) prepared 
against G48-6W and one of the resistant K12 strains 
{ACh8) gave strong slide agglutinations with the various 
antibiotic resistant, mucoid cultures, but were non-reactive 
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with the orginal K12 recipient and other unrelated organ- 
isms. 

The inhibitory action of G48-6W on K12 suggested the 
production of a colicin. This was confirmed by the method 
of Fredericq?*, and shown. to occur in all mucoid, drug 
resistant K12 as well. Large, clear zones of inhibition 
appeared on a lawn of the orignal K12 strain, while smaller 
inhibition zones, with a hazy periphery and an occasional 
mutant colony, appeared on E. cols B. 

Further transfer of the three factors (RTF, col and 
surface antigen) was achieved by culturing ACh6 with 
E. colt B. Again, only a few transferrants were recovered 
on antibiotic plates (approximately 0-1 per cent of sur- 
viving recipients), but like those of K12 they were resistant 
to antibiotics, colicinogenic and mucoid, with positive 
agglutination m anti-G48-6W serum. 

Attempts were made to increase transfer frequencies 
by using recipients insensitive to donor colicins. Resistant 
K12 could not be readily isolated, but an F. colt B mutant 
was obtained without difficulty. Conjugation of this 
organism with ACh6 yielded more antibiotic resistant 
recipients than had the original B strain (approximately 
1-5 per cent), but such organisms appeared on streptomy- 
cin agar only. All were sensitive to other antibiotics 
at the screening level of 25 ug/ml., and none carried the 
mucoid surface antigen. Furthermore, only two of 
thirty-nme strains tested were lethal to the original 
E. colt B, although all excreted a colicin active against 
K12. These findings suggested, for the first time, that 
two colicinogenic factors could be involved, and this 
possibility was proved by the use of differentially resistant 
indicator organisms. G48-6W, ACh6 and the mucoid 
E. colt B transferrants were all found to carry two col 
factors. One (arbitrarily designated col 1) was responsible 
for a colicin lethal to K12 and B; the other (col 2) stimu- 
lated a colicin active against K12 only. The double 
colicin action on K12 explained the previous failure to 
recover colicin resistant mutants of that organism. For 
this reason G48-6W was cultured with two naturally 
colic resistant Shigella flexneri strains, both of which 
yielded transferrants with multiple resistance to anti- 
biotics. One such transferrant carmed RTF only; all 
others tested possessed col 2 as well as RTF, but none 
had received either col 1 or the mucoid antigen. 


Table 1. COMBINATIONS OF TRANSYER FACTORS FOUND IN RECIPIENTS AFTER 
CONJUGATION WITH DONOR HARBOURING MULTIPLE FACTORS 


Factors transferred 


Donor Reorplent RTE* MMucod 
antigen colit ool 2t 

E. cols G48-6W F. coli K12 (E) + + + + 
B. coli ACh6 E. co B + + + + 
E. colt ACh6 E. col Bleol 13 + - + + 
E coh ACh8 E. coh B/ool 1§ + - — + 
G48-6W S. fleenert 2a + - - + 

S. lenei 2a + — -~ - 


* Resistance transfer factor carrying multiple antibiotic resistance determ- 
fnants. 


+ Colicmogente factors arbitrarily designated col 1 and ool 2. 

t Bub-strain of E. cols K12 (F> carrying RTF, mucoid antigen, col 1 and 
col 2 acquired from G48-6W by conjugation, 

§ Mutant of 5. cols B, resistant to col 1. 


The various combinations of transferred factors so far 
recognized are recorded in Table 1. Although only four 
of the fifteen, theoretically possible combinations have 
been identified, the findings suggest that each factor 
may be transferred independently of the others. If this 
18 correct, there are three possible reasons why more 
combinations have not been recognized. (a) Most experi- 
ments have been conducted with colicin sensitive recipi- 
ents in which conjugation rates have been low. (6) Selec- 
tion of transferrants has been made only on the basis of 
antibiotic resistance, thus eliminatmg all RTF negative 
transferrants. (c) The conjugal pairs used before have 
been those in which restricted transfer of genetic informa- 
tion would be expected. Other combinations of factors 
should be found in conditions free of these limitations. 
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Petite Mutants induced in Yeast by Dithranol 
(1,8,9-trihydroxyanthracene), an Important 
Therapeutic Agent against Psoriasis 


Drrarpanoy (1,8,9-trihydroxyanthracene) is one of the 
most important local therapeutic agents agamst the 
common. skin disease, psoriasis. The mechanism of the 
effect of this compound is not completely known. In 
recent experiments, however, it has been shown that 
dithranol forms a complex with nucleic acids, and it was 
` proposed that dithranol thereby acts as a cytostatic 
agent’. To verify this hypothesis the effect of dithranol 
on the thymidine incorporation of guinea-pig epidermis 
was investigated. It was shown that twelve hours applica- 
tion of dithranol ın the form of an ointment decreases the 
number of labelled cells to a third of that of the untreated 
epidermis’. 

Some other compounds that form complexes with DNA, 
lke acridme derivatives, 3,4-benzpyrene, and 1,2,5,6- 
dibenzanthracene, are mutagenic or carcmogenic®*. It may 
therefore be suspected that dithranol also has a mutagenic 
effect. A very sensitive test for the mutagenic effect of 
acridine derivatives 1s the induction, of respiratory deficient 
yeast mutants. These mutants have no cytochrome oxidase 
activity, and ferment glucose as if they were growing 
anaerobically. They are slow in growth, form small 
colonies, and are therefore called petite mutants. 

The effect of dithranol was tested in three different 
experiments. In experiment No. 1 a haploid strain of 
Saccharomyces cerevisiae was used. It had a high spon- 
taneous frequency of petite mutants. In this experiment, 
where relatively high concentrations of dithranol were 
tested, the mutagenic effect was very evident. Using 
lower concentrations one might expect that the high 
spontaneous frequency of petite mutants might conceal 
a possible effect of lower concentrations of dithranol. 
A diploid strain was therefore made by crossing two 
haploid auxotrophic strains of opposite mating type. 
Diploid wild-type cells were selected on minimal substrate. 
It was found that these isolates contained a considerably 
lower proportion of spontaneous petite mutants, and thus 
they were used in the experiments No. 2 and No. 3. 

Cells from an overnight culture were used to inoculate 
20 ml. of complete medium in a 100 ml. ‘Ehrlenmeyer’ 
flask. After 3 h growth at 30° C dithranol was added and 


Watho culture was incubated for another 12 h at 30° C ona 


shaker. The treatment was stopped by washing the cells 


BK wice in salt solution. After dilution the cells were spread 


on, complete medium and inoculated for 3 days at 30° C. 


mm=olonies of petite mutants were identified usmg the 
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tetrazolium (TTC) technique’ (modified after Nagai 
et al.). Normal cells reduce TTC and turn red while respi- 
ratory deficient petite mutants remain unstained. The 
cell suspensions and the plates were shielded from hght to 
avoid a possible photodynamic effect. 

The solubility of dithranol in water 1s extremely low. 
To obtain proper concentrations for treatment a saturated 
solution of dithranol in ethyl alcohol (95 per cent) was 
further diluted in ethyl alcohol (95 per cent), and a small 
amount was then added to the cell suspensions. The low 
concentrations of ethanol in the cell suspensions (as a rule 
l per cent) had no effect on growth or the frequency of 
petite mutants. The controls contained the same con- 
centrations of alcohol as the treated series. The con- 
centrations of dithranol given in the tables refer to per 
cent by volume of the saturated dithranol solution. A 
preliminary test of the solubility of dithranol in ethyl 
alcohol (95 per cent) gave the result that about 7-5 mg of 
dithranol dissolves in 10 ml. of alcohol. Assuming that 
dithranol was dissolved in, the cell suspensions, 1 per cent 
by volume of the original saturated solution corresponds 
to about 7-5 p.p.m. or 3:30 x 10-5 moles/1. 


Table 1 
Concentration of 
dithranol (per cent Estimated Per cent 
Rxperiment No. of the saturated concentration of petite mutanta 
solution in ethanol dithranol in 

(95 per cent)) rooles/1. 

50 1:65 x 107 96:5 

0 Control 0 160 
1 10 330x105 98-9 

0 Control 0 18-7 

05 165 x10" 97°9 

0 Control 0 11-9 

œi 8-80 x 104 920 
2 001 8 80x 107 77-5 

0-001 8-80 x 10-* TT 

o Control 0 3-2 

6-005 1:65 x 107 13-2 

0 002 6 60x 104 8-5 
3 0-001 8-80 x 10 84 

0 Control 0 5-9 


The three experiments showed that ditbranol in a 
concentration of 10-7 molar gives an appreciable merease 
of petite mutants. The genetic material and the molecular 
events during the replication of the genetic material are 
similar in different organisms. It may be suspected there- 
fore that dithranol is able to induce other types of 
mutations, and it might be mutagenic also in human 
cells. Such factors as penetration and inactivation of 
dithranol may give different degrees of mutagenic activity 
in various or sms, 

Dithranol has been used as a local therapeutic agent 
against psoriasis for about 60 yr, and to our knowledge no 
reports of an increased cancer frequency in treated patients 
have been published. In mice, however, dithranol has 
been shown to have a tumour promoting property’. 
Other possible results of the mutagenic effect of dithranol 
may be the induction of auto-immune diseases and terato- 
genicity. Efforts to detect such possible side effects of 
dithranol treatment of psoriatic patients should be in- 
creased. 
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Induction of Circulating Interferon by 
Synthetic Anionic Polymers of Known 
Composition 


REOENTLY, it has been demonstrated that interferon 
production can be stimulated by a variety of micro- 
organisms other than virus (richettsia1, trachoma inolusion 
conjunctivitis agents’, pleuropneumonia-hke organism 
(J. Younger and W. 8tinebring, personal communication), 
bacteria’, protozoa") and various derivatives of living 
materials including endotoxin®’, phytohaemagglutinin’, 
and fungal extracta’*, Only one is of defined structure— 
the antibiotic, cyclohexamide. Unfortunately, the 
amount of this antibiotic required for interferon produc- 
tion results in irreversible inhibition of protein synthesis 
leading to death of the animal. Recently, Regelson 
described antiviral activity appearing in sera of mice 
injected with synthetic anionic copolymers of defined 
composition and suggested such activity might be inter- 
feron’*. This communication confirms his findings, 
characterizes this antiviral activity, identifies it as inter- 
feron, and explores certam of the atructural requirements 
for copolymers to act as interferon inducers. The signifi- 
cance of these compounds is increased by the previous 
report of their activity as inhibitors of virus induced 
leukaemia in mice and their present trials in the therapy 
of human neoplasms’, 

Swiss mice (25-30 g) were injected either intraperitone- 
ally with 0-4 ml. or intravenously with 0-2 ml. of the 
polymers in sterile distilled water. Antiviral activity was 
assayed in a plaque inhibition assay on £L cells against 
bovine vesicular stomatitis virus (Indiana strain) as 
described elsewhere! 

The characteristics of this antiviral substance which 
place it in the class of proteins identified as interferon are 
listed in Table 1. It is a protein of 70,000 mol. wt. the 
antiviral protection of which is achieved indirectly 
through the cells rather than on direct incubation with the 
virus. Actinomycin treatment blocks its antiviral activity 
in a fashion similar to virus induced interferon**-1’. It is 
active against viruses of different groups, but not active 
on heterologous cella. The heat activation properties are 
similar to those of purified mouse interferon’, and it is 
partially inactivated by acid as is toxoplasma induced 
mouse peritoneal fluid interferon. 

The resulta of serial bleedings of mice injected intra- 
peritoneally with maleic anhydride divinyl ether are 
shown in Table 2, and confirm those of Regelson!*. Intra- 
venous injection of the copolymer also was effective in 
stimulating circulating interferon (Table 3). The intra- 


Table 1. OHARACTRRISTIOS OW MALRIO DIVINYL ETHER COPOLYMER INDUCED 
MOUSH SARUM INTERFERON 
Procedure Resulta 
ne 0-05 mi., 38° 0., 1 h) 790 t loss 
‘ n (0+ per cen 
2. Tikraconirifagai tion (100, 0009 for 1 h) No effect 
3. 38° 0 for No effect 
4, 56° 0 for i B 90 per cont loss 
5, Acid treatment for 1 h e per cent loss at pH 2 
6 ‘G-100 Sephadex’ column chromato- A single 70,000 mol. wt. 
graphy (4) component ‘in 18 h serum 
Biological 
1. Direct action on vesicular stomatitis No reduction in virus plaque 
virus (VSV) (88° C, 1 h) forming abihty 
2. Shorten contact with cells (2 h) Loss of antiviral action 
3. a rae ft prenos of actinomycin D Loss of antiviral action 
4. Activity againat other viruses Qfengo*) 


Similar to activity agamst 
VSV 


No antiviral activity on 


5. ar herd against VSV in chick embryo 
broblasts heterologous cells 


* Measured in a plaque assay on L cells, 


Table 2. TOO OF APPBARANOH OF OIROULATING INTERFERON FOLLOWING 
INTRAPERITONEAL INJECTION OF THE MALBIO DIVINYL ETHER COPOLYMER 
Tıme after infection in h Interferon titre 
(125 mg/kg intraperitoneally) in unite/4 ml. 
2 <10 
6 <10 
12 80 
18 500 
24 240 
48 88 
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Table 3. PRODUCTION OF INTERFERON $m vivo BY THE MALERIO DIVINYL 
ETHER 


COPOLYMER 
Amount of Interferon levels in units/4 ml. 
copolymer Intraperltoneally injected Talravenously sled 
inj Bled at 18 h Bled a 
(in mg/kg) Serum Spleenextract 2 6 ha "18 
5 20 <10 
25 20 <10 <10 <10 <10 <10 46 
75 280 70 
125 210 <10 <10 <10 80 100 86 
250 220 20 
500 257 30 
750 60 <10 
1,000 <10 <10 
Table 4. INTHRFHRON INDUOING OAPAOITY OF VARIOUS 8YNTHETIO 
POLYANIONS 
Interferon 
Polymer Com- Moan: Mol /wt. titre in 
designation ponents* cation cee units/4 ml. 
Neca MADYE None 17,000 125 246 
NSC46 MA/DVE Nono 86,000 125 185 
x 130880717 6 MA/DVE None 40,000 { a ie 
NS988087 MA/DYB None 110,000 a PH 
A 80868988 MA/DVE None 540,000 a mh 
AN119 MA/VME None 250,000 i fac <3 
AN4I51 MA/VME 60 per cent 260,000 500 <10 
amidated 1,000 55 
AN169 MA/VME None 1,250,000 20 aan 
AN4651 MA/VME 60 percent 1,250,000 500 <10 
amidated 1,000 <10 
AN8801 MA/VME 50 per cent 600,000 150 480 
methyl 300 1,000 
esterified 
T~l45 MA/VA 45 percent > 120,000 100 280 
methyl 500 200 
esterified 
S-180 MAJS None 1,400 25 <10 
S-811 MA/S None 10,000 26 <10 
125 <10 
S-812 ALA/8 None 70,000 25 <10 
75 30 


*Naleic anbydride divinyl ether, DYBE; vinyl methyl ether, 
VME; vinyl acetate, WA: ear eed í 


peritoneal dose-response curve in Table 3 indicates a 
broad optimum level of interferon induction between 
75 and 500 mg/kg. Peak serum interferon levels varied 
between 200 and 1,200 units, and 20 per cent splenic 
extracts (w/v) containing approximately one-sixth the 
amount present in serum. Intraperitoneal doses of 500 
mg/kg or greater and intravenous doses of 250 mg/kg or 
greater were occasionally lethal. 

The structural variation of the maleic acid copolymer 
studied are listed in Table 4. As Regelson has noted’? 
such antiviral activity can be induced by copolymers 
from 17-600 10° mol. wt. We find copolymers from 
40-1,250 x 10* mol. wt. less active, however, and they 
require higher doses to achieve full responses. The vinyl 
methyl ether, divinyl ether or vinyl acetate analogues 
could not be distinguished in their interferon inducing 
capacity, but introduction of styrene side chains signifi- 
cantly altered the activity. The styrene derivatives 
(8-810, S-811, 9-812) were somewhat toxic and, even at 
levels of 125 mg (near their LD,» dose), little or no anti- 
viral activity was noted. Methyl esterification of the 
carboxyl group to the extent of 50 per cent (AN3891, 
T1485) did not block the interferon inducing capacity of 
the material; however, amidation to a similar extent 
(AN4161, AN4651) may have somewhat decreased the 
activity of this copolymer. This may be caused either by 
neutralization of the high overall anionic charge or by 
production of new configurations of stable tertiary struc- 
tures unfavourable for interferon stimulation. The most 
inactive one (44651) was a rather thick gel which may 
not have reached interferon producing sites from the 
peritoneal cavity in adequate amounts. 

These materials resemble statolon, the antiviral anionic 
material derived from Penicillium stolentferum, in their 
ability to induce interferon’ and the pattern of ita produc- 
tion. The serum interferon, like that induced by statolon’®, 
is predominantly of a Wgh molecular weight (70,000) 
in vivo, and reaches peak levels several hours after injec- 
tion rather than 2 h after injection as does mouse serum 


NATURE, VOL. 214. APRIL 22, 1967 


interferon induced by endotoxin’. It differs from the 
28,000 mol. wt. species of interferon, induced in the serum 
of the mouse by Newcastle disease virus'*:)", The levels 
of interferon induced with these copolymers in vivo are 
from three to eight times lower as compared with statolon. 
The carboxyl groups present in statolon (through its 
content of polygalacturonic acid) are also thought to 
play a significant part in its ability to induce interferon’. 
One important feature of this series of compounds les 
in the possiblity that manipulation of their defined 
structure in the future by the polymer chemist may allow 
the production of more potent or useful analogues for 
climeal purposes. At present we are engaged, in collabora- 
tion with Dr. W. Regelson, in evaluation of one of these 
materials as an interferon inducer in man. The major 
drawback of such materials at present is their failure to be 
metabolized within the animal, and hence the complica- 
tions of their deposition in the reticuloendothelial system. 
I thank Dr. W. Regelson for the gift of these copolymers 
and the U.S. National Institutes of Health for support. 
T. O. MERIGAN 
Division of Infectious Disease, 
Department of Medicine, 
Stanford University School of Medicine, 
Palo Alto, California. 
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PATHOLOGY 


Oligohydramnios and Cortisone-induced 
Cleft Palate in the Mouse 


A HIGH frequency of congenital cleft palate has been demon- 
strated ın mouse embryos after puncture of the amniotic 
sao shortly before the normal time of palate closure'?. 
The treated embryos were obviously constricted, and it was 
postulated that the cleft palates resulted from flexion 
of the neck pressing the lower jaw against the chest and 
thus jamming the tongue between the palatal shelves and 
preventing their closure. Kreshover* confirmed these 
observations in rats. Further experiments demonstrated 
that cleft palate ocourred if the embryos were freed from 
the uterus after withdrawal of amniotic fluid, but did not 
occur in such embryos if no fluid was removed‘, Embryos 
observed at the normal time of palate closure after punc- 
ture of the amniotic sac do indeed have their lower jaws 
compressed and their tongues placed unduly high in the 
space between the shelves (unpublished work of Humph- 
reys, Rosenbaum and Fraser), and it seems clear that in 
these circumstances cleft palate does result from the 
oligohydramnios. 

Harris’ has shown that maternal treatment with corti- 
sone on days 11-14 of preganancy reduces the volume of 
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amniotic fluid measured on day 14 or 16, and postulated 
that constriction of the embryo resulting from this decrease 
in fluid was a factor in the aetiology of the congenital cleft 
palates produced by maternal treatment with cortisone 
in mice, rather than some effect on the shelves themselves, 
such as an interference with acid-mucopolysaccharide 
synthesis*:?. He did not, however, compare the volumes 
of amniotic flud m embryos with and without cleft 
palate in treated hitters. 

Walker® corroborated the reduction in the volume of 
amniotic flud on days 14-16 after maternal treatment 
with cortisone, and also after X-irradiation, in both cases 
using doses known to cause cleft palates in all the sur- 
viving embryos. He pointed out, however, that a few 
of the embryos that would have had cleft palates if they 
had been allowed to continue development had volumes 
of amniotic fluid as large as some of the control embryos, 
and that some control embryos had as little fluid as most 
of the treated embryos. He concluded that the reduction 
in the volume of amniotic fluid is not primarily responsible 
for the induced cleft palates. In a multifactorial threshold 
system, however, this observation is not unequivocal 
disproof of the hypothesis. 

A oritical test would be the comparison of the volume 
of amniotic fluid in embryos with and without cleft palate 
in litters from mothers treated with a dose of cortisone 
that causes cleft palate m about half of the embryos in a 
litter. This communication reports such an experiment. 

Females of the mbred 4/J mouse strain were crossed to 
CBIBL/6 males. Twelve days after observation of a 
vaginal plug (day 12-5) the pregnant females were given 
two intramuscular injections of 0'1 ml. of cortisone acetate 
(Merck Cortone, 25 mg/ml.) 5 h apart. This dose was 
known to produce cleft palates in about 50 per cent of the 
treated embryos. To determine whether 6-aminonicotin- 
amide, which also causes congenital cleft palate in the 
mouse’, also reduces amniotic fluid volume, A/Jax 
females were crossed to A/Jax males and injected, mtra- 
peritoneally, with a dose of 9-5 mg/kg of 6-aminonicotin- 
amide dissolved in water in a concentration of 2-25 mg/ml. 
on day 13:5 of gestation. This dose produced cleft 
palates in 46 per cent of the surviving embryos. For the 
experiment with cortisone the females were killed 15 days 
and 16 h after observation of the vaginal plug, a time at 
which palate closure is just completed. In the experiment 
with 6-aminonicotinamide the females were killed on day 
16/0 or 16/2, since palate closure occurs somewhat later 
in the A/Jaw strain. 

The intact uteri were quickly removed, wrapped in 
‘Cellophane’, pinned to a flat surface and frozen at — 30° C. 
When measurements were to be made the uterus was 
removed from the freezer and its surface was gently 
thawed by a stream of warm air. The uterine wall could 
then be peeled away from the embryonic membranes with 
httle danger of puncturing the amniotic sac. The embryos. 
in their sacs, were returned to the freezer as they were 
removed from the uterus, until ready for weighing. After 
weighing, each embryo was placed in a moist covered 
container to thaw. When the amniotic fwd had thawed 
the sac was punctured, the fluid was allowed to drain 
off, and the embryo and membranes were re-weighed after 
blotting with filter paper. The difference in the two 
weighings was taken to be the weight of the amniotic 
fluid. Care was taken to see that each step in the process 
took the same amount of time for each embryo, in order 
to minimize the variation resulting from evaporation or 
other changes m fluid distribution. After weighing, the 
embryo was fixed in Bouin’s fluid for 24 h and the palate 
was then examined. 

There was no apparent correlation between embryo 
weight and the volume of amniotic fluid in any of the 
three groups of embryos (treated, with normal palates: 
treated, with cieft palates; untreated) for either treat- 
ment. Table 1 shows that the cortisone treatment 
decreases embryonic weight somewhat from the control 
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Table 1. WRIGHT OF EMBRYOS AND AMNIOTIO FLUID IN EMBRYOS WITH OR 
WITHOUT OLEFT PALATE AFTER TRRATMENT WITH CORTISONE OB 6-AMINO- 


NICOTINAMIDE 

Cross agx COS7BL AlJx Ald 

Treatment Contro Cortagone Control OAN 

Palate Cleft Normal Cleft Normal 
Number of females 12 22 7 18 
Number of embryos 60 70 71 37 42 49 
Mean weight of embryos 4488 410-8 4823 4283 8784 483-1 
Standard error 71 8-0 76 68 8-4 52 
Weight of amniotic fwd 2089 141-8 141-7 167-9 1556 1620 
Standard error 3-0 28 21 28 27 22 


value (443-3 mg), the decrease bemg significant for 
embryos with cleft palates (410-8 mg, P<0-01) but not 
significant for their unaffected litter-mates (432-3 mg, 
P>0:05). The difference m weight between treated 
embryos with and without cleft palates was of borderline 
significance (P=0-05). After treatment with 6-amino- 
nicotinamide there was a significant reduction in weight 
of the embryos with cleft palate (P < 0-01), but not in the 
weight of their litter-mates with closed palates. 

The cortisone causes a marked and highly significant 
(P<€0-01) decrease in the amount of amniotic fluid, from 
203-9 mg in untreated embryos to 141-7 mg ın treated 
embryos with normal palates. The mean value of the 
weight of the amniotic fluid, however, was exactly the 
same in, treated embryos with cleft palates as in those 
without cleft palates. In the group treated with 6- 
aminonicotinamide the amount of amniotic fluid was not 
significantly reduced compared with the control value, 
and not significantly less im embryos with cleft palate 
than in their litter-mates with normal palates. 

This experiment confirmed the findings of Harris" 
and Walker* that maternal treatment with cortisone 
reduces the volume of the amniotic fluid of the mouse 
embryo at the time of palate closure, but the amount of the 
decrease 1s exactly the same in embryos with cleft palates 
as in their litter-mates with closed palates. Thus the 
amniotic fluid reduction cannot be the factor that determ- 
ines which embryos develop cleft palate after cortisone 
treatment. Neither can it be the cause of cleft palate 
mduced by 6-aminonicotinamide, because maternal 
treatment with this anti-metabolite, in doses causing 46 
per cent cleft palates, did not reduce amniotic fluid volume 
significantly. 

This work was supported by the National Research 
Council of Canada and the U.8. Public Health Service. 


F. C. Frasme 
DowraLD CHEW 
A. CARL VERRUBIO 


Human Genetics Sector, 
McGill University, 
Montreal, Canada. 
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Persistence of Syngeneic Preference given 
by a Methylcholanthrene-induced Sarcoma 
after Four Consecutive Passages in F, 
Hybrids 

MURE tumours of syngeneic origin sometimes show 
deficient growth when transplanted in F, hybrids of the 
parental strain and some other strain. This has been 
found with immunologically competent tissue tumours’, 
sarcomate induced by carcinogens** and spontaneous 
mammary carcinomata’, but must not be considered as a 
general feature of all murine syngeneic tumours (ref. 5 
and personal communication from H. D. Suit). 
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This phenomenon, which conflicts with the laws of 
transplantation’, was at first called the “F, hybrid 
effect” but is now known as “syngeneic preference’’’. 

Tumours showing syngeneic preference will grow more 
slowly when transplanted in F, hybrids than in syngeneic 
hosts of their parental strain. When small doses of 
tumour are inoculated in F, hybrids they may not grow 
at all. The result is that only a fraction of the trans- 
planted F, hybrids accept tumour grafts and that the 
tumour kills them after a longer time of exposure than 
syngeneic hosts. 

Hluemer has recently reported that the syngeneic pre- 
ference given by a lymphoma can be abrogated after one 
passage in F, hybrids’. He regrafted a lymphoma of 
syngeneic origin after its first passage ın J’, hybrids (where 
syngeneic preference had been observed) into another 
group of F, hybrids ın the same manner: in this case, the 
regrafted lymphoma grew in all the latter F, hybrids, 
and killed them as rapidly as the hosts belonging to the 
strain of origin. He suggested that this adaptive change 
of the lymphoma was probably due to a selection of genetic 
variant tumour cells. 

These findings raised the question as to whether 
tumours other than this lymphoma would behave in the 
same manner in respect of this adaptive change obtained 
after passage in F. 

The purpose of this communication is to show the 
results obtained with the rhabdomyosarcoma “CBI” 
induced by a single intramuscular injection of methyl- 
cholanthrene dissolved in oil. It was induced and mamn- 
tained in O8H female hosts. Many transplantation 
experiments showed that it strongly exhibits the syn- 
geneic preference phenomenon‘. It grows in 90 per cent 
of its syngeneic hosta, killing them in 52-0 + 14-1* days. 
It is accepted in only 60 per cent of (O3H x Swiss) F 
hoste, killing them in 86-1 + 31-5* days. 

The grafts were performed by subcutaneous injections 
of solid cubic fragments of tumour (1 x 1 x 1 mm), 
by means of a trocar. The site of transplantation used was 
invariably the dorsum of the mouse. 

The F, hybrids were all produced by mating a C3H 
male with a Swiss female, belonging to a Swiss strain 
rendered inbred in this laboratory over several years. 
Both strains are maintained inbred by strict brother- 
sister matings. 

After forty-seven consecutive passages in syngeneic 
hosta, the tumour was grafted in both (03H x Swiss) #, 
and C3H female mice for ite forty-eighth graft passage. 

From a O3H regrafted tumour, forty-ninth and fiftieth 
Pp were carried out in O3H hosts, continuing the 
normal “03H tumour line”. From a (03H x Swiss) F, 
grafted tumour, forty-ninth and fiftieth passages were 
performed on (O3H x Swiss) F, hybrids, thus forming 
the new “F, tumour”. The scheme of transplantations 
is given in Fig. 1. 

At the fifty-first passage of the tumour, both F, and 
O3H mice were grafted with the “O3H tumour line” 
forming groups A and B, respectively) and with the “F, 
tumour line” (forming groups O and D, respectively). The 
numbers of takes, divided by the numbers of grafted mice 
for the four groups, are shown in Fig. 1. 

The ‘“O3H tumour line” was accepted on its fifty- 
first passage in the ratio of 19/20 by syngeneic C3H hoste 
(group B) and 15/20 by F, hybrid hosts (group A). This 
result is not significant by itself, probably because the 
number of animals is too small, but it confirms the results 
given by all the transplantation experiments performed 
with this tumour up to this time (see Fig. 1). It thus 
indicates that the tumour still shows the syngeneio 
preference at the time of experiment. 

At the same passage, the "F, tumour line” was aoëpted 
at the ratio of 35/39 by syngeneic O3H hosts (group D) and 
only 25/40 by F, hybrid hosts (group O). The statistical 


* Mean survival times of tumour-bearing animal + standard deviation 
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hosta: Outline figures, transplantation in C3H hosts. Solid black 
lantation in (C3H x Swiss) P, hybrid hosts. 


(after 150 days), 


parison of these two ratios gives a chi-square value 
f 6:20, after Yates’s correction for continuity. This 
icates a difference between them, significant at a level 
ip to 97-5 per cent for one degree of freedom. 
‘The rates of growth of the tumours were assessed from 
_ the survival times of the grafted animals. The mortality 
_ Yates for the four experimental groups are given in Fig. 2. 
_ The results indicate that no detectable change has 
occurred in this tumour with regard to its transplantation 
characteristics in both C3H and F, hosts during the 
‘consecutive passages in F',. The Barrett-Deringer effect 
was not tested. 
_ This contrasts strongly with Huemer’s findings, but it 
must be borne in mind that Huemer was dealing with a 
lymphoma, while we used a sarcoma induced by methyl- 
_cholanthrene. 
Apart from this, we have found that: (a) Syngeneic 
preference given by two sarcomata is abolished by 
X-irradiation of the F, hybrids 24 h before grafting 
them’. This contradicts the findings of Hellström, who 
‘used a lymphoma2. (b) F, hybrids, which were resistant 
to first grafts of three sarcomata of parental origin, were 
more resistant to second graftings of these sarcomata 
than untreated F, hybrids, This was in contrast with 
‘the results obtained by Snell and Stevens! on tumours 
‘from, immunologically competent tissues. (e) Syngeneic 
preference was associated with tumour specific antigens 
(detected according to Révész!), in the case of three 
-carcinogen-induced sarcomata, while no specifie tumour 
antigens could be demonstrated in another carcinogen- 
induced sarcoma which did not show syngeneic preference 
phenomenon under the usual conditions. 
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; Fig. 2. Mortality rates in the four groups. A, C3H tumour line grafted in 
F boosts; B, C3H tumour line grafted in C8H hosts; C, F, tumour line 
: grafted in F, hosts; D, F, tumour line grafted in C3. hosts. 
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ig. 1. Transplantations of a C3H origin sarcoma in C3H and (C3H x at F, hybrid 

gures, 
The fractions placed under the figures 
cate the number of accepted tumour grafts, divided by the number of grafted hosts 
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Snell and Stevens proposed an explana- 
tion of the syngeneic preference based on 
an abortive graft-versus-host reaction. — 
This explanation is only plausible, of 
course, In the case of immunologically 
competent tissues. oe eee 

On the other hand, Hellström and 
colleagues"? explain the phenomenon as 
being due to a non-immunological mecha 
ism which they eall “allogeneic inhibition’ 












5 % 5 25 As we have just seen, however, the results 
od ae = ne ry obtained with the sarcomata which s 
studied differ in several respects from those 
ZX ob obtained by Snell and Stevensi, and by 
Hellstrom?. ce ee 
2 Some of our experimental results suggest 5 
that the syngeneic preference given byo o4 
47th 48th 49th 50th 51st carcinogen-induced sarcomata might be the. 


result of an immunological reaction against 
the specific antigens found in such tumours: 
This reaction would be less marked in’ 
syngeneic hosts than in F, hybrids, 
resulting in the so-called syngeneic: pre- 
ference. A case of higher reactivity of P, 
against tumour specific antigens has already been reported — 
for an immunized. host}*. ee 
Until irrefutable evidence has been advanced in support. 
of one of these hypotheses, we shall continue to believe: 
that the results obtained with tumours from immuno- > 
logically competent tissues should be separated from 
those obtained with other types of tumour. i. e o 
It is not impossible that different mechanisms are 
operative in cach case. The experimental results recorded 
here might provide further justification of our view. — 
This work was supported by the Institut National de la 
Santé et de la Recherche Médicale. We thank Prof. . 
Martin for the statistical analysis, Mr. Liegey for his. — 
valuable technical assistance, and Mr. Neuens for. breeding: 
the mice. a 
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Cytomegalovirus Type Cytopathic Changes 
in Spontaneously Degenerating Human 
Embryonic Cell Cultures 


ĮNTRA-UTERINE infections caused by cytomegaloviruses 
can cause pregnancy wastage by abortion or the delivery. 
of macerated stillborn foetuses’, Cytomegalic inclusion 
disease is rare and the mother of the afflicted foetus is 
asymptomatic, so that a virological approach: to . thi 
problem is difficult; the causative agents were nevs 
recovered. from concepti. Cytomegaloviruses, ‘however, _ 













z 
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have been isolated from children with occult infection, 
by means of in vitro cultivation of cells from various 
organs, mainly adenoids‘ and kidneys*. This communica- 
tion deals with accidental recovery of an agent causing 
cytomegalovirus type cytopathic effect from cell cultures 
derived from human embryonic tissues. 

Cultures of embryonic skin and muscle cells were pre- 
pared initially for other purposes, and kept free of infec- 
tion for 4 weeks at +37° C. The tissues originated from a 
12 week old human embryo, which was brought to the 
laboratory within 2 h of surgical abortion. Trypsin- 
dispersed stationary tube cultures were prepared and 
grown on 0-5 per cent lactalbumin hydrolysate in Hanks’s 
balanced salt solution with 10 per cent calf serum. For 
the maintenance of cellular outgrowth 5 per cent calf 
serum was used. The nutrient fluids contained anti- 
biotics and were replaced once a week. 

Cytomegalovirus was identified by its distinctive cyto- 
pathology. The collodion membrane technique was em- 
ployed, using haematoxylin and eosin to confirm the 
nature of the cellular lesions. 

After 14-17 days in culture, focal areas of morpho- 
logical changes developed in the fibroblast sheet in two 
out of ten tube cultures. The foci consisted of sharply 
demarcated, smoothly outlined oval or round cells (Fig. 1). 
On stained preparations the enlarged, sometimes multi- 
nucleated cells showed eosinophilic nuclear inclusions 
surrounded by clear spaces and separated by the prom- 
inent, basophilic nucleoli in two or more masses. In many 
affected cells there was a round eosinophilic area in the 
cytoplasm which displaced the nuclei towards the peri- 
phery of the cell. Vesicles and acidophilic granules were 
diffusely distributed in the cytoplasm (Fig. 2). The 
progression of the cellular lesions was extremely slow; no 
change was noted during a period of 14 days. The 
observed cytopathic effect was identical in all respects to 
that produced by previously isolated cytomegalovirus 
strains’, 

Serial passages of the virus in human embryonic fibro- 
blast cultures could not be performed. 

At the Centre of Normal and Pathological Embryology 
in Timisoara more than a hundred 1-3 month old human 
embryos were examined histopathologically, but no 
characteristic cytomegalie inclusion bodies were observed 
in them (personal communication from Professor Menkes). 
Few of the well documented instances of intra-uterine 





Fig, 1. Focal area of cellular lesions in human embryonic cell culture, 
haematoxylin-cosin stain. {x 120.) 
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Fig. 2. 


High magnification of enlarged cells showing intra-nuclear 
inclusions, haematoxylin-cosin stain. (x 480.) 


viral infections have been confirmed by in vitro isolation 
of the virus strain concerned. The results presented here 
indicate, however, that human embryos may harbour 
infective virus strains. The problem of viruses in human 
embryonic tissues should be investigated, therefore, sys- 
tematically, and adequate tests devised for detection of 
minimal quantities of free virus. 

Employing the method of cell cultivation, used to 
unmask latent viruses in the cell, we succeeded in demon- 
strating the existence of a cytomegalovirus type intra- 
nuclear agent which produces an inclusion body in a 12 
week old human embryo. Propagation of the virus could 
not be achieved, and cytopathology may have resulted 
from an abortive infectious process. 

We thank Miss Elisabeth Kecskés for preparing the 
cell cultures. 
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IMMUNOLOGY 


Demonstration of IgA Polioantibody in Saliva, 
Duodenal Fluid and Urine 


We! have reported that IgA polioantibody is present in 
the serum of adult human beings, and have also shown 
that nearly all of the polioantibody in human, colostrum 
is IgA (ref. 2). Bellanti? has shown that IgA polioantibody 
is also present in nasal secretions. 

In the experiments reported here, samples of saliva, 
duodenal juice and urine were investigated for polio- 
antibody by a technique of radioimmunodiffusion which 
we have described before!. Briefly, this method identifies 
in the following manner immunoglobulins which have 
antibody activity. Microscope slides are covered with a 
layer of agar, and specimens are placed in antigen wells 
which are cut in the agar. An antiserum specifie for one 
class of immunoglobulin is diffused from an antibody 
trough. After 24 h, unprecipitated protein is removed by 
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Stained slides 
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Autoradiographs 





Fig. 1. Radioimmunodiffusion of saliva, duodenal fluid and urine using the rabbit anti-colostral IgA and labelled polio to develop stained 

precipitates and autoradiographs. (A) Ten samples of unconcentrated saliva. Binding of virus is seen in all sampies. (E) Two samples of 

duodenal fluid. The samples had been concentrated approximately five times before dilutions were prepared, Binding of virus is seen 

in both undiluted samples. (C) Six samples of urine (U) concentrated 500 times and four samples of serum (S). Binding is visible in 
five of the six samples of urine. 
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Autoradiograph 
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Serum Serum 


Fig. 2. Radioimmunoelectrophoresis of 5X saliva and serum. The antiserum was prepared against human colostral IgA and absorbed 

with human serum that contained no IgA. On the stained slide the precipitate arc of IgA is evident in both samples. Two other proteins 

are precipitated from the saliva, The autoradiograph, however, demonstrates that binding of labelled polio is seen only in the IgA and 
not in the other proteins, 


washing with saline. Purified poliovirus labelled with 
phosphorus-32 is then diffused from the trough for 
24 h, and after this the slides are washed to remove 
all unbound virus. The union of virus with the pre- 
cipitated immunoglobulin is then demonstrated by auto- 
radiography. 

The specific rabbit anti-IgA serum used in the experi- 
ment described in this communication was prepared 
against human colostral IgA and was absorbed with 
human serum that did not contain any TgA. When this 
antiserum is diffused against human serum, only IgA is 
precipitated. When this antiserum is directed against 
colostrum, saliva, urine or duodenal secretions it alse 
precipitates other proteins. These proteins, however, are 
not immunoglobulins; the only immunoglobulin pre- 
cipitated is IgA. 

The major immunoglobulin excreted in mixed saliva is 
of the IgA type’. Specimens of unconcentrated saliva 
from ten adult subjects were tested for poliovirus binding, 
and the presence of IgA polioantibody was demonstrated 
(Fig. 14). No IgG or IgM polioantibody was found in the 
saliva of any of these subjects. 

Specimens of duodenal fluid frora twenty-two men and 
women were investigated in a similar manner. In most 


of the specimens, the major immunoglobulin present was 
IgA, although in some of the samples the concentration 
of IgG or IgM was equal to that of IgA. Radioimmuno- 
diffusion showed that IgA polioantibody was present in 
five of the twenty-two specimens examined; Fig. 18 
shows binding in two of the five specimens. In contrast, 
no polioantibody of the IgG or IgM type was found. 

It has been reported that a microglobulin polioantibody 
is present in urine’, We have examined the urine of six 
subjects for the presence of IgA polioantibody and IgG 
polioantibody. Radioimmunodiffusion of urine concen- 
trated 500 times by ultrafiltration revealed the presence 
of IgA polioantibody as well as IgG polioantibody in the 
urine of five of the six persons studied (Fig. 1C). 

Radioimmunoelectrophoresis of the specific rabbit anti- 
IgA serum is shown in Fig. 2. The stained slide shows 
that only IgA is precipitated from the serum, IgA and 
two other proteins, however, are precipitated when the 
antiserum is directed against saliva. The autoradiograph 
of this slide shows binding of poliovirus labelled with 
phosphorus-32 only by the IgA and not by the other 
precipitated proteins of saliva. 

It is clear that IgA polioantibody is present in saliva, 
nasal secretions, duodenal fluid, colostrum and urine. It 


422 


seems likely that antibodies of this type may play a part 
in the defence against invasion of micro-organisms. 
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___ Polyaminostyrene Purified Chicken 
ae Antibodies 


_ Suverat. workers have used polyaminostyrene (PAS)- 
»- antigen complexes for the purification of mammalian 
sera’. We have attempted to use this method to purify 
‘chicken antibodies to either beef serum albumen (BSA) 
or Bryan strain Rous sarcoma virus (BS-RSV) for use in 
. the reversed bisdiazobenzidine technique®, a method of 
passive haemagglutination which detects antigen. 
=o The- general technique of Webb and Lapresle? was 
_» used for the preparation and use of the PAS-antigen 
= complexes. 
_ Tt was found that PAS-BSA adsorbed antibody speci- 
_ Really from hyperimmune chicken anti-BSA serum. The 
, iamunoadsorbant could be washed free of contaminating 
serum proteins and the attached antibodies eluted by 
reducing the pH with 0-5 molar acetate buffer (pH 3) 
‘followed by 0-1 molar hydrochloric acid containing 1 per 
_ sent sodium chloride. The elution pattern from an 
> (pamunoadsorbant column is shown in Fig. 1. The 
proteinaceous material was eluted in two major fractions 
_ eorresponding to the two buffers. The shoulder seen in 
__ the first peak sometimes formed another peak of activity. 
- Precipitating activity against BSA, shown by gel diffusion4, 
could only be found in material eluted by reducing the 
< PH to 3. Two areas of anti-BSA activity were shown by a 
"passive haemagglutination technique®* both of which 
© @losely followed the protein curves eluted by the two 
buffers. Rabbit-antichicken plasma showed that the 
material eluted by pH 3 buffer, even after concentration, 
had only three components which migrated in the globulin 
region on electrophoresis (Fig. 2). The material eluted by 
the second buffer had one component only which also 














Fractions. 


Fig. 1. Bottom: Protein elution pattern from a 2 g PAS-BSA column 
after non-adsorbed serum proteins had been washed off. B, is the point 
of application of the 0-5 molar acetate buffer, pH 3, B, the application 
pint of 0-1 molar hydrochloric acid, 1 per cent sodium chloride buffer. 
‘op: The agglutination titre of each fraction for bisdiazobenzidine 
(BDB)-BSA sensitized red cells. The fractions in which BSA precipitat- 
ing antibody (BSA ppt) and chicken proteins (anti-chicken ppt) were 
found without further concentration are also shown. 


” 
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Fig. 2. 
concentrated antibody {rom a PAS-~BSA column eluted by pH 3 
acetate buffer (bottom). 


Immunoelectrophoresis of normal chicken serum (top), mna snie 
“8 mol 
Precipitin lines developed with rabbit- 
antichicken serum. 


migrated in the globulin region but appeared to be of | 
high molecular weight. The finding of several peaks of |: 
activity indicates that the BSA antigen molecule probably”. 
has more than one antigenic determinant as has been — 
shown for human serum albumen’. 

It was found that only the material from the pH 3 
eluate could be coupled to red cells and used to detect 
antigen. Estimates of antibody yield from this fraction 
were from 12-20 per cent of the total adsorbed haemag- | 
glutinating antibody. The amount of material needed» 
was 1-3 mg protein/0-1 ml. of 50 per cent cells. The 
sensitized cells could detect 1 ug/ml. to 10-* pg/ml. BSA 
with maximal agglutination at 10? ug/ml. BSA. The 
range could be increased into the prozone region at con- 
centrations greater than 1 ug/ml. BSA by removing the. 
supernatant fluid after the cells had settled and resus- 
pending them in diluent containing antibody. An. 
added advantage of the latter step was the greater 
amount of agglutination that occurred over the whole 
detectable range. 2 

Attempts were made to carry out similar procedures: 
with Bryan standard strain Rous sarcoma virus (B8= 
RSV). Moloney T2 preparations’? were prepared in the 
normal way from 60 g of confluent chorio-allantoic 
membrane. The final pellet (containing 10°-10* pock. 
forming units (P.F.U.)) was taken up into 5 ml, of 1/15 molar 
pH 7 phosphate buffer which was added to 2 g of diazotized | 
PAS and the coupling carried out as usual. Preliminary’ 
experiments had shown that neutralizing antibody could’ 
be regained from virus-antibody complexes by simple 
centrifugation after dissociation at pH 3 even though viral 
infectivity was destroyed at this pH. It was difficult, 
however, to remove contaminating serum proteins from 
the virus-antibody complex by this method. The washed 


PAS-virus complex adsorbed 70-80 per cent of the: 


neutralizing activity from 5 ml. of serum. After exhaus- 
tive washing to remove serum proteins, neutralizing | 
activity could be recovered by reducing the pH to 3. 


The eluted material had similar components to that seen’. 


in the BSA antibody eluted at this pH. The yield of 
antibody as measured by neutralization? was 1 per cent. 


or less, which when concentrated to the original serum. | 


volume gave a protein concentration in the region of. 
0-5 mg/ml. Several eluates were concentrated and pooled 
to provide sufficient material for coupling over the range 
of 1-3 mg protein/0-1 ml. of 50 per cent red cells. No’. 
agglutination was observed when these cells were tested. - 
against 10‘ p.F.v. or less of BS-RSV. 

Several factors may explain this last result. The 
antibody titre of the starting serum can affect the yield 
of suitable material®, 
to actual antibody protein is probably high as a result cf | 
the low protein yield per serum volume’. The use of 


strong buffers may also have been deleterious to. the _ 


antibody*. Improved yields of antibody may be obtained 
by using better virus preparations, either in virus’contént | 
or purity, for coupling to the PAS cohimne. ne 





The ratio of non-specific protein: 
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Antibody Synthesis in vitro by the Rabbit 
Vagina against Diphtheria Toxold 


EXPERIMENTS concerned with local antibody production 
have resulted in a growing list of tissues where antibody 
synthesis has been demonstrated. The reproductive tract 
has been examined by several workers!, whose resulta 
have suggested that antibodies may be produced locally 
by the uterus, cervix and/or vagina. A review of the 
literature, however, haa failed to uncover an experiment 
where de novo synthesis or antibody by the reproductive 
tract was clearly demonstrated. The present report 
presents evidence for the in vitro synthesis of antibody by 
the vagina of the rabbit after the vagina was exposed 
directly to the antigen tn vivo. Attempts to sensitize the 
uterus by intrauterine injection of antigen, however, have 
apparently failed. 

Mature, virgin, female, New Zealand white rabbita were 
immunized with an alum precipitated diphtheria toxoid 
(80 Lffml.) by the following three methods. (1) Rabbits 
were vaginally sensitized after tranquillization with 

‘Innovan’, by inserting into the vagina a series of cotton 
plugs soaked with the antigen. (2) A second group received 
an injection of 0-5 ml. of diphtheria toxoid in combination 
with and without Freund’s incomplete adjuvant into each 
horn of the uterus, after exposing this organ through a 
midventral incision. (3) A third group was immunized 
systemically by either an injection of 0-5 ml. of antigen 
into each hind footpad or 1'0 ml. intravenously in addition 
to the footpad injection (Table 1). After a minimum of 
three weeks each rabbit received a booster injection by the 
same route. Three days following the booster each rabbit 
was exsanguinated. The popliteal lymph nodes, uterus 
and vagina were removed aseptically for the in vitro 
experiment. 

The im viro culturing technique, as developed by 
Stavitsky*, was adapted for use as follows: the tissues were 
cut into fragments 2-3 mm in size and distributed into 
16x 125 mm culture tubes, 3-5 fragmenta per tube. The 
culture tubes, containing 3 ml. of Eagle—Earle’s medium 
with 10 per cent foetal calf serum and 100 u/ml. of penicillin, 
were incubated at 37° C on a rotating drum (12 r.p.h.), 
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Fig. 1. In antibody syntheals by evans of rabbit numbers 

a) h po 4 and a (oji 2, sensitized by a a cotton plugs soaked with 

thora toxo: etric mean antibody titre after in miro 

vation; E, raae i o mean antibody titre om tubes containing an 
inhibitor to antibody synthesis 


After 24 h the culture media were poured off, saved for 
antibody assay, and fresh media were added. Thereafter 
the media were changed approximately every 48 h. 

To detect net in vitro synthesis, at least one tube from 
several (6-12 tubes) of a particular tissue type contained 
an inhibitor to antibody synthesis, either potassium 
cyanide (6-5 x 10 molar) or 2,4-dinitrophenol (10 molar). 

All antibody titres were determined using Stavitaky’s 
modification’ of the Boyden haemagglutination test’, in 
which tannic acid treated sheep erythrocytes were coated 
with diphtheria toxoid. In each case specificity of the titre 
was confirmed by simultaneous haemagglutination 
inhibition tests and the use of tannic acid treated sheep 
erythrocytes that had not been coated with antigen. 
Serum samples were inactivated and absorbed with washed 
sheep red cells before assaying. 

The degree to which the intravaginal method of immu- 
nization was effective as judged by the serum titre indicate 
that substantial sensitization had occurred tn vivo in 
three of the rabbits (Table 1). The serum titres of these 
vaginally sensitized rabbits compare favourably to the 
systemically immunized ones. 

The vaginal tissue from three of the rabbits that had 
been immunized by an intravaginal cotton plug demon- 
strated a net synthesis of antibody im vitro. (One rabbit 
failed to become sensitized, developed only a low serum 
titre, and antibody could not be detected after in vitro 
cultivation.) The resulta from those three rabbits is 
illustrated in the histograms of Fig. 1, where net antibody 
synthesis is represented by the difference between the 
geometric mean titre in the inhibited (solid bar) and non- 
inhibited (open bar) tubes. The maximum antibody 
titre was obtained on day 1 at about 640 and declined 
thereafter. There was, however, an increase in net anti- 
body synthesis demonstrable after the first day. 

Systemically immunized rabbits, while synthesizing 
considerable antibody from popliteal lymph nodes (Fig. 
2a) and spleen, failed to produce tn viro antibody by the 
uterus or vagina. As & result of the high serum titres in 


Table 1, IMMUNIZATION OY RABBITS WITH DIPHTHERIA TOXOID (D.T.) AND RESULTS OF in vitro CULTIVATION 
Tho uterus ın every case failed to synthesize detectable antibody in puro. 


Interval 
Rabbit Method of Total No of between Sorum In vitro synthesis by: 
No. womunization* injections injections titre popliteal 5 
1n days vagina cervix lymph node spleen 
1 Vag. 6 8,8,2,87,1 20,480 + BH z 
2 Vag. 6 1,6,1,22,1 81,020 + px + 
3 Vag 4 il, - ~ ~ 
4 Vag. 2 87 162,840 + + + 
Ut. 2t 80 
b Ut. 2t 35 640 - - ~ 
6 Ut. 2 20 640 = on vas 
7 F+Iv 25 8 mo. 20,480 + + 
8 F 3 1,24 5,120 ~ + + 
9 F+iIv 2 86 1,810,720 = 4 + 
10 F+IV 8 48,5 mo 1,810,720 - - + + 

* Vag., Intravaginal injection, Ut., Intrauterine, F, Foo ; IV, intravenous. 

t The first Injection consisted of D.T. in combination with Freund's incomplete adjuvant. 

t Both tnJjections consisted of D.T, in ae pera with Freund's incomplete adjuvant. 

$ The first Injection was into the footpads onl 7 

+, Net in puro synthesis; —, No in mtro synthesis; +, Suggestive in vtro synthesis. 
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these rabbits, the uterus and vagina contained considerable 
performed, adsorbed antibody that washed out after 
several days, but these same tissues demonstrated no 
capacity for synthesis (Fig. 2b, c). 

In the three rabbits which received intrauterine in- 
jections of diphtheria toxoid, the uterus failed to produce 
antibodies in vitro. Table 1 summarizes the results of in 
vitro antibody production in the various tissues examined 
from the immunized rabbits. 

Local antibody production by the vagina has been 
suggested by Kerr and Robertson‘, who found vaginal 
antibodies against Trichomonas foetus in infected heifers, 
and showed that these antibodies were probably respon- 
sible for the disappearance of the organism from the 
vagina after oestrus. Investigations on cattle with 
vibriosis?® u, trichomoniasis’, and Brucella abortus, and in 
humans with typhoid paratyphoid vaccine’ have de- 
monstrated an independence of vaginal and serum anti- 
body titres suggesting local antibody production. The 
human vagina is histologically described as containing 
numerous lymphocytes and occasionally lymph nodules!?. 
Microscopic examination of the normal rabbit vagina also 
reveals an abundance of lymphoid elements. The present 
report provides some direct evidence in the rabbit for 
local antibody production by the vagina. 

We thank the U.S. National Science Foundation for a 
grant 
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GENETICS 
Loss of Chromosomes and Nondisjunction 
induced by Caffeine in Drosophila 


THE mutagenic and chromosomal aberration activity of 
caffeine (1,3,7-trimethylxanthine) has been demonstrated 
in human tissue cultures!, bacteria’, Ophtostoma*, and 
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onion root tips‘. In mice the data are indeterminate®* and 
this is also the case in Drosophila because Andrew’ 
reported mutagenic effect of caffeine although Yanders and 
Soston! reported a lack of mutagenicity. 

In an attempt to ascertain the effect of caffeine on the 
breakage and loss of chromosomes in Drosophila, the XO 
method was used. Males containing XO? yB, a ring chromo- 
some marked with yellow body and Bar eye which is 
readily lost as a result of radiation injury’, and a Y 
chromosome possessing the y+ allele, were used. The 
females contained an attached X chromosome with yellow 
body and forked bristles (y f). They were reared from egg 
to adult on cornmeal, dried brewers yeast, sucrose and 
agar media to which caffeine was added so that 0-1225 per 
cent concentration was obtained. This was the maximum 
amount of caffeine that would permit the Drosophila to 
complete the life cycle. The males were collected soon 
after emergence from the pupae and mated to y w f 
females (yellow body, white eyes, forked bristles). The 
expected offspring from this mating are yellow Bar females 
and white forked males. The appearance of exceptional 
y w f males indicated the loss of the ring X chromosome or 
the Y, or y+ portion ın spermatogenesis of the treated 
male. Exceptional females were those that were wild 
body colour and Bar eyes. These result from the presence 
of both X and Y chromosomes from the male by non- 
disjunction in one spermatozoa that fertilized the y w f 
egg. 


Table 1. BYFECT OF BATING XC yB/so* y+ MALEB ON 01225 PNR ONNT 
GAFFELVE WITH RESPECT TO NONDISJUNOTION AND CHROMOSOME LOSS 


XO yBisct yt x yw 


Caffeine exposed Control 
yB? 2156 3737 
+f 2014 8040 
yuwfd 48 fF ap per ean 44 NITA cent) 
+B? 25 (0 589 per cent 0489 per sent) 
Total 4288 8824 


The data presented in Table ] indicated that there was a 
significant difference (y*=4:583) with respect to XO 
males produced by caffeine fed males compared with the 
XO offspring from the control males. The breakage of 
chromosomes by caffeine accounts for increase in XO 
males; however, the large increase in the nondisjunction 
female (XXY) was not expected. Kihlman and Levan 
reported that one of the effects of using caffeine at more 
than 0-04 per cent resulted in stickiness of chromosomes in 
Allium cepa and the clumping of chromosomes at mets- 
phase. This stickiness induced by caffeine explains the 
higher percentage of exceptional XXY females from 
treated males. Several aspects of the problem of non- 
disjunction by caffeine need to be examined. At what 
stage in larval development does the caffeine affect 
the spermatogenesis? Does the increase in XO males 
result from nondisjunction rather than from chromosome 
breakage ? 

It is difficult at this tume to correlate the results pre- 
sented here with problems of nondisjunction in man. 

This investigation was supported in part by a grant 
from the U.S. National Science Foundation. 
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Sexual Performance Index of Male Rhesus 
Monkeys 


ALTHOUGH information about ejaculation in infra-primate 
mammals is available’, quantitative data are lacking for 
most primates. Field studies** have provided the basic 
information on the copulatory sequences of behaviour of 
adult rhesus monkeys; findings which have recently been 
confirmed in the laboratory’. The present investigation 
is concerned with a particular aspect of sexual behaviour: 
namely, the relation between mounting and thrusting 


peti on, one hand and the timing of ejaculation on the 
other. 


100 
L 
L] FEMALES INTACT mer 
Š wo 
f a 
Al A 
i 
x 
g 
8 
g 
# 
of 
El 
oe 
Ẹ 
=| 





1,000 1,400 
Ejaculation time (sec) 


Fig. 1. The relation between the 
sexual performance Index—and ¢ 
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ejaculation are shown; the values were ın general very low. 


Copulation ın Macaca mulatta consists of a series of 
sexual mounts by the male on the female and each mount 
18 associated, in the majority of cases, with an intromission 
by the male and a variable number of pelvic thrusts. The 
series of mounts is generally terminated by an ejaculatory 
mount after which there is a refractory period, without 
mounting, before the start of the next mounting sequence. 

Six oppositely sexed pairs of adult monkeys were 
observed during mating testa, each of 60 min, before and 
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Different males characterstically have different ejaculation times but 
data were adequately described by a single regression line, 
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after bilateral ovariectomy of the female of the pair. 
Tests were carried out by two observers separated from 
the animals which were in large observation cages by & one- 
way vision mirror. Components of behaviour were quanti- 
fied by means of a scoring system-—in terms of time, 
sequence and frequency. Particular attention was directed 
to the following: (a) ejaculation time, time in sec or min 
from the first mount of a mounting series to the occurrence 
of ejaculation; (b) mounts to ejaculation, number of 
mounts ın a mounting series preceding the first ejaculation ; 
and (c) total thrusts to ejaculation, number of pelvic 
thrusts with intromission preceding the first ejaculation. 
From the foregoing measures the following were derived: 
(a) mounting rate, mounts to ejaculation divided by ejacu- 
lation time; (b) thruste/mounis, total thrusts to ejaculation 
divided by mounts to ejaculation. Twenty-four 
testa were scored simultaneously but indepen- 
dently by two experienced observers and the 
results compared by the Pearson product- 
moment coefficient of correlation. 

No precise relation could be discerned be- 
tween mounts to ejaculation, mounting rate, or 
total thrusts and the timing of ejaculation. 
There was, however, a clear relation between 
ejaculation time and the product of mounting 
rate and thrusts/mount; this led to the use of 
the concept of a sexual performance index 
(SPI). The relation between this index and the 
corresponding ejaculation times is shown in 
Fig. 1: a marked decline ın the SPI occurred as 
ejaculation tumes increased. When these data 
were plotted logarithmically, a good linear 
relation was found (Fig. 2). 

The effecta on the behaviour of males of 
ovariectomizing the females of the pair were 
complex; ejaculation was abolished in most 
cases and sexual interaction declined to low 
levels. Sufficient interaction persisted ın thirty- 
four cases to give data for comparison with the 
intact condition. While the numbers of mounts 
and the numbers of thrusts varied widely m 
tests without ejaculation, m the majority of 
cases, when ejaculation failed to occur, the SPI 
was extremely low (Fig. 1). 

Although different males, characteristically, may have 
quite widely different ejaculation times, it was of interest 
that data from all six males, independently of the female 
with which they were paired, were adequately desoribed. 
by a single regression. Thus, some generalizations from 
these data may be possible. These results are conmstent 
with a purely reflex interpretation of events leading to 
ejaculation mediated by spinal segmental pathways. It 
18 interesting, then, to reflect that the behaviour ot the 
whole animal during the copulatory sequence is directed 
towards giving these reflex phenomena an opportunity for 
expression. 

This investigation was supported by grarts to R. P. M. 
from the Bethlem-Maudsley Hospital Research Fund and 
the National Institute of Mental Health. 
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Uptake of Atmospheric Water by the Hen 
Flea Ceratophyllus gallinae (Schrank) 


Tae only insects known to take up atmospheric water 
actively are Tenebrio larvae!, Chortophaga nymphs’, and 
the prepupae of the tropical rat flea Xenopsylla brasilien- 
sts*, The present observations add another example, the 
imago of the hen flea Ceratophyllus gallinas, and suggest a 
behavioural and ecological function for the phenomenon. 

Imagines of O. gallinae, newly emerged from their 
cocoons and kept at 98 per cent relative humidity, did 
not lose weight as expected, but after 24 h had become 
heavier. This result was checked by following the daily 
weight changes of several groups of thirty newly emerged 
fleas, at various relative humidities maintained by 
saturated salt solution and sodium hydroxide methods‘, 
The temperature was 28° C+1° ©. The graph (Fig. 1) 
shows that gain in weight is limited to the first day after 
emergence, and that an effect is discernible down to 82 
per cent relative humidity. 

cannot explain the increase in weight, because 
condensation did not occur on the fleas’ containers. An 
active process is almost certainly involved, for there are 
no known purely physical ways in which an insect can gain 
water from air at a relative humidity as low as 82 per cent. 
The sudden failure of uptake on the second day also sug- 
geste an active, rather than physical, mechanism. 

The function of active uptake is probably related to the 
habit of the imago to remain quiescent within the cocoon 
during the winter or in other periods when a host is not 
available. During this time loss of water must be reduced 
to a minimum, not only to prevent death directly from 
desiccation but also to enable the flea to emerge efficiently 
from its cocoon. The behavioural emergence mechanisms 
are dependent on a sufficient turgidity of the abdomen, 
which acts to anchor the flea while it tears open the 
anterior pole of the cocoon with its clypeal tubercle. 
Partially desiccated fleas make all the correct emergence 
movements, but the loss of turgidity prevents the tubercle 
pressing hard enough to tear the cocoon wall. These fleas 
eventually die within the cocoon. Such behavioural 
failure was observed on many ocoasions both in the 


Change in weight (mg/100 fleas) 
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Fig. 1. Changes in the weight of adult O. gallinae after emergence from 
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laboratory and in the field. Buxton’ noted a sumiar 
failure in Xenopsylla cheopis. 

It is concluded that the mechanism of active uptake of 
water by the flea imago is probably largely concerned with 
opposing water loss during the cocooned resting stage, so 
permitting the effective operation of emergence behaviour. 
This conclusion is consistent with the switching off of 
active uptake soon after emergence has occurred. The 
cocooned imago forms the mam resting stage of many 
flea species, including the plague vector Xenopsylla, and 
so it is quite possible that the mechanism of active uptake 
and its relationship to emergence behaviour may be a 
widespread feature of flea ecology. 

D. A. Hompreims 


Ethology Laboratory, 
Uffoulme Clinic, 
Queensbridge Road, 


Birmingham 13. 


1 Mellanby, K., Proc, Roy. Soc , B,111, 376 (1082). 
1 Ludwig, D., Physiol. Zool.,10, 342 (1987). 

* Edney, B. B., Bull, Entomol. Res., 38, 268 (1047). 
1 Madge, D. 8., Ent. Rap. Appl., 4, 143 (1081). 

* Buxton, P. A., Parasitology, 39, 110 (1948). 


Effect of Coffee and Tea on Serum Lipids 
in the Rat 


Ws report experiments designed to distinguish the effects 
of the beverage and of sugar on the blood lipids of rats. 
Epidemiological investigations’? have already shown an 
association between ischaemic heart disease and the 

of coffee. Acute experiments in man and dogs*# 
indicate that caffeine produces a rise in free fatty acids 
in the blood, but no change in cholesterol or triglycerides. 
Our own investigations with patients’, however, suggest 
that the association of heart disease with coffee (or tea) 
is more likely to be caused by the sugar taken with the 
coffee or tea than by the caffeine they contain. 

Male hooded rats weighing about 120 g were assigned to 
two main groups of twenty-eight. All were given purified 
diets and water ad libitum; the dietary carbohydrate for 
one group was sucrose and for the other group was corn 
starch. Each of these main groups was divided into four 
sub-groups; one was given the control diet alone, the 
others had additions of coffee, or tea, or decaffeinated 
coffee. In an atiempt to accentuate the possible effects 
of the supplements, an atherogenic diet was given: 25 
per cent casein, 16 per cent hydrogenated coconut oil, 
5 per cont mineral salts, 5 per cent cellulose powder, 
1 per cent cholesterol, 1 per cent cholic acid, 47 per cent 
sucrose or corn starch. Because corn starch contains 
some corn oil, 0-56 per cent corn oil was added to the 
sucrose-containing diet. 

The dried coffee was given at the rate of 2-3 g in 100 g 
of diet, and the dried tea at the rate of 1:0 g in 100 g of 
diet. The average daily intake of caffeine was about 
22 mg from ordinary coffee, 0-8 mg from decaffeinated 
coffee and 12-5 mg from tea. The coffee was prepared 
according to a standard method‘, and then freeze-dried. 
The tea was a commercially available preparataon recom- 
mended to be made up with 1-0 g of tea in a oup of 200 ml. 

The amounts of tea or coffee were equivalent to about 
twelve cups a day for a 70 kg man, calculated for a 220 g 
rat (mean weight after 25 days on diet) from the formula 
metabolic weight = weightt, or to about fifty-four cups 
of coffee or tea a day, caloulated directly in proportion to 
body weight. 

The rats were killed after 50 days, after an overnight 
fast. Blood was taken directly from the heart for assay 
of cholesterol, phospholipids, and total esterified acids’~*. 
Triglycerides were calculated by difference!®. 

ə three groups receiving the tea or coffee showed a 
transitory halt in weight gain during the first 3 days, 
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Table 1, HFFROT OF COFFHE, DEOAFYEINATBD OOFYER OR TRA ON SARUM LIPIDS IN RATS 
Rats fed for 60 days on diets containing sugar or atarch, with freere-dried extracts of ordinary coffee, or decaffernated coffee (“Sanka”) or of tea. 


Values are medians (and range 
Cholesterol } 


Phospholipids Tri rides 
Diet Bupplement ™mg/100 ml. maloo Ai rigyooride 

Sucrose ~ 578 (495-050 176 (159-216) 4°08 HRE 7-88) 
Starch ~ 495 (805-568 174 (151-222) 3 68 (2 62- 5 tae 
Sucrose Coffee (oramai) 782 (689-855 241 (218-249 7-22 (4-54-10 22 
Starch Coffee fonanery. 680 (515-888 228 (192-291 7-41 (4-82-1018) 
Sucrose Coffee (decaffeinated) 515 (425-700 186 (147-228 5:20 (2:00- 8-00) 
Starch ffee deoa folna: 468 (446-618 174 (119-222 5:22 (1 00- 6-05 
Buorose oa 854 (227-482 130 (109-177. 282 (1-28- $383 
Starch Tea 381 (259-457, 169 (116-197, 2:06 (1-08— 4 88) 


from which they had completely recovered by the end of 
the first week. Thereafter, weight gains were equally 
good in all the groups. The medians and range of values 
for each of the dietary treatments are given in Table 1. 
Tests of significance? show several differences in which 
P<0-05 (Table 2). 

The addition of coffee to the control diet significantly 
increased cholesterol and triglycerides, both with sugar 
and with starch. The effect was eliminated when de- 
caffeinated coffee was substituted for ordinary coffee. 
The addition of tea, on the other hand, produced a signifi- 
cant decrease in cholesterol and triglycerides, except that 
the decrease in triglycerides with tea in the starch diet 
gave a value for P of 0-07. 

Other significant differences were those of the contents 
of cholesterol, phospholipid and triglycerides produced by 
coffee as compared with tea on diets with either sucrose 
or starch. 

The effect of a prolonged intake of coffee is to enhance 
the increase brought about by an atherogenic diet on 
some of the blood lipids in the rat. This effect is abolished 
when the coffee is decaffeinated, a process that does little 
more than to remove most of the caffeine. This would 
support the suggestion? that the increase in lipids is 
brought about by caffeine. 


Table 2. STATISTICAL ANALYSIB (MANN-WHITNEY) p VALUES 


Cholesterol Phospholipids Triglycerides 
Sucrose Btarch Snorose Starch Bucrose Starch 
diet diet diet diet diet diet 
Effect of beverages 
Coffee versus no 
coffee 0-001 0001 O001 0005 003 0-01 
Tea versus no tea 0001 0001 0-002 0-01 (0:07) 
Coffee versus de- 
caffeinated coffee 0001 001 0001 OOL 0-02 0-02 
Effect of carbohydiate 
Starch versus sucrose 
no supplement) 
tarch versus sucrose 0 05 


(with tea) 


We would, therefore, have expected that tea, which 
also contains caffeine, would similarly produce a rise in 
lipids. In fact, however, our results show that tea pro- 
duces a fall rather than a rise. Presumably tea contains 
a substance that acts to decrease serum lipids more 
strongly than caffeine acts to increase them. 

In our English subjects the occurrence of ischaemic 
heart disease was associated chiefly with the consumption 
of tea®, whereas in the North American subjects!.? the 
disease was associated with the consumption, of coffee. 
In order to maintain the hypothesis that coffee and tea in 
themselves cause coronary disease, we should be forced 
to claim that their effect on blood lipids is irrelevant to 
the aetiology of the disease—a claim that contradicts 
the well-recognized association between elevated contents 
of lipid and coronary disease. 

e therefore favour the alternative explanation— 
that the effects of coffee and tea on the disease are pro- 
duced by some factor other than caffeine that is associated 
with both of these beverages and is known to increase 
blood lipids. This is clearly another way of saying that 
the causative factor could be sucrose, a conclusion that 
is supported by our other work’. 

We thank Dr. R. U. Qureshi and Dr. D. J. Naismith 
for their help, General Foods for financial support and 
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Phenol Oxidase Activity and Flooding 
Tolerance in Higher Plants 


OnsLow’s! investigation of the distribution of phenol 
oxidases in plants showed that they were widespread in 
their occurrence, but not universal, being found m 63 per 
cent of the plants examined. Although it has been shown 
that the activity of these enzymes increases with age in 
the tissues that contain them? and that they may be 
linked with lignin synthesis’, it has not been possible to 
relate their presence or absence to any aspect of the 
physiology, phylogeny or ecology of the plants concerned. 

While carrying out experiments on ethanol metabolism 
in relation to flooding tolerance‘ it was noted that root 
extracts of plants susceptible to flood damage rapidly 
turned brown while those of flood tolerant species re- 
mained relatively colourless. For these experiments the 
plants were grown in sand culture under two water table 

i : low water table, with the sand just kept moist 
with Hoagland solution; and high water table, where 
the sand was flooded with the solution. In order to 
measure quantitatively the presumed activity of phenol 
oxidase the extracts (obtained by grinding the roots in 
chilled 0-1 molar tris buffer, pH 8-0, and centrifuging at 
0° C) were examined for their ability to oxidize a dilute 
solution of catechol. The course of the reaction was 
followed photometrically by noting the change in extinc- 
tion at 366 my for the first 30 sec of the reaction. An 
Eppendorf photometer with recorder was used. It was 
necessary to record the initial velocity of the reaction 
because phenol oxidases are rapidly inactivated when 
oxidizing o-diphenols®. The protein content of the extract 
was determined by measuring the difference in extinction 
between 215 and 225 my (ref. 6). 

The results are recorded in Table 1. Plante are classified 
as flood tolerant if their growth rate, as measured by the 
dry weight of their aerial portions, was not reduced in the 
high water table regime as compared with the low water 
table regime. 

All plants not tolerant of flooding showed a much greater 
catecholase activity than plants tolerant of flooding. The 
fast rate of the reaction was maintained irrespective of 
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Table 1, GATECHOLASH ACTIVITY AS MBASURHD BY THB INOREASH IN EX- 
TINCTION AT 366 My/MIN/MG OF PROTBIN 


Low water High water 
table ble 

Senecio squalidus 2 460 4-271 
Senecio 0-238 0-162 Not tolerant 
Senecio visoorus 0-199 0-172 of flooding 
Heeractum puosella 0156 0-066 
Potentilla anserina 0 019 0 006 
Glycena manma 0-004 0011 Tolerant of 
T olygonum amphabium 0-004 0-003 flooding 

aia casspitosa 0 002 0 003 
Mentha aquatica 0 001 0 005 


In a onvette (d =1 cm) were 1 8 ml. of 0-1 molar éres buffer, pH 8 0,0-01-0-1 
oot root extract; 0:1 mJ. of 0-1 molar catechol, and the total volumo was 


whether the planta were grown in high or low water table 
conditions. It is therefore not possible to link the high 
level of catecholase activity with a premature ageing of 
the tissues brought about by the adverse water table 
conditions. Although it is still impossible to conclude 
anything further about the function of phenol oxidases 
from these experiments, the clarity of the division in their 
ecological occurrence may be a useful beginning in under- 
standing their role in plant metabolism. It is known that 
small concentrations of catechol inhibit oxidative phos- 
phorylation’ and it could be that phenol oxidases are 
essential to plants that rely on oxidative phosphorylations, 
but that they may be dispensed with in those plants that 
have a predominantly anaerobic habitat for their roots. 
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PSYCHOLOGY 


Time Course of Action of Diazepam 
DiaznpamM (‘Valium’, Roche) is a recently introduced 
anti-anxiety drug of the 1,4-benzodiazepine seriest:?. 
Clinically, it is usually said to act for 6-8 h, but quanti- 
tative data about the time course of functional changes in 
man do not appear to be available. Measurements of 
changes in the visual critical flicker fusion threshold 
(CFFT) and its auditory equivalent, the auditory flutter 
fusion threshold (AFFT), have been used for this purpose 
and the results are reported below. The fusion thresholds 
measure the ability of subjects to discriminate between 
rapidly repeated sensory stimuli, and both have been 
shown to be sensitive to the effects of small doses of 
centrally acting drugs?-*, which may impair or improve 
this discrimination. 

The method used to determine the auditory flutter 
fusion threshold“:® essentially involved presenting subjects 
with interrupted random noise signals (with an on-off 
ratio of 9:1 and signal intensity of 55 dB re : 0-0002 
dynes/om*) and determining the fastest interruption rate 
at which the interruptions (“flutter”) could be clearly and 
consistently detected. Critical flicker fusion thresholds 
were similarly determined, using a neon lamp driven by a 
rectangular pulse generator with an on-off ratio of 1:1, 
and recording the fastest flicker rate which could be 
detected. Descending sequences of interruption rates 
were used in both the flutter and flicker investigations. 

Twelve normal subjects (aged 21-30) were given 10 mg 
diazepam and a placebo on two occasions, 7 days apart, in 
a double blind cross-over trial. This is a dose which is 
frequently used in clinical practice. The subjects were 
allowed a light breakfast and the tablete were taken by 
mouth 0-6-1 h later. All experiments were started be- 
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tween 9 and 9.30 a.m. and thresholds were recorded before 
administering the tablets and again 0-5, 2, 4, 6 and 8 h 
later. At each session two AFFT and two CFFT deter- 
minations were made. The changes in the mean thresholds 
at each time compared with the values recorded before 
tablet administration were subjected to analysis of 
variance for factorial designs. The results are illustrated. 
for both AFFT (solid line) and CFFT (broken line) in 
Fig. 1 where the results with the placebo sre represented 
by the baselime. 

The pre-treatment mean AFFT was 41-79 interruptions 
per second (i/sec) and for CFFT 38-11 i/sec on the placebo 
and 41-00 i/seo (AFFT) and 37-79 i/sec (CFFT) on the 
active tablet. As is usual’, the AFFT rose on the placebo 
during the day (to 4-80 i/sec more than the starting value 
by 8 h) whereas the CFFT remained just below the initial 
level (by — 0-60 i/seo at 8 h). 

There was statistically significant depression of both 
AFFT (P<0-05) and CEFT (P<0-001) over the whole 
period and the time course of the depression waa similar 
for both flicker and flutter fusion. The effect was already 
present 30 min after administration of the drug and 
maximal at 2h. The values then gradually returned to the 
baseline, the effects having virtually disappeared by 8 h. 

Schwartz et al.” used tritiated diazepam in two human 
subjects, and showed that the peak blood level was 
obtained at 2 and 4 h after oral administration. The 
disappearance of radioactivity from the circulation was 
in at least two phases, an initial fast component (half 
life 7 and 10 h) and then a slower phase (half life 2-6 and 
2-7 days). 

Functional changes rather than chemical changes were 
measured in the present investigation. Reductions in 
flutter and flicker fusion thresholds represent impairment 
of the ability of subjects to discriminate between rapidly 
repeated sensory stimuli and diazepam in the dose used 
had this effect. Measurement of the alterations at regular 
time intervals after administration of such a drug seems 
to be a highly sensitive technique for determining its 
time course of action in man. 

I thank Professor J. P. Quilliam, Professor E. F. Scowen 
and Dr. Hannah Steinberg for advice and help and Miss 
Catherine Duncan for assistance in conducting the experi- 
ment and statistical analysis. 

Q. M. BESSER 
Medical College, 
St. Bartholomew’s Hospital, 
London, E.C.1. 
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Friction Transition Temperature Effect of 
Matching Surfactant and Carrier 


Wa have reported? how straight chain hydrocarbon 
solvents have a specific effect on lubrication with surface 
active agents. Using a slow running 4-ball machme we 
showed that lubrication was best when the chain length 
and shape of the surfactant accurately matched the 
solvent. We have now confirmed these results using the 
temperature at which the friction increased sharply in a 
standard ‘Bowden—Leben’* machine, kindly lent us by 
Tube Investments, Hinxton Hall. While this change can 
be determined with mild steel and fatty acids‘, it is very g 
hard to detect with mineral oils. The best way we have & 
found to observe it is to use stainless steel (18 per cent 
chromium, 8 per cent nickel) for the frictional pair. Fric- 
tion-temperature curves for a mineral oil with 18/8 
stainless steel and with 0-6 per cent carbon steel are shown 
in Fig. 1. The rise at 60° C for mineral oil has also been 
reported by Tabor'®. 

If it is assumed? that the system obeys the Langmuir 
adsorption iostherm and that the critical transition tem- 
perature from low to high friction occurred when half 
the adsorption sites were covered, it is possible to connect 
the concentration O of surfactant in moles/1,000 g solvent 
and the absolute transition temperature T'e by the relation 

AH?/T.=R ln 0+ AS 
AH°=standard heat of adsorption change 
AS? = standard entropy change. 
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Fig. 1. Coeffitent of friction against temperature for mineral orl with 
(a) 18/8 stainless steel. (b) 0 6 carbon steel as frictional pair. 
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Pig. 2. Log concentration (welght/100 g solvent)—reciprocal transition 
temperature °K for lauric acid in four alkanes. 
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The effect of matching chains was shown by dissolving 
laurie (dodecyl) acid in various alkanes (Cio, Cis Cx, and 
Ox.) and plotting log concentration against L/T o. 

The same effect was also demonstrated by dissolving 
various acids in tetradecane at 1/300 molar concentration 
and measuring the transition temperature. The tempera- 
ture was measured by a fine chromel alumel thermocouple 
positioned close under the ball. By avereging the friction 
traces of at least four runs, clear transitions were observed. 
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The friction rose very markedly at the transition and the 
surfaces scored, so rendering observations on the reversi- 
bility of the process difficult. When the entire test was 
completed rapidly the effect seemed reversible for fatty 
acids. A plot of temperature against chain length shows 
a peak (Fig. 3). 

Also it was suggested? that the critical temperature of 
160°-200° O observed in many experiments on lubricated 
systems such as gears*:’ was caused by a desorption of the 
surface active material isolated by Groszek and Palmer’ 
which is normally present in oils. We dissolved the same 
material as that used in ref, 2 in hexadecane, dekalin and 
white oil, three solvents which matched the material pro- 
gressively closer. The log concentration 1/7’, curves are 
shown in Fig. 4. This lends support to the supposition put 
forward in ref. 2 identifying this critical temperature 
with desorption and gives a rational basis tor the oritical 
temperature scuffing mechanism for gears and disks. 


W. Grew 
A. CAMERON 
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Heat Transfer Enhancement by Addition of 
a Liquid Phase 


EL’'PERIN! has shown that the addition of small quantities 
of liquid in atomized form to gases flowing across tube 
clusters can substantially increase the rate of transfer of 
heat from a surface. Recognizing the potential of the 
system investigated by El’perin, Acrivos et al.* measured 
the rates of transfer of heat under more controlled con- 
ditions on an isolated cylinder. An air-atomized water 
mixture was used but only two flow conditions were 
explored in detail. 

As the first part of an investigation of heat transfer 
rates and pressure losses during two-component mist 
flow across tubes, transfer rates of surface heat have been 
measured under conditions of constant heat flux during 
the flow of an air—water mist across an, isolated cylinder. 

A wind tunnel was used to provide a steady and con- 
trollable flow of air to a test section. Atomized water was 
injected into the air flow, upstream of the test section, to 
generate a two-phase mixture of the required quality. 
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Fig. 1. Variation of heat transfer coeficient around cylinder. © 

ALnmum recorded value of heat transfer coefficient, x, local values of 

heat transfer coefficient. Mixture quality (o): a, 61 per cent; b, 55 
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For all teats Reg = 75,000. 
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The test section was about 20 cm square. It housed 
centrally, and in the horizontal plane, a constant heat flux 
probe on which the measurements of heat transfer rates 
were made. Details of this probe are given in ref. 3. 
In order to measure the variation in circumferential 
temperature the probe was located in such a fashion that it 
could be rotated. 

Mixture qualities (q) were measured by means of an 
isokinetic probe similar in design to the device described 
in part (1) of ref. 4, For all tests reported, the variation in 
quality over the projected area of the constant heat flux 
probe was less than 5 per cent. 

Fig. 1 shows the variation of the local heat-tranafer 
coefficient, Arp, with position around the cylinder and 
with mixture quality, g. Under all test conditions a 
liquid film was observed to form over the region of the tube 
between forward stagnation and separation. It is within 
this region, that is ~ + 90°, from stagnation that the bulk 
of the heat transfer occurs. Arp was determined from. the 
difference in temperature between the locally heated tube 
surface and the unheated tube surface. 

Fig. 2 shows the variation of average Nusselt number, 
Nurpa, with mixture quality and the Reynolds number, 
Rey, of the gas phase. The Nusselt number as used here is 
caloulated from Arps, the heat transfer coefficient based 
on the mean difference in temperature between the 
heated and unheated tube surfaces, the outer diameter dy, 
of the cylinder and the thermal conductivity of the gas 
phase (kg). A . 

Clearly the addition of small amounts of atomized 
liquid brings about a substantial increase in the surface: 
heat—-transfer coefficient, the mixture quality being a. 
more dominant parameter than the gas Reynolds number, 
Reg. The maximum intensification measured, with respect 
to the dry gas value, was about seventeen times. This 
occurred at the lowest Reynolds number explored. 

I. ©. FINLAY 
Applied Heat Transfer Division, 
National Engineering Laboratory, 
East Kilbride. 
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BOOK REVIEWS 


COMPREHENSIVE GLACIOLOGY 


Tralté de Glaciologle 

Par Louis Lhboutry. Tome 2: Glaciers—Vamations du 
Climat—B8ols Gelés. Pp. 429-1040+40 planches. (Paris : 
Masson et Cie., 1965.) 190 francs. 


THis is the second volume of a wide ranging treatise on 
glaciology which completes Lliboutry’s survey of the 
subject. The first volume dealt with the dotailed physics 
of the material concerned, both as ice and snow, and with 
the heat balance of glaciers. The second and larger 
volume discusses the characteristics of glaciers and ice 
in nature. 

Lliboutry has considerable first hand experience of 
glaciers in Chile and in the French Alps. He directs the 
work of the Laboratoire de Glaciologie Alpine on the 
Aiguille du Midi ın addition to his post as professor in 
the department of physics at the University of Grenoble. 
His approach to the subject combmes that of an intelligent 
feld: observer with that of a physicist, and this has led 
him to produce fresh ideas which have stimulated intereat, 
further work, and, sometimes, differences of opinion. 
Such contributions include work on the sliding of glaciers 
and on the possible formation of a zone of isothermal 
ice at pressure melting point beneath parts of the Antarctic 
ice sheet, while his outline of the relation of longitudinal 
streases in glaciers to basal shear stress touches a field of 
research which has barely begun. In general, Lliboutry 
sets out a detailed mathematical background to physical 
problems. 

As an author with strong views whose treatise covers 
such a wide range, Lliboutry frequently uses his own 
approach to a problem although it may not always be 
widely accepted. This seems a fair reward for the admir- 
able effort that has been put into compiling the treatise; 
and in fairness it must be said that other views and reasons 
for his disagreement are set out. Lliboutry has covered a 
great amount of literature and presents information on 
the more important contributions to the subject. As a 
source book the treatise is, thus, invaluable and up to 
date as a reference source. It also serves to draw attention 
to many problems which need further investigation. 

The first part of the second volume deals with the 
physical glaciology of existing glaciera and covers morpho- 
logy and mass balance, geographical distribution, geo- 
physical techniques, theory of flow, basal sliding, catastro- 
phic advances, erosion and deposition, fluctuations of 
temperate glaciers and the flow and evolution of large 
ice sheets. The last topic leads on to a discussion. of 

«secular changes of climate and a useful survey of some 
theories of ice ages. The book finishes with two useful 
«chapters on frozen ground phenomena. 

The book is well illustrated throughout, both by line 
drawings and by a selection of excellent photographs. 
No book in the English language has provided such a 

Mbroad and comprehensive cover of the subject of glaciology, 
even though such a treatise or even a series of related books 
on various aspects of the subject are needed. The author 
Jeserves full congratulations on his work. Unfortunately, 
the high price of the volume will tend to limit its acquisi- 
ion mainly to libraries. G. DE Q. RoBIN 
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AROUND THE SUN 


A Gulde to the Solar Corona 

By Donald E. Bulings. Pp. x+323. (New York: Acade- 
muc Press, Inc. ; London : Academic Press, Inc. (London). 
Ltd., 1966.) 1128. 


Tus attractively written and illustrated book offers a 
valuable guide to the history and present state of coronal 
knowledge and ideas. Its author has long been one of the 
leaders in the observational study and interpretation of 
coronal spectra and structure. He was introduced to this 
field of science by Roberts, who twenty years ago, in 
Colorado, set up a solar coronagraph on, the lines pioneered 
by Lyot—the young French astronomer who in 1930 
achieved what had come to seem impossible, the photo- 
graphy of the corona without  totel eclipse. After that 
various lines of evidence engendered the idea that this 
outer atmosphere of the Sun, the corona, is much hotter 
than the apparent ‘‘surface” layer, the photosphere 
The spectrum came to be interpreted as demonstrating 
the existence in the corona of very highly ionized atoms 
of calcium, iron and other minor constituents of the 
coronal gas, which is mainly hydrogen and helium. 
Estimates of the temperature rose to astonishing values. 
Fifteen to twenty years ago it was disputed whether the 
temperature was half a million degrees Kelvin, or a 
million. Different methods of estimation led to discrepant 
conclusions. Roberts, Billings, Waldmeier and their 
colleagues went farther, and proposed the presence, at 
times, of hot coronal regions where the temperature rose 
to several million degrees. 

Such coronal discoveries and disputes opened up a 
fascinating and exciting new branch of solar physics, 
which has progressed very rapidly in recent years. The 
author of this book is well fitted to explain 1ts develop- 
ment and ramifications, which he does with authority and 
skill. 

A stalemate between considerably different observa- 
tional inferences of the coronal temperature was broken 
when Burgess showed that an important recombination 
process in the coronal gas had been overlooked; the 
higher estimates gained in credibility. Radio studies 
added important knowledge of the structure extending 
out to several solar radii. Theoretical anticipations of 
still ter extension of the corona among the planets 
led on to the realization that the outer coronal gas must be 
streaming outward im all directions, though more over 
some solar regions than others: so that the Earth is 
always enveloped in the “solar wind”. Interplanetary 
space probes have confirmed this inference and added a 
wealth of information as to the density, velocity and 
transported magnetic field in this radiatimg coronal emis- 
sion. But as the author indicates, there are many out- 
standing problems of the corona. His book will materially 
help present and future workers who seek to find the 
solutions. Sypyrey CHAPMAN 


MEASURING INTERFERENCE 


Optical Interferometry 

By M. Françon. Pp. xi+307. (New York: Academic 
Press, Inc.; London: Academic Press, Inc. (London), 
Ltd., 1966.) 1088. 


ALTHOUGH this book is recommended by the publishers 
for graduate students having first contact with the subject, 
both its contents and its clear exposition make it eminently 
suitable for undergraduate work. The author has wisely 
employed the notation of Wolf and Mandel in the chapters 
dealing with coherence and laser interference effects so 
that the reader can then progress to the standard work of 
Born and Wolf and the research literature. The diagram- 
matic representation of the complex amplitude in the first 
chapter 18 particularly good and in general the diagrams 
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throughout are clear and well labelled. The choice of 
instruments for detailed description reflects the author’s 
own special interests. Thus, polarization interferometers 
are covered in detail. The chapter on interference spectro- 
scopy, however, deals mainly with Fourier transform 
instruments and dismisses the now widely used Fabry- 
Perot photoelectric spectrometer in half a page. (Dis- 
placement of the plates to produce optical path variation, 
far from being ‘“‘much too coarse’’,is now nearly as common, 
as pressure scanning.) 

Transient interference beats and fringes from laser 
sources, and optical holography are concisely and clearly 
discussed, but experimental details in the chapters on 
thin films and multiple beam interference are somewhat 
sketchy. Nevertheless this book looks like becoming a 
standard undergraduate text. 

D. J. BRADLEY 


SOUNDS VALUABLE 


Ultrasonic Machining of Intractable Materials 

By A. I. Markov. Edited by E. A. Neppiras. Translated 
by Scripta Technica, Ltd. Pp. 350. (London: Hiffe 
Books, Ltd., 1966.) 63s. net. 


Tam book deals with the ultrasonic machining of hard 
brittle materials and the use of vibrations to assist in 
conventional grinding and cutting operations. It would 
appear that, in both these fields, the majority of research 
and development work has been carried out in Russia 
and it is of great value to have an English edition of the 
original Russian book. 

The main section of the book dealing with ultrasonic 
machining first introduces ultrasonic vibrations in a 
simple and readily understandable way and then shows 
how these can be applied to machining. Chapters dealing 
in detail with the design of ultrasonic generators, acoustic 
heads and ultrasonic machine tools are included together 
with a very comprehensive and critical survey of research 
in the subject. The technology and industrial uses of 
ultrasonic machining are dealt with in a fundamental 
manner. The final section of the book is devoted to 
discussions of the benefits to be obtained by sonic and 
ultrasonic vibrations in drilling, grinding, thread cutting 
and turning. 

In my view this book is an excellent example of how a 
technological subject should be treated; it is very readable 
and uses a fundamental approach throughout. The book 
will be of great value to those involved in teaching 
production processes and those in industry interested in 
the applications of modern developments in production 
techniques. G. Boornroyrp 


RARE EARTHS 


Progress in the Science and Technology of the Rare 
Earths 

Edited by LeRoy Eyring. Vol. 2: Pp. 366. (Oxford, 

London and New York: Pergamon Press, Ltd., 1966.) 

106s. net. 


THE increasing use of the rare earths in industry is 
brought out in the well organized chapter (and extremely 
well arranged bibliography) on their uses and applications 
contributed by H. H. and R. M. Mandle. This chapter 
takes up nearly one third of the book, which covers 
mainly the work published from 1961 to early 1965. The 
other contributions are also written by acknowledged 
experts in the field. They are J. H. van Vleck, who 
writes on the molecular field model of exchange coupling 
in rare earth materials; A. H. Daane, on recent improve- 
ments in methods of preparing rare earth metals; E. F. 
Westrum, jun., on thermodynamic and magnetic proper- 
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ties of the rare earth chalcogenides and pnictides; R. E. 
Thoma, on the rare earth halides; W. Low, on some 
physical properties of mixed cation oxides; D. I. Ryab- 
chikov and E. K. Korchemnaya, on rare earth metal 
complexes, which provides a review of recent Russian 
work; and G. Brauer, on structural and solid state 
chemistry of pure rare earth oxides. 

The coverage in all eight chapters is comprehensive for 
the period concerned and the bibliographies are very good. 
Although the author index is satiafactory, the subject 
matter could have been indexed in much greater detail, 
so making it easier to pick out specific pieces of informa- 
tion. There is an appreciable number of typographical 
errors (for example, refs. b and d of Table 3, page 103), 
and although these are all trivial, they tend to irritate 
the reader, and, furthermore, data and spectra are plural. 

Apart from these few imperfections, the book is well 
produced and should be very useful to those interested in 
the field. K. W. BAGNALL 


FLOW OF FLUID 


Fluid Mechanics of Internal Flow 

Edited by Gino Sovran. (Proceedings of the Symposium 
held at General Motors Research Laboratories, Warren. 
Michigan, 1965.) Pp. xi+336. (Amsterdam, London 
and New York: Elsevier Publishing Company, 1967.) 
1368. 


INTERNAL flows, although of great technical importance, 
have in recent years barely received the same fundamental 
treatment afforded their more overtly aeronautical 
counterpart, the external flows about bodies. The prob- 
lems they pose, however, are frequently as interesting and 
often more difficult, as the proceedings of this symposium, 
ably edited by Dr. Sovran, display. 

Many facets of the subject are dealt with: turbulent 
boundary layer development, secondary flows and the 
behaviour of diffusers, characteristically from a funda- 
mental standpoint by an imposing list of authors in- 
eluding such names as Ackeret, Rotta, Kline and Haw- 
thorne. While certain of the papers, notably those dealing 
with boundary layer transition and turbulence, could 
equally well have appeared in a symposium on external 
flows, they mostly bear the stamp of freshness (often 
lacking in the modern ploy of binding symposium papers 
between hard covers!) and, because of their incisive 
scientific approach to the subject, provide stimulating 
ideas for further investigation. 

One very welcome (and unusual) feature of the book is 
the relevance of the open discussions that appear at the 
end of each paper. These discussions make informative 
and occasionally delightful reading; like the diatribe by 
Dr. Liepmann against the random nature of turbulence 
research—‘“‘it cannot be done by one Ph.D. student fol- 
lowed by another Ph.D. student followed by another 
Ph.D. student, because they'll never agree”. 

This is a book that can be recommended to workers 
concerned not only with internal flows but with fluid» 
mechanics generally. P. R. Owen 


NEW IONS FOR OLD 


lon Exchange 

A. Series of Advances. Edited by Jacob A. Marmsky 
Vol. 1. Pp. xi+424. (London: Edward Arnoldiiii 
(Publishers), Ltd.; New York: Marcel Dekker, Inc.. 
1966.) 135s. net. 

Ws are told in the preface to this book that “Speculation 
was sought from each of the distinguished authors of thi» 
volume to provide each chapter with a broader base thar 

a technical paper and also to enable each chapter to be» 
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more informative than areview paper”. This aim has been 
reasonably successful in all chapters except the first 
(“Transport Processes ın Membranes”), which is too 
concise for all but the highly specialized reader. 

The terseness of Chapter 1 contrasts sharply with the 
very relaxed, almost chatty approach to ‘‘Ion-Exchange 
Selectivity” (D. Reichenberg, Chapter 7), in whicb the 
appeal to thermodynamic concepts is rather over-simpli- 
fied; in which the demonstration (page 230) of the concept 
«of corrected selectivity coofficient 18 rather unconvincing; 
and in which his assertion (page 236) of the wide applica- 
tion of a form of approximation which rests on only two 
«quoted examples is somewhat facile. 

Further consideration is given to the subject of selectiv- 
ity in Chapter 8 (Diamond and Whitney). The overlap 
that ocours between Chapters 7 and 8 has the support 
sof the editor (footnote, page 280) and indeed provides a 
valuable “second opinion”. Their account is both clear 
wand critical; but the introduction of equation (12) on 
peage 290 is quite unnecessary in the light of the mathe- 
matical standards required in this book (particularly in 
Chapters 1 and 9). 

The volume also contains generally well written accounts 
of ion-exchange kinctics by F. Helfferich; ion-exchange 
studies of complex formation by Y. Marcus; liquid ion- 
»xchangers by E. Hogfeld; studies of ion-exchange 
systems using microscopy by D. H. Freeman; and hetero- 
zeneity and the physical chemical properties of ion- 
«xchange resins by L. 8. Goldring. 

The editor, J. 8. Marinsky, provides a satisfactory 
soda, with a clear and interesting account of modern 
BKheories of polyelectrolytes and their extension to the 

nterpretation of ion-exchange phenomena. 

The book is generally well produced, with clear diagrams 
and photographs, but unfortunately not without printing 
errors; for example, in Fig. 11 on page 245 the abscissa 
«3 surely wrong; on page 295, line 18, the word “less” is 
enissing; on page 363 equation (27) is incorrectly type set, 
mud in equation (31) the superscript is missing from n$. It 
s well to mention, too, that only at the end of Chapter 1 

3 there a list of symbols used; while in Chapters 7 and 9, 
ymbols are introduced the significance of which is not 
slarified until several pages later. T. HENSHALL 


COPPER IN THE BODY 


“he Biochemistry of Copper 

idited by J. Peisach, P. Aisen and W. E. Blumberg. 
Proceedings of the Symposium on Copper in Biological 
‘ystems, held at Arden House, Harriman, New York, 
eptember 8-10, 1965.) Pp. xvi+588. (New York: 
mcademic Press, Inc.; London: Academic Press, 
ne. (London), Ltd., 1866.) 188s. 


“ae proceedings of this symposium is of considerable 
miterest to those research workers who are concerned 
‘ith the role of copper in metabolic reactions, and to 
any others interested in the detailed physical chemistry 
mE the formation and reactions of the copper complexes. 
mnoo the first symposium held at the Johns Hopkins 
“niversity in June 1950, the whole concept of research 
ito the metabolism of copper has changed. At that 
meoting, the main emphasis was on the part played by 
»ypper as a micronutrient in plant and animal metabolism, 
ad considerable stress was made of the interrelationships 
«iat exist between the various micronutrients. 
In this symposium, thirty-seven papers are presented 
m five separate sections. The first section deals with 
to way in which studies have been made on the copper 
ielates such as the copper peptide complexes. Crystal 
udies by X-ray crystallography and electron para- 
_agnetic resonance spectroscopy have led to a consider- 
sle compilation of data on the stability and three 


433 


dimensional shapes mvolved im these structures. In the 
second section the action of copper present in biological 
tissues 18 considered with special reference to its effect 
on the brain. The third section 1s concerned with the 
present knowledge of the state and function of the copper 
component of cytochrome oxidase. In the fourth section 
the activation and mhibition reactions of the polyphenol- 
oxidases related to plant biochemistry are considered. 
These studies show in more detail the way in which the 
copper is associated with the enzyme moiety and extend 
considerably the work presented in the first symposium. 
Both human and animal work are presented in the fifth 
section; studies on amine oxidases, the haemocyanins 
from snails, and the clinical and radiochemical work on 
Wilson’s disease are given. The papers presented m the 
final section are concerned with the structure and reactions 
of the copper protein found in blood known as cerulo- 
plasmin. 

The impressive titles of these papers might suggest to a 
casual reader that our knowledge of the biochemical 
reactions in which copper takes a part is almost complete. 
This impression is soon dispelled when one reads the 
verbatim account of the discussion which follows each 
paper. This book ıs extremely well presented and 
illustrated, but I fear that its price will considerably 
limit its sale. P. J. Warren 


ENDOCRINOLOGY TODAY 


Recent Progress in Hormone Research 

Vol. 22. Edited by Gregory Pincus. (Proceedings of the 
1965 Laurentian Hormone Conference.) Pp. vin +5893. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1966.) 200s. 


ArT the 1965 Laurentian Conference fourteen papers were 
delivered and in this volume they and the ensuing dis- 
cussions are presented. The standard is high and contents 
varied. Randall and his co-workers develop with great 
clarity our understanding of how insulin works in those 
biochemical pathways which lead to the substitution of 
glucose for fatty acid as the fuel for respiration in muscle. 
Daughaday and Kipnis review experimental studies of the 
action of growth hormone on cartilage, skeletal muscle and 
adipose tissue. 

One of the most interesting papers is the description 
by Potts, Aurbach and Sherwood of the chemical form 
and properties of parathyroid hormone—the pure hor- 
mone polypeptide with a molecular weight of 8,500 which 
is single chain in form. It should not be long before we 
have the entire structural form of the hormone. Berg- 
strom also reports progress on the elucidation of the 
structural formulae of the prostaglandins, although one 
wonders if discussion of these substances should feature 
in an endocrinological symposium. Wolfson brings us up 
to date in his studies of environmental and neuro-endocrine 
regulation of the annual gonadal cycle of birds. 

In common with most other contemporary endocrine 
conferences the mode of hormone action is discussed. In 
this colloquium, as in recent years, it is the action of 
aldosterone on permeability characters of an isolated 
membrane, the toad bladder, and the action of the insect 
hormone ecdysone on nuclear changes which command 
attention. Sharp and Leaf conclude that the primary 
action of aldosterone is to allow more sodium to enter 
the mucosal surface of the bladder epithelium, possibly 
by inducing synthesis of proteins which facilitate this 
entry, while Karlson and Sekeris regard ecdysone as a 
hormone best understood by its influence on the induction 
of messenger RNA synthesis. 

Finally, maintaining balance and perspective, three 
papers deal with the clinical aspect of steroid hormones. 

A. J. Marry 
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SYMPOSIUM ON STEROIDS 


Steroid Dynamics 

Edited by Gregory Pinous, Takeshi Nakao and James F. 
Tait. (Proceedings of the Symposium on the Dynamics 
of Steroid Hormones held in Tokyo, May 1965.) Pp. 
xv+5677. (New York: Academic Press, Inc. ; London: 
Academic Preas, Inc. (London), Ltd., 1966.) 1608. 


Onty within the past few years has it been possible to 
study the steroid hormones in vivo with any precision 
and as a routine process. A major obstacle has been the 
need to assay complex mixtures of steroids, often available 
from body fluids or tissues in only microgram or sub- 
microgram quantities. This book highlights the rapid 
advances being made towards an understanding of the 
biological role of steroids now that this difficulty has been 
largely overcome by the availability of a wide range 
of radioactively labelled steroids, augmented by refined 
techniques of chromatography. 

The book contains twenty-one papers by leading workers 
in Japan and the United States. Subjects range through 
almost the entire spectrum of aspecta of steroid biochemus- 
try embraced by the title, cluding among other topics 
the biosynthesis, transport, storage, hormonal functions, 
metabolic clearance, and excretion of steroids, Several 
papers give detailed accounts of modern analytical 
methods applied to the study of steroid hormones in man, 
covering such subjects as the production of steroids by 
particular tissues, the distribution of steroid hormones 
in the body, or the interaction of steroids with their 
target sites. The existence of distinct anatomical com- 
partments, each maintaining its own characteristic 
steroid pattern, complicates any attempt to deduce an 
over-all picture of the production or distribution of a 
particular steroid from analytical data derived, for 
example, from plasma or urine samples. 

Three papers concerned with the binding of steroids to 
proteins indicate that this may be of major importance 
in the transport of steroids and probably also in providing 
an inert “reservoir” of hormone, so avoiding the adverse 
effects of high concentrations of free steroids. 

This is a book for specialists in steroid biochemistry. 
It is liberally provided with clear graphs and tables of 
experimental data, and most papers describe in moderate 
detail the experimental methods employed. All the papers 
are well referenced, and most are followed by verbatim 
reports of discussions which followed their presentation. 

D. N. Kink 


INTRODUCING THE ALGAE 


An Introduction to the Algae 

By Tan Morris. (Hutchinson University Library.) Pp. 
189. (London: Hutchinson and Co. (Publishers), Ltd., 
1967.) 138. 6d. paperbound; 328. 6d. clothbound. 


Tms book is a disappointing addition to an otherwise 
excellent series. The text combines inexpert gleanings 
from Fritech, Smith and Fott with an arbitrary selection 
of recent research. The illustrations are badly drawn 
and, though most are referred to a specific source, the 
author has sometimes added incorrect details of his own 
(for example, Fig. 2L4—‘‘after Fritsch’—has acquired a 
flagellar swelling, basal granules and a stigma in the 
wrong position). 

For most algal divisions, a list of features is given “by 
which they can be distinguished from all other algae’. 
In no cage is the list correct. ‘Flagella are completely 
absent” (page 25) fails to separate Cyanophyta from 
Rhodophyta; the four features given for Xanthophyceae 
(page 79) in fact distinguish the class only from Chloro- 
phyceae; and three of the four features listed for Hugleno- 
phyceae (page 119) are found in other classes, while 
several truly unique characters are not mentioned. 
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Other peculiarities include a definition of oogamy 
(page 23) which excludes the oogamous brown algae; the 
statements (pages 65 and 66) that asexual reproduction 
is “uncommon” in Mesotaeniaceae and “rare” in Des- 
midiacese (meaningless, for reproduction of deamids by 
cell division is common and zoospore formation is un- 
known); and the claim (page 101) for Pennales that ‘‘the 
main structural element on the oell surface is a spine. 
and the finer secondary structures are arranged as lateral 
branches” (7). 

The high incidence of factual errors and misconceptions 
makes it impossible to recommend this book for use 
either by students or their teachers. Other phycologists 
will easily discover the many mistakes, but the student 
would be well advised to leave this book on the bookshop 
shelf. G. F. Lempare 


MAKING FIRM BONDS 


Adhesion and Adhesives 

Edited by R. Houwink and G. Salomon. Vol.2: Applica- 
tions. Second, completely revised edition. Pp. xiv + 
590. (Amsterdam, London and New York: Elsevier 
Publishing Company, 1967.) 180s. 


WHILE plastics technology is the child of our time, the 
preperation and use of adhesives from natural products 
have been going on for more than two thousand years. 
It therefore gives somethmg of a jolt to find that, since 
1965, publishers have been rushing into print with volumes 
on adhesion, volumes both large and small. The book 
being reviewed is in the large category, following the linee 
of volume 1, which dealt with “Adhesives”. 

The very long and ineffective introduction is followedtll 
by thirteen chapters by sixteen authors. One approach 
to adhesive study which is prominent from time to time 
is the consideration of adherend surfaces. This is treatedtll 
in the chapters on “Surface Texture” and “Surface Treat 
ment of Adherends” as well as in other chapters. The 
former takes a theoretical approach, discussing various 
profiles of natural indentation; the latter chapter discusses 
the specific cases of metals, including aluminium, steel 
titanium and copper and also covers glass and wood 
With this last material, it is perhaps out of touch to refexm 
to the exudate from Burma teak as an oily substanc 
when, in fact, it takes the form of a rubber type latex 
The mechanical structure of materials subjected t 
laminate bonding and similar construction has widi 
coverage in the chapters. “Adhesive Bonded Moeta» 
Structures” is a good example, and mentions—but no» 
in too much detail—the types of adhesive finding applica 
tion in metal to metal bonding. The adhesive bondes 
sandwich is covered here, as it is in the chapter on bonde 
composite structures where a fascinating variety of light 
weight open spaced sandwich elements are describediml 
The design philosophy makes interesting reading. 

Wood is treated from the mechanical stress inm 
the chapter “Wood, Reconstructed Wood and Glu 
Laminated Structures”, and this title is fully descriptive 
of the contents. Aspects of mechanical properties o 
wood are given in detail: tensile strength, shear strength 
bonding strength and torsion. Although an insight int 
mathematic treatment is given, there is no attempt t 
describe methods for the measurement of any of thee 
parameters. This is a very long chapter and somewhamm 
padded. 

To this point, the sub-title of the book is a misnome 
and would be more accurately described as an introductio» 
to the structure engineering of adherends. The real bone 
of the book as entitled lie in the four chapters ‘Pressu 
Sensitive Adhesive Tapes”, “Rubber Textile Structures’ 
“The Tack of Printing Inks”, and ‘‘Adhesion in Pair 
Technology”. The chapter “New Uses for Adhesives” 
both relevant and interestingly assembled. The ther 
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mught be said to be that adhesive technology has overtaken. 
machine technology; for example, fibre cans for packaging 
motor oils, adhesives in orthopaedic practice, replacements 
of metal welding, and label adhering to cattle replacing the 
branding iron. The obvious omission is the Croid—Cooper 
method for bonding machinery to floors. 

The omissions in the book are perhaps too numerous for 
comfort. The applications of adhesive to gummed paper 
or the applications to abrasive compositions are two 
such relevant topics not mentioned. It also seems incred- 
thle that a section on micro-capsules can be written with- 
out mention of the encapsulation medium. The testing 
of adhesives is dismissed in a chapter of eight pages 
to cover nine tests and can raise no word here for tack 
testing. It is a pity that a book of this size has to be so 
skimpy in the compilation of the subject index. The 
reference coverage, on the other hand, is adequate. 
The editors could have achieved much more on the same 
weight of paper by being more discriminating on the 
treatment of the subject matter. Some of the many 
good chapters in the book may, unfortunately, not reach 
the readers for whom they were intended. A. Courts 


OBITUARIES 


Professor P. A. Roelofsen 


Wiru the sudden death on December 26, 1966, at the age 
of 88, of Professor P. A. Roelofsen, head of the Department 
of General and Technical Botany at the Delft Institute of 
Technology, Holland, the world of plant science has lost 
a leading exponent. 

Roelofsen graduated in the School of Went and pro- 
ceeded ın 1935 to the degree of Ph.D. with honours at 
Utrecht, with a thesis on photosynthesis in purple bacteria 
based on his investigations at Delft under the direction of 
A. J. Kluyver. He had already signalled the field in 
which he was destined years later to find most acclaim 
by two papers with Oort on, the significance of wall struc- 
ture for growth in Phycomyces sporangiophores. In 
1938 he left Holland for what was then the Dutch East 
Indies to work first at the Upland-culture Experiment 
Station and later at the Deli-Proefstation of which he was 
Director. His career at that time seemed set in its path. 

The Second World War and his capture by the Japanese 
put an end to the plans which he must have had in follow- 
ing this path and called a halt to his career, but not to his 
persistence in biology; for among other things he pro- 
ceeded to use his biological skills in the production of 
“tempeh” from soya beans. On his release, he returned 
to Holland to work for a short time in the Laboratory of 
Technical Botany at Delft under the direction of G. Van 
Iterson, jun., until, in 1947, he became Director of the 
Netherlands Organization for the Advancement of Pure 
Science. One year later Roelofsen began his real career 
on his appointment, as successor to Van Iterson, as 
professor of technical botany at Delft. He was to prove 
a worthy successor to this great botanist. 

Roelofsen, had many interests in common with Van 
Iterson and, like him, became through his work and 
through his writings an undisputed world authority. 
His interest in plant cell-wall structure and cell growth 
led him to propound the multi-net growth hypothesis 
which will forever bear his name and which has been 
accepted by all workers in this feld. His book The Plant 
Oell Wall published in 1959 not only established him for 
all time as a scholar of great distinction but subtly 
revealed a major aspect of his character, namely, an 
integrity which led him in fairness to discuss in detail 
the work of investigators whose conclusions he neverthe- 
less profoundly distrusted. Roelofsen had many other 
interests on which he published extensively: pectins, 
pectic enzymes and enzymes generally, vitamins, alcohol 
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bacteria, the growth of coffee plants and the production 
of coffee, the fermentation and storage of cocoa beans; 
in all of these he was equally persuasive. 

Roelofsen was a man of quet charm, with a kindly 
wisdom and a strong aversion for any form of outward 
show. He had encyclopaedic knowledge and this, with his 
pronounced sense of justice, his energy, his quick grasp 
of a subject and his perceptiveness must have made him 
a good head of department just as ıt made him a respected 
scientist. R. D. PRESTON 


Professor Flavio Resende 


Prorgsson Fravro RESENDE, Director of the Institute 
of Botany, University of Lisbon, died on January 1. 
His main contributions were in the field of chromosome 
research and in the study of the genetic mechanisms 
responsible for the flowering process. 

Resende was born in Portugal on February 28, 1907. 
He obtained his M.Sc. in biology at Oporto University in 
1928, and between 1931 and 1933 he carried out research 
under the direction of A. Quntanilha at the University 
of Coimbra. After that he studied with E. Heitz at the 
University of Hamburg until 1937, when he obtained his 
Ph.D. at the University of Hamburg. During the first 
years of the Second World War he worked at the Kaiser- 
Wilhelm-Institute, Berlin-Dahlem, and in 1942 became 
Professor of Botany at Oporto University. In the follow- 
ing year he was appointed professor at the University of 
Lisbon where he worked until his death. 

One of the first problems which interested Resende 
was the study of nucleolar constrictions and the formation 
of nucleoli. Heitz in the preceding years had demonstrated 
a direct relation between the number of constrictions 
seen at metaphase of mitosis and the number of nucleoli 
present at interphase. Resende was instrumental ın 
extending this finding to more than 300 species and 
varieties of plants. This led him to examine in detail 
the structure of the secondary constrictions associated 
with nucleoli and to compare their morphology and 
behaviour with other chromosome constrictions not 
involved in nucleolar formation. 

His detailed work on the spiralization process of 
chromosomes at mitosis and meiosis resulted in the 
demonstration of the existence of two chromonemata at 
anaphase in a mitotic chromosome, a phenomenon of 
special relevance today in connexion with DNA synthesis 
ia chromosomes. 

He investigated the effect of high temperatures on 
chromosome contraction, which was known to occur after 
exposure to low temperatures, in Trillium, Aloe and 
Vicia, and he described the differential behaviour of 
different chromosome regions. He also became interested 
in the spontaneous chromosome stickiness which occurs in 
the roots of Aloe, and leads to the formation of chromosome 
bridges and as a consequence to spontaneous mutation. 

In the later period of his life his interest shifted mainly 
to the study of genetic factors involved ın plant develop- 
ment. The action of light on the formation of roots m 
Bryophyllum and its relation to hormonal processes, as 
well as the physiology of development of inflorescences in 
the Aloinae were studied from many aspects. He analysed 
the relation between photoperiodism and hereditary 
factors in Kalanchoe and Bryophyllum by means of crosses. 

Resende was both an excellent naturalist and an experi- 
enced cytogencticist. His work was characterized by a 
broad approach to the problems of chromosome structure 
and behaviour. Like many of his colleagues, he was a 
victim of the political regime in Portugal. He was dis- 
missed temporarily from the chair of botany at Lisbon in 
1947. His co-workers dispersed; some of them left the 
country. He had to work in conditions that hardly 
allowed any serious scientific research. Resende will be 
remembered not only as a devoted research worker but 
also as a man of integrity. A. LIMA-DE-FARIA 
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TWENTY-ONE YEARS AT HARWELL 
(continued from page 344) 


well had become a national centre. The team of physicists 
which had designed and built the 110 m. synchrocyclotron 
and the 6 MV Van do Graaff machine was reinforced in 
1948 by a substantial group of staff from the Telecom- 
munications Research Establishment at Malvern, who 
brought with them, among othor things, special experience 
in the design of linear accelerators. There was a con- 
tinuous progression of instruments beginning with the 
4 MV linear accelerator in 1949. This was the first 
machine to be used for neutron time-of-flight experiments 
and it was succeeded in 1952 by a 13 MV machine which 
delivered much shorter pulses. In parallel with the 13 MV 
machine, a variable energy machine was constructed 
powered by klystrons. On the basis of this experience a 
25 MV klystron powered, electron linear accelerator was 
designed and came into operation in 1957. In the following 
year it was coupled to a subcritical plutonium target 
and provided with a range of neutron flight tubes. This 
“neutron booster’ was the first of its kind to be built 
and has become the prototype for similar instruments in 
other countries. It has proved to be one of the most 
powerful tools at the disposal of the nuclear physicist for 
the determination of nuclear data. 


High Energy 


In the fifties, high energy nuclear physics had already 
moved out of the range of interest for nuclear fission 
reactors, but it was clear that, if a large high energy 
machine was to be built in Britain, design responsibility 
would have to be borne by the accelerator design group 
at Harwell. Design studies for a 7 GeV proton synchrotron 
were initiated in 1955 and construction started on the 
airfield at Harwell in 1957. It was announced at the 
same time that a new organization, the National Institute 
for Research in Nuclear Science, would own and operate 
the machine on behalf of the universities and the Harwell 
accelerator design team transferred to the Rutherford 
Laboratory, as the new laboratory was called, in 1961. 

Great interest was aroused at this time by the possibility 
of bringing about a controlled thermonuclear reaction 
through confinement and compression of a gaseous plasma 
by magnetio fields. Work which had been initiated in the 
universities was transferred to Harwell, where it was at 
first pursued under the cloak of secrecy. At the second 
Geneva Conference on the Peaceful Uses of Atomic 
Energy in 1958, the United Btates, Russia and Britain 
disclosed their results on nuclear fusion and since then 
there has been an increasing effort in this field in many 
countries. Work at Harwell had led to the construction 
of the large toroidal experiment ZETA. First results gave 
rise to a more optimistic picture than subsequent analysis 
justified and it was soon realized that a broader based 
attack would be necessary. Because this work had little 
connexion with the other activities on the Harwell site, 
it was decided in 1959 that more satisfactory growth and 
better control would be obtained by moving it to a new 
site a few miles away at Culham, where the team from 
Aldermaston could also be accommodated. This decision 
was in conformity with the general policy of restricting 
the growth of the Harwell establishment. 

The developments in nuclear physics and fusion research 
during the period 1952-59 were paralleled by equally 
rapid growth in the field of reactor technology. It was 
recognized at an early stage that it might be possible to 
build an unmoderated power reactor operating through 
the fast neutron chain reaction which would breed more 
fissile material than it consumed. Plutonium metal fuel 
clements for the core of a zero energy fast breeder reactor 
ZEPHYR were produced by January 1954 and the reactor 
became critical in the following month. The breeding 
principle which was successfully demonstrated was 
described at the Geneva Conference on the Peaceful Uses 
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of Atomio Energy in 1955. Following this, a decision was 
taken to build an experimental fast power reactor at 
Dounreay in the north of Scotland, using *°U as fissile 
material rather than plutonium. A zero energy version 
of this system known as ZEUS was rapidly constructed 
at Harwell and became critical in December 1955. Fast 
reactors, however, presented some entirely new and 
difficult technological problems and this was brought out 
at a memorable Nuclear Power Conference held at Harwell 
m 1953. These conferences took place periodically with 
the participation of the Industrial Group and industry, 
and provided a valuable forum for discussion of ideas and 
programmes for development of nuclear power. 

It was apparent that not only fast reactors but all power 
reactors of the future would operate under far more severe 
conditions of neutron flux and radiation intensity than 
could be achieved in the BEPO reactor. BEPO had 
large volume capacity, was easy to use and provided 
relatively stable flux. It was, incidentally, the first 
reactor in the world to be used as a source of useful 
energy. Heat exchangers were installed in October 1951, 
and 1 MW of thermal energy was fed into the heating 
system of hangar 10 and neighbouring buildings. Serious 
consideration was given in 1952 to a proposal to construct 
a heavy water research reactor (HIPPO) of the Canadian 
NRX type. Unfortunately this scheme was dropped, 
partly on safety grounds, and a design nearer to that of 
the CP5 reactor at the Argonne National Laboratory was 
adopted instead. Two reactors, DIDO and PLUTO, 
were built to this design at Harwell and became critical 
in November 1956 and October 1957, respectively. They 
had a mean thermal flux of 10 neutrons cm~? geo-! com- 
pared with the BEPO figure of 2 x 10" neutrons em~* seo", 
and could accommodate small experiments in the fast flux 
obtainable in hollow fuel elements. To begin with, the 
reactors operated at 10 MW, but the power has gradually 
been raised through various mmprovoments and to-day 
DIDO is at 15 MW and PLUTO at 22 MW. Although 
considerably more expensive to use than BEPO these two 
reactors have been of the utmost value to the Atomic 
Energy Authority for almost a decade. 

When the Authority was formed in 1954, Calder Hall 
was already under construction and the decision to go 
ahead with the Dounreay fast reactor was taken soon 
afterwards. One of the problems facing the Authority was 
to select a sensible reactor research and development pro- 
gramme from the almost bewildering number of alterna- 
tives which were appearing. Although there was general 
agreement that a development of the Magnox reactor 
using enriched oxide fuel should be followed up, it was 
by no means certain that this (AGR) system would ultim- 
ately be the best choice. Several other systems were 
therefore studied at Harwell between 1954 and 1958. A 
pressurized water design study known as LEO was given 
up as a power station concept, but the technology associ- 
ated with it was directed later on towards marine systems. 
There was also great interest in the various homogeneous 
systems under investigation in the United States. The 
most advanced of these was the homogeneous aqueous 
reactor project at Oak Ridge and this was thoroughly 
investigated at Harwell. A certain amount of work was 
done on the fused salt system—also under development 
at Oak Ridge—and the liquid metal fuelled reactor 
concept developed at Brookhaven. Then a new proposal 
was mado at Harwell for a homogeneous gas cooled reactor 
in which graphite imprognated with enriched uranium 
was cooled by helium. The fluidized bed system which was 
first proposed was unattractive, but a new semi-homo- 
geneous design using graphite fuel elements with im- 
pregnated graphite rings was studied in greater detail. 
Another new proposal (FELIX) was based on the use of 
gaseous uranium hexafluoride under pressure. It was 
demonstrated in the engineering laboratories that this 
gas could be handled under pressure at temperatures up 
to 400° C, but the project was dropped because of chemical 
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and other difficulties. The homogeneous aqueous (HAR) 
system was also dropped on account of serious chemical 
difficulties and the liquid metal system (LMFR) met the 
same fate. The semi-homogeneous high temperature gas 
cooled system (HTR) was thought worthy of further 
development and was later (in March 1959) adopted by 
the European Nuclear Energy Agency in the form of the 
DRAGON project at Winfrith. 

By the beginning of 1959, Harwell had stopped work 
on. all reactor systems which had not been adopted either 
by Risley or by other organizations such as the European 
Nuclear Energy Agency. At about the same time it was 
decided to move most of the Reactor Physics Division 
and the Engineering Laboratory to a new site at Winfrith 
in Dorset in conformity with the general policy on site 
development. Winfrith also provided space for the con- 
wtruction of experimental reactors such as DRAGON 
whioh could not be sited at Harwell. As reactor designs 
gradually became more refined in the struggle to achieve 
economic viability, the demands on reactor physics 
increased rapidly. It became necessary to build a whole 
series of critical assemblies or zero energy reactors and 
these were all eventually moved to Winfrith, The swim- 
ming pool reactor LIDO, moderated by light water, 
‘which was specially designed for shielding studies and 
which is still probably the best reactor for this purpose 
kn Europe, remained at Harwell. 


Reactor Materlals 


The creation of the National Institute for Research in 
Wuclear Science and the new establishments at Winfrith 
and Culham resulted in a major logs of physiciste from 
larwell and greatly changed the balance of the pro- 
gramme. For the first time, numbers on site began to 
sontract; since 1961 there has been a steady shrinkage 
of about 2-5 per cent per annum, and this is still con- 
sinuing. After 1959 such reactor physics and reactor 
mgineering as remained was concerned only with the 
levelopment of research reactors. The biggest single area 
of research became the science and technology of reactor 
materials: moderators, coolants, fuels, canning materials 
and structural materials all presented new problems under 
he conditions of temperature and radiation intensity 
‘equired in advanced power reactors. The early work at 
darwell, together with that in the United States and 
Janada, had established uranium dioxide as a potential 
uel for power reactors; when it was selected as fuel for 
he advanced gas cooled reactor (AGBR), its production, 
‘abrication, structure and radiation behaviour were inten- 
ively studied. After a time, however, the Harwell work 
was gradually reduced as the co-ordinated programme of 
he Reactor and Production Groups of the Authority 
wilt up. The next important issue was the choice of fuel 
or tho fast reactor, which was not as simple as it had 
»een for the AGR. Although oxide fuel had the advan- 
age that a great deal more was known about it than was 
mown about the possible alternatives, much new in- 
wormation was required, especially about effects at high 
surn-up. Other materials such as uranium and plutonium 
varbides, nitrides, sulphides and phosphides which were 
wtudied were virtually unknown chemically and were 
otirely novel as fuels. 

It is this work on new fuels which has demonstrated 
he unique power of the large multi-discipline materials 
arch laboratory most clearly. At Harwell, full use 
as been made not only of research reactors and neutron 
‘eam equipment, but of accelerators, electron micro- 
copes, Mass spectrometers, computers, special labor- 
‘tories, and so on, and many different scientific points of 
view have been brought to bear on the problems. Pro- 
weas has been extraordinarily rapid, but it has been made, 
Kmost entirely, in a few larger and very experienced 
whoratories. Much the most important of the other areas 
K work has been the graphite programme. Sufficient was 
mown about the physical and chemical behaviour of 
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graphite for the graphite moderated ‘Magnox’ reactors to 
be built, but conditions in the AGR were much more 
severe and it was of the utmost importance to provide 
adequate scientific information on which to base the 
commercial appreciation. In this area of the basic radia- 
tion physics and radiation chemistry of graphite Harwell 
became the leading world centre. 

During the fifties there had been a steady growth of the 
effort devoted to the application of isotopes. Production 
and sale of radioisotopes were gradually taken over by 
the Radiochemical Centre at Amersham. In a new 
laboratory which opened at Wantage in 1959, provision 
was made for the study of the applications of large sources 
of gamma radiation. In a remarkably short time, this led 
to the establishment of a new radiation industry. The 
first commercial gamma radiation plant in the world was 
built in Australia in 19860 on the basis of experience at 
Wantage. British companies have since built or secured 
contracts for four such plants in Britain and five in 
Europe. Many other new uses for radioisotopes have also 
been developed. 

The achievements of the period 1959-66 are much more 
diverse and difficult to comprehend as a whole than in 
earlier periods. Besides the technological work on reactor 
materials and isotopes already mentioned, there have 
been important programmes on water reactor technology 
including corrosion and studies of two phase flow; con- 
tract work on behalf of the DRAGON project, out of 
which arose the decision to adopt the novel and extremely 
promising coated particle fuel; and chemical and chemical 
engineering studies of fluidized bed systems of the kind 
used in the Springfields uranium production plant. 

Neutron beams have been extracted from nuclear 
reactors for many years and used for structural analysis 
in a manner similar to X-rays. Precise information con- 
cerning the positions of light atoms can be obtained. 
More recently, neutron scattering experiments have given 
information about the motion of atoms in crystal lattices 
and about magnetic properties. Provision of cold and 
hot neutron sources in the DIDO and PLUTO reactors, 
together with beam choppers, automatic spectrometers 
and other equipment, led to a considerable expansion of 
this kind of work and the active participation of several 
university groups. Scientists using the Harwell equip- 
ment have built up a distinguished reputation, but the 
beam intensities obtainable with DIDO and PLUTO have 
now been surpassed by reactors in the United States and 
in the Soviet Union, and shortly in Europe. A now 
reactor, known as the mgh flux beam reactor (HFBR), 
has been designed to provide up to date facilities at Har- 
well, but its construction has not yet been approved. 

The total number of unclassified publications by Harwell 
staff in 1965 was 706. Because the senior author is 
usually a scientific officer (about 450 staff), this repre- 
sents an average of 1-5 publications per scientist. It has 
often been said that the effectiveness of scientists declines 
after the age of 45, but there ıs little evidence at Harwell 
to support this view. There were twenty-five scientific 
officers over 50 in 1964, excluding five division heads 
and two others in administration; they produced 106 
publications in the three years 1964-66, or an average of 
1:5 per annum per scientist. 


Co-operation 


Many universities have close working arrangements 
with the establishment, particularly for the use of particle 
accelerators and neutron beam equipment; in 1966, for 
example, eighty university staff and students used Har- 
well facilities for periods of a few weeks to several months. 
There has also been a steady flow of staff from Harwell 
to posts in universities and technical colleges amounting 
to an average of about ten per annum over the period 
1959-66. Approximately forty ex-Harwell staff now 
occupy university chairs, twenty-nine of these being in 
the United Kingdom. The establishment also exercises a 





f i e e e training function through courses at the Educa- 
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tion and Training Centre and the Isotope School. In 
1966 there was an attendance of approximately 1,500 
outside students at seventy-two different courses in 
addition to students from within the Authority. About 
one hundred and thirty of these students came from over- 
seas and there were, besides, seventy staff from overseas 
working at Harwell on a full time basis. 

Interaction with industry 1s equally lively. Apart from 
contracts for building construction, engineering plant and 
for purchase of stores, approximately 1,400 extra-mural 
development contracts (value £14m.) have been placed 
with industry since 1946. As many of these concerned 
very advanced equipment, the contracts contributed 
appreciably to the introduction of the latest technology 
into industry. This effect was broadened by the move- 
ment of trained professional staff from Harwell into 
posts in industry at the rate of about sixteen a year 
(average over the period 1959-66), supplemented by many 
apprentices and skilled industrial workers. 

Although the chief purpose of the industrial research 
and development contracts was to develop equipment 
needed by the Atomic Energy Authority, much of it, 
particularly electronic and health physics equipment, 
in-pile rigs and hot laboratory equipment, found a market 
outside the Authority. Reference has already been made 
to applications of radioisotopes and large sources of 
radiation and the industrial and commercial benefits 
which they offer; radioisotope devices such as thickness 
and backscatter gauges developed at Wantage are 
manufactured by industrial firms and have led to sub- 
stantial savings when used in production plants. These 
activities taken together brought considerable benefits to 
industry, but there were limits on what could be done 
under the Atomic Energy Act. 

By 1965, there were signs that the demand for research 
and development in atomio energy had passed its peak, 
and Section 4 of the Science and Technology Act of that 
year made specific provision for the Authority to under- 
take scientific research outside the field of atomic energy 
if requested to do so by the Minister of Technology. 
Given a steady reduction in the atomic energy programme 
at Harwell over a number of years, it became possible to 
consider a whole range of new activities. Collaboration 
with the universities could be increased, particularly on 
the scientific exploitation of neutron beams; direct sup- 
port could be given to industry in areas where there has 
been a strong effort associated with the nuclear programme, 
such as the science and technology of materials; and 
certain national programmes, for example those con- 
cerned with the environment, could be strengthened by 
redeployment at Harwell. 


Manpower Draln 


The contraction in the total number of staff which has 
taken place over the past few years has provided a 
stimulus towards improved efficiency in all sectors of the 
Establishment. Divisions have been concentrated, as far 
as possible, in particular areas of the site and outstations 
are being closed down and the staff moved to Harwell. 
At the same time, laboratories and equipment have been 
modernized and new items installed. For example, the 
new variable energy cyclotron, improvements to the 
original synchrocyclotron and other changes have 
strengthened the already unique ion-beam resources of 
the establishment and a new on-line computing system 
will ensure optimum contro] and maximum utilization of 
data. The problem will be to fit new developments in 
nuclear technology, such as the study of ion implantation 
methods for the production of semiconductors, develop- 
ment of isotopic generators and of diode fuel elements 
for direct generation of electricity in reactors and many 
other items into a shrinking overall nuclear programme. 
Non-nuclear commitments are already considerable. In 
addition to Harwell participation in the Authority pro- 
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gramme on desalination, the setting up of a Ceramice 
Centre and a national centre for Non-destructive Testi 
has recently been approved. The Ceramics Centre wi 
work in collaboration with the British Ceramic Researcha 
Association and other bodies, and both of these centres 
will draw on the experience and use the special facilities 
which have been built up at Harwell for the nucleam 
programme. 

It has often been said that it would be better from ə 
national point of view if the staff engaged in these sorts off 
activities were employed directly in dustry. There is 
undoubtedly a great need for more scientists in industry, 
but movements of individuals from Harwell, where there 
are only 450 scientific officers altogether, would produce 
no more than a marginal effect. That the large establish 
ment, taken as an organic whole, offers certain special 
advantages 1s shown by the record of scientific and techno. 
logical productivity of the past 21 years. The periodim 
changes of programme which have occurred suggest that, 
within certain limits, great flexibility of purpose is possible 
Finally, the much publicized brain drain is minimal frons 
a large, well equipped laboratory, where there is alwayp 
something exciting happening. Professional staff accepting 
appointments overseas, averaged over the past sever 
years, have amounted to about 0-75 per cent of the tote» 
professionals of all grades (1,200), and of the number goinpm 
overseas in 1966 only a quarter went to the United States 

Harwell, now in 1ts twenty-second year, looks forware 
to a new period in which its collective knowledge an 
special skills will be more widely applied, supported by 
the confidence which stems from an established traditiowm 
of achievement. 


University News: Londor 


Tum title of professor of anaesthesia has been conferre: 
on Dr. B. R. Simpson, in respect of his post at the Londom 
Hospital Medical College. 


Loughborough University of Technology 


Dez. R. J. W. REYNOLDS, at present project manager an=» 
head of the New Polymers Group at the Petrochemicaom 
and Polymer Research Laboratory at Imperial Chemicem 
Industries, has been appointed professor and first directo 
of the university’s newly formed Institute of Polyme 
Technology. Dr. Reynolds will continue as a consultare 
with I.C.I. after he joins the university in September. 


Mancheste. 

A NEW chair, the I.C.T. professorship in computer engim 
eering, has been established by the council of the univer 
sity with the support of International Computers an 
Tabulators, Ltd. I.C.T. have endowed the chair with 
contribution of £100,000, which will be made over a 1 
year period. 

Newcastle upon Tyna 
Dr. A. Mine, at present a senior principal scientifim 
officer at the A.R.C. Unit of Insect Physiology, has bee 
appointed to a personal professorship in agriculture 
entomology. 


Announcements 


Dr. BARBARA MoCLINTOOK, a member of the Genetic 
Research Unit of the Carnegie Institution of Washingtor 
has been awarded the Kimber Genetics Medal of th» 
U.8. National Academy of Sciences, in recognition of he 
studies on chromosome structure and function. 


Proressorn JOHN H. REYNOLDS, professor of physics Hi 
the University of California, Berkeley, has been awarde 
the J. Lawrence Smith Medal of the U.S. Nation» 
Academy of Sciences in recognition of his investigatior 
of meteoric bodies. 
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"FORTHCOMING EVENTS 


me (Alestings marked with an asterisk are open to the publio) 


Monday, April 24 


[NSTITUTION OF ELROTRIOAL ENGINHHRS (at Savoy Place, Tondon, W Wg: g 
5.380 p.m.—Discusaion Mestiıng on “Heterojunotions” opened by br 
right and Mr. T. L Tansley. 


INSTITUTION OF ELROTRICAL ENGInwHRS (at the Institution of orm 
agıneerg, Great George Street, ai 8. a 1), at 5. 50 p.m.—The Rt. Hon 
e Lord Bowden: Thirteenth Graham Ciar! 


PLASTICS INSTITUTH, LONDON SHOTION pean PLABTIOS Bys GROTE 
k6 the Eccleston Hotel, London, 8.W.1), at 7.80 pm—Mr, D. Childes 


-atest Developments in Trimming Tools for Use with Reinforced Plastics” 


ROYAL GEOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
8.15 p.m.—Prof, Jean G. Baer and Mr. B. B. Worthington ‘exploring 
e Resources of the Biosphere”, 


Tuesday, April 25 


INSTITUTION OF ELHOTRICAL ENGINARRS and the I.E.R.B. MRDIOAL AND 
OLOGICAL RLECTRONICS GROUP {at Savoy Place, London M C. D, at 
a.m.—Discussion Meeting on “The Processing of Biological | Signals’ 


INSTITUTION OF ELECTRIOAL ENGINBARS (at Savoy Pisce, London, W. 0. 2), 
5 30 p m.—Alr. J. Vermeer and Mr. W. Boone. “Characteristic tice 
Ou-Impregnated Laminated Synthetic Insulation for Extra-High-Vo! cai 


INSTITUTION OF ELHOTRIGAL ENGINEBRS and the AUTOMATIO CONTR 
OUP OF THE INSTITUTION OF MEOHANICAL ENGINBRES (at the Tnstitution 


Mechanical Engineers, 1 Birdcage Walk, Westminster, London, 8.W.1), 
6 p.m.—Aleeting on “In-Process G Gauging”. 


UMERT LOGY, CONTROL TROHNOLOGY oe 
B Manson House, 26 Portland Place, London, X A at 6 p.m.——Mr. R, L 

R. Shaw, Dr R. L. Grimsdale and 5. W Notley. Three 
mpers on omiaa Interface in Process Control ee 


INBTITUTION OF RLUECTRIOAL ENGINEERS, LONDON Geapuare AND BTUD 
«OTION (at Willesden vee o of Technology, Denzil Road, London, N.W. 30. 
6.80 p.m.—Mr. D. D. ti: “Vi ie Recording”. 


PLASTIOS INSTITUTE, e SEOTION ENGINEBRING SUB- one {at the 
Oe Hie Arms, 8 Morylebone Lane, London, W.1), a pra 

.O.B olystyrene Sheet-Hxtrusion na hemo ret 
a Techniques”, 


ESOCTY OF CHAHIGAL IÎNDUBTRY, PLASTICS AND POLYMER GROVP (at 14 
algrave Square, London, 8 W. D nt 6.80 p.m.—Prof. W. Kern: trix 
saotion Models”. 


Wednesday, April 26 


INSTITUTION OF ELHCTRONIO AND RADIO HwaineuRs, KLRCTRO-ACOUSTIOS 
:ouP (at the Tonin School of et and Tropical Medicine, Keppel 

wcect, Gower Street, London, W.0.1), at 2. 3o p.m.—Symposium on “Ultra- 
alc Methods In Non-Destructive T esting” 


<GEOLOGIOAL Soorsty (at Burlin i House, Piccadilly, London, W, Ia at 
).m,—Ann General Meeting, dent’s ‘Anniversary A ddresa : 
al Geology and the Natural Environment of Man”. 


INSTITUTION OF ELHOTRIOAL ENGINEERS and the AUTOWATIO CONTROL 
«OUP OF THE INSTITUTION OF MEOHANIOAL ENGINBHRS (at Savoy Place, 
ndon, W C.2), at 5.30 p.m.—Discussion Meeting on "The Reduction of 
mamıcal 8ystem Complexity?” opened by Mr. J. H. Anderson, Mr. A. D. 
«Cann and Mr. D. Mitra. 


LNSTITUTION OF rapcar ate ENGINEERS (at Savoy Place London, W.0.3), 
5.30 p.m.—Mr. A. G. Milne and Mr. J. H. Maltby: “An Integrated System 
Motropolitan Riestrictty Supply’ Experience ie Design”. 


CHUTIOAL SOCIETY OF GREAT BRITAIN (at the School of Pharmaoy, 

mversity of London, Brunswick Square, London, W.O. W, at 7 p.m. 

E. ter Smith, F.R.S: “The Vorsatile Vitamin (Hanbury 
morlal Lecture). 


Wednesday, April 26—Friday, April 28 


BORITISH INSTITUTE OF pee DIOLOGy (in the Central and Caxton Halls, the 
stitution of Civil Westminster, and 82 Welbeck zan H London, 
1}—Twenty-eighth East Congress, Technical and Scientific exhibitions. 


Thursday, April 27 


poora so Soots (i at Burlington House, Piccadilly, London, W.1), at 4380 
Mond and Mr. P. 8. Bonilta “Pre etection by 
te SA a Vibration Sense”, Mr J. L. 8. Cobb: 16 Innervation 

pulla of the Tube Foot in tho Starfish Astropecten irregular’. 


SE OF ELEOTEIOAT ENGINEBRES aa (at Savoy Place, London, W.C.2), 
5.30 p.m.—Prof. F, P. Bowden, O “Recent Studies in’ Burface 
ym” (Fifty-eighth Kelvin Lecture). 


BROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m — 
of. Gerald Oster (Polytechni 


se 


o Institute of Brooklyn), “Moiré Patterns— 
m Op Art to Holography”. 
Friday, April 28 
Soorary OF LONDON (at Burlington House, Pi , London, 


RUINNEAN 
1), from 10.15 a.m. to 5 p m, 
xonomy of Plants”. 


LOYAL ASTRONOMICAL SOOTY (at Burlington House, Piccadilly, London, 
RD at 4. oe p. a ee sical isoussion on “‘Barthquake Mechaniams"’. 
r. away. 


Sasra Ei OF ELROTRIOAL EXGINERRES (at Savoy Place, London, W.C.2), 
5.80 p.m.—Mr. T, W. Harrold: “Attenuation of 8-6-mm Wave-longth 
<diation in Rain”; Mr. Easterbrook and Mr. D. Turner 
diction of Attenuation ay Fant on Line-of-Sight Microwave. bater 


ymposium on “The Role of Anatomy in the 


Monday, May | 


BOORTY OF OHHMIOAL INDUSTRY, LONDON SROTION (at 14 Belgrave Rana Square, 
London, 8.W.1), at 6 p.m.—Annual General Meoting, folowed 
Cookson: “Bome Agpecta of Photochemistry”. 


Soomry OF INSTRUMENT Teomnoroas (at the Manchester Literar y-a] and 
E hical fioctety 86 George Street, Manchester 1), at 6.45 
M G Hartley and Mr. D. H. Green: ighnuletien and Oomputer Qontrol 
Aa ia ‘teatto™ 


Monday, May |—Tuesday, May 2 


Soormry (at Burlington House, Piccadilly, London, W.1), at 10 a.m. 
esting on STnfra-red Astronomy”. 


APPOINTMENTS VACANT 


For salt are invited for the following appoimtments on or before the 


dates men 
LEOTURER IN Paosorny—The Registrar, University College 
of South Wales and Monmouthshire, Cardiff (April 28). 

Luorvnae (preferably with research interests in plasma physics, f radio 
astronomy or ooamuc ray physics) IN PHYSICS at the Universi nia, 
Austraha--The Association of Commonwealth Universities (Branch Office), 
Morlborgagh House, Pall Mall, London, 8.W.1 (Australa and London, 

p: 
aor and RASBAROH ASSISTANTS (pre- or post-doctoral) IN THEORETI- 
OAL Crmaneray—The Secretary of the University Court, e University, 
Glasgow {Apru 29). 


ge, m Dorr IN THE DEPARTMENT OF CHILD LIFE AND 
kaiia of Edinburgh, Old College, South 


The $S 
Brida  Bdinburgh (A: Ape 20 
go, jpeg LROTURER IN APPLIED MATHBMATIOS in St. 


die poar 


LEOTURBR or 
Balvator's olegs = The Seoretary, University of St. Andrews, College Gate, 
Fuite, Scotland (April 28). 

RE8BAROH D a Une IN THE DAPARTMANT OF ZOOLOGY—The Profes- 
sor of Zoology, Unr ee of Bonth Wales and Monmouthshire, 


Cathays Park, Garda ( (Ag 
DWLS A. RESRAROH Pater (graduate in chemical engineer! ing or 
tetni i at least three years’ industrial arience, profe. bly m the 


sugar industry) w BUGAR TECHNOLOGY IX THA DEPARTMENT OF CHEMIOAL 
ENGINEERING- The Secretary, University of the West Indies, St. Augustine, 


Trinidad, W I. (April 30). 
to take charge of tho electron microprobe anayea eculpment and to partier 
take charge o: electron micropro’ yas pment an partici- 
ton the de ental research p: es that need mucroanalys 
trar, University of AMinchonter natitute of Science and Technology, 
fe Street, Manchester, 1 1 (Apr 80). 
ASSISTANT LROTURER IN THR DHPARTMENT OF MATHEMATIOAL PHYSICS— 
The Assistant t Tomstar (8), P.O. Box 868, University of Birmingham, 


Birmingham 16 
LEOTURER O Seid LECTURER a APPLIED AaTHEMaTICS—The 
pega The Univermiy, Leeds, 2 (May 1 
ESHAROH FELLOWS (2 (organie ohana with an interest in the chemistry 
of natural products) IN ORGANIO OnmsTRY—The Registrar, University 
College of Swansea, Singleton Park, Swansea, South Wales (May 1). 

SHNIOR LABORATORY TROHNIOLAN (with City and Guilds Laboratory 
Techniaans’ Advanced Certificate or equivalent, and at least 10 years’ 
relevant experience) IN THR SOHOOL oF RURAL Sormxor—The Roget 
University of New d, Armidale, Now South Wales, Australia y 1). 

LHOTURBR (graduate with some years’ 1ence 1n ‘management or in 
management advisory work) IN AGRIOULTURE (Farm Management)—The 
(lay Bie. University of Edinburgh, Old College, South Bridge, Edinburgh 


Ma 

ae or ASSISTANT LECTURER (with special interests in Inorganic 
ae try) IN THE DEPARTMENT OF CHRIOSTRY—The Secretary, University 
of aeoboae, Old College, South Bridge, Edinburgh (May 8). 


Lederer ain ferab Iy eet and/or research experience ın 
eee or more of Allowing Hel tology, freshwater biology, ecology, 
mammalogy or vertebrate ecco THR DEPARTMENT OF ZOOLOGY, 


Ahmadu Ballo Untveraity, Northern Niners -The Inter-University Counc, 
38 Bedford Place, London, wee 8). 
SENIOR LHOTURBR or LROTURWR and an ASSISTANT LHOTURER IN MATHE- 
MAIOS (Pure and/or Applied) at tho’ ‘Univera of the West Indies, Barbados 
~The Inter-University Council, 88 Bedford Place, London, W.C 1 @iay 4). 
DEMONSTRATOR IN GHNETIOS IN THE DBPARTMENT OF AGRICULTURAL 
Boraxy--The Registrar, University College of Wales, Aberystwyth (May 6) 
TROHRIONAN (with experience in ether comput or electronics) IN THE 
DUPARTNENT OF ZooLogy—Dr. P, J. Mill, De: ent of Zoology, The 
Umversity, pear. 2 (May 8), 
pepe at 


JeoroRan (with a good hon honours degree or or saniya- 
leni qualification) IN CHEAISTRY—' Assistan 


gistrar The City Shave St. John Street, BEA Ro. 1, quoting 
Rof, 20/CH/N (May 8), 

ROLHNTIWIO OFFIOHR or SENIOR SOINNTIVIO OFFICER (with a good honours 
d ım botany or biology, ax an interest ın or knowledge of geography and 
h logy, an and preferably some postgraduate research experienco, si especially 
in the field of wetland ecology) at the Nature Conservancy’s Headquarters 
(Bcotland), Edinb be # member of a habitat team working on wet- 
lands In general an thote conservation/management problems in particular 
~The Natural Snvironmant Research Council (E), State House, High 
Holborn, London, W.0.1 (May 8). 
a BOIERTINIO 0 OFFICER NIOR pa PRD. d OFFICER Cith e & good honore 

egres in zoology, and prei y a WI OB! uate or 
teaching experlenoe) u ihe Nature Goneri k Headquarters (Scotland), 
Bdinb: , to etudy the status, distribution, food | and feeding habits of wild 
and fe goane im Beltatn—The Natural Environment Research Oounal (E), 
State House, High Holborn, London, W.C.1 (May 8). 

SANTOR RESEAROH ‘ASSISTANT (p referab rably with a good honours degree in 
engineering or physica and an finest in automati control or Instrumenta- 
tion) IN ENGINEERING atte eee IN TH DEPARTMENT OF MECHANICAL 
Bw rc aes aia e Registrar, ihe University, Newcastle upon Tyne, 2 

SAT Turor (with a di 


ay 
~ in baa 
IN ARORANOTOGT m gi Pity southern = ate 
uty Secretary, The Univers: onthampton 
Gaeta (with some postgradua to exper lorie te protein studies, and 
preferably experience with rats) for research in ies of human 
Paratayroid hor hormone—Dr. 0. A. Tad, Tnatitute o and nrietta Btreet, 


don, W 0.2. 


gg ed relevant subject) 
URAL 8rypms— The 
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CHNP TECHNICIAN (Ref. CH 18) to carry out research and develo: opment 
work on the synthesis of o. lo compounds, new polymers, ete., and 
TEOHRICIANS (Ref. CH 19) (with experimental skill and a working knowledge 
of chemical theory) to work with research teams on een clas preparative 
organic and inorganic chemistry—The Buisar, Universi! chester 
Institute of Science and Technology, Room M2, Velvet ciiis; Backville 

_ Street, Manchester, 1. 

EXPERINENTAL OFFICER (with a degree or equivalent qualification in 
electrical engineenng, physics or mathematica, and an ola Im Us: 
analogue an tal computers) IN THB SCHOOL OF to ass: 
with research in hybrid computing—The Registrar (S), The DAIS, Bath, 
quoting Ref. 67/52. 

GRADUATE TRACHING ASSISTANTS and GRADUATE RRSEARCH ASSISTANTS 
IN THH DEPARTMENT OF FOOD SOISNOE to study the effects of temperature 
on the growth and metaboliam of bacteria--Dr. L. FE. L. Clegg, Head, 
Department of Food Science, University of Alberta, Edmonton, ‘Alberta, 


rer may SCIANTIST (with a degree in electrical ongincering or physical 
sciences)—Mr. D. C. Page, Head of Personnel] Services Teet cty Counail 
Re Contre, Capenhurst, near Chester, quoting Ref, N 

LABORATORY TECHNIOLAN (with H.N.C. or nae laie er sthentiong im 
chemistry or peysos and some relevant laboratory aerpenence) IN THE 
METALLURGY Derartyant for work on high temperature oslorimetry- 
Dr. J. H. E. Jeffes, Metall Department, Royal 1 of Mines, Prince 
Consort Road. London, 5.W.7. 

LABORATORY TEOHNIOIAN WITH THR EAST AFRIOAN TRYPANOSOMIASIS 
RESEARCH ORGANIZATION to asmat a Eksnenian team wane on both human 
and animal trypanosomiasis—Th nts, M. Dept., 4 Milbank, 
London, §.W.1, quoting Ref, No. 218i /01010 

LEOTURER or SENIOR LEOTURER ( th special interests ın combustion 
lanetics or other leading branches Co reaction kinetics) IN COMBUSTION 
Cugmistry—Prof. A. R. Ubbelohde, F.R.S., Imperial College of Baience and 
Technology, London, 8.W.7. 

RESEARCH ASSISTANT (graduate in biology, genoto i or or bloohemdstry) In 
THE DEPARTMENT OF ZOOLOGY to work with Dr. N lean on the cellular 
control o! haemoglobin synthesls—The Deputy Pilrig The University, 

uthampton 

RESEARCH ASSISTANT IN THE DEPARTMENT OF BOTANY to investigate the 
epidemiol of leaf-blotch disease of barley—~The Secretary, Univermty of 

eter, No te House, The Queen’s Drive, Exeter, Devonshire. 

RRSRARCH ASSOGLATH (graduate in agriculture, veterinary science or 
zoology with some postgraduate experience in heimintholory) IN PARA- 
SITOLOGY IN THE FAOULTY OF AGRICULTURE, to work on biology of 
parasites of the respirátory istem of the sheep—The Registrar, University 
of Newcastle u yne, nsington Terrace, Newcastle upon Tyne, 


ERsRiRCH WORKER (with a good honours , or its equivalent, “in 
biochemistry. and preferably an Interest in pi cation meth as applied 
to protein hormones or experience in Immunochemistry) IN THR PHYSIOLOGY 


DEPARTMENT, to study prolactin with special reference to Its assay in human 
body finids—The Secretary, National Institute for Research in Dairying 
(Uniyermty of Reading), Blunfleld, Reading, Berkshire, quoting Ref. No. 


O OFFIOER preferably with an honours degree in agriculture or 
in an appropriate biological subject, and preferably some postgraduate 
experience) IN THE DARY HUSBANDRY DEPARTMENT, for research work 
concerned mainly with methods of rearing dairy herd roplecoments-— The 
Secretary, National Institute for Resesrch in Dairying (University of 
Reading), Shinfleld, peading, Brrkahire, quoting Ref. No, 67/12 
THOHNICLAN to join a Modi Council project on calelfication 
mechanisms and properties of catoatiet t tisauea The Director of Biochemistry, 
Royal Dental Hospital School, 30 Leicester Square, London, W,C.2. 

TROHNIOIAN (with experience of biological or biochemical techniques) for 
interesting work with medical and auentific staff on certain gastrointestinal 
disordera—The Director, Gastroenterology Research Unit, M R.C., Central 
Middlesex Hospital, London, N.W 10. 

Youra PHYSICIST (with Interest in medical and biological applications of 
physics) to jom a small team workin) rorking on the kinetics of the distmbution of 
anaesthetics in the body—Dr. W. Mapleaon, Anaesthotics Department, 
Roya! Infirmary, Cardiff. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


A Bibliography on Colour. B BI Lakowski and A, MoDermott. Pp. 81. 
(Edinburgh: George Square Pu rs, Ltd., 1966. Published on behalf 
of The Colour Group, Great Batateg (Boot tish Section). (301 

The Z Record, Vol. 100, Section 20, 1968: Liat of New Generic 
and Sun nerio Names recorded in Volume 100. Compiled by Leonard G. 
Ellis. 17. 208.; $2.82. Vol. 10, Section are Titer tochordata 
together with Pogonophora 
and Phoronidea Compiled by Dr. D ae Our sl 
Vol. 101, Beoilon 15, 1964° 
Toop Pp. 108. 305.; $4.23 endon 1 


National Physical Laboratory’ Aerod: o Division, NPL 
Report 1200 (July 1080): ok aero ynimics--a Survey of Researoh 
in the United npdom -B Rogers and R. E Whitbread Pp. iat 
CTeadi n, Mid Nat onal Piva Laboratory, 1966.) [80 
atural Rubbor Producers’ Research Association. NR Teohr toni 
Buhan. An Introduction to Latex Foam Manufacture, r ': (Tondon. 
The Natural Rubber Producers’ Research Association, 1987, [811 
University Grants Committee. Annual Survey Academio Year 7095 1090; 
and Review of University Development, 1062-1063 to 1965-1966. Pp. 6 


emad, Pilates Bee H.M. Stationery Office, 1967. RA 4e net. [3 ti 
a. Yol 100, Section 16, 1963 habia, Compiled 
byt Basle , Barah B. Bonney and Olga M. Anold. Po 08, (London: 
Tho Zoological Society of London, 1065) 20s.; remas 
Mint of Agriculture, Fisheries and Peed. 
Approval Scheme Tnscoticides. Fungicides and Herbie a) Mist of re roroa 


Products 1967 for Farmers and Growers. Pp. 150. (Pinner, M 
of Aaneulture, Fisheries and Food, 1887.) 

Department of Education and Bofence; Scottish Education a 
Mi of Education for Northern Ireland. Computer Education Repo: 
of an recip ba ental Working Group. Pp. vi+49. (London: H.M. 
Stationery 0 1987.) 4s. 6d. net. [12 
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Other Countries 


Science and National Welfare. By T. R. Seshadri. (Presidential Address, 
FBifty-fourth Indian Science Con , Hyderabad, 1987.) ) Pp. 9. (Calcutta 
Indian Science Congress Associa n, 1967. ) 

Institut Royal Matéorolomque do 2 e waue: i ulletin Trimestriel, onsen 
tions d’Ozone. 1° Trimestre. Pp. 37. 8° Trimestr 

27. (Ucale-Bruxelles: Tiiti oval closeup de Belgiqy 1 
1066 et 1967.) 

National Science Foundation. NSF 66-29: American Science Man’ 
1064, (A Report of the National Register of Scientific and Technical 
zel ) a vit210. (Washington, D.C.: National Sclence Foundation, 196 

vailable from Superintendent of Documents, U.8. Government Printir 


ie, $1.26. 
TTA, Nordisk Institut for Teoretisk Atomfysik. Annual 
1098/68 and 1968/64, PP: 112. Annual Report, 1964/85. Pp. 87. (Co 
en; NORDITA, 19 


nstralia: Commonwealth Scientific and Industrial Research O o 
Annual Report of the Division of Mechanical Engineerin ip 100500. Pp. Ou 
Baste ay Commonwealth Scientific and Industrial 
ion, 1966. 
‘Transvaal Museum. Report for the year ending 31st March, 1966. pp. Se 
(Pretoria: Transvaal Museum, 1966.) £ 


Canada: Department of Aines and Technica] Surve Geological Surve 
of Canada. Bulletin 142° A Comprehensive Study of the Preiseac—Lacorr 
Batholith, Abitibi County, he oie By K. B. Dawson. Pp. 76 (11 plates. 
82. Bulletin 145: Geo of Southeastern Prince Edward Island. 

. Pp. 70. $2, Bulletin 147: Patterns of Groundwater Flow 
Areas in Saskatchewan and Manitoba. By Peter Mey 
R. O. van Everdingen and R. A. Freeze. Pp. 57 (6 plates), $1.50. papm 
86-41: Quate: Palynological Samp! Techniques of the Geologi 
Survey of Canada. By R. J. Mott. Pp.iv+24 (7 plates). 80.75. Paper ad 
Current Research in the Geological Screnoes In 965-68. Compik 
by J. F. Henderson. ational Advisory Committee on Research in th 
Geologai Sciences.) . V+107. 30.50. (Ottawa: Queen’s Print 


International Atomic Energy Agency. Genetical Aspects of 
sensitivity: Mechanisms of Repair. ngs of a Panel held in Vienn 
18-22 April, 1968, Panel Proceedings Serl) Pp. 175. (Vienna: Inte 


national Atomic coon noy; Tondon: H.A. Stationery Office, 100g 


104 sohillings; 288. 8d.; 

Horticultural Research International; Directory of Hortlonltural Reseate 
Institutes and their Activities ın 23 Countries. Pp. 400. (Wageningers 
Centre for Agricultural Publications and Documentation, 1066. Pablshe 
for the International Soctety for Horticultural Science.) [E 

American Institute of Foya F Poyales Ma Manpower 1966: Education ang 
Employment Statistics. usanne DÐ. Ells with tł 
assistance of Miss C. Maguire Pp. 114. (New York: American Institute ea 
Physics, 1987.) woo 

United States Department of the Interior’ Geological Survey. ates 
of North american Beate October 1966. Pp. 1+1031+1141. $0.4 
Bulletin 1199-0: Ba Deponts of the Anniston, Fort Payne and Ashvil 
Areas, Northeast ren Preston E. Cloud,” un. Pp. iv+33+4 plate 
land 2. Bulletin 1199-P. Some Bauxite and Clay Deposits ın Northeasterm 

bama. By Norman M. Denson and Karl M Pp. iv +27 + plate 
1-4. Bulletin 1240: Sources of Lees Minerals in South America— 
Prehminary Study. By J. F. Harrin Ward and V. E. MoKelve 
Pp. v+66+plate 1. §0°60. Bulletin OD: Ternary Diagrams of tt 
uartz-Feldspar Content of r Pegmnatiteg in Colorado. By James J. Norto» 

{il+16+plate 1. ulletin 1244—-A‘ Chan in Stratigraph 

omenclature by the Us y5 Geological Survey, 1965. By George V. Coh 
and Walter 8. West .1v +60. Bulletin 1244-0: Cretaceous and Tertiair 
Rocks {n the Corozal le, Northern Puerto Rico. By Arthur 
Nelson. Pp. iv +20 15. Water Supply Pi Paper 1696-D: era | 
Determination of Tritium in Natural y C. M. Ho 
Stewart. Pp.iH+18. $016. ater Supply Bates 1757-H: The Occurrence 
Qhenuenl Quality and Use orar Ground ter in the Tabulbah Area, Tunisi. 
L. C. Durcher and H. B. Thomas. Pp. Hı -+ 29+ plates 1-5. ‘Water-Supp 
By ie 1821: Avatlability of Ground Vaten r, Upper Pawcatuck River 
Rhode Island. By William B. Allon, Hahn, and Richard 
Brackley. Pp. v+ 66+ plates 1-8. Water Supply Paper Te 1887: Hydrology e 
the Cavernous Limestones of the M: Kentucky, Pa 
Richmond F. Brown. Pp. v+64. 30.85. water Esupph Paper 1 
g locity Acad Coefficients ın Open Channels. B ulsing, Winche 
Smith and Ernest D. Cobb. Pp. v+45. $0.25. professional Paper 476—I» 
cee of Blements Associated with Utaalam ın the Cave pulls Aren, Hardir 
South Dakota. BY George N. Pipiringos. Pp . 1v +75. 80.5. 
Profemtonal Pa apor 624-F: A A Composition y Zoned Ash-Flow Sheet 
Southern Nev: By P. man, Robert L. Christiansen and J. 
O'Connor, Pp. a Jr 1. Professlonal Paper 543-D: Geologic» 
Effects of the March 1984 Earth aake i and Associated Belsmic Sen Waves c 
Kodiak and Nearby Islands, Alaska. By George Plafker and Reuben Kach» 
doorlan. (The Alaska Barth aako March 27, 1964: Regional Effectod 
Pp, vit 40-+-plates 1-4. $000. (Washington, D.G.: Government Printir 
Office, 1968.) [12m 
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Swiss Precision 
Hour Counter 


Thes tmy, compact sealed unit—manufactured by The National 
Watch -—is ideal for all industrial operations and for test bench 
and laboratory work. 


% Simple one-hole fixing 
$ Standard voltages 200/250, 110/115, 6/12 volts a.c., 50 or 60 Hz. 
K Very low consumption 110/250, 18 W, 6/12, 0.5 W 
%* 7 Figure Contmuous Read-out 
Twot available—10,000 or 100,000 hours. 10,000-bour 
typo 999) records to nearest 0 001 hour—3.6 seconds 
* A minature prap cued inverter is available for D.C 
operation with 12-, 24-, 36-, 48-volt integral _. 
tappings, Size of cut-out Ifin x 1n s 
te Copies ot 


Official Tost 
Report avatlable 


PRICE for 
Standard Model 


£3.11.6 


(Subject to quantuy 
discount) 


k ESN $ 
Note: A 115-V 400-cycle (is) of 
the same small dimensions 
under development 


CAMERER CUSS & CO. 


54-56 New Oxford Street, London, W.C.1 
Tol.: 01-636 4861 








MICROMANIPULATORS 


if you use a 


MICROSCOPE 


you need a 


NGER 


FULLY PATENTED 


MICROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 
Three types available: 

Mk I Low power for magnifications 
xi to x200 

Mk II For magnifications x1 to 

x 500 


Mk IM High power for magnifications 
x 100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to: 


SINGER INSTRUMENT CO. LID., 


Fountain Court, 83 London St., 
Reading, Berkshire, England. 





Pees 


„newest addition 
to the famous 
Meopta range... 


The Meopta DM 23 offers working 
distance up to 200mm... and 

is typical of the superb workmanship, 
the reliability and the versatility 

for which the Meopta D 

range have justly become famous. 
The DM 23 can be supplied with 

a wide range of interchangeable 


parts—and full technical details 
will be supplied on request. 


GREY OF NORWICH 


Instrument Division, (D. R. GREY LTD.) 
THE CARROW SCHOOLS, CARROW BILL, 
NORWICH, NOR 61B. Tel: 20651/2 Telex: 87348 
CLAREMONT HOUSE, VICTORIA AVENUE, 
HARROGATE, YORKS. Tal: 66881 
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Classified Advertisements 


Sam:-displayed £4 l6s, per single column inch, 
Minimum £2, each additional 1/12th of an inch 
Ss. Full page £132. Half page across £66. Colour 
(orange) £15 extra. 


ts. Is charged for the 
re-dlrection of replies to advertisements with 
a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and $on, Limited, | Clement's 
inn, Serand, London, W.C.2. Telephone: 
wo Telagrams : Textualist, London, 





APPOINTMENTS VACANT 


UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 


DEMONSTRATOR IN GENETICS 
Applications are invited for the above 


post in the Department of Agricultural 


Botany. Salary within the range £900 to 
£1,000 per annum, 

Forms of application are obtainable from 
the Registrar, to whom applications should 
be sent not later than May 6, 1967. 
(1705) 





RESEARCH ENTOMOLOGIST 


To take charge of a section screening 
anthelminuce and coccidiostats in small 
anunals, The section forms part of the 
Biological Screening Department which 1s 
responsible for evaluating the biological 
activity of new compounds 


Qualifications. Honours degree in Zoo- 
logy with special interest in parasitology— 
helminthology preferred. Previous experi- 
ence desirable but not essential. The open- 
ing 18 at Chesterford Park Research Station, 
near Saffron Walden, Essex Free trans- 
port is available from Bishops Stortford/ 
Saffron Walden/Cambridge to Research 
Stauon There 1s a good contributory pen- 
sion scheme and three weeks annual leave 
Also Canteen faciliues available. 


Wnite, giving full particulars and quoung 
2334/10, to Personnel Officer, 


FISONS PEST CONTROL LIMITED, 
Chesterford Park Research Station, 
nr, Saffron Walden, Essex 

(1707) 


UNIVERSITY OF ALBERTA 
GRADUATE ASSISTANTSHIPS 
FOOD MICROBIOLOGY 
Applications are invited from suitably qualified 
candidates (Microbiology, Food Science) for 
Graduate Teaching Assistantships ($4,000) and 
Graduate Research Aanstantshins ($2,300 to 
$2,800), tenable m the Deparment of Food 
Saence The research programme will be a 
study of the effects of temperature on the growth 
and metabolism of bacteria, leading to the degree 

of MSc or PhD, 

Further particulars may be obtained from Dr. 
L. F L. Clegg, Head, Department of Food 
Science, University of Alberta, Edmonton, 
Alberta, Canada (1545) 


UNIVERSITY OF ASTON IN 
BIRMINGHAM 
DEPARTMENT OF BIOLOGICAL SCIENCES 


Applications are mvited from Chemists and 
Physiologists for a LECTURESHIP IN PHYSIO- 
LOGICAL CHEMISTRY. Surtable applicants 
will be required to lecture in Biological Chemistry, 
Radiochemistry and to assist in the teaching of 
Biochemistry. Salary Scale: £1,470 to £2,630 per 
annum. 

Further details and forms of application may 
be obtained from the Staff Officer, the Univernty 
of Aston in Birmingham, Gosta Green, Brmng- 
bam 4, to whom appucauons should be forwarded 
within fourteen days of the appearance of this 
advertisement, Please quote 549/6. (1742) 





NEW DRUG 
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RESEARCH 


Have you had Experience 
or are you interested in any 


of these topics ? 


SYNTHESIS 
Amino Acids 
Peptides 
Heterocyclics 
Sulphur Chemistry 


OUR AIMS: We are inter- 
ested in synthesizing new 
compounds that might be 
usefully employed in the con- 
trol and correction of metabolic 
disorders. 

OUR NEEDS: An expansion 
of our research activities has 
created several vacancies for 
organic chemists and analysts 
within the new research lab- 
oratories of Horlicks Pharma- 
ceuticals Limited. 


ANALYSIS 

Analysis of Drugs 

Autoanalytical Techniques 

Elemental Analysis 

LR. & U.V. Spectroscopy 

Chromatographic 
Techniques 


OUR LOCATION: The 
laboratories are situated in the 
delightful countryside of rural 
Berkshire adjacent to Windsor 
Great Park. They offer facili- 
ties and a working environ- 
ment that are compatible with 
creative research work. 

WE WELCOME: Applica- 
tion for these posts both from 
experienced research scien- 
tists and also undergraduates 
expecting to obtain their 
degrees this year. Applicants 
are invited to write to: 


The Pharmaceutical Research Manager, 


Horlicks Pharmaceuticals 


Limited, 


Orchard Lea, Winkfield, Windsor, Berkshire. 


Tel. No. Winkfield Row 2963 


(1700) 


Government of Northern Ireland 


SENIOR SCIENTIFIC 


OFFICER /SCIENTIFIC 


OFFICER 


Applications are invited for pensionable post in Chemical and 
Animal Nutrition Division, Ministry of Agriculture. 


QUALIFICATIONS : 
Chemistry, Biochemistry or 


Ist or 2nd class Honours Degree in 


Agricultural Chemistry. Post- 


graduate experience in one of these subjects would be an 


advantage, 


Successful candidate will be expected to undertake research 





work in animal nutrition and may be required to undertake 
teaching duties in the Department of Agricultural Chemistry, 
Queen’s University, Belfast. Facilities are available for regis- 
tration for a higher degree. Preference for ex-Service candidates. 
SALARY SCALES: Senior Scientific Officer £1,744 to £2,155 ; 
Scientific Officer £926 to £1,574. Grading and starting salary 
will be related to qualifications and experience. 

Application forms obtainable from the Secretary, Civil Service 
Commission, Stormont, Belfast 4, must be returned by May 12, 
1967. Please quote S.B.37/67/64. a710 
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IMPERIAL COLLEGE 
LONDON, S.W.7 
DEPARTMENT OF CHEMICAL 
ENGINEERING AND CHEMICAL 
TECHNOLOGY 
COMBUSTION CHEMISTRY 


ches 
kinetics Salary in the range £1 no o 
£2,630 or £2,520 to £3,255 plus Lon 
Allowance plus F.S.S.U. Academic and/ 
or industrial expenence will be taken into 


account. 
Send full curriculum viac to Professor 
A. R. Ubbelohde, F.R.S. (1685) 





UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF APPLIED 
MICROBIOLOGY AND BIOLOGY 


ASSISTANT LECTURESHIP 


Applications are invited for a post of 
Assistant Lecturer m the Blology Section 
of the Department of Applied Microblology 
and Biology. Applicants should bave a 
PhD degree and must have a special mter- 
est and qualifications m Genetics (Persons 
expecting to receive thelr PhD, later in 
1967 are also myited to apply ) 

Salary scale £1,105 to £1,340 with 
FSSU 


Applicaton forms and further particulars 
(quoting 34/67) may be obtamed from the 
Registrar, University of Strathclyde, George 
Street, Glasgow, C1, with whom applica- 
dons should be lodged by April 30, 1967 

(1708) 





UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


Applications are invited for the following ap- 
«pointment: 

CHAIR IN MECHANICAL ENGINEERING: 
The vacancy is created by the transfer of Profes- 
sor A. L. Titchener to the newly established Charr 

min Chemical and Materials Engineering. The 
person appointed will be the Head of the Demart- 
co ent of Mechanical Engineering. Other things 

{ng equal, preference will be given to a candi- 
«date who is particularly interested m some espect 
of mechanics 

Salary (From July 10, 1967, New Zealand will 
convert to decal currency, The N.Z. dollar 
tquivalents are shown ın brackets)’ The basc 

morofessorial salary 1s £3,600 (SN.Z.7,200) per 
annum, but it w within the power of the Council 

«o make appointments at £3,900 (SN.Z.7,800) 
and £4,300 ($N.Z 8,600) per annum having regard 

o the qualifications of the candidate concerned 

the case of new members of staff commg 

m overseas, the current practice m to pay 
‘alarics from an approved departure date. Travel 
«and other removal expenses are allowed within 
pectfied limts. Upon the completion of five 
rears’ satisfactory service, return fares on an ap 
proved basis to country of origin may be granted 
o the person appointed and his dependent wife 
ind children provided that such fares are not 
semg met from some other source, proved 
onditioos are now m force for candidates hold- 
ang FS.S.U. polcies, 

Further particulars and imformation as to the 
nethod of application may be obtained from the 
Associaton of Commonwealth Unrverntes 
Branch Office), Mariborough House, Pall Mall, 
-ondon, SW.1. Applications close in New 
‘ealand and London on May 19, 1967. 

(1761) 


UNIVERSITY OF MANITOBA 
MEDICAL FACULTY 
WINNIPEG, CANADA 

IMMUNOCHEMIST. TO FORM PART OF 
` TEAM the members of which will have tram- 
ag and research experience in various aspects of 
sacmatology and immunology. Immediate re- 
«earch miterest: blood group immunology, first 
wman, then animal, but appointee expected to 
evelop ey own field of research too. Salary 
lependent on traming and experiences, 

- Apply to Dr. Bruce Chown, Rh Laboratory, 

35 Notre Dame Avenue, Winnipeg 3, fan 
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CSIRO 
AUSTRALIA 
DIVISION OF WILDLIFE RESEARCH 


MAMMAL ECOLOGIST 


Applications are invited for appomtment as Research Sclentiet or Senior Research 
Scientist (Mammal Ecologist) with the Organization's Division of Wildlife Research, 
located at “Gungahlin”, Canberra, A.C T. 


The Division is undertaking a wide range of studies of mammals and birds In Australia, 
seeking to provide knowledge of the status and basic blology of netve animals 
Fundamental research is baing conducted into animal ecology, behaviour and physiology, 
and is integrated into other studies of a parasitological and biochemical nature. 


In particular, the large kangaroos hold a controversial position in the country’s economy, 
being, at the same time, a highly regarded part of the fauna, and to some extent, thought 
to be competitive with domestic stock Tha Drvision has undertaken basic and 
comprehensive studies of Hill Kangaroos, Red and Grey Kangaroos and several species 
of Wallabies, The studies are at present restricted mainly to work on the Red and 
Grey Kangaroos and a few Wallabies, with the emphasis being placed on the two 
species of Kangaroos, Applications are Invited from biologists who would be interested 
particularly in undertaking research on ecological aspects of these animals in the field 


Applicants should have a Ph D. degree (or have had postgraduate research experience 

of equivalent standard and duration) supported by satisfactory evidence of research 

abllity preferably with some research experlence in the general field of mammal ecology 

SALARY: Depending upon qualificatlons and expsnence within the ranges of. 
8A6,198--$A6,570 p.a or 8A6,840-8A7,922 p.a. 

Salary rates for women are $A428 pa less than the corresponding rates for men 

Promotion within CSIRO to a higher classification is determined by ment. 

The duration of the appointment will be determined in consultation with the successful 

candidate; some applicants may prefer a fixed term for three to five years, in which 

case, consideration will be given to the continuation of F.S.S.U. arrangements. 

Fares paid for the appointee and his dependent family. If the appointee 13 at present 

permanently domiciled outside Australia, return fares will be paid at the conclusion 

of a fixed term appointment. Further particulars supplied on application to: 

Mr R. F. Tumbul, Chlef Sclentific Liaison Officer, Australian Scientific Liaison Office, 

Afnca House, Kingsway, London, W.C.2, 


to whom applications (quoting Appolntment No.: 560/223) should be addressed by 
the 19th May, 1967. (1741) 





| WOOL INDUSTRIES RESEARCH ASSOCIATION 


DIRECTOR OF RESEARCH 








Applications are invited from science or engineering graduates for 
the post of Director of Research who is Chief Executive of the Wool 
Industries Research Association (W.LR.A.). 


W.LR.A. is the central research establishment for the British wool 
industry, carrying out basic and applied research in a wide range of 
disciplines and providing a comprehensive range of member services. 
It has a staff of about 200, including 65 graduates, and its organization 

1s being currently reviewed to increase its acknowledged impact on an 
important and progressive industry. 


The Director must have academic qualifications commensurate with 
the high status he will enjoy in the fields of national and international 
research, successful experence in managing applied research teams, 
and the business sense to develop a research programme that is of 
maximum benefit to the industry. 

The salary will be negotiated but will be not less than £6,500 
per annum. 


Applications to the Chairman, J. A. Clough, 


WOOL INDUSTRIES RESEARCH ASSOCIATION 


“TORRIDON” HEADINGLEY LANE LEEDS 6 
0725) 
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CSIRO 


AUSTRALIA 


DIVISION OF ANIMAL HEALTH 


PARASITOLOGIST / 
IMMUNOLOGIST 


Applications are invited for appointment ag Research Scientist or Senior Research 
Scientist with the Veterinary Parasitology Laboratory of the Organization’s Division of 
Animal Health, located at Yeerongnilly, Brisbane, Queensland. 


The Veterinary Parasitology Laboratory will move to an attractive new site at Indooroo- 
pilly, where extensive pen accommodation for calves and cattle has already been 
completed. The Laboratory Is located near the University of Queensiand and its 
Veterinary School. The site adjoins a laboratory of the CSIRO, Division of Entomology, 
with which there is close collaboration. There ere adequate laboratory facilites, and 
an associated Field Statlon of 1,000 acres situated 28 miles from Bnsbane. 
The appointee will be required to develop a research programme to continue and 
expand studies on the host-parasite relationship between cattle and cattle tick 
{Boophilus micropius) with emphasis on the resistance of cattle to ticks. 
Applicants should have a degree in Veterinary Science, Science, Agncultural Science 
or Rural Sclence and erther a Ph D. degree or hava had postgraduate research experience 
of equivalent standard and duration supported by satisfactory evidence of research 
ability 
SALARY: Depending upon qualifications and expenenca within the ranges of 
$A5,198-$A5,570 p a. or $A8,840-8A7,922 pa. 
Salary rates for women are $A428 p.a, less than the corresponding rates for men. 
Promotion within CSIRO to a higher classification is determined by merit 


The duration of the appointment will be determined In consultation with the successful 
candidate; some applicants may prefer a fixed term appointment for three years, In 
which case consideration will be given to the continuation of F.S.S.U. arrangements 


Fare pald for the appointee and his dependent family. If the appointee ıs permanently 
domiciled outside Australia, return fares will be palid at the conclusion of a fixed term 
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appointment. Further particulars supplied on application to: 
Mr. R. F. Turnbull, Chief Scientific Llaleon Officer, Australian Scientflc Limson Office, 


Africa House, Kingsway, London, W.C.2, 


to whom applications (quoting Appointment No.: 204/115) should be addressad by 
( 


the 19th May, 1967. 





BREWING INDUSTRY 


RESEARCH FOUNDATION 
NUTFIELD, SURREY 

All grades of Laboratory Staff required at the 
above Foundation for work mainly in the Chem- 
istry and Microbiology Departments, 

TECHNICIANS. O.N.C. with experience or 
HLN.C. Salary within the range £725 to £1,125 
per annum dependent upon age and experience, 

JUNIO TECHNICIANS. Three G,C.E. 
“A” levels, including & smence subject or 
O.N C, or equivalent, Salary £380 per annum at 
18 Years, £670 per annum at 20 years. 

LABORATORY ASSISTANTS, Three GCE. 
“O” levels Including Mathematics and one 
science subject, Salary £380 per annum at 16 
years, £530 per anmum at 19 years. 

All salaries are Incremental, Further educa- 
tion facılties are generous. Conditions of work 
are ideal in beautiful surroundings, 

Apply, Technical Supenntendent, Telephone, 
NUTFIELD RIDGE 2272. (1630) 





UNIVERSITY OF EAST AFRICA 


UNIVERSITY COLLEGE 
DAR ES SALAAM 


Applications are invited for Lectureship in 
Zoology. Preference given to candidates with 
interest in Ecology, Salary scale (including ex- 
patriation allowance) £1,550 to £2,350 per amum 
plus 12} per cent interim award to basic scale 
Permanent terms or contract terms carrying 25 
per cent gratuity (15 per cent ff in F.S.S.U.. 
Subsidized housing. Expatmates receive. educa- 
tion allowances; family passages: biennial overt- 
seas leave. Terms of service under review. 

Detailed applications (six copies), naming three 
referees, by May 31. 1967, to Inter-University 
Council, 33 Bedford Place, London, W.C 1, from 
whom are available, a71) 


1740) 


UNIVERSITY OF 
THE WEST INDIES 
JAMAICA 


Apphcations are invited for (a) Lectureship or 
Œ) Assistant Lectureship in Anatomy. Dutses 
will include lecturing in Human Anatomy and 
assistance m practical courses of Histology to 
students working for the medical degrees of tho 


registrable 
. Salary scalea: (a) £1,810 
to £2,770 per annum. (b) £1,450 to £1,690 per 
annum. Chid allowance. F.S.S.U. Family 
passages, Triennial study leave. 

Detailed applications (ten copies), naming three 
referees, should be sent as soon as possible by 
persons living in the Americas and Caribbean 
area to Remstrar, University of the West Indies, 
Mona, Kingston 7, Jamaica, and by all others by 
May 22, 1967. to Secretary to the Senate Com- 
mittee on Higher Educauon Overseas, Uni 
of London, Senate House, London, W.C.1. 
Further particulars may similarity be obtained. 
(1710) 


FIELD STUDIES COUNCIL 


ASSISTANT WARDEN (male) at DALE 
FORT FIELD CENTRE, nr. Haverfordwest, 
Pembs, Applicants should have a degree in 
zoology or botany with an interest in marine 
biology. Main dutes on teaching side (experience 
an advantage) with opportunity for field research 


Starting in the summer. 
a CENTRE SECRETARY (female) 

Duties are secretarial and household plus handling 
weekly intake of 60 students, Starting May. 

The two posts would sult a marned couple 
without children, bat otherwwe are for single 
people only. 

Further details and application forms from the 
Secretary, Field Studies Council, 9 Devereux 
Court, London, W.C.2., (1692) 


t967 





WESTERN AUSTRALIAN 
INSTITUTE OF TECHNOLOGY 
PERTH 
Applications are invited for the positione of 
DIRECTOR 
Salary $A11,400 per annum, 
ASSISTANT DIRECTOR 
(Architecture and Engineering) 
(Applied Sctence) 

(Commerce and General Studies) 
Salaries $A9,800 per annum. 


HEADS OF DEPARTMENTS ` 
Chemistry 

Home Economies and Dietetics 
Mathematics 


Salaries $A7,800 to $A8,200 to $A8,600. 

Appointment according to qualifications andl 
experience and advancement subject to deciziop) 
of the Council, 

Full details regarding applications, general in 
formation on the Instimte, conditions of serrce 
and duty statements from: 

Agent General for Western Anstraila, 
Western Australia House, 


Applications close in London on May 15, 1967 
(1693) 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE 
EXPERIMENTAL OFFICER STAFF 


Applications are invited for the following new 
pasts : 

1. Assistant Experimental Officer/Exporhnents1 
Officer in the Crops Research Section to assis 
with investigations of the effects of climatle con 
ditions on horticultural crop production in Scot 
land Candidates should have a degree or quale 
fication im a biological science. Training um 
physics or mathematics, or experience of instru» 
mentation for micro-meteorology would be am 
advantage. 

2 Assistant Experimental Officer in the Myco» 
logy Section for work on the grey mould diecast 
of soft fruit and tomatoes. A graduate with a 
interest in the physiological aspects of homa 
parasite relations would be suitable. 

3. Assistant Experimental Officer in the Plana 
Physiology Section to supervise the operato 
and maintenance of the controlled environmem 
equipment. This is a responsible post and cab 
for experience with electrical and elementar 
electronic circuitry A technical qualificatio- 
coupled with an interest in horticulture would b 
advantageous, 

Salaries, AEO, £803 at age 22, rising t 
£1,017 at 26 (maximum entry salary) and there 
after to £1,243; E.O. Ties to £1,734. At 
posts are xaperannuable. 

Further particulars may be had from the Secre 
tary, with whom applications, giving full detail 
of age, education, and experience, should b 
lodged by May 17, 1967. Please indicate cicarhl 








the post in which you are interested, (1694) 
HERTIS 
HATFIELD COLLEGE OF 
TECHNOLOGY 


Vacancies exist from September 1, 1967, fc 
senior staff to participate in the development t 
Hertis az a Regional Information Service base 
on the proposed Polytechnic. 

A SENIOR OFFICERS are required responsibil 
or: 

(1) Information Services, which handies k» 
quiries from Industry, academics, and student 
Graduate of a professional or academic insthut 
with library and information experience. 

(2) Information Processing, which requires co 
alderable experience and qualification in cats 
loguing, Indexing, and Information retrieval. 

Salary: Senlor Officer Scale, £1,725 to £2,10 

SENIOR TUTOR LIBRARIAN responmble fe» 
tutorial activites in promulgating an understan: 
ing of library and information services, Libra» 
qualifications and lecturing experience essential 

Salary: Burnham Senior Lecturers Grad 
£2,140 to £2,380. 

Further detalis from the Academic Remetre 
Hatficld College of Technology, Hatfield, dae 
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OIL AND AFTER 


Tax first detailed report by O’Sullivan and Richardson 
(page 448, this issue) of the state of the Cornish 
beaches after the Torrey Canyon went aground on 
March 18 is a preliminary document but not to be 
despised on that account. For one thing, it is enter- 
prising that it has been produced quickly at a time when 
a little information can do a lot to help. But there 
are also signs that this report shows accurately the 
way in which the wind is blowing. The Marine Biologi- 
cal Laboratory at Plymouth, which is carrying out a 
more extended series of observations and which plans 
to report on them in a month or so, said in a statement 
earlier this week that “many of the laboratory’s findings 
confirm much of Mr. O’Sullivan’s report”. Although 
at this stage it would clearly be wrong to assume that 
the gloomy picture of conditions inshore after the oil 
and detergents had reached the beaches will be followed 
by a similar account of events at sea, there has evidently 
been serious damage to marine fauna living between the 
high and low water marks. 

All this conflicts oddly with the sense of contentment 
which seems to prevail among the Government’s spokes- 
men on the subject. Thus the Home Secretary told 
the House of Commons on April 10 that “close inshore, 
where it was thought that shellfish might be affected, 
only very few orabs and other shore haunting fish 
have been found dead”. This does not sound like a 
description of the beaches visited by O’Sullivan and 
Richardson. Much, of course, may turn on precisely 
what is meant by serious damage, and it is also true 
that the investigation of the aftermath in Cornwall 
will be impoverished by the lack of good controls— 
which is why it is particularly helpful that O’Sullivan 
and Richardson returned to one of the places they had 
investigated after the tide had come and gone, And 
it is also true that serious damage a few days after the 
arrival of pollution does not necessarily imply a lasting 
scar on the marine ecology of Cornwall. 

Why, then, is the Government talking as if it would 
like to underplay the damage? Neither the Prime 
Minister nor the Home Secretary was responsible for 
the grounding of the Torrey Canyon. Not even Sir 
Solly Zuckerman is to blame. Indeed, the assurances 
which the Government would now give are out of tune 
with its righteous although pointless anger immediately 
after the accident, when fists were being shaken at 
flags of convenience, and when the Government resolved 
somehow to sue somebody for damages—and to con- 
vene a conference to make it easier to sue in future, 
It is true that since then the floating rafts of oil have 
dispersed, partly by the actions of detergents, so that 
there is now little scope for energetic activity, although 
there are troops still waiting on the Cornish beaches to 
plough between the high and low water marks. Those 
with charitable inclinations will know that British 
governments are almost compelled by the parliamen- 
tary system to explain inactivity by the absence of a 


need to act. In other words, there is a natural tendency 
towards complacency interrupted by periods of rushing 
about, and this is naturally strengthened by the wish 
to give some comfort to the holiday industry in 
Cornwall. But there will be more holiday seasons 
than the one immediately ahead, and in the long run 
the Government will not gain but lose if it is too 
optimistic. 


IS WEATHER PREDICTABLE? 


Tem president of the Royal Meteorological Society 


- was clearly not bent on winning friends with his 


presidential address, reported briefly on page 443. 
Indeed, the chances are that what he has been saying 
will bring consternation and controversy to a booming 
sector of meteorology. Those with cheque books 
in their hands will be made to hesitate. Those hard 
at work on the establishment of networks for the 
collection of meteorological data in the belief that this 
is a necessary preliminary for long distance forecasting 
will be made to pause and ask what they are doing. 
The essence of what Dr. Robinson was saying is that 
precisely such an outcome would be prudent, to say 
the least of it. As long as there are doubts about the 
philosophical basis of long-term numerical forecasting, 
it is evidently rash to rush headlong into hardware. 

Before meteorologists allow themselves to be locked 
in fierce discussion of Dr. Robinson’s sceptical analysis, 
it would be well if they would pay some attention to the 
important issues of principle which his address has 
raised. Even if closer study should suggest that Dr. 
Robinson has been too gloomy, it is disturbing that 
plans should have been laid in such detail, and then 
carried so far on the road to application, without care- 
fal consideration being given to the likely benefits 
and the cost thereof. At least a part of the trouble is 
that projects with an international flavour seem to be 
looked at less critically than projects undertaken on a 
national basis. On the face of things, of course, all 
this looks sensible. In planning international ventures, 
there is a tendency to count on the credit side of the 
balance sheet the intangible benefits, in understanding 
and in political amity, which can be expected to flow 
from international collaboration. This calculation is 
sensible enough, no doubt, but it leaves out of account 
the certainty that an unsuccessful collaborative project 
can do at least as much damage as good. It is only 
necessary to recall what has happened in Europe 
about the European Launcher Development Organiza- 
tion, and to think what may happen if the Concord 
programme goes further awry, to realize that the 
planning of international projects requires that there 
should be rigorous safeguards against failure. In this 
context, of course, there are many circumstances in 
which partial success is tantamount to failure. 
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Over-optimism about projects like World Weather 
Watch and the Global Atmospheric Research Project 
that may follow it seems also often to be engendered 
by a conviction that the time has come when all parts 
of the natural environment can be brought tidily under 
control by the expenditure of enough money and by 
the conduct of enough scientific research. A part of 
the trouble is that massive research undertakings 
since the Secord World War have often been surpris- 
ingly successful, so that potential sponsors are easy to 
persuade. But it is also clear that the scientists who 
participate in these ventures are often convinced that 
there is something virtuous in operating on a gigantio 
scale. One of the points the president of the Royal 
Meteorological Society was making is that it is prudent 
to start small and to grow in the directions where oppor- 
tunities offer themselves. Projects planned by com- 
mittees tend artificially to work the other way. 


DEATH IN THE SKY 


Tue sad, valiant and fruitless death of Colonel Vladimir 
Komarov is yet another reminder that rudimentary 
essays beyond the atmosphere are not simply episodes 
in one long Buck Rogers story. Coming so soon after 
the death of three pilots in the United States, this 
nasty happening may help to bring a better sense of 
proportion to what the super-powers are up to.. The 
ideal outcome would be some understanding between 
the Soviet Union and the United States that in the 
future there will be more partnership and less rivalry 
between them, and a more deliberate programme of 
what is called space exploration, although that may 
be too much to hope for. What President Johnson 
and Mr. James Webb had to say immediately after the 
accident was encouraging, but if statesmen on both 
sides really believed what they have been saying all 
these years about the connexion between rocketry 
and the cause of understanding and of progress, they 
would long since have recognized that they would 
jointly be at least as effective in concert as in competi- 
tion. It is all very well, in “Romeo and Juliet”, for 
the Montagues and Capulets to be brought together 
by bloodshed. Even if the people on the launching 
pads were men and women like that, they are not the 
ones who matter. 

Et is therefore ironical that when Colonel Komarov 
was travelling in an orbit around the Earth, the latest 
Surveyor rocket to the Moon was quietly scratching a 
furrow in the surface of the Moon. It is only natural 
that people should be asking why great economic 
systems which are busy replacing men by machines 
on the surface of the Earth should be so anxious to 
substitute men for machines in space. What is all 
the fuss about? The best justification of the two 
space programmes is irrational. President Kennedy 
was on defensible ground when he echoed Mallory’s 
excuse for going back to Everest “because it’s there”. 
Although President Johnson’s message of sympathy 
about the latest tragedy was generous enough, it was 
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old-fashioned of him to have said that the enterprise is 
“in the cause of science”. That doctrine was given up 
a long time ago, and there is very little doubt that 
even the exploration of the Solar System by automatic 
devices such as Surveyor is a more lavish allocation of 
resources to one narrow activity than can be sensible 
or even profitable if science is what matters. If it had 
become clear that winning the race to the Moon is not 
an economic investment but an economic waste, it is 
most probable that the planners would have allowed 
their sense of high adventure to be overcome by their 
reason. So why cannot they be made to see sense 
without waiting for disaster? In exploits like these, 
as in the testing of new aircraft, some deaths are 
unavoidable and the men who die are courageous 
fellows. The tributes which are showered on their 
coffins are well deserved. The most appropriate 
tribute of all would be unilateral declarations by the 
United States and the Soviet Union that they will 
discard their arbitrary timetables for the Moon. A 
sensible agreement on collaboration would be better 
still. Is it too much to hope for ? 


REFORM BY STEALTH 


Sucomss in reforming the British Parliamentary 
system seems to be in inverse ratio to the amount of 
noise the reformers make. Mr. Richard Crossman may 
not be the quietest man in the House of Commons, but 
in introducing the Select Committees on Agriculture 
and on Science and Technology he made use of what 
almost looks like stealth. Members may well be 
rubbing their eyes in surprise that one of their oldest 
and most traditional practices should be used as a 
Trojan horse for reform. The Select Committee on 
Science and Technology has surprised many by its 
vigour and its determination that nobody is too 
important to give evidence, and it may be able to force 
significant changes in the ways in which great public 
concerns run their lives. The House of Commons 
should be grateful that vital decisions need no longer 
go by default. 

A worthwhile extension to the new committee’s 
powers is now in prospect. Mr. Crossman’s new 
proposal, reported on page 447, is that the select 
committee should have the power to appoint sub- 
committees with the full rights and privileges of the 
select committee itself. The subcommittees could be 
amaller—they would need a quorum of only three— 
and more specialist. Mr. Crossman has also taken the 
opportunity of reminding the House that the select 
committee has the power “to appoint persons with 
technical or scientific knowledge for the purpose of 
particular inquiries, either to supply information 
which is not readily available, or to elucidate matters 
of complexity within the committee’s order of refer- 
ence”. Whether this reminder presages another 
innovation in committee procedure—the introduction 
of experts from outside the House of Commons— 
remains to be seen. 
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NEWS AND VIEWS 


Poor Outlook for Forecasts 


A WARNING that weather forecasting may have been 
seriously oversold was the principal theme of the 
presidential address of Dr. G. D. Robinson to the Royal 
Meteorological Society last week. Dr. Robinson was 
particularly anxious that plans for the collection of 
meteorological data on a world-wide scale, valuable 
in themselves, had been justified by promises of great 
economic benefits from improvements in weather 
forecasting and even from weather control. According 
to Dr. Robinson, it may be hard to keep these promises. 

The essence of the question is the extent to which the 
weather is predictable. According to Dr. Robinson, 
the Global Atmospheric Research Project was 
planned by committees of the World Meteorological 
Office and the International Council of Scientific 
Unions on the assumption that if the initial state of the 
atmosphere is known with sufficient accuracy, large 
scale motions are predictable “as a determinate physical 
system for a period of approximately two weeks”. 
The proposals of the World Meteorological Organiza- 
tion for what is known as World Weather Watch have 
been similarly justified. Dr. Robinson was concerned 
to test this claim, and particularly the truth of the 
assumption that there is no fundamental limitation of 
the predictability of the atmosphere, but only practical 
limitations arising from the limitations of computing 
machinery and methods of measurements. For one 
thing, he argued that even if numerical weather fore- 
casting were based on a rigorous set of hydrodynamical 
equations for the motion of atmospheric particles, 
predictions would only be valid for intervals of time 
shorter than those during which particles (in the sense 
of the theory of fluids) lost their identity. This con- 
sideration is by itself enough to limit the times for which 
advance forecasts can be valid. But in reality, numerical 
forecasters use empirical analogues of the full Navier— 
Stokes equations, and Dr. Robinson emphasized that 
an empirical equation like this can only be tested 
empirically. Nevertheless, dimensional arguments 
make it possible for him to calculate limits for the 
validity of predictions for the motion of meteorological 
phenomena. He concluded that the times over which 
predictability is possible ‘‘are a factor of three to five 
less than” the estimates given in the report upon 
which the Global Atmospheric Research Project is 
based. For phenomena characterized by a scale of 
5,000 km, predictability is likely to be limited to 5 
days. Events with a scale of 5 km will probably be 
predictable for only 2 hours in advance. 

Although Dr. Robinson emphasized that his scepti- 
cism—like the validity of long-range prediction— 
would have eventually to be determined by experiment, 
he was also concerned that “‘political and financial 
support” for international projects such as World 
Weather Watch has sprung from the “promise of 
enormous economic benefit”. He was afraid that “some 
policy makers in some countries may have come to 
believe” that “accurate weather forecasts of extended 
range” will inevitably follow implementation of World 
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Weather Watch. He pointed out that potential users ` 
of forecasts often looked for a much greater degree of 

precision than necessary to give meteorologists a sense 

of having made a successful prediction. “We must 

be careful not to mislead the potential customer.” 


Reluctant Physicists 


On the optimistic but questionable belief that the gulf 
between industry and the universities can be bridged 
by understanding it, a conference was organized last 
week in Manchester. The moving spirits were the 
Appointments Board of the University of Manchester 
and Professor B. H. Flowers, Langworthy Professor of 
Physics and soon to be chairman of the Science Re- 
search Council. Present were forty industrial research 
physicists, academic staff from the department of 
physics at the university, the Institute of Science and 
Technology, and the University of Salford, and students 
reading for doctorates at all three institutions. Dr. 
H. M. Finniston of International Research and Develop- 
ment, Ltd., opened fire by declaring that science and 
technology are not the chief problems of British 
industry—selling, labour relations and the problems 
of finance are more serious. 

But how can industrial research compete with 
academic work in sheer fun? Dr. Finniston described 
how what began as an interest in the direct generation 
of electricity at IRD has led to the development of a 
new generation of electric motors based on super- 
conducting magnets, cryogenic surgical instruments 
and the laser ophthalmoscope. Perhaps the most 
intriguing glimpse of industrial research was given by 
Mr. 8. L. Bragg, Chief Research Engineer of Rolls 
Royce, Ltd. He explained that 10 per cent of all 
unscheduled shut-downs of jet engines are caused by 
the involuntary ingestion of birds. The origin of 
damage to the first set of turbine blades is often con- 
cealed by the extensive secondary damage, called a 
“salad”, further down the engine. At Rolls Royce 
they have developed a “pseudo-bird” made of gelatine 
gel and with the same density and strength as real 
birds, together with a gun which can be used for 
firing this soft projectile successfully at the blades. 
Films of the impacts with turbine blades turning at 
high speed have shown that different types of vibration 
are possible, and have suggested ways of reducing 
damage. Simply putting a guard across the front of the 
engine or strengthening the turbine blades is useless, 
because both methods involve unacceptable losses in 
power. 

So far, it seems that those leaving the universities 
have been indifferent to all this fun and games. Pro- 
fessor J. ©. Willmott, Director of the Physical Labora- 
tories at the university, has made a survey of twenty- 
six British universities and has found that although 
only 12-8 per cent of physicists with doctorates find 
their first job in industry, the proportion finding their 
second job in industry was even lower—10-8 per cent. 
Universities showed little change between first and 
second employment, claiming 41:8 and 41-2 per cent, 
but government service showed & slight drop, from 
11-2 to 10-8 per cent, and the number emigrating a 
slight increase, from 29-3 to 31-9 per cent. This showed, 
Professor Wilmott said, that top physicists “run 
away from industry as fast as possible’. Predictably, 
academics and industrialists, with their different ways 
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of looking at the problem, suggested different solutions. 
The: academics recommended harder recruiting and 
-higher salaries, but the industrialists suggested darkly 
+that-far'too many graduates are going on to do doctor- 
ates and that many of them are not worth recruiting 
anyway. Dr. Finniston said that industry really does 
not need enormous numbers of outstanding physicists 
—they tended to get in each other’s way. At his own 
establishment, he said, only a dozen of the staff of 
500 are absolutely top men. 


Cars for Posterity? 


Ir looks like being some time before any city can 
boast of enough electric cars to make a traffic jam. 
At the symposium on the subject organized by the 
Institution of Electrical Engineers last week, there was 
plenty of enthusiasm among town planners, battery 
manufacturers and ordinary inventors, but at the end 
of the day the petroleum companies cannot have been 
‘seriously alarmed. Many of them, in any case, have 
been hedging diligently on fuel cells and batteries, 
and one was even magnanimous enough to lend space 
on the South Bank in London for an exhibition of 
electric prototypes as part of the symposium. 

The immediate problem is to design an electrical 
system which is light enough for its performance to 
-matoh realistic needs. Given that it needs something 
like 0:25 kWh to move a vehicle with a gross weight of 
"1,000 Ib. a distance of a mile at 30 m.ph., it is not 
surprising that designers have long since washed their 
hands of the lead acid battery. At 60-100 Ib. per 
kWh, it is altogether too heavy. But even the silver- 
zine battery, useful enough in satellites, is at once too 
heavy and not long-lasting enough. This is why 
interest in storage batteries as such has shifted to 
electrical cells based on much more exotic—and poten- 
tially hazardous—chemical reactions. A battery 
based on the reaction 


2Na+5S92Na,8, 


is being developed by the Ford Motor Company in, the 
United States, and was described to the symposium 
last week. Just over a pound of battery would be 
enough to propel a small vehicle for a mile, but the 
battery would have to operate at roughly 600° ©, so 
that all kinds of technical and even administrative 
problems may have to be dealt with before it appears 
on the streets. 

Batteries which are essentially reversible fuel cells 
seem to be a more practical proposition. Cells based on 
the interaction of zinc with oxygen (which is as free 
-as air) may be made to weigh three or four pounds for 
each kWh they store, but in practice there are likely 
to be problems because of the strong solution of potas- 
sium hydroxide in which the zino electrodes would 
have to be immersed. A fuel cell able to operate suc- 
cessfully on natural gas and air would probably have a 
cheerful future, but it was plain, at the symposium last 
week, that the success of electric cars may depend not 
on better batteries but on more efficient ways of using 
electricity for traction. A simple device for regenera- 
tive braking would be a great boon, for example. 
And, of course, discrimination against internal com- 
bustion engines on the grounds of air pollution would 
have an even more decisive influence. 
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Jam Tomorrow 


“Computina in the seventies will consist entirely of 
what we were promised in the sixties.” This was the 
resigned conclusion of one participant after the con- 
ference organized last week by the Manchester and 
District Branch of the British Computer Society, which 
discussed the possible developments of computing a 
decade from now. The comment was made after a 
presentation which made production control by com- 
puter—a development promised almost daily since the 
first card was punched—seem infinitely distant and 
appallingly complicated, but it could also apply to 
other developments. Multiple access, character recog- 
nition, machine translation and the development of 
universal computer languages have all failed to live 
up to expectations. 

The computer men at the conference spent little time 
discussing their failures, however. There was some 
refreshingly trenchant criticism of the actions of the 
government in the data processing field. One delegate 
said that the ‘‘interference” of the National Computing 
Centre, the National Research Development Corpora- 
tion and the General Post Office in data processing 
was a waste of time, a squandering of resources and a 
dissipation of effort. It is hardly necessary to add that 
he represented a computer bureau. The bureaux have 
expressed alarm over government actions, particu- 
larly the National Data Processing Service to be run 
by the GPO. They fear that the service will be run 
inefficiently and supported by hidden subsidies from 
other postal services. More cynically, they suspect 
the GPO of trying to sell off spare machine capacity 
in the lucrative bureau business, which some forecasts 
believe will reach £30-£40 million per year in Britain. 
At present there are 50 bureaux, the vast majority 
in London, and it is agreed that, with or without the 
GPO, some rationalization is inevitable. Ultimately 
there will be perhaps 5 or 6 bureaux, offering a wide 
range of services. One danger of the GPO plan was 
mentioned half seriously by Professor Gordon Black, 
Director of the National Computing Centre: if the 
service is run in conjunction with the new Giro system, 
how will dishonest users be prevented from gaining 
access to commercial secrets ? 


Co-operative Biologists 


Tue International Biological Programme swings into 
fall scale action in July this year, after three years 
of planning. About forty countries are co-operating 
by organizing their own national committees, and the 
plan of action of the British committee was published 
last week. It includes some 150 projects being carried 
out in Britain and in collaboration with other countries. 
The whole programme is divided into seven sections, 
covering productivity of land and the adaptability of 
human beings. Of the British contribution to the 
programme, 14 projects are being carried out overseas; 
they include productivity studies of a lake in Uganda, 
a comparative study of British, Indian and inshore 
waters. Human adaptability is being studied at high 
altitudes in Ethiopia and Bhutan, and at more normal 
levels in New Guinea; the productivity of rain forest 
in Malaya and savannah in Uganda is being investi- 
gated. Of the investigations nearer home, most would 
have been carried out even if the programme had not 
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been devised; the effect of the IBP has been to change 
the emphasis of some research projects, and hopefully to 
co-ordinate them on a world scale. 

In Britain this activity is being supported from a 
number of sources; the Royal Society has supplied 
£34,000 for the past two years, and this year the figure 
has been more than doubled. This money comes 
through the Department of Education and Science, 
and is earmarked for the IBP; the Natural Environ- 
ment Research Council also gets money for specific 
IBP projects from the Treasury, but the other research 
councils find it out of their normal income. 


British Association Meeting 


Tar British Association for the Advancement of 
Science will meet this year in Leeds, from August 
30 to September 6. The preliminary programme, just 
published, shows that the meeting will be as wide, 
varied and probably as indigestible as ever. There 
will be six symposia; two are likely to appeal to 
hardened veterans—The Planning and Financing of 
Research and Development in the United Kingdom, 
and Why Choose Science? Factors Affecting the 
Choice of Subjects at School and University. The 
others are brighter and more general— Britain in 
A.D. 2000, The Control of Crime, Escape into Space ? 
and Our Crowded World. The titles convey accurately 
what the symposia will be about, and the one on space 
research at least looks likely to produce argument. 
Lord Bowden. will be there putting his well rehearsed 
arguments against space research, and with Iuck will 
be opposed by a distinguished American scientist 
concerned with the U.S. space effort, as yet unnamed. 

There will, in addition, be the usual sectional 
programmes, which for the first time are given in 
considerable detail in the preliminary programme. 
These cover the whole range of science, and include 
disoussions of the sociology of science, and, inevitably, 
the science of science. 


EMBO Moves On 


Tue European Molecular Biology Organization seems 
to have won the sympathies if not yet the tangible 
support of a great many European governments. At 
a meeting called earlier this month by the Swiss 
Government at the CERN laboratory in Geneva, 
official delegations from eleven countries were broadly 
sympathetic towards the proposal that public funds 
should be used to support the work of EMBO when its 
present funds are exhausted some time next year. A 
further conference is to be held towards the end of 
1967, when it is expected that governments will be 
prepared to translate their expressions of goodwill 
into money. 

So far EMBO, which is constitutionally a private 
organization with 160 individual members, has been 
supported largely by the Volkswagen Foundation. 
It was formed four years ago on the model of CERN 
with the intention of fostering European activities in 
molecular biology. So far the organization has been 
largely concerned with organizing and financing 
exchanges of people between European laboratories, 
and several hundreds of visits, usually for periods of a 
few months, have already been made. From the 
beginning, the organization has had in mind a project 
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to create a European laboratory for molecular biology, 
and one of the surprises of the conference at CERN 
this month was that the French delegation announced 
that the French Government would actually provide a 
site for a laboratory in France if funds for building 
and operation could be found. Not all delegations 
were as enthusiastic, although only the Belgians were 
openly sceptical. 

Although it is, of course, too soon to know how EMBO 
will make the transition from being a private organiza- 
tion to a publicly supported consortium, the chances 
are high that governments will agree to provide sup- 
port for a continuing programme of exchanges, 
possibly on a larger scale. The laboratory is clearly a 
more tricky matter. Some governments are under- 
stood to have taken the view at Geneva that the urgent 
need is to strengthen the European centres which 
already exist and not to create new ones to act as 
magnets for skilled people. Within EMBO, and 
particularly among those members from countries in 
which molecular biology is still a Cinderella, the labora- 
tory is thought to be an essential means of keeping 
European scientists in Europe. 


Masters and Slaves 
from a Correspondent in Cell Biology 


Tam organization of chromosomes remains one of the 
enigmas of cell biology. Two interesting new models 
of chromosome organization have recently been 
published by Callan (J. Cell Set., 2, 1; 1967) and 
Whitehouse (ibid., page 9). 

Callan’s proposal is that in each chromosome there 
may be several copies of the same gene arranged as 
serially repeated sequences of nucleotides in a single 
DNA molecule. This serves in particular to explain 
his own observations of lampbrush chromosomes of 
amphibian oocytes and Keyl’s data on the DNA 
content of bands in chironomus salivary gland chromo- 
somes. In Callan’s model, either the first or the last 
gene in such a sequence acts as a “master”, simply by 
virtue of its terminal position: the other genes are the 
“slaves”. Recombination is restricted to master genes, 
and once during the life cycle, after recombination 
has occurred between chromatids of homologous 
chromosomes at meiosis, the nucleotide sequences of 
both nucleotide chains of the slave genes are matched 
and if necessary corrected with respect to those of the 
master gene. Finally, only slave genes are used as 
templates for the synthesis of RNA. 

If recombination is restricted to master genes, one 
of the consequences of Callan’s model is that neigh- 
bouring master genes are separated from each other 
by a series of slaves. This cannot be reconciled with 
data Whitehouse has obtained in studies of recombina- 
tion in Aspergillus nidulans, for these imply that 
only one copy of each gene is present and that each 
gene must be in contact with its neighbours. This 
interpretation of the recombination studies can ‘be 
reconciled with the inference that lampbrush chromo- 
somes carry several copies of the same gene by modify- 
ing Callan’s model. 

To this end, Whitehouse suggests that slave genes 
are removed from a chromatid before interchromatid 
recombination at meiosis by intrachromatid recom- 
bination between the first (master) and the last (slave) 
gones in a repeated sequence. This results in a closed 


446 


circular DNA molecule containing all the slaves and a 
linear DNA molecule in the chromatid with all the 
masters. It may be relevant that Hotta and Bassel 
(1965) have recently obtained evidence for circular 
DNA molecules in boar sperm. After crossing over 
between master genes at meiosis, slave genes are re- 
inserted by recombination with master genes. White- 
house modifies Callan’s model further by suggesting 
that only one nucleotide chain of a slave gene—that 
which acts as template for RNA synthesis—is matched 
against the master sequence, and that matching of the 
slaves always occurs before they function as templates. 
If the matching process involves breakage of poly- 
nucleotide chains, the uncoiling and coiling of the 
DNA duplex would be facilitated. 

This model of chromosome organization has great 
appeal because it unifies a variety of seemingly con- 
tradictory data obtained from both cytological and 
genetic studies of chromosome structure and function. 
Moreover, the model has the great virtue that it can be 
made to make predictions which can be tested experi- 
mentally. For example, an investigation of the structure 
of meiotio chromosomes with the electron microscope 
and the Kleinschmidt spreading technique might reveal 
circular DNA molecules. Information about the 
proposed master to slave matching process in lamp- 
brush chromosomes might be obtained from electron 
microscopic autoradiography and further studies of the 
nucleolar locus of these chromosomes which is known 
to replicate many times and produce rings of DNA 
would be particularly instructive. 


Physics 1967 
by H. J. J. Braddick 


THE general form of the exhibition held this year by 
the Institute of Physics and the Physical Society was 
that which has become traditional: industrial firms, 
Government research establishments and educational 
bodies were all well represented. The Alexandra 
Palace, the present venue of the exhibition, allows a 
very clear and uncrowded arrangement of the stands, 
and in a side hall the Scientific Instruments Manu- 
facturing Association had an exhibition of instruments 
made by its members and not necessarily qualifying 
by novelty for the main exhibition. A considerable 
and valuable display of equipment was thereby made 
available. 

Following the special exhibition last year of French 
scientific apparatus, this year’s exhibition contained a 
co-operative exhibition from West Germany, organized 
by the Bundesministerium fiir wissenschaftliche For- 
schung and including State research establishments 
and the products of industrial firms. The Bosch 
concern showed paper carrying a thin metallic layer asa 
recording medium in which records could be burned 
by a moderate current, and they showed how this 
material behaved as a self-healing material for capaci- 
tors. Heraeus showed an interesting exhibit of 
components in quartz glass, in particular lightweight 
telescope mirrors of hollow construction. The main 
exhibitors of research techniques were the societies for 
materials research and aerodynamic research. 

A British co-operative body formed to further the 
application of a special physical technique is the 
Association for High Speed Photography which is 
able to draw on a valuable reserve of knowledge at 
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the Royal Aircraft Establishment, Farnborough, and 
the Atomic Weapons Research Establishment, Alder- 
maston. A reiterated theme on many stands was the 
laser and its use in holography. A number of estab- 
lishments, including the National Physical Laboratory, 
RAE and AWRE, exhibited holography on a stand of 
the Institute of Physica and the Physical Society Optical 
Group, and indicated applications for the reconstructed. 
three-dimensional image which can be produced in 
this way. <A relatively powerful argon-ion laser 
suitable for holography was shown by the Services 
Electronics Research Laboratory, and several lasers 
are available from commercial firms, including Mullard, 
Ferranti, AEI, Plessey, Barr and Stroud, G. E. Bradley, 
and Scientifica. Most of these were gas lasers using 
either helium~neon, carbon dioxide or argon ions. 
An application for laser illumination in a workday 
problem was shown when the opening contacts of a 
large air blast circuit breaker were illuminated to 
reveal the phenomena there to a camera in spite of the 
blinding illumination of the are. Superconducting 
solenoids are now a commercial article, and the Oxford 
Instrument Company showed several of them. 

A novel principle which appeared on several stands 
(Marconi, Plessey, Techne, RAE) is the “fluidic” 
amplifier or logic element in which a free jet flowing 
into stationary fluid is attracted to the walls of the 
region surrounding it, and may be moved from wall to 
wall by applying small pressure changes. Devices 
can be made which mimic the behaviour of electronic 
circuits using this phenomenon and they may find 
useful application, perhaps in computing equipment. 
They are said to be particularly cheap and reliable, 
though slow compared with electric circuits. 

A group of stands illustrated the work of the Ministry 
of Aviation and Admiralty establishments. RAE 
showed carbon fibres the stiffness and strength of which 
compared favourably with high tensile steel. Stuck 
together with polyester resin, they produce a light, 
strong material which seems to represent a landmark 
in individually designed materials. The Admiralty 
Surface Weapons Establishment showed a radar scanner 
in which the phase of the waves escaping from slots in 
waveguides was shifted by energizing slugs of ferrite 
materials in the waveguide. The radar beam can thus 
be scanned from side to side by a purely electrical 
adjustment. 

In addition to commercial products and research 
activities there was a number of stands devoted to 
educational activities and equipment. For the first 
time a grammar school has had a stand at the exhibi- 
tion, and had set up an exhibit of computer science, 
designing and constructing all the customary logical 
elements. 


Data Transferred 


Tum Mill Hill Observatory of London University has 
agreed to take charge of World Data Centre © for 
Sudden Ionospheric Disturbances. For several years 
the centre has been at the Dunsink Observatory, Hire. 
Professor C. W. Allen, Director of the Mill Hill Observa- 
tory, is at present arranging for material to be trans- 
ferred from Dunsink to London, and in future enquiries 
should be made to the following address: World Data 
Centre C (STDs), University of London Observatory, 
Mill Hill Park, London, N.W.7. 
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Teaching Teachers Physics 


THE Institute of Physics and the Physical Society 
(which is intended to be the name of a single society) 
has opened a second regional centre for physics teachers 
in schools. The new centre will be operated from the 
University of Newcastle upon Tyne, and the object is 
to make available to teachers i~ schools some of the 
facilities of the university, including equipment not 
readily available in schools. Teachers enrolled at the 
centre will also have access to the students’ workshop 
at the University of Newcastle upon Tyne. 

If precedent is a guide, the new centre should be a 
considerable success. Since last September a similar 
centre has been operating at Manchester, with a base 
at the Institute of Science and Technology. Apparently 
there is a hard core of more than thirty teachers from 
schools in the neighbourhood at each of the weekly 
meetings on Wednesdays during the university term. 
At Manchester, as at Newcastle, access to a workshop 
is part of what the university has to offer those from 
the schools. The more formal activities include lec- 
tures, discussions of matters such as school examina- 
tions, and comparative assessments of the value of 
equipment manufactured for use in schools. 


Select Committee 


A BREAK in the ranks of the British nuclear power 
consortia was revealed when the Select Committee on 
Science and Technology interviewed Colonel G. W. 
Raby, Chairman of Atomic Power Constructions, Ltd. 
Not only did Colonel Raby attack the doctrine of 
technological development to which the other consortia 
are committed, but he questioned the need for the 
existence of the three consortia. Worse still, Colonel 
Raby revealed under pressure that, if APC had been 
allowed to tender for the Hinkley Point B contract, 
its bid would have been “not more than £87 per kilo- 
watt”. The Nuclear Power Group, which won the 
contract without the customary competition, is supply- 
ing the station at a cost of £95-5 per kilowatt. The 
APC claim represents a total capital cost of £109 
million against the NPG price of £120 million. The 
difference, £11 million, is bound to be much bandied 
about when Mr. Stanley Brown of the Central Electri- 
city Generating Board returns to give further evidence. 
Tt is also a shot in the arm for members of the select 
committee, who have been looking for something of 
the sort to establish their political bona-fides. It is 
possible, of course, that the figures given by Colonel 
Raby are not directly comparable with those given 
several weeks ago by Mr. F. H. S. Brown of the 
C.E.G.B.; for the time being, at least, jubilation should 
be restrained. 

In its written evidence, APC recommended that 
reactor design should be standardized, with at least 
three stations being built to each design. The market in 
Britain is too small to support wholesale development 
of a variety of designs of reactors, cores and fuel. A 
single British reactor organization should be set up by 
the Atomic Energy Authority, with industrial and 
C.E.G.B. participation, and future stations should be 
built not-by the existing consortia but by architect/ 
engineer organizations, as in the United States. These 
changes, believes, would enable more British 
reactors to be sold abroad. 
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Parliament in Britain 


CERN Contracts 

Tax Minister of State at the Ministry of Technology, 
Mr. J. Stonehouse, has said that British companies 
have so far obtained only 4-5 per cent of the contracts 
allocated at CERN even though the British Govern- 
ment contributes 23 per cent of the cost of the organiza- 
tion. The Ministry is collaborating with the Science 
Research Council to improve the showing of British 
industry. (Question, House of Commons, April 11.) 


Research and Development Expenditure 

On April 14 Mr. A. Crosland, Secretary of State for 
Education and Science, gave Government estimates of 
expenditure on civil research and development in 
1967-68 as £295 million, compared with £136-7 million 
in 1961-62; £154-2 million in 1962-63; £167-6 million 
in 1963-64; £195-3 million in 1964-65; £237-1 million 
in 1965-66; and £261-7 million in 1966-67. Groups 
from the Council for-Scientifio Policy were currently 
studying molecular biology; the flow of candidates 
into higher education; the support of university 
science; and the proposed European 300 GeV synchro- 
tron, he added. (Written answer, House of Commons, 
April 14.) 

The Chancellor of the Exchequer, Mr. J. Callaghan, 
gave public expenditure on military research for 1965 
as £154 million, compared with £97 million in 1960 
and £130 million in 1963. (Question, House of Com- 
mons, April 18.) 


Antarctic Treaty 

Tor Antarctic Treaty Bill will enable the United 
Kingdom to carry out fully its obligations under the 
Agreed Measures for the Conservation of Antarctic 
Fauna and Flora which were adopted by the Third 
Consultative Meeting of the Antarctic Treaty Powers 
at Brussels in 1964. (Debate, April 14.) 


Building Research 

Mr. H. Wiutson, the Prime Minister, announced that 
responsibility for the Building Research Station will 
be transferred on July 1 to the Minister of Public 
Building and Works. The arrangements would main- 
tain the scientific integrity of the Station’s work and 
its close links with the building industry, and would 
enable research and development related to the con- 
struction industry to be co-ordinated. (Written state- 
ment, House of Commons, April 20.) 


Continental Shelf 

Me. Q. Rosxrts, Minister of State, Department of 
Education and Science, said that a start was now being 
made on the complete geological survey of the Con- 
tinental Shelf surrounding the United Kingdom by 
the Institute of Geological Sciences. Expenditure, 
estimated at £12,000 in 1966-67, was expected to be 
£30,000 in the current year. (Written answer, House 
of Commons, April 17.) 

Select Committee 

A MOTION in the name of Mr. Richard Crossman, 
Leader of the House, proposes that the Select Com- 
mittee on Science and Technology should have the 
power to appoint subcommittees, and to refer to them 
any matters which fall within the ambit of the select 
committee. Each subcommittee would have a quorum 
of three, would meet publicly, and would report to the 
committee from time to time. (Motion published 
April 19.) 
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Sennen Cove, April 6 


Tus beach on the southern end of Whitesand Bay 1s one 
of the worst hit beaches on the Cornish coast. According 
to local information the oil must have been more than a 
foot thick in places. Many of the boulders on the upper 
part of the beach were almost completely hidden. The 
area was the subject of one of the most intense oil-clearing 
efforts. Roughly 22,500 gallons of detergent are said to 
have been used each day. 

The following procedures were being used to remove the 
oil. On the rocky part of the shore detergent was first 
sprayed at high pressure to emulsify the oil, and the 
resulting mixture washed off with water from fire hoses. 
On the sandy beach the sand was ploughed up with bull- 
dozers and then sprayed with detergent. It was hoped 
that the churning action of the surf as the tide rose would 
then wash the emulsified oil out of the sand. 

No fauna, dead or alive, was found in the sandy area, 
even in those parts in which bulldozing was not carried 
out. A transect from high to low water mark was marked 
out on the beach and 1/16 square metre areas were exam- 
ined at intervals of 10 metres along it. In the absence of 
any living or dead material, however, it is impossible to 
estimate the effecta of the oil or detergent on the sand. 
The rocky shore, however, presented a completely different 
picture. Many of the pools and hollows between boulders 
contained dead fish and invertebrates. The findings are 
shown in Table 1. Some polychaete worms were still 
showing signs of life, but most of them had perished. 
Species found included ragworms (Nereis diversicolor) and 
lugworm (Arenicola marina). An almost complete 
absence of gastropod snails was also noticed. 

The whole of this shore had been sprayed several times 
with detergent, but in many areas quantities of oil still 
adhered to the rocks. Above high water mark some pools 
of pure oil, black in colour, still remained, but on the 
lower shore and on the sand all the oil had formed an 
emulsion with sea water and resembled melted chocolate 
in appearance and consistency. Where the process of 
emulsification had been carried further by using detergent, 
a milky liquid was formed which flowed down the shore 
as spraying proceeded. This liquid is apparently an 
emulsion of the oil in sea-water, whereas the brown 
substance is an emulsion of water within the oil. 

The northern end of the beach, which had been affected 
by oil, but had not received direct spraying with detergent, 
was also briefly examined. The shore here is also rocky, 
but is much more exposed than the southern end. No 
dead fish or invertebrates were found. As in the southern 
part of the shore, limpets (Patella vulgata) were easily 
pulled from the rocks, but not so many had actually 
become detached or been washed off. Anemones 
(Anemonta sulcata) were still attached to the rocks, but 
were strongly contracted, even under water. A few small 


On March 18, 1967, the tanker Ta Canyon ran aground on 
the Seven Stones reef off Land’s End. At least 

has since been released. In mopping up, large quantitles of detergent 
have been used to emulsi 
on the Intertidal marine life have been examined at two areas of the 
Cornish coast. The report paints a dismal picture. 


60,000 tons of crude oil 


the oll. The effects of the oll and detergent 


Table 1. SPECIES FOUND DEAD AT SENNHN COVE OR PORTHGWARRA AFTER 
MOPPING-UP OPERATIONS 
FISH Location Commenta 
Eel Anguilla anguilla P; Many dead elvers in pools 
of fresh water stream 
Rocklings s. eens up to 35 om 
ong 
Three-hoarded 
Sand-cel Ammodyles sp. 8. eben ens up to 80 cm 
ong 
Lessor weever Trachinus vipera B. 
Mon Blenmus montagui $3, and P. 
blenny 
Common Blennius pholis 8. and P. 
blenny 
Long-spined Cottus bubals P. 
sea scorpion . 
Pleuronectes limanda 8 
Flounder Pleuronectes flesus sS Many young 
Cornish sucker gouani 8 
Bea anemone Astinia eguina 8.and P.) Bither detached from 
Anemonia sulcata 8. and P. rocks or showing signs 
of injury. The ten- 
tacles of Actinia wore 
frequently withdrawn 
tightiy even under 
water. Anemonia 
lost tn i bavo 
oB! r power 
reaot rnal stim- 
ulus 
Bagworm Nereis dywersicolor 8. 
eres cultrifera T Bome specimens still alive 
Lugworm renicola manna 8. 
Barnacle Balanus balanoides 8. Many have lost their 
Taopod Eurydice pulchra 8 0 grange rtd found 
‘ ne live g en foun 
Idotea emarginata 8 and P. 
dotsa pelaga 8. 
Amphipod Meri: sp P. 
mphuhoë rubricata P. 
Prawn Leander serratus 8. 
Common Orangon vulgaris 8. 
eghrimp 
Edible crab Oancer S. and P. More than 50 per cent of 
Shore crab Carcinus marnas 8S. and P. crabs wero berried 
females 
Ohiton 
Limpet Patella vulgata 9. and P. Fallon iom rooks or 
now loose 
Periwinkle Tattorina Uttoralis S.andP Live specimens present 
on the fronds of Fucus 
ALGAB 
Enteromorpha P. Growlng in and around 
the fresh-water stream, 
but now bleached to a 
pale fawn colour 
Rhodochorton 8. Greasy velvet in appear- 


ance, 


8 , Sennen Cove, April 6. P., Porthgwarra, April 8 (after detergent spraying 
operations). 


periwinkles (Littorina littoralis) were found on oil-covered 
fronds of Fucus. 


Porthgwarra, April 7 
Porthgwarra is a small rocky creek about 3 miles 
south-east of Land’s End. The shore here consists of 
rock and boulders, between which a small fresh-water 
(continued on page 641) 
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Tas hallmark of the immunological response is its 
specificity—that is, the remarkable ability of antibody 
molecules to discriminate between antigens of closely 
related structure. This phenomenon, taken together with 
the observation that a great variety of substances are 
known to be antigenic, indicates that the immunological 
system can synthesize a very large number of different 
antibody molecules (probably > 10%) distinguished by 
their combining specificities. Despite this remarkable 
diversity, all antibodies have a basically similar peptide 
chain structure which is common to man and the moat 
primitive vertebrates. The fundamental problem of 
antibody structure therefore concerns the nature of the 
molecular modifications which are superimposed on a 
relatively constant structure and which determine unique 
combining specificities. 

Definition of the chemical basis of combining specificity 
is complicated by the size of antibody molecules and more 
particularly by their chemical heterogeneity. The 
structural complexity of normal immunoglobulins and 
specific antibodies has stimulated renewed interest in 
those homogeneous proteins which are found in mice and 
in men in association with myelomatosis and certain 
related lympho-proliferative disorders. These proteins 
considered collectively show approximately the same 
distribution of antigenic and allotypic specificities as 
normal immunoglobulin, which suggests that they can be 
regarded as individual species of the normal immuno- 
globulin population with peptide chains sufficiently 
homogeneous to permit of detailed chemical analysis. 
Sequence studies on these proteins have provided much 
detailed information about immunoglobulin structure and 
in particular have shown that large stretches of immuno- 
globulin molecules have a relatively Gonservative struo- 
ture; variability is for the most part confined to portions 
of peptide chains known to carry the combining sites. 
Such an arrangement fulfils ideally the biological functions 
of antibodies, which must be unique in their specific 
recognition of an indefinite number of antigens and yet 
conserve those general properties (such as the capadity 
to fix complement and to attach to or to traverse specific 
biological membranes) which are characteristic of the 
class of antibodies to which they belong. The occurrence 
of peptide chains which are partly repeated in all anti- 
bodies of the same type and partly defined individually 
has drawn attention to certain anomalous features of the 
wenetic mechanisms which control antibody synthesis. 


General Structure of Antibody Molecules 


All antibody molecules are made up of a basic unit of 
‘our chains consisting of two heavy (molecular weight 
30,000-70,000) and two light chains (molecular weight 
bout 20,000) covalently linked by interchain disulphide 
vonds; this structure was first proposed in 1962 by 
Porter? for rabbit antibody and has subsequently been 
-ound to apply to the immunoglobulins of all the verte- 
swate species so far examined. The general four-chain 
tructure of antibody molecules was inferred from the 


Antlbody molecules, or “Immunoglobulins”, have been recognized 
only in vertebrates and all are found to have a fundamentally sImilar 
structure consisting of two heavy and two light peptide chains. 
Recent studies of the amino-acld sequences of these chains are of 
Interest In relation to the chemical basis of antibody specificity, the 
evolution of Immunoglobulins and the genetic control of antibody 
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Fig. 1. D matio representation of IgG antubody; the molecule is 
up of two heavy and ¢wo light chains linked by three interchain 
Gisulphide bonds, Broken lines show stretches of peptide chains in 
which heterogeneity occurs (or 18 presumed) within a given chain type. 
The Tudung ortion of heavy chain represents the area susce 
tible to proteo. yio digestion; papan nand pepun give rise to fragmen 
in f 


properties of peptide chains ‘separated from reduced 
immunoglobulin and also by analyses of fragmenta 
obtained by splitting antibodies with proteclytic enzymes; 
these o act at different sites, but all within a 
limited stretch of the heavy chain (Fig. 1). Physical 
measurements have shown that the enzymatic fragments 
are more compact than the whole molecule’, which suggests 
thet the region susceptible to hydrolysis is a relatively 
extended and flexible portion of the heavy chain linking 
together the two fragments of the molecule which are 
“active” in the recognition of antigen (Fab) and the 
fragment which is, in this respect, “inactive” (Fo). Fe 
is functionally active in reactions of antibody molecules 
other than antigen recognition, for example, in comple- 
ment fixation. This general configuration is supported 
by electron micrographs**, which show that Fab portions 
of the molecules when crogs linked to antigen become 
extended to varying degrees so that antibodies appear 
as Y-shaped strands twice as long as the original globular 
proteins. 


Heterogeneity of Antibody Molecules 


The overall heterogeneity of antibodies is apparent 
from the wide range of electrophoretic mobility of the 
serum gamma-globulin fraction. Recognition of distinct 
classes of antibody molecules within this fraction was 
based on antigenic differences between whole im- 
munoglobulin (Ig) molecules. Studies on separated 
peptide chains have shown that each class of immuno- 
globulins is characterized by the properties of its heavy 
chain. The structural features which define class speci- 
ficity are located mainly on C-terminal halves of heavy 
chains and peptide maps suggest that there are consider- 
able dissimilarities in their amino-acid sequences. The 
four principal classes also differ in physical and biological 
properties; the human proteins can be regarded as proto- 
types for those in other species (Table 1). An additional 
class (IgE) has been postulated to account for the proper- 
ties of the reaginic antibodies which mediate various 
hypersensitivity responses in man’. 

Each class of immunoglobulins contains several related. 
types (or sub-classes) of chains which occur in all indivi- 
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Table 1. PROPERTIES OF HUMAN DIMUNOGLOBULINS 
IgG IgA IgM IgD 
Molecular wt. 150,000 180,000 900,000 
400,000* 
Total carbohydrate 29 T5 118 
Heavy chaina 
Mo wt. 50,000 64,000 70,000 
Class a m d 
‘Types (No.) $ 2 72 
types m 
Light ins 
lecular wt 20,000 20,000 20,000 
es x, a x, A xn, A x, 
Ee lo eel Inv Inv Inv à 
o ormulae Yi Ara a% 
vay ahs aaa dys 
(raha T* 
ays T 
Biological proporties 
Serum conc. mg per cent 800-1,680 140-420 50-190 0:3-40 
Catabolio rate 4-7 14-84 14-25 18-60 


(per cent I.V. pool/d) 
Antibody activit; + + 
Complement fixation + + 
Placental transfer + 0 
Presence in COF + + 0 
Seromucous secretion 0 0 
Skin sensitization 

Heterologous species + 0 

Homologous speoles 0 0 
*TgA in seromucous secretions appears to consist of two 4-chaIn units 

associated with an additonal plece E 


nO 


duals of the species and are distinguished by structural 
modifications located predominantly on C-terminal 
stretches. A given chain type is defined by the amino- 
acid sequence of its C-terminal section. The number of 
such distinct types is limited and present knowledge 
indicates that there are about a dozen in man (Table 1). 
Heterogeneity of chains within a single type is principally 
attributable to variation withm N-terminal halves. 

The most detailed sequence data are available for the 
light chains of human and mouse. In both species the 
two types of light chains x and à (see Table 1) are made 
up of invariant C-terminal sections (C) and variable 
N-terminal sections (V) of about equal length (Fig. 2). 
About 35 per cent of the residues are identical in human 
Cx and Ca (ref. 6) (Fig. 3). The N-terminal or V-sections of 
light chains show a high degree of individual variation, 
although the available data do suggest that variability 
is restricted in several respects (Fig. 2 and Table 2). 
Thus: (1) The chain length is essentially constant at 
about 107 amino-acid residues, although variations in size 
as a result of insertions or deletions have been observed’. 
(2) Certain positions are highly variable but others may be 
invariable’. (3) Some substitutions involve only one of 
two residues. (4) Most variations can be ascribed to a 
one-step mutational process involving both transitions 
and transversions of the underlying DNA sequence. 
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(5) V-sections have features which permit them to bo 
identified as originating from either x or à chains*-!°, 

Despite these restrictions, the number of light chain 
variants appears to be very large. Variation has been 
observed at forty amino-acid sites; even if the number 
of residues at each were restricted to only two, then the 
total number of possible chains, assuming all theoretical 
combinations, would be 24° or more than 10°. If there 
were any restriction on random combination of variants 
the actual number would be smaller. Considerable 
randomness is suggested, however, by available data; for 
example, although only two variants have so far been 
observed in positions 1, 3, 4, 21, 22, 24 of x chains, 
N-terminal asp is known to occur with each of the alternate 
residues at all these positions (Table 3). No identical 
fingerprints were found among 26 x and 20 ì chains’. 
Tf a study of a hundred light chains were to reveal no 
two identical sequences, then it would be most likely 
(P = 0-99) that the total number of light chains is greater 
than 1,000 and probably greater than 5,000 (P=0-65). 
The multiple electrophoretic components of light chains 
show a random distribution which suggests that the 
population ıs derived from a large number of variants 
originating from a single sequence. 

Invariance of the C-terminal half of the heavy chain 
was suggested by the pioneering work of Porter, who 
showed that this part of the molecule from rabbit IgG 
readily crystallizes'*, This is being confirmed by finger- 
print studies of Fe (ref. 13), by studies of C-terminal 
sequences of heavy chains in several species-1* and by 
an almost complete sequence analysis of Fo from rabbit 
IgG (ref. 17). It is usually assumed that N-terminal 
halves of heavy chains of a given type are heterogeneous. 
This belief arises because: (i) Antibody specificity resides 
in the Fab fragment (Fig. 1), which contains this half of 
the chain. (ii) Antibody specificity appears to be asso- 
ciated with variations in amino-acid sequence. The best 
evidence that specificity is dependent on primary structure 
comes from experiments in which reduced Fab fragments 
of various rabbit antibodies were completely unfolded 
in 6 molar guanidine hydrochloride, and shown to 


Table 2, THE VARIABILITY OF THE V SECTION OF x OHAINS, BHXEMPLIFTED 
BY A STRHTOH AROUND THE OYS RESIDUE 88 IN SEVERAL BRNOE-JONES 
PROTEINS 

Roy 


Ag Tyr. Tyr.Cys.G1n.Gln.Tyr.Glu.Thr Leu Pro, Arg. 
Ker Tyr. Tyr.Cys.Gln.Gin. Tyr.Asp.Asp.Lou.Pro.Pro. 
B.J. Tyr. Tyr.Cya.GIn.@in. Tyr.Gln.Asn.Leu.Pro. Tyr 
Cu Tyr Tyr.Cys.Gln. Met.Arg.Leu Glu. Ile.Pro ae 
Rad Tyr. Tyr.Cys.Gin.Gin. Tyr.Glu. Thr.8er. Pro, 


Data from refs. 80 and 42. 
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outeide boxes indicate position of the residue. Emp 


the number and position of variations observed in com 


tive sequence analyses of human x-chains**-*, Numbers 


boxes are those residues at which no variants havo been observed. Shaded boxes 


represent variant residues; the enclosed numbers indicate the number of variants which have bean found at each position, Arrows show positions 
at which a particular reaidue has been observed In at least five proteins. 
* An insertion of four residues in a mouss «chain has been reported in this stretch’. 
+ A variant at position 122 18 discussed in ref. 40. HtN, Amino terminus; -OOO, carboxyl terminus; 8-8, disulphide bridges; V, variable stretch, 


C, constant stre 
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Ala-Ala~Pro-Ser-ValtPhe-I104Phe~Pro-Pro-SertAsGln. Gln} LeutLya—-Ser— 
Gin-Pro~Lys4Ala-Ala~Pro-Ser—Val}-Thr-Leu+Pho-Pro-Pro-Se Ser+Glu}Glu+-LeutGin-Ale- 





140 145 
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17 
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Fig. 8. Comparative sequences of the C-terminal halves of human » and å chains (taken from ref. 6). 


Table 3 RANDOMNESS IN THE OCOURRENOH OF VARIANTS AT GIVEN POSITIONS 
OF INDIVIDUAL x CHAINS 


Position No. 

Specimen 1 8 4 21 24 
Ker Asp Gix Met Ie Thr Gin 
Man Asx = — Te Ser Arg 
Ale AS m — (Leu Thr Arg) 
3 Asx Val Ieu 


regain a significant degree of combining affinity after the 
removal of denaturing and reducing agente'*!*. In fact, 
there is little direct evidence for N-terminal variability 
of heavy chains apart from studies of the N-terminal 
peptides of rabbit y-ohains. Whether or not the sup- 
posedly variable region of the heavy chain is of similar 
length to that of light chains is at present unknown. 


Allotypic Variants 


The antigenic specificities embodied in immunoglobulin 
molecules which differ between individuals of the same 
species are referred to as allotypes; these genetically 
determined variants have been observed in many animals, 
but studied most closely in man and rabbit*®.*!. 

More than twenty allotypes have so far been recognized 
in human immunoglobulins, although the distinctiveness 
of some of them is a matter of controversy. There are 
two principal groups of specificities, referred to as Gm 
and Inv, which appear to be controlled by unlinked genes 
and which have been located on y and x chains, ec- 
tively. The study of myeloma proteins has shown that 
each distinct Gm specificity is associated with a particular 

of y chain. Some Gm specificities (for example, 
Gm(a) and Gm(z)) always occur together and are located 
on different halves of individual y chains. Other allotypic 
specificities are correlated with residues at fixed positions 
in a given type of chain and behave as alleles; for example, 
Inv(a) and Inv(b) are associated with the presence of 
leucine and valine, respectively, at residue 191 of the 
x chain. Although polymorphic forms of human à, p 
or « chains have not as yet been recognized, the avatlable 
data are consistent with the idea that chain types are 
controlled by separate multi-allelio genes. Genes con- 
trolling the synthesis of the four types of y chain are 
closely linked, so that specificities of the Gm system are 
inherited in certain fixed combinations which differ from 
race to race. 


In rabbits two unlinked genetic loci control the syn- 
thesis of allotypic specificities located, respectively, on 
the N-terminal halves of heavy chains (Al, A2 and A3) 
and on light chains (A4, A5, A6 and A9). Each behaves 
as a set of alleles and no animal has more then two 
specificities of each group. An unexpected finding is that 
heavy chain allotypes (AIl-A3) which are present on 
y chains are, according to some authors, also located on 
a and u ohams. If these resulta are correct and not 
attributable to an unresolved complexity of typing sera, 
then it will be necessary to account for the anomalous 
presence of common allelic specificities located on distinot 
peptide chains controlled by non-allelio genes. Other 
allotypes of rabbit heavy chain resemble those of the 
human in being class specific, for example A8 is confined 
to rabbit IgG and MS-1, MS8-2 are found only on IgM. 


Significance of Structural Heterogeneity 


Tn contrast to the remarkable heterogeneity of peptide 
chains isolated from the total immunoglobulin population, 
it seems likely that individual cells synthesize only one 
variant of the heavy chain and one variant of the light 
chain. This conclusion is based on the following observa- 
tions: (1) Immunofluorescent studies with type specific 
antisera show that individual lymphoid cells contain only 
one type of light cham and probably only one type of 
heavy chain. (2) In heterozygous rabbits, chains carrying 
allelic forms of allotypic specificity are found in different 
cells. (3) Myeloma proteins which are thought to be 
products of single cell clones are made up of heavy and 
light chains each of a single type and having a single 
allelic form of allotypic specificity. (4) The peptide 
chains of individual myeloma proteins ap to have 
unique amino-acid sequences. (5) Single cells from 
immunized animals usually produce antibody of only a 
single specificity when maintained in vēro (although a 
variable proportion may produce antibody to two antigens 
chosen at random), 

It is likely, therefore, that at least in the differentiated 
cell, genes are active for the production of only a single 
heavy and a single light chain and each chain represents 
predominantly the product of only one of two allelic 
cistrons. Similar allelic exclusion has been observed in 
femalo animals in respect to genes located on the X- 
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chromosome—for example, in heterozygous females only 
one allele controlling glucose-6-phosphate dehydrogenase 
is active’. For autosomal genes controlling the synthesis 
of haemoglobin, however, both parental genes are com- 
monly expressed in each cell? Immunoglobulin syn- 
thesis constitutes the only known example of complete or 
partial inactivation of one or other of a pair of auto- 
somes; there is some evidence to suggest that this degree 
of differentiation precedes antigenic stimulation™. 
Although specific antibodies with relatively homo- 
geneous chains have been described, most antibody 
preparations show a degree of structural variation almost 
indistinguishable from that of the total immunoglobulin 
population. It follows that most antigens activate many 
different cell clones and so induce the production of 
antibodies with several types of chains and with corre- 
spondingly diverse biological properties. Antibodies of a 
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single type which may appear to have uniform combining 
specificity are nevertheless extremely heterogeneous in 
regard to the structure of V portions of chains. The 
apparent lack of consistent correlation between combining 
specificity and the structure of V stretches of antibody 
chains which are associated with combining sites can be 
attributed to many factors: (i) Individual antigen 
molecules may carry several different determinants and 
so induce the formation of a broad spectrum of antibodies. 
(u) Antibody combining sites may be directed against 
different parts of a single antigenic determinant. 
(iii) Antibodies directed against individual determinants 
may have variable affinities reflecting structural diversity 
of combining sites. (iv) The vamable sequences of the 
V sections of chains probably function, in part at least, by 
modulating the configuration of the combining site. 
(continued on page 540) 


A Strong Suppressor Specific for UGA 


by - 
J. F. SAMBROOK 
D.P. FAN 

S. BRENNER 


M.R.C. Laboratory of Molecular Biology, 
Hills Road, Cambridge 


Tum triplet UGA has recently been shown to be nonsenset. 
We have isolated a mutant of Escherichia coli which 
specifically suppresses previously identified UGA mutants 
in the rll gene of bacteriophage T4. Using this strain, 
two ochre (UAA) mutants of the 8-galactosidase gene have 
been converted into UGA mutants. The UGA mutants 
are polar to the same extent as ochre mutants at the 
same site. The UGA mutants are not suppressed by 
amber or ochre suppressors, but they are suppressed with 
high efficiency by the UGA suppressor. Dr. D. Zipser 
(personal communication) has found UGA mutants in the 
B-galactosidase gene and has shown that their polarity 
properties are like amber and ochre mutants. In addi- 
tion, he has reported the isolation of a weak UGA sup- 
pressor. 

Isolation of the UGA suppressor. The suppressor was 
originally isolated in a strain of H. colt Hfr H(A) following 
a procedure of Benzer and Champe*, A culture of bacteria 
was treated with the mutagen N-methyl-N-nitroso- 
guanidine and grown for a few generations to allow 
expression of mutants. The bacteria were then plated 
on eosin methylene blue lactose plates previously spread 
Mins te aes particles of the rı UGA mutant 

55 (ref. 1). lonies showing si of phage growth 
were picked, purified and tested eN mt of ri iene 
to distinguish suppressors from permissive mutants of 
the à prophage (Freedman, R. P., unpublished results). 
No UGA suppressors were found among 20,000 colonies 
of CA244, the su- strain, but one was found among 


Table 1. BPROLFIOLTY OF THH UGA SUPPRESSOR 


Bite Mutant Triplet sun autves 
X665 665 UGA 0 + 
X685 ochre UAA 0 0 
N97 UAG 0 0 
X656 X855 UGA 0 + 
X655 ochre UAA 0 0 
HB74 UAG 0 0 
N85 N65 UGA 0 + 
N65 ochre UAA 0 0 
X287 UAG 0 0 
+ Refers 


Phage stocks were streaked on 0A244 (su-) and CAJ64 (swtuaa). 
to growth of phage, 0 refers to no growth of phage. 


It has already been shown that, In Escherichia coll, the nuclele 
acid triplet UGA does not code for an amino-acid (Nature, 213, 
449; 1967). 
triplet has permitted experiments which suggest that in E. coli 
UGA terminates the polypeptide chain. 


The Isolation of a strong specific suppressor for this 


Table 2. PROFERTIES OF UGA MUTANTS OF THR §-GALAOTOSIDASE GENH 


Matant £-Galactosidase Transacetylage 
site Triplet sun sutga au situs. 
2 UAA 0-28 OL <1 <1 
UGA 19 51 <1 59 
NG659 UAA O14 008 60 50 
UGA 1-85 594 58 110 
UAG 021 0-88 62 70 
laot 100 100 100 100 


The ochre mutant at site NGG59 has already been desoribed*, A strain was 
constructed containing this ochre mutant and the UGA suppressor. Lact 
revertants were selected and acreened to find those which were las- both in 
an su- strain and a strain carrying the ochre suppressor stits. These rover- 
tants which are lact only when carried ın the UGA suppressor strains represent 
changes of the ochre codon UAA to UGA. The amber mutant at NGO50 was 
so d from the ochre mutant m a similar wiy using w^ instead of sttues. 
‘The ochre mutant at iac“, was converted to UGA as described above. 

Bnryme measurements were made on exponential cultures grown in 
phosphate buffered minimal medium with glycerol as the carbon source and 
6x10 molar is0-propyl-thi lactomide ag the Inducer. f-galactosidase 
was assayed by the method of Na and parent Comparisons with 
Bll a were made on the basa of the ODs of cultures before treatment 
with toluene and assay. 
laso were as described by 
Alpers, Appel and Tomkma’ but modified so that heating at 70° O was for 

min the subsequent centrifugation was at 40,0007 for 6 min The 
comparison with wild-type was based on the OD.) of the extract, 


13,000 colonies of CA165, a strain carrying the ochre 
suppressor su, The ochre suppressor, which appeared 
to be unaltered, was removed by crosses and the lactose 
operon was deleted from the strain. As shown in Table 1, 
the resulting strain, CAJ64, contains a suppressor which 
is specific for rA UGA mutants and has no effect on 
ochre or amber mutants at the same sites. 

UGA mutants of the §-galactostdase gene and their 
suppression. Because the UGA suppressor does not 
suppress the ochre triplet we were able to use the strain 
to convert two ochre mutants of the B-galactosidase gene 
into UGA mutants. The methods used are described in 
the legend to Table 2. The mutants have been confirmed 
as UGA because they can be converted to ochres but not 
ambers by ethyl-methane-sulphonate mutagenesis. It 
can be seen (Table 2) that in the lac operon, ochre, amber 
and UGA mutante of the z gene not only prevent formation 
of active 8-galactosidase, but also exert a polar effect, 
reducing the synthesis of acetylase. lac, is at the begin- 
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ning of the z gene and mutants at that site are strongly 
polar, whereas mutants at site NG659 which mapa 
towards the end of the gene reduce acetylase synthesia leas 
drastically’. Table 2 shows that in the su“ strain UGA 
mutants are similar in their behaviour to UAA mutants. 
An important result is the strong and specific suppression 
of the UGA mutants by the UGA suppressor. Synthesis 
of -galactosidase is restored with 50-60 per cent efficiency 
and, with lao, UGA, polarity is reduced by the same 
amount. We have also tested the effect of the amber 
suppressor suj and the ochre suppressor sug on the two 
UGA mutants. Neither of these suppressors restores the 
B-galactosidase or transacetylase activity of the mutants. 

The function of UGA is not known. The fact that 
UGA mutants show the same polar effecte as ochre and 
ember mutants suggests that UGA, like UAA and UAG, 


8-Galoctomdase (units/ml.) 





0 5 10 15 20 
Transacetylase (units/ml.) 


.1. Invitro complementation’ of XA24A with NG659 amber, ochre 


and UGA mutants. nential cultures grown as described in Table 2 
were concentrated Into a buffer conta: 6x10 molar §-mercapto- 
ethanol, 10 molar magnesium sulphate and 6 x 10-* molar sodium mono- 
hydrogen phosphate pH 7-0 After sonication at 0° C, debris was removed 
by centrifugation at 80,000 for 15 min. Varnng amounts of extracts of 

G659 amber { x ), NG659 ochre (A) and NG659 UGA (@) were added 
to Incubation mixtures in which the concentration of XA24A extract 
was kept constant. XA24A ls a strain containing the #-galactosidase 
mutant M106 in which the first portion of the x gene has been deleted’. 
On the abacisaa Is plotted the concentration of the NQ659 extracts In 
terms of transacetylase and along the ordinate is plotted the increase in 
B-galactosldase vity due to, complermentatton after ımoubation for 

a 
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leads to polypeptide chain termination. In the rll gene, 
a starter mutant in the B cistron which appears to require 
termination of polypeptide synthesis for re-initiation is 
activated equally well by UGA, UAA and UAG mutants‘. 
Additional evidence comes from complementation experi- 
ments with the UGA, UAA and UAG mutants of the z 
gene mutant NG659. When tested with a lac deletion 
which provides the terminal part of the z gene, all three 
forms show identical complementation behaviour (Fig. 1). 
This result means that all three mutants synthesize the 
same amount of polypeptide from the initial part of the 
z gone. The z gene probably codes for a single polypeptide 
chain (see ref. 5); therefore it is likely that UAA, UAG 
and UGA mutante allow protein synthesis to proceed 
normally up to the point of mutation, but no further. 

Thus all the evidence at present available both from 
the rIT and lactose genes suggests that UGA, like UAA 
and UAG, results in the termination of the chains. Both 
UAG and UGA can be efficiently suppressed without 
detriment to the cell. On the other hand, no strong 
suppressors have been found for UAA. The most likely 
explanation of these facts is that while UGA probably 
terminates the chain, the triplet commonly used for the 
termination of polypeptide chains in Escherichia colt is 
UAA. More direct evidence will be needed, however, to 
establish both these points. It also remains to be seen 
whether there exists a single species of sRNA which 
recognizes all three triplets. 

We thank Dr. D. Zipser for allowing us access to his 
unpublished data, and Dr. F. H. C. Crick for valuable 
discussions. One of us (J. F. 8.) is partially supported 
by the Australian National University, Canberra, while 
another of us (D. P. F.) is a Helen Hay Whitney Post- 
doctoral Fellow. 
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Transfer of Acquired Information by Brain Extracts 


by 
G. UNGAR 
L N. IRWIN# 


Departments of Anestheslology and Pharmacology, 
Baylor University College of Medicine, 
Houston, Texas 


WE bave previously found that mice injected with extracts 
of brain taken from rats habituated to a sound show a 
significant loss of their startle responses when submitted 
to the same stimulus!. We afterwards showed that this 
transfer of habituation is stimulus-specific: recipients 
given extracts of the brains of rats habituated to sound 
were habituated only to sound and responded normally 
to air puff; those injected with extracts from donors 
habituated to air puff had significantly decreased responses 
to air puff but not to sound}, 


* Present address: Department of Comparative Biochemistry and Phys:- 
ology, Univereity of Kansas, Lawrence, Kansas. - 


An earller finding that learned behaviour can be transferred to naive 
subjects by Injection of extracts of brains from trained animals is 
re-examined by a less ambiguous method. 
ts confirmed, but the mechanisms Involved are still obscure. 


The possibility of transfer 


In other types of experiments, attempts were made to 
transfer conditioned avoidance and escape training. In 
both cases the recipients of brain extracts from trained 
animals performed significantly better than the control 
animals which received extracts of untrained brains’. 

It seemed, however, that increased rate of learning was 
not an entirely satisfactory criterion for an actual transfer 
of information. Brains of trained animals may contain 
factors which could stimulate learning without conveying 
any specific information to the recipients. Experiments 
have therefore been devised in which c in the 
behaviour of the recipients could be attributed only to 
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the information contained in the brain extracts. This 
was accomplished by testing the recipients without any 
reinforcement and comparing their performances before 
and after administration of the brain material taken from 
the donors. 

In the first study, donor rats (Sprague-Dawley, all male, 
200-250 g) were trained in a Y-maze to escape electric 
shock by running into the lighted arm of the maze. 
The shock was provided through a grid floor by a 60 o/s 
&.0. ourrent with a 47 kobm resistance in series with the 
animals. ‘The light was turned on in the right or left 
arm of the maze in random sequence and, simultaneously, 
the shook grid was turned off in the lighted arm. Blocks 
of twenty trials were given daily until the criterion of 
90 per cent or more correct responses was reached and 
maintained for a stated number of days. The trained 
donors were killed by decapitation, their brains were 
frozen in dry ice, homogenized in 0-16 molar sodium 
chloride, extracted for 12-16 h and centrifuged at 26,000g 
for 2h. The clear supernatant was used for injections. 

The recipients (male Swiss mice, 20-25 g) were tested 
for their responses in the maze without reinforcement. 
They received a shock only in the entrance compartment 
of the maze which made them run into the lighted or the 
unlighted arm. Before injection, each recipient took part 
in a block of twenty tmals on two consecutive days. 
After the second test period, the mice were injected 
intraperitoneally with the extract of brain taken from 
trained donors or from untrained rats. The amounts 
injected are expressed in terms of the equivalents in wet 
weight of brain. They were again tested 20-24 h after 
administration of the extract. Throughout the experi- 
ments, the observers had no knowledge of the treatment 
received by the animals. These were handled under 
code numbers and the groups were randomly distributed 
in the ; 

Tabie 1 shows the result of the first experument in 
which ten mice were injected with the equivalent of 
1:25 g of brain from rate trained to escape to the light; 
the donors were killed on the fifth day after they reached 
criterion. A group of ten mice received the same amount 
of brain from untrained rats. It can be seen that the 
percentage of turns towards the light is significantly 
higher in the first than in the second group. 


Table 1, AOTION OF BRAIN BXTRACTS FROM DONORS TRAINHD TO BSOAPE TO 
LIGHT (L+ RB), AWAY FROM THA LIGHT (D~ RB) AND FROM UNTRAINAD RATS 
(NRB) ON BEHAVIOUR OF WOR 


Percentage of turns to light 


Day L+RB1 L+RB2 L+RBB L-RB NRB 
~1 56 54 52 65 57 
0 695 59 59 57 58 
Pre-injection mean 68 56 5 BBS 56 58 
1 76 5* 67* 61 6 68 
2 77 bt 68 65 t 62:5 64 
3 78 5$ 70 69$ 638 61 
4 715 60-5§ 69°5§ 65 58 
5 O45 70$ 714 65 60 
Poat-injection mean 785 60§ 67t 64 61 
Difference 15 12-5 115 8 8 
N 10 20 6 16 


I+ RBI, 1-25 g brain/mouse from donors trained to 6 days at criterion. 

L+RB2) 1-25 g bran, donors 10 days at criterion. 

Z+ BBB, i 0 g bram, donors § days at criterion. 

L- 125 g brain from donors trained to run into unlighted arm of 
mareo, 10 Daa at orlterton. 

WRB, 1-26 g of untrained rat brain. 

Bignifteanoe of difference from pre-injection mean: * P<0:05; t P<0-025, 
+ P<001; and § P <0 001. 


These results were confirmed in two further experiments. 
Table 1 summarizes the differences between the pre- and 
post-injection values and between the experimental and 
control groups. These were calculated by the Mann- 
Whitney U test‘. 

In another experiment, the donors were trained to 
escape shock by running into the unlighted arm of the 
maze under conditions otherwise identical with those of 
the previous group. The recipients, after the 2 day 
pre-injection period, were given 1-26 g of brain. As seen in 
Table 1, they failed to show significant differences with 
the controls. A similar failure to transfer escape to the 
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dark arm was observed previously when learning rate 
was used as the criterion of transfer. 

In the second study, attempts were made to transfer 
the behaviour of anmals trained to run either into the 
left or into the right arm of the maze to escape the shock 
administered at the entrance. Donor rats were tested 
for 2 days (with twenty trials per day) for their left or 
right preference, without reinforcement. From the third 
day on they were trained to run in one of the directions 
(in general, the direction opposite to their natural bias) 
by receiving a shock when they chose the wrong arm of 
the maze. When the oriterion of 90 per cent or more 
correct turns was reached, the training was maintained 
for intervals varying from 3 to 18 days. 

The recipient mice were pre-tested for 4 days, and 
their left and right turns were recorded. On the fourth 
day, they were divided into groups including an approxi- 
mately equal number of mice having left, right or no bias . 
and received intraperitoneal injections of brain extracts 
from left trained, right trained or untrained rate. Starting 
from 20 to 24 h after the injection, the mice were given 
twenty trials daily for 5 days without reinforcement. 

In a first series of experiments, the donors were kept 
for 10 days at ariterion before their brains were collected. 
These were homogenized in distilled water and dialysed 
for 16 h at 2° C against twenty volumes of distilled water. 
The dialysate was lyophilized and redissolved in the 
appropriate amount of distilled water so that the volume 
to be injected would not exceed 0-5 ml. per mouse. The 
resulta are summarized in Table 2. The three lower 
doses of brain (0-6, 0-75 and 1-0 g) cause the recipients to 
turn consistently more in the expected directions. The 
difference with the pre-injection mean is slight for the 
lowest dose but becomes significant for higher doses. 
Fig. 1 shows the results obtained with 0-75 g of brain. 
The highest dose, however, gave less marked differences 
and the recipients injected with right trained brain 
showed a tendency to reversal. The recipients of untrained 
brains failed to show any significant deviation from their 
pre-injection levels. 

In the second group of experiments the dose of brain 
was kept constant at 0-75 g per mouse, but the dura- 
tion of the training given to the donors was varied 
from 3 days to 18 days at criterion. The results of these 


70 80 
(x) 


Percentage of left turns 
Percentage of right turns 














t (RT RB) and from untrained rats (WRB) on loft and right turns 
Arrow indicates intraperitoneal injection of the equivalent of 0 ar g 
of brain per mous. risks indicate s cant differences from 
pre-injection means (U test). The post-imjection mean of the RTRB 
group was ngmncantly different from the 
of animals: LTRB and RT. 


ngs (r? 1. Action of brain extracts from rats trained to turn left rita 
Ce. 


ree pte megan mean. Number 
RB, ten. 
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Table 2. BYFROT OF VARYING DOSHS OF BRAIN RXTRACTS ON THE LEFT AND 
RIGHT TURNS OF 30M 


Brain/mouse (g) 


0-60 075 1-0 125 075 125 

L R DL R L R L R L_L 

Pre-injection mean 44 68 38 61 40 67 48 505 58 44 
Days afterınjeciron 

1 48 68 85İ 72 49 55 567 S82 55 46 

2 485 68 658* 72 875 65 60 46 555 44 

8 56 66 41 75t 74¢ 74 67 40 516 48 

4 58 67 45 72 54 68 5l 4&4 BK CKD 

5 5645 60 49 71 60 65 654 87:5 68 41 

Post-mnjection mean 58 68 61 72t 55 60 64 48 55 48 

Difference 9 6 18 21 16 3 Il -75 2 =~1 

N 12 1l 6 6 6 6 6 6 10 10 


In the firet eight groups of antmals Zindicates administration of left trained 
rat brain, R that of right tramed rat bram and the numbers re nt the 
mean percentage of turns to the left or mght respectively. In the last two 
groups, untrained rat brain was administered and the results are expressed 
1n terms of the percentage of left turns. 

Peo cante of difference from pro-ınjeotion mean * P<005; + P<001, 
< . 


experiments, summarized in Table 3, show that up to 
9 days at criterion, there were consistent increases in the 
expected direction. For the left turns, on the whole, the 
trend continued, but for the right turns, prolongation of 
the training produced a reversal which, in some cases, 
resulted in significant increases of the left turns. 


Table 8, BEFEOT OF THH DURATION OF TRAINING OF THR DONORS ON LEYT 
AND RIGHT TURNS IN RHOIPIENT KIOR 
Days at criterion 
8 8 9 R 12 16 18 


0 
L R LRL L R L RL R L 
Pre-injection 42 53 41 52 44 56 44 54 47 52 40 68 50 
mean 
Post-injeckhon 
day 
1 48 61 41 64 40 50 88 53 88 68 44 49 405 
2 42 57 80 67 45 50 45 42 42 47 48 446 48 
8 48 58 M 52 67 60 48 85 48 52 85 48 
4 85 60 50 62 47 7261 46 59 52 271 54 
5 45 56 42 68 l 687 64 43 66 328 59 35§ B8 
Post-injection 48 58 45 63° 47 61 54 45 46 47 62 388§ 6505 
mean 
Difference 1 5 411 8 5 10 ~98 -1 —-5 12 -20 -05 
N 6 6 6 6 6 6 6 6 6 6 6 6 10 
All animals recelved 0 75 g of brain extract from left-trained (Z) or te 
trained (2) rata and the numbers represent the mean percentage turns to left 


or t tively. The last column gives the percentage left turns ot 
mice Injected with untramed rat brom. 

Significance of difference Eom pre-mectioni mean’ *P<005; tP<001; 
tP<0-001; $ reversal; P<0:05, Yreveraal; P<0-01. 


These two series of experiments clearly indicate that 
the transfer of left turns follows a pattern different from 
that of the right turns. Left transfer increased with the 
amount of brain administered (at least up to 1 g) and 
with the length of training of the donors (with the excep- 
tion of one negative experiment at 15 days). Right 
transfer, on the other hand, after reaching a peak at the 
0-75 g dose and with 6 day donor training, decreased and 
even reversed. Such reversals have been observed by 
other workers under related expermmental conditions 
(Rosenblatt, F., and Byrne, W. C., personal communica- 
tion). 


Table 4, INPLUBNOB OF THE LMFT OR RIGHT BIAS OF THA RECIPIENTS ON 
THE HBFFROT OF BRAIN BXTRAOTS TAKEN FROM LEFT OR RIGHT TRAINED 


DONORS 
Reciplont bias 
Left (0) Right 
L R L R R 
Preanjection mean 61 81 50 54 12 64 
Poet-Injection day 
1 89 68* 64 27 64 
2 87§ 475 49 60 30 77 
8 88q et 53 78t 37 t 67 
4 HA] 6TEt 56 67 42:53 67-6 
5 3 t 58 675 41t 675 
Post-Iinjection mean 804 58t 56 ger 85:5$ 665 
Difference -22 22 6 12 23-5 25 


Each group had six rectplent mice, injected with 0-75 g of brain taken from 
left-trained CL) and nght-trained (R) donors kept 10 days at ortterion. The 
numbers represent the mean percentage turn to left or zight respectively. 
The mean bias of the donors before training was 71 6 per cent to the right for 
the Z donors and 60 2 per cent left for the & donors. 

ignificance of difference from pre-injection mean. * P<0-05, t P<001, 
PETO § reversal, P<005, reversal; P<001l; [lreversal, 
< . 


The reversal phenomenon can be explained on the 
assumption that the donors, besides learning to run into 


455 


one arm (left or mght) of the maze, are also tramed to 
overcome their spontaneous left or right tendencies. 
Extracts from their brains, therefore, transfer two distinct 
instructions: to run to the left (or right) and to run 
against the natural bias. The results of the third series 
of experiments summarized in Table 4 support this 
hypothesis. The transfer was most successful when the 
bias of the recipients was opposite to the training of the 
donors so that the ‘“‘anti-bias” instruction was added to 
the directional instruction. When the two instructions 
were conflicting, as in the groups which had a bias in the 
same direction as the traming of the donors, either no 
transfer took place or it was reversed. The reversals 
which were observed with the administration of high doses 
of brain, or with extracts taken from donors submitted 
to long periods of training, may be explained by assummg 
that the “anti-bias” factor is more potent and persistent 
than the substances which carry the directional instruc- 
tions. 

Although in some of the experiments of left and right 
transfer the differences were small and statistically not 
significant, a y? test on the pooled results (Table 5) 
indicates a probability of slightly over 0-1 per cent that 
the behaviour of the recipients was due to chance. The 
brain extracte should act essentially by increasing the 
probability that the recipients will respond to a given 
situation in a similar way to the donors. All acquired 
information is not expected to be equally capable of 
bemg transferred, as is shown by the difference between 
escape to the light and away from the light. 


Table 5 NUMBSR OF REOCIPIANTS WITH INORBASHD MHAN LAF? TURNS (+L) 
OR INCRRASED MHAM RIGHT TURNS (+ R) ARTAR INJECTION OF LEFT-TRAINAD 
(LT RB) OR RIGHT-TRAINBD (RTRB) RAT BRAIN 


Extract injected +L +R Total 
LTRB 57 32 89 
RTRB 


85 58 
x21044 P<0 005 
In thirty snumals injected with untrained rat brain, +D=14; +R=16. 


The present experiments indicate that the success of 
transfer depends on variables that are still poorly under- 
atood. Experiments under similar conditions may give 
quantitatively different responses, as for example the 
third group in Table 2 and the third group in Table 3 in 
which recipient bias was not controlled. The present 
experiments, however, indicate that there is an optimum 
amount of brain to be administered and that the training 
of the donors has to be of the appropriate duration. 
Furthermore, è significant positive correlation has been 
found between the number of errors made by the donors 
in the course of traming and the percentage of correct 
turns made by the recipients: brains of slow learners gave 
consistently better results than those of fast learning 
donors. Recipient bias was shown to be a critical factor 
in transfer; other conditions concerning the selection of 
recipients are yet to be explored. 

Lack of information on the variables involved in 
transfer has been a factor in the controversy® over the 
transfer of learning induced by RNA‘. In this case, 
however, the main source of confusion is probably the 
chemical nature of the transfer material. The factors 
operative in tho present experiments, as well as in our 
previous work!.", have consistently been found to be 
peptides or proteins, not nucleic acids. Their further 
characterization and isolation are in progress. 

This work was aided by a grant from the U.S, Public 
Health Service. 
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“Bound Water” in Keratin Membranes measured by a 


Microbalance Technique 


The amount of “bound water” in dense biological membranes such 
by as human stratum corneum (keratin) can be estimated from the water 


ROBERT J. SCHEUPLEIN 
LINDA J. MORGAN 


Departmant of Dermatology, 
Harvard Medical School, 
Massachusects General Hospital, Boston 


THERE is considerable evidence to suggest that the struc- 
ture and physical properties of water very close to inter- 
faces and in particular surrounding proteins can be 
significantly different from ordinary bulk water!-*. The 
permaability of certain biological membranes to water’ 
and the diffusion of water within hydrated fibrous pro- 
teins’! suggest that the water within the interstices of 
a lipid~protein structure may also be in a highly altered 
and considerably more viscous physical state. Table 1 
shows that the diffusion of water and polar alcohols 
of low molecular weight through extensively hydrated 
human stratum corneum membranes in vitro is uniformly 
very much more difficult than the corresponding free 
diffusion in aqueous solution. The results are interpreted 
to mean that, although diffusion occurs through aqueous 
regions within the membrane, the water within these 
regions is to a large extent “bound” or immobilized!)1*, 


Table 1 
Dy lora*/aon)* AHtt References 
Water 1-3 x 10° 16-0 11, 12 
Ethanol }Membrane diffusion 1-8 x10" 18-0 12 
Propano. 1-3 x10” 160 12 
Water Self diffusion 23 x 10-4 47 13 
Methanol } Free diffusion In 15x10 F350 14 
Bthanol aqueous solution 1-24 x 10“ PI5-D 15 


* Da, Diffusion constant at 25° O., 
+ 4H ft, Activation energy for diffusion, expressed in kcal/mole at 25° O. 


The difference between the rates of diffusion of free and 
“bound water” can be made the basis of a reasonably 
acourate estimate of the amount of ‘bound water” present, 
in keratin membranes and perhaps in other biological 
membranes and tissues as well. 

Small disks of stratum corneum were hydrated by 
immersion in distilled water at 25° C for periods varying 
from 30 min to several days. The weight of the dry 
samples ranged from 0:3-2-0 mg (1 cm*). (Samples as 
small as 0-05 mg can be used.) After hydration an 
individual disk of the submerged tissue is removed by 
lifting it from underneath on to a flat strip of aluminium 
foil cut slightly larger than the tissue itself. Any excess 
water adhering to the foil is carefully blotted away. The 
foil strip is then suspended vertically by a thin wire to 
the weighing terminal of a ‘Cahn RG’ electrobalance. 
The entire weighing assembly and sample are enclosed 
within an air-tight bottle with the foil strip suspended in 
a ‘Pyrex’ tube containing a few grams of “Drierite’ (Fig. 1). 
A potentiometric recorder connected to the output of the 
microbalance provides a continuous record of the drying 
process (sensitivity, +06 yg). Because the air in the 
desiceated chamber is not stirred, the vapour concentra- 


desorption curves of the hydrated tlssue. A distinct decrease in the 
rate of desorption, measured continuously with a microbalance, 
marks the transition between the ellmination of free water and 
“bound water” from the tissue. 
fully hydrated stratum corneum can be as much as five times the 
dry welght of the tissue. 


The amount of “bound water” in 


tion at the surface of the tissue quickly reaches a finite 
value P, which limits the rate of evaporation in accordance 
with the expression: 


_ AWO) L y (P,P 


where P, is the equilibrium vapour pressure and & = 
500 cm/sec is the effective permeability coefficient for a 
frees water surface. 

Typical desorption curves for hydrated stratum corneum 
are given in Fig. 2. Curves A, B and O correspond to 
hydration for 25, 5 and 0-5 h respectively. The rate of 
desorption is initially very high and sensibly constant at 
approximately 0-6 mg/min for all the samples. This rate 
was observed to correspond to the evaporation of free 
water adhering to the surface of the tissue (Fig. 2, stage I). 
After the larger part of the free surface water has 
evaporated, the desorption rate decreases abruptly (stage 
TI) and thereafter remains fairly constant (0-01-0-05 mg/ 
min) for several hours. This very slowly decreasing stage 
of the desorption (ITI-+IV) is responsible for the elimina- 
tion of the bulk of the water from within the membrane, 
ey 600 per cent, and is controlled by the slow diffusion of 


ul 
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Fig. 1 Diagram of the sample suspension and drying chamber. 
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this “bound water” through the membrane. Assuming D 
and 1 are constant over a limited range, the desorption 
results may be analysed approximately using the equation 
given by Crank: D = 0-049 (z/l*). The diffusion 
constants deduced from this branch of the desorption 
. curve correspond reasonably well with the diffusion con- 
stants obtained in the permeability experiments quoted in 
Table 1. 


Table 2 

Period Dry Weight fraction Hydrated 

hydration Dry welght* thickness “bound water” thickness 
(h) W (mg) 6 H) f o (4) 
0-5 0-56 9:46 Lil 182 
10 049 8 28 1-20 12-1 
4-0 1-04 17-60 1:32 278 
5-0 046 7-77 2 60 201 
8-0 0:60 8-45 2-78 221 
14-0 1-01 17-10 2°39 402 
18-0 0-48 8-11 334 188 
250 0-49 8-28 434 81:6 
450 O64 %13 4:33 B48 
67-0 0 56 9°46 513 417 
88-5 0-78 18-20 5-22 591 
103-5 0-67 9-68 & 30 43-8 
1268-5 O54 918 562 43:7 


* Samples of stratum corneum (4 =0 78 om’) from various parts of the 
body were used. These are not of uniform thickness or lipid composition; 
both thess factors affect the kinetics ofhydration The relative weight f1 the 
ratio of the weight of sorbed water to the dry weight of the tissue, 


The significant fact is that this diffusion-limited stage 
does not involve merely the last few per cent of tightly 
adsorbed water, but very large amounts of “bound water” 
equivalent to many times the weight of the dry sample 
(Table 2). The rate of desorption continues to decrease 
slowly until ultimately another recognizable transition 
(not shown in Figs. 2 and 3) occurs, which does correspond 
to the desorption of the last 5-10 per cent of water strongly 
bound to the polar groups of the side chains of keratin!"*. 


H 
In Fig. 3 tbe rate of desorption: ae.) for the 
same set of samples is plotted against the percentage of 


S 


Percentage of water 





Fig.2. Degorption curves for hydrated stratum corneum. The ordinate 

s ne cupet at llonirats ierant stages in the daorpilon 

dra in the upper ustra rent s n esorption 
es process, See text for detalls. 
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900 


700 
Percentage of water 


500 


Fig. 8. Desorption rate (mg/min) plotted against the percentage of 

water on or !n the sample. o first horizonta) branch corresponds with 

the desorption of free water, the second horizontal branch (0-06-0 01 

mg/min) to desorption of “bound water”. The values correspond to 
relative weights of “bound water” in the membranes. 


water remaining on or in the sample. The desorption rate 
was recorded directly using a Cahn derivative computer 
in series with the electrobalance. The transition between 
the desorption of free and “bound water’ appears more 
distinct in this type of plot and the amount of ‘bound 
water” may be readily deduced from the curve as indicated 
by the dotted extrapolations. The f values represent 
relative weights of “bound water” in the membrane (see 
Table 2). This particular graphical procedure is arbitrary 
and quite possibly tends to underestimate slightly the 
actual “bound water” content, but ıt 1s quite reproducible 
and convenient. Hydration of keratin is thus shown to bea 
rather slow process requiring several days before the 
“bound water” content reaches its maximum of about 
500-600 per cent (Table 2). 

When the tissue is altered by treatment with organic 
solvents or surfactants, entirely different desorption be- 
haviour is observed. Removing lipids ether by extraction 
with hexane or chloroform-—methanol (2:1) results in a 
membrane retaining essentially no “bound water” (curve 
D) and is similar to the desorption of wet filter paper. 

Once the amount of “bound water” has been deter- 
mined, the thickness of the swollen membrane in microns 
(8’) can be computed according to: 


10W 
where W, A and p correspond to the dry weight (mg), 
area (om*) and density (g/c.c.) of the dry tissue sample 
and f the relative weight of “bound water”. The expres- 
sion is derived by assuming that the final volume of the 
membrane is the sum of the original volume (excluding 
air spaces) and the sorbed ‘bound water”. Representative 
values are listed in Table 2. The 400-500 per cent expan- 
sion of the tissue during hydration imples a considerable 
structural alteration of the membrane as well as a sig- 
nificant correction to permeability resulte depending on 
dry thickness measurements. 

This method should be generally applicable to the 
measurement of “bound water” in dense (as opposed to 
porous) biological tissue and also for studying the in- 
fluence of various tissue components, such as lipids, in 
stabilizing ‘bound water” in such tissue. 

This work was supported in part by a contract with 
the U.S. Department of Defense from the U.S. Army 
Chemical Center, Edgewood Arsenal, Maryland, and in 
part by a grant from the National Institute of General 
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Medical Sciences, U.8. Public Health Service. We also 
wish to thank Miss Susan Shapiro for the illustrations. 
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evolution. 


Tue possible phylogenetic significance of the distribution 
of arginine and creatine among the anımal kingdom has 
long been a matter for discussion. The generalization!:* 
that phosphocreatine was characteristic of vertebrates 
and phosphoarginine was characteristic of invertebrates 
was soon shown to be inadequate when more detailed 
investigations demonstrated the occurrence of phospho- 
arginine in the chordate line’, phosphocreatine in in- 
vertebrates*-*, and the existence in the Annelida of a 
whole range of phosphagens hitherto unsuspected’~’. 
With the culmination of this experimental work, feeling 
tended towards the other extreme and little faith was 
expressed in the usefulness of such criteria in relation to 
phylogeny. 

Today, the causal relationship between a structural 
gene and the protein for which it codes is generally 
accepted. Mutation of a single base pair in the DNA may 
directly result ın a changed amino-acid in an enzyme, 
possibly altering catalytic function’. The occurrence of 
changes in enzyme structure and function is only indicated 
in a superficial way by changes m the presence and con- 
centration of substrates, because several other enzymes 
can be associated with their synthesis. Both processes 
must, however, be compatible with the trends of evolution 
which bave been so substantially outlined by classical 
zoology. 

The older hypotheses failed to take into account the 
extent of biological diversity. Even today it is not 
always appreciated that a single biochemical criterion such 
as the presence or absence of an enzyme in a particular 
tissue is, by itself, insufficient evidence on which to base 
evolutionary relationships. When considering such all or 
none criteria as the presence or absence of an enzyme, the 
question which must be asked about a particular species 
is whether or not the DNA carrying the code for a par- 
ticular structure or function is present in the fertilized 
egg. In other words, has the organism evolved the neces- 
sary genetic potential’? ? This potential may be expressed. 
at any stage in development or not at all, depending on 
other factors (control mechanisms) the nature of which 
may only emerge from a detailed investigation of the 
individual or, possibly, a series of closely related indi- 
viduals. Once this is realized it becomes apparent that 


Molecular weights and distribution of kinases in echinoderms 
suggest that creatine kinase arose In the gamete of a common ancestral 
species and emerged In contemporary adult forms by parallel 


the evolutionary significance of a phosphagen and its kinase 
can only emerge when a species is considered in relation 
to many other species from the same class or phylum. 

In order to examine the hypothesis that phospho- 
arginine, as a functional phosphagen, is of greater 
antiquity than phosphocreatine and that in the course 
of evolution an “invertebrate” arginine kinase was 
gradually replaced by a “vertebrate” creatine kinase, it 
1s necessary to investigate as fully as posmble the phos- 
phagens and kinases from extant species relating to the 
proposed evolutionary line. There are now sufficient data 
available to examine this hypothesis in relation to the 
Echinodermata. In this article the approximate molecular 
weights of some echinoderm kinases, determined by gel 
filtration of crude tissue extracts, are considered in con- 
junction with other data about the phosphagen kinases to 
evaluate the significance of phosphagens and their kinases 
as criteria first for establishing the evolutionary relation- 
ships of the classes within the Echinodermata, and second 
for inferring that the Echinodermata is a transition group 
in the evolution of the Vertebrata. 

Glycylglycine — potassium chloride — ethylenediamine 
tetraacetic acid-sodium hydroxide buffer, pH 7-6 and 
I 0-08, was prepared by diluting forty-fold a stock solution 
containing 0-163 molar glycylglycine, 0-04 normal sodium 
hydroxide, 3:16 molar potassium chloride and 0-4 mmolar 
EDTA (disodium salt). Other buffers, substrates and 
reagents were prepared as previously described's. 

Animals were kiled by cooling to approximately 
—10° C and extracts of lantern muscle of Echinoidea; 
longitudinal muscle of Holothuroidea; tube feet of 
Asteroidea and Hchinocardwwm; whole arms of Ophi- 
uroidea; and whole animals of the Crinoidea were pre- 
pared and concentrated by dialysis under reduced pressure 
against glycylglycine buffer, pH 7-8 and J 0-001, as 
described by Virden and Watts. Suspensions in sea 
water of eggs and spermatozoa collected from specimens 
of Echinus esculentus were given by Dr. P. Baker. Pro- 
tein was estimated by a biuret methods, and phospho- 
transferase activity with guanidme substrates was 
estimated by measuring phosphate liberated by acid 
hydrolyms from the phosphagen synthesized during 
incubation with substrates". 
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Fig. 1. Arran ent for collecting small fractions containing a large 
protein concentration. Effluent from the column, na; o 18 ig Pons at a con- 
stant rate through the peristaltic pump, P to the fraction 
collector, F. The fraction clea is operated gee & separate line of 
dilute detergent which is pumped from reservoir, R, through the 
peristaltic pump into a siphon which discharges back into ‘the reservoir, 
simultaneously operating fraction collector. By this method fractions 
as small as 1 ml, can be collected with a high degree of reproducibility 
and no risk of siphon failure. 


For estimation of molecular weights of guanidine phos- 
photransferase a column of ‘Sephadex G-100’ (50 cmx 
2-4 om) was prepared and used at room temperature as 
described by Andrews", except that glycylglycine—potas- 
sium chloride buffer, pH 7:6 and total J 0-08, was used for 
elution. The effluent from the column was monitored for 
protein by recording the absorption at 254 mu; fractions of 
3 ml. were collected"*. The flow-rate was maimtained at 
0-5 ml./min with a peristaltic pump (LKB type 49124). It 
was found that the use of large protein loadings, which was 
necessary with crude tissue extracts, frequently caused 
coating of the siphon and its consequent failure. An 
alternativé procedure was devised in which the column 
effluent after passing through the pump was dripped 
directly into the fraction collecting tubes. The turntable 
was operated at 3 ml. intervals by a separate flow line, 
containing dilute detergent, running ın parallel through 
the pump and into the siphon which discharged into a 
separate reservoir (Fig. 1). Samples were taken from 
fractions to measure activities of arginine and creatine 
phosphotransferases'*. Calibration runs were carried out 
using a mixture of blue dextran, molecular weight approx- 
imately two milion, or rabbit creatine kinase, molecular 
weight 81,000 (ref. 16), together with ovalbumin, assumed 
molecular weight 45,000 (ref 17) and horse myoglobin 
assumed molecular weight 17,800 (ref. 18); or using 
human plasma albumin, fraction V, assumed molecular 
weight 67,000 (ref. 19). A straight hne was obtained 
when the elution volumes of the standard proteins were 
plotted against the logarithms of their respective molecular 
weights. All the crude animal extracts were almost 
colourless, and so a useful additional check was to add 
myoglobin as an internal standard. 

For extracts of muscle of Carcinus maenas and Palinurus 
vulgaris the tris-potassium chloride buffer, pH 75, 
described by Andrews? was used and the experimental 
procedure and standard proteins were as previously 
described*!. 

Preliminary experiments showed that purified enzymes 
and the same activity in a crude muscle extract both 
emerged from the column in approximately the same 
place. Fig. 2 shows typical elution profiles obtained for 
muscle extracts. In each case the protein to emerge first 
from the column appeared in the same position as the blue 
dextran. The measurements of enzyme activities in the 
fractions indicate that the echinoderm arginine kinases 
have about twice the molecular weight of those so far 
found in other invertebrates (Fig. 2, Table 1). The 
ophiuroid extracts yielded molecular weights which ren- 
dered improbable the occurrence of a kinase of 40,000 
molecular weight in these species but were not readily com- 
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Table 1. MOLECULAR WRIGHTS OF ARGININH AND CREATINE KINASES 


ae ee 


Group and species Tissue 
Echinodermata 
Paracentrotus ioidus'* Lantern musole 80,000 80,000 
Psammechinus mans Lantern muscle Absent 78,000 
Echinus esculentus Lantern muscle 81-04,000 150-185,000 
Eggs 86,000 
Spermatozoa BLD a > 200,000 
Asterias rubens Tube feet 81,0 Absent 
Marthasterias glacialis Tube feet 80,500 Absent 
Ee ta gE som eat 
Ast wri 18 B0 A So 
Lindita ediaris Tube feet 89,000 Absent 
H B olotuna Jorskalhı Longitudinal musole 81,000 Absent 
maria elongata Longitudinal muscle 78,500 Absent 
Sis irem opus tremulus Longitudinal muscle 89,000 Absent 
o animal 84,000 Absent 
A e ny Arms Absent 90-119,000* 
Ophiothns fi 18 Arms Absent 141,000* 
Mollusca ` 
Chlamys ope) cularis Striated adductor muscle 37,000 Absent 
Smooth adductor muscle 87,000 Absent 
Pocten masimus Striated adductor muscle 38,000 Absent 
Loligo sp Tentacle muscle 88,500 Absent 
Crustacea 
Homarus vulgars Tail muscle 37,000 Absent 
Palinurus vulgaris Tarl muscle 9,000 Absent 
Carcinus maenas Lımb muscle 88,000 Absent 
Potamobius astacus Tall muscle 43,000 Absent 
Chordata 
Seylliorhanus canicula Tall muscle Absent 88,000 
Lepi Tail muscle Absent 88,000 
Rabbit** Skeletal muscle Absent 81,000 
Hare” Skeletal muscle Absent 81,000 
Rat Skeletal muscle Absont 80,000 
Mouse?’ Skeletal muscle Absent 81,000 
Oxt Skeletal muscle Absent 81,000 


* Curves abnormal, suggest protein-protein interactions affect molecular 


wagt. 
t Below level of detection. 
t Unpublished results of A. R. Thomson. 


patible with the existence of an 80,000 molecular weight 
enzyme. It was necessary to use extracts of whole arms 
for these experiments and the enzyme elution curves, 
unlike those for the other kinases, were skewed towards 
greater molecular weight values and so 1t seems probable 
that these data were affected by mteractions with other 
proteins from the arms. 

The arginine kinase from muscle of Echinus esculentus 
has a molecular weight of about 80,000, but the creatine 
kinase was found to have a molecular weight compatible 
with the existence of a tetramer (Fig. 2, Table 1). The 
gametes from these species—the only ones which we have 
been able to examine so far—gave 80,000 for the egg en- 
zyme, but the spermatozoan enzyme emerged almost with 
the void volume of the ‘Sephadex’ column, suggesting that 
it was still associated with the protein of the contractile 
elements. 

Estimates of molecular weights of kinases from a range 
of animals are shown in Table 1 together with other 
known values from the literature. 

Investigations of purified creatine and arginine kinases 
reveal enough similarities to suggest that the two enzymes 
are homologous**. Thus, each catalytic site of these 
enzymes contains a single sulphydryl group the nucleo- 
philic reactivity of which is pH-independent, and which 
is essential for catalytic activity’ **. Both contain a 
group reactive towards hydroxylamine which is essential 
for activity™®, and a similar catalytic mechanism has been 
inferred for both enzymes*!. Also, the enzymes contain 
many similarities in their amino-acid composition. 
While lobster arginine kinase exists as a monomer?! 34 
with a molecular weight of about 40,000 (ref. 21), and 
this is also true for other crustaceans and molluscs 
(Table 1), creatine kinase is composed of two similar 
dissociable sub-units as indicated by an investigation of 
the number of catalytic sites?’, the amino-acid sequence 
around the essential sulphydryl groups**, the number of 
peptide spots in a fingerprint, and developmental” and 
hybridization”! studies. The molecular weight of a single 
sub-unit of creatine kinase is also about 40,000 (refs. 16 
and 27). 

The occurrence in the Echinodermata of arginine and 
creatine kinase (Tables 2 and 3) raises the question as to 
whether an analysis of the distribution of these enzymes 
could contribute to a better understanding of the phylo- 
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geny of this group. At first sight the occurrence of creatine 
kinase in adult ophiuroids and echinoids (Tables 2 and 3) 
might be interpreted as showing a close affinity between 
these two groups. But within the Echinoidea creatine 
kinase occurs only ın one major group of those so far 
investigated—the Camerodonta—while the other groups 
contain arginine kinase only (Table 3). The Camerodonta, 
however, are considered to be advanced rather than 
primitive echmoids and the situation is further confused 
by the recent finding of creatine kinase among the 
Asteroidea (Table 2), which hitherto had been thought to 
contain only arginine kinase. 

A solution to this apparent paradox comes from an 
investigation of the gametes. In the gametes of each 
class so far exammed, only arginine kinase occurs in the 
unfertilized eggs while creatine kinase is confined to the 
spermatozoa. The evidence is excellent in the Echinoidea 
(Table 3) and supported by data on the Asteroides*, 
Holothuroidea? and Ophiuroidea*, The Crinoidea has 
still to be investigated and the overall situation may be 
expected to become less clear-cut when more data are 
available. Nevertheless, the finding of arginine kinase in 
the eggs of Psammechinus miliaris, but only creatine 
kinase ın the adult lantern muscle (Table 3), 18 particularly 
striking. It has been suggested? that the occurrence of 
phosphocreatine in spermatozoa is comparable with the 
requirement for a very labile phosphagen to provide rapid 
energy for a highly mobile spermatozoon. It is now known, 
however, that the turnover of phosphoarginine in the 
presence of its kinase can be at least as rapid as that of 
phosphocreatine’, so that the relative stability of the 
two phosphagens is not important in this problem. A 
more reasonable explanation is that the evolution of a 
phosphagen which is not a metabolite for any other 


Protein concentration or enzyms activity (arbitrary unite) 
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‘Sephadex G-100’ elution patterns of muscle extracts of (a) 
esculentus, 
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Fig. 2. 
Holothunna forskali, (b) Echinus , and (c) Chlamys opercularis 
showing: —, protein concentration measured at 253 ma; @, 

kinase activity; and A, creatine kinase activity. 
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Table 2. DISTRIBUTION OF PHOSPHAGRNS AND THEIR KINASES AMONG THE 
BCHINODERMATA OTHER THAN THE BOHINOIDRA 


Musole or adult 
Species Phosphagen Ka 
Crinoidea 
Comanthus japonica APT" 
Antedon PA‘ APT* 
A, meduerranca PA” 
Holothuroidea 
Oueumara APT 
Q. slongata APT* 
PA pce 
APT* 
Th briarsus PA‘ 
Holothursa tubulosa PA APT™ 
H forskals APTH 
Stichopus moebu APT 
Stichopus tremulus APT* 
Stichopus yaponicus © APT" 
Stwhopus sp- PAY 
Synapta ens PA’ 
Leptosynapta coplax APT* 
Asteroidea 
polyacanthus APT** 
Adropecten irregular APT T 
Certonardoa semaregularis APT* 
papposa APT* 
Anseropoda placenta APT* 
Poransa pulvilius APTt 
Asterina peotsmfera APT” 
otemnasiernas rh APT" 
gi 18 PA? AFTt 
Asterias forben t API” 
Astenat amurensis APTH 
rubens APTH 
Luha cians APT* 
Ceramaster granularis APT, CPT (trace)* 
Hennion sangti OPT, GPT (trace}* 
Ophiuroides z pon 
Ophriothniz joven PC OPT* 
Ophvonerers reticulata PO OPT! 
Ophiocoma echinata OPT’ 
Ophiocomina nigra cpr 
kioderma brevispina PC 
Ophioderma longicauda Pc” 
Ophiarachnella gorgonia opr 
Ophroploous japonicus Oorrm™ 


* Unpublished results of B, Moreland and D. O. Watts. 
Unpublished work of D. C. and R. L. Watts. 
Eggs contam PA", 
A, Phosphoarginine; PC, phosphocrenhne 
transferase, OTP, creatine ph 
transferase. 


APT, argimine phospho- 
otransferase; GPT, giycocyamine phospho- 


metabolic process in the cell would confer a selective 
advantage. This is partially so in the testis where, in 
contrast to myofibrils or mature contractile elements, the 
synthesis of nuclear histones would create a drain on any 
available arginine which could readily lead to a depletion 
of the arginine reserve for phosphagen synthesis. Evolu- 
tion of a unique phosphagen avoids this type of compli- 
cation and greatly facilitates the complex process of 
metabolic control. It should be noted that, because 
creatine is synthesized by transamidination from arginine 
to glycine, although switching from arginine to creatine 
as phosphagen does not have a direct sparing effect on 
the amount of arginine available in the animal, this could 
be achieved by resynthesis from ornithine via the urea 
cycle. Nevertheless, the effect is specifically one of 
isolating the guanidine and ita phosphagen from 
the rest of amino-acid metabolism. The distribution of 
creatine and its kinase in the spermatozoa of species which 
use phosphoarginine in the adults strongly suggests that 
the genetic potential for creatine kinase synthesis first 
arose because it conferred a selective advantage in the 
development of mobile spermatozoa but that control 
cen suppressed its expression in the developing 
b. 

Thus, except for the Crinoidea, where information is 
lacking, it is probable that the zygotes of most extant 
echinoderms contain the genetic potential to synthesize 
both arginine and creatine kinase. The distribution of 
phosphagen kinases in the muscles of adult echinoderms 
may then be regarded aa reflecting changes in the genetic 
release mechanism for creatine kinase synthesis, Both 
phosphagens and their kinases often occur in the same 
muscle in roughly equal concentrations, and so we cannot 
be sure that both are functional as a reserve energy source 
for contraction. Thus, while the appearance of creatine 
kinase could indicate phylogenetic relationships, it more 
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probably reflects the parallel evolution of groups which 
although long-separated had come from a common 
ancestor in which the genetic potential had already 
developed. 

The discovery of an asteroid with creatine kinase is then 
readily explained as a mutation affecting the genetic 
switching mechanism, and similarly the occurrence of only 
creatine kinase in the Camerodont, Psammechinus 
miliaris, would reflect the switching off of one kinase in 
one species of a group which more often expresses both 
kinase genes in the adult. The further elucidation of these 
problems and the measure of support that can be given 
to any particular phylogenetic relationship will require 
purification and a detailed characterization of the indi- 
vidual enzymes. 

It will be of particular interest to establish the phos- 
phagen type of gametes from the Crinoidea which aro 
dificult to obtain in adequate quantities from British 
species. The presence or absence of creatine kinase in the 
spermatozoa may indicate how early in the evolution of 
the Echinodermata the acquisition of creatine kinase 
occurred. Should creatine be found this would be com- 
patible with the idea of a creatine containing common 
ancestor for the Echinodermata, Tunicata and Hemi- 
chordata, because both the latter groups contain phospho- 
creatine as a major phosphagen in the adults of at least 
some species“. Where a particular form of adult organ- 
ization has remained relatively stable for a long period of 
time, as in the echinoderms, one would expect to find that 
& biochemical system such as that involving arginine 
kinase would be relatively unchanged (Tables 2 and 3) 
and the development of new control mechanisms, although 
perhaps involving only a few mutations, would only occur 
during a long period of time on the evolutionary scale. If 
this is so, then among the Ophiuroidea, for example, the 
transition from arginine to creatine kinase most probably 
occurred concurrently with the evolution of the modern 
adult form. 

A fundamental change in adult organization must be 
associated with rapid changes in the organization of 
biochemical processes so that the adoption of control 
mechanisms conferring selective advantages such as that 
of isolating the phosphagen from the rest of arginine 
metabolism may be expected. This would provide a 
biochemical basis for the profound organizational changes 
which must have ocourred in the emergence of vertebrates 
and gives credence to theories such as that by Berrill** for 
the evolution of vertebrates from tunicates. The Tunicata, 
like the Echinodermata, have species which contain 
creatine kinase, arginine kinase or both enzymes in their 
muscles (ref. 14 and unpublished work of D. ©. and R. L. 
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Watts). Thus, both groups exhibit the sort of properties 
in their phosphagen kinases which are necessary for 
chordate evolution. On the basis of enzyme distribution 
no further conclusions can be drawn, so the evolutionary 
sequence should be represented as 





g modern 
aT echinoderms 
/ ? 
primitive modern 
common ancestor chordates vertebrates 
Xe Pai 
\ ae ? 
tunicate 
line modern 
TT tonite 


The widespread occurrence of arginine kinase among 
the invertebrates and the presence of only creatine kinase 
in vertebrates has led to the suggestion that arginine 
kinase is the more primitive enzyme. It would there- 
fore seem reasonable that in the evolution of the verte- 
brates, species containing a monomer arginine kinase 
gradually gave rise to species containing the dimeric 
creatine kmase found today. In the Echmoidea both 
enzymes ocour together so that, if the postulate of homo- 
logy is accepted, then reduplication of the arginine kinase 
gene must have occurred at some stage in the evolutionary 
process. Among the extant vertebrates the creatine 
kinase gene has almost certainly undergone further 
duplication, for Eppenberger ef al.” have demonstrated 
the presence of a foetal creatine kinase which in the 
course of development forms a hybrid molecule with the 
enzyme normally found in the adult. Consequently the 
possibility of loss of viability by disorganizing meiosis, 
which must always be borne in mind when postulating 
profound reorganizations of genetic material, appears not 
to be important in the reduplication of phosphagen kinase 

nes. 
e° Tho molecular weight of the arginine kinase in the 
Echinodermata appears also to have doubled, and so the 
precise way in which the dimeric creatine kinase arose is 
not easy to infer. At least two alternative routes are 
possible. The first involves duplication of the arginine 
kinase gene followed by the mutation of one section of 
the duplicated material to code for a functional creatine 
kinase by altering the binding site for arginine to that 
for creatine. The ability to dimerize evolved separately 
for each kinase and would have required further muta- 
tions or gene reduplications if the two sub-units are coded 


Tablo 3. DISTRIBUTION OF PHOSPHAGENS AND THAIR KINASHS AMONG THE ROHINOIDRA 


Muscle 


Species Phosphagen Kinase 
Aulodonta 
Diadema setosum APTH 
Centrostephanus rodgermi PA“ APT 
Stirondonta 
Arbacia punctulata PA* APT* 
Camerodonta 
Temnonleurus hardwickii CPT 
Mespila globulus APT™ CPT! 
Lutechinus variegatus APT! CPT* 
Tornpmenstas pileolus APT” CPT" 
Trpnentes asculentus APT! CPT 
Sphaerechinus granulars APT” CPT” 
sendorenirdnus deprestus APT™ Cpr 
Echinue esculentus PA PO APT" CPTM 
Paracentrotus liridus APT™ CPT” 
Hemicentrotus pulcherrumus APT GPT“ 
Stronglucentrotus liridus PA’ PO 
Stronqdycentrotus drobachtensis 
Echinometra lacuntar APT’ CPT* 
Anthocidars crasuspina PTs Cpr 
Heliondaris erythrogramma PA“ POU APT CPT 
Prammechinus miliaris iL CPTT 
Trregulania 
shaved mirabilus pene 
ipeasier japonicus PTH 
P Tesusrs APT™ 
Echinocardium purpurea APTT 


resent work. 
‘able 2. 


* Not detected in the 
For abbreviations ses 


Eggs Sperm 
Phosphagen Kinase Phosphagen Kinase 
APT CPT 
APT™ CPT” 
“a pis Po" cPpT* 

PA Appu APT*” OPT” 

PAS APT” Po CPT™ 

PAN 
APT” cpr 
APT? 


t Unpublished resulta of B. Moreland and D. O. Watts. 


462 


separately, or a combination of both processes. Alterna- 
tively, the arginine kinase first evolved the ability to 
dimerize; this gene then underwent duplication and one 
part evolved into creatine kinase. This seems improbable 
in the light of recent evidence*’?, which suggests that the 
two sub-units of mammalian creatine kinase can be coded. 
by separate cistrons. If the former hypothesis is correct, 
then it could be possible to find species which still have 
a creatine kinase of molecular weight about 40,000. So 
far we have investigated only a few species and creatine 
kinase always has a molecular weight of about 80,000 
and in Echinus esculentus muscle the enzyme possibly 
occurs as a tetramer (Table 1). The high molecular 
weight creatine kinase in Hohinus muscle and sperm 
(Table 1) suggests that the ability of monomer creatine 
kinase units to aggregate could have arisen early in the 
evolution of this enzyme. 

Creatine also forms the phosphagen of several Tunicata 
and Hemichordata. Unfortunately, nothing is known 
about the molecular weights of their kinases. The present 
work suggests that a similar investigation of their enzymes 
could prove a fruitful first step towards establishing the 
exact relationship among these groups in the evolution of 
the Chordata. 

We thank the Department of Biochemistry, University 
College, London, and the Marine Biology Laboratory, 
Plymouth, for providing facilities during this work. We 
also thank the University of London, Central Research 
Fund, and the Medical Research Council for grants, and 
the Agricultural Research Council and Muscular Dys- 
trophy Group of Great Britain for maintenance grants 
to B. M. 

Note added in proof. The above findings are at variance 
with the conclusions reached by Dr. H. I. Bolker (Nature. 
213, 904; 1967) about the phylogeny of echinoderms. 
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ALTHOUGH the tertiary structures of myoglobin! and 
haemoglobin? are now known, the molecular mechanism of 
ther principal physiological function—reversible oxy- 
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The binding of ox 
molecules Is not fully understood. Nuclear magnetic resonance of 
bovine oxyhaemoglobin Incorporating oxygen-I7 can throw some 
light on the problem. — - 


gen molecules to the iron atom In haemoglobin 


genation—remains the subject of intensive investigations. 
In order to elucidate this process it is necessary to obtain 
direct knowledge of the nature of the binding of the 
oxygen molecule to the iron atom in such haemoproteins. 
The structure of the oxygen molecule when bound to 
haemoglobin has long been of considerable interest to 
theoretical chemists. It is well known that the free oxygen 
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molecule is paramagnetic. The electronic properties of 
the haem-iron are not as well known, although it is 
usually accepted that the iron of deoxygenated haemo- 
globin is essentially in the high spin ferrous state. Oxy- 
haemoglobin, the complex formed from these paramag- 
netic entities, is, however, diamagnetic. Various theories 
have been proposed for the structure of oxyhaemoglobin. 
The canted end-on structure? and the “parallel to haem” 
structure‘ are the two which are at present considered to 
be the most likely (see Fig. 1). 








A 
———Fe)——0— normal to the 
‘, plane of the haem 
Y 5 
o 60 
B 


Fig. 1 Schematic representation of the oxygen bonding to hasm-iron in 
oxyhaemoglobin according to: A, Pauling’; B, Griffith‘, 


In favourable cases, nuclear magnetic resonance spectro- 
scopy can provide information on the stereochemistry and 
the nature of ligand binding. There is one isotope of 
oxygen (oxygen-17) which has a nuclear magnetic moment. 
Oxyhaemoglobin is diamagnetic and therefore the signal- 
to-noise ratio is not expected to be unduly impaired by the 
line-broadening which would happen with a paramagnetic 
substance. Nevertheless, with the natural abundance of 
oxygen-17, it would be impossible to observe the magnetic 
resonance of this isotope in oxygen bound by haemoglobin 
because there are only eight oxygen atoms attached 
to each molecule of oxyhaemoglobm (molecular weight 
~ 64,500). With a solution of haemoglobin concentrated to 
as much as 30 per cent w/v the number of oxygen-17 
nuclei in natural abundance bound to haemoglobin would 
still be about a thousandth of that in a corresponding 
sample of ordinary water. From the latter oxygen-17 
resonance is relatively easily observed. Recently, oxygen 
enriched with about a thousand times the normal amount 
of oxygen-17 has become available, and this prompted us 
to investigate the oxygen-17 nuclear magnetic resonance 
spectrum of oxygen in oxyhaemoglobin. 

The solution of oxyhaemoglobin was obtained from fresh 
bovine blood and the concentration of the sample was kept 
as high as possible in all steps. After dialysis the sample 
was further concentrated by the method of Kohn’ using 
polyvinylpyrrolidone as the water absorbent. An estimate 
of the final concentration by drying was ~ 30 per cent w/v, 
and the absorption spectrum of this sample before further 
handling was that of oxyhaemoglobin with about 6 per 
cent methaemoglobin. 1-5 ml. of this solution of normal 
oxyhaemoglobin was placed in a glass container with a 
break-seal to facilitate further manipulations. The sample 
was attached to a high-vacuum unit by a ground-glass 
joint and then deoxygenated. 

In order to suppress foaming, careful evacuation was 
alternated with helium flushing and the sample was cooled 
to about 0° C. After initial degassing it was found by 
selective trap-freezing that further bubbling was due to 
water vapour and not to dissolved oxygen gas. At this 
stage about 2 ml. (sre) of oxygen gas enriched to 
65 atom per cent in oxygen-17 was introduced to the 
deoxygenated sample with a Toepler pump. The final 
pressure above the solution was brought to about 360 mm 
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mercury and the sample (which we shall denote as Hb*’0,) 
was then sealed off the vacuum line. 

When. not being used, the sample was kept in a ‘Styro- 
foam’ box and stored at about 0° C except for brief periods 
during transportation. In the nuclear magnetic resonance 
experiments, the sample was allowed to equilibrate to 
room temperature for about 20 h. The sample was 
eventually opened for final characterization eleven months 
after it was originally sealed off. 

The visible absorption spectrum taken immediately 
after opening the ampoule was almost identical to the 
mitial one. The ratio of the optical density at 418 mp 
to that at 275 my. was 3-7. Part of the sample was also 
reduced with sodium dithionite and exammed under the 
microspectroscope: there was no sign of a chromogenic 
spectrum. (We thank Dr. Joan Keilin of the University 
of Cambridge for carrying out this control and for drawing 
our attention to ref. 6.) Moreover, there was no visible 
precipitate, and this was also checked by two subsequent 
centrifugations for 20 min at 20,000 r.p.m. The analytical 
data after the centrifugations agreed with the initial results. 
If any substantial deoxygenation or denaturation occurred, 
this would have resulted in an appreciable discrepancy 
between the concentrations of HbO, determined gravi- 
metrically and spectrophotometrically, which was not 
observed. None of the observations on the sample of 
HbO, after the nuclear magnetic resonance experiments 
indicated any measurable deterioration of oxyhaemo- 
globin, although the sample was kept sealed under 0:5 
atmosphere of oxygen pressure for about 11 months 
This is not surprising because Keilin and Wang* established 
that haemoglobin (and for that matter also endoerythro- 
eytic enzymes) from blood samples kept for 24 and 42 
years neither denatured nor changed appreciably in ther 
ability to oxygenate (or enzyme activity). Furthermore, 
Brooks? has shown that the rate of oxidation of haemo- 
globin is greatly reduced at high partial pressures of 
oxygen in accordance with Conant’s’ electrochemical 
results. A sample of ordinary bovine oxyhaemoglobin 
(7-02 mmolar in iron) was also prepared and used as a 
standard in the measurements of nuclear magnetio re- 
sonance. We shall refer to this as Hb1*0,. 

All our measurements of nuclear magnetic resonance 
were performed at 8-0 Mo/s using a Varian DA-60 nuclear- 
magnetic resonance spectrometer equipped with a V-4210 
variable frequency RF unit. The temperature of the sample 
was not controlled, but its temperature when it was 
inside the apparatus was measured by a calibrated ther- 
mistor probe and found to be 27+ 1° C during all experi- 
ments. Audio-frequency field modulation of 40 o/s with 
a peak to peak amplitude of 0:3 G was used throughout in 
detecting the spectra as derivatives of the absorption- 
mode. The field sweep dial was calibrated by observing 
the difference or “beat” frequency between a fixed- 
frequency oscillator and the transmitter frequency of the 
nuclear magnetic resonance. The signal of 11:40 per cent 
enriched H,!70 was kept centred on the oscilloscope 
trace by slight readjustments of the transmitter frequency 
of the nuclear magnetic resonance as the magnetic field 
was varied. The “beat” frequency thus observed directly 
yields the magnetic field sweep expressed in frequency 
units. In order to check on any asymmetry of the lines, 
which may result from the instrument or may, in fact, 
be real, they were scanned several times in both directions 
of the field sweep. 

We have made extensive searches for the Hb*’0, 
spectrum up- and down-field from the H,"O-line, the 
position of which was determined by a sample of water 
enriched to 11-40 atom per cent in oxygen-17 used as a 
standard. The maximum field sweep on either side amoun- 
ted to 12,000 p.p.m., but no resonance was observed other 
than that with a chemical shift of zero (with reference to 
H,O). The observed line at o=0 had a peak to peak 
line-width of ~25 p.p.m., as compared with ~19 p.p.m. 
for oxygen-17 in water. We then recorded the H,'’0- 
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Big. 2. Original recordings of Hb*"0, spectra (4) 
. i HÓ and is included fo. comparison. 


spectrum of oxygen-17 in natural abundance from the 
control Hb'*O, solution. The line shape was similar to 
that from the enriched water. 

From the absorption spectra taken at successively 
higher RF-levels for both HbO, and Hb1*0, solutions, 
it was observed that the resonance line of oxygen-17 from 
the Hb!*O, solution saturates at substantially lower 
RF-levels than the oxygen-17 resonance line from HbO, 
solution. 

We then used the spectra obtained well below saturating 
RF-power in order to calculate the ratio, R, of the first 
moment evaluations of the 17O-lnes from the labelled 
HbO, to the unlabelled Hb1*O, sample. Using the values 
of each half (I and II) of the mean curves of at least four 
scans for both forward (+) and reverse (—) sweeps, one 
obtains R= 1-8 and Ry = 2-0; if the total curves for each 
sweep direction are treated separately, then A, = 2-1 
and R._=2-1, so that R=2-0+0-2. The curves for the 
HbO, sample were symmetrical to within 6 per cent and 
those of the Hb1*O, sample to 20 per cent as measured 
by the ratios of first moments of the two halves for each 
curve. 

From the known volumes and concentrations of the 
HbO, and HbO, samples, determined spectrophoto- 
metrically and gravimetrically, from the oxygen-17- 
enrichment of the oxygen gas (65 per cent) and the natural 
abundance of oxygen-17 in water (37 x 10-5), the expected. 
ratio of total oxygen-17 in the HbO, solution to that in 
Hb's0, was calculated to be 2:440-3. 

The agreement between the measured and the expected 
ratios suggested that in the spectrum of HbO, sample we 
had been observing a superposition of the oxygen-17 
resonance from haemoglobin and from solvent water at 
the same value of chemical shift. 

In order to separate the supposedly superimposed 
HbO, and H,!70-lines we considered shifting the re- 
sonance of H,O by the addition of ionic solutions, as 
had been demonstrated for diamagnetic ions, or by the 
addition of paramagnetic ions. It would be necessary, 
however, to achieve quite high concentrations (> 0:1 
molar for CO+t and Dytt or > ~5 molar for diamagnetic 
ions) in order to obtain sufficient shifts. Manganous ions 
are effective in broadening the H,O resonance line (ref. 
9) at lower concentrations, and therefore we added man- 
ganous chloride to the HbO, solution under a protective 
atmosphere of nitrogen to a final concentration of ~10 
mmoles/]l. At this concentration, the H,170 line could 
no longer be detected in the control Hb*O, sample under 
the same instrumental conditions because of broadening 
which the manganous ions produced. 

Curves A in Fig. 2 are the actual recordings of three 
spectra (two in the forward and one in the reverse sweep 
direction) within 1 h of the addition of manganous chloride 
to HbO, From the estimated average line shape 
(line B in Fig. 2) drawn through these recordings, the 
first momenta were calculated for both halves and the 
values agreed to within 2 per cent. (The curve for H,O 


with the visually estimated mean line shape (B). Curve O 1s for 11 per cont 


is plotted for comparison in Fig. 2.) Because the control 
sample Hb**O, gave no detectable H,1’O resonance under 
identical conditions, it was clear that the remaining 
resonance line in the Hb1"0, sample was due to oxygen-17 
from the labelled diamagnetic oxyhaemoglobin. 

The sample of HbYO, was exposed to atmospheric 
oxygen-16 while it was still in the nuclear magnetic 
resonance probe and the intensity of the spectrum of 
HbO, decreased with a half-time of 6 h. In the un- 
stirred sample of HbO, this decrease represents the 
exchange of Hb!’0,+0,-Hb"O,+170, as the atmo- 
spheric oxygen slowly diffused into the sample. When 
the HbO, signal was no longer detectable the sample was 
removed and the performance of the spectrometer was 
checked with a sample of H,O. 

The results indicate that within the precision of better 
than +20 per cent in the present intensity measurements 
of the wide-line nuclear magnetic resonance spectra, the 
total possible oxygen-17 nuclear magnetic resonance 
signal was recorded within one line. Poor signal-to-noise 
ratio (with the relatively large amplitude of modulation) 
precludes a detailed analysis of the line-shapes in our 
spectra, but within about half the observed line width, 
that is within some 10 p.p.m., there is no chemical shift of 
the Hb!70, line in reference to the H,O resonance. 
These two findings, namely that the observed spectrum 
accounts for all the available oxygen-l7 in the sample of 
Hb!"0,, and the overlap of the Hb!70, spectrum with the 
H,""0-line, can be discussed in the light of the possible 
stereochemistry of the oxygen bound to haem. 

Pauling? proposed an end-on orientation of the oxygen 
molecule with the molecular axis of oxygen at 30° to the 
plane of haem. This structure (we shall call it ‘“asym- 
metric”) has been discussed by Griffith‘ in a more general 
theoretical treatment in which he favoured the oxygen 
molecule being parallel to the haem plane (‘‘symmetric” 
structure). In the latter case both oxygen-17 nuolei 
would be magnetically equivalent, giving rise to one 
nuclear magnetic resonance line. In Pauling’s model 
they are not equivalent, which would result in two 
separate nuclear magnetic resonance lines*. The question 
now arises how large a difference is expected in chemical 
shifts of the two oxygen atoms for the asymmetric orienta- 
tion. The chemical shift of oxygen-17 nuclear magnetic 
resonance is composed of three main contributions: 
(1) the so-called paramagnetic shift o ; (2) the diamagnetic 
(Lamb) shift, o; and (3) the shifts caused by induced 
ring currents in nearby “aromatic” rings. 

We have calculated the “ring current” diamagnetic 
shift due to the porphyrin ring according to the method 
described by Johnson and Bovey? and by Abrahami. 
The bond-lengths for Fe—O, were estimated from the data 


*Dr. R. Traylor suggested (The Chemistry of Hemass and Hemoprotsins, 
edit. by Chance, B., Estabrook, R. W., and Yonetanl, T., Academuo Ere 
1067) that even in this case the two oxygens may become magnetically equ 
if there u a aufficiently fast flip-flop exchange of thelr respective sites. This 
does not seem to us very probable, but a tamperature study of the HbO,- 

is necessary before a definite conclusion can be made. 
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on, crystal structure provided by Ibers and LaPlaca1* 
for the iridrum—oxygen carrier synthesized by Vaska™, 
and those of the porphyrin according to Hoard, Hamor, 
Hamor, and Caughey*. 

The maximum expected difference between. the chemical 
shifts for the two oxygens amounts to some 10 p.p.m. If 
this were the only source of difference for the asymmetric 
structure, it would be difficult to distinguish it from the 
symmetric structure because this difference is smaller 
than the line-width which we observed for the HbO, 
spectrum. A much better signal-to-noise ratio would be 
required in order to obtain the necessary resolution. 

The diamagnetic chemical shifte are even smaller, but 
the paramagnetic (second-order) shifts [a] due to p- 
electrons of the oxygens are considerable. These can be 
evaluated according to Karplus and Das". 


D= 1/3 (Geel +oyy® +05) = 


—ol (Pew + Pyy + Pss) — 1/2(PraPyy + PyyPes + Pss + Pez) + 
+1/2 (PeyDyz+ PyePey + PsxPzs)| =00P x (1) 


(1a) 


where 
S= —(2e°h?/3 Ami) <1fr3> (2) 


o® is the motionally averaged value of the anisotropic 
shifts along the three co-ordinate axes (see equation la). 
The p, are orbital populations, and for a closed-shell 
atom pu=2, piy=0, so that oM%=0. A in (2) w the 
average excitation energy of p electrons in the occupied 
molecular orbitals. < 1/r? > is the mean inverse cube radius 
of the p-orbitals, and all the other symbols have their 
usual meaning. 

o® caloulated according to equation (1) is then the 
second-order chemical (paramagnetic) shift referred to an 
oxygen atom with no p-electrons at all, or with a closed 
p-shell. We took the value of < 1/° > =2-91x 10 em? 
from the paper by Barnes and Smith*, which was derived 
from observed atomie spin orbit splittings. The value 
of A is difficult to assess with certainty for oxyhaemo- 
globin, but this is not significant for the argument con- 
cerning the asymmetric compared with the symmetric 
binding of oxygen to haemoglobin. We choose the value 
of ~6 eV for reasons which will become apparent later. 
The paramagnetic shift calculated on this basis was 
ao~ 840 p.p.m. If sp? hybridization is assumed for the 
molecular orbital formulation of oxygen (ref. 4) the Pis 
may be approximated as 


Pso= Pes = p(sp*) = 1:3; pyy= 20 (3) 

If the asymmetric binding of the oxygen molecule to 

haemoglobin induces a change 8p in the orbital populations 

of one oxygen atom compared with the other, the Py-term 
in equation (1) will show a change 


8PuX 8p [13 +3p/2] (4) 


If the change in average excitation can be neglected, then 
a change of electron density on one oxygen atom compared 
with the other when bound should cause a difference in 
chemical shifts of 1,100% p.p.m. (for A~ eV). Thus, a 
net transfer of only 0-01 electron between iron and oxygen 
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would cause a chemical shift of ~11 p.p.m., which, in 
general, should be within the attainable resolution of 
oxygen-17 nuclear magnetic resonance spectroscopy. Of 
course, in such a case of small differences in paramagnetic 
shifte other (diamagnetic) contributions have to be taken 
into account. + 0- 
Pauling? states that for the structure Fe=O’ there isa 
difference of one electron between the two oxygens. This 
amounts to a 80 between the two oxygen-shifte of 
~ 1,600 p.p.m., which is inconsistent with the present 
experimental results. He also indicates? that the distal 
oxygen may be hydrogen-bonded to the (distal) histidine. 
This would certainly decrease the difference in the electron 
density between the two oxygens of this structure, thereby 
decreasing $0, Griffith’, on the other hand, attached 
more significance to the second asymmetric alternative 


o 
(Fe—O”) for which 80 should also be smaller. Using the 
data obtained by Viale?’ in a molecular orbital calculation 
of the asymmetric bond as the lower limit (this calculation 
takes into account only the Fe—O, part), then 3,~0-1, 
and So” ~110 p.p.m., which is still five times greater 
than the observed line width. 

We therefore conclude (with the qualification on the 
flip-flop mechaniam as formulated in footnote*) that the 
asymmetric binding of oxygen to ‘haemoglobin cannot 
account for the observed nuclear magnetic resonance 
spectrum, because the expected difference in chemical 
shifts for this structure is well outside the measured line 
width. 

It now remains to account for the observed overlap of 
the HbO, resonance with that of H,O. 

Table 1 summarizes some of the reported results on 
pı; for the water molecule and those for the symmetric 
binding estimated by Griffith (we thank Professor J. 8. 
Griffith for providing us with information on this point). 
In the last column the calculated values of CH0 » and 
Coxim are given. We have assumed the same < 1/r*> 
for both H,O and oxyHb, and an arbitrary mean value 
for Aoxynn of 4:6 eV, which does not appear to be un- 
reasonable. 

Thus on comparing og,0 and c syp? from Table 1, 
it seems that, at least semiquantitatively, the symmetrical 
bonding of oxygen to haem in oxyhaemoglobin is com- 
patible both with the observation of a single-line nuclear 
magnetic resonance spectrum and ita overlap with the 
H,}"0 resonance. More detailed knowledge of py and other 
parameters, however, is required together with further 
improvements of oxygen-17 nuclear magnetic resonance 
measurements in order to make full use of this technique 
in elucidating the reversible oxygen binding to haemo- 
proteins. 

We thank Professor David Samuel of the Weizmann 
Institute for a gift of oxygen-17 enriched oxygen, which 
enabled us to perform this experiment. One of us (S. M.) 
thanks Professor Mildred Cohn for her interest in this 
investigation and for the use of the facilities of her nuclear 
magnetic resonance laboratory. We also thank Professor 
Britton Chance for advice in the final stage of preparmg 
the manuscript and Dr. R. Viale for the discussion con- 


Tablo 1. CALCULATED PARAMAGNETIO CHEMICAL SHIFTS FOR OXYGBN IN H,O AND IN THN SYNMMETRIOAL BINDING IN HbO, 


Ps Py 
Pople and Segal (ref. 18) 1-8606 20000 
H,O 
a Ellson and Shull (ref. 19) 140490 20000 
upper Limit 15 2 
HbO,  Grimth* 
lower limit 1-0 2 


* py is along the oxygen-oxygen bond, 


1fr? 4 a) 
Ps Py (0m7) (eV) (p.p.m.) 
1:0577 1-779 1,120 
7-22 + 
0-58926 1586 900 
2-91 x 10 
1:50 0-88 fy 1,860 
1-0 1:50 800 


+ From the first ultra-violet absorption for H,O vapour at 1718 A (ref. 20). 


(Tbe corresponding band-edge for hqmd water is 1780 A) 
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Ix 1963, Fildes and Parr’ described a method for detecting 
human red cell 6-phosphogluconate dehydrogenase 
(6-phospho-p-gluconate: NADP oxidoreductase. #.C. 
1.1.1.44; 6-PGD) by starch gel electrophoresis. Using 
this method, they identified two phenotypes of 6~PGD. 
Parr? has described further experience with this method 
based on a survey of 4,558 unrelated individuals in 
London. By now he had identified no fewer than eight 
phenotypes, three of which are relevant to the present 
report. Parr’s “normal” phenotype I, consisting of a 
single sharply defined band A, was found in 95 per cent of 
his population sample. Phenotype I (the “common 
variant”), consisting of an A band as in type I, a slower 
B band of similar intensity, and a still slower and much 
fainter C band, occurred in 4 per cent of his subjects. 
Phenotype II (the “Canning variant”) was found in two 
individuals (0-02 per cent) ; it showed the same three bands 
as in type II, but the A band was very faint, the B band 
was of intermediate intensity and the C band stained most 
strongly of all. 

Parr? also reported that the “common variant” occurred 
in 12 per cent of 100 blood samples from Nigeria and in 
ll per cent of 109 samples from Uganda. In the United 
States, Dern et al.*, using the same method, found the 
“common variant” in 6-1 per cent of 296 American Negroes 
and in 1-7 per cent of fifty-eight Caucasians. 

Recently, from Ohicago, Bowman et al.* described a 
different method for identifying 6-PGD by starch gel 
electrophoresis. These workers reported three phenotypes 
which they refer to as PAA, Pd A—B, and PdB. The electro- 
phoretic patterns are different from those described by 
Parr’; however, from the available population and genetical 
data‘, it seems likely that phenotypes I, I and III of 
Parr are equivalent respectively to phenotypes Pd4d, 
PdA-B, and PdB of Bowman ef al. Our own experience 


The distribution of phenotypic variants of 6-phosphogluconate 
dehydrogenase of human red cells In a multi-racial South African 
community suggests that this system provides a useful genetic 
marker for population studies. 


with a small number of specimens examined by both 
methods supports this. In the Chicago survey, 600 
Caucasians and 416 Negroes were investigated. The 
frequencies of PdA (about 92-5 per cent) and PdA-B 
(about 7-5 per cent) were about the same in the two 
population groups; the single instance of PdB was found 
in a Caucasian. 

For the past 3 years we have been engaged in an in- 
vestigation of the genetical differences and affinities of 
Cape Town’s racial groups; a battery of genetical markers 
has been used for this purpose‘. Before we were aware of 
the findings in England and the United States, we began to 
investigate the value of the 6-PGD system as a genetic 
marker in population investigations. 

The subjects initially were 600 apparently healthy, 
unrelated adult volunteers from the four main racial 
groups of Cape Town. The 100 Whites were English- 

and Afrikaans-speaking descendants of European settlers; 
Jews were not included. The 200 Africans were all Bantu- 
speaking Negroids of the Southern Nguni group; they 
were almost all members of the Xhosa, Fingo and 
Pondo tribes. The 100 Malays were all Moslems, the 
descendants of political exiles and artisan-slaves who came 
to the Cape from the Malaya-Indonesia area in the 
seventeenth and eighteenth centuries. The 200 Cape 
Coloureds were of mixed White, African and Malay 
descent. 

These 600 subjects included equal numbers of men and 
women in each group. Their ages ranged from 18 to 44 yr 
and the different groups were fairly closely matched m 
this respect (Table 1). Later, to observe the effect of age 
on the distribution of the 6-PGD types we examined an 
additional sample of 100 elderly White women whose 
ages ranged from 76 to 96 yr (mean 82-7 + 41 
yr). 


NATURE, VOL. 214, APRIL 29. 1967 





Band A m= 
B ia >on 3 
c | 
Origin — —— 
AB B © 


6-PGD PHENOTYPES 


Fig. 1. Diagram of the 6-phosphogluconate dehydrogenase phenotypes 
detected ın this investigation by E aT tere i 


The 6-PGD phenotypes were detected by the method of 
Fildes and Parr’, with slight modifications suggested to 
us by Dr. Fildes. Haemolysates were applied to Whatman 
No. 3 filter paper and electrophoresis was carried out in a 
cold chamber at 4° C for 16 h at a potential gradient of 
5 V/cm in a starch gel made in 0-01 molar phosphate 
buffer at pH 7:0. The reaction mixture for identifying the 
enzyme contained 5 ml. of 0-5 molar tris buffer at pH 8-0, 
3 ml. of 0-2 molar magnesium chloride, 5 mg of nicotina- 
mide adenine dinucleotide phosphate, 5 mg of the tetra- 
zolium salt ‘MTT’, 5 mg of phenazine methosulphate, 
20 mg of sodium-6-phosphogluconate and 12:5 ml. of 
1-5 per cent agar solution at 50° O. The reaction mixture 
was poured over the sliced gel which was then incubated 
in the dark at 37° C for 30-60 min. With this method, we 
have had no difficulty in recognizing three 6~-PGD types 
(Fig. 1). To be consistent with the terminology adopted 
in the case of the glucose-6-phosphate dehydrogenase 
varianta®, we have preferred to call these 6-PGD variants 
6-PGD A, 6-PGD AB, and 6-PGD B, corresponding to 
Parr’s types I, If and IIT respectively. 

The results are shown in Table 1. The AB phenotype 
was found in 6-5 per cent of the Whites, which was slightly 
more than in the “London” sample*. The frequency of 
6-PGD AB was slightly greater in the Cape Coloureds 
(9 per cent) and slightly less in the Malays (5 per cent). 
In none of these did we detect the 6-PGD B type. In the 
Africans the results were strikingly different: 6-PGD AB 
was found in 26-5 per cent and there were four examples 
of 6-PGD B (2 per cent). The frequency of 6-PGD AB in 
the African samples (0-265) was close to that expected 
from the Hardy-Weinberg formula (0-245). The gene 
frequency 6-PGDB in the African sample was almost 
five times greater than in the Whites and more than three 
times greater than in the Cape Coloureds. 


Table 1 TH SUBJECTS OF THE INVESTIGATION AND THE FINDINGS IN RHSPROT 
OF 6-PHOSPHOGLUCONATH DBHYDROGHNASE VARIANTS 


Meanage 6-PGD phenotypes Gene froguenoy 
No. (yr) A AB 6-P@Da 


Whites 

Youngfomake 6) 28278 47 $ 0 

oung "B+ 7 0 0-082 
Old females 100 827+ 41 94 6 0 
Coloureds 

Males 100 281+ 90 93 8 0 } 0 045 
Females 100 318+ 71 90 10 0 
Africans 

Males 100 848+ 85 77 21 2 } 0-152 
Females 100 801+ 68 66 82 2 
Malaya 

Males 50 818+ 94 48 2 0 0-025 
Females 50 «3134104 47 8 0 } 


In the White sample, the results in the fifty young 
females and in the 100 old females were identical, showing 
that in adults variability in the 6-PGD system does not 
depend on age. 

In one of the African men with the 6-PGD B phenotype 
it was possible to examine his parents and some of his 
siblings. In another African family which we investigated, 
there was a small boy (not the index oase) with the 6-PGD 
B phenotype. In both cases, the parents of the 6-PGD B 
subject were 6-PGD AB. This is consistent with the 
hypothesis? * that the 6~-PGD AB phenotype is the 
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heterozygous furm representing the genotype 6-PGDA 
6—-PGDB, 

The data in respect of the 6~-PGD system are consistent 
with our previous observations concerning these four 
racial group3*’, namely that the Cape Coloured people 
have a closer genetic affinity with the Whites than with 
the Africans and that the Capa Malay community may be 
regarded as genetically distinct from the Cape Coloureds. 

The gene frequency of 6-PQDE in the Cape Malays is 
the lowest among these four races. Our previous investiga- 
tions with genetical markers have shown that when the 
Cape Malays differ from their Cape Coloured neighbours, 
the Cape Malays tend to show an ‘“‘Hastern” pattern in 
respect of their gene frequencies (for instance, Hp!=0-41 
and 0:33; cDe=0-23 and 0:14; Fys=0:36 and 0-52, for 
Cape Coloureds and Cape Malays respectively)’. When 
data become available from Asia, it will be interesting to 
seo whether the 6—PGD8 frequency there is as low as in 
our Cape Malay group or even lower. 

The frequency of 6-PGDB in the local African popula- 
tion is more than twice as high as in the Nigerians and 
Ugandians reported by Parr’, and more than three times as 
high as in the American Negroes investigated by Dern 
et al.2 and by Bowman et al.t. Our previous investigations 
of the genetical characteristics of the Southern Nguni 
branch of the Southern Bantu-speaking Negroids have 
shown that while these people are typically ‘‘African”’ in 
respect of many genetic markers, there are some genetic 
characteristics in which they are quite different. For 
instance, they are “typical” in having high frequencies 
of the rhesus gene Ro (cDe= 0:74), the Type I haptoglobin 
gene (Hp'= 0:56), the glucose-6-phosphate dehydrogenase 
type A gene (G-6-PD4=0:15 in males)‘. They are also 
“typical” in having relatively low frequencies of the 
“rhesus negative” gene (cde=0-17)?, the Duffy blood 
group type A gone (/y+=0-10)? and the PTC non-taster 
gene (ptc=0-25)%. They differ from other African popula- 
tions, however, in having low frequencies of haemoglobin 
8 and very little glucose-6-phosphate dehydrogenase 
deficiency’. The latter two polymorphisms may be re- 
lated to the lesser exposure to malaria of the Southern 
Nguni people compared with their northern neighbours. 
As genetic markers, the electrophoretic variants of 6~-PGD 
differ from haemoglobin 8 and G-6-PD deficiency in 
having no known pathological significance; they also 
differ in that the Southern Nguni whom we have in- 
vestigated show a relative excess of the variant forms 
compared with their northern neighbours. For these 
reasons we believe that the 6-PGD system will prove to 
be a useful marker for the investigation of population 
genetics on the African continent and that surveys of 
different African communities in respect of the 6-PGD 
variants may provide valuable information concerning the 
relationships of the different groups. 
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of 0°28. 


Ove investigations of the chemical effects on ionizing 
radiation on growth substances, which were first carried 
out on f-indolylacetio acid, have now been extended to 
kinetin (6-furfurylaminopurine). Kinetin is a phyto- 
hormone which promotes cell division and which, in the 
presence of auxins, increases the frequencies of mitosis; 
at very high concentrations it also causes polyploidy m 
treated plant tissues’. Kinetin is also known to delay 
senescence in detached leaves of certain plants by delay- 
ing the decreases in the concentration of chlorophyll, 
RNA, DNA and proteins** concomitant with senescence. 

Moreover, it seems to induce the synthesis of new 
protein (Giacomelli, M., and Belli-Donini, M. L., unpub- 
lished data). Kinetin has not been isolated as a pure 
compound from plant tissues. Although a number of 
extracts of such natural materials as coconut “meat”, 
coconut milk, malt yeast and tobacco leaves promote cell 
division, the active components are not kinetin, but 
products with similar chemical and biological properties 
named. “‘kinins’’4. 

Kinetin is a purine derivative (adenine) joined with a 
lateral chain (methylfurane) by —NH—CH,— bond and 
with amphoteric properties: ita pKa values are approxi- 
mately 4 and 10. 


Nor 
be 


N= CNH — 
TE 
4i ou 
NE: 
In the present experiments, water solutions of kinetin 
were irradiated in air with X-rays (using a ‘Stabilipan’ 


X-ray machine, operating at 250 kV, 15 m.amp, 1 kr./ 
min), at the same concentration (7 x 10-* moles/l.) as was 


1-0 


OD 


0-5 


220 280 240 250 260 270 280 290 800 310 320 
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Pig. 1. Ultra-violet spectrum of irradiated kinetin. A, Unirradiated 
sample and 05 kr. exposure; B, 1 kr.; O, 8 kr; D 6 kr.; B, 8k; 
F,10 kr; G, 20 kr. 
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When the 
an extent depending on the exposure. 
metry and chromatography indicate that the chlef degradation 
compounds are adenine, hypoxanthine and a substance with an R 


lant hormone kinetin ıs X-irradiated it decomposes to 
Ultra-violet spectrophoto- 


used in our previous work’. The solutions were analysed 
immediately after irradiation, and by means of ultra- 
violet spectrophotometry, as well as by paper and column 
chromatography, modifications of the kinetin solutions 
were detected. The effect of irradiation on the ultra- 
violet absorption of aqueous solutions of kinetin 1s shown 
in Fig. 1. Although the spectrum is not modified by 
exposure to 0-5 kr., changes occur in, the peak at 266-5 mp. 
with 1 kr. From 3 kr. upwards the value of the maximum 
optical density decreases as the radiation exposures 
increase. The minimum value of the optical density in 
the trough at about 234-5 my, however, increases as the 
radiation exposures increase and this minimum value 
shows a shift towards higher wavelengths. From this ıb 
can be tentatively concluded that the kinetin molecule 
breaks down; however, caution must be appled in 
making such a deduction because it 13 probable that some 
of the radiation products formed under irradiation, will 
absorb at the same wavelengths. 

To obtain further data on the degradation of the com- 
pound and on the products formed, we separated irradi- 
ated kinetin solutions by chromatography on “Dowex 
50 H” column and spectrophotometrically analysed the 
fractions*®:*:1°, The column, which was 30 cm high and 
had a diameter of 1 cm, was filled with 2 em of ‘Dowex 
50 Ht’-a height which we found to be the most appro- 
priate for separating 10-400 pg of kinetin. Before each 
application the resin was washed in the following order: 
8 normal hydrochloric acid, water, 2 normal sodium hydrox- 
ide, water, and 1:5 normal hydrochloric acid. The kinetin 
was eluted with 2 normal hydrochloric acid where the 
ultra-violet spectrum has a maximum at 273-5 mp and 
a minimum at 234-5 my and the molar extinction is 
17,200. Fractions of 10 ml. were collected and kinetin 
found as from the eighth fraction onwards. It was possible 
to calculate the amount of undecomposed kinetin from 
the values of the optical density. Generally, as much as 
98 per cent kinetin was recovered. The size of the resin 
and the washings are very important for good recovery: 
it was therefore necessary to perform simultaneous 
chromatographic separation of irradiated and unirradiated 
solutions on ‘Dowex 50 H+’ under the same experimental 
conditions. Fig. 2 shows the amount, in millimoles, of 
undecomposed kinetin after different exposures, and it 
can be seen that with mcreasing exposures the amount of 
the residual kinetin decreases exponentially, levelling 
off at an exposure of 10 kr. The curve is typical of 
irradiated solutions of organic molecules!!-¥, Only one 
point, that corresponding to an exposure of 0-5 kr., deviates 
from the curve. There are two possible explanations for 
this: either the curve is not exponential at low exposures, 
or, more probably, this result is subject to experimental 
errors. 

The reasons for the exponential degradation are well 
known for solutions of organic compounds and particularly 
for water solutions'!-*. The molecules of the solute are 
not only excited or directly ionized but they are also 
modified as a result of the excitation or ionization of the 
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mmoles x 10+ of residual kinetin 
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Percentage of residual kinetin 
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Exposure (kr.) 
Fig. 2. Residual kinetin after irradiation, expressed in mullrmoles and 


as a percentage. ©, Values obtained by column chromatography; 
x, values obtained by paper chromatography, 


solvent molecules. Where chemical changes ın the solute 
occur, the radiochemical reactions in dilute solutions as a 
result of ionization and excitation in the solvent molecules 
are indirect. In the present experiment the solvent was 
water and it 1s well known that ionized water gives rise to 
several highly reactive free radicals which may react 
with the kmetin molecule. 

With 10 kr., 74-3 per cent of the kinetin is decomposed ; 
with higher exposures the curve does not follow the same 
kinetics, and at 20 kr. only 7-7 per cent more kinetin is 
decomposed. The formation of protective agents!t may 
be responsible for this behaviour. 

Another substance with an ultra-violet spectrum very 
similar to the kinetin (with a maximum at 262-5 mu and a 
minimum at 228-5 mp) is found in the first mx or seven 
fractions of the elution on ‘Dowex 60 H+’ of the irradiated 
solutions. The characteristics of the spectrum are the 
same as those of pure adenine diluted in 2 normal hydro- 
chloric acid (the molar extinction of adenine in 2 normal 
hydrochloric acid is 12,460). 

To obtam further confirmation that the substance 
separated is adenine, we carried out simultaneous chroma- 
tographic separations on descending paper (at 22° C using 
Whatman No. 4 paper with an eluent of butanol, acetic 
acid, water (40: 10: 50) over 35-38 cm in 8 h) of the first 
six or seven, fractions after concentration, and of a pure 
adenine solution. The recovery of chromatographed 
adenine was calculated and the value obtained was 99 
per cent. The separation of adenine from kinetin was 
sharp, as can be seen from Fig. 3. The plot of the amount 
of adenine formed when kinetin is irradiated against the 
exposure in, kr. gives a straight line, as can be seen, in Fig. 4. 
The fact that adenine is formed in increasing quantities 
proportional to the exposure, even, at exposures beyond 
10 kr.—that is when kinetin decomposition is slowest— 
can be explained by assuming that the radiochemical 
reaction is a well defined one which leads to the formation 
of adenine. 

With paper chromatography, three more substances 
were found: hypoxanthine, which was recognized by 
1ts Ry value and ultra-violet spectrum; methylamine, 
which was identified by its Ry value; a third compound 
with an Re of 0:28, which we have not yet been able to 
identify. When the chromatographic strips were analysed 
under ultra-violet light (2637 A) and then sprayed with 
a 0-2 per cent solution of ninhydrin in butanol, undecom- 
posed kinetin (Rr=0-90) was found to be present. The 
‘ amounts of adenine, hypoxanthine and kinetin present 
were measured by cutting out the spots revealed by ultra- 
violet light and extracting them with 2 normal hydro- 
chloric acid. The Rr values for the different compounds 
revealed are given in Table 1. 

Paper chromatography values for kinetin and adenine 
do not differ much from those obtained by column chroma- 
tography, as can be seen from Figs. 2 and 4. Table 1 
shows that only adenine and hypoxanthine are formed 
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Table 1, DHOOMPOSITION PRODUCTS OF KINRTIN UNDER IRRADIATION: , 


Exposure In kr. at which 
Substance Ry Detection by the substance was detec 
Adenine 0-62 UY. npectroph, 0-5-1-8-5-8-10-20 
V.V. t 0-5-1-8-45-8-10-20 
E thine 0-47 UY. t 0'5--1-8-5-8-10-20 
Methylamine O42 Ninh ‘10-20 
? 0 28 U.V. light 58-10-20 


at all exposures, whereas methylamine and the unidenti- 
fied substance with an Rp of 0-28 are formed only at the 
highest exposures. As can be seen from Fig. 4, the plot 
of hypoxanthine formed against the exposure also gives a 
straight line. 

Adenine is certainly formed by the cleavage of the 
carbon-nitrogen bond —NH—CH,—-. ‘The linear yield 
of hypoxanthine can probably best be explained by 
assuming that hypoxanthine is simultaneously formed— 
as a primary product—with adenine, by cleavage of the 
purine-NH. bond. The formation of hypoxanthine as a 
secondary product of adenine deamination with the well 
known, formation of ammonia!-!? could be negligible if 
the fact that the behaviour of hypoxanthine formation 
is linear with the exposure were taken into consideration. 

So far as the other products in Table 1 are concerned, 
the spectrum of the compound with an Rp of 0-28 is not 
characteristic of any known compound, whereas the 
amount of methylamine formed has not been determined 
because it is formed in such small amounts that they are 
below the sensitivity of the spectrophotometric method. 
From these results it can be concluded that in water solu- 
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tion and in air the kinetin molecule is highly sensitive 
to radiation. 

It would be expected from considerations of the mole- 
cular structure of kinetin that radiation would mainly 
act on the carbon—nitrogen bond —-NH—CH,—, bridging 
the two rings, and on the purine-NH and CH,-furane 
bonds. In, fact, the most important products formed by 
kinetin irradiation are adenine and hypoxanthine and 
then methylamine. The presence of methylamine can 
be explained both by successive cleavage of the purine-NH. 
and the CH,-furane bonds, or by assuming the formation 
of CH; free radicals which can react with NH, formed by 
adenine deamination. Of these two hypotheses, the first 
seems the more likely. 

We thank N. Cordischi and R. Taggi for technical 
assistance. 
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Reonnt estimates of the mean life span of the human 
lymphocyte have varied from 530 days!’ to about 4 
years*, based on the study of patients exposed to ionizing 
radiations for therapeutic purposes. A feature of these 
studies, and also of those on accidentally exposed persons, 
has been the evidence that lymphocytes with chromosome 
abnormalities induced by radiation can persist in vivo 
for many years after exposure'. This is all the more 
striking in the case of the unstable forms of abnormality, 
for example dicentric chromosomes, which are likely to 
cause cell death when division is attempted. Moreover, 
many of the cells with unstable aberrations appear to be 
in their first division since irradiation, when examined 
during the first division in culture. Thus we now accept 
as usual that lymphocytes with a dicentric chromosome 
and an acentric fragment may be present in vivo up to 
10 or more years after the period of irradiation which oan 
reasonably be assumed to have resulted in their 
origin. 

Two explanations are possible for this phenomenon. 
First, the abnormalities may continue to be produced 
after irradiation, or, second, the mean life span of the 
lymphocyte may be unusually long by comparison with 
previous concepts. The first explanation ia unlikely to 
be valid, for there 1s no clear evidence in human tissues 
for the continuous production of chromosome abnor- 
malities in vivo except in tumours. The second explana- 
tion is the one at present in favour, but where observations 
are made on persons who have been exposed to large 
radiation doses, the possibility must be considered that 
the long survival time may in part be due to the radiation 
damage. Attempte have been made at the University of 
California to deduce the life span of the lymphocyte 
from studies on women, treated for cancer of the uterine 
cervix with X- and y-rays'*, and in Edinburgh on men 
treated for ankylosing spondylitis with X-rays’. 


Pitas a with radiation-induced chromosome aberrations, 
examined in patients treated with X-rays for ankylosing spondylitis, 
are estimated to have a mean life span of about 1,600 days. 


The results presented here have been obtained from 
men given radiation therapy for ankylosing spondylitis, 
an arthritis mainly affecting the inter-vertebral and sacro- 
iliac joints. We have included results previously reported 
by Court Brown et al.* with additional information from 
a further thirty-seven blood samples mostly taken more 
than 4 years after exposure to radiation. In all, the post- 
irradiation data in Table 2 are based on 129 samples from 
sixty-srx mon at periods varying from 0 to nearly 3,700 
days after the completion of X-ray treatment. The 
puysical factors of exposure were the same in every case 
apart from a number of minor exceptions. The X-ray 
fields were placed posteriorly, the field over the spinal 
column being 7-5 cm wide and on average 55 om long. The 
field over the sacro-iliac region was 15x10 cm in area 
with 1ts long side at right angles to the spinal axis. A total 
skin dose of 1,500 rads, inclusive of back scatter, was 
given in ten equal daily fractions with the exception of 
week-ends, at a mean surface dose rate of 67 rads/min. 
The X-ray beam was generated at 250 kV and its half 
value layer was 2:7 mm of copper. For control purposes 
blood samples were taken from forty-seven men with 
spondylitis before X-ray treatment. 

All the blood samples were cultured using a modifica- 
tion of the technique of Moorhead et al.?, The eells were 
collected after 40-50 h of incubation, including 3 h in 
the presence of diacetylmethylcolchicine (‘Colecemid’; 
Ciba) in a concentration of 0-02 mg/o.c. of culture fluid. 
It is known that the great majority of dividing cells 
collected between these times are in their first division in 
culture, and Buckton and Pike* have shown that prolonga- 
tion of the culture time beyond about 50 h leads to a 
decreased yield of cells with unstable chromosome 
aberrations. 

2,269 cells were counted and analysed from the control 
cultures, an average of nearly fifty cells in each culture, 
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while 7,437 cells were counted and analysed from the post- 
treatment cultures, or on average nearly sixty cells in 
each culture. The cells were classified according to Buck- 
ton and Pike® into those not containing a chromatid or 
chromosome structural abnormality (A cells), those with 
only chromatid abnormalities (B cells), those with un- 
stable chromosome abnormalities (Oy cells) and, finally, 
those with stable chromosome abnormalities (O, cells). 
Only the behaviour of the Ou cells is considered in any 
detail, and these were further classified into X, and X, 
cells. X, cells are those regarded as in their first division 
since irradiation because of the presence of one or more 
dissumilar fragments with or without a dicentric or a ring 
chromosome. X, cells are those regarded as in at least 
their second division by virtue of the contained abnor- 
mality, for example a dicentric or a ring chromosome 
without an accompanying acentric fragment. 

The control results are shown in Table 1 along with 
results from males sampled at random from the ordinary 
population whose lymphocytes were cultured under the 
same conditions as those from the men with spondylitis. 
The numbers of Oy and O, cells are much the same in, the 
two groups and, in particular, the percentages of Ou cells 
are not significantly different (X? = 0-25). 

After irradiation (Table 2) the percentages of non- 
modal A cells and B cells do not change significantly with 
time. The level of O, cella (Fig. 1) is approximately 10 per 
cent at the end of treatment and it remains at about this 

_level over the period studied. More data are, however, 
necessary over a longer period of time before we can be 
certain that a small but consistent pattern of change is 
not present, with some tendency for their levels to decline 
4 or more years after exposure. By contrast (Fig. 1), the 
percentage of Cy cells falls considerably during the first 
3 years, and this fall continues after this time but at an 
appreciably slower rate. These cells do not, however, 
reach the control level even about 10 years after the end 
of treatment. It should be noted that the percentage of 
Ox cells that are classified as X,, about 80 per cent, does 
not vary significantly with time after exposure. 

In the earher reports on chromosome abnormalities in 
lymphocytes of irradiated patients no account was taken 
of the changes produced in the level of circulating lympho- 
cytes by the exposure. Irradiation of the extensive nature 
given in the treatment of ankylosing spondylitis reduces 
the blood lymphocyte level and produces damage to 
Tymphopoietic centres within the irradiated volume of 
tissue. In the present series lymphocyte counts were 
carried out on all but one control blood sample and on 
most of the samples taken after irradiation, and the results 
in Fig. 2 relate to the change in the lymphocyte count 
after exposure, each point representing the mean of a 
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Fig. 1. Changes with time since X-irradiation of the percentage of cella 
with chromosome abnormalities. 


number of observations from different individuals. The 
mean control level was 2,282 cells/mm? and within a few 
days of the end of exposure the mean, level dropped to its 
lowest value of 539 cells/mm’. Recovery then occurred 
but, as far as can be judged, this was not complete until 
some 1,400 days or nearly 4 years after the exposure. 
This is only an approxmate estimate because of the 
variability of lymphocyte counts between individuals, the 
errors inherent in their determination and the likehhood 
that the recovery time will vary between patients. 

The mechanism of recovery presumably involves the 
increased production of lymphocytes in tissues outside 
the irradiated volume and the recovery of lymphopoietic 
centres within this volume. It may also depend to some 
extent on the mobilization of lymphocytes from extra- 
vascular sites. There is no way at present, however, of 
determining the extent to which recovery is due to un- 
damaged lymphocytes or to the mobilization of those with 
unstable aberrations, or to the production or mobilization 
of those with stable aberrations. Previously it had been 
noted? that there appeared to be two linear components 
when the natural logarithm of the percentage of Cy cells 
was plotted against time. It was suggested that the 
component representing the early rapid fall in the Cy cells 
might be explained either on the basis that it indicates 
the presence of a short-lived lymphocyte population, or 
that it was due to a dilution effect as the lymphocyte 
count recovered towards the pre-irradiation value. 
Neither explanation on its own is satisfactory, and we 
therefore decided to use only those observations made 
after recovery to deduce a value for the mean life span. 


Table 1. CONTROL OBSHRVATIONS 


A Calls 
Ago (years) No of No, of No. % B Cells Oy Cells Cr Cells 
Range Mean men cells No. non- Non- No. % No." % % 
modal modal 
General population 15-04 876 88 1,080 966 45 4-2 84 82 6 {en 0-6 9 0p 
8pondylitte controls 10-68 84:2 47 2,260 1,007 94 41 142 68 18 (15*) 08 18 08 
* Numbers of X, cells. 
Tablo 2. POST-IRRADIATION OBSMRVATIONS Ta 
Time since Mean Total Total Total A_Oells X, Cells breaks in Mean 
tresimont time subjects obser- Non- B Colls Oy Cells Os Calls % of X Ou breaks 
(days) vations Modal modal % No. No. No. % No Ow cells X, ce 
0-10 12 10 12 555 261 28 41 16 2-0 201 36-2 54 9-7 168 88-6 459 2-78 
11-20 164 9 10 457 222, 16 8-5 18 28 160 35-0 48 10-1 148 80-4 403 2°82 
21-50 29-9 9 11 580 251 11 2-1 16 3-0 195 86-8 57 108 187 856 439 2-68 
51-100 88-5 8 8 380 178 18 47 14 87 180 842 40 105 108 702 286 2-78 
101-200 146:8 8 9 450 286 10 2-2 12 27 189 80-9 68 11:8 100 71:9 280 2°80 
201-400 290-6 7 1L 577 833 22 $8 14 24 142 24-6 66 11-4 111 782 268 241 
401-800 592-0 9 10 675 408 11 19 30 52 7B 12-7 68 10-1 58 76-7 146 2-81 
801-1,400 1,017-0 10 10 500 379 16 3-2 28 46 41 8&2 41 8-2 32 780 83 2-59 
1,401-1,800 1,583:9 7 7 400 829 15 88 10 2°5 20 50 26 6-5 16 800 51 3-10 
1,8011, 1,884-8 9 9 588 459 29 6-0 15 26 87 03 48 T4 34 919 89 2°62 
1,901-2,400 2,088 5 9 9 650 506 32 49 16 25 81 48 65 10-0 22 710 65 2-05 
2,401-2,700 2,5990 11 11 830 878 20 24 20 85 88 48 72 8&7 28 778 88 814 
2,701-8,200 2,953-6 8 8 450 378 17 2-8 20 4% 11 24 29 84 7 838 18 1-88 
8,201-3,700 $,420+4 8 6 500 410 19 38 8 16 l4 28 49 9-8 18 929 83 2°54 
Total 6 129 7,487 5,018 259 85 286 $2 1,280 16-5 699 04 1,000 818 2,708 2-70 
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Fig, 2 Change in lymphocyte connt with time since treatment. 
lines are 95 per cent confidence limite for the mean lymphooyte 
count in the control sample. 


In basing our estimate on these limited observations we 
assume that the full recovery of the lymphocyte count 
implies that the lymphopoietac system 1s again in a stable 
state. The inherent disadvantage, however, 1s that any 
value for the mean life span may be too great because it 
will not take account of very short lived lymphocyte 
populations, if these exist. Nevertheless, ıt seemed worth- 
while making such an estimate, for it might throw light on 
how long some lymphocytes could survive in vive, a 
point of importance in considering the mechanism under- 
lying ‘‘ummunological memory”. 

Plotting the percentages of Cy cells on a logarithmic 
scale to obtain linear curves ımphes that their decay with 
time is exponential, and that as the time since exposure 
increases the percentage of abnormal cells will decrease 
towards zero. A mathematical expression of such a 
model is 

P, = P o obt 
where Ps is the percentage of Ow cells at a time, t, since 
treatment, P, is the percentage at the end of treatment 
(at ¢=0) and 1/6 1s the mean life span of the cells. This 
cannot be a true representation, because a small propor- 
tion of O« cells is found in unirradiated subjects, and 
ignoring this fact will lead to an estimate of the life span 
which is too long. We have therefore considered a model 
of the form 
P i= P et P 0 o`t 

where Pe is the control percentage of Os cells. Fig. 3 is 
the graph of log (Pi-Po) against t which we would expect 
to satisfy a linear relationship if the model is valid. 

Considering only the percentages of Ou cella at times 
greater than 1,400 days after exposure we obtain an 
estimate of the mean life span of 1,715 days, with 95 per 
cent confidence limits of 991 and 6,361 days. Because 
some Cy cells may have divided in vivo and survived, 
however, a more realistio estimate is based on the con- 
sideration of X,O, cells only (Table 2). From these data 
an estimated mean life span of 1,574 days is obtained 
with 95 per cent confidence limita of 891 and 6,743 days. 

These estimates differ from that of Norman et al.4}3, who 
obtained a figure of 530 days, from the study of women 
given radiation treatment for cancer of the cervix. 
Norman et al. do not provide information on changes in 
the blood lymphocyte count and much of the difference 
might be due to these authors fitting their curve, for the 
decay of cells with acentric fragments, to all the values 
they observed from the completion of treatment onwards. 

It might be argued that the life span of lymphocytes 
carrying unstable chromosome aberrations may be in- 
fluenced by the amount of chromosome damage induced 
by radiation. For each Ou cell an estimate was made of 
the minimum number of breaks n to produce the 
observed aberration and it can be seen (Table 2) that the 
mean number of breaks per X,0, cell does not change 
significantly with time after exposure, certainly up to 
about 10 years. If the ability of the lymphooyte to 
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respond to a stimulus to transform and divide was in- 
fluenced by the extent of the contained chromosome 
damage, it would have been reasonable to expect some 
change with time in the mean number of breaks in each 
X,0, cell. Since this does not occur it seems that the 
amount of contamed chromosome damage may not 
influence the capacity of the lymphocyte to respond to 
such a stimulus. Assuming this to be the case, then the 
further assumption that the mean life span of the lympho- 
cyte derived from the study of O, cells will be comparable 
with that for undamaged lymphocytes seems reasonable. 

Nowell’ has recently reported studies on lymphocytes 
from therapeutically exposed patients, comparing the 
results after culture m the presence of tuberculin to 
induce mitosis with those following the use of phyto- 
haemagglutinin. He found that Ou cells could be identufied 
in cultures with tuberculin up to about 6 months after 
exposure, but that after this tıme very few cells harvested 
in metaphase had an abnormal complement. When the 
cells were cultured in the presence of phytohaemag- 
glutinin, however, Ou cells were found in considerable 
numbers even 6 months after treatment. Nowell suggested 
that lymphocytes sensitized to respond to tuberculin may 
have a life span of only about 6 months, and that this 
short life span could be linked with the frequency of 
exposure to the tubercle bacillus. A feature of cultures 
of lymphocytes containing phytohaemagglutinin as a 
mitotio stimulant is that cells in metaphase are always 
much more plentiful than in cultures where a particular 
antigen has been used to stimulate division. It may be 
that phytohaemagglutinin stimulates all lymphocytes to 
divide which are committed to respond to an antigen of 
any type. It may be argued, therefore, that the cells in 
division more than 6 months after treatment, observed by 
Nowell and also found in our studies, include cella com- 
mitted to respond to antigens less frequently encountered 
than tuberculin. It seems possible, therefore, that lympho- 
cytes with the longest life span may be those committed 
to respond to the most rarely encountered antigens. 

The finding of X,0, cells in vivo up to 10 years after 
exposure indicates that these cells have persisted without 
division for this length of time. A mean life span of 
1,574 days for X,Cx cells corresponds with a half-life of 
about 3 years. Thus, of the lymphocytes present in the 
adult body at any one time, apprommately 1 per cent 
will have existed for 20 years and the percentage will 
be halved in every subsequent 3-year period. It is quite 
possible, therefore, that a number of lymphocytes will 
remain in vivo without dividing for the life time of the 
individual if they are not again exposed to a particular 
antigen. This would favour the concept of the lymphocyte 
constituting the immunological memory of the body by 
virtue of its potential for extended survival in vivo, rather 
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Fig. 8. Exponential decay of X,C, cells. The curve shown was fitted to 
observations greater than 1,400 days post-treatment. 
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than this memory having a genetic basis as has been 
suggested. 

In summary, therefore, a study of patients treated with 
X-rays for ankylosing spondylitis has shown that the 
percentage of orculating lymphocytes with unstable 
chromosome aberrations decreases with time after ex- 
posure, but that such cells can still be detected in mcreased 
numbers nearly 10 years later. It has also been found that 
the proportion of the unstable cells judged to be in their 
first division since irradiation remains constant, as does 
the mean number of chromosome breaks per X,Oy cell. 
Blood counts have shown that the lymphocyte level does 
not return to the pre-irradiation level until approximately 
4 years after exposure. From the study of the rate of 
decrease of X,Ou cells from blood samples taken more 
than 4 years after exposure, it is estimated that the mean 
life of the lymphocyte is 1,574 days with 95 per cent 
confidence limits of 891 and 6,743 days. Reasons are 
given why this may be an overestimate, but it is an 
indication that some lymphocytes must have a half-life 
in excess of 3 years, and these findings fit with the concept 
of the lymphocyte constituting the immunological 
memory through its potential for long survival in vivo. 
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In constructing a model of infection, it seems natural to 
postulate initially that individual micro-organisms divide 
and die at random. An infection consists, by definition, 
of the multiplication of organisms in a host, and pre- 
sumably some organisms are always being killed by 
processes like phagocytosis. Microbial infection thus 
becomes an instance of a birth-death proceas, which 
Williams? and others? have developed on the assumptions 
that the probabilities of each viable organism of dividing 
(Adt) and of dying (dé) in each interval of time dé remain 
constant throughout. This is not necessarily an over- 
simplification, for deterministic models suggest that the 
parameters of microbial growth in vivo are constant in 
fatal infections*-*, The predictions of the basic birth- 
death model show a remarkable agreement with the main 
quantitative features of infection, whether viral or bacterial 
in origin’. Nevertheless, discrepancies exist, the most 
serious being that the basio model predicte that if inocu- 
lated organisms succeed in increasing even slightly, they 
are virtually certain to increase to an infinite extent}. 
This would mean that every infection either ends almost as 
soon as it starts or is fatal, whereas in practice organisms 
often increase to a limited extent so that the host falls ill 
and then recovers. Such discrepancies could arise because, 
as the infection progresses, the values of 4 and u change 


The predictions of two forms of the birth-death model are compared 
with observations made on experlmental bacterlal Infections. 


according to the length of time since inoculation or the 
number of organisms in the host. The implications of this 
possibility are discussed here. 

In a non-fatal infection, the plot of log median viable 
count against time since inoculation often describes a 
parabola as in Fig. 1. (see refs. 12, and 13 in ref. 7). The 
slope of the curve at any point gives A— p, the net rate of 
increase of the viable organisms, which in a birth—death 
process is related to p, the probability of each viable 
organism generating a clone of lethal size, by p = 1—p/2. 
When. Ay — ty = 0:10 h~t, the initial values corresponding to 
the doubling time of 6-9 h observed immediately after 
inoculation of salmonellas*, and assuming 4)>=1-5 h~t as 
in vitro, the value of p, is 0-06. If n is the number of 
viable organisms present at time ? after inoculation, then 
on the average, there will be pmu organisms capable of 
multiplying to a fatal extent, and these will be called 
“effective organismes” in the sense of Meynell and Meynell. 
Because p, is relatively large, even in non-fatal infections, 
the initial mean number of effective organisms in a host 
will also be large and no host is likely to receive none 
even at relatively small doses (n,>100, say, implies 
Poh > 6). It follows that chance effects on the progress of 
the viable counts are drastically diminished and the growth 
curves will therefore increase almost deterministically, 
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despıte the assumption that the whole process is stochastic. 
Chance will, of course, be manifest at smaller doses for 
which Ponas 1 and here the count will rise in some hosts 
and fall ın others, according to the random distribution. of 
effective organisms. At very small pon, (<1), none of the 
inoculated. organisms is likely to survıve for more than a 
short time. It was the faot that Ponha the initial number of 
effective organisms, is so large, even when the outcome is 
non-fatal, which suggested that 4 and u could be changing 
during the infection. Two possibilities are that their values 
depend on the time since moculation (“time-dependence”’) 
or on the number of organisms present in the host (‘‘count- 
dependence”). 

The simplest form of time-dependence is to suppose A 
and u to be linear functions of time, with X= 4,—aé and 
u= Ho +B where a and B are new parameters. All the 
growth curves for Pon > 1 will then be parabolas with the 
same shape, the viable count rising by a constant factor 
(the “rise factor”) to reach a maximum from which it then 
declines (Fig. 1). At large doses, the growth curve will 
appear linear up to the time of death, as predicted by 
earlier modelst-*, On considering count-dependence, the 
first assumption might be that A1— increases, the larger 
the count, because everyday experience shows that death 
is more likely, the larger the dose. Observed viable counts, 
however, suggest the opposite, whether one considers the 
parabola typical of a non-fatal infection (Fig. 1) or counts 
of Bordetella pertussis infecting the mouse lung*~!"; namely, 
that A—p is smaller, the larger the viable count. Dead 
organisms are continually being formed in a birth—death 
process and the point then arises as to whether the count 
determining A and p is that of viable, of dead, or of viable 
plus dead organisms. An observation which suggests 
that the dead (or dead plus viable) count 1s the deciding 
factor is that the lethal dose of heat-killed salmonellas for 
mice is about fourteen times the terminal viable count’, It 
seems more than coincidence that the basic model! pre- 
dicts that the dead count will exceed the viable count by 
about this amount. If dead organisms persist in the tissues 
to have fatal effects on the host, they could also govern 
the host mechanisms that determine A-p. The dead 
count continues to rise even while the viable count is 
declining (Fig. 1) which would explain the progressive 
fall in A~u. Such arguments cannot exclude the viable 
count as the decisive factor. Thus, the discrepancy 
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Fig. 1. Hypothetical infection proceeding according to a linear time- 
dependent birth-death process. Ordinate: median log count; abscissa: 
time since Inoculation. 
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between the lethal dose of killed organisms and the 
terminal viable count could arse from the differing fates 
of the organisms in the two cases; while a parabolic 
growth ourve would also be observed if the mechanism 
causing A—-p to decrease continued to operate after the 
viable count was falling. 

These considerations show that, given linear time- 
dependence or count-dependence, the median viable count 
can follow a parabola (provided pon,>1 to exclude very 
rapid killing of the dose). A host would die if ite individual 
count rose above the mortality threshold (Fig. 1); and 
manifest illness without a fatal outcome would result 
from the count passing a lower threshold, here termed the 
‘morbidity threshold”. Thus, either time- or count- 
dependence accounts for non-fatal as well as for fatal 
infections. With time-dependence, the 1D,,=the mor- 
tality threshold/the median rise factor. The relation be- 
tween dose and mortality predicted for hosts of identical 
resistance by these models approximates to that predicted 
by the deterministic hypothesis of the individual effective 
dose and not by the Poissonian one-hit curve predicted by 
the basic birth—death and other independent action models 
(Fig. 6.19 in ref. 11). This is so despite the assumption that 
infection ig stochastic, for the same reason that viable 
counts behave deterministically: namely, that Ponie, the 
initial mean number of effective organisms at a dose no, 
is usually large, even for doses less than the LD, (Fig. 1). 
The slope of the dose-mortahty curve (that is, the distribu- 
tion of percentage mortality on dose) will be almost 
entirely determined by the distribution of resistance 
amongst the host population. S8unilarly, differences 
between viable counts in individuals given the same dose 
will be largely a result of their differing resistances, not 
of chance. 

Instances both of time- and count-dependence are 
lnown. Fig. 2 shows the individual viable counts on the 
pooled viscera, of mice given either 0-048 or 0-00012 LD,, 
of Salmonella paratypht B (3-76 x 10° or 9-4 x 10? organisms 
respectively). The two growth curves do not differ in 
shape, despite the 400-fold difference in dose, and their 
course is solely a function of the time since inoculation. 
We suggest that independence of dose is observed here 
because the infection is not dispersed, with the organisms 
freely intermingling and able to interact, but focal, in this 
range of dose at least, with the infecting bacteria growing 
in discrete foci whose fates are independent. This inter- 
pretation is supported by the findmg that Salmonella 
forms discrete lesions in the viscera!t, each of which 
probably contains a single clone’*. Increase in dose would 
then merely increase the number of foci proportionately, 
so that growth curves like those of Figs. 1 or 2 will 
always have the same shape which follows the course of 
the mean viable count per focus, as determined by a time- 
dependent birth—death process influenced by strictly 
localized changes around each lesion. 

The LD, for Salmonella paratyphi B as estimated 
from the mortality threshold and median rise factor of 
Fig. 2 (and also from Fig. 11 in ref. 5) is 10%1:/10}3= 
10738, which agrees with an observed LD, of 10°* with 
95 per cent confidence limita of 10%*-107** (ref. 13). 
Infection by Salmonella typhimurium also appears time- 
dependent. Using a modified least-squares technique, we 
have fitted the viable counts of Fig. 10 of Meynell and 
Meynell! and find the following estimates and standard 
errors: 


Ao — uo = 0:1037 ht, S.E. =0-0661 h~ 
a+8=0-0010056 h-*, S.E. = 0-001010 h-* 


with a correlation coefficient between the two estimates of 
-+ 0-9839, a surprisingly high value which virtually ensures 
that hosts with abnormally high values of às— pa also have 
correspondingly large values of «+f. This is quite the 
reverse of what would obtain if host resistance simply 
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murrored the generalized health of the host, for then the 
more robust individuals would have small values of A) — 
and large values of a+ 8 whereas for the hosts in poor 
health the situation would be reversed. This nearly 
perfect positive correlation suggests that the host has only 
a finite resistance, and the less he has in readiness (large 
Ao Ho), the more he can call up from reserve (large « +). 
The observed coefficients of variation indicate that, al- 
though small »,—u, must be quite rare, small values of 
a+ are relatively common. In other words, many mice 
appear virtually unable to influence the course of infection. 
Count-dependence is clearly apparent in the figures 
reported for mice infected with Bordetella pertussis by the 
intranasal route’-!°, The mean value of A—p tends to 
decrease during the first 4—7 days, the larger the dose, and 
can be negative for doses exceeding the mortality threshold 
(Fig. 3, redrawn from Fig. 6 of ref. 8). The value of A-—u 
is constant, however, for the same period for doses of 
10*-10° organisms and in this range of dose the system 
does not appear to be count-dependent. It is presumably 
significant that the break in the curve of Fig. 3 comes at a 
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Fig. 2. Viable counts on mice gtven Salmonella kı B by intra- 

peritoneal injection. (a) The dose was O 048 ED; (0) the dose was 

0-00012 LDy. The curves appear to follow the same courae. 

The precision of the points is usually in (6) because of the smaller 
number of colonies coun 
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Fig. 3. Relation between log increment in viable count 4 days after 
inoculation to dose In mice infected with Bordetella ‘usste by the 


intranasal route (data of re. 8 in ref. 8. replotted). smallest dose 

was 10" and it 19 possible that the curve would have continued as at 4. 

The discontinuity at the LD., su a differing pathology for 
fatal and non-fatal mfections. 


dose of 10t, the LD The discontinuity suggests that in 
this system non-fatal and fatal infections differ funda- 
mentally, which is consistent with the available histo- 
logical evidence’, The primary lesions, beyond which 
non-fatal infections do not progress, consist of infected 
areas of alveolar collapse, but the infection may extend 
along the adventitia of the blood vessels and bronchi, 
with fatal resulte. Fig. 3 implies that, at doses of 1-100 
LDy, the extending areas of infection progress indepen- 
dently but at doses > 100 DD,, begin to interact, perhaps 
because neighbouring areas coalesce. The same transition 
from independence to interaction could also occur with the 
non-fatal alveolar lesions produced by doses in the range 
0:0001-1 LD,, but is not apparent in Fig. 8 because no 
dose smaller than 0:01 LD, (=10* organisms) was given. 
At doses <0:01 2D,., the infection might have been 
focal as with the salmonella infections of Fig. 2. 

The chief implication of time- or count-dependence is 
that, although infection is considered as stochastic 
throughout, the observed values of the parameters lead to 
growth curves and a dose—mortality relationship that are 
virtually deterministic. As a result this discussion, 
notably the question of whether the net rate of increase 
tn vivo is time- or count-dependent and the underlying 
distinction between dispersed and focal infection, applies 
as much to deterministic systems as to these forms of the 
birth-death model. The kinetics of infection can only 
reflect the pathology of the disease, and it is clear that a 
final interpretation depends on a succeasful integration of 
the histological and quantitative findings. 
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of a grant from the U.8. National Institutes of Health. 
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LETTERS TO THE EDITOR 


PLANETARY SCIENCE 


Convecting Mantle as a Thermodynamic 
Engine 

Tux geothermal flux amounts to about 10** ergs year- 
for the whole Earth and this figure is sufficiently small to 
act as an umportant constraint on theories of convection 
in the mantle. A world-wide system of thermal convec- 
tion must involve a very efficient conversion of heat to 
mechanical energy (and back to heat); by imposing & 
limit to the efficiency we specify a strength which cannot 
be exceeded in the convecting part of the mantlet?, A 
consideration of earthquake energies is useful in this 
connexion. The largest shocks release elastic strain energy 
of about 10™ ergs and the annual release by all earthquakes 
is about 10* ergs; that is, 1 per cent of the geothermal 
flux appears as seismic energy. If earthquakes are merely 
irregularities in mantle convection the seismic energy 
cannot be more than a fraction of that released in gradual 
creep processes and we must contemplate an ovorall 
efficiency of order 10 per cent for the conversion of thermal 
to mechanical energy. The earthquake energies could be 
overestimates, but a similar figure for efficiency is obtained 
from a consideration of the strength of the mantle. 

Elastic strains released in earthquakes appear to be 
independent of magnitude? and suggest that the upper 
mantle may support a stress of about 100 kg cm-*, but 
no more. We may therefore take this value as a good 
estimate of the order of magnitude of the strength of the 
tectonic regions of the Earth. Under stresses exceeding 
this limit inelastic deformation occurs and the conse- 
quent heat release is simply calculable as the work done 
against a stress of 100 kg cm~ (108! dynes cm-*). In one 
year relative movements between parts of the mantle 
may amount to about 3 om over a distance of, say, 3,000 
km (a figure suggested by observations of continental 
drift). This represents a strain rate of 10-* yr- and an 
energy release of 1 erg yr om~ of the mantle. For the 
whole mantle this gives 10*’ ergs yr-t, which coincides with 
the 10 per cent efficiency suggested here. The fact that 
convection is probably confined to the upper mantle? 
does not modify this conclusion because a movement of 
3 cm yr-! in a thinner layer causes the same energy release 
as for whole mantle convection. 

The conclusion that 10 per cent of the geothermal flux 
may appear as mechanical energy has important implica- 
tions; ıt is an even larger fraction of the flux from the 
deep interior because the crustal concentration of radio- 
active material produces heat which cannot contribute 
to the convective driving mechanism. By discounting 
crustal heat we raise the estimated efficiency of mantle 
convection to perhaps 30 per cent, at which point we 
must enquire whether the process is thermodynamically 
possible. 

Consider a volume V of mantle material to be taken 
around an ideal cycle ABODA (Fig. 1), within a layer 
which just supports an adiabatic temperature gradient. 
At A the volume is heated, raising its temperature by 
AT and its volume by a fraction (« AT), causing a density 
difference — pxAZ relative to neighbouring material of 
density p. By virtue of this difference the volume rises to 
B and cooler material completes the cycle to take its place. 
Because the gradient is adiabatic the initial temperature 
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and density differences are maintained and because an 
ideal thermodynamic situation is postulated we can 
extract mechanical energy W from the rising volume by 
making it lift a mass m= VpaATZ' against gravity 


W=mgh= V pa AT gh 


where A is the distance through which the material rises. 
At B the temperature increment is lost and the volume 
can complete the cycle along CD without further energy 
transfer if we can assume that the energy of compression 
between CO and D 1s compensated by the expansion between 
A and B. The heat input Q at A causes not only the 
temperature rise AT in material of specific heat (at con- 
stant volume) C», but also the expansion of the volume 
by an amount VaAT against the overburden pressure 
egh. Thus 


Q= V0, AT + VaAT pgh 
The thermodynamic efficiency of the cycle is therefore 


Wo 
n= G F IF Gjagh 


This expression, is not independent of the temperatures 
T, and T, at the lower and upper boundaries of the con- 
vecting layer, as might appear superficially, because the 
adiabatic gradient gives 


where Op is tho specific heat at constant pressure. We 
may algo note that it is here assumed that O, and « are 
constants but this is not important as long as y is much 
less than, the efficiency of a Carnot engine, attainment of 
which would require such a large value of gh that 
variations in O, would have to be taken into account. 
Using reasonable values for basio rocks at upper mantle 
temperatures, O,= 10? ergs g7 °C, a=15x10* °C 
(volume coefficient), assuming g= 10? em sec"? and taking 
h= 10% om (1,000 km) as the maximum likely depth of 
mantle convection we obtain 


n= O13 


This figure is modified shghtly by taking account of the 
fact that the mechanical energy W is distributed through 
the mantle as heat and becomes partially available as a 
further heat source, so that 


wW 
nS O+00W 


The difference is negligible; the ideal thermodynamic 
efficiency of thermal convection is about 13 per cent. 


dT--gaT 
jai) dr Cp 
m GRADIENT? 


Fig. 1. 


Thermodynamically 1deal convective cycle for a volume of 
mantle material. 


‘Work 1s extracted from the system by making rising 
volumes r masses m against gravity. 
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Attainment of anything like this figure in practice is 
certainly impossible for several reasons, in particular in 
much of the upper mantle the temperature gradient is 
strongly super-adiabatic. Therefore for thermal convec- 
tion to be thermodynamically possible ın the mantle, one 
or more of the numerical values assumed here must be 
grossly in error. Virtually the only one subject to any 
doubt is the strength, that is the stress required to 
produce convective deformation. A thorough examina- 
tion of the strength problem ıs required. A sımpler 
alternative, however, 1s to abandon the hypothesis of 
thermal convection and suppose that the mantle motion 
is driven by chemical differences. I have proposed a 
scheme for whole mantle motion driven chemically 
but have since abandoned the suggestion as incompatible 
with the strength of the lower mantle*. A scheme for 
chemical differentiation in the upper mantle, as proposed 
by Ringwood and Green, is more plausible. 

F. D. Sracuy 
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Geomagnetic Variations observed at 
Maddalena Island, Sardinia 


Continuous observations of the three components of the 
geomagnetic field were carmed out at Maddalena Island 
(9° 24’ E., 41° 13’ N.), the northernmost part of Sardima, 
facing the Bonifacio Straits, durmg the period 1958- 
1964 by the Hydrographic Institute of the Italian Navy 
{see Fig. 1). The declination at Maddalena Island was 
about 3-5° W. in 1959. Here we report preliminary 
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Fig. 1. Maddalena Island (M) and Pertuzato (P). 
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Fig. 2. Vector 


diagram, Crosses and circles denote the positive and 
negative values of Z, respectively, 


analyses of the geomagnetic variations of short periods 
(a few minutes-3 h) observed at this observatory; brief 
summaries of the diurnal variations and the K-:mdices 
have already been published?. 

From the magnetograms for the period 1959-60, more 
than 200 variations of bay and simular types are picked 
up. Their duration periods range from 2 min to 3 h; 
the paper speed of the magnetograms 1s 20 mm/h. The 
behaviour of AZ (change in downward vertical intensity) 
with relation to the horizontal total force AR, which 1s 
synthesized by AH (change in horizontal intensity) and 
AD (change in easterly declination), is expressed by the 
vector diagram as shown in Fig. 2, where the radial 
direction of each point represents the direction of hori- 
zontal component of a particular event at its maximum 
deviation from the origin, and the radial distance repre- 
sents the ratio of AZ to AR. The crosses and circles 
denote the positive and negative values of AZ respec- 
tively. Such a diagram! ıs similar to the polar diagram 
proposed by W. D. Parkinson! in order to get a “preferred 
plane” on which vectors of magnetic variations tend to 
he. In the present diagram, such a variation as does 
not change in vertical intensity is all plotted at the centre, 
but anisotropic behaviours of AZ, if any, are clearly 
expressed. In Fig. 2, the northward changes are associ- 
ated with the upward changes in AZ and the vertical 
changes are almost zero for the variations in the direction 
of W. 30° N. The former behaviour is contrary to the 
observations at the surrounding routine observatories; 
namely, Asiago, Mt. Capellino, Aquila, Vesuvius in Italy 
and Ebro in Spain. At Maddalena Island, the Parkinson 
vector points almost north. The ratio of AZ to AR 
depends on the direction of the horizontal component 
and also on the duration of the variation as shown in 
Fig. 3, where both the downward and upward changes in 
AZ are plotted without distinction. The shorter the 
duration, the larger the ratio AZ/AR is: the ratio 
diminishes from about 0-7 for a duration of 10 min to 
almost zero for a duration of 2 h, while the solar daily 
magnetic variation (Sg) is normal as already reported. 
In Fig. 3 the lower values along the ordinate are caused 
by an anisotropy which is shown in Fig. 2. The above 
clear dependency of the ratio on the duration is character- 
istic of the geomagnetic variations at Maddalena; T. 
Rikitake and I. Yokoyama‘ found no such relations at 
Oosima and Kakioka in Japan, where anomalous behavi- 
ours of geomagnetic variations of short period are remark- 
able. 
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The anomalous behaviour of AZ observed at Maddalena 
Island may be attributed partly to the subterranean 
structures, but largely to concentrations of the induced 
current by the geomagnetic variations into the Bonifacio 
Straits which lie between Sardinia and Corsica. By the 
northward geomagnetic variations the induced electric 
currents flow westward within the Earth penetrating to 
various depths according to the periods. Because the 
strait is narrow and shallow the effect of the sea water 
on the induction tn situ is not great, but the electric 
currents induced in the surrounding sea should concen- 
trate into the strait because of the conductivity contrast 
between sea and land, and consequently, cause the negative 
AZ at the southern side of the strait in variations of rather 
short period. 

If the above interpretation holds good, we should 
observe the reverse phenomena at the southern, coast of 
Corsica. Fontaine eż al.§ in 1963 observed the variations 
of the total geomagnetic force at the four points in Corsica 
for a few days. They compared the amplitudes of the 
total force variations at Pertuzato (9° 11’ E., 41° 22’ N.), 
the southernmost point of Corsica, with those at Chambon- 
la-Forét. The former are always larger: the ratios 
between them are 4, 3, 2 and 1-3 respectively for the 
durations of 6, 20, 60 min and diurnal variations. They 
found that the amplitudes of the homzontal components at 
Chambon-la-Forét and l'Aquila are almost the same, and 
l'Aquila and Maddalena prove to have also the same 
magnitude in the horizontal components. This means 
that, at Pertuzato, the vertical components of short 
period variations are probably of the same sign as the 
honzontal component AH and probably rather large. 
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CHEMISTRY 


Trifluoromethyl Thiolsulphonates 


TMOLSULPHONATES are & group of organic sulphur com- 
pounds known since 1839 (ref. 1) but their antibacterial 
and antifungal properties were only discovered in 1949 
(ref. 2). While investigating the antimicrobial mechanism 
of thiolsulphonates we prepared a new series of sub- 
stituted thiolsulphonates, the trifluoromethyl thiol- 
sulphonaies, RSO,8CF,, by reaction of zino alkyl (or ary!) 
sulphinates with trifluoromethanesulphenyl chloride. 

Because thiolsulphonates are thought to 
exert their antimicrobial activity by 
reaction with thiol-containing enzymes and 
| metabolites, the reaction of trifluoromethyl 
i thiolsulphonates with mercaptans was 
|] examined. We found the reaction to be 
i surprisingly different from that reported 
, for other thiolsulphonates with mercaptans. 
In the case of alkyl and aryl thiolsulphon- 
ates, and probably trichloromethylthiol- 
sulphonates, nucleophilic attack is con- 
sidered to be initiated by localization of 
charges in the thiolsulphonate?. 

8— $+ 

(0) 


| ie B~ 3+ 
' | R8—SR’ + R*S—H ——+ RSO,H + R’BSR’ 
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Fig. 8. Relation between the ratio 4Z/4R and the duration of variations 


(4R= y 4H*+ AD) 


Hitherto, the influence of oceans and islands on geo- 
magnetic variations of short periods has been discussed 
theoretically, observationally and experimentally. Almost 
all discussions are confined to the effect of the coast-line on 
the induced magnetic field in situ. Recently, Ashour 
and Chapman’ calculated tho magnetic field of electric 
currents flowing in an infinite plane current sheet the 
conductivity of which is uniform except in a circular area 
of different uniform conductivity, and their results may 
illustrate the effect of a circular island in a large ocean 
on the transient geomagnetic variations. In the only 
observational discussion, Barber’ observed the fluctuations 
of the magnetic field produced by Earth currents flowing 
in the Clyde Estuary and discussed the probable effect 
of the Earth current in the English Channel on vertical 
intensity at the magnetic observatory at Abinger. The 
anomalies observed at Maddalena Island may be caused 
by an effect of the same kind, although further verifica- 
tions are necessary. 





180 With the trifluoromethyl! thiolsulphonate, 


however, the products are entirely different. 
which should make this reaction of consider- 
able interest to those investigating reaction 
mechanisms. While no study of mechanism 
has yet been attempted, the reaction may simply be con- 
trasted with the foregoing reaction as a reversal of 
polarity in the thiolsulphonate molecule, resulting from 
the very strong electronegativity of the fluorine atoms, 
and nucleophilic attack by the mercaptide ion on the 
sulphone sulphur rather than on the divalent sulphur of 
the thiolsulphonate to produce an exchange of the SR 
groups in the thiolsulphonate. 


s+ 8 
o 
: Aaa 3 
cag S SoF,+NO—@_\-—s— TEA 
CHK Aso, “>No, + OF SH 


When we pursued this reversal of molecular polarity, 
wo found that it is not peculiar to the reaction with 
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mercaptans but also occurs in reactions with amines. For 
example, it has recently been shown‘ that thiolsulphonates 
react with amnes, as in this example 


L Asos S +2 HW v— Nsw 


Nene” 
fie € Sou HNO 
Neer 
With trifluoromethyl thiolsulphonates, however, the re- 


versed polarity results in the production of the reaction 
products shown, as with the CCl, analogue’. 


CH S—80,80F, + H-N Gus 
Nene” 
cay \so,-N D + OF,8H 
Sea 


The reactions of trifluoromethyl thiolsulphonates with 
mercaptans and amines have produced thiolsulphonates 
and sulphonamides, respectively, in good yield. Further- 
more, certain thiolsulphonates such as mixed thiol- 
sulphonates of cysteine which could not be prepared by 
the usual synthesis procedures have been prepared using 
trifluoromethyl thiolsulphonatesa, and confirmed by infra- 
red spectra, although their isolation and purification still 
present difficulties. 


Table 1, ANTIFUNGAL ACTIVITY OV MIXED THIOLSULPHONATES 
Zone of inhibition* 


(mm) with ED 50 (p.p.m.)¢ with 
Aspergulus Stemphihum Monihma 
ngor sarcinaformas Sructoola 


on Nso.sott 8 58 24 
OH gS 80,8001, 80 10 5 


o8 Xsosor, 48 8 24 


C,H,,80,80H, 12 42 18 
0,H1,80,8C01, 40 107 16 
C,H,,80,8CF, 11 400 80 


* By the agar plate test of ref. 6, except that potato dextrose agar was 
used as the gro medium. 

+ By the spore germination teat of the American Phytopathological 
Society Committee on Standardization of Fungioidal Testa’, except that the 
spores were suspended in 4 (2 por ont solution of sucrose and 0-2 per cent 
potassium n phosphate in distilled water in place of the dilute 
orange juice solution recommended, 


Triftuoromethyl thiolsulphonates demonstrate high 
antifungal activity, as can be seen in Table 1, but it is 
obviously achieved by a different mechanism from that of 
the alkyl, aryl, and trichloromethyl thiolsulphonates. 
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Formation of Amino-acids by Thermal 
Decomposition of Formamide—Oligomeriza- 
tion of Hydrogen Cyanide 
Heyns and Pavel! reported on the pyrolytic decomposition 
of glycine in which small amounts ot other amimo-acids 
(alanine, aspartic acid, a-aminobutyric acid) and other 
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carboxylic acids (fumaric acid, oxalic acid, succinie acid) 
were found. The formation of hydrogen, cyanide was 
also confirmed in the reaction mixture. 

To clarify the pyrolytic formation of other amino-acids 
from glycine, thermal decompositions of formamide and 
ammonium formate were carried out. The formamide 
(10-0 g, 0-222 mole) was heated to 230° C under a nitrogen 
current for 2 h. The pyrolytic product thus obtamed 
(dark brown) was then hydrolysed with 6 normal hydro- 
chloric acid for 8 h under reflux and the resulting amino- 
acids were identified in several ways. With two-dimen- 
sional paper chromatography, glycine, alanine and aspartic 
acid and additional 6-7 nmhydrin positive spots were 
observed (Fig. 1). In the automatic amino-acid analyser, 
glycine, alanine, and aspartic acid were found to be the 
chief products (Fig. 2a). Yield: gly (188 umole), ala 
(50 umole), asp (30 umole), (gly : ala: asp = 68 : 21; 11). 
When, a sample ten times larger was applied to the amino- 
acid analyser, several other peaks were observed (Fig. 2b). 
Among these, threonine, serine, glutamic acid, valine 
and leucine were found at the appropriate places. These 
were not fully characterized, however, and are expressed 
as 7, 8, 9, 10 and 11, respectively, in Fig. 2. The amino- 
acid mixture was treated with 2,4-dinitrofluorobenzene? 
and the resulting DNP-amino-acids were separated by 
‘Celite’ column chromatography®. The RE values and 
ultra-violet absorption spectra of isolated DNP-glysine, 
DNP-alanine, and DNP-aspartic acid agree with those of 
each of the authentic DNP-amino-acids. These results 
confirm the formation of glycine, alanine, and aspartic acid 
by the pyrolysis of formamide or ammonium formate as in 
the pyrolytic study of glycine?. 


HCN+H,0 
HCOONH, — HOON, (1) 
~ 
NH, +CO 


These results and other already published works‘ 
support the hypothesis of the formation of amino-acids 
by oligomerization or hydrogen cyamde. Ammonium 
formate and formamide would be thermally decomposed 
as shown in equation (1). The presence of hydrogen 
cyanide and ammonia in the reaction mixture was con- 
firmed. A possible reaction scheme for the formation of 
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Fig. 1. Two-dimensional paper chromatograph. 
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the amimo-acids by the oligomerization of hydrogen 
cyanide may be as illustrated in Fig. 3. 

Under the reaction conditions, hydrogen cyanide could 
be oligomerized to the dimer, trimer, tetramer, etc., to 
form the parent skeletons of glycine, alanine and aspartic 
acid, and other organic compounds. These precursors 
may be reduced and hydrolysed under the proper reaction. 
conditions to form glycine, alanine, aspartic acid, and 
other compounds. Some basic amino-acids were found 
with the amino-acid analyser. One peak is at the lysine 
position and the other is at the histidine position. Lysine, 
however, was not found at the correct Ry in two dimen- 
sional paper chromatography. Behaviour of the unknown 
amino-acid in column and paper chromatography suggests 
that the unknown amino-acid at the lysine position could 
be a,8-diamino propionic acid which was also found by 
Lowe® in the reaction product of ammonium cyanide. 
The other basic unknown amino-acid at the histidine 
position did not show any imidazole colour teat and it is 
certainly not histidine. 

Some of the amino-acids formed under possible primitive 
terrestrial conditions previously reported?)* may be ex- 
plained by the hydrogen cyanide oligomerization mechan- 
ism, because hydrogen cyanide was found in each of the 
reaction mixtures. Moreover, part of the organic com- 
pounds in carbonaceous chondrites may be explained as of 
abiogenic origin through hydrogen cyanide oligomeriza- 
tion. 


dimer trimer tetramer pentamer 
Gly 
(Glycolic acid) O=N CEN C=N 
x | l | 
! H—C—NH, ~> H—-C—NH, -+ H--O—-NH, 
| | ? l 
t A CB CNH CNH 
| A | 
7 / C= C=NEH 
| 
C=N 
H—C=NH noka 
| 
| 
2 don C= : ý 
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t 
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Ala, a,8-diNH, Propionic acid 
(Ser, 8-Ala, Lactic acid) 


Fig. 8. Postulated soome of amino-acid formation by oligomerization 
of hydrogen cyanide. 
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Autocomplex Formation in Solutions involving 
Octahedral and Tetrahedral Complexes of a 
Metal lon 


Tum formation of tetrahedral complexes of various transi- 
tion metal ions in solution has been the subject of numerous 
investigations. Here we shall direct attention to the 
special electrolytic ionization effects which may result in 
a solution if two different configurations of complexes are 
of comparable stabilities. 

In 1961 one of us reported! that the dissolution of 
Co(NC8), in acetonitrile is accompanied by the following 
co-ordination disproportionation reaction 


Co(NC8), (solid) + 6L — [Co(NC8)Z,]t +[Co(NCS),L}- (1) 
octahedral tetrahedral 


where L is the solvent molecule. The molar conductance 
of the resulting complex electrolyte was found to obey 
the Onsager equation in the concentration range up to 
0:008 molar, A°gs°¢ being 114:5 ohm- om? mole. Co- 
ordination disproportionation equilibria involving oota- 
hedral and tetrahedral complexes of a metal ion were 
also found by Katzin in two-component solutions of 
manganous chloride, ferrous chloride, cobaltous chloride, 
nickel (LI) chloride and cuprous chloride in dimethyl- 
formamide. Katzin? also suggested that solvents of a low 
base strength but a high dielectric constant should, in 
general, favour co-ordination disproportionation of metal 
halides. At about the same time we reported? that co- 
ordination disproportionation takes place on dissolution 
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of cobaltous chloride in acetonitrile. In the resulting 
solution the equilibrium 


3[CoCl,L,] + 2L 2 [CoL,]*+* + 2[CoCl,Z]- (2) 


was found. Because Janz et al.4 have suggested different 
equilibria, namely 

2CoCl, + 6L = [CoCl,3L], => CoL,** + CoCl?2- (3) 
and because similar ones have frequently been suggested 
by other workers in their mterpretation of other sys- 
tems'-’, we have now extended our earlier experiments 
to several other systems and wider concentration ranges. 

In accordance with what would be expected if the 
dependence on concentration between activity coefficients 
were considered, the position of equilibrium (2) was found 
to shift towards the products on increasing concentrations 
of cobaltous chloride and the disproportionation to become 
practically complete at concentrations above 0:03 molar. 
The characteristic spectrum of [CoCl,L]- which developed 
(absorption maxima at 590 and 685 my) became mde- 
pendent of concentration. No indications were found in 
this system of the formation of polynuclear complexes 
even at highest concentrations. 

Similar spectrophotometric investigations were per- 
formed in relation to the systems: cobaltous chloride in 
acetone and cobaltous bromide in acetonitrile. Co- 
ordination disproportionation equilibria of the same type 
(2) were found in both. On the other hand, a superposition 
of a simple dissociation of the octahedral form and a dis- 
proportionation of anions between octahedral and tetra- 
hedral co-ordination sites were found im the case of solu- 
tions of nickel (IT) chloride in acetonitrile. In the satur- 
ated solution (2:8 x 10 molar at 25° C) about 45 per cent 
of nickel (II) were found to be in the form of a [NiCl,L]~- 
tetrahedral complex (absorption maximum at 620 my) 
and the remaining part in the form of octahedral chloro 
complexes, leaving several per cent of uncombined 
chloride ions. 

We examined the conductivity of solutions of alum- 
in1um chloride in acetonitrile in an attempt to find 
co-ordination disproportionation equilibria involving non- 
transitional metals. The Onsager equation was found to 
be obeyed very closely at concentrations up to 0-015 
molar, if a complete disproportionation resulting in the 
formation of the complex electrolyte of AIC],+ AlCl,- was 
assumed in the calculations of A and of the ionic strength. 
The limiting molar conductance, A°es°0, of the complex 
electrolyte was found to be 195-8 ohm! ọm? mole. From 
the considerations that follow and the well known stereo- 
chemical properties of aluminium (IIT), the real con- 
stitution of aluminium chloride in acetonitrile solution can 
be assumed to be [AICI,Z,]* [AICL]-. 

All the foregoing systems involved octahedral and 
tetrahedral complexes of one metal ion. A reversible 
co-ordination disproportionation will, however, generally 
be understood as an equilibrium of the following type 


(4) 


if the solvent in co-ordination spheres ıs omitted—M A, is 
the neutral complex of the metal M with the anion A. 
It is seen that co-ordination disproportionation is the 
same as autocomplex formation, a term frequently used 
in older literature. We emphasize the fact that co- 
ordination disproportionation should obviously take place 
in a system in which complexes of only one configuration 
are formed, but not to any measurable extent, because it 
would involve a negative entropy and, probably, a 
positive enthalpy change—the latter being essentially 
the electrostatic energy of charge separation. On the 
other hand, in a system in which complexes of two 
different configurations (for example, octahedral and tetra- 
hedral) of comparable stabilities are likely to be formed, 


(k+1) MA, 21 MAB+, + k MALS, 
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a non-uniform distribution of two kinds of hgands between 
two different kinds of co-ordination positions would be 
expected. The higher energy of co-ordination of anions in 
a tetrahedral configuration may then exceed the afore- 
mentioned unfavourable entropy and enthalpy contribu- 
tions to the overall stability of the products of a co- 
ordimation disproportionation reaction. It does not seem 
necessary, therefore, to assume the formation of poly- 
nuclear cationic species when. accounting for the formation 
of an auto-complex in two-component solvent—solute 
MA, systems. 
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Shifts in Electron Spectra of Nitrogen in Organic 
~ Molecules 


In a recent communication we reported our first results 
on. the application of ESCA (electron spectroscopy for 
chemical analysis) to the element carbon in organic 
molecules’. ls electrons of carbon expelled by alum- 
inium Ka radiation were found to form two well 
separated electron hnes in benzenecarboxylic acid; one 
line corresponded to the benzene carbon and the other to 
the carboxyl carbon. The energy difference was 4 eV. 
Since then we have found many similar chemical shift 
effects for carbon ın various organic compounds. Here 
we report some results involving the element nitrogen. 

In order to increase the resolution we have used mag- 
nesium Ka radiation which has a somewhat smaller 
inherent line width than aluminum Ke radiation and 
a lower energy. Two different electron spectrometers 
were used. The first is a new magnetic double focusing 
instrument with central orbit radius of 30 cm and with a 
momentum resolution of a few parts in 10‘. The second 
1g a new electrostatic double focusing sector field instru- 
ment with a central orbit radius of 36 em. The resolution 
18 the same as for the magnetic instrument and the new 
instrument can also be used to study liquids and gases. 
Sources are prepared from substances in a hquid form by 
continuous admission of the vapour or gas to the source 
compartment where condensation occurs on a cooled 
specumen. holder. i 

Some thirty organic molecules containing nitrogen were 
investigated in order to correlate the chemical shifts of 
the 1s level to a calculated approximate atomic charge 
parameter. This approach ıs based on the concepts of 
electronegativity and resonance between valence-bond 
structures and serves as an initial guide to an under- 
standing of the experimental results. In this communica- 
tion we shall give only a few examples of typical spectra 
in order to indicate the magnitude of the line shifts 
obtained. 

Fig. 1 shows the 1s nitrogen lines from an equimolecular 
mixture of aminobenzene 


a, 


NH, 
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and nitrobenzene 


Oe, 


both of which are liquids at room temperature. The 
separation between the nitro- and the amino-nitrogen lines 
is appreciable, being 7:0 eV. The intensity ratio depends 
on the partial vapour pressures of the two compounds 
in the mixture. 

Fig. 2 shows the splitting of the nitrogen lines of the 
nitro- and sulphonamido-groups in the molecule 
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Fig. 1. Electron lines from nitrogen in a mixture of aminobenzene and 
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Fig. 2. Chemical shifts of nitrogen in 3nitrobenzenesulphonamide. 
The spectram was obtained with aluminium Ka radiation. 
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ferently bound nitrogens. lines are obtained in the electron 
spectrum, corresponding to the three nitrogen atoms In the molecule. 
The spectrum was obtalned with magnesium Ka radiation. 


The shift between the nitrogens 18 6-2 eV. In this case 
the magnetic instrument was used and the compound 
was simply powdered on to a mesh. 

Fig. 3 shows the nitrogen spectrum from the molecule 


N 
oN Sona | ) 
The nitrogen is here split into three lines. The line of 
lowest kinetic energy can easily be shown to correspond 
to NO, whereas the interpretation of the other two lines 
is more diffloult. In a separate investigation, however, 
it was established that the pyridine nitrogen corresponds 
to the electron line of highest kinetic energy. The energy 
difference between NO, and NH ıs 6:4 eV and between 
NH and pyridine nitrogen 2-1 eV. 
Our experience of this kind of spectroscopy indicates 
that the energy shifts of the inner atomic electrons— 
the atomic core—provide interesting aspects on the charge 
distribution in molecules. We shall be publishing else- 
where a detailed account of the nitrogen chemical shifts 
which we have measured in a series of compounds with 
widely varying structures, and a discussion of the 
theoretical implication of their correlation with atomic 
charge. 
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Gaseous Complexes between Dichlorides and 
Trichlorides of Aluminium and Iron 


Bors aluminium chloride and ferric chloride form velatile 
complexes with sodium chloride! . It has now been 
found that in general they form similar complexes with 
dichlorides. 

Vapours of AICI, or FeCl, were passed over the dichlor- 
ides in ‘Pyrex’ or ‘Vycor’ tubes and the condensates 
analysed. The apparent vapour pressures of the dichlor- 
ides were much greater than ther normal vapour pres- 
sures; some typical results for 1 atm. total pressure 
are given in Table 1. 


Table 1. HNHANCED VOLATILITY OF DICHLORIDRS IX THE PRESEROR OF 
TRICHLORIDES 
AD’ nt Normal 
Trichlonide Temp. Dichloride State aM “Py 
ec (torr) (torr) 
AICI, 650 Qadl Sohd 28 2x 10-* 
‘, 860 l, $ 85 0-07 
7 600 Aincl, $ 87 0-05 
r 800 CoCl, iy 112 O18 
chee 800 Pool Toud 33 4 
Feel, 600 amel, Solid 88 0-05 
” 600 CoC, ye 66 0-18 
” 600 PbO, Liquid 18 4 


Despite the range of normal vapour pressures of the 
dichlorides, the apparent vapour pressures of the com- 
plexes vary comparatively little. 

An investigation of the apparent pressures of the 
dichlorides as functions of the pressure of the trichlorides 
ahows that complexes containing two trichloride molecules 
(presumably of the type CaAl,Cl,) exist, and that in the 
AlCl, systems, but not the FeCl, systems, more complex 
species contaiming three trichloride molecules are also 
present. 

The emstence of these complexes governs the behaviour 
of calcium chloride and magnesium chloride when they are 
introduced as impurities into aluminium monochloride 
refining circuits (where aluminium chloride is passed over 
impure metallic aluminium at elevated temperatures). 
It also offers new methods of extracting divalent metals 
from ores by simultaneous chlorination and distillation 
of the resulting dichlorides m a stream of aluminium 
chloride or ferric chloride. 
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BIOCHEMISTRY 


The ‘‘Pink Spot” in Schizophrenia 


Tue discussion about “pink spot”, its relation to schizo- 
phrenia and the identity of the substance(s) giving the 
typical reaction is still going on!*. Because of the theo- 
retical and practical importance of the problem we want 
to report briefly our observations on a series of ninety-six 
urine samples from patients, mainly women, with various 
mental diseases at the Neevengdrden Sykehus, Bergen, 
Norway. The diagnoses are in accordance with the official 
list used in Norway and were made solely on the basis of 
the patients’ clinical condition. Forty-six of the cages 
were classified as schizophrenia, while fifty patients suf- 
fered from other mental diseases. The urines were brought 
to the Department of Clinical Biochemistry, Haukeland 
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Table 1 
Reaction Other Reaction Total 
Drug Schixo- with men wi number 
treatment phrenia ninhydrin diseases ninhydrin of cases 
Chlorpromazine 18 Purple 14 + Purple '27 
Chlorprothixene 5 Blue 7 Blue 12 
(Troal 3 
IZ. 014 : 6 Green 6 
Thioridazine 10 Blue 10 Blue 20 
(Melleri) fluorescence fluorescence 
ie) drugs 5 None 8 None 11 
4 Purple 1 2 
No drugs 8 None 5 None 18 
1 Purple 1 5 


Sykehus, where they were analysed, without knowledge 
of the diagnosis, using the original method described by 
Friedhof and van Winkle‘. In Table 1 the colours of the 
spots after staining with ninhydrin and with Ry values 
near that given by Friedhoff and van Winkle’ are listed 
according to the drugs admunistered to the patients. It 
is easy to see that there is a very close correlation between 
the nature of the spot and the drug administered. There 
are, indeed, only a few exceptions in which either no 
spot was found in the expected position or a “pink spot” 
was found in patients not under treatment. 

Spots with Ry values of 0:57-0:67 (mean 0:62) in the 
butanol : acetic acid: water (4:1:1) system used by 
Friedhoff and van Winkle’, staming purple with nin- 
hydrin and turning pink with Ehrlich reagent, are seen 
in patients receiving chlorpromazine or closely related 
drugs and in only a few cages receiving other drugs or 
no treatment. Unlike 3,4-dimethoxyphenylethylamine 
(DMPE), which reacts with Ehrlich reagent only after 
treatment with ninhydrin, all these spote can be developed 
directly with Ehrlich reagent. The substance (probably 
10-(3-aminopropyl)-2-chloro-5-oxyphenothiazine (nor;- 
chlorpromazine sulphoxide)*”) also moves differently 
when chromatographed in a system of isopropanol: 
ammonia: water (20:1:2), although it behaves like 
DMPE in the two systems used by Friedhoff and van 
Winkle®. Several Ehrlich-positive, ninhydrin-negative, 
spots are found on thin-layer chromato One of 
these spots was tentatively identified as chlorpromazine 
sulphoxide by comparison with an authentic sample. We 
have not yet tried to differentiate by the methods devised 
by Boulton and Felton? and by Bell and Somerville’ 
between false “pink spots” and true “pink spots” that 
might have been present in these urines. We think it 
rather improbable that DMPE should be a metabolite 
present in easily detectable quantities. Our investigations 
so far seem to show quite clearly that the presence and 
nature of the spot(s) observed depend on the type of 
psychotropic drug administered rather than on the type 
of disease displayed by the patient. 
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Identity and Significance of Some Pink Spots 
in Schizophrenia and Other Conditions 


3,4-DIMETHOXYPHENYLETHYLAMINE (DMPE) has been 
claimed to be present in the urmes of many schizophrenic 
patients. DMPE gives a pink spot on paper chromato- 
grams developed first with ninhydrin and then treated 
with Ehrlich reagent (p-dimethylaminobenzaldehyde)*. 
Others have assumed that pink spots found on chromato- 
grams of the urines of schizophrenics are DMPE"-"*. 

We have been unable to detect any DMPE in the 
urines of either acute" or chronic schizophrenics who had 
been given a potent monoamine oxidase inhibitor". We 
have found, however, that schizophrenic patients, and 
other psychotic or mentally defective patients in mental 
hospitals, and even mentally normal institutionalized 
patients, frequently excrete in ther urine three un- 
identified amines, which we have designated as unknowns 
83, 84 and 85 (refs. 12 and 13). These compounds yield 
pink spots like that given by DMPE when paper chromato- 
grams are sprayed first with ninhydrin and then with 
Ehrlich reagent’. During ion exchange column chromato- 
graphy, however, these compounds are eluted from the 
resin column much more rapidly than is DMPE or any 
other ring-methoxylated phenylethylamine"*. The urinary 
excretion of these unidentified pink spot amines can be 
decreased markedly or entirely eliminated when patients 
are given oral antibiotics sufficient to eradicate temporarily 
most of the bacterial flora of the large intestine’. 

We report the identification of these unknown urinary 
compounds. One of them, monopropionyleadaverine, is 
virtually indistinguishable on paper chromatograms from 
DMPE, and we suggest that some of the reported occur- 
rences of DMPE?-*.7, or of pmk spot, in the urmes of 
schizophrenics may actually have been detections of 
monopropionylcadaverine. 

Urine specimens were collected from twelve chronic 
schizophrenic patients who had been in the same mental 
institution for many years. These patients were receiving 
& monoamine oxidase inhibitor, phenelzine, but had been 
administered no other drugs, phenothiazines included, 
during the preceding 8 weeks. They had consumed a 
plant-free and cheese-free diet for 2 weeks when urine 
specimens were collected. Preliminary studies had shown 
that these patients’ urines contained appreciable amounts 
of the three unidentified amines, unknowns 83, 84 and 85. 
Aliquots of urine containing 500 mg of creatmme from 
each of the twelve schizophrenics were pooled. 

The pooled 6,000 mg creatinine equivalent of schizo- 
phrenic urine was applied to a large preparative column of 
the cation exchange resin ‘Amberlite OG-50’, and the 
amines present were separated by the technique of Perry 
and Schroeder“. The effluent zones in which unknowns 
83, 84 and 85 were eluted from the column were worked 
up separately, and impure concentrates of these three 
compounds were obtained. Each compound was then 
purified by repeated one-dimensional chromatography on 
Whatman No. 3 MM paper, using several different solvent 

mast, 

A portion of each of the three purified urmary com- 
pounds was hydrolysed in 6 normal hydrochloric acid at 
110° O for 16 h. After removal of hydrochloric acid and 
water from the hydrolysate on a rotary evaporator, 
cadaverine was identified by paper and by ion exchange 
column chromatography as the only basic moiety pro- 
duced by hydrolysis of unknowns 83, 84 and 85. This, 
and the positive response of these compounds to nin- 
hydrin, and their behaviour as relatively woak bases during 
ion exchange column chromatography, mdicated that 
they were monoacylated cadaverines, having only one 
free amino group. 

Identification of the acidic moiety m hydrolysates was 
accomplished by neutralization of hydrolysates with 
potassium hydroxide and separation of the basic moiety 
by adsorption on to small columns of ‘Dowex 60’ in the 
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hydrogen form. The eluate from the ‘Dowex’ columns 
contained hydrochloric acid and the acidic moiety pro- 
duced on hydrolysis. Chlomde ions were removed by 
electrolytic desalting. The acidic moiety was then con- 
verted to its ethylamine salt by addition of an excess of 
an aqueous solution of ethylamıne. The ethylamine salt 
was identified by descending paper chromatography, 
followed by visualization of spots on chromatograms with 
bromeresol green, by the technique of Lindqvist and 
Storgards'®. Acetic acid was identified in the hydrolysate 
of unknown 83, and presumably constituted the acidic 
moiety of this urinary compound. It was not possible to 
prove conclusively, however, that the acetic acid was not 
a contaminant from air in the laboratory. Unknown 84 
yielded propionic acid as its acidic moiety on hydrolysis. 
Propionic acid was not in use in the laboratory and no 
trace of propionic acid could be detected in hydrolysates 
of unknown 83, so that this was clearly the acyl group 
attached to cadaverine in unknown 84. 

Authentic monoacetyleadaverme and monopropionyl- 
cadaverine were then synthesized, using a modification of 
the method of Tabor et al.1* for the synthesis of mono- 
acetylputrescme. Cadaverme as the free base was dis- 
solved in glacial acetic or propionie acid, and treated with 
rather less than a molar equivalent of acetic anhydride 
or propionic anhydride. The resulting mixtures of bases 
were converted to their hydrochloride salts by adding an 
excess of hydrochloric acid. The monoacylated cadaverine 
salts were then separated from unreacted cadaverine 
hydrochloride by extraction into hot isopropanol, and 
they wore purified by four reerystallzations from iso- 
propanol-acetone solutions. The melting point obtained. 
for the synthetic monoacetyloadaverme hydrochloride 
was 134:5° C-137-5° © (corrected), and for synthetic 
monopropionyleadaverine hydrochloride was 102° C- 
106° C (corrected). 

The positive identification of unknowns 83 and 84 as 
monoacetyleadaverine and monopropionyleadaverine re- 
spectively (Fig. 1) was based not only on the products 
yielded by these compounds on strong acid hydrolysis, but 
also on the fact that each co-chromatographed precisely 
with the corresponding authentic compound in five dif- 
ferent solvent systems on paper, and in two different 
systems on ion exchange columns. These data are shown 
in Table 1. We have not yet succeeded in identifying 
unknown 85, but it appears also to be a monoacylated 
cadaverine. 

Monoacetyloadaverine, monopropionyleadaverine, and 
unknown 86 all appear purple when paper chromatograms 
are sprayed with ninhydrin. When counter-sprayed with 
Ehrlich reagent, the purple colours first fade, and then 
are replaced by a pink colour which reaches ita peak after 


y~ t- cH t aH 

l 
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HONOPROPIONYLCADAVERINE 


Structural formulae of monoacetylcadaverine and mono- ~ 


Fig. 1 
propionyleadavertne. 
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Table 1 COMPARISON OF PROPBRTIRG OF URINARY AND AUTHRNTIO AMINES 
Authentio A Authentic Authentic 
Property Unknown monoacetyl- Unknown monoproptonyl- 8,4-dimethory- Unknown 
88 verme 84 cadaverine phenylethylamine 85 
{BuAc 069 0 59 070 070 070 0-77 
pee 0-78 0-78 0-82 0-82 0 80 0-86 
tem Ae F 073 078 084 0 84 0 85 9 88 
$ 0 58 073 06 
MePyrHCl 075 075 0-76 076 072 0 80 
Elution volume (ml ) from 
‘Amberlite C@-50’ column* 84-38 84-88 42-47 42-47 110-124 49-68 
Emergence of peak on 29 min 29 min 89 min 30 min 
amino-acid analyser after ammonia after ammonia after ammonia after ammonia 
matogram t 
Hydrolysis in 6 N HCl 
‘Basic moret: Cadaverine Cadaverine Cadaverine Cadaverine Cadaverine 
Acidic moe Acetie acid t Acetic acid $ Propionic acid a and 
vents used ın pape: chromatogiaphy were, BuAc, n-butanol, acetic aoid and water (12: IpAm, 180 ol, uae i hydroxide and water 
(8. oven MBF, 2-methyl-8-butyn-2-o! ean Bormio acid and water (75 ; ANF is oni forme aoid a na water (80° 18), and MePyrHOl, 


Cobana pyridine, 12 normal hydrochlono acid and water (80 . 10 . 2- Š: 17 5) 
* 45x09 cm column of ‘Amberlite CG-50', operated at 40° O, developed with pyridine acetate buffer at pH 6-82 and 0-1 normal in acetio acid’. 
ł Technicon amino-acid analyser, 65 om column, developed with gradient buffer elution system recommended for protein hydrolysates”, 

t Contamination by acetic acidin laboratory atmosphere could not be excluded. 


about 30 min. Their behaviour in this test is very simular 
to that shown by authentic DMPE. 

Table 1 shows the similarity of the migration rates of 
DMPE and monopropionyleadaverine on paper chromato- 
grams in several solvent systems. When we used the sol- 
vent systems employed by Friedhoff and Van Winkle’, 
Takesada et al.*, and Bourdillon et al.', it was not possible 
to separate DMPE and monopropionylcadaverine on 
paper chromatograms after both had been added to urine 
amine concentrates. 

Monopropionyleadaverine is readily recovered from 
urine when urmary bases are adsorbed on to the cation 
exchange resin ‘Dowex 50’. This resin was employed for 
the concentration of urinary amines by three of the 
groups of investigators who have reported DMPE present 
in the urines of schizophrenics*4:5. We think it 18 possible 
that these investigators may actually have observed 
monopropionyleadaverine on their chromatograms, rather 
than DMPE. 

Monopropionyleadaverine is recovered poorly from 
urine when the techniques of Friedhoff and Van Winkle 
and Bourdillon et al.” are used. These procedures depend 
on the extraction of bases from urine at pH 9-0 into chloro- 
form or 1,2-dichloroethane, and are less effective for 
recovery of most biogenic amines than are those methods 
which involve a preliminary adsorption of urinary bases 
on to a cation exchange resin!***, They do, however, 
extract DMPE and certain phenothiazine metabolites 
from urine. A phenothiazine metabolite has been ob- 
served in urinary amine concentrates from schizophrenics 
which is indistmguishable from DMPE on the basis of its 
mobility on chromatograms as well as its colour reactions", 
Thus, while the pink spot observed by Bourdillon et al.? 
probably was not monopropionylcadaverine, it could have 
been a phenothiazine metabolite. 

Certainly not every pink spot encountered on urinary 
chromatograms, which are first developed with ninhydrin 
and then treated with Ehrlich reagent, represents a 
ring-methoxylated phenylethylamine. Monoacetylead- 
averine, monopropionyleadaverine, and our unknown 85 
all give the same colour reaction as DMPE, although they 
are not phenylethylamino compounds. Monopropionyl- 
cadaverine is not separable from DMPE in most solvent 
systems on paper chromatograms. Unknown 865 migrates 
on chromatograms to the same locus as does p-methoxy- 
phenylethylamine, a compound which was claimed to be 
present in the urines of schizophrenic patients*. 

It seems evident that monoacetyleadaverine, mono- 
propionyleadaverine, and unknown 85 are urinary amines 
at least partly bacterial in their origin. They presumably 
are formed enzymatically in the lumen of the large 
intestine when bacterial lysine decarboxylase acts on 
lysine derived from dietary protein to produce the amine 
cadaverine. Whether cadaverine 1s acylated by intestinal 
bacteria m the bowel, or whether it is first absorbed and 


later acylated in the body, has not been determined. That 
acylation of cadaverine could take place in the liver as a 
detoxification mechanism, through the mediation of acetyl 
and propionyl coenzyme A, seems a reasonable possibility. 
The substance identified as DMPE by von Studnitz and 
Nyman! in the urine of schizophrenic patients and men- 
tally normal subjects disappeared when their subjects 
were given a diet limited to glucose, citric acid, and water. 
This eliminated lysine from the diet, and would have 
ensured the disappearance of monopropionylcadaverine 
from the urine. 
We suggest that measurements of pink spots in the 
urines of mental patients, in the absence of positive 
chemical identification, are more likely to assess con- 
stipation, the presence of an intestinal flora peculiar to 
life in an institution, or the consumption of phenothiazine 
tranquillizers, than they are to contribute to our know- 
ledge about schizophrenia. 
We thank Prof. J. G. Foulks for much helpful advice, 
and Dr. J. P. Kutney for suggesting a chromatographic 
method for identification of propionic acid. This work 
was supported by a grant from the Medical Research 
Council of Canada. 
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Early Effects of Parathyroid Hormone and 
Thyrocalcitonin on Bone in Organ Culture 


Bone resorption is stimulated by parathyroid hormone 
(PTH), but the effect can be inhibited by actmomycin D 
both in vttro!:? and in vivo”. These findings led to the 
suggestion that the action of PTH on bone depends on 
new RNA being synthesized. PTH, however, has a rapid 
and direct effect on the release of calcium ions from mito- 
chondria which is presumably not mediated by the 
synthesis of new RNA‘, and partial effects of PTH on the 
mobilization of calcium ions from bone have been de- 
tected in the presence of actinomycin D5. To clarify 
the relationship between the effect on the transport of 
calcium ions and that on the synthesis of RNA we ın- 
vestigated the early response of foetal bone in organ 
culture. The technique used also provided an opportunity 
to investigate the early effects of the hypocalcaemic 
hormone, thyrocaleitonin, which inhibits the resorption 
of bone in organ culture’. 

Our technique for measuring bone resorption’:* was 
modified to detect small changes in the release of calcium. 
Six hundred microcuries of calcium-45 were injected into 
pregnant rate on the seventeenth day of gestation and 
foetal bones were obtained for culture 2 days later. 
Cultures consisted of six bones (radii and ulnae) in a 
vessel containing 0-5 ml. of medium (50 per cent normal 
human serum, 50 per cent Eagle's basal medium). The 
cultures were maintained without PTH for 24 h so that 
much of the surface caleium-45 could exchange with the 
medium. After 24 h paired cultures (opposite limbs from 
the same foetuses) were transferred to simular vessels; 
one contained purified PTH (1 ug/ml.) and the other 
served as a control. After 0-5, 3, 6, or 9 h, the bones were 
transferred to similar vessels with or without PTH but 
with uridine-5-T (0-05 mmoles/l., 22,000 me./mmoles) 
added, so that the release of calcium-45 and the uptake of 
uridine into RNA could be measured simultaneously for 
periods of 2-6-3 h. Calcium was isolated from the medium 
by precipitation as oxalate or by ashing and calcium-46 
was counted in a liquid scintillation counter. To measure 
the incorporation of uridine-5-T into RNA, the bones 
were extracted with cold perchloric acid, hydrolysed with 
0-3 molar potassium hydroxide at 37° C for 3 h and re- 
precipitated with cold perchloric acid’. The precipitate, 
which consisted of DNA and protein, contained no 
measurable radioactivity. The supernate, which consisted 
of hydrolysed RNA, was counted and analysed for its 
total content of RNA by ultra-violet absorption at 260p. 


Treated/oontrol ratio 








Hours 
Fig. 1. Effect of PTH (1 T neml on i on the release of calotum-45 (@) and the 


incorporation of uridin n pawed outtmee of embryonic bone 

during 2°5-8 h periods at the th times after hormone addition. 

Values shown are the mean + 1 SH. for the treated/control ratio of 
eight to twelve pairs of cultures (six bones per culture) 
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During the first and second periods, there was a small 
but sigmficant (P<0-01 by Student’s ¢ test) increase in 
calcium release from cultures treated with PTH (Fig. 1). 
After 6 h an augmented rate of release was observed from 
bones treated with PTH. In a separate 9 h experiment 
the amounts of both the calcium-45 released and that 
remaining in bone were measured. The rate of release of 
calcium-45 from control bones was constant and averaged 
1-3 + 0-04 per cent of the total calcium-45 in the bones per 
3 h period. With PTH the rates were 1-54-0-1 per cent 
of the bone calcium-45 for the first two periods and 
2-140-1 per cent during the third period. The release of 
calcium-45 was also measured from bones killed by heating 
to 100° C. The rate was 1-11+0-1 per cent of the bone 
calcium-45 per period and was unaffected by the addition 
of PTH. Thus, much of the release of calcium-45 observed 
from control bones could be ascribed to physico-chemical 
exchange of surface calo1um with the medium, and PTH 
did not act by altering this exchange. 

The uptake of uridine over a 3 h period was significantly 
decreased in cultures treated with PTH during the second 
period (P<0-01) and then increased during the third 
period (Fig. 1, Table 1). The RNA content was not different 
for bones treated with PTH or control bones so that 
changes in the incorporation of uridine resulted in pro- 
portional changes in the specific activity of RNA (Table 1). 
The incorporation of uridine into RNA over a 1 h period 
decreased progressively in bones treated with PTH until 
4—5 h and then showed an abrupt increase at 6-7 h (Fig. 2). 


Table 1. URIDINE UPTAKH, RNA OONTHNT, AND BEFEOT OF PTH ON SPBOIFIO 
ACTIVITY OF RNA AT 6-9 H, WITH AND WITHOUT ACTINOMYOIN D OR THYRO- 
OALORTO 


NIN 
Uridine “eee RNA content i ETR efect. ‘ 
„m. T oeni reated/con 
n hy we Ary wt t. earo 
Control u 44+ 29 + 0-2 L144 0-04" 
Actinomycin D 4 19 Š St 2740-8 1:03 + 0-20 


Thyrocalcitonn 4 8044 2840-1 067+ 0-125 

Values are means + S.E. for » cultures or cultures. 

PTH effect is measured as the ratio of specific per al nigh ies EnA in ed 
cultures, Actinomycin D or thyrocalcitonin was added to h the 
treated and control pair. 

* Bignificantly ter than 10, P <0:02, 

Significantly leas than control, P <0 01. 
Significantly less than 10, P< 0-06, 


The PTH. effects on the incorporation of uridine may 
result from changes in the synthesis of RNA, in the 
degradation of RNA, in the transport of uridine, or in the 
size of precursor pools. The greater changes in incorpora- 
tionfor the 1 h than the 3 h period and the constancy of the 
total RNA make it unlikely that the effects arise from 
degradation. Nucleotides were isolated from cold per- 
chloric extracts of the bone and the transport of uridine 
was examined by paper chromatography. The amount 
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and the chromatographic pattern of radioactive nucleo- 
tides from control cultures did not differ from those from 
cultures treated with PTH. The amount of non-radioactive 
nucleotide was too small for chemical measurements. 
When orotic acid-“C was the precursor for RNA synthesis, 
PTH increased ite incorporation into RNA by 30 per cent 
at 8-24 h. This increase could be inhibited by small doses 
of actinomycin D (0-01 pg/ml.). These results make it 
less hkely that PTH exerts its effect on uridine uptake on 
pool size; however, they do not exclude the possibility of 
a general effect on purine precursor pools. 

Actinomycin D added to both control cultures and those 
treated with PTH did not prevent a PTH-stimulated 
increase in. the release of calcium in the first two periods 
but abolished the effect after 6 h (Fig. 3). Actinomycin D 
decreased. the incorporation of uridine into RNA in both 
control cultures and those treated with PTH; however, 
the total RNA content was not affected (Table 1). 

Thyrocalcitonin was previously shown to inhibit the 
bone resorption stimulated by PTH in 48 h cultures®. 
Partially purified rat thyrocalcitonin also inhibited the 
early effects of PTH on the release of caleitum-45 in the 
present investigation (Fig. 3). Cultures treated with PTH 
and thyrocalcitonin showed less uridine incorporation 
into RNA at 6-9 h as well as at 3-6 h than cultures treated 
with thyrocalcitonin alone (Table 1). Thus, thyrocalci- 
tonin appeared to prevent the stimulation of the incorpora- 
tion of uridine by PTH but not the inhibitory effect. In 
the absence of PTH thyrocalcitonin itself had no effect 
on the incorporation of uridine into RNA, and only a small 
(6-10 per cent) and statistically insignificant decrease in 
the release of calcium-465 compared with control cultures. 
The latter would be expected if thyrocaleitonin only 
inhibited active reabsorption because the release of 
calcium-45 from these control cultures largely represented 
physico-chemical exchange. 

Because PTH caused an initial increase in the release 
of calcium-45 which was not inhibited by actinomycin D 
and which occurred while the incorporation of uridine into 
RNA was decreasing, it seems unlikely that this effect 
required the synthesis of new RNA. The augmented PTH 
effect on the release of calcium detected after 6 h was 
associated with an increase in the incorporation of uridine 
into RNA and inhibited by small doses of actinomyem D. 
It is probable that this phase of the release of calcium 
depends on stimulation of the synthesis of RNA. These 


Treated/control ratio 





4-8 3-48 6-9 
Hours 
zig. 3. Effect of PTH (1 ugjml., @—date from Fig. 1) on the release of 
lum-45 compared with effect when actino: n D ies ae fm, 


A) or when thyrocalettonin tee thine A) are added to bo 
treated and control cultures. e the MeN E oa ror da 
treated/control ratio of four bese im of cultures (six bones per culture). 
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observations (as well as others obtained in investigations 
with organ culture) could result from the following 
sequence: (1) PTH stimulates the translocation of calcium 
from bone to the medium by existing bone resorbing cells 
(osteocytes and osteoclasts). (2) PTH inhibits the forma- 
tion of bone by osteoblasts. Inhibition of the incorporation 
of glycine and proline into osteoblasts!* could result from 
the early decrease in RNA synthesis detected in our 
experiments. (8) PTH stimulates the development of 
more bone resorbing cells (osteocytes and osteoclasts). 
These cells not only translocate calcium but also synthesize 
and release proteolytic enzymes necessary for matrix 
resorption?®1!, Such a change would require the synthesis 
of new RNA, stimulated either directly by PTH or in- 
directly as a result of the movement of calcium within the 
cell. 


Thyrocalcitonin inhibited the effect of PTH on the 
release of calcium and prevented the stimulation of the 
incorporation of uridine detected at 6-9 h in cultures 
treated with PTH. These results together with the 
previous observation that thyrocaloitonin can inhibit the 
resorption of bone in the absence of PTH suggest that 
thyrocalcitonin has a separate direct action on bone- 
resorbing cells possibly at a step preceding the PTH- 
sensitive step. When the effects of PTH on the release of 
calcium were blocked by thyrocalcitonin, PTH could 
apparently still inhibit the synthesis of RNA but could 
not stimulate it. This supports the concept that PTH 
directly inhibits the synthesis of RNA in osteoblasts, 
but acts indirectly through calcium translocation to 
stimulate bone resorbing cells. The possibility that the 
translocation of calcium in the nucleus acts ag the inducer 
for the synthesis of new RNA has recently been suggested 
as a mechanism for the effect of vitamin D on the transport 
of calcium ions in the intestine’. 

We thank James E. O’Brien and Lawrence Marcus for 
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Uptake of Large Molecular Weight 
Radioactive RNA by Protoplasts of 
Saccharomyces carlsbergensis 


Ix an attempt to demonstrate the presence and the biologi- 
cal activity of a specific («-glucosidase-) messenger RNA 
in yeast RNA preparations, the conditions in which 
macromolecular RNA could be taken up by the intact 
yeast protoplast were investigated. No pinocytosis in 
yeast cells has yet been reported’; in the yeast cytoplasmic 
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membrane, however, invaginations and vesicles—in other 
organisms these are thought to be the organelles respon- 
sible for pinocytosis--have been observed*~*. In order to 
study both uptake and biological activity, an RNA pre- 
paration isolated from protoplasts of Saccharomyces carls- 
bergensts, in which the enzyme «-glucosidase had been 
induced’, was added to non-induced protoplasts. 

It was impossible to demonstrate any biological activity 
as an increase in the specific a-glucosidase activity 
in the protoplasts; in introductory experiments, however, 
uptake of radioactive high molecular weight RNA could 
be determined. Rather unexpectedly, the course of this 
uptake as a function of the incubation time showed the 
shape of a damped oscillation, a reproducible phenomenon. 
which we cannot explain. This phenomenon 1s the subject 
of this communication. 

Protoplasts of Saccharomyces carlsbergensis were pre- 
pared according to the method of Eddy et al.*. For the 
wolation of high molecular weight RNA. labelled with 
carbon-14, the protoplasts were incubated for 3 h with 
uracil labelled with carbon-14. Subsequently, the RNA 
was extracted by the phenol method’, concentrated by 
ethanol precipitation and fractionated by (5 per cent to 
20 per cent) sucrose density gradient centrifugation in an 
SW 25 rotor of a ‘Spinco’ model L preparative ultracentri- 
fuge. The fractions of the gradient containing RNA witha 
sedimentation coefficient of 145 or more and, consequently, 
with a molecular weight of 560,000 or more’, were collected 
and concentrated by evaporation in vacuum. Thus, in a 
typical experiment, a large molecular weight RNA pre- 
paration with a specific radioactivity of 0-3 uc./mg was 
obtained. 

Fig. 1 shows the course of the uptake of labelled RNA 
thus obtained at 30° © with the incubation time in two 
separate but identical experiments: it has the shape ofa 
damped oscillation with a period of about 7 min. Appar- 
ently depending on the quality of the protoplast prepara- 
tion used, the amount of labelled RNA which had entered 
the protoplasts when the first and highest maximum of 
the oscillation was reached varied from one experiment to 
another. In a number of experiments, from 0-1 per cent 
to 1 per cent of the totel added labelled RNA was shown 
to be taken up. The shape of the time course of its uptake 


Radioactivity (myoc.) 
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Incubation time (min) 


Fig. 1. The uptake at 30° C of large molecular weight labelled RNA by 
yeast protoplasts, A suspension of protoplasts, containing 10 mg of yeast 
protein, was preincubated for 80 at 80° Cin 3 6 ml. of medium con- 
tainin «| 08mg of glucose, 1 mg of casein hydrolysate; 30 «moles 
of potassium-sodium~phosphate buffer, pH 6 2; 3 «moles of magnesium 
ebloride, and 120 mg of mannitol (for wsotonicity), as well as 0 25 «moles 
each of unlabelled uracil and unlabelled 2’-, 3’- and 5’-urldylio acid (to 
revent incorporation of traces of any radioactive degradation product 
the labelled-RNA preparation). At zero tıme, 6 mg of large molecu- 
lar weight labelled RNA, dissolved in 18 ml. of tho same incubation 
medium, was added, At the times indicated, 0 15 ml. of samples were 
chilled and added to a six-fold amount of protoplasts as a carrier, suspen- 
ded in 1 ml. of cold phoaphate buffer containing 12 mg of mannitol and 
10 mg of unlabelled yeast BNA. The pellet was resuspended in 5 per cent 
trichloroaceticacid. The resulting precipitates were washed successively 
in & per cent trichloroacetic acid and acetone, dissolved ın 08 per cent 
formic acid, dried on planchets and counted with a Philips Geiger~ 
Muller counter. The results of two identical experiments are presented 
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Fig. 2 The uptake of large molecular slat UC-RNA vy yeast proto- 
plasts at 20° o. The incubation was Pe ‘ormed at 20° C. for further 
experimental detalls see the legend of Fig. 1. 


and the period of the observed oscillations, however, were 
reproducible and dependent on the incubation temperature 
only. Fig. 2 shows the result of a similar experiment, 
carried out at 20° C. At this temperature the oscillation 
has a period of about 15 min. 

The mechanism underlying the observed kinetic data 
of RNA-uptake is not yet understood, but the phenomenon 
goams interesting enough to be reported. Furthermore, 
it ia tempting to compare our results with those of Stuy®, 
who investigated the fate of transforming DNA in Haemo- 
philus influenzae: within 1 or 2 min transforming DNA 
penetrates into the bacteria without bemg degraded. 
During the following 10 min of incubation 75 per cent 
of the penetrated DNA is depolymerized. In this case, 
too, the molecular mechanism underlying the experi- 
mental data is not yet known. 
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Nicotinamide-Adenine Dinucleotide-linked 
Form of Lactic Dehydrogenase of the 
Symbionts and Fat Bodies of a Cockroach 


ALTHOUGH lactic dehydrogenase is an enzyme which 1s 
to be found in the tissues of most animals, it 1s present m 
only low concentrations m those of insects. When 
Ludwig and Barsa! investigated the nicotinamide— 
adenine dinucleotide (NAD)-linked form of the enzyme 
in homogenates of the mealworm Tenebrio molitor they 
found it to be present in low concentrations, as also did 
Prota? in the haemolymph of the same insect. Since 
Pierre*-* demonstrated that the symbionts and fat bodies 
of the cockroach Leucophaea maderae are the source of 
enzyme systems, the purpose of the present investigation 
was to determine whether or not the NAD-linked form of 
lactio dehydrogenase could be detected in the symbionts 
or the fat bodies of the same cockroach. 

The cockroaches used were reared according to the 
method devised by Pierre*, and the symbionts used in 
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experiments were isolated and cultivated according to the 
methods of Begg and Sang*, Pant, Nayar and Gupta’ and 
Pierre**. Homogenates were prepared from 1 g of the 
symbionts (48 h old cultures) grown on Neurospora agar, 
and from identical weights of fat bodies excised from 
normal and aposymbiotic adult and nymphal insects 
(sixth to eighth instars). The materials were homogen- 
ized manually in a tissue grinder for 5 min with 2 ml. 
of 0-03 molar phosphate buffer at pH 7-4. Appropriate 
amounts of the same buffer were added to the homogenates 
to make a 3-3 per cent concentration, and then they were 
immersed in a constant temperature water bath at 30° © 
for 30 min to oxidize the endogenous substrate. Two milli- 
litres of 0-2 per cent NAD was always added to the homo- 
genates before incubation in order to enhance the activity 
of the enzyme if the latter was present. At the end of 
incubation, the homogenates were removed from the bath 
and assayed for the activity of the enzyme. 

A. spectrophotometric assay of the NAD-lnked form of 
lactic dehydrogenase activity was performed with the 
Beckman DU gpectrophotometer at a wavelength of 340 
my according to the method of Prota’. The instrument 
was set ab zero optical density with 3 ml. of 0-03 molar 
phosphate buffer at pH 7-4, and the reaction cuvettes 
contained the following: 1 ml. of 0:25 molar sodium 
lactate (substrate); 1:6 ml. of 0:03 molar phosphate 
buffer at pH 7:4; 0-2 ml. of 0-2 per cent NAD; and 
0-2 ml. of homogenate. Recordings were made at zero 
tıme and then at 1 min intervals for a period of 5 min. 
Because slight changes in the optical density of the reaction 
mixtures were observed during this period, further readings 
were performed at I min intervals for a period of 30 min. 
The enzyme activity was then expressed as the changes 
in optical density which occurred between readings at 
zero time and at the end of 5 min because no further 
change in density occurred after the initial 5 min. Fifty 
determinations were performed with each homogenate 
made from all the materials used. This necessitated the 
use of different individual insects for each new trial, as 
well as fresh 48 h old cultures of the symbionts. 

Despite the importance of lactic dehydrogenase in the 
glycolytic cycle, it was somewhat puzzling that the NAD- 
linked form could not be detected in tthe fat bodies of 
normal adults or nymphal insects. Although insignificant, 
repeated tmals showed, however, that the activities 
present in the materials of corresponding aposymbuotic 
cockroaches of L. maderae and those of the symbionts 
were 0-008, 0-009 and 0:005, respectively. These results 
are the averages of all the recognizable changes which 
occurred between recordings made at zero time and at 
the end of the first 5 min, after which no further changes 
were observed. The average results of the initial and 
final readings obtained with the materials of the aposym- 
biotic adults were 0-024 and 0-016, respectively. Corre- 
sponding readings for the materials of the aposymbiotio 
nymphs were 0-080 and 0-071, respectively. The materials 
of the symbionts showed respective resulta of 0-342 and 
0-337. These results which represent recordings made 
with the materials of fifty individual insects of each type, 
and the same number of fresh oultures of the symbionts, 
evidenced such slight changes in the optical densities of 
the reaction mixtures that it was difficult to express 
them graphically. The precision of the instrument 
revealed, however, that the slight though msignificant 
concentrations of the enzyme were almost the same in 
aposymbiotic fat bodies, and that the symbionts play no 
part in its activity in the fat bodies. No explanation can 
be offered at this time for the failure to detect this form 
of lactic dehydrogenase in the tissues of normal ınsects, 
except to speculate that a masking or inhibitory effect 
could have been responsible. 

The absence of the NAD-linked form of lactic dehydro- 
genase from the fat bodies of normal insects, the insignifi- 
cant concentrations of the enzyme in corresponding 
aposymbuiotic fat bodies, and the materials of the sym- 
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bionts seem to support the contentions of Zebe and 
McShen® that the continual presence of oxygen in the 
tissues of insects tends to prevent the accumulation of 
lactate. Thus there would be little need for lactio 
dehydrogenase. Furthermore, two experiments conducted 
in this laboratory with the fat bodies and symbionts of 
the same cockroach appear to uphold the findings of 
these authora: (1) Tarver’ has demonstrated that the 
activity of the malic dehydrogenase of the fat bodies is 
confined to the action of symbionts only; (2) Dubowsky?® 
has shown that the malic enzyme of the tissues is produced 
solely by the fat bodies. It would seem then that when 
pyruvate is reversibly formed from malate through the 
agency of the malic enzyme produced by the fat bodies, 
the re-formed substrate is ın turn converted to oxalacetate 
by the malic dehydrogenase elaborated by the action 
of the symbionts. Thus lactic dehydrogenase would 
scarcely be present in the tissues because lactate would 
not be formed in the reaction. 
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Effect of X-irradiation on the Synthesis 
and Composition of Pulse-iabelled RNA 
of the Liver of the Rat Foetus 


Wa have shown, in unpublished work, that when rat 
embryos are irradiated on the ninth day of embryonic 
development, or during early organogenesis', the growth 
rate of the liver decreased between the fifteenth and 
twenty-first days of embryogenesis. The slower growth 
of liver at this stage of development is followed by a 
decrease of nucleic acids and protein contents. 

We have investigated the effect of irradiation on the 
synthesis and base composition of the pulse-labelled RNA 
in rat foetuses (fifteenth day of embryogenesis) which 
were irradiated on the ninth day of embryonic develop- 
ment. This RNA fraction has been chosen. because it is 
a direct product of DNA transcription and it is composed 
of mRNA and rRNA precursors. Furthermore, these two 
fractions are essential for the synthesis of protein. We 
based this investigation on the assumption that any 
damage induced by irradiation in the DNA structure 
would be transcribed into pulse-labelled RNA and trans- 
lated to the composition of the protein molecules. 

The rat embryos were irradiated on the ninth day 
of embryogenesis with 100 r. of X-rays by two different 
methods: (a) by exposing the mother to whole body 
irradiation; (b) by local irradiation of only one uterine 
horn according to ref. 2. The metabolism of the pulse 
labelled RNA was investigated by injecting phosphorus-32 
into the peritoneum of a pregnant female rat. The RNA 
was isolated by the method of Sherrer and Darnell? and 
analysed in an ultracentmfuge on a sucrose density gra- 
dient‘. The nucleotide composition of the pulse-labelled 
RNA was determined by the distribution of 2’ and 3’ 
nucleotide-phosphorus-32 separated by paper electro- 
phoresis’. 

Fig. 1 shows a sedimentation pattern of RNA extracted 
from livers of unirradiated (A) and irradiated foetuses (B) 
15 days old. In this experiment the embryos were irradi- 
ated together with their mothers. The labelling of RNA 
with phosphorus-32 lasted for 30 min. The specific 
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activity of RNA isolated from the livers of unirradiated 
embryos was 9,600 c.p.m./mg of RNA, and of the liver of 
irradiated foetuses was 22,200 c.p.m./mg, respectively. 
Fig. 1 also shows that the incorporation of phosphorus-32 
is higher in all the fractions of the liver of irradiated 
foetuses (B). The most labelled RNA fractions are those 
sedimenting ın the region 368-458 and which contain 
both mRNA and the ribosomal RNA precursor. 

To eliminate the possibilty that these post-irradia- 
tion changes in the metabolism of RNA resulted from 
different metabolic activities of the liver RNA in two 
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Hig. 1. The sedimentation pattern of pulse-labelled ribonucleic acid 

(RNA) from Livers of rat foetuses. The embryos were ut. together 

with ther mothers; the he labelling of RNA with phosphorus-82 lasted for 

80 min. Gradient : er cent to 4 per cent sucrose; 6 x 10 moles 

magnesium 1005; 4 fe of centrifugation at 30,000 r.p.m. (4) Control; 
(B) BNA from hver of irradiated foetuses 


separate litters of foetuses, we compared the effects of 
irradiation on the embryos locally exposed to X-rays. 
The procedure was such that there were both irradiated 
and unirradiated embryos in the same litter. 

Fig. 2 shows a sedimentation pattern analysis of the 
liver RNAs of unirradiated and locally irradiated foetuses 
on the fifteenth day. The labelling of RNA with phos- 
phorus-32 lasted for 40 min, and the specific activity of the 
isolated liver RNAs of unirradiated and irradiated foetuses 
was 58,900 op.m./mg and 82,500 c.p.m./mg of RNA, 
respectively. Fig. 2B shows that the liver RNA fractions 
of irradiated foetuses of larger molecular weights (35S 
458) are labelled much more than the 45-185 fractions 
when compared with the corresponding RNA control frac- 
tions (Fig. 24). These results indicate that the meta- 
bolism of the pulse-labelled liver RNA of foetuses was 
disturbed in conditions of both local and whole-body 
irradiation. 

The metabolic RNA may be disturbed after irradiation 
either because the rate of synthesis of pulse-labelled RNA 
18 increased or because the transformation of the precursor 
rRNA into 285 and 18S ribosomal RNA fractions is 


depressed, as a result of the abnormal composition of the’ 


rRNA precursor. In order to analyse the problem in 
greater detail we analysed the composition of the total 
pulse-labelled RNA by electrophoresis of nucleotides 
labelled with phosphorus-32, The results are shown in 
Table 1. 

The alteration in nucleotide composition as judged 
Table 1. DISTRIBUTION OF PHOSPHORUS-82 IN THE LIVER RNA NUCLEOTIDES 
OF UNIRRADIATED AND LOCALLY IRRADIATRD FOBTUSES 15 DAYS OLD 

Molar base ratios 


Nucleotide (è) r co] I 
o 27-1 36-0 261 813 
A 190 147 18-0 161 
G 28:0 20-1 805 84 6 
U 26-2 20-5 251 17 9 
G+0/A+U 1-22 1 85 181 1-98 
(I) 40 min labelling with phosphorus-31; (II) 60 mun labelling with phos- 


horus-32 
p Cc, Gytidylie acid; A,adenylic actd; G, guanylic acid, and U, uridylic acid. 
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2. The sedimentation pattern of pulsa-labelled rmbonneleic acid 

Gad) from liver of rat foetuses The embryos wore beatae! irradiated , 

ho labelling with phosphorus-32 erat K for 40 radient: 20 

per cent to 4 per cent sucrose, 6 x 10-4 mi 
trifugation at 39,000 r.p.m, (A) Control; (B) RI 
liver foetuses, 
by the distribution of phosphorus-32 between nucleotides 
in pulge-labelled RNA from liver of irradiated foetuses is 
manifested in an increase in the contents of cytidylic 
and guanylic acid while the contents of adenylic and 
uridyle acids decrease in comparison with the controls. 

The pulse-labelling involves the labelling of the pre- 
cursors of rRNA in addition to those of mRNA; it 1s not 
clear which of the RNA fraction undergoes changes 
by irradiation. The C+@Q/A+U ratio, which is greater 
for the RNA isolated from the livers of irradiated foetuses, 
suggests a change m the composition of the rRNA 
rather than in mRNA. Similar changes, that is, the 
reduction in the uridylic acid content, were observed by 
Petrovic’ in the postmicrosomal RNA fraction and the 
RNA obtained from the nucleus (M, and N, fractions) 
in the liver of adult rats 4 and 20 h after irradiation with 
850 r. of X-rays. The properties of these fractions are 
similar to those of the rRNA precursor as judged meta- 
bolically. Similar were observed by Hudnik 
et al.’ in bacteria which had been exposed to X-rays. 
Immediately on irradiation with X-rays the radioactivity 
in the heavy RNA fractions of bacteria increased. In the 
pulse-chase experiments it was shown (unpublished work 
of T. Hudnik-Plevnik) that the rate of transformation of 
the precursor rRNA into the stable ribosomal RNA 
(23S and 168) decreased immediately after irradiation. 
The molar ratios of nucleotides of the total pulse-labelled 
RNA were also altered after irradiation. 

These preliminary results suggest that after X-irradia- 
tion the transformation of the precursor rRNA into 
a stable fraction of rRNA is disturbed, that i is, the trans- 
formation of preribosomes into ribosomes is probably 
disturbed. 

We thank Mrs. Nadežda Djordjevii for technical 
assistance. This investigation was supported by a grant 
from the Yugoslav Federal Research Fund. 
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Incorporation of Exogenous (Phage) DNA 
into Amphibian Oocytes 


Dawip'? has identified cytoplasmic DNA in amphibian 
eggs as mitochondrial DNA. This, however, does not 
comprise all the cytoplasmic DNA one can find in 
amphibian eggs. There is an important acid-soluble 
fraction with unknown biological function and cytological 
origin®\*, Leaving aside the biosynthesis of mitochondrial 
DNA, one wonders whether amphibian egg cytoplasmic 
DNA is synthesized de novo. In insect eggs, the DNA 
found in the ooplasm comes partly from the nurse cells 
which are disintegrated and incorporated into the ooplasm 
during oogenesis*-?. A similar phenomenon has not been 
observed in amphibian eggs, where the follicle cells only 
form a thin layer of flat cells around the oocyte. On the 
other hand, the amphibian oocytes are equipped with 
microvilli connecting the egg cortex with the surrounding 
follicle cells®*, This suggests that the ingestion of foreign 
macromolecules occurs by pinocytosis. 

In order to investigate this possibility, we have treated 
Triton oocytes with 4C-DNA (phage) in vivo and followed 
its Incorporation by autoradiography. Phage DNA, 
randomly labelled with carbon-14, was given by Schwarz. 
The radioactive DNA had a specific activity of 1-34 pe./ 
mg and appeared as slightly yellowish fibres, It was first 
dissolved in N/5 saline-citrate (0-15 molar sodium chloride, 
0-015 molar sodium citrate, pH 7-4) by continuous stirring 
in the cold room. When the DNA was completely dissolved 
an excess of cold absolute alcohol was added to the 
solution which was left overnight in the cold room. The 
precipitated radioactive DNA was recovered by centri- 
fugation and redissolved in physiological saline. A quan- 
tity equal to 5 ue. of labelled DNA was injected intra- 
peritoneally into a female Triton. The animal was killed 
24 h later. The ovaries were removed and prepared for 
autoradiography according to the procedure of Fieq?!, 

Young oocytes, particularly before the onset of vitello- 
genesis, show considerable radioactivity. The site of 
incorporation is mainly limited to their germinal vesicles. 
Follicle cells are labelled randomly, whether they are 
associated with large or small oocytes. Radioactivity 
in the germinal vesicle can still be observed in mature 
oocytes reaching the end of vitellogenesis, but they are 
much less radioactive than the young oocytes. 

A wash with 0-5 normal perchloric acid at 0° C removes 
a great part of the nuclear radioactivity. Treatment by 
DNase or RNase removes about half of the total radio- 
activity; but none of these treatments can remove it 
completely. 

The incorporation of exogenous DNA by living cells 
has been reviewed by Ledoux". Of particular interest 
are the results of Kay! and Meizel and Kay, who 
showed that ascites tumour cells in suspension ean ingest 





Fig. 1. 


Incorporation of “C-DNA (phage) into Triton oocytes. 
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homologous DNA without previous degradation. The 
ingested DNA becomes part of the nuclear chromatin. . 
The incorporation that we observed could be “more 
comprehensible if the phage DNA was subjected to 
degradation before it was incorporated into the oocytes. 
Denatured DNA is more extensively degraded into an 
acid-soluble state by the ascites tumour cell homogenates", 
or after it has been ingested into the host cell. We do 
not know to what degree the phase DNA we used was 
denatured. We also ignored the activity of DNase in the 
lymphatic fluid or blood of amphibians. According to 
Bendich'* tumour-inducing polyoma virus, after being 
injected intraperitoneally into mice, can be recovered 
in the blood in a biologically active form. ae Cor 

A similar experiment was performed by one of us 
(A. F.) some years ago. It was observed that phage 
DNA labelled with carbon-14 was incorporated into the 
germinal vesicle of amphibian oocytes and follicle: cells, 
It was further noticed that after centrifugation of the 
whole oocyte, the nuclear radioactivity sedimented ‘inside 
the germinal vesicle, indicating that the exogenous DNA 
was bound to the lampbrush chromosomes. Other work 
in this laboratory has shown that "H-DNA from E. coli, 
when micro-injeeted into one of the two first blastorneres 
of Pleurodeles embryo, can be incorporated into the 
nueleus and later distributed between the daughter 
nuclei (Sempinska, unpublished results). There ig’ some 
biophysical evidence to indicate that part of the ineor- 
porated DNA remains in a high molecular form. 

This work was supported by Euratom. 
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lodine Contents of Normal Human Eye 
Tissues 


Tue iodine content in normal human eye tissues. is: of 
interest not only because it gives knowledge of chemical 
parameters in the living organism but also because thyro- 
tropic oculopathy is related to iodine metabolism. There 
have been no data available on the iodine content in the 
eye tissues, and we have therefore undertaken the present 
investigation. 

Five post-mortem enucleated adult normal eyes, were 
used as donors for corneal grafts for iodine analysis. 
The eye was dissected by a technique similar to that of- 
Azevedo and De Jorge'. After determination of the fresh 
weight, the tissues were dried overnight in an electric 
oven at 95° C, and thus the dry weight was determined 
The total iodine content of the tissues was determine 
by the method of Bird and Jackson*. The resul 
fresh and dry tissues (ug of iodine/100 g of tiss 
summarized in Table 1, pen = 

The iodine content of the scleral tissues, is very small 
and that of the uvea is the greatest dggsthe ocular tissues, 
The value found inthe aqueous humour corresponds to- 
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‘Tissues +8. Range Mean Range 
Optic nerve 0-48 : 26-08 206- 27-4 
Lens 0-62 10 43°86 4-2 
Uvea 138 
Cornea 075 
Solera O47 
Vitreous humour O31 A, 
Conjunctiva 1-68 17- 730- 7 
Orbicular muscle 0-98 2i 94o- 95-6 
Orbitary fat 1-56 24-38-2860 REO Rp2 
Aqueous humour 032 30- PA 


that iodine which is not bound to protein in the blood 
serum. The orbitary fat contains an appreciable amount 
ofiodine. Azevedo and De Jorge! had found high contents 
of mineral elements, especially sodium, phosphorus and 
copper, in the orbitary fat, and these findings may suggest 
some physiological function of this fat in the mineral 
exchange of the eye. 
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Synthesis of Methyl Groups catalysed by 
Vitamin Bix in vitro 


Tur use of Raney metal catalysts for the reductive methy- 
lation of amines with formaldehyde and hydrogen is 
well known!. We wish to report that this reaction is also 
catalysed by vitamin Bis in vitro, and thus is potentially 
of biochemical importance. For example, a 1: 1 mixture 
of aniline and formaldehyde in methanol and water 
absorbs hydrogen at room temperature and 1 atm. of 
pressure if a solution of vitamin B,» is added. N-methyl- 
aniline is formed in significant yield (1). 


R Na? SY 
| $ CH0 e | (imamin h o 
H CH,OH 


reduction 
a) 


CH, 


Bis-dimethylglyoximato cobalt (LI) complexes such as 
Co(D.H,)-2H,0 (‘Diaquocobaloxime (IL)? (D = dianion 
of dimethylglyoxime) which may be regarded as simple 
models of vitamin Bia were similarly found to be cataly- 
tically active. Aniline could also be substituted by 
N-methylaniline which was converted to N,N-dimethyl- 
aniline under analogous conditions. In order to isolate or 
detect intermediates of this reaction, the reductive 
alkylation of aniline was also carried out using stoichio- 
metric amounts of the reactants. When 0-4 moles of 
aniline and 0-25 moles of formaldehyde (in 40 per cent 
aqueous solution) were added to a suspension of 0-20 
moles of Co(D,H,):2H,0 in 11. of methanol under 1 atm. 
of hydrogen, 0-1 mole of hydrogen was rapidly absorbed 
on stirring and the cobaloxime dissolved completely, On 
addition of 1 1. of water a crystalline complex precipitated 
in a yield of 94 per cont, which was dissolved in methanol 
and reprecipitated by adding water. After drying at 0-1 
mm of mercury 25° C it analysed for CyyH.yN,O,Co H0. 
corresponding to 


C,H,NH—-CH,--Co(D,H.)'NH ,-—C, Hs HO 


The complex decomposed in mineral acid to Cott. 
dimethylglyoxime 
N-methylar: 
solution meth 







heating to 100° C in pyridine 


vane and aniline were formed. With 


aniline, formaldehyde and traces of 


mercaptans such as CH,SH, methylaniline was formed 
in an amount near to the expected stoichiometric quantity. 
This suggested the presence of a Co—-C bond, sinee sub- 
stituted alkylcobaloximes (and -cobalamins) are usually 
cleaved under reducing conditions’, The complex 
cannot be isolated if the cobaloxime is employed in cataly- 
tic amounts, because the reductive cleavage of the Co—C 
bond readily occurs with molecular hydrogen in the 
presence of cobaloxime (II) as the electron transfer 
catalyst; it thus may be regarded as a reactive inter- 
mediate in the catalytic reductive methylation (2): 


C,H, CH; 
| 
C,H, C,H, NH a 
dm aya L0 bn, M, on, 
4 (Co) | y 
-+ CH, =0 H,OH (Co) (Cov) 


(Co), abbreviation for cobaloxime 


(2) 


Under essentially identical conditions methylthioethers 
were obtained from thiols, formaldehyde, and vitamin By, 
or the cobaloximes as the catalysts of the reduction. It is 
still not known whether these reactions also occur in vivo. 
A vitamin B,, requirement for the reductase converting 
5,10 - methylene - tetrahydrofolate into 5 - methyl - tetra- 
hydrofolate has not yet been established. It is conceivable, 
however, that vitamin Bı, may promote the de novo 
synthesis of 5-methyl-tetrahydrofolate in connexion with 
the enzymatic methionine formation. Even if the actual 
reductase should prove B,, independent, the cobinamide 
containing enzyme could serve as an auxiliary system. 
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Pitfalls in Electron Spin Resonance 
Spectrometry in Biological Tissues 


We have been following with interest the papers cor- 
cerning electron spin resonance (ESR) signals in biological 
materials published by various workers in the USSR,. 
the United Kingdom, and the United States'-*. Since the 
published results in selected normal and tumorous tis 
sues conflict in reporting the presence or absence of an 
ESR signal at about 2-004 g, we investigated several of the 
variables in the detection of the signal and its amplitude: 
We feel it is important for workers in the biological and 
pathological field to follow standard procedures and to be 
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aware of simple factors which affect the ESR signals but 
have not as yet appeared in print. With proper technique 
it may be possible to obtain signals from every type of 
tissue. 
‘Pew reports give any detailed account of methods of 
specimen collection, preparation, or time lapse before 
actually reading in the ESR spectrometer. The time 
interval between killing or biopsy and its freezing in 
liquid nitrogen is important, In a clocked experiment, a 
© 220 g CFN female albino rat was killed by cervical 
fracture. Samples of liver, kidney, and heart muscle 
were obtained at 2, 30 and 60 min. All tissues were lyo- 
--philized, stored at room temperature for less than 3 days 
_ in 4mm sealed ‘Pyrex’ tubes and read on a Varian ‘X-band’ 
spectrometer at room temperature. The amplitude and 
configuration of the signal from the liver (see illustration) 
__ and kidney at 2 and 30 min differed somewhat in amplitude 
“awhile the 60 min sample showed a marked decrease in 
-; amplitude. One lyophilized liver sample was stored at 
room temperature in a sealed air filled tube, and at its 
second run 2-5 weeks later there was severe loss of ampli- 
tude, the signal barely being perceptible. Thus investi- 
gators should make note of the exact time intervals between 
¿= collection and freezing, especially for those specimens 
obtained at surgery or autopsy. 
Signals have been obtained in (listed in order of de- 
/ ereasing amplitude) liver, kidney, thymus, heart muscle, 
skin, spleen, Walker rat sarcoma, lymph node, lung and 
lens. No signals were obtained from skeletal muscle, 
“ovary, vagina, bone, cerebrum or cerebellum, but these 
tissues were extremely small samples and there was a 
_ © question of incomplete lyophilization. Standardization 
_ of lyophilization to a reproducible end point, such as 
0-01 mm of mercury, or a fine dry powder, should be done. 
Different tissues are completely lyophilized in different 
time intervals, for example, liver by 24 h, lymph node and 


Variation in ESR Liver Signal 
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Fig. L Influence of time interval between killing of rat and freezing of 
tissue by liquid nitrogen, 





493. 


skin over 72 h and bone over two weeks’. Moisture is ‘of 
paramount importance in suppressing the ESR signal. 
Another example of this is a specimen of liver placed in 
a ‘Pyrex’ ESR tube which was moist. Diminished signal 
which faded within 20 min was obtained from this liver 
aliquot, whereas a tracing of usual amplitude was obtained. 
from its replicate in a dry tube. Attempts at refreezing 
lyophilized samples previously stored at room temperatures 
for BSR spectra at 77° K resulted in no signals, presumably: 
from condensation of moisture around the sample. 
Intervals between collection, freezing, lyophilization, 
and spectrometry plus storage methods should there. 
fore be stated in reporting and quantitating ESR spectra. 
We are pursuing our evaluation of other variables. ‘Buch: 
standardization in technique is necessary in comparing 
results, which may then lead to conceptual speculation. 
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IMMUNOLOGY 


Vaccinia Virus Antigen in the Lymphoid 
System of White Rats 


Some viral infections (smallpox, measles, parotitis, yellow 
fever, poliomyelitis and others) produce solid immunity! 
accompanied by the formation of durable virus neutral- 
izing antibodies*-§, 

Our previous experiments showed® that rats, after a 
single subcutaneous immunization with vaccinia virus, 
produced antibody for about a year and that the main 
sites of antibody production were the regional lymph 
nodes. Because biologically active virus was present in 
the regional lymph nodes only for the first 5-6 days after 
immunization, it seemed of interest to find the source of 
antigenic information of antibody production at later 
intervals. For this purpose we used the immunofluor: 
escence technique which proved useful in numerous 
studies on the detection of various antigens?~!9, 

Freeze-dried smallpox vaccine diluted in physiological 
saline was used as the antigen. Random bred white rats 
weighing 150-200 g were immunized subcutaneously in 
both footpads of hind legs with 0-2 ml. of the virus into 
each site, the amount of the virus containing 9:2 x* 
10° px.u./ml. At various intervals after immunization 
(1-10 days, 21, 30, 60 days, 15 and 18 months) 2-4 rats 
were killed. Their blood serum was titrated for virus 
neutralizing antibody in chick embryos according to the 
method of Boulter™. 

The presence of the antigen in regional (popliteal) and 
remote (axillary) lymph nodes and the spleen was determ- 
ined by the direet Coons method. Paraffin sections of 
these organs 3-5y thick were prepared according to the 
method of Sainte-Marie’ and stained with fluorescent 
serum (bovine antismallpox gamma-globulin with virüs- 
neutralizing antibody titres of 1: 2,560). This gamma- 
globulin was conjugated with national isothiocyanate and 
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stain in columns with 
The working dilution of the serum 


purified from unconjugated 
‘Sephadex DEAE’. 
was 1; 40. 

Preparations (at least fifty sections of each organ) were 
examined in a luminescent microscope ‘\/L-2’ in falling 
blue light (‘Lamp DRSh-250’). 

For control we used the absence of fluorescence in 
tissues of normal rats, the absence of fluorescence in 
tissues of immune rats treated with labelled heterologous 
sera, and the absence of fluorescence in tissues of 
immunized with heterologous antigen. 

In sections of regional lymph nodes of immune rats 
single cells with specific fluorescence were first found 2 
days after inoculation (1-2 cells/3—4 sections). Then the 
number of antigen-containing cells increased and reached a 
maximum 5-30 days after immunization (20-40 cells/ 
10,000/15,000 cells of a section). Two months later the 
number of cells containing antigen decreased again. 
Occasional cells with specific fluorescence were, however, 


rats 


Figs. 1-6. The presence of vaccinia antigen in different cells of lymphatic nodes, ‘ ; 
after immunization—the group of cells containing antigen; (2), 2 days after immunization—reticular cell; (3), 5 days after immunization— 


blast cell; (4), 30 days after immunization 
immunization 


immature plasmocyte; (5), 30 days after immunization 
mature plasmocyte. 
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found 15 months after immunization (on the average, 
one cell/7-10 sections). 

It should be mentioned that cells containing antigen 
were distributed most unevenly in different sections of 
one lymph node; the greatest numbers were found in 
sections from lymph node ports where they were found 
in groups. 

Cells containing antigen were characterized by intensive 
green fluorescence of the cytoplasm. In some cells fluor- 
escence of the cytoplasm was diffuse, in others discrete ; 
sometimes brighter, more rounded forms were seen in the 
perinuclear zone against the background of fluoreseing 
cytoplasm. 

Two days after immunization about 50 per cent of the 
cells containing antigen were reticular and the remaining 
50 per cent were blasts and immature plasma cells. By 
4-5 days the cell composition changed so that the main 
mass of cells containing antigen was composed of immature 
plasma cells, despite the high proportion of reticular cells 





Stained by direct fluorescent antibody method. (1), 5 days 


mature plasmocyte; (6), 15 months after 
(= 720.) 
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and blasts (up to 20 per cent). -Reticular cells were found 
isolated. and mostly in groups in sinuses; plasma cells 
re detected mainly in the medullar layer of the lymph 
ode. 
-After 10 days fluorescence was observed in sections 
nainly in immature and mature plasma cells although 
antigen could be found in occasional reticular cells, blasts 
o and lymphocytes. In axillary lymph nodes the antigen 
“was only found in occasional plasma cells 7 days after 
immunization. Single antigen-containing cells were found 
sections of the spleen (16-60 days after immunization). 
We could not establish a strong parallelism between 
tres of virus neutralizing antibody in the blood sera of 
amune rats and the numbers of cells containing antigen 
sections of lymph nodes. 
The possibility of persistence of different antigens in 
nimal tissues was previously shown by some workers", 
ur evidence also indicates the possibility that vaccinia 
irus antigen persists in the lymphoid system of immune 
nimals. There appears to be some connexion between 
prolonged presence of antigen in the lymphoid system 
and between prolonged antibody production. On the 
“other hand, the persisting antigen may create non-sterile 
“Immunity. 
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- Antilipoprotein Nuoro Serum (C.P.) and its 
Relation to Sera C. de B. and L.L. 


Since the original observation by Mariet that sera from 
poly-transfused subjects can cause precipitate formation 
with some but not all human sera, several isoprecipitin 
sera with various specificities have been discovered. The 
“first reagent to be more closely investigated was serum 
©. de B. found by Allison and Blumberg*, This antiserum 
was originally denoted anti-Ag (a+) and sera reacting 
positively with this serum were regarded as being Ag (a +). 
One of us (J.H.), however, showed that serum C. de B. 
is a mixture of at least three physically separable anti- 
bodies? and the notation anti-a,, anti-x and anti-z was 
adopted for these three antibodies*:*, Thus sera which 


previously had been regarded as Ag (a+) could be any of 


seven different combinations of the three antigens a, 
om and z. 
Another isoprecipitin serum was also discovered (serum 
Li) which had only the anti-x specificity’. Further 
restigations have revealed that the majority of iso- 
recipitin sera with so-called “different specificities” 
„represent various combinations of the three antibodies 
-anti-a,, anti-x and anti-z*, 
: The present communication deals with the finding by 
cone of us (L.C.) of a new isoprecipitin serum (serum C.P.) 
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and its relation to the three above-mentioned antibodies’. _ 
This antiserum reacts positively with 89-6 per cent a | 
Italian sera (testing performed by L.C.) and 92-4 per cent 
of Swedish sera (testing performed by J.H. ) The method 
used in the tests on Swedish sera has been given elsewhere’. 
In Table 1, the relations between C.P. and antiserum. 
C. de B. are given as found on Italian and Swedish sera, 
Table 1 shows that there is a significant. association 
between antiserum C. de B. and antiserum G.P. for th 
Swedish material because all C.P. negative sera a 
C. de B. positive. This association does not occur 
Italian material. It is also seen that the. frequ 
C. de B. positive samples is smaller in the Italian 
(55-3 per cent) than in the Swedish material (6 
cent), These discrepancies may thus be cause 
determination of some C. de B. positive samples 
Italian material as ©. de B. negative, particularly if C.P. 
negative but C. de B. positive samples could more easily 
be interpreted as C. de B. negative. Sub-typing of sera’ 
which were C. de B. positive revealed that the majority of. 
C.P. negative samples (fifteen out of sixteen) were found 
in the group of C. de B. ae sera which are denoted : 
Ag (a, +x +z— ) as seen in Table 2 i 





















Table 1. COMPARISON OF SERA ©, DE B. AGAINST ITALIAN AND SWEDISH 


SERA ee 
Reactions with Ttalian sera Swedish sera Total 





C de B. CP. No. Percent No. Percent No, 
+ + A7 49-0 149 60-8 196 
+ ~- 6 63 16 65 a2 
~ + 39 40-6 80 32-7 119 
~ =- 4 4-2 0 0-0 
Total 96 1001 245 1000 341 
Table 2. REACTIONS OF SERUM O.P. AGAINST THE DIFFERENT. saves : 
Ag-type C.P. (+) E.P. (~) 
(atx tzt) 14 1 
{a txt) 82 16 
(mtrt) 40 0 
{ar tX) 27 0 
(larx +z) 6 0 
(xe ge} 80 0 
Total 229 16 


Table 3. REACTIONS OF SERA L.-L. AND C.P. AGAINST SERA FROM 245, UNRE- 
LATED INDIVIDUALS, TESTING OF TWO-ALLELE THEORY - 


L. C.P. Notation 
{anti-x) (anti-y) Oba. Exp. Phenotype Genotype. 
+ + 82 87-5. Agix+y+) ~“Agt/dgy 
+ ~ 16 13°3 Ag(x+¥~-) AP LAr 
- + 147 miz Ag(x~y+) Agy/Agy 
Gene Ag” =0-2827, gene Ag? =0-7673, a 


Table 4. LL. AND CP, DETERMINATIONS ON THIRTY-THREE FAMILIES WILE 


SIXTY-SIX CHILDREN 


Offspring 
Mating No. Agixt+y+) Agixty-) Agix-¥ y 
(x+y-) x (x+¥—) 1 0 2 0 
(x+y~)x(X+y t) 6 0 12 Q 
(x+y—-)<(x-y+) 1 2 0 Ques a 
(X+¥t) x (x+y 4) 3 4 1 Poi 
(xtyt)xix=y +) 14 16 1* IL : 
(x-y +.) x(x yt) 8 0 0 16 
Total 33 22 16 28 


* This exception may he caused by the rather poor condition of the sera i 
when tested with anti-y. They had been stored at ~ 20° C for several sea 
and thawed repeatedly. i 


If some of these samples had thus been orronenidy 
typed as C. de B. negative in the Italian material, the 
association between C. de B. and C.P. may disappear. This ' 
could easily happen if the experimental conditions make 
two (anti-a, and anti-x) of the three antibodies in Č. de B: 
(anti-a,, anti-x and anti-z) react weakly. Other explana- 
tions are, however, possible. i 

When C.P. was compared with serum L.L. a highly 
significant association was obtained for the two reagents 
(y = 25-7, P<0-001 1 d.f.) The data fit well with a 
simple model where serum C.P. reacts with an: antigen 
governed by an antithetical allele to gene Ags. Employ-- 
ing the suggested notation Agy for this previously postu- 
lated gene? and Ag (y) for the antigen produced by tbis 
gene gives the model presented in Table 3, where the. three. 
phenotypes are denoted Ag(x+y+), Agix+y— yand 
Ag(x~y+). n 
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Investigations of thirty-three Swedish families with 
sixty-six children also revealed that Ag* and Agy behave 
as antithetical alleles as shown in Table 4. 

Two additional reagents submitted to one of us (J.H.) 
by Dr. K. Okochi, Japan, and Dr. A. Vierucci, Italy, have 
been found to be identical to serum C.P., and so at least 
three anti-Ag(y) reagents have been found. 


Jan HIRSCHFELD 


State Institute for Blood Group Serology, 
Statens Rattskemiska Laboratorium, 
Stockholm 60, 
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Synthesis of Macroglobulins in vitro 


THE increased concentration of macroglobulin (IgM) in 
the sera of patients with macroglobulinaemia is usually 
ascribed to excessive production of the protein by neo- 
plastic cells of the lymphocytic series. This inference is 
based on two observations: the association of increased 
concentrations of IgM and abnormal ‘“‘lymphocytoid” 
or “plasmacytoid” cells, and the staining of these cells 
by fluorescein-labelled antibody to IgM (ref. 1). Recently, 
a patient (J. P.) with y-macroglobulinaemia and circulat- 
ing lymphosarcoma cells (leacolymphosarcoma) offered a 
rare opportunity to examine directly the capacity of these 
eells to synthe IgM. Fer comparison, the synthesis of 
IgM by leucocytes of a normal subject and of patients 
with various haematological diseases was also investigated. 
In additional experiments, the synthesis of ribonucleic 
acid (RNA) by the lymphosarcoma cells and certain other 
leucocytes was investigated. 

Patient J. P. was examined (i) when lymphosarcoma 
cells constituted 93 per cent of the circulating leucocyte 
population (Fig. 1), and (ii) after chemotherapy, when he 
was clinically normal and had a normal differential 
leucocyte count. The concentration of serum y-macro- 
globulin was 5-2 mg/ml. when circulating lymphosarcoma 
cells were present and 1:4 mg/ml. during remission 
(normal, 0-6 to 2-0 mg/ml.). The abnormal protein was 
identified as a type K IgM by immunoelectrophoretic? 
and ultracentrifugal analyses. 

The macroglobulin was isolated by zone eleetrophoresis 
on starch block? and further purified by chromatography 
on a ‘Sephadex G-200 column. The isolated protein was 
judged pure by immunoelectrophoresis with rabbit 
antiserum to normal human sera. Antisera to the macro- 
globulin were prepared by injecting New Zealand white 
rabbits subeutancously with 4 mg of the isolated protein 
in complete Freund’s adjuvant once weekly for 4 weeks. 
Thereafter antibody titres were maintained by monthly 
injections. The antisera showed a strong precipitin 
reaction with the isolated IgM by immunoelectrophoresis. 
They reacted weakly with human IgA and did not react 
with IgG. Antisera were also prepared to IgG and IgA 
obtained from human serum. 

Mixed populations of leucocytes or 94 per cent pure 
preparations of lymphocytes were incubated in vitro as 
described previously’. Tritiated uridine (3-5 ¢./mmole 
and 3 pe./ml.) and hydrolysate of algal proteins labelled 
with carbon-14 proteins (0-3 ye./ml.) were used to label 
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RNA and protein, respectively. The methods of isolating 
RNA and protein have been described’. 

Leucocytes were maintained in vitro for 4 or 24 h in the 
presence of amino-acids labelled with carbon-14, and then 
removed by centrifugation; the supernatant fluid was 
collected, exhaustively dialysed against 0-9 per cent saline 
and concentrated by evaporation, More than 95 per cent 
of the radioactive material in solution was precipitable 
by hot trichloroacetic acid. A sample of 0-2 ml. of this 
fluid containing 2,100 d.p.m. was incubated with an excess 
of rabbit antiserum to IgM for 1 h at 37° ©. Goat anti- 
serum to rabbit gamma globulin in an amount determined 
to produce maximal precipitation was added and incuba- 
tion was continued at 4° C for 48 h. The precipitate was 
collected on glass filters, washed, dried and counted in a 
liquid scintillation spectrometer. 

Investigations with antiserum to IgM previously 
absorbed with IgG and IgA showed that specific produc- 
tion of IgM was greatest in the lymphosarcoma cells 
obtained from patient J. P. before remission (5-6 per cent). 
Specific production of IgM by the lymphosarcoma cells 
was also demonstrated by inhibition of synthesis of anti- 
body-precipitable radioactive material by 4x 10-5 molar 
puromycin. In addition leucocytes obtained from J. P. 
when he was free of disease during a clinical remission 
failed to produce detectable quantities of IgM (Table 1). 


Table 1. PRECIPITATION BY ANTISERA TO HUMAN IMMUNOGLOBULINS OF 
LABELLED PROTEINS SYNTHESIZED in vitro BY LEUCOCYTES* 
_ Source of leucocytes 
Patient J.P. 








Antiserum Elevated Normal f Patient Patient 
to concen- concen- Normal with with 
tration of tration of subject cold infectious 
maero- macro- agglutinin mono- 
globulin | globulin disease t nucleosis 
IgM absorbed with 56 a od OS 22 
TeA and IgG 
IgG absorbed with at 6 0-8 3-5 
IgM 
IgA LO OS pS oo 3-3 


* The results are expressed as the percentage of radioactivity precipitated 
by speciic antisera and are the means of three analyses. In each case the 
background determined by the percentage of total radioactivity precipitated 
by normal rabbit serum is subtracted. Normal rabbit serum precipitated 
2-8 to 51 per cent of total radioactivity. 

+ Ninety-four per cent lymphocyte population. 





Cells from the patient with infectious mononucleosis 
also produced large concentrations of IgM in vitro, 
although the IgM concentration in the serum was normal. 
The heterophile titre was still rising at the time of investi- 
gation. Increased concentrations of IgM are known to 
occur in certain cases of infectious mononucleosis. 

The results of investigations of RNA synthesis are shown 
in Table 2. The rate of incorporation of tritiated uridine 
into RNA of the lymphosarcoma cells was comparable 
with that of leucocytes from five patients with chronic 
lymphocytic leukaemia and was less than the rate in 





Fig. 1. 


Photomicrograph of peripheral leucocytes from patient J. P. 
with macroglobulinaemia and leucolymphosarcoma. 
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ubile 2. RATE OF INCORPORATION OF TRITIATED URIDINE INTO LYMPHOCYTE 
PARE RIESE RNA 
Number Incorporation of tritiated 

j uridine (d p.m. jag of RN A/D) 







Source of lymphocytes 














3 ct Mean Range 
varmal subjects 4 5h 32-08 
Patient J. P. (elevated concentration 1 255 
of macroglobulin) 
ne Patiente with: 
oo Chronic lymphocytic leukaemia and 5 366 1098-515 
oo Sawphosarcoma 
-ADafections mononucleosis 2 074 900-1,045 
iio Lymphoblastic leukaemia 3 1,466 1,034-2,170 











ymphoblasts and in cells from patients with infectious 
ononucleosis. 

 Tritiated uridine was rapidly (30 min) incorporated by 

he lymphosarcoma, cells into 48 RNA and into a high 

molecular weight RNA extractable with phenol at 60° © 

and pH 9 (ref. 4). Exposure to tritiated uridine for 4 h 

r more produced labelling of ribosomal RNA as well 

(Hig. 2). This pattern of labelling has been observed in 

_ both normal and neoplastic lymphocytes*:?:*, but differs 
somewhat from the pattern described in another case of 

“macroglobulinaemia’, 

_ o- Actinomycin D, 5 ug/ml., inhibited RNA synthesis in 
| the lymphosarcoma cells by more than 95 per cent. When. 
-o the cells were pulse labelled with tritiated uridine for 30 

min, then resuspended in a non-radioactive medium 
Containing actinomycin, radioactive RNA was degraded 
as indicated by the disappearance of radioactive label 
« from acid-precipitable RNA and its appearance in the 
© medium. Total cellular RNA by chemical determination 
Was stable in these conditions. Detailed analyses of 
__ several leucocyte populations investigated by this method 
have been reported elsewhere’. The half-disappearance 
-< time of the label in the lymphosarcoma, cells was 16 min, 
which was considerably shorter than that in the other 
leucocyte populations investigated (Fig. 3). When pulse 
_ labelling of the lymphosarcoma cells was prolonged to 
< 3 h to label ribosomal RNA, the rate of degradation of 
radioactive RNA was less and the proportion of stable 
CORNA was increased (Fig. 3). The degradation of 65 per 
tent to 90 per cent of pulse-labelled RNA (Fig. 3) is con- 
sistent with a rapid turnover of RNA and with the evid- 





pH 7.6extract 








16 60 
0-12 120 
a 
0-08 K 
A A 
i fal 
@ oo 
J 
0-08 a" a 8o ‘a 
wa N pH 9extract l 
~o Ga 
( A 40 g 
oe Spee NE 8 
A. L 1 
t 10 20 30 40 
Fraction 
oo Mig. 2. Density-gradient centrifugation analysis of RNA labelled with 


‘tritium, Leucocytes were labelled im vitro for 30 or 240 min with tritiated 
uridine before isolation of RNA. Two RNA moieties were obtained in 
‘the phenol extraction: one extractable at 0° C and pH 7-6, and the other 
“at. 60° Cand pH 9. These fractions were subjected to centrifugation in 
sucrose gradients (5 per cent to 20 per cent) for 200 min at 100,000g 
(average). The optical-density profiles of the fractions extracted at pH 
7-t after exposure to tritiated uridine for 30 and 240 min were identical 
when equivalent quantities of RNA were placed on the gradient. The 
sedimentation values of the three optical4lensity peaks were 28, 18 and 
4S, @-—-@, Optical density at 257 me; ©--O, cpm. in RNA 
isolated after a 30 min exposure to tritiated uridine; $- -- 8, cpm. 
in RNA isolated after a 240 min exposure to tritiated uridine. 
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Fig. 3. Results of pulse-hibelling of leucocyte RNA with tritiated 


uridine for 30 min or (J. P.) 30 and 180 min, followed by a “chase” 
in non-radioactive medium containing actinomycin D. Total radio- 
activity in RNA was determined at the times indicated, Source ‘of 
leuconytes: W. P., polyeythaemia vera; N, F., myeloid metaplasia; 
D. Q., chronic myelogenous leukaemia; G. R., acute leukaemia: J; Tay: 
chronic lymphocytic leukaemia; J. P., macroglobulinaemia and lympho- 
sarcoma. m 


ence that in higher organisms a significant fraction of theo- 
RNA formed within the nucleus is destroyed there rather 
than released to the cytoplasm to aet in protein synthesis: 

Investigations with immunofluorescent techniques: have 
suggested that the ‘‘lymphocytoid” cells of patients with. 
macroglobulinaemia are engaged in IgM synthesist. Our 
investigations have supported that concept and have 
shown that in an in vitro system lymphosarcoma. cells 
isolated from a patient with macroglobulinaemia. are 
capable of synthesizing protein specifically precipitable 
with antiserum to IgM. The cells obtained from this- 
patient were also characterized by an unusually fast rate — 
of RNA synthesis and RNA turnover in vitro. ee 

This investigation was supported by grants from the 
U.S. Public Health Service, the American Cancer Society 
and the University of California Statewide Cancer Co- 
ordinating Committee, 
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HAEMATOLOGY 


Inactivation of Erythrocyte 
Acetylcholinesterase by Penicillin 


ACETYLCHOLINESTERASE (ACHE) activity appears to be- 


located at the outer surface of the human erythroeytel, 
We have previously shown that ACHE activity is reduced 
in newborn children affected with ABO haemolytic. 
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0:1 molar phosphate buffer, pH 7-0, and incubated at 37° C. 


in 0-1 molar phosphate buffer, pH 8-0, was used. 
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“Wig 2:0 Effect. of temperature on erythrocyte ACHE inactivation by 
“penicillin;. At 4° C, 0-5 ml. of a 0-2 molar solution of penicillin was added 
to Œt ml. of a 40 per cent cell suspension in 0-1 molar phosphate buffer, 
(pH 70 0-2 molar sucrose was added to the controls, After thorough 
“taining, O-1 nal. portions were incubated for 60 min at the temperatures 
Yndicated and immediately diluted with 10 ml. of ice-cold 0-1 molar 
phosphate buffer, pH 8-0. Enzyme activity was determined as indicated 
in the text and the results are expressed as percentage of controls. 


disease’, A similar defect has been detected in erythro- 
- eytes of patients with paroxysmal nocturnal haemoglo- 
© binuria (PNH). Watson* has reported that in contrast 
to normal. erythrocytes, those from patients with PNH 
= do not bind penicillin G. In an attempt to establish 
-| further ‘similarities between the erythrocytes of infants 
with ABO disease and the cells of patients with PNH 
‘we tested. penicillin-binding capacity. Using the tech- 
ique described by Watson et al.° with a highly sensitive 
‘strain of 8-haemolytic streptococci as indicator, we could 
nfirm the inability of PNH erythrocytes to bind peni- 
but-could not detect decreased binding by red cells 
infants with ABO haemolytic anaemia compared 
ermal adult erythrocytes. Unexpectedly, when 
embranes from penicillin-treated red cells were tested 
ACHE activity, significant inactivation was noted. 
This observation prompted an investigation of the effects 
of this antibiotic on erythrocyte ACHE activity. Addi- 
-tional indications for conducting these studies were 
the recent demonstrations of antipenicillin antibodies*? 

- and of in vivo coating of erythrocytes by penicillin® in 
eases of haemolytic anaemia caused by administration of 

penicillin. 

Blood obtained from normal adult individuals was 
centrifuged and the plasma and buffy coat removed by 
suction. The erythrocytes were washed twice with 20 
volumes of ice-cold 0-15 molar sodium chloride solution 
and twice with 20 volumes of chilled 0-1 molar sodium- 

<i potassium phosphate buffer, pH 7-0. After the last 














25 30 


1 Effect of time on inactivation of erythrocyte ACHE by penicillin. A, 0-5 ml, 
-17 molar penicillin solution was added to 0-5 ml, of a 40 per cent cell suspension in 
At the time indicated 
002 mi aliquots were transferred into tubes containing 10 ml. of ice-cold 0-1 molar 
Phosphate. buffer, pH 8-0, and stored at 4°C. ACHE activity was measured simul- 
tancously as indicated in text. B, Same as A, except that a 40 per cent cell suspension 
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centrifugation a 40 per cent cell. suspension 

“in the same buffer was prepared, Crystalline 
potassium benzyl-penicillin was dissolved in. 
phosphate buffer. ACHE activity was measured 
in 0-1 molar phosphate buffer, pH 8-0, using. 
acetylthiocholine as substrate’. From experi-. 
ments in which up to 0-06 molar penicillin was- 
added to a complete assay system and initial 
rates measured it was possible to infer that the 
antibiotic did not interfere with the measure- 
ment of ACHE activity. 

Incubation at 37° C of a 40 per cent erythro- 
cyte suspension with 0-085 molar penicillin at. | 
pH 7-0 caused a slow, time-dependent. loss of 
ACHE activity as compared with the control 
incubated with sucrose (Fig. 14). Under 
these conditions no lysis was noted after 10-h, 
but after 22 h of incubation a granular precipi- 
tate had formed. When the same experiment. 
was performed at pH 8-0 using phosphate 
buffer, lysis was noted after 5 min incubation, 
accompanied by a rapid loss of ACHE activity 

(Fig. 1B). Similar inactivation patterns were noted with 

red cell ghosts, prepared by osmotic lysis or by freege- 

thawing. The concentration of penicillin used in these 

experiments corresponds to that commonly employed» 
in the sensitization of erythrocytes for the detection of 

penicillin antibodies’, No differences in ACHE inactiva- 

tion were noted when erythrocytes from individuals of 
different blood groups or cells from patients with diverse. 
haemolytic diseases were tested. 

Penicillin-sensitization of erythrocytes has been reported 
to be dependent on temperature’. In our studies inacti- 
vation of erythrocyte ACHE activity by penicillin was 
also found to be dependent on temperature. A concentra- 
tion of 0-15 moles/l. penicillin at pH 7-0 caused 95 per 
cent enzyme inactivation in 60 min at 48° C, while at 
4° C only 5 per cent of the activity was lost (Fig. 2). 
No haemolysis was observed during this experiment and 
repeated washing of the cells with saline or phosphate 
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Fig. 3. Effect of time and concentration on inactivation of soluble 
ACHE by penicillin. 0-9 ml. of penicillin were added to Q-Ioml, of 
soluble, bovine erythrocyte ACHE (Sigma Chemical Co.) and incubated 
at 48°C. At the time indicated 0-05. ml. portions were transferred into 
tubes containing 46 mil. of ice-cold 0-1. molar phosphate buffer, pH 80, - 
and stored at 4° ©. ACHE activity was measured simultaneously as. 

indicated in the text, : ees EOS 
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uffer, pH 7-0, did not restore ACHE activity. No ACHE 
ivity could be ‘detected in the supernatant solution 
‘er penicillin. treatment. When erythrocytes were 
reated with penicillin solutions which had been heated 
for 60: min at 56° C, inactivation of ACHE activity was 
not affected. Erythrocyte membrane integrity was not 
necessary for the inactivating effect. of penicillin, because 
soluble bovine erythrocyte ACHE rapidly lost activity 
` when treated with the antibiotic (Fig. 3). 

In further experiments, blood group A and B erythro- 
cytes from normal adults were preincubated with con- 
trations of penicillin which cause only a slight reduction 
ACHE activity. These cells were then washed and 
xposed to specific immune isoantibodies, and the reduc- 
on in ACHE activity was no greater than that caused 
the antibiotic alone. Penicillin-treated A or B cells, 
owever, became more susceptible to haemolysis after 
cubation with the isoantibodies in contrast. to controls 
onsisting of blood group A or B cells treated with sucrose 
or blood group O cells preincubated with penicillin. Treat- 
ment of erythrocytes with lytic, polyene antibiotics!! 













. Such as filipin and amphotericin B or with up to 0-4 molar 
' Streptomycin sulphate caused no inactivation of ACHE 
- activity. 
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Amino-acid Substitution in Haemoglobin | 
(Texas Variant) 


SAN electrophoretically fast genetic variant of adult 
“haemoglobin was described in six members of a Negro 

family living in Texas by Thompson et al. in 1963 (ref. 1). 

Fingerprints of the purified haemoglobin established the 

identity of this variant with haemoglobin I previously 
< described by Murayama and Ingram®, in which the third 
‘tryptic peptide from the N-terminus of the « chain con- 
_ tained an amino-acid alteration responsible for the rapid 
- electrophoretic migration of the intact haemoglobin. 
i Lysine, which is the sixteenth residue, had been replaced 
‘in haemoglobin I by an acidic amino-acid. The substitu- 
tion was described in both I variants from Texas! and 
Philadelphia? as being lysine to aspartic acid; however, 
-recent elucidation of the genetic code has eliminated the 
substitution lys->asp from the class of mutations which 
could result from alteration of a single nucleotide base 
in the triplet code’. A nucleotide triplet coding for lysine 
| (AAA or AAG) could not be altered in a single base so 
that it would specify aspartic acid (GAU or GAC). This 
led Beale and Lehmann! to re-examine the I variant from 
*hiladelphia. Their findings established the substitu- 
tion to be lyss+glu, which is in agreement with an altera- 
_ tion in a single nucleotide (AAA or AAG to GAA or GAG). 
- <The purpose of the present investigation was to re- 
examine haemoglobin I from Texas (from individual 









Ago 


J. AY, because. this was the only structural variant 
of adult haemoglobin which could not be explained 
genetically by a single transition or transversion. By 
using more sensitive analytical techniques now available, 
the peptide I aTIII, IV was analysed on an automatic 
amino-acid analyser. The amino-acid composition, 
presented in Table 1. The lysine residue in the. sixty 
eighth position of the a chain of haemoglobin A is repla 











Table 1, allI-IV FROM HAEMOGLOBIN I 





; i ATIVE 1V: 
Micromoles x 10- Molar ratios composition 

Lysine - ~ Boos 

istidine 1 0-9 1 
Arginine 13 10 l 
Aspartic acid O2 Ot = 
Glutamic acid 53 40 8 
Proline ~ ~ = 
Glycine 52 40 4 
Alanine T5 5-8 6 
Half cystine - ~ = 
Valine 15 Ll 1 
Methionine ~- : 3 
Isoleucine a a 
Leucine 15 ra 1 
Tyrosine 12 Og 1 
Phenylalanine - ~ = 
Tryptophan positive Ehriich stain (l) 4 


by glutamic acid in haemoglobin I. This substitution is 
responsible for one less tryptic peptide in fingerprints ~ 
and accounts for the higher number of negative charges. 
in the intact haemoglobin. It was evident that the- 
excess of aspartic acid reported previously in «TIIT, TV of. 
haemoglobin I (refs. 1 and 3) resulted from contamination 
of BTV (oxidized) which contains three residues of aspartic. — 
acid and tends to smear over a TII, IV in chromatography 
and electrophoresis at pH 6-4. PEE 
The amino-acid substitution in haemoglobin. E from > 
Texas is identical with that found in I from Philadelphia 
by Beale and Lehmann’; furthermore, it can now be 
stated that each amino-acid substitution deseribed in a 
foetal or adult haemoglobin variant is consistent with e 
genetic event involving an alteration of a single base in. - 
the triplet code. ee 
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CYTOLOGY 


Technique for Investigation of Sex Chromatin — 
in Amniotic Membrane of Rat Foetuses. 
Tae letter of Bianchi and de Bianchi? prompts us to” 


comment on our own experience in preparing slides. for 
the study of sex chromatin in amniotic membrane. cells: 
from rat foetuses. They mentioned in their letter. the 
difficulty of fixing the amniotic membrane of rat foetuses 
with absolute or 95 per cent aleohol, resulting in coagula:’ 
tion of mucopolysaccharides and shrinkage of the cells, 
We have tried fixing the membrane with 95 per cent 
ethanol, and staining with cresyl violet or with lactic. 
acetic orcein. Both these techniques have been un- 
satisfactory in our hands. To overcome these difficulties 
we have used a quick squash technique, which has given 
satisfactory results. ; 
that used to stain the sex chromatin of cells from. human 
buccal smears?, Ce 









This technique is a modification of 
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Fig.1. Sex chromatin in the amniotie membrane cells from a rat foetus 
16-5 days old. 


The rat foetus and surrounding membranes are removed 
from the uterus and immersed in physiological saline. 
The amnion is then separated from the chorion and um- 
bilieal cord and is extended over a clean slide using an 
insect pin. A drop of lactic acetic orcein solution is then, 
‘placed on the centre of the specimen and a No. 1 cover 
slip laid on it. Two layers of filter paper are placed over 
the cover slip and pressed by drawing the index finger 
from one end to the other. The edges of the cover slip are 
sealed with Kronig’s cement. The slides prepared are 
ready for immediate observation of sex chromatin bodies. 
It is recommended that the sex chromatin be counted 
within 24 h of preparation, although the slides are still 
suitable for counting after 6 weeks if stored at 4°C. We 
think the technique has the advantage of simplicity. A 
sex chromatin count can be carried out immediately after 
preparation. 
A total of ninety-seven rat foetuses has so far been 
examined for sex chromatin: the age of the foetuses 
ranged from 13-5 to 16-5 days of gestation. The gonads 
were also examined macroscopically in the foetuses from 
15-5 days and older to compare the gonadal sex with the 
chromatin sex. The amniotie membrane cells of fernale 
foetuses had 22-55 per cent of sex chromatin, while those 
of male foetuses showed 0-7 per cent of sex chromatin-like 
bodies (Fig. 1). 
This study was aided by a research grant from the 
National Institute of Arthritis and Metabolic Diseases, 
U.S. Public Health Service. 
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GENETICS 


Psychopathy, Mental Deficiency, Aggressive- 
ness and the XYY Syndrome 


Ly a recent survey of mentally sub-normal male patients 
with “dangerous, violent or criminal propensities a 
Jacobs and colleagues! found that seven of 197 inmates 
had an XYY sex chromosome constitution. This high 
frequency together with the findings of Casey et al in a 
similar population leads to the suggestion that one or more 
of the attributes of this type of institutional population 
may be associated with the presence of an extra Y chromo- 
gome. It was noted that these XYY males were strikingly 
tall compared with their fellow inmates, though otherwise 
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physically unremarkable’. This was so marked in the 
original population that about 50 per cent of those 72in, tall 
or more were of XY Y constitution. We have attempted to 
confirm and extend these investigations and report here 
our preliminary findings from a survey in a comparable 
population in the United States. 

The institution surveyed contains some 464 inmates 
classified as “defective delinquents’——this term being 
defined in Article 31B of the annotated code of the public 
general laws of Maryland as “an individual who, by the 
demonstration of persistent aggravated antisocial or 
criminal behaviour, evidences a propensity toward criminal 
activity, and who is found to have either such intellectual 
deficiency or emotional unbalance, or both, as to clearly 
demonstrate (sic) an actual danger to society so as to 
require such confinement and treatment, when appropriate, 
as may make it reasonably safe for society to terminate the 
confinement and treatment”. 

Inmates were first screened on the basis of their height, 
and ninety-seven were found to be at least 72 in. tall. 
This group was then screened on the basis of LQ. Eleven 
men were found to have a seore of 75 or less (WAIS full 
scale) and these were designated the intellectually deficient 
group. Venous blood obtained from ten persons in this 
group was cultured using a modification of the method. 
deseribed by Lejeune’ and later karyotyped. All were 
found to have a forty-six XY chromosome complement. 
Using, as a null hypothesis, the initial assumption that 
this group and the tall (272 in.) males in the group 
investigated by Jacobs et al. come from comparable 
populations, our results are significantly different from 
expectation beyond the 0-001 level. 

On the assumption that aggression is a significant 
feature of the syndrome, we conjectured that the patients 
investigated by Jacobs et al. may have been more aggres- 
sive than those reported here. Accordingly, all senior, 
non-administrative, custodial officers of the institution 
were asked to answer a confidential questionnaire in which 
they were requested to list the twelve most aggressive 
dangerous or violent inmates. These lists, when pooled, 
included the names of twelve men who were also 72 in. 
or more tall and blood was obtained from ten of these 
(two refused to co-operate). All these were also found to 
show a forty-six XY chromosome complement. 

As a result of these findings we again looked for possible 
differences between the population investigated by Jacobs 
et al. and that investigated here. Information contained 
in the two previous reports regarding the British survey? ® 
enabled us to estimate that roughly 5 per cent of that 
population was 72 in. or more tall, whereas in our popula- 
tion some 21 per cent were in this stature group. It should 
be borne in mind that the previously investigated British 
population consisted entirely of mentally sub-normal males 
and that there is some positive correlation of height with 
intelligence’. In addition, the adult American male is 
probably somewhat taller than his British counterpart 
as a result of differences in nutrition’. The finding of a 
greater proportion of tall males in our American popula- 
tion, therefore, is not altogether surprising. 

Jonsequently, we decided to investigate the upper 
5 per cent, by height, of our population. This corresponded 
roughly to those at least 74 in. tall. Twenty-two inmates 
were ascertained on this basis, one of whom refused to be 
examined. Of the remainder, one was found to have a 
karyotype indistinguishable from a forty-seven XYY 
constitution, Another, physically unremarkable (who also 
happened to be the tallest inmate in the institution), was 
found to have a karyotype with forty-seven chromosomes, 
the extra chromosome being morphologically indistinguish- 
able from members of the D (13-15) group. Further identi- 
fication of this extra chromosome by autoradiographic 
investigations and its confirmation in skin fibroblast 
cultures is in progress. The results which we have ob- 
tained so far are consistent with this being the only cell 
line in the lymphocytes of the peripheral blood. 
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Ifthe prevalence of XYY individuals in those at least 
44 in, tall is representative of that in the population 
12 in; or more tall, we can use this rate as that expected 
within the intellectually deficient group and the “ag- 

gressive” group. Our failure to find any such individuals 
an these groups is not significant. Our findings, however, 

© do not provide any support for a hypothesis suggesting a 

_ strong association between the XYY constitution and 
either mental retardation or aggressiveness; except inas- 

-much as the one case ascertained was found in this popula- 

_. tion of tall “defective delinquents”, This same population, 
however, clearly has many attributes other than those 
which we have so far considered. 

_ Two other possible factors may have affected our results. 
Kirst, if antisocial behaviour is correlated with the 
_ presence of an extra Y chromosome, it is possible that 

_ refusal to co-operate in this type of investigation may be 

© associated with this chromosomal abnormality. Second, 

‘the population which we have investigated consists of 
» both Caucasians and Negroes. (A total of thirty-five 
_ were karyotyped, and twenty-one were Negroes. (Note 
that some individuals were members of more than one 
sub-group.) ) All XYY cases reported so far, including 
that reported here, have as far as we can determine 
occurred in Caucasians; thus a racial difference in the 
prevalence of the XYY condition could also have in- 
fluenced our results. 

Further investigation of our apparent XYY male has 
revealed two new findings of particular interest. First, 
this patient had a well documented history of a grand mal 
seizure and an eleetroencephalogram was interpreted as 
mildly abnormal. EEG changes have previously been 

< found in a high percentage of persons with XXY and XO 
chromosome constitution? *. Second, determination of the 

plasma testosterone revealed a concentration of 1,166 

‘myug/100 ml. (This assay was kindly carried out by Drs. 
M.A. Rivarola and C. J. Migeon using a method previously 

described®.) This result is more than four standard 

‘deviations from the mean of a sample of normal males 
“investigated in the same laboratory’. If this high level is 

substantiated in future investigations, it suggests a 
possible mechanism through which this condition may 
produce behavioural changes, possibly arising only at or 
around the time of puberty. It also suggests the interesting 
possibility that there may be a dosage effect of genes 
governing the production of testosterone and located on the 
Y chromosome. 

We thank Dr. H. M. Boslow and all other members of 
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encouragement in this investigation. We also thank 
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Studies of the Distribution of Haemoglobin E, 
Thalassaemias and Glucose-6-phosphate. 
Dehydrogenase Deficiency in North-eastern. 
Thailand 
DURING our survey in 1963, examinations were made of 
1,030 subjects in the provinees of Ubol(rajthani), Khon- 
kaen and Udorn(thani) in north-eastern Thailand. The 
subjects were villagers, soldiers, hospital patients and 
prisoners. Haemoglobin types were based on cellulose 
acetate strip electrophoresis in veronal buffer, pH 8:6, 
ionic strength 0-025. Thalassacmia trait was designated’ 
to those with Hb A who showed decreased red cell osmotic): 
fragility in a one tube screening method’, hypochromie > 
microcytic red cells and serum iron not lower than 50y. 
per cent; these persons who had Hb A, as determined. 
by starch block electrophoresis», bigher than 3-1) per- 
cent were further classified as @-thalassaemia traits arid the 
others with 3-1 per cent Hb A, or lower as -thalassaemia 
traits. In Ubol glucose-6-phosphate dehydrogenase 
(G-6-PD) activity was screened with Motulsky’s teeh- 
nique’, but in Khonkaen and Udorn a spot test was carried 

out according to Fairbanks and Beutler’. 

The results are shown in Table 1. The frequencies of 
Hb E in Ubol and Khonkaen are not significantly differ- 
ent, while that of Udorn is significantly lower than the 
other two (P < 0025). The average Hb E gene fre- 
quency (q) for the three areas is 0-24. According to 
Hardy-Weinberg equilibrium the expected frequency 
of the heterozygotes (A +E) is 2 pq=0-3648, and. the 
expected frequency of Hb E homozygotes is g?= 0/0576. - 
The observed frequencies of 0-3592 and 0-0611 respec- 
tively agree with these, indicating no significantly deleteri 
ous effect of homozygosity for this haemoglobin; aa 
actually observed*.?, : 


Table 1, FREQUENCIES OF Hb E, THALASSAEMIAS AND 6-6-PD DEFICIENCY IN 





NORTH-EASTERN THAILAND 
Ubol Khonkaen Udorn Total 
565 150 315 1,080 
examined examined examined — examined 
Found Fre- Found Fre- Found Fre- Found Fre- 
quency qnency quency quenty 
Hbs A+E 214 0370 54 0-8 102 0-324 370 083502 
Hb EE 38 00674 11 00734 14 OFO44 68 oüs 
Total Hb E 252 O-4464 65 04334 116 0-368 433 04208 
a-Thalassnemia trait 13 0-023 6 0 1L 00349 30 6-929 
&-Thalassaemia trait 17 ©0301 83 002 16 00508 36 0-085 
Uode termined thalass. 1 @0018 =- e 3 60005 4 0-004 
trai 
Total thalass. trait 31 00549 9 0-06 30 M0952 70 0-068 
G-6-PD 
Number examined 480 103 299 832 
(males only) 
Deficiency 01535 13 01262 26 0-0803 105 01262 


Frequencies of a-thalassaemia among the three pro- 
vinces are not significantly different, while the difference 
between those of 8-thalassaemia in Udorn and Khonkaen 
is significant at the 5 per cent level. The frequencies of 
Hb E and -thalassaemia appear to be reciprocally related, 
as noticed by Flatz et al.*. Persons doubly heterozygous 
for «-thalassaemia and Hb E are asymptomatic, whereas 
those who have both @-thalassaemia and Hb E genes, 
317 cases having been examined by us, have a rather 
severe disease resulting in ‘“‘genetie death’ or decreased 
fitness. The above findings are therefore not unexpected. 

Frequencies of G-6-PD deficiency are uneven and tend 
to follow those of Hb E as have been found with this*® 
and other abnormal haemoglobins', the reason for which is 
believed to be their being subjected to the same selective 
pressure. 

Association between Hb E and G-6-PD deficiency was 
observed in Ubol but not in Khonkaen and Udorn (Table 
2). In Ubol the association was accounted for by one 
village with high frequencies of both traits. Without this. 
village there is no association between Hb E and.G-6-PD 
deficiency. Dissociation between G-6-PD deficiency and: 
thalassaemia was noticed in pooled data (Table 8), 
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‘fable 2. RELATIONSHIP BETWEEN Hb BAND BPN. DEKICINNCY 


BDA. Hb E (AB and EE) Total 
se Observed (Expected) Observed Cixpected) 
G-6-PD deficient 26 (36) 40 (30) 66 
G-6-PD normal 210 (200) 154 (164) 364 
Total 236 104 430 
(x? = 7-22; P< 0-008) 
Khonkaen and Udern 
G+6-PD deficient 25 (25) 14 (l4) 39 
G-86-PD normal 228 (228) 134 (184) 362 
Total 253 148 401 


Table 3. RELATIONSHIP BETWEEN THALASSAEMIA AND G-6-PD DEFICIENCY 
G-6-PD deficiency G-6-PD normal 


BO Observed (Expected) Observed (Expected) Total 
: Thalasgaemia trait 1 (7) 54 (48) 55 
; Non+thalagsaemia 104 (98) 673 (679) 777 
EE 105 727 832 


Total 





eA] 
(48 = 6-364; P < 0-02) 


“eontrary to the findings of others*%", the reason for 
“whichis unknown. 
“Frequencies of histories of malaria, jaundice, typhoid 
‘and dysentery between Hb A/G-6-PD normal and Hb 
A+E/G-6-PD normal individuals were not different. 
© The same histories between Hb A/G-6-PD deficiency and 
Hb A/G-6-PD normal and between Hb A+ E/G-6-PD 
= deficiency and Hb A+E/G-6-PD normal individuals were 
‘the same. Haematocrit values between G-6-PD normal 
and G-6-PD deficient persons were not significantly 
different. Thin and thick blood films were examined for 
malaria, -but a positive result was obtained in only 
‘twenty specimens. Stool findings in 136 subjects showed 
65 percent with intestinal parasitic infestations without 
noticeable discrimination between Hb A and Hb A+E 
individuals. 

“The incidence of Hb E in Thailand has been found to be 
remarkably heterogeneous, from the first population 
survey by Na-Nakorn et al.¥*, and in subsequent investiga- 
tions’; approximately 13 per cent on average and in the 
central region, 40 per cent in the north-east, 8 per cent 
in the north and 12 per cent in the south. Distribution 

“{n- each region is also not homogeneous. Among the pure 
‘Chinese in Thailand we have found less than 0-1 per cent 
of Hb E. Distribution of G-6-PD deficiency is similarly 
heterogeneous"? 6 per cent to 8 per cent in the central, 
“JO per cent to 15 per cent in the north and 8 per cent to 
24 per cent in the north-east. Distribution of thalassae- 
‘mias is known less because of the inherent difficulty 
ccin diagnosis. The data of Flatz et al.* and of this 
‘investigation also indicate irregular distribution of 6- 


“thalassaemia. The figures of 2 per cent to 4 per cent for 


~ a-thalassaemia obtained in this survey must be considered 
crude; iron deficiency anaemia will have masked the re- 
“sults and it is not known whether or how much, environ- 
< mental factors contribute to the findings presently called 
thalassaemia. Two surveys for the incidence of Hb 
-. Bart’s inthe cord blood, which is believed to reflect the 
frequency of «-thalassaemia, were carried out in Bangkok. 
| Tuchinda et al? showed by paper electrophoresis an 
_ incidence of 5-2 per cent among 415 newborns, and Pootra- 
‘kul et al.!* by cellulose acetate electrophoresis showed 6-18 
per cent among 1,030 newborns. It is not yet clear 
whether, all «-thalassaemia heterozygotes show Hb 
art's in the cord blood. 
Distribution of these anomalies is determined by 
“variation. in the ethnic background of the people and/or 
discriminating selective pressure. The population of Thai- 
land is ethnologically quite heterogeneous, and the origin 
of the Thais remains very controversial. Kruatrachue 
et alis and Flatz et al.15-**, using different approaches, 
have reached opposite conclusions concerning the role of 
falciparum malaria as the selective factor for Hb E and 
G-6-PD deficiency genes. The former, by comparing 
parasitic densities, obtained a negative result, but have 
been criticized for the small number of subjects they used 
and for investigating only one character at a time in an 
area with multiple anomalies which can be subjected to 
the same selecting factor. The latter workers, by com- 
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paring the distributions of malaria and of Hb E and 
G-6-PD deficiency, showed a positive correlation. Again 
questions may be raised as to the degree of accuracy of 
malarial incidences and the ethnic background of the 
people. In the light of the recent findings in Cyprus? 
care must always be exercised to delineate the subjects 
genetically. The question of factor(s) maintaining poly- 
morphism of these genes in Thailand is still far from 
settled. 

We thank the Thai Medical Research Couneil for a 
grant, the then medical students (now Drs. K. Sarigaputr, 
S. Sakavivalya, P. Tongvanich, 8. Uakoolthavivat, S. 
Suwansirikul, B. Intrasuksri, C. Sarakun and C. Chooti- . 
dumrong) for technical assistance, and the many officers. 
of the Thai medical service, public health, prisons and 
military services who made it possible to collect the 
samples. 
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Selection against Chromosome Aberrations 
in Human Lymphocytes 


Tue frequency of chromosome aberrations in the lympho- 
cytes of people who have been exposed to ionizing radia- 
tion decreases for many years, beginning some 2-3 weeks 
after irradiation, at a rate that depends on the type of 
aberration!?. Differences in the rates at which the various 
types of aberration are eliminated are probably caused. by 
differences in the selection against these aberrations at 
cell division. No data, however, have been reported on the 
probability that a given aberration in a human lymphocyte 
will survive cell division. In this communication we present 
such data obtained in vitro, together with some new data. 
on the elimination of aberrations in vivo. The two sets of 
data suggest that the lymphocyte, when stimulated to. 
divide in vivo, will undergo several successive divisions. 
Peripheral blood obtained from a normal, donor was 
given 500r. of X-rays. The leucocytes were then separated 
from the whole blood and several cultures were set up ina 
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ee In vitro irradiation 

Days after irradiation 
Metaphase in cell cycle ist 2nd 3rd 
Tricentričs 10 1 0 
i 240 100 23 
centric 26 18 6 
unpaired 22 2 0 

acentric 
: paired 0 4 0 
E E unpaired 440 3 0 
| Acentric fragmenta 

SEA paired 0 93 10 
Abnormal monocentrics 83 50 23 
matable cells with unpaired acentrics 179 0 0 
Unstable cells with paired acentrics 0 71 10 
nstable cells without acentrics 3 43 19 
instable cells with simple aneuploidy 2 18 il 
cells with quasidiploidy 10 15 13 
table cells with normal karyotype 6 15 16 
Number of celis observed 200 157 69 


tandard medium’. The cultures were treated with 
tritiated thymidine (specific activity 6-5 ¢./mmole, final 
oncentration 1 pe./ml.) for a 20 h period commencing 
5 h after the start of culture, (Investigations of the 
| proliferation of lymphocytes from this donor showed that 
_ only a negligible number of cells entered the second S 
_ phase in culture before the end of the treatment period.) 
__ After this treatment the cells were washed in a medium 
— Containing cold thymidine and were then incubated for 
additional times in the standard culture medium supple- 
nented with coleemide for the last 1-5 h of incubation. 
The cultures were terminated after either 72 h or 85 h. 
Chromosome preparations were made and subjected to 
‘@utoradiography. After a 1 week exposure, the auto- 
adiographs were developed and stained in Harris haema- 
xylin. Metaphase cells in which one of the two chromatids 
in each chromosome (second division) and approximately 
A quarter of the chromatids (third division) were labelled 
_ and their position on the slides was noted. Then cover 
__ slips were taken off in xylol and tho slides were rehydrated 
by passing through an alcohol series. After desilverization 
- in potassium ferricyanide fixer mixture, the emulsion was 
removed by soaking the slides in 70 per cent acetic acid for 
3-24h. The slides were then washed in tap water, stained 
in Giemsa and mounted in ‘Permount’. Chromosome 
analysis was carried out on the previously selected 
- metaphase cells. In addition, one of the cultures was 
`| treated with colcemide from 24 h and collected after 50 h; 
_ in this preparation all the metaphase cells are in the 
first division in culture®. Similar 50 h cultures were also 
` made of lymphocytes obtained from the peripheral blood 
of patients who had received radiation therapy for cervical 
: carcinoma. 
The probability that a given aberration will survive the 
first or second division in vitro can be estimated roughly 
from the data shown in Table 1. For example, the number 
_ of dicentrics in a cell decreases from 1-2 at the first meta- 
< phase to 0-6 at the second and 0-3 at the third metaphase. 
Clearly, the probability is close to 0-5 that a dicentric will 
| survive either the first or second division in vitro, and the 
_ probability is about 0-25 that it will survive both cell 
_ divisions. Similarly, the probability is about 0-9 that an 
_ abnormal monocentric chromosome will survive either of 
_ the first two cell divisions. The behaviour of the acentric 
fragments requires special comment. About 70 per cent 
¿aro lost at the first cell division; the surviving 30 per cent, 
because of the lack of a centromere, are not distributed to 
the daughter cells, and they appear, therefore, as paired 
structures at the second metaphase and (sometimes) in 
_ groups of four at the third metaphase after irradiation. 
The cells with chromosome aberrations can be grouped 
as unstable cells which contain polycentric chromosomes, 
‘ings, acentric fragments or are aneuploid; and stable 
cells which are either quasidiploid or have a normal 
_ karyotype. At the first metaphase the unstable cells are 
_ 92 per cent of the total, and all but 2 per cent of the cells 
contain unpaired acentric fragments. At the second and 
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Table 1, FREQUENCY OF. CHROMOSOME ABERRATIONS 


In vivo irradiation, 


78 170 189 275 276 1,673 
4 2 1 4 3 0 
114 65 42 82 93 18 
13 5 9 10 6 3 
12 5 i YW 11 2 

0 0 0 0 Qo 

100 100 85 115 130 Ke 
3 0 0 4 0 ü 
46 25 28 34 31 13 
a8 64 62 67 65 10 
2 0 0 1 0 0 
2 2 0 2 1 0 
4 1 4 2 1 2 
15 14 i 15 8 11 
R9 79 123 113 75 130 
200 160 200 200 150 153 











third metaphase the relative numbers of unstable cells 
drop sharply, and the acentric fragments are all paired. 
The probability that an unstable cell will survive division. 
relative to the probability that a stable cell will survive 
division is about 0-35. ee 
The results of the chromosome analysis in cells irradiated 
in vivo are shown in the table. About 48 per cent of the 
cells are unstable 2 months after irradiation. This fre- 
quency is about twice that reported earlier on the basis of. 
data obtained with 72 h cultures’. (In such cultures we 
now know a large fraction of cells are in the second © 
division®.) The rate of decrease of unstable cells is noto 
significantly different from that reported previously”, | 
and we estimate again a lifetime for lymphocytes of about _ 
530 days. But even at 2,698 days after irradiation there. 
are no unstable cells with paired acentric fragments; that 
is, the unstable cells decreased in frequency but gave no- 
evidence of having divided since receiving radiation, A- 
possible explanation for the failure to find such evidence of 
cell division is that the lymphocyte, when it is stimulated ~ 


to divide in vive, goes through several divisions. Based on 


the selection against unstable cells of 0-35, we caleulate 
that at least four to five divisions must occur during 
lymphocyte production to account for the observed data. 


In support of this interpretation is the fact that the 


lymphocyte, after only a brief exposure to phyto- 
haemagglutinin in vitro, will divide several times. There . 
is supporting evidence in that production of rat thymocyte. 
involves six to eight divisions’5, Such a number of divi- 
sions will effectively eliminate the Cu cells. The selection 
pressure against quasidiploid cells, however, is much - 
weaker, and the frequency of such cells changes very little 
during a period of many years. : ; 
This work was supported in part by the U.S. Air Force. 


Masao S, BASAKI 
AMOS NORMAN 


Department of Radiology, 
UCLA School of Medicine, 
Los Angeles, 

California. 


? Buckton, K. E., Jacobs, P. A., Court Brown, W. M., and Dall, R., Lanéet, 
ii, 676 (1962). $ 

* Norman, A., Sasaki, M. S., Ottoman, R. E., and Fingerhut, A. G., Blood, 
27, 706 (1966). 

* Sasaki, M. S., and Norman, A., Nature, 210, 913 (1966), 

t Grundmann, E., Beitr, Path. Anat. allgem. Pathol, ,119, 217 (1958). 

7 Sainte-Marie, G., and Leblond, C, P., Proc. Soe. Exp. Biol. and Med., 99,263 


HIN} 6 


Attempts to induce Crossing-over in ce 
Drosophila melanogaster Males with Ovarian _ 
Extracts ee DS, 


Reddi, Reddy, and Rao! have reported results of an exp 
ment in which crossing-over was induced in Drosoph: 
melanogaster males by injection of a saline extract, 

ovaries of Drosophila. ‘This communication summarize ae 
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the failure of two laboratories, operating independently, to 
repeat these experiments. In both laboratories efforts 
were made to adhere to the procedures deseribed for 
preparation and injection of extracts. The assay systems 
were different and in both experiments they differed from 
that used by Reddi, Reddy and Rao’. 

The. Vancouver experiment assayed crossing-over of 
chromosome 2 in throe regions spread over a standard map 
distance of 56 units. Single treated males of the genotype 
ben o bw] + ++ + were immediately crossed with three 
homozygous b en c bw females. The males were transferred 
and given fresh females through three broods: 1-3 days. 
o 4-6 days, and 7-10 days. Only broods 2 and 3 were scored. 
"The Storrs experiment examined recombination of 

"chromosome 3 in five regions over a standard map distance 
of 70-7 units. Twenty-four hours after treatment single 
“males of the genotype ru h st p? ss e8/+ + + + + + were 
“individually mated to three homozygous ru h st pP $8 e 
females, After incubation for 4 days, the males were re- 
 brooded every 3 days through a total of five broods. AH 
-broods were scored, but only the data for broods 2 and 3 
are presented. No crossovers were found in other broods. 


‘Table 1. ATTEMPTS TO INDUCE CROSSING-OVER IN MALE Drosophila. 


Treated males Total No. of 
‘Laboratory  Trealment Males survival to  offspringin crossovers 
treated brood 3 broods 2 
eee and 3 
British 
“Columbia Fresh extract 315 264 59,184 8 
Connecticut Presh extract 127 92 9,790 2 
Boiled extract Vt 73 7,416 0 
Saline a8 70 6,755 0 
Uninjected 112 12,415 T 


Unfortunately, the results deseribed in Table 1 do not 
-confirm those of Reddi, Reddy and Rao!, who report an 
overall induced crossover rate of 5 per cent. The rate 
‘observed in the present experiments (0-01 per cent) is less 
‘than that seen in the controls. It is surprising that Reddi, 
Reddy and Rao did not report any spontaneous Cross- 
overs in rather extensive control samples. 
KENNETH M. Sincer 
ARTHUR CHOVNICK 

Department of Genetics. 

University of Connecticut, 

‘Storrs, Connecticut. 
Davin T. SUZUKI 
Davin BANLIE 
Davin Hoar 
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University of British Columbia, 

“Manecouver, British Columbia. 
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A New Marker for Chromosome Studies in 
the Mouse 


Tum mouse is one of the best mammals for genetic and 
eytogenetic investigations. Unfortunately, its value for 
cytogenetic research is restricted because all forty 
coghromosomes are acrocentric. Their sizes range in the 
patio of 5:2 (longest to shortest) with relatively little 
difference other than length to help in identification. At 
the first metaphase stage of meiosis, twenty bivalents are 
normally formed and this pairing is commonly used to 
gorrelate abnormal configurations with specific chromo- 
some changes. It is obvious, however, that cellular markers 
(eclla with a visible different karyotype from the normal) 
would be useful for transplantation experiments and work 
on carcinogenesis or radiation chimeras. Some trans- 
locations induced in mice by X-irradiation have been used 
as such cellular markers’. 

When, comparing the radiosensitivity of different 
strains of mice*, we were surprised to find that all the 
male germ cells at the diakinesis to first metaphase stages 
of control animals from the AKR strain maintained in our 
laboratory showed eighteen bivalents and one apparent 
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‘quadrivalent (675 cells were analysed). The apparent 


quadrivalent was in the form of a ring in 67 2 cells and in 
the form of a chain in three cells. All the male offspring 
from translocated animals were found to have the trans- 
location. Cytological investigations of bone marrow cells 
revealed that the number of chromosomes of male and 
female mice from the AKR/translocated strain is 38 : 36 
acrocentrie chromosomes and two metacentric chromo- 
somes (Fig. 2). The total number of autosome arms is 
therefore the game as in the normal AKR strain’ and the 
apparent quadrivalents can now be identified as meta- 
centric bivalents. The metacentric chromosome is entirely 
autosomal because the sex chromosome bivalent is distinet 
at meiotic metaphase, as shown in Fig. 1. Measurements 
indicate that the arms of the metacentric chromosomes 
correspond approximately to the fourth and thirteenth 
autosomes of the normal complement taken in order of 
decreasing length. The stock of AKR strain in our labora- 
tory is very small and all the animals showed the trans- 
location. It was therefore impossible to be certain whether 
the translocation involved some alterations of the charac- 
teristics of the strain; however, as shown in Table 1, the 
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Fim 1 Primary spermatocyte at motaphase{ x 500). 





Fig. 2. Metaphase from bone marrow of male mouse {x LA00). 
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. AVERAGE X: UMBER or OFVSPRING PER LITTER IN _AKR/TRANSLOCATED 
k : ERAIN (PER TREN FEMALES) 


Time of the 


baervations Ist litter 2nd litter Srd litter 
Birth: 40405 56 t05 44403 
Weaning 3-5+0°6 46403 BLAS 


; At weaning the BALB/C* strain gives, under the same conditions, 5-0 
- Offspring at the first litter, 6-1 at the second and 6-3 at the third. 





fertility of the AKR translocated strain appears to be 
very low. 
A similar association has been described in the common 
shrew (Sorex araneus L.) by Ford, Hamerton and Sharman. 
‘hey also found that some chromosomal elements could 
@ present either as single metacentric chromosomes or as 
airs of acrocentric chromosomes. ‘They assumed. that 
this system is maintained because it is possible that some 
of the cytological types have a selective advantage over 
others; however, they added that details of this operation 
remain largely conjectural. 
Our sub-line of AKR mice was obtained from the 
‘Jackson Memorial Laboratory, Bar Harbor, and has been 
_ maaintained from 1961 through a small inbreeding stock 
and this would explain why the whole stock shows the 
translocation. It is impossible, however, to draw any 
_. eonclusion concerning the mechanism responsible for the 
translocation. 
This work was carried out under a Euratom/C.E.N. 
`. contract and was also supported by the Belgian Fonds de 
la Recherche Scientifique Fondamentale Collective. We 
thank Dr. C. E. Ford for his helpful criticisms. 
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Fundamental Theorem of Natural 
Selection 


< FISHER! in 1930 stated his “fundamental theorem of 
natural selection” in the form: “The rate of increase in 
fitness of any organism at any time is equal to its genetic 
“so variance in fitness at that time.” Later, Fisher? restated 
his theorem more clearly: ‘The rate of increase in the 
_ average fitness of a population is equal to the genetic 
“variance of fitness of that population”. The “genetic 
variance” in the foregoing statements is the linear or 
additive component of the fitness variance in current 
literature. Fisher obtained his result on the basis of a 
‘continuous time model with logarithmic fitness. This 
communication gives a simple derivation for an appro- 
priate corresponding expression for the discrete-genera- 
tion model and points out when Fisher’s theorem still 
applies and when it does not. 

First, we find the linear component of the fitness 
variance. Let the three positive constants w,:w,: w be 
the relative fitness of the three genotypes AA, Aa, aa, 

-. respectively, in a random mating population with gene 
frequencies p for A and q for a, p+q=1. The genotypes 
aro assigned the additive values a: 2, 1, 0, as indicated 

in Table 1. 

The linear regression coefficient of w on x, according to 

a general theorem of Lé*-4 for any binomial population, is 
othe average of the first order differences of the dependent 











a 
variable, the relative frequencies of which are the: terms of 


the binomial expansion of a lower degree. Thus, in this 
simple case, the regression coefficient is: oe 


B= p(w, — Wy) + q(W, — Wo) ie aj- 


and the linear componenv of the variance of fitness, of, is 







Next, we consider the effect of natural selection: 
the given fitness values. Let p: be the frequency. 
A in any given generation (t). The average ‘fi 
genotypes of that generation is W: = Pip) = p 
2pqdw, + q?wo. After the operation of selection, t 
gene frequency will be ; 


Pre, + Piw 


Pip Wr 





o 


which is the recurrence relation of p for two succe ive 
generations. The amount of change in gene frequency per : 
generation is, dropping the subscript t, Le 





Ap= Pri — pi = pabi = 9 


After random mating the average fitness of the oping 
generation is Wi = W(De41) which, as will be shown, is 
greater than D. We are concerned with the amount of 
increase in the average fitness. Using Taylor’s expansion, 
we obtain immediately Oe 


7 z dù dan (ape 
DPen) = Ppt ) (Ap)+\ aza Can) (5) 
dp Jm dp?/p, Uoo 
where 





di daw oe 
7 dp romp we B (Wa — Quy + Wy) : (6). 


dp = 785 





and all higher derivatives are zero. Substituting eq a- 
tions 4 and 6 in equation 5 and transposing the 
w(pr), we obtain the difference 


2w, +w) Ca g 


> it a 2 
AD = Win, - Ws = eae + (w.—- 


which is the desired result. At any time the average 
fitness Ù, can be taken as unity. The first term of the 
right side of equation 7 is then the linear component (2) 
of the fitness variance. 

Several conclusions can be drawn from the results of 
equations 5 and 7. First, for a stationary population 
with p= pen Ap=0 andAw®=0. Second, when d%a/dp?=. 
0 which implies w,.—2w,+w,=0, Fishers fundamental 
theorem still applies. In such a case, the three fitness 
values form an arithmetic series and o3=c}. In general, 
however, Aw may be more or less than the linear compon- 
ent, depending on the sign of (w,—2w,+ wp). Third, ee 
is always increasing until stationary; that is, Aw is 
always positive, as equation 7 can be written in the 
following form, dropping the subseript t, 


Aw = ee | ji+ SE a ~ (8) 


Note that © = pw, +qw when w,—2w,+wy=0. 


Table 1. REGRESSION OF FITNESS (W) ON GENOTYPE ADDITIVE VALUE (x) 
Fregueney Additive Fitness First order 
Genotype D (x) (w) difference ii 
AA r 2 Wa oe 
pee) 
Aa 2pq 1 Wy : a 
q (ote) 
at ¢ ; o Wa ENN 
Total 1 E w f 
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PHYSIOLOGY 


dence for a Non-Plasma Source of Urea 
; in Sweat 


io of the concentration of urea in the sweat to 
plasma (s/p) is known to be greater than unity. 
artz! attributed this gradient to back diffusion of 
because he found that raising the plasma urea 
ntration had little effect on the s/p ratio for urea. 
i idənce™" suggests that (a) s/p for urea is not 
y independent of plasma urea concentration; 
Pi for urea is independent of s/p osmolality in man and 
A t (for example, the s/p urea is greater than 1 in 
he P pereemotio sweat obtained from the hairless foot- 
the cat); (c) compounds related to urea by virtue 
ilar volumes of distribution (ethanol, antipyrine, 
née) or similar molecular configuration (thiourea, 
ylurea, ‘eetamide) all behave differently from urea 
rab in that none of these compounds is present in 
at higher concentrations than in plasma. 
ecause of these arguments it was concluded that factors 
yt from back diffusion of water play a part in estab- 
hin thet ured een in sweat. The eee study was 











ope dilution study was performed on cats and 
n volunteers. 30 to 50 ue. of urea labelled with 
4 was administered orally to the human volun- 
of whom received oral neomycin as an intestinal 
septic. The cats received 50 to 100 pe. of the isotope 
wenously, Two to three hours after administration 
isotope sweat was collected as previously described?. 
al stimulus was used to produce sweat in the 
subjects. 
abelled urea was analysed by a modification of the 
e of Walser as follows: portions of plasma or 
‘eat were placed in a modified Warburg incubation 
sel, acidified with 0-1 normal hydrochloric acid and 
n for 5 min, following which the mixture was neutral- 
OI normal sodium hydroxide. After the vessel 
ed in ice, 1 ml. of buffered urease was added and 
per (from which was suspended a polyethylene 
taining 0-2 ml. hyamine) was inserted. The 
m mixture was shaken in a 37° water bath for 30 
and 10 per cent sulphuric acid was then injected into 
reaction mixture through the stopper. After the 
had been shaken at room temperature for 1 h the 
ire well was placed in a toluene liquid scintillation 
mixture and counted. Efficiency was determined using 
toluene labelled with carbon-14 as an internal standard. 
Unlabelled urea was determined as previously described?. 
Table 1 compares the sweat to plasma concentration 
ratios of labelled urea and total urea in four men and 
eight. cats, In all experiments but one the s/p for labelled 
urea was less than the s/p for total urea. The mean 
s/p for labelled urea was 1-08 in man and 1-03 in the cat, 
values. similar to the s/p for methylurea (1-06) and acet- 
“amide (1-04) in the cat*. 
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12 14 16 


s/p urea : 
Fig. 1. A plot of the urea specife activity ratios between sweat and. 
plasma against the sweat to ve asma urea concentration ratio. O, Man; 


x, cat, (Abbreviations: 8/8, p/P, specific activity of urea in sweat and 
plasma respectively ; sip, sweat to plasma urea concentration ratio) 


1s 


Fig. 1 shows the ratio of the specifie activity of sweat. 
to that of plasma plotted against the ratio of urea con- |. 
centration between sweat and plasma for each experi- 
In both man and the cat there is dilution of the 
labelled urea, the magnitude of which appears to be related 
(In five of the eight cats lacrimal fluid «_ 


ment. 


to the s/p for urea. 
was collected and analysed. The mean ratio of specifie: 


activity between lacrimal fluid and plasma was 0-99. In 


three of the four human subjects, urine was collected. — 


during the sweating period and the mean specific activity — : 


ratio was found to be 1-06, similar to Walser’s‘ finding of — 
1-10.) 


Table 1. 


CATS AND HUMAN BEINGS 


Cat sip for labelled urea s/p for total urea 

1 1-03 1-23 
2 1-06 0-96 
3 1-05 1-38 
4 1-62 1:30 
5 0-98 118 
6 1-02 1-15 
7 1:05 1-49 
8 0-09 1-03 
Mean 1-08 1-24 

Man 
TS. 01 1-26 
C.B 1-12 131 
M.A 1:12 Lio 
Ö.B. 1-10 2°20 
Mean 1-08 148 


Because the labelled urea in sweat was diluted by un: 


labelled urea, these studies suggest that a fraction of the a 


urea in sweat is derived from sources other than plasma 
or interstitial fluid. Furthermore, because this non- 
plasma source accounts for that urea in sweat in excess 
of the plasma urea concentration it would appear that 
back diffusion of water plays a minor part in establishing 
the urea concentration in sweat. 

These studies do not indicate the non-plasma source 
of urea. 
some segment of the sweat gland or a pool of urea in the 
skin (perhaps the cornified epidermis) which is immiscible 


with the circulating labelled urea, but which may be. ae 


partially miscible with the sweat. cere 
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RATIOS OF CONCENTRATIONS OF UREA LABELLED WITH CARBON-1d 
AND TOTAL UREA BETWEEN SWEAT AND PLASMA (s/p) IN SAMPLES FROM 


Two possibilities include synthesis of urea by we 
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Similarity of the Rigor Mortis Process in 
Normal and Germ-free Rats 
3ate-Smith and Bendall' reported that rigor mortis in 
muscle: was caused by the irreversible association of actin 
d myosin as adenosine triphosphate (ATP) became 
pleted. Conflicting reports have appeared concerning 
he process of rigor mortis in germ-free animals. Harmon? 
as observed that germ-free rats do not become rigid 
fter death. These observations were only visual, but 
‘lassical theories of the process would require critical 
e-evaluation if muscle from germ-free animals showed no 
igor mortis. We have designed an experiment to investi- 
te the time course of rigor mortis development and 
associated parameters in normal and germ-free rats 
‘able 1). 











t ble 1. COMPARISON OF GERM-FREE AND NORMAL RATS WITH RESPECT TO 
3 RIGOR MORTIS AND ASSOCIATED PARAMETERS 


Animal group 


Parameter Muscle „Control | Germ-free_ 
i z ay a sw 
Rigor mortist (min) B.E. 487-7 40-01 366-5 36-01 NUS 
saci ofcontractility } L.D. 851-0 19-48 2755 17-06 $ 
nin) 
_Post-rigor sarcomere L.D. 220 00l Zis 004 N.S 
length (x) j 
‘Phosphocreatine (moles/g 
Of muscle) 
15 ming G.M. 3-98 0-28 2-99 0-43 * 
a hg G.M. 117 O13 1-77 0-39 x 
16 min Quad. 4-38 0-68 B25 0-34 N.S 
; 4h uad 0-96 0-03 1-87 031 * 
\denosine triphosphate 
_Amoles/g of muscle) 
: min G.M. 0-31 445 0-29 N.S. 
h GM. 0-89 0-09 0:79 9-04 "e 
15 mia Quad. 3-59 0-32 2-85 032 N.S. 
; 4h uad. 0-09 380 003 N.S. 
Tactic acid (moles/g of 
muscle) 
$ 15 min G.M. T00 0-95 12-12 2-08 hie 
h +M. 83-11 3-16 30-07 3-83 N.S. 
15 min Quad, 9-40 1:73 9-16 1-43 N.S 
4h Quad. 28-10 390 22-67 2-07 NS. 
B.F.. biceps femoris; L.D., longissimus dorsi; G.M., gluteus medius; 
mad, quadriceps, 
A {P < 005). 
#E{P <0-01). 


hme Quin) required for complete loss of muscle extensibility". 

Tt Time (sec) during which the muscle has the ability to sustain a con- 
ractile force of 10 g with a 50 V electrical stimulation at a frequency of 
/e/s and a stimulus duration of 0-1 m.sec*, 

<$ Timo post-mortem. 


=: Ten germ-free and ten normal disease-free control rats 
. (weighing 400 g) were killed by stunning and decapitation. 
- Because the muscles were small several of them had to be 
used. The biceps femoris muscles were immediately 
excised and placed in a rigorometer apparatus? to determ- 
ine the time (min) required for complete loss of extensibil- 
ity, at 37° C, which has been associated with ATP deple- 
ion and actomyosin formation (Bendall‘). There was no 
significant (P > 0-05) difference in the time course of rigor 
mortis between germ-free and normal disease-free control 
rats (Table 1). Because striated muscle, which goes into 
‘igor mortis slowly (long delay phase), is more responsive 
0 electrical stimulation than muscle with a short delay 
ase of rigor mortis® muscle response to electrical stimu- 
ation was also investigated. The mean differences 
Table 1) in the stimulatory response were very small, 
ut the germ-free rats showed a significantly (P < 0-05) 
shorter duration of contractility on repeated stimulation. 
Statistically these data suggest that, if there were any real 
difference, the germ-free rats would develop rigor mortis 
more quickly than disease-free controls. 
Certain post-mortem chemical changes are shown in 
able 1. Creatine phosphate appeared to be initially 
_ lower in muscles of germ-free rats. The concentration 
of ATP® decreased in both groups of rats to about 30 per 
ent of initial values by 4 h post-mortem. Lactic acid 
‘alues increased in both groups at a rate similar to that 
ported for rabbits (personal communication from 
Sendall). 
Post-rigor. sarcomere lengths? were also determined 
because the sarcomere length is associated with the 


















duration of the delay phase of rigor mortis*. No signifi 
differences in. post-rigor sarcomere lengths were 
between the two groups of rats (Table 1). E 

In addition to the physical and chemical paramete: 
all of which indicated a normal rigor mortis. process 
visual observations revealed obvious post-mortem stiff 
ing in both groups. In order to ensure absolute ger n 
conditions, an additional group of four germ-free 
were killed by cervical fracture and were left undisturbe 
in the isolator for 4 h. These four rats stiffened and thi 
supports the observations of the post-mortem stiffe: 
of germ-free guinea-pigs® and germ-free mice, 

The results of the present investigation, supported 
objective chemical, physical and histological tech 
clearly show that the normal rigor mortis process 
in germ-free rats. nn 
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Urea Formation by the Lactating Goat 
Mammary Gland es 
Neariy thirty years ago Graham et al. suggested on” 
the basis of arteriovenous difference measurements, ree 
urea was produced by the lactating goat mammary gl 
This view gained credence with the discovery of argi 
in lactating mammary tissue and in a review article 
1949 Folley* considered it probable that the deaminati 
of amino-acids (with related urea production) was 
important source of the carbohydrate required for milk 
secretion. Later results of arteriovenous difference 
measurements and perfusion experiments in the cow, — 
together with the demonstration that amino-acids ab- 
sorbed by the gland are used for milk protein formation, © 
however, appeared to invalidate this view (see Barry’). 
In a study of arteriovenous differences of amino-a 
across lactating goat mammary glands, in which simul 
taneous measurement of mammary blood flow an 
protein yield allowed a quantitative compariso: 
amino-acids absorbed by the glands with the corr 
ing amino-acid residues secreted in milk prc 
reported a consistently excessive absorption of ar 
On average, about three times as much argini 
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absorbed. by the glands as was secreted in the milk‘. 
These results also suggested that certain non-essential 
amino-acids were probably synthesized in the mammary 
gland, and the arginase catalysed metabolism of arginine 
seemed a likely route by which nitrogen for this synthesis 
might be provided. The results we have now obtained 
indicate that the lactating goat mammary gland can 
indeed produce urea. 

The gland of a lactating goat was perfused in isolation’, 
and a substrate mixture of glucose, acetate, and amino- 
acids continuously infused into the blood. The substrate 
concentrations were in the proportion in which they are 
normally removed by the lactating goat udder in vivot?, 
except that ornithine was omitted. 50 ue. [U-4C] L- 
arginine was infused from the second to the fourth hour 
in the 9-h perfusion. Radioactivity was detected in 
arginine and proline of the milk and in urea, proline and 
ornithine in the blood plasma; very little activity was 
detected in carbon dioxide and none in plasma citrulline. 

< Eighty per cent of the infused isotope was recovered in 
the secreted milk, tissue and blood at the end of the 
perfusion, in the following compounds (percentage of total 
recovered in parentheses): arginine (18 per cent), proline 
(64 per cent), urea (18 per cent). The production of urea 
was confirmed by net increases in this compound in the 
blood of this and of another perfusion in which ornithine 
was- included in the substrate mixture. In a control 
experiment in which [U-“C] arginine was incubated with 
goat blood alone, radioactivity was not transferred to 
any amino-acid or urea. 

Thus it appears that in the goat udder arginine is split 
to form urea and ornithine and that the latter, plus 
ornithine absorbed as such from the blood’, is used for 
the synthesis of proline and, possibly, by 8 amino group 
transamination, of other non-essential amino-acids in the 
mammary gland. If all the arginine in excess of that 
incorporated directly into milk protein were hydrolysed 
to urea and ornithine, 14 per cent (that is, one-sixth of 
82 per cent) of the carbon would be transferred to urea. 
The actual result showing an incorporation of 18 per cent 
of the recovered radioactivity into urea would seem to be 
in reasonable agreement with this prediction, considering 
the complexity of the system used. The lack of labelling 
of citrulline, when ornithine in plasma had a very high 
specific activity, would argue against the operation of the 
complete ornithine cycle. 

Verbeke et al. have recently reported the incorporation 
of ‘vadioactivity from [2-C] pi-ornithine into casein 
proline by an isolated sheep mammary gland, and because 
these authors? also reported the absorption of ornithine 
‘by the cow udder, the utilization of this compound by the 
lactating udder would seem to be common to ruminants. 
The cow udder does not appear to form urea, however, 
because in addition to the absence of a urea arteriovenous 

‘difference across the cow udder, the arginine arteriovenous 
difference is not greater than would be expected for the 
synthesis of milk protein’:’. 
T. B. MEPHAM 
J. I. LINZELL 
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Changes in Neurosecretory Activity at 
Different Stages in the Adult Hyalomma 
dromedarii Koch, 1844 


A SURVEY of literature shows that Ioffe! was the first to 
investigate in detail the distribution of neurosecretory 
cells in the ganglionic mass of hard tieks. He observed 
eighteen groups of cells distributed in different parts of 
the ganglionic mass of Dermacentor pictus Herm. and 
compared them with those in Iwodes ricinus (Linnaeus) 
and Hyalomma asiaticum Schulze and Schlottke. During 
the present investigation similar results were obtained in 
the ganglionic mass of Hyalomma dromedarit Koch 
(Acarina: Ixodidae) sectioned after staining with paralde- 
hyde-fuchsin?, using a modified technique’. 

The same techniques were used to investigate the 
changes in the activity of neurosecretory cells at different 
stages in the life of the adult tick. Ticks were reared 
in the laboratory, using the method described by 
Srivastava and Varma‘, in which guinea-pigs were used 
as hosts. Ganglionic masses of ticks were investigated in 
the following stages: developing adult, inside the nymph 
in moulting phase, 20 days after feeding; unfed adults 
at 0, 12, 20, 30 and 43 days after emergence from the 
nymphal stage; feeding adults which were released on 
the host 30 days after emergence, and which were attached 
for 2 to 3 days; and a single adult female after oviposition. 
The intensity of purple colour taken up by the cells was 
considered to be directly proportional to the amount of 
neurosecretory substance present in the cells, In order to 
obtain comparable results the following series were taken 
through the staining procedure together: 0, 20 and 30 
days after emergence from the nymphal stage. The 
staining procedure for all the other series was carried out 
under strictly similar conditions. Except for the single fed 
female which had completed oviposition, at least two 
series of sections of each stage were examined before 
reaching a conclusion, 





Sections of central ganglionic mass of H. dromedarit passing 
(a) Newly emerged adult 
female: (b) adult female, 2 to 3 days after attachment for feeding. 


Fig. 1. 
through neurosecretory cells of group 18, 
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All the groups of cells showed a gradual increase in the 
contents of neurosecretory substance after the emergence 
of adults from nymphs. There were, however, some 
groups of cells which showed a much more striking dif- 
ference in their cytoplasmic contents from the time of 
emergence up to the time of feeding, and also at the time 
of feeding (Fig. la and b). Three groups of cells, showing 
striking differences in behaviour as far as therr cytoplasmic 
contents are concerned, were observed in detail, and the 
findings are shown in Table 1. In this table, the groups of 
neurosecretory cells have been numbered according to 
the system of Ioffe’. In H. dromedartt, group 5 consists of 
six to seven cells on each side, lying in the antero-ventral 
region of pre-oesophegeal segment of the ganglionic masa, 
in the stomodeal pons; group 6 consists of one to two 
cells on each side, on the ventral surface of stomodeal 
pons in its posterior region; group 18 consists of five to 
six cells on each side, lying in the dorso-anterior region, of 
post-cesophageal segment of the ganglionic mass. 


Table 1. COMPARATIVE AMOUNT OF NHUROSEORETORY SUBSTANOKS PRESENT 
IN CELLS OF GROUPS 5, 6 AND 18 AT DIFFERENT STAGES IN THE LON OF 
H. dromedari 


Amount of neuroseoretory 
Serral Stage of tick substance in the cells* 
No. Group 5 Group6 Group 18 
1 Nymphs in the moulting phase +++ + +e + 
20 days after feeding 
2 Newly emerged adults ++ cr $ 
8 Adults, 12 days after moulting +++ + + 
4 Adults, 20 days after moulting +++ + ++ 
5 Adults, 80 days after moulting +++ + ++ 
6 Adulta, 48 days after moulung +++ + ttt 
7 Feeding adults, attached for 2 beet +t ttt 
to 3 days 
8 Fed female, after oviposition +++ + + + 


* Number of “+” s Indicates the comparative amount of neuro- 
secretory substance; “+’’ indicates that the amount of neurosecretory sub- 
stance js very scanty, ‘'—”’ sign indicates almost complete absence of neuro- 
secretory substance in the cells. 


The changes in the amount of neurosecretory substance 
observed in cells of groups 6 and 18 (Table 1) show that 
the hormone secreted by these cells has a part to play in 
the physiology of the tick. The fact that considerable 
amounts of neurosecretory substance were present in the 
cells before the emergence of adults, and that the cells 
become “empty” immediately after emergence, indicates 
that the neurosecretory substance has been used up during 
the moulting process. There 1s also evidence that, in 
addition, from the time of moulting until the next feed, 
the cells show another activity m which a secretion 
accumulates again in these cells. At the time of attach- 
ment to feed again, moreover, the cells become very 
active and the cytoplasm becomes full of secretory 
substance. The single female sectioned after oviposition 
showed practically no neurosecretory substance in the 
cells of group 18, and so it is probable that the hormone 
secreted by these cells is utilized by the female before or 
during egg-laying. The continued presence of neuro- 
secretory substance in cells of groups 5 and 6, even in the 
female which had completed oviposition, cannot, however, 
be explained on the basis of information obtained so far. 

I thank Professor D. S. Bertram, Dr. B. R. Laurence 
and Dr. M. G. R. Varma for their interest in this work 
and the supply of the tick material. This research was 
undertaken as part of a course for the Diploma in Applied 
Parasitology and Entomology (D.A.P. and E.) of the 
University of London 
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Interpretation of Hexose-dependent Electrical 
Potential Differences in Small Intestine 


AOTIVELY transported sugars added to the solution 
bathing the mucosal surface of the small intestine produce 
an increase in the electrical potential difference (p.d.) and 
short-circuit current (Ise) across the tissue*. Schultz 
and Zalusky! have shown that the increase in the Isc 
(ALe) across rabbit ileum is a function of both sugar and 
sodium concentrations in the bathing solution. When 
sodium was replaced with potassium, the maximum Also 
caused by addition of sugars was a lnear function of 
sodium concentration. Recently, Barry et al. reported 
that the increase in the p.d. (Ap.d.) following addition of 
galactose to the mucosal bathing solution of everted sacs 
of rat mid-intestine is independent of sodium concen- 
tration when mannitol is used to replace sodium chloride, 
but 1s approximately a linear function of sodium concen- 
tration when potassrum is used to replace sodium. They 
have concluded that the “galactose dependent potential 
is unaffected by sodium concentration but is reduced by 
increasing potassium concentration”. Lyon and Crane* 
have reported that, in rat jejunum, the maximum Ap.d. 
resulting from addition of actively transported sugars 1s 
independent of sodium concentration when tris [2-amino- 
2(hydroxymethyl)-1,3-propanediol] is used to replace 
sodium, but decreases when potassium is used as replace- 
ment ion. i 

The purpose of the present communication is to point 
out that (a) the observations of Barry e& al. and Lyon 
and Crane are consistent with the findings of Schultz and 
Zalusky that the hexose-dependent increase in the Ise 18 
a function of the sodium concentration; and (b) the 
observed differences in the hexose-dependent Ap.d. in 
the presence of mannitol, tris or potassium can be 
attributed, at least in part, to differences in tissue con- 
ductance. 

Both isolated rabbit uleum’ and rat jejunum?’ behave 
as ohmic resistors, so that 


p.d. = LaolG 


where G@ is the tissue conductance. Addition of actively 
transported sugars causes little change in tissue con- 
ductance?®, so that, to a good approximation, 


Also = Q Ap.d. (1) 


at constant sodium concentration. 

The changes in AJ, and Ap.d. caused by changes in 
the concentration of sodium, [Na], are related by the 
expression 





(Alec) _ da d( Ap.d.) 
JNA] 7 APA Na] d[Na] (?) 


The data of Schultz et al.” and Barry et al. (Tables 2 
and 8 of ref. 3) indicate that sodium and chloride account 
for the major fraction of the total tissue conductance of 
rabbit ileum and rat jejunum. Thus, replacement of 
sodium chloride by av, uncharged solute such as mannitol 
should lead to a decrease in tissue conductance, G. To 
examine this point, the conductance of isolated rabbit 
ileum was determined as a function of the concentration 
of sodium, chloride in the external media when mannitol, 
tris chloride or potassium chloride were used to replace 
sodium chloride. These experiments were carried out 
using the apparatus and mothods previously described 
for thé study of Is. and p.d. across rabbit ileum’. Con- 
ductance was determined from the change in p.d. caused 
by passing 26-6 yamp/cem? through the tissue. For each 
solute, Œ was determined on the same tissue by means of 
sequential replacements, and all results are expressed 
relative to the initial conductance in the presence of a 
modified Ringer’s solution? (140 mmolar sodium), At the 
end of each experiment the tissue was re-perfused with 
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Fig. 1. The effect of replacing sodium chloride with potassium chloride, 

tris chloride or mannitol on conductance of rabbit ileum. The 

average Gin the presence of normal buffer (140 mmoles/l. sodium) 
was 21 8 mmbhos/cm’. 


the Ringer’s solution; the final G did not differ sig- 
nificantly from the initial value. Tissue conductance was 
obtained after correcting for the fluid resistance between 
the potential-measuring electrodes and the tissue. As 
shown in Fig. 1, G is a lmear function of the concentration 
of sodium chloride when mannitol is used to replace 
sodium chloride, and, in the absence of sodium chloride, 
the residual conductance is 10 per cent of the initial value. 
This residual conductance may be attributed largely to 
potassium salts which comprise approxmately 10 per 
cent of the total ionic composition of the normal buffer. 
Thus, to a good approximation, when mannitol replaces 
sodium chloride 


dG/d[Na] = k (3) 


ın which k is a constant. On the other hand, as shown mn 
Fig. 1, at least 75 per cent of the sodium chloride may be 
replaced with potassium chloride with no detectable 
effect on G. Thus, at least within this range 


dG/d[Na] = 0 (4) 


When mannitol replaced sodium chloride’, Ap.d. caused 
by addition of actively transported sugars was unaltered. 


Thus 
d(Ap.d.)/d[Na] = 0 (5) 
Introduction of equations 3 and 6 into equation 2 yields 
da( ALsc)/d[Na] = kAp.d. (6) 


in which Ap.d. is a constant. Conversely, when potassium 
replaces sodium, equation 4 applies and, according to 
Barry et al., Ap.d. is almost a hnear function of sodium 
concentration, so that 


d(Ap.d.)/d[Na] = k’ 
Equation 2 then becomes 
d(Alec)/d[Na] = k’@ (8) 


in which Q is a constant. Equation 6 and equation 8 
predict that there should be a linear decrease in Als. when 
sodium is replaced by mannitol and when it is replaced 
by potassium. Further, :f the relations between Ap.d. and 
sodium (when potassium replaces sodium), and between 
G and sodium (when mannitol replaces sodium), are strictly 
linear, the quantities kAp.d. and k’G will be identical. 
That is, for two functions y = av and y’ = ba, y(dy’/da) = 
y'(dy/dz). Under these conditions, the relations between 
Tı: and sodium concentration should be exactly the same 
whether mannitol or potassium are used to replace sodium 
even though the relations between Ap.d. and sodium 
concentration differ markedly. The resulte of Barry et al. 


(7) 
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on changes in p-d. induced by actively transported sugar 
thus appear to be consistent with the observations o: 
Schultz and Zalusky on changes in Js. Further, even i: 
the relations described in Fig. 1 are not quantitatively 
applicable to rat jejunum, it 1s clear that if Ap.d. i: 
unaffected when sodium is replaced in such a way thal 
Q is altered, Ass must have changed in parallel with G 

The results of Lyon and Crane, obtained by replacing 
sodium with iris, may be subjected to a similar analysis 
As shown in Fig. 1, replacement of sodium chloride witl 
tris obloride brings about a decrease in G of rabbit ileum 
and complete replacement of sodium results in a 40 pe: 
cent decrease in G, as expected if sodium is replaced witl 
a cation which does not readily permeate the tissue. The 
data given by Lyon and Crane (Fig. 10 of ref. 6) indicate 
that replacement of sodium with tris also results in £ 
marked change in the tissue conductance of rat jejunum 
In changing from a sodium concentration of 72 mmoles/1 
to one of 48 mmoles/l., the conductance of the regior 
between the tips of the potential-measuring electrode: 
(which includes medium as well as tissue) changed from 
3-7 uamp/mV to 2-4 uamp/mV; a 33 per cent decreas: 
m sodium concentration was accompanied by a 35 pe 
cent decrease in total conductance. Thus, the observatior 
that the maximum Ap.d. was the same at 48 mmoles/l 
sodium and 72 mmoles/l. sodium actually indicates thai 
the maximum AI, decreased by 35 per cent when the 
sodium concentration was decreased by 33 per cent. 

Although it is easier to determine electrical potentie 
differences across everted sacs of small intestine than tc 
measure short circuit current, these determinations o: 
potential difference must be interpreted with caution 
With identical bathing solutions on the two sides of the 
tissue, Js is & measure of the rate of ion transpor 
which cannot be attributed to differences in eleotrochemica 
potential. The p.d. is, however, a complex function of ior 
transport rates, the electrical properties of the tissue anc 
asymmetries in ionic concentrations; changes in p.d. may 
not directly reflect changes in rate of ion transport. Hac 
the Is, been measured in the two studies cited, our analysix 
suggests that Also would have been dependent on the 
sodium concentration of the bathing medium regardlea: 
of whether mannitol, tris or potassium were used t 
replace sodium. Failure to consider the effects of tissu 
conductance on the relation between p.d. and Igo can leac 
to apparent disagreement between published results, anc 
kinetic models based on the assumption that changes ir 
p.d. directly reflect changes in the rate of active ior 
transport may be misleading. 
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lished investigator of the American Heart Association 
Dr. Curran was supported by a research career programm 
award from the National Institute of Arthritis and Meta 
bolic Diseases. Dr. Wright was supported by a researcl 
grant from the U.8. National Institute of General Medica 
Sciences. 
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Colony Production in vitro by Normal 
Polycythaemic and Anaemic Bone Marrow 


Tae growth of colonies from mouse bone marrow cells in 
solid agar medium tn vitro has been described recently’. 
The colony growth required stimulation by feeder layer 
cells, the most effective of which were neonatal mouse 
kidney cells. Although the colonies appear to arise by the 
proliferation of single cells, the colony cell population is a 
mixture of myeloid cells and mononuclear cells and the 
identity of the cells responsible for the initiation of 
colony formation has not been established. In order to 
gain more information on the in vitro colony forming cells 
the followmg studies have been made comparing the 
numbers of colony forming cells in normal, polycythaemuc 
and anaemic mouse bone marrows. 

Male mice strain O57BL 8 months old were used 
throughout. They were rendered polycythaemic by daily 
intraperitoneal injection of 0-5 ml. packed isologous red 
cells (triple washed in normal saline). Injections of cells 
were made for 4 consecutive days. Anaemic mice were 
produced by bleeding 0:3 ml. of blood daily from the tail 
vessels for 4 consecutive days. The marrows of groups 
of four normal, polycythaemic and anaemic mice were 
pooled and tested simultaneously for colony forming 
ability on the fifth day. 

The technique used for the bone marrow culture has 
been described in detail elsewhere’. In brief, non- 
irradiated feeder layers of trypsinized kidney cells from 
8 day old 057BL mice were prepared by the addition of 
the cells, suspended in Eagle’s minimal essential medium 
(supplemented with serum (10 per cent) and trypticase 
soy broth (10 per cent)), to an equal volume of 1 per cent 
agar solution. Aliquots of the cell suspension in agar of 
5 ml., containing 5x 10° kidney cells, were plated in 
60 mm glass Petri dishes and allowed to gel. 

Nucleated cell counts were made on the pooled marrow 
single cell suspensions and media containing 15,625; 
62,500; 260,000 and 1x 10° cells/ml. of each of the three 
pools were prepared, mixed with an equal volume of 0-6 
per cent agar solution and 2 ml. aliquots plated on top 
of the previously prepared feeder layers. Control dishes 
were prepared identically except that the feeder layer cells 
were omitted. After the upper layers containing the 
target bone marrow cells were allowed to gel, the dishes 
were incubated at 37° C for 10 days in a humidified inou- 
bator gassed with 5 per cent carbon dioxide in air. Colony 
counts were made using a dissecting microscope. Three 
separate experiments were made, which were identical 
except for a change in serum used in the medium in the 
second and third experiments. 

The results are listed ın Table 1. Control dishes without 
feeder kidney cells yielded no colonies with marrow cells 
from each of the three treatment groups. A linear increase 
in colonies formed was obtained with increasing numbers 
of bone marrow cells from all three groups of mice. 
With the marrow cells from the polycythaemic mice, 
however, significantly larger numbers of colonies were 


Table 1. NUMBER OF COLONIES FORMED in vifro BY OHLLS FROM VARIOUS 
TYPES OF C57BL BONE MARROW 


Type of Mean haema- 

onor Experi- _toont of No. of colonies formed by various 
bone ment donor mice numbers of bone marrow cella 
marrow No. (per cent) 15,025 62,500 260,000 1,000,000 

Normal I 48 NT li B 250 
it 47 NT 43 106 412 
my 48 NT 29 100 400 
Poly- I 80 NT 85 86 436 
o I 76 15 56 201 792 
Tr 77 18 61 202 840 
Ansemic I 21 NT 3 5 51 
Ir 24 NT 24 24 167 
m 28 NT 17 216 


Experiment 1 performed using medium containing 10 per cent bovine 


riments II and IM performed using medium containing 10 per cent 
foetal calf serum. 
NT equals not tested. 
* Mean number of colonies from two dishes. 
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obtamed than with the normal or anaemic marrow cells 
at all cell dilutions plated. Significantly fewer colonies 
were obtained with the marrow cells of anaemic mice 
compared with those from normal marrow cells at the 
1,000,000 cell plating level, but the platings at lower cell 
numbers are not significantly different. No differences 
were detected in the size, rate of growth or cell morphology 
of the colonies derived from the three different types of 
marrow cells used. 

The induction of polycythaemia by hypertransfusion 
rapidly leads to a reduction of the erythropoietic elaments 
in the marrow‘ while the anaemic state leads to an increase 
in the number of erythropoietic cells. On this basis the 
present results suggest strongly that the cell type which 
is involved in the generation of cell colonies in viro after 
stimulation by kidney feeder layer cells is not a member 
of the erythropoietic cell series and is possibly not a 
member of the population of stem cells susceptible to 
commitment by erythropoietin to start differentiation as 
primitive erythroid cells. This is of special interest in 
view of the possible production of erythropoietin by the 
kidney feeder layer cells. 
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RADIOBIOLOGY 


Fall-out Radionuclides in Colorado Deer Liver 


Broavsa of the numerous and complex functions of the 
liver, one would expect a wide variety of elements to 
become concentrated in that organ. According to data 
compiled by ICRP#, at least forty-two stable elements 
may occur in liver tissues, including caesium, manganese 
and ruthenium. Radioisotopes of these elements from a 
variety of sources have been found to accumulate in 
livers of several species*". Ingested cerium may also 
accumulate in the liver* even though absorption from the 
digestive tract is normally less than 0-1 per cent’. 

Because deer liver is a choice food item of man, it was 
of interest to assay samples for fall-out radionuclides. 
Livers and rumen contents were obtamed from wild 
mule deer (Odocotleus hemionus hemionus) which were 
collected approximately weekly during the period May 
1963-August 1964 from a 580 square mile portion of the 
Cache la Poudre drainage area in north central Colorado, 
by the Department of Game, Fish and Parks. Radio- 
nuclide assay was performed on bulk samples using 
y-ray spectrometry’. The counting system consisted of 
@ 4x8 in. Nal(Tl) crystal connected to a transistorized 
400 channel pulse height analyser. The complex y 
spectra were resolved into components by the technique 
of matrix inversion using the ‘TBM 1620’ computer. 
Peaks were identified by energy and decay rates and 
compared with spectra produced by standards of known 
composition, and activity. Typical y spectra for rumen 
and liver samples are given in Fig. 1. 

The radionuclide data for liver and rumen contenta are 
summarized in Table 1. The relatively large sample 
standard deviations include variation resulting from 
decreasing levels of activity through time. Because major 
atmospheric nuclear testing by the U.8.A. and Russia waa 
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Fig. 1. Typical y-ray spectra of deer liver and rumen content samples 
during 1068 and 1064, 


120 150 180 


stopped in December 1962, and no tests were reported 
during the study period, one would have expected an 
overall decrease in environmental levels of fall-out during 
that period. Decreasing activity with tume of each fall-out 
nuclide measured was pronounced (statistical probability 
< 0-05) in both liver and rumen samples. The exponential 
model was used for each set of data and the slopes of the 
regression lines are indicated in Table 1 by the half-times. 
The half-times defined as log 2/slope. 

Analysis of covariance was applied to the data to test 
whether the half-times of each nuclide in the liver were 
statistically different from the half-times in the rumen 
contents. This procedure provided a means of determining 
whether or not the nuclide concentrations in the liver were 
in equilibrium with environmental contamination during 
the study. It was found that with the exception of 
cerium-144 the concentrations of the nuclides decreased 
at rates which were not statistically different (P < 0-08) 
between the liver and rumen samples, suggesting equi- 
librium conditions. 

Concentrations of cerium-144, however, decreased at a 
significantly (P < 0-05) slower rate in the liver than in 
Table 1, SUMMARY OF DATA ON }-KMITTING WALL-OUT RADIONUCLIDES 


MBASURED IN FORTY-THREE OOLOBRADO MULM DERR AND RUMBN 
OONTHNTS FROM MAY 1963 TO AUGUST 1964 


Nuclide levels Temporal Effective 
(pe./g)* ocorre- decay 

Organ Nuolide mple lation _half-times 

Means S.D. coefficlenta in days 

Llver Cerium-1. 142 1-06 — 0-45 845 
Ruthenium-106 0-46 +87 — 035 290 
Casalum-18' O44 0-29 — 026 1,100 
Manganese-54 0 28 O16 — 0-862 190 
Bumen Oerlum-144 82-8 418 — 077 180 
contents Ruthenium-106 26-8 20-1 — 077 230 
Osestum-187 5-48 1-04 — 0-49 550 
Manganese-54 85 4°38 — 0-82 180 


* Liver radionuclide concentrations in terma of fresh tissue; rumen content 
radionuclide concentrations in terms of oven dry welght. 
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the rumen samples, wndicating that the liver was not in 
equilibrium with the environment for that nuclide. This 
would suggest a relatavely long biological half-time com- 
ponent for cerium in the liver. ICRP! lists a value of 
293 days for the biological half-tume of cerium im hver, 
which is considerably longer than published values for 
caesium, manganese or ruthenium in that organ. 

The liver data were examined by analysis of variance 
techniques to test for age and sex differences. No statis- 
tically significant age or sex differences were found. 

The relatively low correlation coefficients in Table 1 
suggest that the variability caused by unspecified sources 
was greater during the study period than the variability 
attributed to temporal factors. Because we have pre- 
viously shown that the fall-out contamination of deer 
forage plants varies considerably*, and because food 
habits vary between individuals, most of the observed 
variability in liver radionuclide burdens could probably 
be attributed to these sources. Physiological differences 
between individuals may also have contributed to the 
variability. 

Because caesium-137, manganese-54 and ruthenium-106 
concentrations in liver were judged to be in equilibrium 
with the extent of environmental contamination during 
the study, correlations between the rumen content and 
the liver concentrations of these nuclides were investi- 
gated. Statistically significant (P < 0:05) correlations 
were obtained for caesium-137 and manganese-54, but no 
significant correlation was found for ruthenium-106. The 
scatter diagrams including the prediction equations for 
cacsium-137 and manganese-54 are given in Fig. 2. 

Estimates of the average lifetime doses to the liver 
from the four principal gamma emitting nuclides are sum- 
marized in Table 2. The dose estimates were based on 
measurements taken during 1963 and 1964, a period follow- 
ing large-scale atmospheric testing of nuclear devices. 
The estimates assumed (1) no further testing during the 
expected lifetimes of the animals, (2) an expected lifetime 
of 7 yr for deer, (3) an effective radius of 10 cm for deer 
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Fig. 2. Relationships between radionuchde concentrations in rumen, 
contents and liver tissue for caesinm-187 and manganese-54. 
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Table 2. BSTULATAD LIFETIE DOSES TO DEBR LIVER FROM »-BMITTING 
PALL-OUT RADIONUOLIDES AFTHR 1032 NUCLEAR THSTS 
Estimate in millirads 
Naclide Lowerlmit Upperlimt Best estimate 
CePr-144 29 98 60 
RuBh-106 45 19 16 
Ce-187 70 21 Th 
Mn-54 07 8-2 14 
Totala 41-2 186-2 88-9 


livers, and (4) values for the effective energy absorbed per 
diantegration as listed by ICRP}. 

It was apparent that the major portion of the total dose 
(approximately 72 per cent) would be from cerium-144. 
Only about 2 per cent of the total dose would be attributed 
to manganese-64. The results of these calculations 
indicate that the concentrations of fall-out in the study 
srea during the investigation were insufficient to present 
a hazard to deer liver tissue (the maximum permissible 
exposure rate for the liver is 15 rads/yr as specified by 
ICRP). In fact, the exposures would only increase the 
heed dose rate a fow per cent over the normal background 
eve. 

The deer liver has been shown to accumulate several 
fall-out radionuclides which are not normally found in 
other organs and tissues which are commonly assayed. 
We believe the liver may be a useful biomdicator for 
environmental contamination by certain cerium, caesium, 
manganese and ruthenium isotopes. 

This work was supported by the U.S. Atomic Energy 
Commission and carried out at Colorado State University. 
We wish to thank D. E. Medin and A. E. Anderson, of 
the Colorado Department of Game, Fish and Parks, for 
providing the deer samples, E. E. Remmenga for assistance 
with the statistical procedures, and R. J. Garner, J. E. 
Johnson, W. S. Osburn, G. M. Ward and D. W. Wilson 
for reviewing the manuscript. 
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Effect of Parathyroid Hormone and 
Vitamin A on the Retention of Radiostrontium 
in the Rat 


Tux experimental data about the influence of parathyroid 
hormone on the excretion of radiostrontium are ambigu- 
ous. Some workers have reported that there is no effect, 
others that there is @ diminished retention*-!°, and 
still others claim that retention of radiostrontium is 
enhanced under the influence of parathyroid hormone, 
These discrepancies may be accounted for in a number of 
ways. Thus the results indicating a positive influence 
have only been obtamed by measuring the urinary excre- 
tion of radiostrontium; it is understandable that this 
slight effect should not be evident in the comparatively 
insensitive direct determination of radiostrontium in the 
whole body or the skeleton. Moreover, the capacity of 
commercial preparations of parathyroid hormone to 
mobilize calcium from the bone may vary. Finally, 
most studies so far have been concerned with the admini- 

stration of parathyroid hormone a comparatively short 
time after the incorporation of radiostrontium; experi- 
ments with calcium-45, however, indicate that the parathy- 
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roid influences calcium in the deeper bone areas which are 
not closely in contact with the easily exchangeable 
pool'#3, It follows that the time of administration of 
parathyroid hormone may affect the resulta of experi- 
ments. 

‘We have also studied the effect of vitamin A on the 
retention of radiostrontium; it is known! that massive 
doses of vitamin A accelerate the process of bone resorp- 
tion and mobilize another bone seeking radionuclide, 
lead-210. 

Carrier free strontium-85 as strontium chloride (about 
15 uc. per animal) was injected intraperitoneally into 
female rata (7-9 weeks old) of the Heiligenberg strain 
(average body weight 120 g). The animals were main- 
tained on a diet which contained 1:37 per cent calcrum 
and 0-935 per cent phosphorus. The treatment schedules 
are shown in Table 1. The retention of strontium-85 was 
investigated by whole body counting using a plastic scintil- 
lator (17-8 om diameter, 12-7 om deep) for 147 days. The 
measurements were corrected for radioactive decay and 
counting efficiency. The retention of strontium-85 in 
untreated control animals can be represented by the sum 
of several exponentials (Fig. 1). The amount of calcium 
in the 24 h urine of untreated animals was 0-794+ 
0-044 mg. A single dose of parathyroid hormone or vita- 
min A was followed by the excretion of 1:65 + 0:083 and 
1-07 + 0-092 mg, respectively. 


Table 1 
Group No. peta 

I 

rm 1.8.2.0. Parathorm’, gt; Aniol day; orori Petona 

Or n „  2?th-45th day; every second day. 
rotraperiton 

IV is 4 47th-65th day; every second da: 
intraperiton 

Vv vi » i26th-144th day; every. gecond day 

traperitoneally 

VI Control 

VII 200 LU. vitamin ‘Arovit’. gt; goh day; dally orally 

vor » n 27th-86th ,, n 

x » " 47th-6th —,, ” 

x èr ti 188rd~142nd ,, y 


The variation in the response of individual rats to the 
treatment was allowed for in the following way. The 
average body burden in the control and the individual 
values in the experimental group (as determined by the 
last counting before the treatment) are designated by 
Ra and R,. The first two measurements after the end of 
the treatment were multiplied by R,/R,. The comparison 
was made by analysis of variance. 

As can be seen from Fig. 2, asignificantly lower burden 
of strontium-85 was observed only when the administra- 
tion of parathyroid hormone was started on the twenty- 
seventh or forty-seventh day. The effect of vitamin A, 
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Fig, i. Retention of strontium-85 in control rata, Averages of twelve 
animals, 
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however, is independent of time so that a mode of action 
different from parathyroid hormone 18 indicated. 

The slight decrease in the burden of strontium-85 does 
not reach statistical significance with regard to the long- 
term retention (that is, 140th and 147th days in groups 
DI, IV, VO-X). This may be explained by assuming 
that the retention function contains an additional term 
with a much larger half-time (than the last term in 
Fig. 1) which is not affected by either treatment but which 
becomes dominant with increased time. 
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Response of Pines irradiated with Lethal 
and Sublethal Doses of -Radiation 


Wes have previously reported on the early recovery 
behaviour of Pinus thunbergit trees which were exposed 
to 715 rads of acute y-radiation)?. This communication 
is a report on the later recovery behaviour of the same trees 
during the first and second growing seasons after irradia- 
tion, and on similar trees subjected to 1,000 rads. 

The first group of trees, a total of fifty, was irradiated 
while dormant, in February 1964, with 715 rads (33-2 
rads/min) of cobalt-60 y-rays. Fifty similar trees were 
retained unirradiated as controls. In June 1965, twenty 
additional actively growing trees were irradiated with 
1,000 rads at the same dose rate from the same source, 
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while twenty similar trees were retained unirradiated 
as controls. In both cases the trees were 4 year old potted 
seedlings. During the entire period after irradiation, the 
trees were kept in controlled conditions in a glasshouse. 

As reported previously, although none of the trees died 
ummediately after exposure to 715 rads, all the meristems 
which were present at the time of irradiation had been 
killed. Subsequently, new meristems were seen to form. 
The development of these during the first growth season 
after irradiation is described in our original paper’. At 
the beginning of the second growth season all the trees 
irradiated with 716 rads were still alive. Two, however, 
had failed to develop the new meristems as described. 
One of these afterwards died about 18 months after 
exposure, without showing any evidence of growth after 
irradiation. The other tree also turned brown at 18 
months, except for a single branch which kept green 
needles near its tip. This tree remained dormant for 
about another 8 months. Then new growth developed 
near the tips of several of the branches, indicating an 
initiation of recovery as late as 2 years after irradiation. 

A response in needle growth to both acute and chronic 
radiation exposure had been observed by other workers*.4. 
We therefore also examined our trees for evidence of this 
behaviour. Because the existing meristems on our trees 
had been killed by the dose of 715 rads, they did not set 
needles. The new buds which formed after irradiation 
did, however, set needles. These needles were measured 
after they had fully matured. 

Table 1 summarizes the measurements of branch and 
needle length. Also included 1s the average number of 
stroboli on each bearing tree in May 1965. Although 
the mean length of the needles on irradiated trees was 
slightly less than that of the controls, this difference was 
not statistically significant. On the other hand, the 
distribution of the new needles on the branches had 
definitely been affected by the radiation, the needles on 
the irradiated trees being somewhat clumped together 
at the end of the branch, while those on the controls were 
more or less evenly distributed. 


Table 1, COMPARISON OF TOTAL GROWTH IN IRRADIATHD AND CONTROL 
TRERS OCOURRING IN THE FIRST YEAR AFTER IRRADIATION (715 RADS) 
Tıme of 
measurement Control Irradiated 
Terminal branch (cm) February 1965 23-034 9°78 8'59 + 6-85 
Lateral branch (cm) February 1965 0 06+ 4°02 542+ 3 62 
Needle length (cm) February 1965 10-63 +301 9-35 +1°79 
Cones/bearmng y 1005 5:58 575 


In the second year after irradiation, with the two 
exceptions already mentioned, no significant differences 
in growth behaviour were seen, between the group irradi- 
ated with 715 rads and the control groups. The needle 
and branch growth of both groups was similar and both 
set male and female stroboli. 

Two interesting points arise from this study. First, 
it has been observed by ust and also by Brandenburg 
et al.” that it is not necessary for the entire meristem to 
survive in order to ensure survival of the entire branch 
or plant. It is merely sufficient that enough cella survive 
to result in the formation of a new meristem. In the 
present experiments none of the trees exposed to 715 rads 
retained their original meristems in a viable condition. 
Yet all those which developed new meristems as described? 
survived. 

The second notable finding is that the needles of pines 
otherwise markedly affected by irradiation were not 
shortened significantly. Since there was no growth of the 
original existing meristem, we suspect that there is a 
relationship here. Sparrow reports no needle growth 
above 600 rads for dormant P. strobus’. Furthermore, 
his results indicate that the needle growth measured by 
him arose from meristems not killed by the irradiation. 
In our experiments, the needles observed arose from new 
meristems initially formed after irradiation with a dose 
of 716 rads. We would suggest, therefore, that needle 
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shortening 1s the result of the action of radiation on needle 
germinal centres already set down, at the time of exposure. 
In the case of new buds and meristems arising after 
exposure to radiation, we would suggest that these arise 
from cells left relatively or completely undamaged by the 
radiation. These new buds would have set down their 
needle-germinating centres after irradiation, and the 
needles arising from them, having come from more or 
lesa normal cells, would be normal in length. Such a 
hypothesis could account both for the needle shortening 
in those cases where the meristem has not been killed by 
the acute exposure’, and for the shortening observed on 
chronic exposure‘. It could also account for the normal 
needle lengths observed in both the first and second 
growing seasons after acute exposure to radiation. 

The response to 1,000 rads was markedly different 
from the response to the lower dose. Mortality in this 
case was characterized by an immediate cessation of 
growth in these previously actively growing trees, followed 
by browning and loss of needles. Browning began about 
2 weeks after exposure, ocourring first at the tips of the 
needles closest to the meristems, and then moving inward 
on the needle and downward on the branches and trunk 
until the entire tree was brown. The last needles to turn 
from green to brown were those located at the loweat 
position on the trunk proper. After 10 weeks, 75 per cent, 
and after 9 months, all the trees exposed to 1,000 rads 
were dead. At no time did any of these trees show signs 
of growth after irradiation. 

This work was supported by a contract between the 
U.8. Atomic Energy Commission and the University of 
Calrfornia. f 
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MICROBIOLOGY 


Abolition of Passive Immunity to Bacterial 
Infections by Iron 


COMPARATIVELY little is known of the mechaniams of 
non-specific resistance to bacterial infection, although it 
is clear that many different factors are involved’. Ex- 
perimentally, it is difficult to assess the importance of 
any one factor in the tissue itself because the interaction. 
between parasite and host is a dynamic process which 
is not only complicated but subject to rapid change. 
Individual factors can sometimes be investigated in isola- 
tion tn vitro, but this technique has the obvious dis- 
advantage that the effect observed may have no real 
relevance to the situation in vivo. These difficulties may 
largely disappear if circumstances arise where a single 
factor can be seen to operate in a similar way in both 
situations. 

Horse sera, both normal and immune, exert a powerful 
inhibitory effect on the growth of Clostridium welchis 
type A in vitro. The bacteriostatic effect is both pH and 
Eh dependent, but in appropriate conditions the growth 
of the bacteria ceases abruptly after a few hours and is 
followed either by a decline in the number of viable 
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organisms or by a prolonged period during which the 
number of viable bacteria remains relatively unchanged?)?. 
The fate of the bacteria after growth has stopped depends 
partly on the medium used’. 

The bacteriostatic power of both normal and immune 
sera, is abolished by the addition of iron to the medium’. 
The effectiveness of the ron is governed by its oxidation 
state. At a relatively high Eh ferric iron abolishes bac- 
teriostasis when added to the medium with the bacteria, 
but is progressively less effective if added later. After 
3 h it has no effect. Ferrous iron rapidly abolishes bac- 
teriostasis when added 3 h after the start of the experi- 
ment. The importance of the oxidation state of the iron 
is confirmed by experiments done at a relatively low Eh 
where ferric 1ron can abolish bacteriostasis when added 
after 3 h. In these circumstances there is a fairly rapid 
reduction of ferric iron to the ferrous form. These ex- 
periments suggest that in appropriate conditions serum 
has a progressively deleterious effect on the metabolism 
of the bacteria, which involves, either directly or in- 
directly, some derangement of iron metabolism. The reac- 
tion is probably highly specific because the bacteriostatic 
effect cannot be abolished by substances, such as cobalt, 
which might be expected to replace iron. 

It is important to note that both normal and immune 
horse sera are equally effective in suppressing bacterial 
growth? and also that normal guinea-pig serum has 
similar properties (unpublished observations). This sug- 
gests that the ability to interfere with iron metabolism 
may be a property of plasma that reflects an aspect of 
non-specific resistance rather than a specific immune 
reaction. One plasma fraction of likely importance is 
transferrin, which is an extremely powerful iron-binding 
agent‘. Isolation of horse transferrin has proved difficult, 
but human transferrin was found to be equally suitable 
for experiments in viro. Detailed investigations of the 
effect of individual serum fractions suggest that a mixture 
of transferrin and 6, and y globulins most closely repro- 
duced the effect of whole serum*. Recent work (unpub- 
lished) has shown that in certain circumstances, possibly 
depending on slight changes in the medium, transferrin 
itself can prevent the growth of Ol. welehts at a relatively 
high Eh. This effect, however, is invariably abolished by 
the addition of ferric iron 3 h after tho start of the experi- 
ment. This does not happen with whole serum, or with 
the mixture of transferrin, R, and y globulins. 

Relatively small amounts of Ol. welchis horse antitoxin 
give good protection of guinea-pigs against fatal gas 
gangrene induced by intramuscular injection of Ol. weloht 
and adrenaline’; 26 r0 of «-antitoxin almost completely 
protect against many lethal doses of bacteria, and 260 ru 
are completely protective. In these animals growth of the 
bacteria was rapid for 4-5 h, and then ceased abruptly. 
By 18 h the lesion had almost healed and the number of 
living bacteria had declined to about 1/100 of the maxi- 
mum number observed at 4h (refs. 5 and 6). These growth 
curves have some resemblance to those observed in vitro 
and made us suspect that similar bacteriostatic effects 
could operate in both situations. 

When passively immunized animals were injected intra- 
venously immediately before infection with ferric ammon- 
ium citrate equivalent to 5 mg of iron/kg the protective 
effect of antiserum was abolished and the bacteria grew 
continuously, with massive invasion of the abdominal 
wall. Death occurred in 12-18 h. The possible causes of 
death in passively immunized animals heavily infected 
with Ol. welohti type A are discussed elsewhere’, but the 
result serves to emphasize that antitoxin has little protec- 
tive power if extensive bacterial growth occurs. Death 
was not caused by the enhancement of toxin production 
by the iron, because both the infected tissue and plasma 
contained an excess of «-antitoxin throughout the’course 
of the infection’. Iron did not interfere with the phago- 
oytio power of polymorphonuclear leucocytes’. After its 
injection the iron in the plasma was sufficient to exceed 
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the total iron-binding capacity of the plasma for at least 
6h. The saturation of serum transferrin both in vitro and 
tn vivo leads to a failure to inhibit bacterial growth, and 
so there is a strong suggestion that the binding of iron by 
transferrin may be important in resistance to infection, 
although it must be emphasized that the results in vitro 
also suggest thet more than one component of serum is 
involved in the bacteriostatic reaction. 

The general significance of our results with Ol. welchts 
is strengthened by our finding a similar effect in a pas- 
teurella infection of passively immunized mice. A strain 
of Pasteurella septioa (ON 3448; Wellcome Research 
Laboratories) was passaged in mice until it attained a 
high degree of virulence, with a lethal dose of about ten 
organisms. Passive immunity was provided by intra- 
venous injection of 0-5-1-0 ml. of horse P. septica anti- 
serum (Burroughs Wellcome and Co.). Mice (25-28 g) 
were injected intraperitoneally with about 1-5-2-5 x 10° 
P. septica from a 6-h culture. Haematin hydrochloride 
(2-8 mg) (British Drug Houses, Ltd.) was injected intra- 
peritoneally with the bacteria. Ferric ammonium citrate 
equivalent to 5 mg of iron/kg was injected intraperi- 
toneally with the bacteria, or intraperitoneally and 
intravenously. With intraperitoneal injections the results 
were essentially the same when the iron was given at the 
same timeo as the bacteria (0 h) or in two or four doses 
from 0-9 h. Neither iron compound was toxio to normal 
mice. Iron largely abolished passive immunity to P. 
septica (see Table 1). Microscopical examination showed 
that enormous multiplication of P. septica ocourred in the 
animals treated with iron. 


Table 1. EFFWOT OF IRON COMPOUNDS ON INFROTION BY P. septica IN 
PASSIVELY INMUNIZHD MION 
Number Deaths Deaths 
Treatment of mice (5 days} (per cent) 
Nil 89 11 12 
Haematin 79 78 92 
Ferrio ammonium citrate 55 45 82 


Iron is reported as enhancing other kinds of bacterial 
infection, though not, as recorded above, in passively 
immunized animals. Thus, Jackson and Burrows! found 
that the virulence for mice of a non-pigmented mutant 
of a virulent strain of Pasteurella pestis was enhanced by 
the ıntraperitoneal injection of 0-1-0-4 mg of ferrous 
sulphate suspended in arachis oil. The authors considered 
that in normal mice the mutant strain was unable to 
metabolize some iron compound that could be used by 
the pigmented parent strain. It is, however, possible that 
the mutant strain was unusually susceptible to bacterio- 
static factors in normal mouse plasma which interfere 
with iron metabolism, Jackson and Morris’? showed that 
the threshold concentration of iron required to stimulate 
the growth of the parent and mutant strain in human 
serum in vitro was that required to exceed the iron-binding 
capacity of the serum. The fact that the growth of both 
strains was equally enhanced by iron makes doubtful the 
suggestion made above that the great enhancement of 
the mutant’s virulence could be explained in terms of 
interference by the iron with an in vivo bacteriostatic 
effect to which the mutant was especially sensitive. 
Nevertheless, this point is worth re-examination, because 
any bacteriostatic effect might, as with Cl. welchist*, 
require carefully adjusted conditions for demonstration 
in vitro. Jackson and Burrows’ also found that the virul- 
ence of non-pigmented mutants of avirulent pigmented 
strains was not enhanced by iron. Here it is possible that 
these strains lacked some character necessary for growth 
in vivo which was not associated with iron metabolism. 

There are numerous examples of the abolition of the 
antibacterial effects of serum tn vitro by iron™-13 which 
have suggested that transferrin may be important in 
non-specific resistance. Thus, intraperitoneal ferric 
ammonium citrate sufficient to saturate the circulating 
transferrin for a brief period markedly enhanced the 
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virulence of Klebsiella pneumoniae, though not Pseudo- 
monas aeruginosa, in rata and mice, and iron is said to 
enhance the virulence of K. pneumoniae and Salmonella 
typhimurium in mice and guinea-pigs but not that of 
Salmonella typhi, Ps. aeruginosa or streptococci. Iron 
also enhances the virulence of Listeria monocytogenes 
infections in mice. 

It is clear that iron enhances infection by some, but 
not all, of the bacterial species tested. More than one 
component of serum appears to be involved in bacterio- 
static reactions with Ol. welchti type A’, and so it is 
perhaps not surprising that variable results were obtained 
with a large variety of organisms which possess a wide 
range of pathogenicity for their respective experimental 
hosts. In tests with highly virulent bacteria the use of 
passively immunized animals appears to have the advan- 
tage that the immunity of the animal may be delicately 
poised in favour of the host with the result that the 
elimination of a single resistance factor leads to massive 
growth of the parasite. It also has the advantage that it is 
often possible to exclude the effects of known toxins, by 
ensuring that adequate amounts of specific antitoxin are 
present in the tissues. 

In conclusion our experiments suggest not only that 
plasma components such as transferrin and the B and 
y globulins play an important part in resistance to bacterial 
infection, but that resistance is a manifestation of an 
in vivo bacteriostatic mechanism in which these com- 
ponents are intimately involved—a conclusion based on 
the similarity, both in magnitude and time-course, of the 
effect of iron compounds on the growth of Ol. welehti 
in vivo and in viro. Furthermore, the preliminary results 
with a very different pathogen, P. septica, suggest that 
this mechanism may be involved in other bacterial 
infections. 

J.J. BULLEN 
Hunry J. ROGERS 
G. H. Cusmym 


Rowett Research Institute, 
Bucksburn, 
Aberdeen. 
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Alkaloids as Self-inhibitors of Fungi 


Wua found that the washed conidia of Glomerella cingulata 
(Stoneman) Spaulding and Schrenk readily germinated in 
redistilled water, but only when present in low concentra- 
tions1. Reduced germination of spores as a result of 
crowding is known in several fungi as ‘‘self-inhibition’’. 
We showed that diffusible inhibitors were present in the 
conidia; a basic fraction was more toxic to the conidia 
of G. cingulata than to the endospores of Bacillus subtilis 
by a Petri plate assay method’. 

In order to extract the germination inhibitors, cultures 
of G. cingulata were grown m potato sucrose medium for 
7 days, on a shaker (150 r p.m.) at 25° C. These cultures 
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contained 1:6 x 10* conidia/ml., and these were separated 
and washed twice by centrifugation, and acidified to 
pE 4 by adding normal hydrochloric acid. The acidified 
sediment was dried for 12 h in a hot air oven at 50° C; 
the yield waa 6-9 g/l. It was powdered and continuously 
extracted in a Soxhlet apparatus for 12 h with petroleum 
other (boiling point 30-80° C). Only reagent grade chemi- 
cals were used. The defatted culture was adjusted to 
pE 9 with normal sodium carbonate, dried, powdered and 
continuously extracted for 12 h with methylene chloride. 
The crude methylene chloride extract was dissolved in di- 
ethyl ether, filtered and extracted with several changes of 
5 per cent hydrochloric acid at room temperature in a 
separating funnel. The bottom acid layer gave & very 
dense brown flocculent precipitate with Wagner’s reagent. 
The precipitate disappeared on shaking or on addition of 
more reagent, which indicated that the acid extract con- 
tained alkaloids? The crude methylene chloride extract 
was considered to be a mixture of bases, on the evidence 
of solubility teste and positive results of nitrous acid, 
bromination, and Hinsberg’s tests‘. Crude bases were 
extracted repeatedly until the hydrochloric acid extract 
no longer gave precipitates with Wagner’s reagent. The 
hydrochloric acid extracts were made basic (pH 10) with 
5 per cent sodium hydroxide and then extracted several 
times with diethyl ether. The ether extracts were evapor- 
ated and designated as pure bases. Thorough extraction 
of fats from the cultures increased the activity of the 
bages. 

The pure bases were chromatographed on silica gel H 
thin-layer plates (2504); only those solvents recommended 
for the alkaloids were effective in bringing about separa- 
tion of spots’. As many as four spots were separated from 
the pure basea when developed with benzene, ethyl 
acetate and dimethyl amine (7:2:1). The spots were 
visible in ultra-violet light, and when developed in iodine 
vapour or sprayed with iodoplainate reagent. Because 
the number of spots and their Rr values differed from 
preparation to preparation the spots were identified by 
numbers 1, 2, 3 and 4 in ascending order. They were 
collected into frittered glass filter funnels and eluted, first 
with methylene chloride and then with absolute ethanol. 
It appears that degradation products are formed which 
remain in silica gel after elution with methylene chloride, 
but can be extracted readily by ethanol. These fractions 
were separately dried and assayed (Table 1). Ethanol 
soluble residue inhibited B. subtilis more than G. cingulata 
(these are not shown in Table 1). In hydrochloric acid 
solutions all the fractions gave precipitates with Wagner's 
reagent. 

The well known fungal alkaloids are produced by the 
ergot sclerotia of Olaviceps purpurea (Fries) Tulasne. 
We grew the conidial cultures of O. purpurea in the condi- 
tions described here. The conidial cultures and ergot 
sclerotia were extracted by procedures most recommended 
for extraction of alkaloids?. The bases were chromato- 
graphed on silica gel plates. One spot appeared from 
extracts of conidia, four from sclerotia, one of them, 
Rpr 0-93, was present in both extracts and it was selectively 
more toxic to the conidia of O. purpurea than to the 
endospores of B. subtilis (Table 2). This spot corresponded 
to number 4 of G. cingulata extract. Pure agroclavine 


Table 1. ACTIVITIES OF FRACTIONS OF BABIO MXTRAOTS OF CONIDIA OF 
lua is 


y organisms 
Preparations assayed* G. aaa Bein 


Orude base, 16-0 mg 22 
25 10 


1 and 4) 0b mg 15 7 
) -8 mg 6 8 
3 08mg 22 10 


* Fractions in 6 mm diameter assay disks woro placed on seeded agar 


lates 
R + Diamoters of clear zones of Inhibition were measured ın mm after incuba- 
tion at 25° O for 16 h. 
t Spota 1—4 wore first eluted with methylene chloride. 
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Table 2. AOTIVITIBS OF PURB ALKALOIDS AND ALKALOID EXTRACTS OBTAINED 
VROM Claviceps Purere 


Assay organisms* 
Preparations assayed* 0. pier: B. subtilis 
Crude alkalotds 
From ergot 1-0 mg 15 6 
From comdia 1-8 mg 20 10 
Fraction, Rr 0-98 0 5 mg 15 0 
merrier ne 20mg 16 0 
ymoctavine 20mg 6 15 


* Explanations apply asin Table 1. 


and elymoclavine which were isolated from O. purpurea 
were obtained and assayed (Table 2). These results indi- 
cate that the alkaloids or alkaloid-like substances are 
active as self-inhibitors of germination of conidia of @. 
oingulata and C. purpurea. Many instances of “self- 
inhibition” caused by diffusible inhibitory metabolites 
are known’. These come within the definition of 
Szent-Gyorgyi et al. which may be modified to include 
any substances produced by an o i which, in 
minute concentrations, inhibit the growth of the organism 
producing them as inhibitory antibiotics’. In analogy 
with the antibiotics, accumulated common metabolites 
such as acids and alcohols may be excluded from this 
definition. The inhibitors of spore germination, tenta- 
tively identified as alkaloids, may be considered as 
inhibitory autobiotics of the respective fungi. These 
results may strengthen the evidence that alkaloids can 
be growth regulators in the organisms producing them‘. 
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Michigan State University, who sent a culture of CO. 
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Backward-directed Fungal Hyphal Branching 


Youna hyphae of filamentous fungi generally grow 
outward in @ straight line from their point of origin in a 
colony. The branches of the hypha grow at a more or leas 
acute angle to the parent hypha and in a forward-pointng 
direction. They never grow backwards into the colony 
except under unusual experimental conditions’. There are 
exceptions. The clamp connexions ot the Basidiomycetes, 
on initiation, grow backwards, as may the fusion cell in 
crozier formation in the Ascomycetes. Another exception 
may be found among the mycelial strand-forming fungi 
such as Merulius lacrimans, where thigmotropically 
sensitive “‘tendril” hyphae may grow backwards (or 
forwards) along the wide main hyphae’. 

The fungus, PRL. 2176 (similar to Trtchosporon 
Behrend except that it produces serial fruiting heads), 
now under intensive investigation, presenta an exception 
which seems not to come under the category of Roberteon’s 
“unusual experimental conditions”. 

Three patterns of branching have been observed in this 
orgenism. In the first (Fig. 1), the hypha growing out 
from the margin of the young colony becomes septate. As 





2 3 
Figs. 1-8. Diagrams el i of Wo aes branching found in 


the cells mature, a branch appears immediately below the 
septum at the distal end of the cell. This branch grown 
forward and outward from the main hyphae and at as 
acute angle to it. Such branches appear to grow, initially, 
at about the same rate as the main hypha. 

In the second pattern (Fig. 2), the cells in the main 
hypha, which have produced a branch at their distal ends, 
now produce a second branch, this one at the other end 
of the cell ummediately in front of the septum. This 
branch does nct, however, grow forward, but grows back 
towards the origin of the main hypha and at the same 
acute angle to it taken by the forward-pointing branch on 
the other side of the septum (Fig. 2). Later branches from 
the same hyphal cell do not necessarily exhibit similar 
directional tendencies. 

In the third pattern (Fig. 3) only the backwards growing 
branches develop, and always from the proximal end of the 
cell just in front of the septum (Fig. 3). 

Various combinations of these “patterns” may be found 
along a given main hypha, and any or all may be found in 
the same colony. Such branching activity does not appear 
to be the result of ‘unusual experimental conditions”, 
because it has been observed in many (more than 120) 
single cell isolates of the organism over a period of several 
years and on each of seventeen prepared agar media 
tested. The branching is best seen, of course, in younger 
colonies before growth and branching have become confused 
and dense, and on media where growth is 

It is not yet clear what advantage this novel ‘type and 
direction of branching has for the organism, and what 
factors are in control. Spores and isolated cella of many 
fungi are capable of bipolar growth, that is they produce 
germ tubes from both ends of the cell. In the present 
organism, perhaps the cells of the hyphae are capable of 
functioning as individuals—which is not surprising for an 
organism which breaks up so readily into arthrospore-like 
fragments. Whether this is a primitive or an advanced 
condition is open to conjecture. The cytological investiga- 
tions and examinations of the fine structure of the septa 
now in progress may provide answers. 
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Reciprocal in toto Conversion of 
Mycobacterium phlelzMycobacterium 
smegmatis by Mediation of an Intermediate 
Hybrid Genome: B2h 


Puace B2h has been obtained from lysogenic complexes 
formed between M. phlei and phage phlei B2 (ref. 1). 
Phage B2h has shown in addition to host range alteration 
(4) changes in plating efficiency, immunity, serology, 
plaque and electron microscopic morphology as compared 
with wild phage B2 (refs. 2 and 3). It was suggested 
that such major changes resulting in B2h were caused by 
recombination between phage B2 genome and a chromo- 
somal segment of M. phlei (#89 or SN 109 respectively). 

Because of the dual potential of the B2h genome to 
integrate into the chromosome of both M. phlet and 
M. smegmatis, experiments were designed to transfer 
genetic traits such as streptomycin resistance from one 
species to the other either by intact organisms lysogenic 
for B2h or B2h filtrates grown previously on suitably 
marked hosts. While the initial aim could not be achieved, 
some striking observations were made in the course of the 
preparation of B2h.SN109 lysatea* on foreign M. smeg- 
matis SN2 hosts. In one of these experiments a numeri- 
cally negligible fraction of M. smegmatis SN2 population 
gave rise to typical M. phlei colonies. 

Although this phenomenon was observed on several 
occasions, attempts to make it quantitatively reproducible 
and later to clarify its mechanism failed. 

Information concerning the interspecies conversion in 
mycobacteria and the part played by phage B2h was 
obtained from experiments which were conducted (a) to 
determine the extent to which phages B2 and B2h lyso- 
genize M. phiet strains, and (6) to establish a relationship 
between several M. phlei strains and M. smegmatis SN2 
on the basis of the relative frequency of integration of the 
B2h.F89 genome into the chromosome of M. phlei and 
M. smegmatis. Surprisingly, organisms resembling M 
emegmatis were quantitatively recovered in the population 
of B2h.F89-infected M. phlei F89. Some resulta of 
preliminary experiments are briefly summarized in 
Table 1. 


Table 1. SURVIVAL AND LYSOGBNY FOLLOWING B2- AND B2h. F89-INWBOTION 
AT A MULTIPLIOLTY OF 1 (AT 87° 0) 


B2-infection B2k. F80-Infection 
Lysogenic Lysogenic 
Strains No. of fraction of No. of fraction of 
survivors survivors survivors survivors 
(per cent) (per cent) 
AL, phian SN109 0-8 x 10* 90 8x 10% 68 
SN118 — — 2x10 60 
F8 0-56 x 10° 93 2x1 56 
AL, smegmatis SN2 No effect 1x 10 84 


Calculations are based on 10° organisms of untreated controls. 


Table 1 shows clearly the extent of change in virulence 
of B2h.#'89 as compared with wild B2. While, for example, 
phage B2 lysogenizes M. phlei F89 at a ratio of one phage 
to one bacterium with 52 per cent efficiency, B2h. F89- 
infection is survived only by less than 10— fraction of the 
F89 population, of which only 56 per cent is lysogenic. 

Conclusive evidence for the M. phlei+M. smegmatis 
conversion was obtained when single-colony survivors of 
B2h.F89-infected M. phlei F89 were tested for lysogeny. 
Serial single colony transfers of M. phlei F89 (called here- 
after F89) and M. smegmatis SN2 (called hereafter SN2) 
were mado parallel to serial single plaque transfers of 
B2h.F88 on its propagating host F89. Pure cultures of 
F89 and SN2 obtained from the last single colony transfer 
were mixed with B2h. F89 so as to give a ratio of one phage 
to one bacterium. Equal volumes of heart infusion broth 
replaced B2h.F89 in controls. The mixtures and controls 
were incubated overnight at 37° C to allow adsorption of 
phage to bacterium in the mixture and then poured in a 
semisolid agar layer over the basal agar medium’ using 

* In the summer of 1964 when this phenomenon was first observed only 


hage B2h.SN100 was known and available. It originated in M. phle 
ZNI lysogenic for phage B2, 
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tenfold dilutions both in the mixtures and in the controls. 
The basal medium was coated with B2h.2'89 for the plating 
of the phage bacterium mixtures, but was left uncoated 
for the controls. In view of the slow growth of B2h- 
survivors, 10 days were allowed before collecting the 
growth. Fifty #89 and fifty SN2 single colonies were 
then randomly selected and purified by restreaking three 
times on agar slants. The last transfer was tested for 
B2h.F89-immunity and production of infectious phage 
particles on F89 and SN2. 

Table 2 shows the proportion of lysogenic derivatives 
and susceptible revertants among the colonies tested. 
It also shows the number of F89 cultures in which M. 
smegmatts-like colonies appeared. While Table 1 indi- 
cates that B2h.F'89 killed a very large proportion of a 
susceptible population, it is obvious from Table 2 that 
those F89 organisms which survive the infection of 
B2h.F89 lose the integrated prophage very readily as 
42 per cent of the cultures are susceptible revertant. This 
is in sharp contrast to the integration of the B2 genome 
into the F89 chromosome, where only 7 per cent are sus- 
ceptible revertant. 

At this stage it was noted that the B2h.F89 genome in- 
tegrated more stably into “foreign” M. 48 SN2Q 
than into “homologous” M. phlei F89—84 per cent of the 
survivors became lysogenic. Subsequent investigations 
concentrated on the M. sm 48-like colonies in F89 
cultures infected with B2h.289. It was observed that 
their number increased, and slowly but gradually out- 
numbered the typical M. phlet colonies. As their numbers 
increased so did their resemblance to M. smegmatis. In 
the process of transition from M. phlei to M. smegmatis 
definitive stages could be established, in which the change 
in several selected characteristics appeared to be closely 
correlated. The selected markers which coincide with 
some of the species characteristics of M. phlei and M. 
smegmatis are listed in Table 3. The stages observed 
in the conversion of M. phlei to M. is were (I) 
typical M. phlei F89 (see Table 3), (Œ) M. phei 289 
lysogenic for B2h.F89 (289(B2h.F89)). The rate of 
growth was two to three times slower than that of typical 
F89, and even after 10-14 days it was scanty. Because 
of poor growth no phage typing was possible in this stage. 
At the same time infectious phage particles were produced 
on both M. phlei and M. smegmatis strains. The colonies 
were yellowish beige, 0-1-1-0 mm round or oval in shape, 
very compact, and embedded in the medium. They 
consisted mainly of non-acid fast organisms some of which 
were coccobacilli and some 3-8 rods were frequently 
agglomerated in dense clusters. 

(LII) Growth was delayed in M. smegmatis like colonies 
but was more abundant than in F89(B2h.F'89). Tho organ- 
isms were resistant to B2-lysis, but a new susceptibility 
to smegmatis phage B1 slowly emerged. At the same 
time there was a slow recovery of B2h.F89-susceptibility. 
Production of infectious phage particles was variable, 
but in most cases it persisted. The colonies were dirty 
grey to yellowish beige, 1-3 mm dome shaped, glistening, 


Table 2*. PROPORTION OF LYSOGENIO DERIVATIVES AND SUSOBPTIBLE REVER- 
TARTS IN 50 M. phlei F89 AND 5O M. smegmatis SN2 BINGLH OOLONIES 
INFHOTED WITH B2A. F80 

Susceptible 
Strains revertante Lysogenios Remarks 
M. phle F80 21 28 (14)t 1 contaminated 
M. smegmatyu SNS 7 42 1 dried ont 


* None of the twenty controls of ether group produced infectious phage 
particles, and all of them were susceptible to massive sirens bs 
t Figure nin parentheses indicates the number of cultures in which Af. 
-Hke colonies a 


Table 8, SOME OHARACTERISTIO’ OF M. phlei AND M. smegmatis 


Susceptibility Colony Microscopic 
to phage appearance morphology 
Size Pigmen- Size and 
Spectes Bl B? (mm) on, shape Arrangement 
M. phlei 9 + 2-4 Yellow oe irae Irregular 
Af. smegmatis + 0 8-8 None 3-84 slon- Tendency to paral- 
der rods lel arrangement 
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Table 4. COMPARIRON OF BUBOHPTIBILITY OF M. phlei F89, M. smegmatis 
SN2, THAIR LYSOGHNIC DERIVATIVES AND ORGANISMS IN TRANSITION FROM 
M. phlei— M. smegmatis TO PHAGES B1, B2, AND B2A, F89 


Bacterial strains Bi B2h. P89 
M. phla 
9 0 a+ 8+ 
F89(B2A) 0 0 0 
2 B+ 0 3+ 
SNY Beh, F89) 8+ 0 0 
B1) 0 0 


+ 
I O I IV I 0 M Iy I I IU IY 
Transitional forms { 0 0 (+)2+ 3+ 0 0 0 3+ 0 (+)2+ 
* Btages I, II, II, IV; ses in previous section. 


very mucous and had regular edges. They consisted 
mainly of acid fast, homogeneously staining 3—8u rods. 
(LV) More or less typical M. smegmatis colonies (see Table 
8) developed on prolonged cultivation of initial cultures, 

Considering the importance of a conversion 1n toto 
of one species into another, care had to be taken to elimin- 
ate contamination of M. phei F89 with M. smegmatis. 
That contamination was responsible for the present 
observations could, however, be discounted on the 
following grounds. B2h.F89 used in these experiments 
had never been in contact with M. smegmatis. It has been 
purified by serial single plaque transfers on its original 
host M. phlei #89 and subjected to sterility tests before 
each use. Massive contamination of M. phet by M. 
smegmatis could have been easily detected in the controls 
which originated in the same F89 single colony as the 
B2h.F89-treated F89 population giving rise to the M. 
smegmatis. In the absence of such a massive contamina- 
tion, the chances of M. smegmatis surviving infection by 
virulent B2h.F89 would be extremely slim, because the 
survival rate as shown in Table 1 is about 1 per 10 
organisms. Should M. smegmatis manage to contaminate 
the M. phlei F89 population and survive despite all 
the odds, however, the survivors, necessarily resistant to 
B2h.F89 or B2h.¥89-lysogenies, can be identified by their 
susceptibility to unrelated smegmatis phage B1. Experi- 
ments have shown that B2h.F89-lysogeny in M. smeg- 
matis SN2 does not interfere with the original suscepti- 
bility to phage Bl. On the other hand, in the transitional 
stages, susceptibility to phage smegmatis Bl is a novel 
characteristic, which emerges slowly and stepwise parallel 
to the stepwise restoration of B2h.F89-susceptibility 
(see Table 4). 

Ever since Luria postulated the chromosomal origin 
of bacterial viruses, it has been anticipated that it would 
be possible to observe under laboratory conditions the 
detachment of bacterial chromosomal segments and their 
subsequent emergence as autonomous bacterial viruses, 
and the reintroduction of the latter into the chromosome 
of suitable hosts resulting in genetic heterogeneity. It is 
obvious that the part which B2h.F89 plays in the M. 
phleizM. smegmatis conversion can be visualized accord- 
ing to this expectation, even though it is too early to 
offer detailed explanations so far as the exact mechanism 
is concerned. It can be speculated that either the hybrid 
B2h.F89 genome is an ambivalent genome with comple- 
mentary attachment sites for both M. smegmatis and M. 
phlei, or B2h.F89 is an addition to M. smegmatis chromo- 
some and, conversely, a deletion from the M. phlei F89 
chromosome. Should this be so M. smegmatis must have 
a chromosome similar to that of M. phlei, but short of 
the B2h.F89 segment (according to the formula M. 
phlei = M. smegmatis [B2h)). 

The first model would explain the reciprocity of con- 
version; the second-—in addition to this—would account 
for the unidirectional preference as observed in the inter- 
conversion of the two species. It is easy to see that the 
loss of a chromosomal segment would occur more readily 
(its simultaneous appearance as an addition to B2h.F89 
genome has yet to be shown) than insertion of the same 
segment into a “foreign” chromosome. Neither of the 
suggested hypotheses gives a clue to the part that the B2 
portion of the B2h.F89 hybrid genome plays in inter- 
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species conversion. It is improbable, however, that B2 
would function merely as a passive carrier. It is therefore 
suggested that B2 is a gene itself, probably a M. phlei 
ey part of the chromosomal segment which is lacking 
in M. smegmatis. It follows from this reasoning that B2 
could not have originated in the soil from which it was 
isolated; it had to emerge in the mycobacterial cultures 
with which the soil samples were periodically enriched 
before the isolation of mycobacteriophages. 

For the identification of initial and final cultures I 
should like to thank Dr. Rudolf Bonicke, Professor A. 
Tacquet, and Dr. Ruth Gordon. I also thank Mr. Nemanje 
Cvorkov for his technical assistance in this work which 
was real by a Medical Research Council of Canada 
grant. 

Note added in proof. Since this manuscript was sub- 
mitted for publication the experiments reported were 
repeated by the replica plating method. Colonies identi- 
fied as M. philet lysogenic for B2h.F89 on the masterplate 
gave rise to intermediates and finally to M. smegmatis 
colonies when serially replica plated on nutrient agar 
plates. 

8. E. Junasz 


3962 West 10th Avenue. 
Vancouver, B.C., 
Canada. 
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Trace Element Requirements of Lactobacilius 
acidophilus 


THE most difficult aspect of determining the specific “trace 
element” requirements of micro-organisms is the prepara- 
tion of a medium free of these factors. With some 
micro-organisms, EDTA chelates form a reserve from 
which cations may be drawn!, but we have found that 
L. acidophilus cannot utilize EDTA chelates. When the 
trace elements are tied up by EDTA, a medium in which 
L. acidophilus normally grows well no longer supports 
growth. Moreover, the EDTA portion of the molecule is 
not toxic per se, because the addition of excess cations 
provides the usual growth. 

Iron, calcium, magnesium, manganese, zinc, copper, 
cobalt, and molybdenum are commonly associated with 
growth requirements?. M ese, Magnesium and iron 
are generally believed to be required for L. acidophilus 
(Weinberg, E. D., personal communication). 

Ten strains were used in this study: five (Æ, P, A, W 
and D) were isolated from commercial products, three 
(F, F, and H) from human faeces, and two (832 and 314) 
were received from the American Type Culture Collec- 
tion. All were classified by Wheater’s method® and met 
the requirements for classification as L. actdophilus. Tho 
medium was prepared as shown in Table 1. Tubes con- 
taining 20 ml. were inoculated with a standard -mm 
loop of 24-h culture, and incubated for 7 days at 37°C. 
Growth was indicated by colour changes due to the pro- 
duction of acid. 

When 0:5 mg/ml. EDTA was added there was no 
growth. When Fe80O,.7H,O or Mn80O,.H,0 in concentra- 
tions of 0-2 mg and 0-3 mg/ml., respectively, were added 
singly or together there was no growth. The addition of 
1 mg/ml. MgSO,.7H,0 allowed the growth of two strains 


Table 1. MEDIUM USED TO GROW L. acidophilus 


Item Per litre 
Bactopeptone 60g 
Difco yeast extract 30g 

‘Tweon 80’ 10¢ 
Bodinm acetate anhydrous 50g 
Dextrose 50g 
Chlorphenol red 60 mg 
pH 66 
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and the possible growth of three others. The further 
addition of 0-2 mg/ml. FeSO,.7H,O provided normal 
growth in four, growth in two, and possible Ce in 
four. Further addition of 0-3 mg/ml. MgSO,.7H,O0 pro- 
vided normal growth for all ten strains. Also, the com- 
bination of magnesium and manganese m the given 
concentrations gave normal growth for all ten strains. 
The results are shown in Table 2. 


Table 2 


Medium containing 05 mg EDTA per ml, 


Strain Fe Ain Mg Fe+Mn Ye+Mg Mn+ Mn+ Mg + Te 
E - - ~ -~ + ++ ++ 
P - - ~ ~ + ++ ++ 
F, - - + - + ++ ++ 
A - - = - Ł ++ ++ 
832 - - + ~ ++ ++ ++ 
314 - - ++ ~ ++ ++ ++ 
wW - - ++ ~ ++ tt ++ 
F - - - - t ++ ++ 
D - - + - + + ++ ++ 
H - - - ~ + ++ ++ 


—, No growth. +, Doubtful growth. +, Growth. + +, Normal growth. 


The commercially available complexes of iron, man- 
ganese and magnesium with citric and gluconic acids were 
used normally as were the glutamic acid complexes as 
prepared in this laboratory*. The inability of the organism 
to metebolize a chelate must therefore be due to the high 
stability constants of the EDTA complexes’ rather than 
chelation per se. 

These results indicate that manganese and magnesium 
are the only cations required by L. acidophilus. Only 
qualitative results have been obtained. Quantitative 
studies are now under way. 


Dav B. §ABINE 
JACQUELINE VASELEKOS 


Product Development Laboratories, 
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New Dehydroxylation Reaction observed 
in the Microbiological Degradation Pathway 
of Cholic Acid 


Ix continuing our examination of microbiological degrada- 
tion of bile acid}-", we found that when cholo acid (1) was 
incubated with the same method as described in a previous 
paper‘, a new metabolite of cholic acid by Corynebacterium 
(Arthrobacter) simplex, 4a-(2-carboxyethyl)-5-oxo0-7aB,y- 
dimethyl-3aa-hexahydroindane-1B-butyric acid (IX), was 
accumulated in the incubation mixture in parallel with a 
disappearance of a large number of the cholic acid meta- 
bolites, 7a,120-dihydroxy-3-oxocholanic (I), 7a,12«- 
dihydroxy-3-oxo-A‘-cholenic (OI), 12a-hydroxy-3-oxo- 
A‘ *.choladienic (IV), 12a-hydroxy-3-oxo- A‘-cholenic (V) 
and 12a-hydroxy-3-oxo-A!4-choladienic (VI) acids re- 
ported previously‘, from the moubation mixture. 

The structure of the dicarboxylic acid IX corresponds 
to that of the dehydroxylated derivative of the 12a- 
hydroxyl group im the cholic acid molecule, and the 
demonstrated microbiological 12a-dehydroxylation re- 
action is the first one in the bile acid metabolism by 
micro-organisms, although the acid IX loses already the 
structure of an original steroidal nucleus. ‘The con- 
stitution of the acid IX (melting point 169° C to 170° C, 
[]2,” + 23-9+ 2° (c = 1-035, in ethyl alcohol)) was con- 
clusively established by @ partial synthesis of this acid as 
follows: methyl 3-oxocholanate (melting point 180° C) —> 
methyl 3-oxocholanate dimethyl ketal (melting point 
100-5° C to 102° C) —» 24-hydroxy-3-oxocholane (melting 
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no COOH 


Ho~ “OH 


Fig. 1. A proposed pathway for cholic acid degradation by A. simplex. 


point 115-5° C to 116-5° C) — 24-acetoxy-3-oxocholane 
(melting point 81:5° C to 83° C)— 24-hydroxy-3-oxo- 
A}-4.choladiene (melting pomt 138-5° C) > 24-hydroxy-3- 
oxo-A!‘-choladiene tetrahydropyranyl ether — 3,24-di- 
hydroxy- A})?,520.19-norcholatriene (melting point 231° C 
to 231-5° C) — 24-hydroxy-3-methoxy- A!?)#10_]19-nor- 
cholatriene (melting pomt 120-5° C to 122-5° C) + 24-hy- 
droxy-3-methoxy-A**!0.19-norcholadiene (melting pomt 
142° C to 144° C) + 24-hydroxy-3-oxo- A**-19-norcholadi- 
ene (melting point 105° C to 107° C) — 24-acetoxy-3-oxo- 
4**-19-norcholadiene (melting point 106° C)—> I18-(4- 
acetoxy - 1 -methylbutyl) - 5 - oxo - 7a8 -methyl - 3aa - hexa- 
hydroindane - 4% - propionic acid — If - (4 - hydroxy-1- 
methylbutyl) - 5 - oxo - 7aB -methyl - 8aa - hexahydroindane- 
4a-propionic acid methyl ester (2,4-dinitrophenylhydra- 
zone, melting point 49° C to 52° C (dec.)) —> acid IX. 
Considering the elegant mechaniam of a microbiological 

ring A cleavage in the degradation of 9,10-seco steroids 
presented by Sih**, and on the basis of the structures of 
the acid IX in the present communication and other 
metabolites, the acids II, II, IV, V and VI, reported 
previously*, a metabolic pathway of cholic acid in A. 
simplex may be deduced as follows (Fig. 1), although 
9a,12a-dihydroxy-3-oxo-A‘-cholenic (VII) and 3,4,12a- 
trihydroxy - 9-oxo- A! #:5(e) . 9,10-seco - cholatrienic (VIII) 
acids have not yet beon isolated. Whore, however, the 
12«-dehydroxylation step is located in this degradative 
sequence, especially before or after the formation of the 
acid VIII, and the dehydroxylation mechanism warrant 
further investigation. 

Snopes: HAYAKAWA 

Yosuixo KANEMATSU 

TAKASHI FUJIWARA 
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PATHOLOGY 


Activity of a Macrophage Factor in Collagen 
Formation by Silica 


Te first response of cells to the deposition of free silica 
particles is phagocytosis. The way in which this is fol- 
lowed by fibrosis is not understood, although macrophages 
are thought to liberate a fibrogenic agent when they dio’, 
There is a correlation between the toxicity of various 
forms of silica and of other particulate materials to 
macrophages in culture and the capacity of these particles 
to stimulate fibrosis in vivo’, but this relationship does 
not seem to have been demonstrated directly in tissue 
culture. 

In the present experiments phagocytosis of silica 
particles by macrophages was followed by their disintegra- 
tion and the removal of particles and debris. The super- 
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natant medium was tested for fibrogenic 
activity by adding it to fibroblast cultures 
and then estimating their content of DNA 
and hydroxyproline (HOP). 

The medium consisted of Trowell’s* T8, 
supplemented with 5 per cent horse serum, 
10 mg per cent proline and 5 mg per cent 
Ix ascorbic acid. The gas phase for cultures 
was air with 5 per cent carbon dioxide. Rat 
peritoneal macrophages were obtaimed 
aseptically by washing out with physiological saline con- 
taining 10 U heparm/ml. and resuspending m medium. 
Fibroblasts were cultivated in the same medium from tryp- 
sin-disaggregated chick embryo 9-11 days old and sub- 
cultured after 4-5 days. These cells produced reticulin. 

Macrophages were incubated in the medium with 
Dòrentrup quartz (particle size <3) for 1 day at 36°C, 
the proportions being 0-1 mg quartz/10* cells/ml. The 
macrophages were then disrupted by rapid freezing and 
thawing three tumes and centrifuged at 60g for 15 min. 
The supernatant medium was next added to 3~4-day 
fibroblast subcultures grown from a standard inoculum, 
containing 1-1-8 10° cells/ml., which was constant for 
any one experiment. At the start and after 2 and 4 days 
incubation of fibroblast cultures, estimations (in pg/ml.) 
were made of the DNA” and HOP". Control experiments 
involved the addition to fibroblast cultures of (a) medium 
alone incubated 1 day and representing the fibroblast 
control, (b) supernatant from medium incubated solely 
with quartz 0-1 mg/ml. for 1 day to gauge the effect of 
dissolved silica, (c) supernatant medium from intact 
macrophages incubated alone for 1 day and then dis- 
integrated, (d) supernatant medium from macrophages 
that had been disintegrated before incubation with 
quartz, and (e) quartz particles (0-1 mg/ml.) alone. The 
results of five separate experiments showed a statistically 
significant rise in the production of HOP (P< 0-001) and 
a rise of 3-15 times in the HOP/DNA ratio when fibro- 
blasts were treated with the extract from living macro- 
phages incubated with quartz. In two experimenta, 
control (c) showed a rise in HOP concentration that 
achieved a P value of less than 0-05 with little change m 
the HOP/DNA ratio, but this mcrease was significantly 
less (P < 0-001) than after treatment with extract of cells 
incubated with quartz. With few minor exceptions the 
DNA. concentration did not rise significantly over the 
period of the experiments. Controls (b), (d) and (e) gave 
results closely similar to that of (a), the fibroblast control, 
showing no significant deviation from it. 

In one of the above experiments the effect of quartz on 
macrophages was compared with that of titanium dioxide, 
a dust which induces little fibrosis in vivo. Titanium 
dioxide was used in the form of anatase and, although 
the particle size was 0-2u, total disaggregation was not 
achieved. The concentrations were again 0-1 mg dust/10* 
macrophages/ml. and both dusts were tested simul- 
taneously against viable intact macrophages and against 
disintegrated macrophages (see (d) above). The other 
controls comprised (a) and (c). Compared with the fibro- 
blast control, the HOP concentration was slightly elevated 
by extract of macrophages alone (P< 0-05) and following 
titanium treatment (P<005), whereas quariz-treated 
cells produced a pronounced rise (P<0-001). The rise in 
HOP concentration by quartz-treated cells was signi- 
ficantly higher at the 0-001 level compared with titanium 
treated or untreated macrophages. Macrophages dis- 
integrated before application of titanium or quartz had 
no effect on the HOP levels. The HOP/DNA ratio in 
4-day cultures was four times as high with silica as with 
titanium. 

As a second comparison two experiments also used 
polyvinylpyridine-N-oxide (PNO), a substance known to 
inhibit silicotic fibrosis tn vivo? and silica cytotoxicity in 
culture™®. In our hands PNO is non-toxic to macrophages 
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at a concentration in excess of those used. To fibroblast 
cultures were added, after incubation for 1 day and 
disintegration of cells, (a) medium alone, (b) supernatant 
medium from intact macrophages alone and from intact 
cells mamtained in medium containing PNO, and (c) 
supernatant medium from initially intact macrophages 
incubated with quartz (0:1 mg/2 10° cells/ml.) and from 
intact macrophages incubated with quartz in the same 
concentrations together with PNO. In one experiment. 
1 mg/ml. PNO was added to the macrophage cultures 1 h 
before adding quartz. Controls (a) and (b) showed no 
rise of HOP concentration. A significant increase of HOP 
occurred at 2 and 4 days in quartz cultures whother 
treated with PNO or not, there being no significant dif- 
ference between the mereases in the two cases. In a 
second experiment PNO was applied to macrophage 
cultures at 2 mg/ml. for 1 day before adding quartz. The 
experiment lasted only 2 days, but HOP production was 
raised with quartz alone (P<0:001) but not at all with 
quartz in the presence of PNO. 

The proximate mechanism of fibrogenesis by silicon 
dioxide is still obscure but the present experiments provide, 
apparently for the first tıme, tissue culture evidence of a 
quantitative nature that unplicates the reaction between 
silica and macrophages as an essential initial step in the 
process. The evidence permits the conclusion that this 
18 @ vital phenomenon, which does not necessarily involve 
a direct effect of dissolved or particulate silicate on 
fibroblasts. Moreover, the comparative experiments with 
titanium dioxide and PNO (higher concentration, longer 
action) suggest that the silica-macrophage reaction is 
specific. The nature of the active factor has still to be 
elucidated, but another experment suggests that the 
debris from quartz-treated, disintegrated macrophages 
lacks the factor. The idea that the fibrogenic agent is 
lipid ın nature! now faces preliminary evidence to the 
contrary?. 

Dr. Hans Leiteritz kindly provided the Dorentrup 
quartz, Dr. W. Twist the titanium dioxide and Professor 
Dr. H.-W. Schlipkoter the PNO. This work was sup- 
ported by a grant from the National Coal Board. 
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J. A. STYLES 


Department of Pathology, 
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Newcastle upon Tyne. 
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Haemolytic Activity of Asbestos and other 
Mineral Dusts 


Srrroa in the particulate form has been shown to have a 
lytic action on intracellular structures? and on orythro- 
cvtes**. The present investigation has shown that chryso- 
tile asbestos is as potent a haomolytic agent as silica 
powder. Othor forms of asbestos lysed erythrocytes only 
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after prolonged incubation, with them, and a wide range of 
muneral dusts was inactive. The haemolytic action of 
chrysotile was completely prevented by disodium ver- 
senate and sımple phosphates but only partially by poly- 
vinylpyridine-N-oxde and aluminium, both of which 
protect cells against lysis by silica}. 

The following finely ground materials were used: 
crystalline and amorphous silica, silicic acid powder, 
silica gel, chrysotile, amosite, anthophyllite and croci- 
dolite asbestos, serpentine, aluminium oxide, ‘Sephadex G- 
25’, hgh and low rank coal dust, mine dust, colloidal 
carbon, tale, kaolin, glass powder, carborundum and 
diamond dust. 

For the majority of tests a standardized 2 per cent 
suspension of washed sheep erythrocytes in a veronal 
buffered isotonic saline buffer (pH 7-4) was used. Four 
millilitres of this suspension were completely lysed by 
50 mg of chrysotile when this was incubated at 37° C with 
a fixed volume (4 ml.) of suspension for a period of 60 min. 
This was taken as the standard time for all subsequent 
quantitative tests. The effects of various agents ın pre- 
ventmg haemolysis by silica and chrysotile were in- 
vestigated after the minerals had been coated with suitable 
concentrations of the protective materials, followed by 
ropeated washing with saline. 

Significant haemolytic activity was found for chrysotile, 
serpontine and all forms of silica tested. (The particle 
size ranges of the active dusts were the following: chryso- 
tile, 11 per cent <0-5u; 37 per cent 0-5-2u; 33 per cent 
2-5u; 16 per cont 5-l0p; 4 per cent 10-50p length; 
serpentine, very fibrous, no size distribution obtamed; 
crystalline silica, 16 per cont <2 ōu; 49 per cent 2-5-5p; 
30 per cont 5-7-5u; 5 per cent 7-5 -10u; amorphous silica, 
250 400 A; silicic acid powder, not determined ; silica gel. 
10-40u.) The remaining powders were cither completely 
inactive or only weakly lytic. Quantitative values for the 
powders found to be lytic are shown in Table 1. 


Table 1, HABMOLYTIO ACTIVITY OF SALINE SUSPHNSIONS OF OHRYSOTILE 
ASBESTOS AND SILIOA DUSTS 


Per cent haemoglobin 
Mineral in supernatant 
Fully haemolysed erythrocyte suspension 100 
Aorosi] (colloidal silica) 100 
Crystalline silica 88 
Crystalline silica (acld-washed)* 89 
Silic: acid powder 68 
Silica gel 66 
Chrysotile asbestos 78 
Rerpentine 66 


ba poules repeatedly washed with bouling hydrochloric acid to remove surface 
metals. 
No adsorption of haemoglobin—some erythrocytes left intact. 
Lower values caused by adsorption of haemoglobin on these dnsts—— 
erythrocytes completely haemo! $ 


The rate of haemolysis by chrysotile was greater than 
that shown by silica, tho apparent lower percentage 
haemolysis by the asbestos (Table 1) being the result of 
the adsorption of released. haemoglobin during the early 
stages of lysis. Haemolysis by chrysotile took place 
rapidly, with the immediate adsorption of haemoglobin on 
tho asbestos fibres. Because of this, the degree of haemo- 
lysis in the supernatant (aa measured colorimetrically) 
never reached 100 per cent. This was also found in the 
case of the adsorbents, silicic acid and silica gol. 

Several samples of amosite, anthophyllite and croci- 
dolite asbestos gave consistently negative results when 
incubated for 50 min at 37° C. In the case of the first 
two, haemolysis started only after 5 h at 37° C and reached 
its maximum after 24 h. Crocidolite had a very mild 
haomolytiec effect after 24 h. 

Haemolysis by chrysotile was inhibited by serum and by 
low concentrations of disodium ethylenediamine tetra- 
acetic acid (EDTA) and phosphate ions (85 mg PO?-) 
in the standard test medium. In the case of EDTA it was 
found that 20 umoles of chelating agent in 4 ml. of erythro- 
cyte suspension at 37° C completely prevented the haemo- 
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lytic action of 50 mg chrysotile (Fig. 1). On the other hand, 
2 per cent alumimium chloride, 1-25 per cent gelatine and 
0-9 per cent polyvinylpyridine-N-oxide (all effective 
protective agents against haemolysis by silica) retarded 
lysis by chrysotile for short periods but failed to prevent 
it completely. 

The potent haemolytic action of both chrysotile and 
silica has been demonstrated. The influence of any 
mechanical action of these materials on the erythrocyte 
surface can be largely excluded because other abrasive 
dusts, for example, carborundum, diamond dust and glass 
powder, gave little or no haemolysis under the same 
experimental conditions. Recent work* on silica sus- 
pensions and inert dusts confirms this observation. 

The results of our investigations with protective agents 
suggest that silica and chrysotile differ in the nature of 
their haemolytic action. There is evidence that silicic 
acid interacts effectively with lipoprotein monolayers*~" 
and that hydrogen bonds are formed between keto-imino- 
acids and the hydroxyl groups of the silicic acid*-’. 
Recent investigations of the damage by silica to the 
phagosomal membrane of macrophages!“ have indicated 
that silica exerts its lytic effect by forming hydrogen bonds 
with the biological membrane of the phagosome. The 
preventive effect of polyvinylpyridine-N-oxide at the 
subcellular level was ascribed after experimental evidence? 
to the preferential formation of hydrogen bonds between 
the silica surface and the polymer. That the latter inter- 
acts more extensively with the silica surface than with the 
erythrocyte membrane is shown by the low degree of 
protection obtained when blood cells are preincubated 
with the polymer only?. 

The marked depression of silica solubility by aluminium 
(and, presumably, the protective effect of this ion against 
phagosomal membrane lysis by silica)! 1s caused by the 
formation of aluminium hydroxide by aluminium in the 
1onic form reacting with the hydroxyl groups of the silica 
surface. 

In the case of chrysotile, a fibrous silicate contaming 
40 per cent magnesium (as oxide), the partial protection 
given by aluminium and polyvinylpyridine-N-oxide 
indicates that if hydrogen bond formation takes place, 
this must be relatively slight and may be accounted for by 
the molecular configuration of chrysotile which would 
offer not only hydroxyl groups but cations for surface 
interaction. Polyvinylpyridine-N-oxide is a neutral 
co-ordinating agent and would be expected to interact 
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Fig. 1. Inhibitory effect of varying concentrations of EDTA on haemo- 

iyers DY chrysotile (50 mg chrysotile, 2 ml. EDTA solution, 2 ml ery- 
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with cations such as magnesium (IT) ions only when 
suitable anions are available to maintain electrical 
neutrality (T. Nash, personal communication). 

That magnesium in the ionic form is the principal 
cationic reactant on the surface of chrysotile in haemo- 
lysis seems to be indicated by the effective inhibitory 
action of EDTA, a material which also prevents lysis by 
macromolecules containing ionized iron’. This belief is 
supported by the inhibitory action of simple phosphates 
in the medium. Nash has suggested (personal communi- 
cation) that non-ionic compounds (for example, poly- 
vinylpyridine-N-oxide) or betame-hke compounds would 
be expected to protect cells against haemolysis by silica 
because of the nonionic character of the latter. If mag- 
nesium ions are the lytic agents, however, as appears to 
be the case with chrysotile, polyacids would seem to be 
suitable inhibitors. Good co-ordinators like phosphate 
and polyphosphate should also be effective. The iron in 
chrysotile (up to 2 per cent) appears to play no part in lysis 
by this form of asbestos, because no inhibitory effect was 
obtamed in the presence of «,«’-dipyridyl in the medium. 
On the other hand, the presence of magnesium and 
calcium ions had no enhancing influence on the weakly 
lytic effect of crocidolite and amosite. 

The haemolytic effects of chrysotile are of interest in 
view of the relative inactivity of the amphibole asbestos 
forms, crocidolite and amosite, and the pronounced 
activity of certain polymerized silicates which, unlike 
monomeric forms, bind firmly to the erythrocyte mem- 
brane’. The active fibrogenic properties common to the 
types of asbestos investigated here cannot yet be associated 
with their haemolytic characteristics, a relationship 
suggested for different forms of silicat. The inactivity of 
crocidolite, amosite and anthophyllite after incubation 
for 50 min suggested that if haemolytic activity is to be 
related to fibrogenicity, contact of these forms of asbestos 
with erythrocytes would have to be prolonged; the weak 
haemolytic activity observed by us for crocidolite, amosite 
and anthophyllite after extended incubation with ery- 
throcytes supports this possibility. 

Finally, it also seems clear that the highly active lytic 
property of chrysotile is related to the adsorptive capacity 
of this form of asbestos. The present investigation has 
shown, that under the same conditions, chrysotile adsorbs 
five times more protein from serum than silica. More 
protein is required to “cover” the haemolytic sites of 
chrysotile than of silica; this 1s not surprising in view of the 
chemical structure and morphology of the two minerals. 
Chrysotile also has the highest Mg/Si ratio of the three 
forms of asbestos tested and differs also ın that iron is not 
formally included in the lattice. It has a very high zero 
point of charge (pH 10-12), that is, over most of the pH 
range it will carry a net positive charge’. 
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Problems of the Origin of the Anodic Part 

of Cerebrospinal Fluid Gamma-G-globulins 

in Inflammatory Affections of the Central 
Nervous System 


IMMUNOELETTROPHORETIO investigation of the cerebro- 
spinal fluid in inflammatory affections of the central 
nervous system (CNS) reveals an elongation and thickening 
of the anodic part of the cerebrospinal fluid gamma-G- 
globulins* especially in the inflammatory or demyelinizing 
processes of the course from subacute to chronic. 

An inorease of the anodio part of the gamma-G-globulins 
in the band of an electrophoretic mobility of alpha-2- 
globulina in the cerebrospinal fluid has been pointed out 
in syphilitic infections of the central nervous system}. 
In patients suffering from sclerosis multiplex a marked 
increase of the anodic part of gamma-G-globulins is 
considered to be the commonest abnormal immuno- 
electrophoretic finding in the cerebrospinal fluid’. The 
most marked increase of the anodic part of the gamma-G- 
globulins in the cerebrospinal fluid was observed in 
patients with subacute sclerosing leucoencephalitis. This 
finding was apparent in all of the nine patients examined’. 
In sclerosis multiplex? and in sclerosing leucoencephalitis* 
a splitting of the anodic segment of the gamma-G-globulins 
in the cerebrospinal fluid could be seen. 

We have repeatedly examined immunoelectrophore- 
tically the cerebrospinal fluid in eighteen subjects out of 
a total of seventy patients suffering from sclerosing 
leuccencephalitis. An increase of the anodic part of 
the gamma-G-globuling was found in all cases in the 
course of the disease. The range of the elongation and 
the degree of the thickening of the anodic part of 
gamma-G-globulin in the cerebrospinal fluid varies 
during the course of sclerosing leucoencephalitis, Even 
when an increase of the anodic part of the serum 
gamma-G-globulins can be seen in some cases of this 
disease we have not succeeded in establishing any rela- 
tionship between abnormal changes in this globulin 
fraction in the cerebrospinal fluid and in the serum of 
the patients. The elongation and thickening of the anodic 
part of the gamma-G-globulins in the cerebrospinal fluid 
of patients suffering from sclerosing leucoencephalitis 
were more pronounced, even when there was an increase 
of this globulin fraction in their serum. In four patients 
with the symptoms typical of sclerosing leucoencephalitis, 
a rabbit antihuman serum against an Fc fragment of the 
gamma-G-globuling was, among others, used in the 
immunoelestrophoretic examination of the cerebrospinal 
fluid. (Antiserum (RAHU/Fc) was provided by the In- 
stitute of Sera and Vaccines, Prague.) 

In Fig. 1 the increased anodic part of gamma-G- 
globulins in the cerebrospinal fluid of a patient (M. J.) 
with sclerosing leucoencephalitis is indicated with an 
arrow. The cerebrospinal fluid of the patient contained 
86 mg per cent of the total protems. The gold curve was 
666-642-100, gamma-G-globulins reached 25-3 relative 
per cent. On the application of the rabbit antiserum 
against the Fe fragment of a gamma-G-globulin, a distinct 
increase of the anodic part of the cerebrospinal fluid 
gamma-G-globulins (indicated by arrow) can be seen in 
the immunoelectrophoretic record (No. 1574) in com- 
parison with the serum of the same patient. 

A more striking difference is obvious in Fig. 3. Rabbit 
antiserum against the Fe fragment of a gamma-G-globulin 
shows elongation and thickening of the anodic part of 
gamma-G-globulins in the immunoelectrophoretic picture 
(No. 1558) in the cerebrospinal fluid, compared with the 
serum of the same patient. At the time of the immuno- 
electrophoretic examination, 50 per cent mg of the total 
proteins and 21 relative per cent of gamma-G-globulins 
were found in the cerebrospinal fluid of one patient (K. 8.). 


* Denomination of the Immunoglobulins and of their fragments corresponds 
to the proposal of the World Health Organisation Committee for Nomencla- 
ture of Haman Immunoglobulins, Prague, 1054. 
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This patient has been systematically examined for 4 yr 
and the gamma-G-globulins of the cerebrospinal fluid 
reached 44 relative per cent. In both patients the presence 
of auto-antibodies against the brain tissue could be 
ascertained in the cerebrospinal fluid by means of a com- 
plement fixing reaction. In one patient (M. J.) the diag- 
nosis of sclerosing leucoencephalitis was confirmed by 
necropsy and in patient K. 8. by brain biopsy. Immuno- 
electrophoresis showed an increase of the gamma-G- 
globulins in the brain tissue extract in both patients. 
In the other two patients diagnosed with sclerosing 
leucoencephalitis, an increase of the anodic part of gamma- 
G-globulins in the cerebrospinal fluid was also found by 
means of the antiserum against the Fo fragment of the 
garmoma-G-globulins. 

The finding of the abnormal anodic part of the gamma- 
G-globulins of the cerebrospinal fluid when the antiserum 
is used against the Fc fragment of the serum gamma-G- 
globulins is indicative of an enzymo-pathological disinte- 
gration of the gamma-G-globulins, occurring in the 
cerebrospinal fluid in the course of sclerosing leucoence- 
phalitis. The increase of the gamma-G-globulins in the 
extract obtained from brain tissues of patients with this 
disease* supports this assumption. Abnormal products of 





Fig. 1. Immunoelestrophoretic examination of the serum and of the 

cerebrospinal fluid (C 8.F ) of patient M. J. Global horse ontihuman 

serum was used. The inc anodic part of a gamma-G-globulin la 
indicated by an arrow. 


Serum 


C8 EF. 





Fig. 2. Lmmunoelecti ophoretic examination of patient M. J. with the use 

of the rabbit antiserum agninst the Fc fragment of gamma-G-globulins 

(RAHU/¥ce-OSOL-—Prague). The inc anodic part of a gamma-G- 
globulin is indicated by an arrow. 


Sorum 





CSF. 
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Fig. 8. Immunoelectrophoretic examination of patlont K. 8. umng the 
rabbit antiserum against the Fe fi ent of pminma-G-globulins, The 
increased anodic part of gamma- obalıns is rndicated by arrow. 
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the protem catabolism produced by an enzymo-patho- 
logical fragmentation of the gamma-G-globulins in the 
central nervous system can appear in the cerebrospinal 
fluid of patients. The enzyme disintegration of a molecule 
of a gamma-G-globulin may approach the effect of the 
papain digestion in a certain phase of the enzymo- 
pathological process within the central nervous system. 
For the immunoelectrophoretic detection of these frag- 
ments it ıs advantageous to use the antisera against the 
Fo or Fab fragments of a gamama-G-globulin. 


O. Korsk* 


Chinic of Neurology, 
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Intermediary Metabolites and Adenine 
Nucleotides in Leucocytes of Children with 
Protein-Calorie Malnutrition 
Tue possibility of unpaired energy metabolism in 
kwashiorkor (protein—calorie malnutrition of children) 
has been suggested by many investigators'+. Our pre- 
vious observations of muscle demonstrated that not only 
were the contents of phosphoenolpyruvate and oxalo- 
acetate markedly reduced, but also activities of the 
enzymes pyruvic kinase, isocitric dehydrogenase and malic 
dehydrogenase were decreased significantly’. These 
observations suggested inhibition of terminal glycolysis 
and citric acid cycle metabolism and, therefore, of cellular 

energy metabolism. 

While the investigation of muscle obtained by biopsy 
contributes much invaluable knowledge to the elucidation 
of basic metabolic disorders of severe malnutrition at the 
cellular level, it does traumatize already gravely sick 
children. To overcome this problem, we explored the 
possibility of utilizing leucocytes for investigation of cell 
metabolism in severe malnutrition. 

Leucocytes possess complete metabolic systems‘. Martin 
et al.’ have suggested that the metabolism of the leuco- 
cytes is similar to that of other tissues, especially liver 
and muscle. Energy metabolism and general levels of 
enzyme activities in the leucocytes have been investigated 
by Karnovsky’ and Frei’ and others. Changes of the 
metabolic activity as well as metabolic pattern were 
related to the phagocytic activity of the leucocytes’. 
Preliminary observations in kwashiorkor by Scrimshaw 
indicated a tendency toward impaired leucocytic phago- 
cytosis’®. Thus, the leucocyte might be an attractive 
tissue model for the investigation of cell metabolism. 
We have developed a micro-technique to determine the 
contents of several intermediary metabolites and adenine 
nucleotides of the leucocytes isolated from about 10 ml. 
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of blood. The isolation procedure is similar to the method 
described by Christlieb et al.. 

For the preparation of viable leucocytes, 10 ml. of 
venous blood were drawn directly into a pre-cooled 
10 ml. plastic syringe containing 0-6 ml. of heparin 
(Roché, 5,000 v/ml.), transferred quickly into a pre-cooled 
test-tube containing 0-6 ml. of 10 per cent solution of 
dextran (molecular weight 60,000~-90,000) and mixed 
thoroughly by inverting the test-tube several times. The 
leucocyte-rich plasma separated by gravity in 20 min 
and was transferred with a cold pipette into another pre- 
cooled test-tube. The remaining blood was centrifuged 
for 16 min at a slow speed (26g) at 0° C. The portion of 
the plasma separated by centrifugation was added to the 
previously separated portion of plasma. The combined 
plasma was then centrifuged for 5 min at a faster 
(250g). The supernatant was carefully sucked off. To the 
residue, a mixture of leucocytes and erythrocytes, 3 mi. 
of cold Hanks solution, pH 7-4, and 9 ml. of ice-cold 
demineralized water were added. The tube was shaken 
vigorously with a vortex-mixer for 30 sec. Then 3 ml. of 
ice-cold 3-5 per cent sodium chloride solution were 
quickly added and mixed gently by inverting the test- 
tube several times. The tube was centrifuged for 5 min 
at 250g at 0° C. The supernatant was sucked off and the 
leucocyte residue was washed with 5 ml. of cold Hanks 
solution. The final residue of purified leucocyte was sus- 
pended in an appropriate amount of Hanks solution 
(0-4-0-6 ml.). No attempt was made to differentiate 
between polymorphonuclear leucocytes, mononuclear 
cells, lymphocytes and platelets contained in the sus- 
pension. Usually the leucocyte counts in this suspension 
are 8-12 x 107/ml. 

For the determination of the intermediates and adenine 
nucleotides, one tenth volume of 40 per cent cold per- 
chloric acid was added. to the leucocyte suspension, which 
was then homogenized in a homogenizer fitted with a 
‘Teflon’ pestle. The homogenate was centrifuged for 
3 min at a fast speed (2,500g). The clear supernatant was 
neutralized with potassium hydroxide and assayed for 
the intermediates and adenine nucleotides enzymatically. 
Oxaloacetate, pyruvate and phosphoenolpyruvate were 
assayed in one aliquot by consecutive addition of malic 
dehydrogenase, lactic dehydrogenase and pyruvic kinase 
in a slightly modified system of Czok and Eckert'*. Malate 
and lactate were determined by the method of Hohorst”, 
a-oxoglutarate by the method of Bergmeyer and Bernt*, 
and ATP, ADP and AMP by the method of Adami, 

Sixteen severely malnourished and four moderately 
malnourished infants, 6-24 months old, were randomly 
chosen at the emergency rooms of the Hospital de 
Pediatria of the Medical Center in Mexico City. Also 
chosen as controls were eighteen well nourished children 
6-36 months old, who were brought to the hospital for 
examinations for illnesses other than malnutrition. 

A significant decrease in the contents of oxaloacetate, 
pyruvate and lactate was observed in the severely mal- 
nourished group, while in the moderately malnourished 
group only the lactate content was decreased slightly. An 
apparent increase in the contents of oxaloacetate, pyru- 
vate and phosphoenolpyruvate in the leucocytes from the 
moderately malnourished group was not statistically 
significant because of the large standard of error of the 
mean. The content of ATP in the leucocytes of the severely 


Table 1. INTERMEDIARY METABOLITE OONTANTS IN THE ISOLATHD LHCOOCYTRS 


Orxaloacetate Pyruvate 

Control (18) 0-72 40-08 0-67 + 0-04 
Malnourished 

Moderate (4) 104+0-22 1-29 + 0-59 

Severe (16) 0 404005 0 45 +008 

(P < 001) (P < 0-02) 


Numbers in parentheses represent the numbers of patients, 


Phosphoenol- a-Oxo-~ 
pyruvate glutarate Malate Lactate 
umoles/g of protein; mean S.E. 
0-41 + 0-06 081 +006 0-83 + 0-12 14941 01 
0-79 + 0 29 O-8140 45 O-64+40 26 11 2+1 89 
{P = 0-03) 
0-41 + 0-08 046 + 0 07 0-54+0-01 108 +1:16 
(P <0 02) 
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Table 2, ADENINE NUGLBOTIDE OON'TENTS IN THE ISOLATED LREUCOCYTRS 


ATP Total 
AMP [ATE] [AMPI[ADP]" 
anaig of protein; mean + S.E. an t S.E. 

Control (12) 4°82 +067 8-81 + 080 6°50 + 0-44 18°68 + 1°34 0-58 +015 
Malnourished 

Moderate 4) 5'18 + 1°28 9 46 + 1°51 5-61 + 1:06 20°15 + 0 29 0-41 + O12 

Severe (10) 2 22+0 89 8 444070 4 2640-75 12 92 +1-51 0 21 +004 

(P <0 01) (P <0 02) (P <0 05) 


Numbers in parentheses represent the numbers of patients, 


malnourished group was markedly decreased. Although 
the reduced ADP and AMP contents in the leucocytes of 
the severely malnourished group were not significant, 
they contributed to the statistically significant reduction 
of total adenine nucleotide content m this group. The 
adenine nucleotide contents were unchanged in the 
moderately malnourished group. The values (mean + 
standard error of the mean) of the ratio of adenine nucleo- 
tides ([ATP] [AMP]/[ADP]*) of the control group 0-58 + 
0-12) and the moderately malnourished group (0-41 + 0-12) 
were within the range reported by other investigators!*-18 
as the equilibrium constant of adenylate kinase system. 
The ratio of adenine nucleotides in the severely mal- 
nourished group was much lower (0:21 + 0-04) than that 
of the controls and the moderately malnourished group. 

Many observations have been reported on adaptive 
changes in metabolic activities of liver and kidney to 
various nutritional states. How long, and to what extent, 
the body can sustain such adaptive responses, especially 
during protein—calorie deprivation, is not, however, known. 
In the present investigation, neither intermediates nor 
adenine nucleotides were decreased in the leucocytes from 
moderately malnourished children. This seems to indicate 
that some adaptive mechanisms sustain metabolic 
activities in cells for some time despite a limited exogenous 
supply of nutrient sufficient to cause moderate, generalized 
malnutrition. The small concentrations of pyruvate, 
lactate and oxaloacetate in the leucocytes of the severely 
malnourished group may be caused by inhibition of 
terminal glycolysis. In leucocytes, where glycolysis (both 
aerobic and anaerobic) is much more active than citric 
acid cycle metabolism’, the terminal glycolytic step 
catalysed. by pyruvic kinase should play animportant part 
in generation of ATP. Thus, the reduced ATP content 
associated with small contents of pyruvate, lactate and 
oxaloacetate is consistent with the view that the terminal 
glycolytic step catalysed by pyruvic kinase is inhibited in 
the leucocytes from severely malnourished children. In 
our previous investigation of muscle, and in a prebminary 
observation of isolated leucocytes (not presented here), 
markedly decreased activity of pyruvic kinase was 
observed in the sample obtained from severely mal- 
nourished children. Krebs!’ recently demonstrated that 
starvation decreases activity of pyruvic kinase of liver, 
while re-feeding with carbohydrates induces biosynthesis 
of this enzyme. Hormonal regulation of pyruvic kinase 
activity was reported, too, by Lardy et al.% and by 
Weber™, It is therefore possible that insufficient protein 
and calories, with the assistance of hormonal interaction, 
inhibit terminal glycolysis and in turn impair energy 
metabolism in tissues. 

One parameter of the potential cellular energy level can 
be expressed by the equilibrium constant of the adenylate 
kınase . The caloulated ratio of adenine nucleotides 
is probably equivalent to the equilibrium constant of the 
adenylate kinase system in leucocytes. The marked 
reduction of the ratio of adenine nucleotides scems to 
indicate that the balance of ATP, ADP and AMP con- 
centrations is disrupted in the severely malnourished 
group. Thus the reduced ratio of adenine nucleotides 
suggests an additional cause for the decreased ATP 
content in the leucocytes of severely malnourished 
children, although it is rather difficult to differentiate the 
source of flux of ATP mto the adenylate kinase system 
without directly testing this system. 


The present observation demonstrates that leucocytes 
are an excellent tissue for investigation of cellular meta- 
bolism, and are not only consistent with our previous 
investigation but add further support to the thesis of 
impaired cellular energy metabolism in protein-calorie 
malnutrition, and may be relevant to the functional 
activity of the leucocytes in malnourished infants. 
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Synergistic Toxic TE and Carcinogenicity of 
Freons’ and Piperonyl Butoxide 


‘Frarons’ are fluorocarbons, with 1-4 carkon atoms, 
fluorine and sometimes chlorme, bromine or hydrogen, 
which are widely used as propellants (for example, with 
pressurized aerosols of foods or pesticides), fire extin- 
guishers, solvents, and refrigerants. ‘Freons’ have low 
toxicity after acute or chronic inhalation exposures!!, with 
the exception of halothane, CF,-CHBrCl, which has pro- 
duced occasional hepatotoxicity, possibly as a result of 
fluoroalkene contamuinant*. 


NATURE, VOL. 214, APRIL 29. 1967 


Piperonyl butoxide (PB), a comparatively inert and 
non-toxic methylenedioxypheny] derivative (Table 1), is 
widely used as a synergist with various pesticides*-’. The 
effecta of PB appear to depend on the inhibition of 
enzymatic processes which detoxify or activate the parent 
pesticide so that synergism or, less commonly, antagoniam 
may occur*-', Comparable data on enzymatic inhibition 
similarly exist for mammalian systems!?~™, where piper- 
onyl compounds act as competitive inhibitors for micro- 
somal NADPH, systems’. Piperonyl compounds reduce 
the hydroxylation of benzo(a)pyrene in rate, without 
modifying its carcinogenicity to neonatal mice!*, and also 
enhance the acute toxicity of griseofulvin to neonatal 
micet’. 


Table 1. STRUCTURE OF MATHYLENW DIOXYPHUNYL DERIVATIVES 


OA 
eK 
o 2 
Substituents 

Derivative R, Ry 
Pipsrony] butoxide CH,(OCH,OH,),0C0,H, CH,CH,CH, 
Safrole crue ono “7 
Isoaafrole OH = QHCH,; R 
Dihydrosafrole OH,OH,0H; H 


The widespread domestic and industrial use of sprays 
contaming a pesticide, a piperonyl synergist, and a 
‘Freon’ propellant raised the question as to whether tn 
vivo interactions between the latter two classes of com- 
pounds, each by itself relatively non-toxic, may produce 
harmful effects in man. The experiments reported here 
explore such possibilities. 

Solutions were prepared, in redistilled tricaprylin, of 
‘Freon’ 11, CCI,F, ‘Freon’ 112, CCl,F—-CCI,F, and ‘Freon’ 
113, CCl, F-CCIF,, at 10 per cent v/v, of PB at 5 per cent 
v/v, and of combinations of PB and the last two ‘Freons’, 
each at the same concentration as m solutions of the 
individual agent (Table 2). The solutions, stored in sealed 
ampoules at 4° C and used within 1 week of preparation, 
were injected subcutaneously into the neck of neonatal 
Swiss mice (ICR/Ha). Doses of 0-1 ml. were injected 
into 1 and 7 day old mice, and 0-2 ml. into 14 and 21 
day old mice; controls received corresponding volumes 
of solvent alone. The number of mice injected and the 
corresponding number of htters in each group of animals 
(all mice in each litter were treated alike) are given in 
Table 2. The mice were usually weaned ab an age of 
l month and groups not exceeding five animals of indi- 
vidual sexes were then housed in hanging metal cages and 
given ‘Purina’ chow and water ad libitum. The mice were 
inspected daily and weighed weekly for the first month 
and monthly thereafter. Moribund animals were killed, 
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others were allowed to survive until the experiments 
ended after a year, All mice were autopsied, with the 
occasional exception of those autolysed or cannibahzed, 
and tissues for histological investigations were fixed in 
Tellyesniczky fluid; sections, cut at u, were stained with 
haematoxylin and eosin. 

Before weaning, mortality was consistently bigh 
(48-56 per cent) in the groups that received ‘Freons’ in 
conjunction with PB, as compared with the control groups 
(14 per cent) and groups receiving the test substances 
separately, PB (15 per cent) and ‘Freons’ (2-11 per cent) 
(Table 2); this high mortality for the combination treat- 
ment groups appears synergistic in view of the absence 
of such mortality attributable to PB alone. Death before 
weaning in all groups was largely confined to the first 
week of life, so that differences in mortality between the 
different groups also occurred then. Because the number of 
survivors for each sex at the time of weaning did not differ 
materially, sex differences in pre-weaning death rates do 
not appear to be important. Substantial sex differences 
in mortality for all groups developed after weaning. 
Mortality was low in females and high in males, largely 
as a result of death or kiling male mice which developed 
obstructive uropathy!’-*. Unexpectedly, the enhanced 
toxicity occurring in groups receiving the combined treat- 
ment before weaning was accompanied by an increase in 
body weight, which was manifest in the first week of life 
(Table 2). For both combined treatment groups through- 
out the entire study, weights of males and females were 
usually 10-20 per cent greater than corresponding weights 
for the solvent controls and individual treatment groups. 
The nature of this gain in weight was not ascertained 
because these data were not analysed until the end of the 
experiments. 

The incidence of tumours was expressed as a percentage 
of animals at risk during specified intervals for individual 
treatment groups (Table 3). All hepatomata were dis- 
covered in males at the end of the experiments, with the 
exception of a single spontaneous death in which a hepa- 
toma, was found at the forty-eighth week in the control 
group. The incidence of hepatomata was highest for both 
combined treatment groups and particularly high for the 
combination involving ‘Freon’ 112, as compared with the 
solvent controls or groups receiving separate treatments 
of ‘Freons’ or PB. With male mice more than 40 weeks 
old the incidence of hepatoma in both combined treat- 
ment groups is 24 per cent (8/33), in contrast to an 
overall incidence of only 4'per cent (6/126) in the groups 
receiving individual treatments (PB, ‘Freon’ 113, and 
‘Freon’ 112 or solvent). This striking difference is highly 
significant, and indicates that synergistic hepatocarcino- 
geneity results from the combined treatments (x= 11-74, 
P < 0-001). The incidence of malignant lymphomata 
was low; all but one group showed either none or 


Table 2, TOXIOITY INDUORD IN SWISS AIOK BY NEONATAL SUBOUTANEOUS INJECTIONS OF SOLUTIONS OF ‘FRBONS’ AND PIPARONYL BUTOXIDH, SHPARATELY 
AND IN COMBINATION 


Uropathy, inoi- 

No. mice Weight mice (g)t dence as % of 

injected % Mortality No, survivors At weaning At 51 weeks male mice alive 

Treatment group* (00 ding prior to Sex % 80% at weaning and 

No, of litters)  weanmg At At 51 Average contral Averago contral subsequently 
weaning weeks Tange , Tange sutopmed 

Bolvent controls 170 (16) 14 M 78 48 19-8 15-26 506 41-61 38 
F 69 68 182 14-24 45:3 34-55 = 
‘Freon’ 11-10% 62 (4) 2 A 27 21 20 6 16-28 520 44-60 28 
i F 24 20 197 15-23 510 38-62 — 
Freon’ 112-10% 58 (5) 11 x 28 17 194 15-22 560 44-86 33 
E 22 19 178 14-22 47:0 39-56 — 
‘Freon’ 118-10% 52 (4) 2 M 30 21 220 18-20 53 6 44-62 28 
¥ al 20 19 9 17-23 48 2 40-67 = 
Piperony! butoxide-5% 91 (8) 15 M 40 20 184 14-23 520 45-58 38 
F 87 88 16:4 14-20 47-0 88-57 — 
‘Freon’ 112-10% and piper- 187 (12) 55 M 32 18 241 19-29 687 54-67 52 
onyl butoxide-5%, F 30 24 224 10-26 50-7 44-68 _ 
‘Freon’ 119-10% and piper- 94 (8) 46 M 26 18 26:7 21-29 59-0 50-75 36 
onyl butoxde-5 % F 25 24 22-0 19-25 570 43-75 _ 


* Dosage schedule for all groups as follows: da: 
plperony! butoxide alone, 28 mica (2 litters) received 


+ AJI values wore used in calculating average welghts. The 80% central 
this Is tho range in welghts of mice after excluding the 10% lowest and the 10 


% 


1-0-1 ml., day 7—9 1 ml., day 14—0 2 ml., day 21-0 2 ml, total=06 ml. In the group receiving 
o following additional injections: days 8, 5, and 11—0 1 ml ; days 15,17, and 19—0-2 ml. 


or uniformity in the data, 


range is intended to show the degree of varlabil 
6 nearest whole integer 


gheat. The numbers excluded are taken to 
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Tablo $. TUMOURS INDUCED IN SWISS MICE BY NEONATAL INJECTIONS OF ‘FREONS’ AND PIPERONYL BUTOXIDE, SEPARATELY AND IN COMBINATION 


No. of mice, subsequently autopsied Hepatomas Maltgnant lymphomas 
alive at the inning of each perlod No. tumours tn each period No. tumours in each pernod 
Treatment group No. at risk) No. as % of No, of mice at risk No. as % of No. of mice at risk 
Weeks Weeks Weeks 

11-20 21-80 31-40 41-50 51+ 21-30 31-40 41-60 614 21-80 31-40 41-50 51+ 
Solvent controls M 72 68 58 55 48 4 9 0 0 8 1 0 0 0 2 
F 89 69 69 68 68 9 0 0 0 9 0 0 0 0 0 
‘Freon’ 11 M 25 25 22 21 21 2¢ 0 9 0 10 1 4 0 0 0 
F 20 20 20 20 20 Go 0 9 0 0 0 0 0 0 0 
‘Froon’ 112 M 27 27 27 20 17 0 9 0 0 0 0 0 0 0 0 
F 22 22 21 20 19 0 9 0 0 0 0 0 0 0 0 
‘Freon’ 113 M 29 29 20 26 21 1 0 0 0 § 0 0 0 0 0 
F 21 21 20 20 20 0 0 0 0 0 1 0 0 0 5 
Piperony! butoxide M 40 83 35 25 20 0 0 0 0 0 0 0 0 0 0 
F 86 86 38 36 86 0 0 0 0 0 0 0 0 0 0 
‘Freon’ 112 and pipor- M 80 26 26 14 18 5 0 0 7 81 0 0 0 0 0 
onyl butoxide F 29 29 28 25 24 0 0 0 0 0 2 0 4 0 8 
‘Freon’ 113 and piper» M 25 24 24 19 18 3 0 0 0 17 0 0 0 0 0 
onyl butoxide ¥ 24 24 24 24 24 0 0 0 0 0 1 0 0 0 4 


* One of these also had a pulmonary adenoma, 


only one and the associated percentages in the latter 
cases reflected the varying numbers at risk. It is note- 
worthy, however, that three female mice in the com- 
bined ‘Freon’ 112 and PB group developed malignant 
lymphomata; this treatment evoked the highest incidence 
of hepatomata in males. Additionally, one mammary 
carcinoma occurred in females of three groups, solvent 
controls, ‘Freon’ 112 and ‘Freon’ 113. Twenty-eight 
solitary pulmonary adenomata were noted among the 
treated and control groups. 

Although various structural congeners of PB (Table 1) 
are hepatotoxic or carcinogenic in rats**-**, or co-carcino- 
genic ın mice, there is no evidence that PB itself is car- 
cinogenic, Similarly, although related haloalkanes, such 
as chloroform and carbon tetrachloride, are hepatotoxic 
and hepatocarcinogenic**5, there is no evidence that 
fiuorocarbons themselves are carcinogenic. 

Available data do not afford a satisfactory basis for 
explaining the synergistic toxicity and hepatocarcino- 
genicity of ‘Freons’ and PB; similarly, the possible 
relationship between these effects and the increased body 
weights is undetermined. Analogies with known actions 
of piperonyl synergists*-1!, however, suggest that PB may 
modify a presumed in vivo dehalogenation of ‘Freons’, 
such as occurs alone with chloroform, carbon tetra- 
chloride, methoxyflurane, and halothane’*-**. 

This report of synergistic toxicity and carcinogenicity 
between two widely used and unrelated compounds sug- 
gests the need to consider interactions with unrelated 
agents not under test ın the design of toxicity and carcino- 
genicity tests. This approach may be particularly im- 
portant for compounds with potentially wide environ- 
mental distribution. 

This investigation was supported in part by a U.S. 
Publio Health Service research grant from the National 
Cancer Institute (to the Children’s Cancer Research 
Foundation, Inc.). We thank E. I. du Pont de Nemours 
and Co. for samples of ‘Freons’. 


SAMUEL 8. EPSTEIN 
§. Josu 

J. ANDREA 

P. CLAPP 

H. FAIX 

N. MANTEL 


Laboratories of Carcinogenesis and Histology, 
Children’s Cancer Research Foundation, Inc., and 
Department of Pathology, 

Harvard Medical School, 

Boston, Massachusetts. 

Carcinogenesis Studies Section, 

National Cancer Institute, 

Bethesda, Maryland. 


Becelved October 6, 1966; revised January 6, 1967. 
1Claytou, J. W., in Heffler-Heulner Handbuch der Experimentolisn Pharma. 


kologio, 20, 459 (Spr r-Verlag, New York, 1966) 
* Buu-Hol, N, P., in Prog, in Drug Res., 8, 10 (1061). 


* Btephen, C. R., and Inttle, D. M., Halothans (Williams and Wilkins, Balti- 
more, 1961), 


‘Wachs, H , Sevence, 105, 680 (1947). 

‘Perry, A. 8., and Hoskins, W, M., J. Beon. Entomol., 44, 889 (1951). 

° Barles, AL. P., and Vandergrift. W, B., Amer. J. Trop. Aled.,1, 862 (1052). 
" Moorefield, H. H.,Coninb Boyce Thompson Inst.,19, 501 (1958). 

* Yun-Pe: Sun, and Johnson, E R., J. Agric. Food Chem., 8, 261 (1960). 


*Fuknto, T R., Metcalf, R, L., Winton, M. Y., and Roberts, P. A., J. Econ. 
Entomol., 65, 841 (1962). 

1 Lichtenstein, F P., Schulz, K. R., and Cowley, G. T., J. Econ. Entomol., 
56, 485 (1963). 

4 Brooks, G. T., and Harrison, A., Biochem. Pharmacol., 13, 827 (1964). 

1! Fine, B. O., and Molloy, J. O., Nature, 204, 789 (1964). 


3 Falk, H. L, Thompson, 8. J., and Kotin, P., Amer. Med. Assoc. Arch. 
Enmron. Health,10, 847 (1965), 


H Brooks, G. T.,and Harnson, A , Jafe Ser., 5, 2315 (1066). 


1 Casida, J. E., Encel, J L., Essac, E. G., Kamenski, F. X.,and Kuwateuka, 
8., Sctence, 153, 1130 (1068). 


is Epstein, S. S (unpublished data). 

17 Epstein, 8. 8. and Joshl,8 R., Fed. Proc., 25, 287 (1966). 

™ Joshi, 8. R., and Epstein, S 8 (unpublished data). 

1 Epstein, 8. 9., Joshi, S. R., Andrea, J. Mantel, N., Sawicki, E., Stanley, T., 
and Tabor, E. C , Nature, 212, 1305 (1968). 

™* Homburger, F , Kelley, T., Baker, T. B., and Russfield, A. B., Arch. Path. 
78, 118 (1962). 

"Long, E L., Nelson, A. A., Fitzhugh, O. G., and Hansen, W. H., Arch. 
Path , 75, 695 (1988). 


2 Hagan, E C, Jenner, P. M , Jones, W. I, Fitzhugh, O G., Long, B. L., 
Power, i G., and Webb, W. K., Toxicol. App. P. .7, 18 


n Daama E B., Julian, L. AL, and Strait, L. A , Rev. Path. Comp., 49, 550 


H Eschonbrenner, A. B., and Miller, E., J. Nat. Cancer Insi., 4, 886 (1048). 

# Kyln, B., Rechard, H , Sumegi, I., and Ylner, 8., Acta Pharmacol, 
Tozwol., 20, 16 (1968). 

™ Heppel, L. A ,and Porterfield, V. T., J. Biol. Chem., 176, 768 (1948). 

27 Paul, B. B. and Rubinstein, D., J. Pharmacol. Exp.T cerap.,141, 141 (1983). 

s Var Bake R. A., and Chenoweth, M. B., Biochem. Pharmacol., 14, 608 


BIOLOGY 


Nannoplankton of Marine Origin from 
Great Bear Lake in the Northwest Territories 
of Canada 


Great Bear Lake is situated on the Arctic Circle at a 
pomt where the Pre-Cambrian Shield emerges from the 
adjoining Cretaceous formations. The present lake surface 
is 143 m above sea level, and because the maximum 
depth is 542 m there is a cryptodepresmon of 309 m. The 
shape of the lake could be deseribed as amoeboid with 
five arms joming a central “body”. McTavish Arm, with 
a mean depth of 102 m, contains the deepest water at a 
point close to the eastern shoro. The total surface area 
is 31,153 km? and the volume 2,200 km*. Surface tem- 
peratures seldom exceed 4° C and, although the bottom 
temperature remains close to 356°C throughout the 
year, complete turnover does not occur annually!. The 
lake is extremely oligotrophic with oxygon saturations 
up to 112 per cent (14 mg/l.) ın the upper 50 m in summer 
and minimum values very close to saturation (12-6 mg/l.) 
near the bottom at the end of winter. Total dissolved 
solids are low: 80 p.p.m. with a specific conductance of 
155 pmhos. Ice cover reaches a thickness of 2 m by 
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the end of winter and break-up does not occur until the 
middle of July; this is followed by an open-water season 
of 3-4 months, the lake becoming ice-covered during 
November. 

During 3 years of limnological investigations water 
samples were taken from all depths in most regions of 
the lake. These samples were preserved in dilute formalin 
and examined by one of us (A. 8. B.) under the Utermohl 
inverted microscope employing a sedimentation tech- 
nique. The total number of cells was low (maximum 
42,000 cells/l.), and no regular period of bloom could be 
identified, although certain species increased in number 
and then declined at various times in the summer. 

_Of a provisional total of some 291 species of phyto- 
plankton a considerable number appear to be of marine 
or brackish origin. Of great interest is the presence of 
‘silicoflagellates including the species Distephanus speculum 
(Fig. 1) and the dinoflagellate species of Gymnaster which 
has an internal siliceous skeleton. Distephanus speculum 

-is found in all oceans and is known to occur in the Baltic 
in waters of low salinity (unpublished results of A. S. B.) 
(1-2%/,), but has never before been found in a truly 
lacustrine habitat. The only known living species of 
Gymnaster, G. pentasterias Schütt, has been found in the 
Mediterranean** and in Arctic marine waters‘. The some- 
what smaller species of Gymnaster from Great Bear Lake 
a less silicified and lacks the detailed sculpturing 
of the skeleton of the marine form. Specimens of both 
D. speculum and the species of Gymnaster from Great 

| Bear contained protoplasm so that the possibility is 
precluded of their being fossil or sub-fossil remains of 
allochthonous origin. 

‘The presence of these marine-type organisms in Great 
Bear Lake raises the question of their origin. The whole 
of this area was completely ice-covered during the Wis- 
consin glaciation® and there is no evidence of later marine 
invasion. It is therefore most likely that the transition 
from marine-brackish water took place at some time 
before the Wisconsin and possibly in an area far removed 
from their present locality. 

Tt seems likely that the history of these phytoplankters 
is similar to that of other Canadian “‘marine-glacial 
relicts”® which make up the main invertebrate and 
part of the fish fauna of Great Bear Lake. Hégbom’ 
suggested that the origin of European relicts might have 
been the result of marine waters, ‘‘sluiced-up” in front of 
the advancing ice, being gradually freshened by the 
northerly flowing rivers. Ricker* has discussed this theory 
in relation to North American waters and concludes that 
it is the most likoly explanation for the distribution of 
previously known relicts. Assisted by the low tempera- 
tures of tho ice-lakes certain species were able to survive 
in the freshoning waters and finally adapted themselves 
to a completely freshwater existence. With the recession 





Fig. 1. 


of the ice these species were left behind in the resultant 
lakes. In those lakes where low temperature conditions 
inhibited the establishment of competitors from the 
south, some of the newly adapted species were able to 
continue their existence. Holmquist’ disagrees with this 
interpretation; she considers that the invertebrate species 
were adapted to fresh water before the Pleistocene and 
were merely spread by the effects of glaciation. When 
their distribution has been worked out in detail, the 
discovery of these relict phytoplankters should throw 
considerable light on the origin and mechanism of distribu- 
tion of glacial relicts generally. 
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Effect of Temperature on the Efficiency of 
Growth of Plaice Prolarvae 


Marrne teleost fishes typically produce large numbers of 
eggs. After the egg stage, which is usually planktonic, 
hatching liberates prolarvae which feed for some days on 
their supply of embryonic yolk. The larvae later feed 
actively in the plankton until metamorphosis, after which 
their mode of life may alter considerably. With high 
fecundity it is clear that mortality before the attainment 
of maturity must be enormous, and it has long been 
supposed that most of this mortality occurs during the 
egg and larval stages'. The pattern and causes of this 
mortality, however, remain obscure, constituting one of 
the most fundamental problems in contemporary fisheries 
biology. 

The survival of eggs and larvae of the plaice (Pleuro- 
nectes platessa L.) in the North and Irish Seas is currently 
being investigated*. The interpretation of data from 
surveys at sea to determine the pattern of mortality 
requires, however, an ability to age the eggs and larvae 
on the basis of their stage of development. Rates of 
growth and development during the embryonic period 
were known to be affected markedly by temperature*-‘, 
and so we made these effects the subject of an extensive 
experimental investigation. Though many of our results 
are of relevance mainly to the problem of ageing larvae 
in connexion with the survival investigations, one par- 
ticular relationship has emerged which is of considerable 
interest and practical importance. The observations 
concern the efficiency of yolk utilization in prolarvae 
hatched from artificially fertilized eggs of southern North 
Sea plaice. 

The quantity of yolk present was represented by an 
index based on the area of the yolk-sac seen in profile. 
Log area plotted against time, for temperatures of 2-6°, 
5-0°, 6-1°, 65°, 8-5° and 9-8° C, gave a series of straight 
line relationships, each expressing a rate of disappearance 
of yolk, and suitable for comparative purposes. These 
individual values (Table 1) show that rate of yolk utiliza- 
tion increases pari passu with temperature in a rectilinear 
manner (or very nearly so, see refs. 4 and 5). Rates of 
growth in length at each temperature were also linear for 
the short period of 7-10 days which was considered. 
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Fig. 1, The variation with temperature of the efficiency of yolk utiliza- 
tion in plaice prolarvae, expressed as the ratio of the rate of growth in 
oJength to the rate of disappearance of yolk. The curve has been drawn 
by comparing the lines fitted to, icicle the two sets of data given in 

i fable 1. 


Unlike yolk utilization rates, however, growth rates at 
first increase with temperature to attain a peak at 8° C, 
` and then sharply decline (Table 1). Expressing the rates 

of growth in length and of yolk disappearance as a ratio 

“provides a clear picture of the way in which the efficiency 
of yolk utilization varies with temperature (Fig. 1), with 

by. far the highest values indicated between 65° C and 

85°. ©. A result of this kind is what might be expected 
on the basis of Marr’s recent analysis of dry weight data 
in salmonid embryos*. Whether temperature similarly 
affects the efficiency of yolk utilization in the plaice egg. 
as distinct from the prolarva, is not entirely clear, although 
there are indications that such is the case. This is still 
being investigated. 

‘Thus it appears that there is an optimum temperature 
for yolk utilization which produces maximal growth, and 
which varies from species to species (and possibly from 
“population to population, as do other aspects of the 
temporature-development relationship®). This is obviously 
a very significant consideration for those concerned with 
the development of mass rearing techniques for marine 
food fishes, and it also raises another possibility of 
theoretical importance. It means that certain sea tem- 
peratures, within the range of annual fluctuations, will 
result in the production of larger and more vigorous 
larvae than others. If there is a cumulative effect through 
egg and prolarva, temperature alone might cause a 
length variation of as much as 10 per cent in plaice larvae 
of about 7 mm in length at the time of first feeding. A 
length increment of this order may indicate a roughly 
10 per cent difference in swimming and escape speeds’, 
although for herring larvae the difference appears to be 
more like 25 per cent’. In Pacific sardine larvae a cor- 
responding difference would be reflected in a 21 per cent 
greater chance of avoiding capture by a plankton net’, 
which may indicate similarly increased powers of evading 


Table 1 

Mean incubation Rate of disappearance Rate of growth 

temperature (° ©) of yolk in length 
2-6 10-58 4-06 
5-0 15-98 570 
61 19-12 8-08 
65 (a) 18-11 913 
65 (b) 17-21 PET 
85 23-04 11-19 
98 (a) 23°38 871 
9-8 (b) 22-01 848 


Rates of yolk utilization and of growth in length in plaice prolarvae at 
various temperatures. In both columns, rates are quoted as regression 
constants «100. Duplicate experiments, in which Artemia salina nauplii 
were added to provide an external source of food, were performed at two 
temperatures, Active feeding, however, did not commence sufficiently early 
to influence the results. 
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predators. Such variation could, therefore, havea pro- 
found influence on the subsequent. fate of a larval popula- 
tion. It is premature to speculate about. the possible 
effect on the resulting year-class strength, but the need 
for further research in this field is clear. 
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Estimation of Kinetin by a Colorimetric 
Method 


ALTHOUGH extinction coefficient data are available for. 
6-farfuryl-amino purine (kinetin)! it is not always possible. 
to use these in its estimation. During investigations of 
the metabolism of kinetin in plant tissue we have found. 
that interference by ultra-violet absorbing contaminants 
prevents the direct spectrophotometric assay of this com- 
pound in the plant extracts. The following colorimetric. 
method, based on a procedure deseribed by Bratton and. 
Marshalli, has now been developed and found to give 
satisfactory results. y 
Sulphuric acid (1 ml. of 10 normal) and 0-2 ml. of: 
0-5 per cent sodium nitrite are added to 1-3 ml. of an 
aqueous sample containing up to 20 ug of kinetin, After. 
diluting to 4-6 ml., the solution is kept for exactly 5min 
at a temperature of 100° C, quickly cooled to room tem: 
perature and 0-2 ml. of 5 per cent sulphamic acid is added, 
The mixture is shaken gently for about 5 min, treated 
with 0-2 ml. of 1 per cent N(i-naphthyl) ethylenediamine 
hydrochloride and after further shaking allowed to stand 
at room temperature for 10 min. It is then transferred to. 
a 1 cm glass cuvette and the absorption is read at 540 mp. 
A typical calibration curve obtained with this procedure. 
is shown in Fig. 1, together with a similar curve derived, 
from direct ultra-violet measurements. It can be seen. 
that, in the absence of contaminants, the two methods 
are of comparable sensitivity. Colour intensity was found 
to decrease with time, and so solutions should be read 
within 10-30 min after heating. Also, while colour pro- 
duction is favoured by heating in a strongly acid solution 


0-8 
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© 
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Fig. 1. A comparison of the calibration curves. obtained for kinetin. 


O, Direct ultra-violet spectrophotometry, optical’density measured at 
267-5 mz; @, colorimetric method, optical density measured at DAO my. - 
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> {above 5 normal), it is much reduced if heat treatment is 
nued after 10 min. This evidence suggests that a 
zotizable compound is produced on gentle acid hydro- 
ysis which is itself destroyed by further heating. So far, 
ttempts to isolate and identify the compound(s) using 
hromatographic methods have failed. 
o Adenine®4, after exposure to reducing conditions, gives 
eoloured complexes when treated as previously mentioned. 
‘Using the present colorimetric procedure, however, which 
does not involve initial reduction, the method is about 
00 times less sensitive for adenine than for kinetin and 
therefore possible to estimate kinetin in the presence 
adenine. 6-Methyl- and 6-benzyl-aminopurines and 
furylamine give no colour in the foregoing conditions, 
t the method is not entirely specific because certain 
imidazoles’ and triazoles* are known to react similarly. 
- We have obtained satisfactory results with this colori- 
metric assay in situations where methods dependent on 
ultra-violet absorption measurements have failed; thus, 
i for example, when kinetin is added to RNA and DNA 
solutions or to plant extracts, it can be readily estimated 
by extracting with ethyl acetate, taking up the concen- 
‘trated extract in water and applying the colorimetric 
procedure outlined previously. 
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PSYCHOLOGY 


Rapid Extinction following Drug-inhibited 
Incidental Learning 


SUTHERLAND’S! explanation of the retarding effect of 
partial reward (PR) on extinction rests on the assumption 
that during acquisition, PR animals switch attention 
more often than consistently rewarded (CR) animals; 
SPR animals therefore learn about more cues, During 
extinction, each animal must extinguish the responses to 
all the cues it has learned about during training, and the 
_ more cues learned the longer it should take to extinguish 
responses to them. This view is supported by studies 
“showing that PR rats? and doves? do learn more about 
incidental cues than do CR animals. . 
However, Amsel’st’ view that frustration and anticipa- 
tory frustration are important in determining the PR 
effect on extinction has received support from studies 
using “frustration-reducing” drugs®-°. 

The evidence suggests that frustration experienced 

during acquisition (for example, during a partial schedule) 
inereases resistance to extinction, and the consequent 
degree of frustration experienced during extinction is 
important in facilitating the extinction rate. 
In our view, the Sutherland and Amsel hypotheses are 
not incompatible. Thus, if frustration diverts attention 
from the cues controlling the ongoing behaviour, animals 
experiencing frustration during acquisition will learn 
about more cues, with consequent effects on extinction 
rates that are compatible with both theories. The experi- 
ment reported here was designed to test this view. 
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Sixteen hooded male rats were trained in a Grice box 
on a black-white discrimination (Stage 1) with black 
positive for eight rats and white positive for the others. 
Only half the choices to the positive stimulus were rein- 
forced and the position of the correct stimulus was 
determined by a Gellerman sequence. As each rat reached 
a performance criterion of 75 per cent correct over twenty 
successive trials ib was assigned alternately to drug and 
to placebo groups. Drugged animals received intra- 


peritoneal injections of sodium amytal (15 mg/kg in, the — g 


ratio of 1 c.o. per 100 g body weight), administered 10 


min before the beginning of each training session, Both. 
groups were now given training on Stage 2, whichinvolved 
the addition of a second cue, the grey background to the 
black-white discrimination being changed to black-and- 


white striations. (Half of each group had horizontal and 
the other half vertical stripes positive.) Thus there were. 
now four sub-groups (Bx V, Bx H, Wx V, Wx Hy and 
the problem could now be solved either in terms of bright- 


ness or orientation or both. Each rat received ten trials. 


per day on Stage 2 (still on a PR schedule) for the same 
number of days that it had taken to reach criterion on 
Stage 1. Twelve transfer tests were then given, the 
striations being presented without the brightness cues. 
Every choice was rewarded on these tests. As there ‘is 
some danger of disrupting the discrimination habit with 
such tests each transfer trial was followed by a retraining 
trial, on which correct choices were always rewarded. 
No drugs were administered during the transfer tests. 
Following transfer testa, the rats were given a further ten 
retraining trials with the Stage 2 discriminants and reward 
schedule. All rats were then extinguished on the Stage 2 
discriminants, no drugs being administered during 
extinction. The criterion of extinction was three con- 
secutive failures to run from the start box (that is, a lateney 
in excess of 1-5 min) or a performance with less than 50 
per cent correct choices over twenty successive trials, 

The transfer tests showed that only the saline animals 
learned about the second cue; their average performance 
was 81 per cent correct, compared with only 55 per cent 
correct for the drug condition. This difference was highly 
significant (Mann-Whitney, U=9, P> 0-007). The 
extinction scores also showed an appreciable difference 
between drug and saline groups, the drug animals extin- 
guishing much more rapidly (Mann-Whitney, U=1, 
P>0-001). There was also a significant correlation 
between the transfer test scores and the extinction scores 
in the ND group (Spearman rank correlation r= 0-84, 
P>0-01). No significant score was found for the drug 
group which is probably due to lack of differontiation 
in the degree of incidental cue learning. These results 
show that a “frustration-reducing’** drug can inhibit 
learning about an incidental cue. 

The results support those of previous workers® in sug- 
gesting that “frustration reduction” during acquisition 
diminishes resistance to extinction, and therefore confirm 
the Amsel‘ hypothesis in this respect. Although Suther- 
land’s! theory as it stands does not involve frustration, it 
does suggest that there will be a correlation between. 
resistance to extinction and number of cues learned about 
during acquisition. This suggestion is given support by 
our finding that the non-drug animals which learned most 
about a second cue were most resistant to extinction and 
vice versa. 

The fact that ‘“frustration-reduced” animals learn 
least about a second cue provides the focal point for our 
suggestion that frustration diverts attention. (This view 
has also been suggested as a mechanism for the disin- 
hibition of displacement activities*.) We envisage that 
frustration during acquisition will divert attention from 
the cues controlling the ongoing behaviour. According to 
Sutherland’s theory, the ongoing behaviour is controlled 
by a single analyser which enables the animal to detect 
differences within a given dimension. 
these differences the animal makes its response. Attention 
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is switched from this analyser to the next ‘one in the © 


_hierarchy™, and this enables the animal to test a new 
dimension for relevance. 
_ Amsel’s view, that frustration experienced during 
acquisition generates a frustration tolerance, might 
appear to be at variance with this view, because frustra- 
‘tion tolerance developing early should minimize attention 
oswitching. In our view, however, frustration tolerance 
need only develop after the animal has exhausted its 
repertoire of usable analysers and has been unable to 
improve the level of reward. 
_. We agree with Amsel’s view that frustration experi- 
enced during acquisition is a causal factor in retarding 


co extinction, It is not clear, however, whether this effect 


is due solely to frustration tolerance, as Amsel suggests, 
or to the fact that more analysers have to be switched out, 
as Suthorland suggests. Further experiments are needed 
to define the roles of the two theories in the extinction 


© “process. 





| Experiments®™® showing that frustration-reducing 
drugs administered during extinction reduce the extinc- 
tion rate have been used to support the Amsel hypothesis. 
‘These results are, however, also consistent with our view, 
- because reduction in frustration will inhibit the attention- 
switching mechanism necessary for the analysers to be 


| switched out, and hence for extinction to occur. 


- In conelusion, we suggest that frustration is a major 
determinant of incidental learning during acquisition. 
but we are unable to differentiate at this stage between 
the effect of previous incidental learning and frustration 
“tolerance on the extinction process. 
B. McGonieLe 

D. J. MCFARLAND 
PAULINE COLIER 


Institute of Experimental Psychology, 


_ University of Oxford. 
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°° * Barry, H., and Miller, N. E., J. Comp. Physiol. Psychol., 55, 201 (1962). 
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SOIL SCIENCE 


Deposition of Peat from Aqueous Suspensions; 
Natural Occurrence of Stalactitic and 
Related Forms 


s In the course of study of a line of caverns at Ystradfellte, 
| Breconshire, described previously'? the occurrence of a 


“°- hitherto unrecorded type of stalactite formation was 


< noted. Most of the formations are unconsolidated, conical 

‘im shape and hang vertically from the Millstone Grit 

--eaprock forming the roofs (Fig. 1). They range in length 
from 0-4 to 30-0 cm and in mean diameter from 0-1 to 

55 em respectively, and are composed of a non-fibrous 
gize-fraction of blackish brown peat transported from the 
surface peat bog overlying the grit. In most cases cross- 
sections reveal a series of concentric growth rings. These 
~ are co-axial with the core when it is present. The forma- 
“tions occur in two main types: joint-orientated lines 
extending across the roofs (type I); randomly distributed 
and isolated formations (type IT). 

The two are outwardly morphologically similar. Type 1 
formations constitute 760 out of the total population of 
810 studied. They grow by the addition of finely divided 
peat carried down in aqueous suspension to the vertical 
root fibres of bracken, Pteridium aquilinum (L.) Kuhn, 
hanging from joints in the roof. The suspensions, of very 
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low pulp-density, flow in thin films down the surfaces 
of the fibres and any pre-existing peat. Evaporation of 
the water leads to deposition around the fibres and is 
responsible for the root core being surrounded by growth 
rings, as illustrated in Fig. 2. A sequence of growth stages 
has been deduced as shown in Fig. 34. On attaining a 
critical size, tensile rupture occurs approximately one- 
third of the distance down from the base, resulting in 
truncation of the stalactite with the formation of a floor 
deposit. Eventually, diametric growth leads to the 
lateral coalescence of stalactites to form a “curtain”, 
This is indicated by the fact that in examples studied, the 
cross-section of a curtain shows a line of concentric 
structures which appear identical to the conical types, but 
are surrounded peripherally by continuous growth lines. 

Departures from the fibre cored types are found in 
peat deposited on the free vertical faces of joints. In some 
cases joints are completely blocked and limited. tensile 
rupture and slumping has been observed. This is illus- 
trated by Fig. 3B, C. Type I forms show partial consolida- 
tion over time by dehydration as soon as active growth 
terminates. aoe 

Type II formations, although morphologically similar 
to the above, are formed by the transportation of peat 
suspensions through pores and fine cracks of the eaprock, 






Fig. 2. Cross-section of a type I formation showing concent 


PLS. 
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Table 1. COMPOSITIONAL VARIATIONS OF FERROUS~FERRIO PREOIPITATHS ARRANGED IX ORDER OF DEPOSETION 


Percentiron Per cent iron 

Description Colour (HD) lons ( 1008 pH* Bh*t 
Surface peat Brownish black 080 0-03 42 +0 85 
Subsarface peat Brownish black 0 97 0-08 4-2 ~ 0-07 
Millstone grit Some tron coloration always present 0 84-0-51 2:08-8:88 — — 
Peat runoff water Variable brown 108 p.p.m.) nd. 38-42 = 
Gelatinous precipitates on peat stalactites Light yellow 0 8 30 22 42-48 +051 
As above, but ocourring on floor Dark vellow to bright red 0 80 48 40—62 85 45 +064 
Limonitic mud on floor of caverns resting on peat Deep red 2-86 T1209 4°55 } to +0°86 
As above, resting on limestone Deep red 2°87 74.00 T4 +040 


* Readings at 11° O. f Voltages expressed for hydrogen/platinum electrodes, 


as verified by microscopic examination of flat surfaces of 
grit, which show peat filled interstices. These formations 
contam more water than type I examples (86-91 per 
cent compared with <80 per cent), do not show a very 
clear arrangement of growth rings, and are more suscept- 
ible to tensile rupture. The degree of humification is 
similarly higher (H=7—8 as compared with H=4-5 on 
von Post’s humification scale*), No dehydration on ageing 
has been observed. Growth terminates when the caprock 
pores become blocked with peat which prevents any 
further transportation. 

The particle size distributions of many samples of peat 
from the surface bog and types I and II formations show 
important differences illustrated by Fig. 4. The sizing 
analysis was made by sedimenting peat in water at 18° C 
and arresting sedimentation by redecanting after a given 
time. The times required for sedimentation down to a 
minimum size of known density (p= 1-21) were calculated 
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from Stokes’s sedimentation formula, and results are 
expressed as diameters of Stokes’s equivalent spheres. 
Material from type I forms possesses a peak equivalent 
sphere diameter of 120% which is in good agreement with 
figures obtained for the surface deposit. There has been, 
however, selective transportation of finer size-fractions. 
Type IT forms show a considerable reduction in particle 
size (peak equivalent sphere diameter = 20u) and an even 
greater selectivity in size than m type I; this is neces- 
sitated because the suspensions must flow through the 
caprock. The peak caprock pore diameter of 75u m 
the plane of bedding, together with a primary porosity 
of ~ 30 per cent, allows sufficient transportation of type IT 
material to form stalactites comparable in size to type I. 
The ratios of caprock pore diameter to type IT particle 
equivalent sphere diameter are mostly greater than the 
considered threshold ratio of 3:1. (Ratios <3: 1 induce 
deposition within the porous bed after a short time 
(P. M. Harris, personal communication), halting growth.) 
Low suspension velocities are considered effective in 
transporting particles m both modes of formation. 

Peat formations have also been located in small numbers 
in other caverns within the local area, for example, the 
Ogof Coeden Prop—Ffynon line and Pulpit Hole. Surface 
stalactites exist on the highest part of the Isle of Canna 
(P. F. Bird, personal communication). 

Many peat formations, irrespective of age or type, act 
as substrates for the deposition of gelatinous precipitates 
of yellow to red ferric hydroxide. Deposition is attributed 
to the chemolithotrophic bacterium Sphaerotilus natans*:' 
which anabolizes from the energy released by the biogenic 
oxidation Fet+—e—-+Fett++11-3 Koal. The sources of . 
iron (IT) ions are the 0-8 per cent content in the surface and, 
subsurface peat, and that leached from the 3-4 per cent 
total iron content of the grit caprock by acid runoff 
from the peat. Iron hydroxide thus formed, together with 
water dripping from the formations, contaminates the 
floor deposits immediately below with bacteria. The 
oxidation proceeds through intermediate stages to build 
up almost pure deposits of deep red limonite. An Eh 
(redox potential) pH survey (Table 1) shows only a slight 
elevation of pH as Eh moves in a positive direction through 
the sequence. Only in the case of neutralization of acid 
iron (I) ions in solution by reaction with limestone is the 
biogenic mode of precipitation superseded by inorganic 
processes. Because most of the limestone forming the 
floors of the caverns is covered by peat this is considered a 
secondary process of little importance. Table 1 correlates 
pH/EA changes with the Fet+/Fet++ contents through the 
sequence. 
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Anaerobic Incubation of Soil and the 
Production of Ammonium 


In 1964 Waring and Bremner! proposed & simple and 
attractive laboratory method for measuring an index to 
potentially available mineral mtrogen in the soil under 
anaerobic conditions of mcubation; the original method 
has been compared with the aerobic incubation procedure 
of Bremner’. 

Anaerobic topsou values (ANH,—N) and aerobic topsoil 
values (A(NH,+NO,+NO,)—N) were correlated with 
maize fertilizer experimental data obtained from a small 
number of trials (twenty sites) carried out ın western 
Tanzania. The air dry topsoils (0-15 em) used in the 
incubation teats were pretreated to overcome differences 
in methods of ar drying and storage times and were 
crushed to pass a 2 mm round hole sieve. The com- 
parative correlation coefficients between either one of the 
incubation values and soil organic carbon, Kjeldahl- 
nitrogen in the soil, basic leaf nitrogen, leaf nitrogen 
increment with nitrogen fertilizer applications, basic crop 
yield and yield increment with nitrogen fertilizer applica- 
tion, are shown in Table 1. Also included is the corre- 
lation coefficient between the anaerobic and the aerobic 
meubation methods. 


Table"1. CORRBLATION COMYVIOIENTS FOR ANAEBROBIO OR ABROBIO 4 
MINERAL —N VALUES FOR TOPSOILS WITH THB SOIL ANALYSES AND DATA 
FYROM MAI£H TRIALS IN THE FIRLD 

Anaerobic soll Aerobie soil 
Parameters correlated with incubation tnoubation 
inorganic ~N values SNH, -~N 4(NH,+NO,+NO,) -N 
Organic carbon in the solls +0-661* +0-597"* 
Ejoidahi nitrogen ın the soUs +0 631* +0-059%* 
aera —N per cent (untreated +0170 N.S. +0 614** 
AMaize leaf — N per cent N, fertilizer — 0-480" ~0 £43 N.S 
treatment 
AMasze leaf — N per cent Na fertilizer —0 843 N.S. — 0 502* 
treatment 
Maire yield tb.jacre (untreated con- +0 254 N.S. + 0-537" 
AMate yield Ib.facre N, fertilizer —0 610* 0 680** 
treatment 
AMaize yield Ib./acre N, fertilizer —0-530* — 0 642"* 
treatment 
Angerobicand aerobiosoll incubation +0374 N.S. 


All correlation coefficients have 18 degrees of freed 

*, ** w Statisticon! significance at the è 1 per cent probablity levels. 

Boil organic carbon as uncorrected Walkley-Blac 

Boil data expressed on an oven dry soil weight basis; leaf data on an oven 
dry matter weight basis. 


It is apparent that the aerobic index is more satisfactory 
than the anaerobic index for determining potentially 
available mineral nitrogen in the soils. 

A complheating factor in the anaerobio incubation test 
could be the presence of NO,—N (and NO,—N, though 
normally it 18 present in relatively small quantities ia well 
drained soil types) in the soil before the incubation. 
During the anaerobic incubation test NO,—N might be 
reduced to NH,—N (ref. 3) and would then be included 
as a part of the ANH,~—N. 

The fate of NO,;—N present in soils at the beginning 
of the anaerobic incubation was investigated ın terms of 
ANH,—N found. NH,~—N has been determined by the 
method described for the test! and m the filtered extract 
was prepared with 2 normal potassium chloride at a ratio 
of 1:5 and 1:10 soil to extracting solution’. One such 
experiment was made using 0-15 cm topsoil samples of a 
humic ferrisol®’ (W-B carbon value, uncorrected= 
5:34), a ferrsol® (W-B carbon value, uncorrected = 
2-72) and a ferralitic soil’ (W~B carbon value, uncor- 
rected = 1:65). These soils were selected because they 
are all tropical red earths in the broadest sense but con- 
tained different amounts of organic matter; they also 
contained appreciable quantities of NO,—N_ before 
anaerobic incubation, particularly the humic ferrisol. 
Furthermore, subsamples were examined plus and minus 
the addition of NO,—N solution to the soil at a rate 
equivalent to 6 p.p.m. NO,—N in the oven dry sample, 
just before incubation. The experimental coefficient of 
variation was 3 per cent. 
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Table 2. ANH,~N AFTER ANABROBIO INCUBATION OF THRER 80IL8 + 


ADDITION OF NO,;—N (P.P.M. IN OVEN DRY SOIL) 


Bo! type +NO,~N -N0,-N 
Humuio ferrisol 99 9 (4) 94-5 
Ferrisol 46-0 47-1 
¥Ferralitic soll 42°8 43:3 

Mean 68 2 (12) 617 


Interaction L.S.D.=2 9 significant at P «0 05. 
Figures in parentheses indicate the numbor of values Ln the mean. 


A higher ANH,—N value was found for the humic 
ferrisol in the presence of added NO,—N suggesting some 
slight reduction of NO,;—N to NH,—N during anaerobic 
incubation m a soil containing a high level of organic 
matter. 

However, a much greater discrepancy was observed for 
the ANH,—N values obtained by steam distilling the 
soul + extract as against the filtered extract only. 


Table 3. THE BFYECT OF SOIL PRESENT DURING STRAM DISTILLATION WITH 
MgO ON ANH, ~N (P.P. IN OVEN DRY 50m) 


Method 
Soul type Boll + Filtered Mean 
extract? extract‘ 
Humito ferrisol 182-0 (4) 82-4 87 2 (8) 
Ferrisol 607 434 47-1 
Ferralitic soll 44:5 41:6 43-1 
Mean 75-5 (12) 49-2" 


LSD. 2 means of 8=3 9 at P=0 001. 
LSD. 2 means of 45 6 at P=0 001, 
* = F test significance at P=0-00L. 


The difference in ANH,—N found by these two methods 
after anaerobic incubation is shown to be large for the 
humic ferrisol and is attributed to decomposition of 
organic matter with the formation of NH,—N; high 
NH,—N values may be found for some soils at the end 
of the incubation period when steam distillation is carried 
out in the presence of the soil. It seems probable that 
this source of variation would account for the less satis- 
factory correlations shown in Table 1 between the anaero- 
bically determmed A mineral—N and the different soil and 
crop parameters. 

An inspection of the data used m calculating the cor- 
relation coefficient between the aerobic and anaerobic 
mineral—N values for the 1963/64 field trial soils shown in 
Table 1 revealed a single discrepant soil; omitting this 
pair of a recalculated correlation coefficient of 
r = 0-682** with 17 d.f. was found. The lack of, or low, 
correlation between the A mineral—N figures (Table 1) by 
the two methods compared with the high degree of cor- 
relation reported by Waring and Bremner? 1s attributed 
to the fact that they worked with soils of a similar type 
(black earth soils), whereas my samples were more 
variable and included eight distinct types developed over 
several different parent rock materials. 

Subsequent experimentation has shown that the 
determination of NH, —N in the anaerobic soil incubation 
method of Waring and Bremner? is more reliably carried 
out for certain soils by distillation of the NH,—N from 
a filtered extract, a modification which involves very 
little additional time and effort in this test. 
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BOOK REVIEWS 


NUCLEAR WORLD 


Dle grosse Maschine 
Auf dem Weg ın eine andere Welt. By Robert Jungk. 
Pp. 272. (Bern: Scherz Verlag, 1966.) 19.80 francs, 


Tas big machine of the title is the proton synchrotron 
~of the European Organization for Nuclear Research 
(CERN) ın Geneva and the way ahead into another world 
is an attempt at siting hgh energy physics and the men 
and women who “play this fascinating game” in the 
context of our industrial civilization. The author is a 
journalist who became widely known in 1958 through his 
Brighter than a Thousand Suns, in which he told his 
version of the mside story of the atomic bomb in terms 
of the scientists who were responsible for its creation. 
In this book Robert Jungk explains that he has tried 
to write a ‘Reportagebuch” which would make the 
complex world of nuclear dimensions and the gigantic 
instruments for probing it accessible to the educated 
layman. This ıs certainly very necessary because “little 
science” has become “big science”, and the man in the 
street must foot the bill, and a large billitis. Jungk uses 
the approach and the technique of the special corre- 
spondent—our man in Meyrin. 

To write live history, particularly contemporary history, 
it ıs necessary to talk to the people involved and ın 
addition a careful study of the official documents and the 
annual reports must be made. Jungk has had the advan- 
tage of detailed discussions not only with a very large 
number of CERN scientists but also with most of the 
founding fathers. This is a privilege, because scientists in 
general are diffident in relation to the Press and it cer- 
tainly enhances the value of the book. Inevitably, the 
purely scientific 1s sometimes only partially understood, 
rather like a photograph that is slightly out of focus. But 
he usually succeeds in conveying the authentic quality of 
CERN’s achievement, scientifically, culturally and inter- 
nationally. The background of physics is sketched in by 
reporting the verbatim and lengthy answers of a con- 
siderable number of research workers both inside and 
outside the laboratories at Meyrin. The effectiveness of 
this communication tends to vary with the individual 
interviewed and sometimes suffers from the additional 
hazard of translation from the original English or French 
into German. 

On the other hand, much of the excitement and spirit 
of adventure of high energy physics is very well caught 
in some effective pieces of direct reporting (occasionally 
in language that is perhaps too romantic for some tastes). 
A good example is the desorption, a page of careful 
observation, of the cycle of the bubble chamber process 
with its “‘erregenden Ballett von Geburt, Tod und Ver- 
wandilung der Elementarteilchen”. Another example is 
the minute by minute reconstruction of the final stages 
of that famous day in November 1969 (six months ahead 
of schedule) when the proton synchrotron so dramatically 
reached the beam strength of 24 GeV. 

Apart from the scientific and technical aspects there 
are the sections which deal with CERN’s succeas in 
pioneering real collaboration between more than a dozen 
European nations. In the chapter entitled “The Euro- 
peans” he haa recorded with insight the peculiar ciroum- 
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stances at the beginning of the fifties, which made so 
viable an international organization possible. In the last 
chapter he deals with the significance of the future of 
high-energy physics, and more particularly the implica- 
tions of the proposed 300 GeV machine. The amusing 
couplet of the American physicist, Professor Arthur 
Roberts, composed for an earlier situation, is still very 
relevant: 


“Tako away your billion dollars, 
take away your tainted gold, 
take, oh, take your billion dollars, 
let’s be physicists again ! ” 


Another aspect of this heart searching among scientists is 
illustrated in a quip from the Soviet physicist, Artsimo- 
vich, “Scientific research is a method whereby private 
curiosity is satisfied at public cost”. Here we are at the 
very centre of the widespread concern with the social 
relations of science. 

On the whole, Jungk has managed to present an 
admittedly mvolved subject in a popular form in a way 
that makes it good reading for scientists, even for phy- 
sicista in the know. This book should be translated into 
English and that might be the occasion to remove a few 
blemishes—for example, the varied spellings of Cockcroft, 
“J. J.” written as Thompson, with father and son con- 
fused. More serious is the absence of an index in a book 
that is so full of facts and names. 

HERBERT COBLANS 


BETWEEN TWO FLUIDS 


Surface Tension and Adsorption 

By R. Defay and I. Prigogine. With the collaboration of 
A. Bellemans. Translated by D. H. Everett. Pp. xxxii + 
432. (London: Longmans, Green and Co., Ltd., 1966.) 
100s. net. 


Tax title of this book is misleading, for adsorption of a 
gas at the surface of a solid is not included and adsorption 
at a liquid-solid interface is scarcely touched on. 

As a treatise on interfaces between two fluid phases 
this is a formidable production. It includes 1400 formulae. 
I have no reason to doubt that every relation is formally 
correct, but I am quite sure that there are not 1400 facts 
worth knowing about interfaces between two fluids. I 
doubt if as many as 200 formulae are useful. What then 
is the content of all the other formulae which I regard 
as superfluous ? 

In the first place there is an extravagant use of 
alternative thermodynamic functions; for example, two 
different kinds of Gibbs function and two different kinds 
of chemical potential and also an antiquated quantity 
called ‘uncompensated heat’. Many of the consequent 
relations are effectively identities or repetitions. 

Secondly, the complexity as well as the number of the 
relations is enhanced by exaggerated generality; for 
example, systems with indefinite numbers of bulk phases, 
of interfaces, of chemical species, and of chemical reactions 
between several species. 

Thirdly, there is a tremendous number of formulae con- 
cerned with interfaces not in equilibrium with the bulk 
phases. When an interface is in equilibrium with the 
bulk phases the state of the interface is determined by 
the state of the bulk phases. When the interface is not 
in equilibrium with the bulk phases, it is assumed in this 
text that its state is determined by the state of the bulk 
phases and by the composition of the surface layers. This 
assumption, however, 1s quite unrealistic as may be seen 
from a simple example. Consider the liquid—-vapour 
interface of methanol. At equilibrium a definite fraction 
of the molecules in each layer of the interface will have 
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the methyl group pointmg towards the vapour phase, 
but if the interface ıs not in equilibrium with the bulk 
phases the fractions of molecules in each layer of the 
interface with the methyl group pointing towards the 
vapour phase may be assigned arbitrary values. In fact, 
an interface not in equilibrium with the bulk phases has 
an infinite number of degrees of freedom, and so all 
the formulae purported to relate to interfaces not in 
equilibrium with the bulk phases have no physical 
significance. 

Fourthly, overmuch effort is devoted to the question of 
how surface tension depends on the curvature of the inter- 
face. It has been shown that the surface tension in a 
curved interface can differ appreciably from that in a 
plane interface only when the curvature is so great that 
surface tension cannot be measured at all. In the words 
of Willard Gibbs, “it will generally be easy to determine 
the surface tension in terms of the temperature and the 
chemical potentials of the several component species with 
considerable accuracy for plane surfaces, and extremely 
dificult or impossible to determine the fundamental 
equation more completely”. These words are more 
informative than any number of algebraic relations. 

The notation has been chosen with great care and 
thoroughness by Professor Everett. The printing is 
superb. I noticed only two typographical errors. I could 
not advise anyone to spend £5 on this book, but a 
book one fifth as long and at one fifth the price might 
have been a best seller. E. A. GUGGENHEIM 


SEMICONDUCTORS 


Solid State Semiconductor Physics 

By John P. MeKelvey. (Harper’s Physics Series.) Pp. 
xi+612. (New York and London: Harper and Row, 
Publshers, 1966.) n.p. 


Tue transistor has become a very important product of 
the electronics industry. It is also the most ready symbol 
of the success of objectives research. Therefore, the theory 
underlying the operating principles of semiconductor 
devices has become a prominent part of any undergraduate 
or immediate postgraduate syllabus. The author of this 
book shares this feeling, and has prepared a fairly advanced 
course on semiconductor physics. It is also evident that 
his students have obviously not had previous grounding 
in some of the general theoretical background required 
for the understanding of semiconductor electronics. Thus, 
the first half ıs devoted to some general important aspects 
of the theory of solids. The resulting book is therefore 
a text-book, which treats in a very competent manner, 
at degree level, the theory of solids leading up to semi- 
conductor theory. 

It is perhaps a pity that it seems necessary to devote 
forty pages to space lattices and X-ray orystal analysis. 
These are followed by chapters on crystal dynamics, out- 
lines of quantum mechanics and statistical mechanics, 
lattice vibrations, the free-electron theory and quantum 
theory of electrons in periodic lattices. These 256 pages 
form a text-book themselves. The second half is entirely 
devoted to semiconductors: uniform semiconductors, ex- 
cess carriers and their properties, materials technology, 
p-n junction theory and finally about 100 pages on devices 
including p-n junction rectifiers, transistors, metal-semi- 
conductor contacts, surfaces and various special devices. 

The book is written at a uniformly competent level, 
and the arguments are set out clearly and the mathe- 
matical treatment is modern and very clear. Unfortun- 


ately, the book ıs very dry and lacks any kind of enthu- ` 


siasm or feeling of physical understanding. It will be a 
good aid to all those who wish to prepare themselves for 
examinations in any of the subjects mentioned, but it will 
be of less use to those who wish to extend their under- 
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standing and intuitive feeling about the subject. It is 
not intended as a reference book. 

The applied or more technological parts of the book 
are somewhat brief and out of date. For example, junc- 
tions are still mainly made by alloying techmques, and 
diffusion theory and other physical chemical subjects— 
which are quite important ın semiconductor theory—are 
scarcely dealt with, and planar technology is not men- 
tioned. There may also be, for some readers, insufficient 
attention to surfaces, the role of defects and other aspects 
associated with the difficulties encountered in practical 
sermconductor work. 

The printing and production are excellent, the figures 
very clear, but the index barely adequate. 

K. Hosurarrz 


STOCHASTIC PROBLEMS 


Non-Linear Transformations of Stochastle Processes 
Edited by P. I. Kuznetsov, R. L. Stratonovich and V. I. 
Tikhonov. Translation edited by J. Wise and D. C. 
Cooper. Pp. xvi+498. (Oxford, London and New York: 
Pergamon Press, Ltd., 1965.) 140s. net. 


In classical probability theory the study of stochastic 
processes has developed mainly along two lines; these 
are Markov processes, and second-order theory based on 
correlation functions and power spectra. The well-known 
theory of the second category is adequate for Gaussian 
processes and is ideally suited for dealing with the effects 
of hnoar transformations (that is, “filters’’). However, 
when one encounters the realm of non-linear transforma- 
tions and non-Markovian non-Gaussian processes there 18 
very little in the way of standard theory. This book 
presents æ collection of thirty-nine papers written mainly 
by the editors (together with occamonal collaboration by 
I. G. Akopyan, I. N. Amiantov, P. S. Landa, Yu. M. 
Romanovskii and A. A. Tolkachev, and an interesting 
foreword by R. Fortet) which develop a more general 
approach to the problem of characterizing an arbıtrary 
stochastic process. These papers were originally published 
in various Russian journals between 1953 and 1961, and 
vary in nature from basic theory to practical applications, 
the latter being concerned specifically with problems in 
communication and control engineering. 

The papers are neatly grouped into five chapters. 
Chapter 1, of seven papers, describes the authors’ basic 
theoretical work on “‘characterizing functions’. The main 
idea underlying this approach is that an arbitrary process, 
X(t), may be described by specif all the cumulants 
of the multivanate distribution of {X(t,), X(t), ..., 
X(ta)}, for all sections of time points tı, ts, ..., ts, and 
all values of n. (In the authors’ notation, these cumulants 
are called ‘correlation functions’’.) The authors then 
discuss two alternative formulations based respectively 
on the use of moments and ‘“‘quasi-moments”’ (essentially, 
the coefficients of an orthogonal expansion of a multi- 
variate probability density function), and make the 
assumption that the importance of a characterizing func- 
tion decreases with its “order”, so that, ın practical 
applications, one need consider only a finite set of these 
functions. Relations are then obtained between the 
characterizing functions of two processes, X(t) and Y(t), 
when Y(t) is a non-linear transformation of X(t). Chapter 
2, consisting of eight papers, deals with the effect of noise 
on non-linear devices such as a ‘‘detector” stage in a radio 
receiver. Here the subject matter is much more practical 
than in the first chapter and most of the papers deal with 
analyses of specific circuits. Chapter 3, of twelve papers, 
is again practical, and describes the effect of self-oscilla- 
tions induced by random noise in oscillators. 

Chapter 4, with six papers, discusses a topic which the 
authors term “random function excursions’. Here they 
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study the multivariate distribution of the periods of time 
during which a process exceeds a given value, and general- 
ize the pioneering work of Rice on this problem. In 
addition, the authors include accounts of their empirical 
studies, with detailed descriptions both of results and 
of experimental equipment. 

The fifth and final chapter, with six papers, 1s concerned 
with the problem of “‘filtering”’ out noise from a realization 
consisting of signal plus noise. It should be pointed out 
that the authors’ use of the term ‘‘filtering” is rather 
more general than 1ts usual interpretation as a linear 
operation on the observed realization. In fact, their 
approach 1s to construct the posterior distribution of the 
signal, given the observed data. They recall the well- 
known result that when the processes are Gaussian and a 
mean-square error criterion is employed the optimum 
“filter” is linear. However, it is not entirely clear how, in 
general, the authors propose to use the signal posterior 
distribution once ıb is derived, although rather vague 
references are made to two possibilities; first, selecting 
that signal which has, roughly speaking, maximum 
posterior probability, and second, computing the “‘ex- 
pected” signal from the posterior distribution. Particular 
examples are then discussed including the case where the 
form of the signal is known, apart from unknown para- 
meters, and the noise is assumed to be Markovian. (Sur- 
prisingly, no reference is made to maximum likelihood 
theory.) 

The style throughout is very much that of the applied 
mathematician, and no attempt is made at complete 
rigour. (For example, when considering continuous para- 
meter processes the authors are content to mtroduce a 
probability density functional of the process as the limit 
of a multivariate density function at a finite number of 
selected points.) However, one has the feeling that the 
authors are fully aware of questions of convergence and 
existence, and that their results would not be invalidated 
by a more rigorous approach. On the positive side, the 
analysis ia refreshingly free from artificial ‘“window-dress- 
ing”, a feature resulting no doubt from the fact that here 
the primary interest is in solving real problems. The 
mathematical style is admittedly inelegant at times, but 
the authors exhibit considerable skill (especially in the 
first chapter) in adapting “‘aledge-hammer” techniques to 
solve specific practical problems. 

Unfortunately, misprints abound, and occasionally one 
has to refer to previous papers in order to understand the 
notation. The translation is adequate if uninspiring, and 
in many places the Russian text appears to have been 
translated almost word for word without any attempt to 
modify the idiomatic style. Nevertheless, this is a stimu- 
lating book, and it provides a valuable reference to Russian 
literature on a field of considerable importance to both 
probabilists and engineers. M. B. PRIESTLEY 


ELECTRONIC STRUCTURE REVEALED 


The Optical Properties of Solids 

Edited by J. Tauc. (Italian Physical Society. Proceed- 
ings of the International School of Physica ‘Enrico 
Fermi”, Course 34, Varenna on Lake Como, 28 June- 
10 July, 1965.) Pp. xi+434. (New York: Academic 
Press, Inc. ; London: Academic Press, Inc. (London), 
Ltd., 1966.) 176s. 


Tue wealth of information contained in the emission and 
absorption spectra of free atoms and molecules has made 
possible an almost complete understanding of the elec- 
tronic structure of these systems. The spectra of solids, 
however, in the visible region st least, are less rich in 
detail and, as not infrequently happens, the less clear cut 
the experimental results the more elaborate is the theory 
required for their interpretation. A glance at this volume 
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shows how elaborate the theory of the optical properties 
of solids has now become. This is not to say that simple 
features do not exist. The old work on the colour centres 
of the alkali halides, the beautiful exciton line spectra, 
and some of the recent magneto-optical effects in solids 
are just a few examples of experimental work which 
can be given a reasonably direct and sumple explanation. 
However, to extract information about the electronic 
structure of solids from the reflectivity and polarization 
properties of light calls for all the power of modern 
technology including the mathematics of the many 
electron system. These lectures show what progress can 
be made by such a concentrated effort. 

The volume here reviewed contains articles (the sub- 
stance of lectures) by a number of recognized authorities 
in the field which will ensure it a place on the shelves of 
many libraries. It is impossible not to feel, however, 
on reading this volume, that it could have been much 
more useful. The students attending this school of 
physics must have been remarkable indeed if they were 
able to absorb all that is presented here. Many of the 
lectures contain elaborate and sophisticated mathematics, 
sometimes with little attempt to explain the physical 
basis of the symbolism. Even the experimental work 
is not always easy to appreciate. A plot of the imaginary 
part of the inverse of the complex dielectric constant, 
while undoubtedly representing the experimental results, 
seems far removed from laboratory practice, and when 
this is compared with some fairly involved formulae the 
reader is left with little opportunity for judgment; only 
for submission. 

Perhaps the most valuable feature of this book is that 
it gathers together many of the topics currently of interest 
within a single volume and will thus serve as a guide to 
the student in his study of original papers—a study which 
will still be necessary. To sum up, this is a book for the 
library but at 1768. a decidedly expensive buy for the 
mdividual physicist. H. Jones 


BORON CHEMISTRY 


Organoboron Chemistry 

Vol. 2: Boron—Nitrogen and Boron—Phosphorus Com- 
pounds. By Howard Steinberg and Robert J. Brotherton. 
Pp. xx+6568. (New York and London: Interscience 
Publishers, a Division of John Wiley and Sons, 1966.) 
2008. 


Ir is a pleasure to welcome the second volume of Dr. 
Steinberg’a monumental three volume work on organo- 
boron chemistry, on this occasion written together with 
Dr. R. J. Brotherton. Whereas Volume 1 dealt with the 
chemistry of boron-oxygen and boron-sulphur com- 
pounds, the present work deals with boron-nitrogen 
chemistry, and also with the organic compounds which 
boron forms with phosphorus, arsenic and antimony. 
Once again the volume is organized on a compound basis 
and clearly it would have been possible to have written 
a different book where the emphasis would lie not only 
on physicochemical and structural data, but also on 
classification of types of reactions. The present method, 
however, has the advantage of easy reference for the 
research worker. The emphasis does seem to lie very 
much on the side of descriptive preparative chemistry, 
although relevant physico-chemical data are mentioned 
and mechanisms of reactions are occasionally described. 
The coverage of the literature appears to be extremely 
thorough up to approximately the middle of 1964. 

The advances in the subject during recent years are 
very substantial indeed and it is all the more remarkable 
that there are so many striking gaps in our knowledge. 
Outstandingly, we have little information about bond 
lengths and bond angles in three co-ordinate boron- 
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nitrogen compounds, and this would, of course, be ex- 
tremely pertinent to the vexed problem relating to the 
nature of the boron—nitrogen bond and in particular its 
degree of x-character. 

Two further areas which are much noglected are those 
of kinetics and mechanisms on the one hand, and thermo- 
chemistry on the other. In the latter connexion, it is 
strange to find the boron—nitrogen bond. onergy in tris- 
(dimethylammo)borane quoted as 89-7 kcal/mole. The 
authors may refer to the discussion in T. L. Cottrell’s 
The Strength of Ohemical Bonds (Butterworth, London, 
1958). There is no doubt that chemists working in thia 
area will constantly require to refer to this valuable book. 

M. F. Laprmr 


ON THE SURFACE 


Surface Chemistry 

Edited by Per Ekwall, Kjell Groth and Vera Runnstrom- 
Reio. (Proceedings of the Second Scandinavian Bym- 
posium on Surface Activity, Stockholm, November 18-19, 
a Pp. 315. (Copenhagen: Munksgaard, 1965.) 


Ir 1s an interesting observation that in countries where 
great emphasis 1s placed on technology, research in surface 
chemistry 1s very actively pursued and well supported. 
In Russia, for example, much of the research carried out 
in physical chemistry is devoted to surface and colloid 
chemustry, and the Academy of Sciences has a special 
laboratory for this purpose. The Scandiavian countries 
also rate this branch of science very highly, as is evident 
from this volume. The Royal Swedish Academy has 
recently founded a laboratory for both fundamental and 
applied research in surface chemistry and, m addition, 
regular research symposia are being organized in Scan- 
dinavia. 

The present volume contains the papers and discussion 
of the symposium on surface chemistry held in Stockholm 
in November 1965. The meeting was an international 
one and some twenty-five papers were contributed on a 
variety of topics. On a very broad basis they can be put 
into three groups. First, there are those with a technical 
bias, for example, some aspeets of the physics of frost 
heave in mineral soils, mineral surfaces and rigid water 
layers, oppositely charged mixed collectors in flotation, 
shemisorption of collectors, some geopractical effects of 
variable surface constitution in muneral soils, surface 
chemistry in lubrication and adhesion. Second, there aro 
the fundamental aspects, such as surface dilational 
properties, studies of solubilization using nuclear magnetic 
resonance, ordered chain models for liquid—crystalline 
and micellar systems, phase equilibria in aqueous three- 
component systems of amphile substances and the 
bonding of amines to silicates. Third, there are the 
biological aspects such as investigations of the solubil- 
ization of hormonal steroids, the micellar structure 
of bile salt solutions and the biological degradation of 
surfactants. 

It is perhaps both the strength and at the same time 
the weakness of surface and colloid chemistry that it 
covers such a broad area of science. The fact that the 
answers to many technical and biological problems lie in 
the study of surfaces stands out very clearly from a 
volume such as this one. The problems are complicated, 
however, and a full solution will only be obtained with 
the vigorous pursuit of the fundamental aspects of the 
subject side by side with the applied. Symposia such as 
that recorded in this volume are clearly a means of co- 
ordinating both types of work. The discussion was both 
extensive and lively, a sure sign of a healthy subject. 
Those working in this general field will find this an 
interesting volume. R. H. OTIEWEL 
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MOLECULAR ORIGINS 


Phage and the Origins of Molecular Biology 

Edited by John Cairns, Gunther S. Stent and James D. 
Watson. (Dedicated by the Authors to Max Delbrick 
on the Occasion of lus Sixtieth Birthday.) Pp. 340. 
(Cold Spring Harbor, L.I., N.Y.: Cold Spring Harbor 
Laboratory of Quantitative Biology, 1966.) $12.50. 


Fustsonnirrs are generally a bore, and Max Delbrück, 
nearing his sixtieth birthday, feared the worst: an 
unedited collection of barely related essays, shop-worn 
methods and rejected papers. He could not have been 
more surprised and pleased by these carefully selected 
and styled reminiscences by some thirty of his devoted 
admirers and colleagues in phage genetics. It is a charm- 
ing and instructive account of the eddies and currents, 
the personalities and places of a twenty-five year cam- 
paign that helped make the biological revolution. The 
account makes clearer to me Delbrick’s dominant influence 
in this campaign to conquer the basic mechanics of phage. 
The zeal of the campaign made it more like a crusade. A 
convert from physics, Delbruck repeatedly proselytized 
from those ranks. These new biologists brought the 
strategies of physics to their mission but remarkably 
few of the tactics. I used to feel hurt that biochemistry 
was such a heresy to Delbrück and his church, but we 
learn from this volume that chemistry in general, 
including structural chemistry, was also severely ignored 
if not scorned. When advances in chemistry of deep 
significance for genetics were made, however, Delbriick, 
like the leaders of other successful religions, incorporated 
this knowledge into his preaching. My only criticism 
of the book is its title and a persistent implication through- 
out that the origins of molecular biology and its explosive 
development are attributable largely to these and closely 
related studies of the phages. Has anyone heard of 
neurospora, coli or the red cell in the recent history of 
biology, and what of collagen, haemoglobm and the 
enzymes? Despite a plethora of books and reviews, 
especially on the subject of molecular biology, this collec- 
tion of memoirs and insights is very much worth reading 
and owning. ARTHUR KORNBERG 


GENE’S PROGRESS 


The Gene 

A Critical History. By Elor Axel Carlson. Pp. xı+ 801. 
(Philadelphia and London: W. B. Saunders Company, 
1966.) 63s. 


Deg. CartsoxN begins his history of the gene concept with 
the rediscovery, if such it was, of Mendel’s theory of 
heredity in 1900. The arena, for such it was, is approached 
through Bateson, the primed and principal apostle, who 
saw in the exact determination of the laws of heredity a 
knowledge which would “probably work more change in 
man’s outlook of the world, and in his power over nature, 
than any other advance in natural knowledge”. 

This book is of interest to students of genetics and those 
who are concerned with the evolution of ideas. There are 
many such books but few are as stimulating as this. 
Extensive quotations, readably incorporated into the 
text, are used to create dialogues between Bateson, 
Morgan, Castle and others who do battle as much against 
each other as against the ignorance they all seek to con- 
quer. This technique immediately involves the reader, who 
finds himself taking sides and, so well is the atmosphere 
created, he forgets the wisdom of his hindsight and judges 
the issues on the evidence available at that time. 

A means of auto-analysis is thus provided, and one 
sees that to be right one need not be scientific, that 
evidence overrides debate, and the inductive leap which’ 
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takes one beyond experiment can lead to error as well as 
truth. From this period when there were still genetical 
giants in the land, one sees also, and with sobering 
modesty, that “new” ideas are invariably anticipated, 
that respect and dislike are compatible, that personal 
animosity can be a great stimulus to research and that 
publie recantation is only for the strong. 

There is pleasure as well as profit in this early period, 
and the reader will be both amused and bemused by Carl- 
son’s evaluation of Bateson’s ‘Materials for the Study 
of Variation” as neither a professional nor a financial 
success though it led to his election as a Fellow of the 
Royal Society ın the year of its publication. 

The nostalgic will enjoy reading of the time when 
scientists fought their battles m the proceedings and 
transactions of learned societies, wore white and won their 
wars by scientific work. For nowadays it seems that their 
time is spent in committee combat, success is measured 
in annual grants, buildings and admimstrative power, 
and acclaim 18 pin-striped. 

The contemporary status of a science is better compre- 
hended by those who have a knowledge of 1t8 germination 
and development, for while accepted theory continues 
to be taught the expermments which led to its formulation 
are frequently forgotten. And there cannot be a more 
serious impediment to understanding than unawareness 
of ignorance. Carlson’s book does much to correct this 
situation in genetics and it is a creditable contribution 
in the most difficult of all fields, that of anticipating the 
past. K. R. Lewis 


REDUCING UNCERTAINTY 


Progress In Experimental Personality Research 

Edited by Brendan A. Maher. Vol. 3. Pp. xii+319. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1966.) 76s. 


Tms contribution falls conceptually into two parts: first, 
four reviews of mainly very recent experimental work on 
some specific motivational aspects of personality; and 
second, & substantial reconsideration of the explanatory 
power of twin studies for theories of schizophrenia. This 
cogently argued reappraisal by Gottesman and Shields is 
soberly orntical of studies on which the genetic explanation 
of schizophrenia has rested for a long time. The critique 
is based on the following main pomts: biased and in- 
adequate sampling; the heterogeneous basis of schizo- 
phrenia; the differences in concordance rates between 
males and females including the differences between same- 
sex and opposite-sex fraternal twins’ concordances; 
variability of concordance rates depending on country 
and date of study; degrees of chronicity; and symptom 
severity and simuarity of disorder in the co-twins. The 
authors correctly conclude that genetic factors “. . . are 
necessary but not sufficient for the disorder to occur”. 

Austin Jones contributes a comprehensive account of 
new experiments in the area of “sensory deprivation”, 
perhaps now to be rephrased “‘stimulus or information 
deprivation”. He demonstrates fairly conclusively that 
information deprivation leads to information ‘hunger’ 
which is proportional to the length of the deprivation 
period and information content of available stimulation. 
The results seem as relevant to astronaut efficiency as to 
developmental theories of schizophrenia. 

J. O. Sines writes clearly though repetitively on the 
advantages of actuarial over clinical prediction in per- 
sonality assessment and objective psychological diagnosis; 
an issue which must eventually effect changes in present- 
day psychiatric methodology. 

Chapters by W. Mischel on experimental demonstrations 
of the role of imitation in the development of self-imposed 
delay of rewards, that is advantageous self-control in 
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children, and by I. D. Steiner on the dynamic processes, 
with their homeostatic implication, underlying a good deal 
of human social conformity, complete a volume that 1s 
bound to be of arresting interest to many readers, and 
which further demonstrates that experimental psychology 
is “not so much a ‘subject’ but more a way of hfe” in the 
reduction of scientific uncertainty. VERNON HAMILTON 


OBITUARIES 


Professor Hou Pao Chang 


Proressor Hou Pao Cuane died in Peking on March 12, 
1967, at the age of 74 after a short illness. 

Hou was born in Fengtai in the Province of Anhwei, 
China, in 1894. He graduated M.D. in 1920 from the 
Peking Union Medical College and his career in pathology 
began on the staff of the Cheeloo University School of 
Medicine in 1923. In 1926 he won a Rockefeller Founda- 
tion Fellowship to study pathology, first in the Umversity 
of Chicago and later in the University of Berlin, where 
he was trained by Ludwig Pick. He was always a disciple 
of Pick; this is witnessed by the copious records of 
pathological examinations which he compiled with 
meticulous accuracy to form the basis of his research. 
During a further period of study in Britain he made the 
acquaintance of pathologists from many British univer- 
sities. He returned to Cheeloo as head of the department 
of pathology ın 1936, and held this post until the Simo- 
Japanese conflict. When Cheeloo University moved from 
Taman in the coastal province to Chengtu in the heart of 
west China and combined with the West China Union 
University, Hou was appointed head of the combined 
department of pathology of the two universities in 1938 
and held this position until 1946. In the difficult war- 
time conditions he led a team of researchers mto the 
mountemous regions of the far west to study indigenous 
diseases. 

In 1948, after a brief stay in Britain and the United 
States, he accepted the appointment of professor of 
pathology in the University of Hong Kong and with it 
the challenge to reconstitute the department virtually 
from nothing. When he retired in 1960 he left a modern 
department of pathology, involving all aspects of patho- 
logical science, housed in a spacious building. When he 
retired the title of emeritus professor and the degree 
D.Sc. honoris causa were conferred on him by the Uni- 
versity of Hong Kong. But this was not the end of his 
career, for he then returned to Peking to continue at the 
Chinese Medical University his life’s work of teaching 
pathology. His appointments as vice-president of the 
Chinese Medical University and as a member of the 
People’s Political Consultative Council show the esteem in 
which he was held. 

Hou was not only a pioneer of modern methods in 
China but also an authority with an international reputa- 
tion in pathology. His learned interests were broad and 
profound, his publications were numerous and his par- 
ticipation in symposia and international meetings was 
frequent and distinguished. A topic which held his sus- 
tained interest over a number of years was the history 
of medicine in China; it was the subject of several papers 
and also of a book, which he was preparing at the time 
of his death. ` 

Hou is remembered by his students, colleagues and 
friends in China and abroad. A colleague from England 
who visited him in Peking expressed the thoughts of 
many when he wrote, “I have been exceptionally for- 
tunate in my friends; among them, one of the most 
important was Professor Hou, for whom I had the greatest 
admiration and affection as man, Chinese, scientist and 
friend”. C. T. Huana 
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STRUCTURE OF ANTIBODY MOLECULES 
(continued from page 462) 

(v) The V sections of chains probably also include variable 
sequences determining the specific association between 
homologous pairs of heavy and light chains™:*5, 

Structural variations associated with (iv) and (v) may 
be responsible for the remarkable antigenic individuality 
of antibody molecules referred to as idiotypic specificity**. 
Antisera detecting a given idiotypic specificity react only 
with the individual antibody used for immunization and 
the reaction is not blocked by previous combination of 
the antibody with its antigen. Antisera detecting idiotypic 
specificity do not react with normal immunoglobulin, 
with pre-immunization serum, with antibodies of other 
specificities from the donor or with antibodies having the 
same spectrum of specificities, but raised in other animals. 
Idiotypic specificity, which is located in Fab, is therefore 
associated in some way with combining specificity, but 
does not seem to depend on interaction of the antiserum 
with the combining site. Myeloma protems and maero- 
globulins have simular individual antigenic specificity. 

These observations indicate the considerable difficulties 
that are likely to amse when attempts are made to relate 
the variable primary structure of V portions of chains to 
the combining specificities of their parent molecules. 


Evolution of Ig Chains 


Antibody molecules have been identified only in verte- 
brates. The most primitive species studied in detail is 
the dogfish (Mustelus canis). The antibody molecules 
have the basic four-chain structure of higher animals, 
with heavy chains which appear to be analogous to human 
u chains; this suggests that y and a chains may have 
evolved from a precursor type of y (ref. 27). Sımpler and 
more primitive forms of antibody molecules, such as occur 
with haemoglobin, have not been identified. The available 
data on amino-acid sequences suggest that all immuno- 
globulin chams have evolved from a common precursor 
molecule, possibly half the size of light chains. Striking 
structural homologies have been observed between Cx 
and CA and between C-terminal peptides of different 
y chain types; in addition: (i) Inght chams and Fo 
portions of y chams show significant homologies in 
amino-acid sequences of known stretches*?)** and in the 
positions of the disulphide bridges. (ii) Light chains and 
N-terminal sections of y chains have homologous sequences 
around the first cysteine of each*-#4, (iii) The ring struo- 
ture imposed by the S-S bridges in the © and V halves of 
light chains are homologous (Fig. 2). (iv) The two halves 
of Fc from rabbit y chain each contain a sequence of 
about fifty amino-acids in which 29 per cent of the residues 
are identical’. These observations suggest that all 
immunoglobulin chains may have derived from a common 
precursor gene coding for a protein of molecular weight 
about 10,000. A tentative scheme for the evolutionary 
pattern of these chains consistent with the homologies 
mentioned above and involving two successive fused gene 
duplications giving rise to light and heavy chain genes, 


K 
Arcestral [ À 


light cham 


tst 2nd 
Precursor Precursor Arcestrai 
gene gene gene gene heavy chain 
doubling doubling 


Fig. 4. A possible evolutionary pattern of unmunoglobulin chains. 
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respectively, is shown in Fig. 4; this problem is considered 
in greater detail by Lennox and Cohn‘. 


Genetic Implications of Antibody Structure 


The concept that all immunoglobulin chains are made 
up of a C-terminal section (C) having a sequence defined 
by the chain type, and an N-terminal section (V) specific 
to the cell clone from which the chain is derived, is based 
mainly on studies of hght chains; there is some evidence 
to suggest that the same is true of heavy chains. In the 
following discussion the presence of C and V sections is 
assumed to be charactenstic of all types of immuno- 
globulin chams. This arrangement leads to a contra- 
diction regarding the number of genes controlling separate 
sections of a given chain. Whereas about twelve appear 
to be involved in tho synthesis of C sections, present 
observations on the structure of light chains indicate 
that there are probably many more than 1,000 genes 
coding for V. 

These features raise two questions in regard to the 
genetic control of antibody synthesis: (1) Are C and V 
in a given peptide chain controlled by two genes or by a 
single gene? (2) Is the variability of V generated by 
mutation and selection during the course of evolution or 
by somatic mutation during the lifetime of the individual ? 
Combinations of these alternatives form the basis for 
several theories of antibody production. Certain umplica- 
tions of each (1-3 below) can be discussed in relation to 
the known structure of Ig chains. 

(1) Multiple genes evolved by mutation and selection 
and conserved ın the germ line code for variants of 
immunoglobulin chains. Consistent with this theory is the 
fact that the variability is similar to that observed in 
other proteins from different species, for example, oyto- 
chrome c, haemoglobin and insulin, likely to have arisen 
by selection after random mutation. Most substitutions 
(about 85 per cent) can be accounted for by a one step 
mutation and both transitions and transversions are 
observed. The chief difficulties associated with a large 
number of genes coding for each chain type are concerned 
with: (i) Preservation of the constancy of C within a given 
cham type. This is particularly remarkable since only 
58 per cent of the residues in human and mouse Cx are 
identical as compared, for example, with 84 per cent of 
identical residues in « chains of human and rabbit haemo- 
globin. Furthermore, only 36 per cent of residues are 
identical in C sections of human x and A chains, so that 
considerable variation in C does not preclude the formation 
of active antibodies. (ii) The mechanism for the Men- 
delian transmission of allotypes located on C-sections of 
chains. 

These difficulties taken together render most unlikely 
any hypothesis which necessitates a large number of genes 
coding for C stretches of immunoglobulin chains. A 
smaller number of genes would produce the required 
number of variants if crossing-over occurred between two 
seta of nucleic acid sequences. Unless a large degree of 
polymorphism is superimposed, however, such crossing- 
over appears to be excluded by the fact that 
several amino-acid substitutions require at 
least three different bases in the first or 
second codon positions. Crossing-over be- 
tween more than two sets of gones™ again 
raises difficulties about the constancy of 


¥2a C stretches and the inheritance of allotypes. 
Yb (2) Each chain is controlled by two genes; 
$2c that coding for C is common to all proteins 
¥2d of the same type whereas V is selected from 


i a large set of gones transmitted in the germ 


line® or derived by somatic mutation or 
a) cross-over from a few inherited v genes™. 
M2 Fusion of the two halves could occur at the 


level of DNA, mRNA or at the protein level. 
The evolutionary pattern of the system 
presents difficulties in regard to an indepen- 
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dent set of genes for V. (1) Lf V sections are derived from a 
common ancestor set, then conservative residues should 
have been selectively preserved; but such conservative 
stretches are not common to different species or to x and A 
chains of a single species. (ii) The doubling of an ancestral 
C to produce the second type of light chain would presum- 
ably have had the best chance of survival if it recognized 
the pre-existing set of V peptides. Variable sections of light 
chain should therefore be common to x and A chains, 
but this is not the case. The following facts are also 
relevant to any theory involving two genes per chain: 
(iii) Pulse labelling experiments have, as yet, provided 
no direct evidence for separate synthesis of C and V 
halves of chains. (iv) Polysomes involved in the synthesis 
of immunoglobulin are of appropriate size for heavy and 
light chains and not smaller units**** (but compare 
ref 34). (v) Certain Gm specificities located on different 
halves of y chains are invariably paired*®; if the specifici- 
ties on the N-terminal half (Gm(z) and Gm(f)) are in fact 
in V, then any mechanism involving gene fusion seems to 
be excluded. (vi) If rabbit allotypes (Al—A3) are in the 
variable region of the heavy chain controlled by multiple 
genes, then the explanation of their Mendelian inheritance 
becomes problematical. 

Because only a limited number of genes must control © 
and because two gene models of chein synthesis appear 
unsatisfactory at least for the light chain, it seems likely 
that: 

(3) Variability arises from a small number of genes 
by somatic hypermutation of the stretch coding for V. 
Several mechanisms have been proposed: (i) Somatic 
rearrangements, involving inverted duplications*, do not 
easily explain the nature and distribution of residue 
differences along the entire length of V. (ii) Specialized 
messenger translation mechanisms, involving the use of 
unusual triplets*?, appear to be excluded by observed 
variations in chain length and also by other features such 
as the predominance of substitutions involving single 
base changes. (iii) A somatic mutation mechanism 
involving a defective repair enzyme which becomes 
operative after stretches of DNA coding for V have been 
split off** would generate a far larger number of variants 
than appears necessary*!. (iv) Crossing-over between & 
single (functional) gene coding for the whole chain and a 
set of v genes (modifiers) present, for example, on an 
episome, would also account for the separate evolution 
of chain types because each has a separate functional 
genet, An enzyme which promotes crossing-over could 
become active at a specific stage of differentiation. 
Conservative sections of V could provide the require- 
ments for correct pairing. The problems raised in 2(v) 
and (vi) remain applicable to this model. 

For the sake of simplicity, possibilities involving more 
than one of the mentioned mechanisms, or different 
mechanisms for distinct chain types*!, are not discussed. 
Although it seems likely that variability of immuno- 
globulin chains is generated by a somatic mechanism, 
available sequence data provide no positive evidence for 
any of the model systems that have been advanced. A 
more critical assessment of the genetic mechanisms 
involved may come from an understanding of the evolu- 
tionary pattern of immunoglobulin and from studies on 
the inheritance of well characterized variants. 

This review of recent work on the structure of the 
immunoglobulin molecules is in part based on a sym- 
posium o i by the Royal Society in 19664*. More 
detailed bibliographies can be found in other reviews 
soon to be published‘? 43, 
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THE TORREY CANYON DISASTER 

(continued from page 448) 
stream runs down to the sea. According to local informa- 
tion quantities of o1l had come ashore there 8 or 9 days 
previously. Examination of the rocks showed that the 
oil was lying in two distinct bands—one at extreme high 
water springs, the other at the level of high water neaps 
around the lower limit of the pelvetia zone. Pure ou, 
black in colour, lodged only in the upper pools, on the 
rest of the shore it resembled melted chocolate. No 
detergent had been used here, and the object of examining 
this shore was to compare the effects of oil alone (Porth- 
gwarra) with those of oil and detergent (Sennen Cove). 

At Porthgwarra animal life appeared to be perfectly 
normal and healthy. The only unusual feature noticed 
was that limpets (Patella vulgata) could be pulled off the 
rock surface quite easily by hand. Gastropod snails 
(Littorina species) were seen crawling on the fronds of 
Fucus, even though the fronds were covered with oil, and 
1t seamed doubtful whether the plants would survive. As 
at Sennen, fronds of algae seemed to have a particular 
attraction for the ol, and very few plants escaped a 
covering of 1t. 

While we were examining the shore, equipment for 
spraying the area with detergent arrived and it was 
learned that the operation would be carried out during 
that day. Accordingly a second visit to Porthgwarra was 
planned for the following day, as this would offer an 
excellent chance of observing the effects of the detergent 
on marine life. 


Porthgwarra, April 8 


On examining the shore the next morning (low water 
about 11.20 a.m.) the effects of spraying with detergent 
were immediately obvious (see Table 1). In the pools and 
hollows between the bouldera on the lower shore there 
were many dead fish, and many dead invertebrates were 
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found in the rock pools. It was noticed that limpets 
(Patella vulgaia) had become much looser in their attach- 
ment to the rocks, and some had fallen or been washed off. 
Most of them, however, were still alive. Far fewer 
gastropod snails were seen than on the previous day, and 
only a few specimens of Ltttorina littoralis were found. 
Other molluscs seen included dead specimens of a chiton 
and a sea-snail. 

According to local information, spraying had been 
carried out on the previous day from about 10 a.m. to 
3 p.m., that is from half an hour before low water to an 
hour and a half before high water. Some traces of oil still 
remained on the rocks, and on the upper shore some thick 
deposits of oil still existed in clefts between rocks. 


Comments 


It is apparent from these findings that the mixture of 
emulsified oil and detergent is far more toxic than the 
oil itself. Two theoretical considerations would seem to 
lend support to this view. First, all or nearly all deter- 
gents are themselves toxic; second, once the oil is emulsi- 
fled it ceases to become merely a surface layer and be- 
comes instead an actual part of the aqueous environment 
where it may be taken into the gills of fish or ingested by 
filter-feeding organisms, etc. Thus where httoral marine 
hfe is concerned, the use of detergents constitutes a 
“cure” worse than the “‘disease”’ itself. 

In offshore waters, the effects of spraying oil patches 
with detergents are as yet unknown. It is hoped that the 
immense capacity for dilution available in the sea may 
alleviate or nullify any toxic effects. Much of the emulsified 
mixture, however, 18 likely to remain near the surface 
and, while pelagic fish may not suffer harm from it, it is 
possible that large numbers of planktonic organisms may 
be destroyed. 

Much work needs to be carried out before the most 
effective way can be found of solving such oil problems— 
taking into consideration all mterests including marine 
life, fisheries, sea-birds and amenity value of beaches. 
It is hoped that the Torrey Canyon affair, disastrous 
though it has been in many respects, will act as a spur to 
such efforts. 

We thank Mr. G. Wollaston, M.A.F.F. Fisheries Officer 
at Newlyn, and Mr. B. T. Hepper of the Fisheries Experi- 
ment Station at Conway for advice and encouragement, 
Mr. B. W. D. Richardson for encouragement and invaluable 
help during the survey of Sennen Cove, Miss Monica 
Gaiger for putting her car at our disposal, and the military 
and oivil personnel engaged on operations at Sennen 
who allowed us unrestricted access to the area where 
detergent spraying was being carried out. 

Recetved April 19, 1967. 
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University News: The City University 


Dr. M, A. Jaswon, at present a reader in mathematics at 
the Imperial College of Science and Technology, has been 
appointed professor and head of the Department of 
Mathematics, and Dr. V. E. Price, reader in mathematics 
at the university, has been appointed professor of com- 
puter science. Mr. P. K. M‘Pherson, at present a lecturer 
at St. John’s College, Oxford, has been appointed first 
professor of instrument and control engineering at the 
ee an appointment which is unique in Great 
ritain 


London 


Proressos A. P. WATERSON, professor of medical mioro- 
biology at 8t. Thomas’s Hospital Medical School, has been 
appointed to the chair of virology tenable at the Royal 
Postgraduate Medical School. 


Appointments 


Mn. D. W. WRIGHT, at present deputy director of the 
National Vegetable Research Station, has been appointed 
director of the station in succession to Dr. James Philp. 


Dre. W. A. Snamonps, at present director of industrial 
research at Solihull, has been appointed director of the: 
Gas Council’s Midlands Research Station at Solhull, 
Warwickshire, ın succession to Dr. F. J. Dent. 


Announcements 


Tue Deutsche Akademie der Naturforscher Leopoldina, 
Halle, recently elected the following new members in the 
sections indicated: Physics, Professor H. Schopper 
(Karlsruhe); Chemistry, Prof. D. H. R. Barton (London); 
Geology, Professor D. Andrusov (Bratislava); Professor 
P. F. J. Macar (Liége); Professor T. F. W. Barth (Oslo); 
Botany, Professor A. E. Pop (Cluj); Anatomy, Professor 
G. Wolf-Heidegger (Basle); Professor G. Romhanyi 
(Fées); Physiology, Professor K. Lissák (Pécs); General 
Pathology, Professor W. E. Griesbach (New Zealand), 
Professor G. Holle (Leipzig); Hygiene, Professor H. 
Meisel (Warsaw); Pediatrics, Professor H. Asperger 
(Vienna); Internal Medicine, Professor R. Schmid! 
(Chicago). 


CORRIGENDUM. On page 157 of the article entitled “An 
Early Miocene Member of Hominidae” by L. 8. B. Leakey 
(Nature, 213, 155; 1967) the height of the incisor of 
Kenyapithecus wickert is given as 10-25 mm (labial and 
lingual). This should read 9-25 mm. 


IN MAY 


All times are in Untvorsal Time 


Moox 
New Moon 9d 15h 
Full Moon 28d 20h 
Praxurs 
Times of rising (R) and setting (S) during the month 
Name RIS Beginning Middle 
Mercury 8 Unfavourable 20h 15m 
Venus g 23h 20m 80m. 
Mara 8 4h 10m 8h 00m 
Jupiter Ss ih 80m Ob 86m 
Bafarn R Unfavourable 2h 50m 


OONJUNOTIONS WITH THR MOON 


Venus 18d 07h, 2° 8. 
Mara 20d 16h, 2° 8 
Jupiter 16d O4h, 5° S 
Saturn 6d Oth, 05° N 
End Mag. Dg (10° miles) Zodiacal position 
22h 00m -1:7 121 Taurus 
23h 35m —8-6 98 Gemini 
2h 00m -09 60 Virgo 
23h 40m —16 524 Gemini 
Lh 66m. +11 946 Cetus 


Deis the distance of planet from the Earth on the 15th of the month. 


OTHER PHENOMENA 


8d 04h Saturn oconlted b 
9d 15h Partial oclrpse of 


Kolfpse ends 


21d 01h Alercury 7° N. of Aldebaran. 
81d 18h Venus 4° 8. of Pollux. 


the Moon, visible in 8.2, Asia, Indonesia, W. and N. Australia. 
Sun, visible in N. Amerioa and N. Hurope (not in British Isles). 
Eclipse begins 
Greatest eclipse 


12h 37m 
14h 42m 
16h 47m 


~ 
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l FORTHCOMING EVENTS 


(Alestings marked nth an asterisk are open to the public) 


1967 


Monday, May | 


F CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
quare, Tonan, 8.W.1), at 6 p.m.—Annual General Meeting, fallowed by 
erof. A. C. Cookson; “Some Aspects of Photochemistry’, 


BOOTY OV INSTRUMBNT TECHNOLOGY (at the Manchester a, and 
hilosop bical Socloty, 30 36 ; Georgo BE Street, Manchester, 1), at 6.45 —hr. 
i Hartley and : “Simulation and Computer onirol of 


Monday, May I—Tuesday, May 2 


ROYAL Soormry (at Burlington House, Piccadilly, London, W.1), at 10 a m, 
Matly—Disoussion on ‘Infra-red Astronomy”. 


Tuesday, May 2 


INSTITUTION OF ELEOTRIOAL ENGITABRS (at Savoy Place, Tondon, W.C 2), 
mit 5, oe m-~Prof, M. J. Lighthill. ‘Mathematics in Contro: 


YAL INSTITUTION (at 21 Albemarle Street, London, W. i ai 5.30 p.m 

Bo B. J. Harrison. “Embryos and Foetuses ture for Bixth Form 

ys and Girls from Schools ın London and the Home Counties. To be 
Stated on ree 8, 9 and 10.) 


Soorery oy CHIMIOAL INDUSTRY, OILS AND Fars GROUP (at 14 Be 

«square, London. 8.W. Th at 6.15 p.m.—Annual General Meeting. Dr. “Dd. 
aymond: ‘The ibution of British Science and Industry to “the 
{mprovement or Tape Fate and Oilseeds”. 


Prastics INSTITUTE, LONDON SECTION (at Im 
fillbank, London, 8 ion, 8 W. I), at 6.80 p.m.—Annual 
«y the Chairman’s Lecture. 


Socrery VOR ANALYTICAL CHEMISTRY, PARTIOLH SIZE ANALYSIS GROUP 
min the Physics Lecture Theatre, Imperial College, London, 8.W.7), at 6.30 
«m.-—Meoting on “Sedimentation Methods o ‘Particle "Bize Analysis”, 
wpeskers: Mr. J. F. Hinsley and Mr. H, Rechmann. 


rial Ohemical House 
neral Meeting fallowed 


Socmry oy INSTRUMENT TECHNOLOGY (joint meet with tho Institute 

of Physica od the Physical Soclety, at Cleveland Bolentific Technical! 

pette, Corporation Road, Aiddlesbrough), at 7 p. m.— Prof. O. 8. Heavens: 
*Lasors and their Application to Measurement”. 


Wednesday, May 3 


Presents RESEAROH GROUP (at the Headquarters of the Central Elec- 
qiolty Generating Board, Sudbury House, Newgate Street, London, E.0,4) 
—Symposium on ‘Methods of Landscape yms”, 


pIOCETE FOR ANALYTICAL CHHMISTRY (in Lecture Theatre A, Department 
, Imperial College of Science and Technology, London, 8.W, 7) 
pmi 11.80 a. m. —Short pa papers on ‘Research Topics in Analytical Che mistry- 
«ome current work in Universities and Colleges of Advanced Technology”. 


Royal STATISTICAL Soorery (at the London School or ay eneene and poe 
edicine, Keppel Street, London, W.0.1), at 6 p.m.—. 1 Borch: 
Theory of Risk", 


Royat Sooery or MEDIOINE, HISTORY oy MERDIOINB Szcrion (at 1 
Vimpole Street, London, W.1), *at 5.15 Annia General Meeting, 
monowed by Dr. Norah Schuster. “Nineteenth Century Engheh Physicansin 


INSTITUTION OF ELECTRIOAL ENGINEERS, LONDON GRADUATA AND 
Pienen? BEOTION (at Bavoy Place, London, W. C.2), at 6.80 p.m.—Annual 
teneral Meeting, f Followed by Mr. AF F Sheppard: “Simple Applications of 


Thursday, May 4 


Dory ox PATHIGEKATION (at Shell Centre, London, 8.5.1}—Al-day 
wdooting. Mr. J. B, Caland: “The Air Conditioning at Shell Contre”; Mr, 


. H. Bruce: Refrigeration at Shell Centre 
Roya S8oarery (at Burlington House Picca , London, W.1), at 10.80 
„m.—Disusion Meeting on “Applications of tron Sp in Resonance 
Pripeckroscopy In the Stud: or Benotiye Intermediates in Chemiral Reactions”, 
«rganired by Dr. W. A. 


INSTITUTION OF Ala ENonERRS (et Savoy Place, London, W.C.2), 
4 5.80 p. mi. Diseueion Meeting on “An Automatic Btroboscope for Measur- 


mang Machine 
INSTITUTION OF EUXOTRIOAL ENGamNanRsS (at Savoy Place, pondon W.C 2), 
t E30 pm Ar, P. K. Hamilton, Mr. M. Lege and Mr. J. B. Patrlokson: 
Appliestion of Translator Techniques to Relays and Srowot for Power 


poe Soorery (in the Chemistry Lecture Theatre King’s College 
trand, London, W.C. a at 6 p.m.—Dr, A. Spence: G. 0. Hevesy Memo: 


Soamry oy Camrioan INDUSTRY, MICROBIOLOGY GROUP (at 14 Belgrave 
mmiquaro, | ondon, 8.W.1), at 6 p.m.—Annual oo thy Meeting. Prof 
ok: me ‘Aspects of the Control of Stenhty” (Charrman’s Ad dress). 


nhs alee sti (at 21 Albemarle Street, London, W.1), at 9 p.m —~ 
tof. George Porter, F.B.8.° “Quick as a Flash”, 


Friday, May 5 
ROYAL INSTITUTION, PHOTOOHBAISTRY DISOVSSION GROUP (at 21 Albe- 


—sarle Street, London, W.1), at 1 p.m.—-Dr. P. Suppan: * n Distribu- 
ons in Excited States”, 
University or LONDON a Ulver, Sonop Anatom Theatre), Gower 
M™treet, London, W.0.1), a p.M, Pro Brock: ‘Life at High 


‘emperatures” (Special vii? ‘Leoture in Microbiology). 


Saturday, May 6 
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Tax Select Committee on Science and Technology has 
done well, in the first few weeks of its inquiry into the 
nuclear power industry, to raise several issues of great 
importance. When the committee chose this field as 
the subject of its first study, it was tempting to think 
that it was prudently playing safe. Better to win a 
reputation for sobriety and good sense before tackling 
really controversial matters—that is how it seemed 
the committee had argued. But in reality, of 
course, this is a crucial time in the development of 
. nuclear power in Britain. Nuclear power stations 
have at last come into their own, and in Britain in the 
seventies more nuclear than conventional generating 
capacity will be installed. At the same time it has 
become plain that there are serious strains in the tidy 
relationships between the nationalized utility authori- 
ties, the Atomic Energy Authority and the heavy 
electrical industry. Important structural changes are 
plainly necessary. By good chance, the select committee 
has intervened at a point at which it can expect to play 
a valuable part in shaping a pattern for the future. 

Undoubtedly the committee will be helped enor- 
mously by the way in which its procedure has coaxed 
witnesses into speaking frankly. The way in which 
representatives of the three industrial consortia have 
talked frankly about their relations with each other 
and the Central Electricity Generating Board is 
particularly valuable. Obviously there is more than 
mere spleen in the complaint of Atomic Power Con- 
structions Ltd. that it could have built the Hinckley 
B power station more cheaply than the price now 
contracted for. At the same time, it is understandable 
that the other consortia should be aggrieved that 
APC Ltd. won the contract for Dungeness B by step- 
ping outside the specification issued by the CEGB. 
The fact that all the consortia admit quite openly to 
discussions on amalgamation with their competitors 
ig more surprising, and is probably an accurate reflexion 
of the case for saying that three consortia are at least 
one too many. It will also help the cause of public 
understanding that the select committee itself should 
have delivered a sharp reproof to the CEGB for failing 
to answer a simple question within a fortnight. Plain 
speaking like this could do a great deal to challenge the 
habitual complacency of British public corporations. 
Mr. Duncan Burn’s timely study of the whole field 
(discussed on page 547), which goes far further in 
criticizing the way in which nuclear power has been 
pursued in Britain than the select committee has yet 
dared to do, should give it some more ideas, and 
even more relish for the chase. 

If, however, it is already plain that the result of 
the committee’s probing will be beneficial, it is too soon 
to know what kind of organization is now necessary 
in the development of the nuclear power industry in 
Britain. The most immediate need is to decide whether 
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MORE PLAIN SPEAKING 


the CEGB shall continue dealing with the three 
industrial consortia on a turnkey basis, and whether 
the consortia as such should continue to exist. A 
decade ago, when the Atomic Energy Authority 
encouraged the grouping of electrical and construc- 
tional companies, consortia were thought to be neces- 
sary in order to ensure that nuclear power stations 
would be designed as integrated systems, and not as a 
hotch-potch of bits and pieces already in existence. 
Competition was another objective. In practice, as the 
select committee is finding out, the CEGB tends to 
behave as if it had a moral obligation to provide all 
of the consortia with work to do, so that competition 
is muffled to say the least of it. Given the paternalism 
of British public corporations, it is not surprising that 
the consortia have come to lean on the Atomic Energy 
Authority for too much basic design information. 
In the circumstances, it is not surprising that the CEGB 
should now wish to abandon the turnkey contract 
system. The difficulty here is that tightly knit indus- 
trial organizations are best able to bid successfully 
for export orders. The best arrangement would 
probably be one in which the CEGB continued to 
deal with consortia but in such a way that competition 
would still farther reduce their ranks and in such a 
way that those consortia—or that consortium—re- 
maining in business are conspicuous by their self- 
reliance. It will be interesting to see whether the 
select committee eventually advocates a recipe along 
these lines. 

But these, of course, are only short-term problems. 
The market for nuclear power stations is growing too 
quickly for arrangements made now to last success- 
fully for a decade. These considerations should not, 
however, prevent the select committee from looking 
hard at more difficult problems of organization. 
There is, for example, the problem of knowing who 
should set the pace for new developments. As things 
are, the Atomic Energy Authority is responsible for 
the development of prototype reactors, and should 
probably remain in charge of work like this. But who 
should say what things to tackle, and how energeti- 
cally to pursue them? There is at least a possibility 
that the national interest would be better served if 
the AEA were occasionally deliberately to mimic work 
already done elsewhere. In the development of fast 
reactors, where the AEA seems confident that it has a 
good prototype design, there is a case for asking 
whether Sir William Penney’s leisurely timetable of 
four years for building and two for operation are 
essential preliminaries to commercial operation. In 
the long-term strategy of nuclear power, a substantial 
shortening of this timetable could be inestimably 
valuable. But who is to decide? And who is to foot 
the extra bill? Ifthe AEA is to continue in its present 
role, there is a strong case for asking that it should be 
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much more closely concerned with the development 
of a strategy for fuel policy than it has been up to now. 
Several more radical possibilities also suggest them- 
selves. It would, for example, be useful to know if 
there is any scope for the AEA to offer its services as 
a design organization to electricity utilities abroad. 
Should the AEA have more to say about the kinds of 
reactors which the CEGB seeks to build? Is there a 
case for developing fast reactors in concert with 
Germany and France? And should it occasionally 
be allowed to function as a consortium as well as a 
design authority ? These and many other issues are 
well within the select committee’s terms of reference. 

There remains the problem of Europe and of the 
relationship there would have to be between Euratom 
and the AEA if Britain should join the European 
Economie Community. The select committee could 
do a useful service by bringing into the open some of 
the misgivings which abound in Britain and elsewhere 
about the inadequacy of Euratom as a co-ordinating 
agency. Its research programme has been organized 
untidily. In its administration, there is a marked 
tendency towards bumbledom. No doubt British 
officials are unwilling to speak their minds about the 
organization when the relationship of Britain with the 
EEC is as delicate as it has become. The trouble, of 
course, is that what remains unsaid at this stage may 
easily be much more difficult to say some years from 
now. It is also entirely possible that the present 
members of Euratom would welcome constructive 
criticism of Euratom from outside. In other words, 
this is yet another field in which the select committee’s 
flair for the encouragement of plain speaking could 
perform yet another public service. 


MANGANESE FOR PEACE? 


Muon has been said and written during the past year 
about the exploitation of the solid mineral resources 
of the oceans. Sensibly enough, most people advocate 
activity on the continental shelves. There is not much 
support for large scale action in the ocean deeps, 
largely because of the impracticability of these ven- 
tures. Yet there remains a niggling wish to do some- 
thing about the manganiferous nodules which abound 
on the ocean floor and which have the potential of a 
valuable ore. 

These pelagic nodules vary in diameter from less than 
1 om to more than 10 cm. Sometimes they are spherical 
but frequently they are very irregular in shape. They 
seem to have been built up on a seed, and frequently 
at the core of a nodule there is a fragment of voleanio 
material. The series of crusts deposited on this seed 
vary considerably in composition. The dominant 
components are manganese and iron oxides, but silica, 
nickel, copper and cobalt are also frequently present, 
Although manganese may account for as much as 
50 per cent of the whole, cobalt, nickel and copper 
may amount to one or two per cent. 
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Unfortunately, in mining the ocean floor as in other 
branches of extractive metallurgy, it is easier to 
identify mineral resources than to exploit them’ 
economically. The first flush of enthusiasm about 
the manganese nodules in the fifties, when it seemed 
as if it would only be necessary to build more efficient 
dredgers to win access to a new Eldorado, has long 
since disappeared. Even in the United States, where 
everything to do with oceanography tends to be 
indulged excessively, the President’s Advisory Com- 
mittee said last year that “the potential resource is 
enormous, but the economic or mineable potential is 
certainly much less”. There seems to be a general 
recognition that dredging with precision beyond the 
continental shelf is bound to be a somewhat random 
process, a kind of blind man’s buff. It is also agreed, 
however, that research may bring great benefits. A 
decade from now, the prospect of dredging from the 
ocean floor may be much more cheerful. Only time 
will tell. 

But who owns all this manganese? Although there 
is now a good deal of legal precedent for regulating the 
exploitation of the continental shelf, the deep oceans 
are still a kind of no man’s land, subject only to the 
rules of free passage known collectively as the freedom 
of the high seas. So will the manganese nodules become 
the property of whatever organization, public or 
private, is the first to deploy a really workable 
deep dredger? Or will there be an unseemly scramble 
for the pickings from the ocean floor—a kind of gold 
rush ? No doubt there are lawyers already kept awake 
at nights by all the problems there will be. They and 
others may therefore be comforted to learn of a move 
to turn the resources of the deep oceans over to the 
United Nations. Lord Ritchie-Calder has, for example, 
been hard at work persuading the Parliamentary Group 
for World Government to take up this cause. One of 
the objectives is to provide the United Nations with a 
continuing source of money with which to finance its 
operations. And it is true, of course, that the United 
Nations Organization is frequently embarrassed by the 
difficulty of wringing contributions from reluctant 
members. Unfortunately, however, there can be no 
assurance that transferring the manganese nodules to 
the United Nations would guarantee its independence 
—or even peace of mind for lawyers. What, for 
example, would happen if mainland China—not yet a 
member of the United Nations—chose to object ? 
Would the United Nations be empowered to defend 
its manganese against piracy by member nations ? 
And who would regulate the rate of exploitation and 
thus the market price of manganese and other ele- 
ments? It is also possible to argue that persuading 
member nations to pay the bills is a necessary part 
of what the United Nations does, so that financial 
independence could be an impediment, not a blessing. 
In other words, there is plenty for the lawyers to worry 
about, even if the manganese is internationalized; 
but that is only another reason for asking that some- 
thing should quickly be done to identify the most 
immediate problems and to solve them. 
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“NEWS AND VIEWS 


Agreement at Last 


Tau Southern Hemisphere telescope will be built 
after all. The discussions recently reported in Nature 
(214, 336; 1967) between the Australian and British 
Governments have ended with the decision to go ahead 
with the telescope, which will be built and operated 
jointly by the two governments. The announcement 
ends several years of vigorous lobbying by astronomers 
in Britain, Australia and the United States since the 
idea was firat put forward five years ago. In June 
1965, the Royal Society and the Australian Academy 
of Sciences delivered to their governments a joint 
petition, but it has taken almost two years for a decision 
to be reached. 

The telescope will be a 150 in. instrument, and will 
be built at Siding Spring Mountain near Coonabarabran 
in New South Wales, where the Australian National 
University already has an observatory. It is expected 
that the cost of the telescope will be about £4-4 million, 
if it is based on the design for the Kitt Peak telescope 
being constructed in the United States. It will be the 
largest telescope in the Southern Hemisphere, and will 
take about six years to build; a joint policy committee 
is to be set up to draw up the final specification, call 
for tenders, and supervise the construction of the 
telescope. 

The only surprising feature of the announcement 
is that it has finally been made—the need for the 
telescope is undisputed. Big telescopes are needed in 
the Southern Hemisphere for observations of features 
of the sky invisible to northern astronomers—the 
Magellanic Clouds and the centre of the Milky Way, 
among others—but interest has been quickened by the 
excellence of the radio astronomy in Australia. Under 
clear Australian skies, radio astronomers may be able 
to identify radio sources which they have found but 
which cannot yet be related to visible objects in the 
sky. Now the decision has been made, their frustra- 
tions can be channelled more fruitfully into ensuring 
that the new telescope is as good as it promises to be 
and that it is quickly built. 


Booming Industry 


Any last lingering hopes by British Aircraft Corporation. 
and Sud Aviation that their Concord would be the 
only supersonic transport competing for orders in 
western airlines—-or by others that they might yet be 
spared the whole supersonic race—have now been 
dispelled. President Johnson has given approval for 
Boeing to build two prototypes of their swing-wing 
aircraft which won the design competition four months 
ago, and will ask Congress for $198 million as the Admin- 
istration’s share in the cost of the prototype. Boeing 
have so far been proceeding on a monthly basis, but 
claim that this has not delayed their programme—the 
first prototype is due to fly by the end of 1970, and the 
airliner should be in service by the end of 1974. Con- 
cord will take off for the first time on February 28, 
1968, if all goes well, and will be in service in 1971. 
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Despite the lead established by Concord, and the 
fact that it will cost far less than the Boeing aircraft 
(£6 million against about £14 million), the airlines have 
shown their faith in the Boeing company by taking 
out 113 options for the Boeing, against Concord’s total 
of 72. This shows an almost child-like belief in 
Boeing’s ability to solve the very substantial technical 
difficulties inherent in their design, which it is now 
suggested may fly at 2,000 m.p.h. Concord, limited by 
its aluminium construction to a speed of 1,450 m.p.h., 
is an altogether less sophisticated aeroplane, but 
nevertheless is reported to have met with doubts 
about its fuel supply. This involves the actual transfer 
of fuel in flight from one tank to another to trim the 
aircraft, a system which will have to be absolutely 
foolproof in order to satisfy the Federal Aviation 
Agency. As for the Russian TU 144, it remains the 
darkest horse in the race, with a programme broadly 
in line with that of Concord. 


Nuclear Mismanagement 


A BLANKET condemnation of British nuclear power 
policies has been published this week by the Institute 
of Economic Affairs. The Political Economy of Nuclear 
Energy, by Duncan Burn (I.E.A., 21s.), concludes that 
between them the Atomic Energy Authority and the 
Central Electricity Generating Board have mismanaged 
the exploitation of nuclear power in Britain on a truly 
heroic seale. According to Mr. Burn, the initial decision 
to concentrate on gas cooled reactors—which he hints 
was based on the belief that they are inherently safer— 
was a mistake which has been papered over by a succes- 
sion of chairmen of the C.E.G.B. and the U-K.A.E.A. 
This attempt to conceal mistakes, he believes, reached 
its peak in 1965, when the appraisal of the tenders for 
the ness B contract was published by the 
C.H.G.B. The result of this joint assessment by the 
A.E.A. and the C.E.G.B. was that the advanced gas 
cooled. reactor could produce electricity more cheaply 
than the American designed boiling water reactor 
(0-457 d/kWh, against 0:489 d/kWh). Hailed at the 
time as a major breakthrough for British power 
reactors, Mr. Burn suggests that the appraisal was a 
farce which misrepresented the costs both of the B.W.R. 
and the A.G.R. 

Although the building costs of the B.W.R. were 
significantly less than those for the A.G.R., they 
should, Mr. Burn suggests, have been even less; they 
were at least 50 per cent higher than the B.W.R. 
plant being built at Oyster Creek in the United States 
by General Electric, and 80 per cent higher if the upper 
estimate for the output of the Oyster Creek reactor 
were accepted. In the U.S. it is common for contrac- 
tors to quote two power outputs—one guaranteed, 
and another higher and more speculative. If the upper 
figure is accepted, the price per kilowatt of the station 
tumbles, but the system requires the power company 
to accept some of the contractor’s risk, an arrangement 
constitutionally unacceptable to the C.E.G.B. 

Mr. Burn also admits that the Oyster Creek contract 
was a special case. G.E., he says, quoted for the 
station on the assumption that it would be able to 
sell six such stations. In Britain, on the other hand, 
the C.E.G.B. had said in 1964 that it envisaged 
ordering only one station per year, which could hardly 
have encouraged competitive pricing. These differ- 
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, önces go some way towards explaining why the A.G.R. 
has seemed expensive in comparison with American 
designs. In generating costa, the appraisal made much 
of the fact that the A.G.R. could be re-fuelled while 
on-load, giving it a big advantage on “availability 
adjustment’. This advantage, Mr. Burn suggests, 
is a trivial one, and hardly worth the importance the 
appraisal put on it. 

Comparisons of this sort are particularly hard to 
make, as Mr. Burn shows in an appendix devoted to 
reconciling the cost estimates for Nine Mile Point 
nuclear station in the U.S., ordered from G.E. a few 
weeks before Oyster Creek, and costing far more 
(0:57 d/kWh compared with 0-34 d/kWh). If differ- 
ences of this order can occur in the same country, 
it is perhaps not surprising that comparable discrepan- 
cies can ocour across the Atlantic. A more charitable 
author might see an explanation in this, but Mr. 
Burn does not. 


Britain in Space 


Ir European space research programmes sometimes 
seem more substantial than they are, it is probably 
because of a tendency to announce the imminent 
launching of gatellites several times before they 
actually get off the ground. One satellite can seem 
like three. Latest victim of this largely unavoidable 
exercise is U.K. 3, the first all-British satellite, the 
long-awaited departure of which from NASA’s Western 
Test in California is now promised for May 5. 

U.K. 3, planned for four years and built by British 
Aircraft Corporation and G.E.C. Electronics, Ltd., 
is wholly British except for some American electronic 
components chosen because of their proved reliability. 
Weighing 198 Ib. (85-2 kg) and built at a cost of £1} 
million, the satellite will be launched into an almost 
circular orbit at an inclination of 80° and at a height of 
340 miles (550 km). It will orbit the Earth every 95 
minutes, at a speed of 17,000 m.p.h. The rocket 
used for the launch will be a four stage solid fuel 
Scout, and the orbit has been chosen so that the entire 
surface of the globe will have been traversed up to a 
latitude of 80° at all times of the day by the end of the 
third month after launching. U.K. 3 will be tracked 
by the world-wide chain of NASA space tracking and 
date acquisition stations, and the Radio and Space 
Research Station. Information will be sent either 
direct from the satellite as it is collected, or by recording 
it on a continuous loop of magnetic tape and trans- 
mitting on command from the ground. In this way 
the information obtained during one complete orbit 
can be transmitted to any ground station in about two 
minutes, 

The satellite carries five experiments, The Radio 
and Space Research Station is studying the distribu- 
tion of terrestrial noise—mainly lightning discharges— 
over the surface of the Earth, as an aid in the design 
of radio communication circuits. The distribution of 
molecular oxygen in the high atmosphere will be 
investigated by the Meteorological Office, and radio 
signals below 20 ke/s by the University of Sheffield. 
An experiment designed by workers at Jodrell Bank will 
map large scale sources of noise in the galaxy, and 
the University of Birmingham is interested in the 
electron, density and temperature in the plasma near 
the satellite. The experiments for this co-operative 
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programme between the U.S. and the British Govern- 
ments were chosen in consultation with NASA. If 
the launch should go wrong, there is a second satellite. 
fully instrumented and ready to go, but if the satellite 
fails NASA clearly have no obligation to provide 
another launch vehicle. Further delays are unthink- 
able though, and the possibility has not been given 
serious thought. 


World Health 


‘Tuan director-general of the World Health Organization 
presents a somewhat gloomy picture of the progress of 
the work of WHO in the so-called developing countries 
(The Work of WHO: Annual Report of the Director- 
General to the World Health Organization and to the 
United Nations : Geneva, 1967). He draws attention 
to the widening gap separating the developing countries 
from the advanced countries, in the field of medicine 
as in other fields. In part, Dr. Candau puts this gap 
down to the inability or unwillingness of the advanced 
countries to provide sufficient resources for the pro- 
grammes of the Organization. On the other hand, he 
hints that even if the money were forthcoming the 
difficulties would to a large extent remain. He speaks 
of “the absence of those well-established and realistic 
planning processes without which the optimum 
utilization of all available resources cannot be ensured”. 
He goes on to warn that the disappointing headway 
made by the Organization in strengthening the basic 
national health services of developing countries will 
have an adverse effect on practically all the programmes 
of the Organization, particularly those directed at the 
control of communicable disease. 

The warning is not an idle one. In the past five 
years a major epidemic of El Tor cholera has spread 
from Indonesia to reach the Soviet Union and Iraq. 
It was preceded by a rise in the frequency of sporadic 
infection, no doubt as a result of the growing pressure 
on the sanitary resources of the large cities of the 
endemic area. Given proper treatment (by saline 
infusion), most of the patients can be saved from 
death, but it is doubtful whether the resources exist 
to bring the treatment to all who will need it. These 
difficulties seem to epitomize the dangers Dr. Candau 
is talking about. No one would deny that WHO is 
doing valuable and essential work, often under daunting 
conditions, but the issue involved here cannot be 
resolved by goodwill alone. The financial and human 
resources have to be made available as a matter of 
urgency. Apart from cholera, other serious diseases 
are becoming more prevalent in many areas: promin- 
ent among these is poliomyelitis. What Dr. Candau 
seems to be worried about is that the work put in by 
the World Health Organization should not be vitiated 
by the effects of the growing impoverishment of the 
backward areas of the world. 

On. the credit side, Dr. Candau can point to a steady 
advance in the eradication of malaria over large parts of 
the world. The WHO malaria programmes affect nearly 
900 million people and satisfactory progress has been 
made in areas affecting some 700 million. In Africa, 
however, the advances have been far less spectacular 
and the report sounds a note of alarm about the slow- 
ness of the progress in some areas. Advances have also 
been made in dealing with yellow fever, dengue and 
various widespread parasitic disorders. One of the 
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most encouraging features of the report is the pro- 
gramme being carried out jointly between WHO and 
_ the Indian Government for major sanitary works in 

the city of Calcutta and the surrounding area. Much 
more of this type of work is needed, and most of it is 
needed quickly. 


Common Cause 


Tu Ministry of Technology has announced plans for 
reversing the brain drain of talented and qualified 
people from Britain to the United States. Two projects 
were announced on May 2 by the minister, Mr. Anthony 
Wedgwood Benn. A firm of management consultants, 
David Frost and. Associates, is to be employed by the 
ministry to recruit British graduates from American 
business schools. About 150 British students graduate 
each year from American business schools, according 
to the ministry, and only twenty come back to work 
in Britain; David Frost and Associates have been 
given £4,000 to improve this situation, and if successful 
will repay the money out of the fees paid by recruiting 
companies. The second scheme is being run by a 
management consultancy organization, Management 
Selection Group. This is intended to attract experi- 
enced British managers, scientists and engineers 
working in the United States, and will cost £75,000 
over a three year period. 

These steps will presumably find support in Washing- 
ton, where on April 30 the administration published a 
report by the Council on International Educational 
and Cultural Affairs which concludes that the brain 
drain is exaggerated, and that no action should be 
taken by the United States to curb it. The report 
doubts whether such steps would be efficient, or “in 
the best traditions of an open society”. The intake of 
30,039 qualified people to the United States last year 
was not influenced significantly by Government 
sponsored student or other exchange programmes, 
the report concludes, and any drain that does exist is 
caused by recruitment by industry, universities, 
hospitals and research institutes. What should the 
United States do? Support exactly the kind of 
project which Mr. Benn announced with uncanny 


timing the very next day, apparently. 


Education 1965 


Tue latest statistics released by the Department of 
Education and Science cover the 646,000 boys and 
girls who left school in 1964-65. The number of 
leavers—17,000 fewer than the previous year—reflects 
the passing from the scene of the favourite alibi of so 
many ministers of education, the post-war bulge in 
births. 

The figures show that 46:6 per cent of the pupils 
at grammar schools attempted some “A” levels, against 
8-8 per cent of those at comprehensive schools, and a 
staggeringly low proportion, only 0-4 per cent, of those 
at secondary modern schools. In each category the 
proportion gaining two passes was about the same. As 
for universities, the direct grant schools were the 
most successful; 37-2 per cent of their pupils went on 
to university. Public schools—nicely described as 
“independent schools recognized as efficient’? got 
just over a quarter of their pupils into universities, 
and still send a much higher proportion of them to 
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Oxford and Cambridge than do other types of school, 
One-third of the pupils from public schools who gained 
university places went to Oxford or Cambridge, against 
one-twelfth of those from maintained grammar 
schools and one-fifteenth of those from compre- 
hensive schools. 

The statistics also include for the first time informa- 
tion about university students and staff. In October 
1966 the full time student population (undergraduates 
and graduates) in Great Britain was 183,900, somewhat 
less than the figure of 187,000 estimated by the Robbins 
Committee. The number of new entrants to universi- 
ties is now double what it was ten years ago, and 29 
per cent of the entrants were women. Women seem 
to start younger—56 per cent of them were 18 or 
younger the year they started, compared with 44-5 
per cent of the men. Of the new entrants to the 
universities in 1965-66, 27 per cent were reading pure 
science, 18-3 per cent engineering, technology and 
applied science, and 1-6 per cent agriculture, forestry and 
veterinary science. This compares with 22-1 per cent 
who were reading social, administrative and business 
studies, and 20-4 per cent reading arts subjects. 


Research Run Riot 


Moon may well be right with the British research and 
development effort, but Sir Arnold Hall believes that 
something is amiss when at £1,000 million per annum 
the United Kingdom invests a greater proportion of 
its GNP than any other country in Europe yet has 
one of the lowest economic growth rates. Speaking at 
the annual luncheon of the Electrical Research Associa- 
tion as chairman of Hawker Siddeley, president of the 
British Electrical and Allied Manufacturers Associa- 
tion, a former university professor and a former director 
of a research laboratory, Sir Arnold was not merely 
doing lip service to the problems involved. He 
estimated that more than 40 per cent of the country’s 
research and development is done by industry, less 
than 40 per cent by government establishments and 
about 10 per cent by the universities. The nonsensical 
situation had been reached where research and 
development had reached a new high value at a time 
when industrial investment was dropping. To his 
mind there is too much “‘climbing on the band-wagon 
of the great” which leads to support of mediocrity. 
Much more research and development should be seen 
as industrial investment, and too much scientific and 
technological manpower, he thinks, is employed in 
government service. The time has arrived for industry 
to employ more scientists and technologists in its ranks. 
To do this it should seek means to employ more of them, 
and it is his contention that the Government should 
take more positive steps to release some of them. 


Plants, Animals and Man 


A symposium on the Systematics of Cultivated Plants 
and Domesticated Animals was held in Edinburgh 
on April 12-13 by the Systematics Association. The 
topic has perennial interest which has recently been 
given impetus by the needs of archaeology and im- 
munochemistry. 

Archaeology has greatly helped our understanding of 
the earlier phases of the Neolithic Revolution in the 
Middle East about 9000 3.0. (and the independent 
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development of agriculture in Central America some- 
what later). The decisive change in the characters of 
the organisms comes when man controls their breeding, 
allowing him to select intensively for properties he 
finds desirable. 

Each domesticated form of animal seems to come 
from a single wild species. It is by no means clear, 
however, whether or not several geographical sub- 
species have contributed to the present domesticated 
stocks. Immunochemical work is now being applied 
to this problem, and should lead to much new know- 
ledge. It is also proving of great value in studying 
cultivated plants, although their origins are much 
more complex, often involving extensive polyploidy 
and hybridization. The recent development of molecu- 
lar biological techniques has thrown up several new 
problems; in animals, at least, most proteins show 
polymorphism and there are difficulties in reconciling 
the theoretical evolutionary load with the large number 
of consecutive allele substitutions in the evolving 
populations which would be implied by the observed 
mutational changes. 

Numerical taxonomic methods have been little used 
so far in this field. It would be of great interest to 
try them on a cultivated plant that has a well-docu- 
mented history. There is a general impression that 
morphological classifications alone are unsafe indicators 
of ancestry, and numerical methods should be very 
useful in integrating chemical and other sorts of 
evidence with traditional morphology. Things may 
still not be plain sailing; there was considerable 
argument on how far one could make deductions about 
ancestry. Archaeological evidence here is pre-eminent. 
There is a strong trend toward parallel variation 
(emphasized by Vavilov), caused by selection for 
similar desirable features in many stocks of a crop 
plant. Would it be possible to detect such variation 
unequivocally and to omit it from a phenetic study 
so as to improve the evolutionary evidence? Does 
this imply that the rest of the genome has been 
relatively unaffected by oultivation, or has a large 
fraction of the whole genotype been altered by drastic 
selection? There was much concern at the meeting 
about the need for genetic conservation of primitive 
stocks and related wild forms, because these are essen- 
tial sources of new variation for the breeding pro- 
grammes of the future. 

The categories that were most useful in the system- 
atics of cultivated plants and domesticated animals 
received considerable discussion. Both botanists and 
zoologists felt the need for a category to contain all 
the cultivated forms of a wild species. It was generally 
felt that this should be ranked as the equivalent of a 
sub-species (though not a geographical entity). 

In plants there is formal recognition of the cultivated 
variety (for example, King Edward potato) under the 
name cultivar, and there seems a general need for 
two intermediate categories between the sub-species 
and the cultivar. This scheme is scarcely flexible 
enough to accommodate special cases, such as the 
orchid cultivars that may be hybrids between three 
or more different genera; for such cases a rational 
system is not yet in sight. It is, however, notable 
that a much more utilitarian attitude toward nomencla- 
ture is now developing. This is shown by international 
registers of cultivars (with their influence on patent 
law) and proposals for lists of recommended names for 
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horticultural plants. The emphasis here is on con- 
venience, and this might lead to conflict with the 
Botanical Code of Nomenclature. If this happens, 
who will win? It is fascinating to look at Darwin’s 
The Variation of Animals and Plants under Domesti- 
cation, published in 1868, and see how greatly, but 
patchily, our knowledge has increased since then. 


Non-bird 


Tun Karam people of New Guinea have a taxonomic 
system for animals which, at the lower levels, agrees 
well with that of zoology—about sixty per cent of 
Karam taxa are recognized as species by zoologists. 
At the higher levels there is leas agreement (not surpris- 
ing, for the scientific system reflects the theory of 
evolution), but the categories are still based on criteria 
such as morphology, habitat and behaviour. It is 
therefore surprising that the cassowary, clearly a bird 
by these criteria, is not included in the taxon yak, 
which includes flying birds and bats, but is assigned to 
a taxon, kobity, of its own. Ralph Bulmer of the 
University of Auckland, New Zealand, has investigated 
this seeming anomaly (Man, J. Roy. Anthropol. Inst., 
2,1; 1967). 

The cassowary, which is flightless, is classified by 
other New Guinea highlanders as a bird—the special 
taxonomic treatment is peculiar to the Karam. If 
asked why the cassowary is special they explain that 
it has no plumes (it has soft hair-like plumage) and 
that its head is all bone with no brain (unlike most 
birds, it has a large, thick skull). These morphological 
reasons did not satisfy Mr. Bulmer and he has found 
another answer in the cassowary’s relationship to the 
Karam people. 

The cassowary is a creature of the forest, and there 
is a marked distinction in Karam thought between 
forest and cultivation which is based on the special 
value of two important crops, taro and pandanus palm 
nuts. Taro is a root crop which is essential to the 
festivals which form the ceremonial element of Karam 
life. It is cultivated in the best garden land. The nuts, 
however, are gathered from the forest and at a time 
when the taro crop needs little attention. Like the 
palm crop, the cassowary is kept away from the 
cultivated taro, for neither the bird nor anybody who 
has killed or eaten one within the last month must go 
near the cultivated areas. As well as this connexion 
with the forest, the cassowary is distinguished from 
other birds by being to some extent equated with man. 
Any Karam who kills a cassowary must eat its heart 
(to ensure that its spirit returns to the forest) and any 
Karam who kills a man must then kill a pig and eat 
its heart. The bird must only be killed with blunt 
instruaments—a rule which also applies to fighting with 
near relatives. This suggestion that the cassowary is 
regarded as a cousin of man is supported by a Karam 
myth in which a boy’s sister turned into a cassowary 
after falling into a pit. If the cassowary is a cousin of 
man, then it rightly enjoys special taxonomic status, 


Penicillin Action 
from a Correspondent In Microbiology 


- Tum elucidation of the mechanism of antibiotic action 
has been only partially successful, and even materials 
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which have been studied as intensively as penicillin 
remain poorly understood. The latest contribution in 
this area comes from H. J. Rogers (Biochem. J., 108, 
90; 1967), who bas been concerned with irreversibly 
fixed benzyl-penicillin in the inhibition of cell wall 
synthesis in Staphylococcus aureus. In cell free staphy- 
lococcal systems, penicillin is known to interfere with 
a step in the synthesis of a wall mucopeptide (murein). 
This step involves the cross-linking of a pentaglycyl 
peptide to a subterminal alanine residue of a neigh- 
bouring peptide. An important feature of what Dr. 
Rogers has done was the study of penicillin activity 
when protein synthesis is suspended. Earlier ideas on 
the action of penicillin, derived from the experiments 
of P. D. Cooper, suggested that all the “fixed” anti- 
biotic is significant in wall synthesis. The use of more 
selective experimental conditions has allowed Dr. 
Rogers to demonstrate that most of this “fixed” 
penicillin is irrelevant to the formation of murein. 

The inhibition of murein synthesis by penicillin was 
found to be completely reversible after a lag of 40 
minutes in a medium containing chloramphenicol. 
Although a high proportion of the 170 “fixed” molecules 
of benzyl-penicillin were not bound at sites apparently 
involved in murein synthesis, their presence appeared 
to induce greater sensitivity in the cells to additional 
benzyl-penicillin. It is therefore suggested that the 
fixation of most of the benzyl-penicillin is a primitive 
detoxication mechanism. When murein synthesis is 
proceeding at a maximum rate in the medium contain- 
ing chloramphenicol, about 90 per cent of the benzyl- 
penicillin remains firmly bound while a small number 
of new fixation sites appear. The extent of inhibition 
now caused by the fresh but very small reinforcement 
of benzyl-penicillin (1-5 muM) is in accord with the 
fixation of the drug at the newly revealed or “sensitive” 
sites. 

What is the nature of these “sensitive” sites? An 
unequivocal answer cannot yet be given, but only 
30-40 molecules of benzyl-penicillin per cell seem to be 
implicated and these almost certainly affect the cross- 
linking transpeptidation reaction. The sensitive sites 
may comprise partly synthesized murein material or 
uridine precursors. If the former, penicillin could 
combine with the free amino group of polyglycyl 
peptides or with an amino group of the incompleted 
polymer. Either reaction would be expected to 
prevent the completion of murein formation. 

The combination of penicillin and polylysine produces 
penicilloyl compounds. Thus, if penicilloyl compounds 
are formed in incompleted mureins, it is possible to 
explain the appearance of sensitive sites in bacteria 
loaded with penicillm when they are treated with 
chloramphenicol. The synthesis of new murein can 
continue in the absence of free penicillin as long as it 
can. be accepted by freely reacting amino groups of the 
murein molecules already in existence. This implies 
hydrolysis of penicilloyl bonds, and support for this 
is provided by the small loss of “fixed” penicillin during 
the lag period. The combination of penicillin with the 
s-lysine of uridine precursors of mureins is thought 
to be an inefficient process and one less likely to be 
responsible for the inhibitory effects. 

The “sensitive” site hypothesis contrasts with 
others which invoke the combination of penicillin 
with enzymes such as D-alanine carboxypeptidase 
which are concerned with murein synthesis. The 
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data at present available do not distinguish between 
these two points of view. 

Dr. Rogers has also considered the penicillin-killing 
of staphylococci, a consequence of the prime action 
of the drug (Nature, 218, 31; 1967). Even at high 
concentrations penicillins do not directly inhibit 
the synthesis of proteins, and particularly of wall 
lytic enzymes. Penicillin death may therefore invoke 
the action of autolytico enzymes on the incompleted 
mureins, at least in some micro-organisms susceptible 
to penicillin. 


Time Lapse by Satellite 


Tæ lapse photography has for many years served as 
an informative means of studying the dynamics of 
cloud formation, evolution and decay. Now for the 
first time it has been possible to create a short but 
striking time lapse film of cloud photographs taken 
from the new A.P.S8. satellite which was launched 
early this year. This satellite remains stationary 
relative to the Earth underneath. It is located over 
the equatorial Pacific and the camera scans the Pacific 
hemisphere every 20 minutes. The pictures have been 
collected in conjunction with the Line Islands Experi- 
ment in Tropical Meteorology which has been in opera- 
tion since mid-February and which has been designed 
to collect meteorological weather data from island 
atolls, ships and reconnaissance aircraft. Observe- 
tional posts have been established on the islands of 
Palmyra (U.8.A.), Fanning (U.K.) and Christmas 
Island (U.K.) by the National Center for Atmospheric 
Research. These three islands stretch across the inter- 
tropical convergence zone and traverse a region where 
there is a steep meridional rainfall gradient. The 
equator lies along a relatively dry zone. 

The time lapse film lasts only for about 10 seconds, 
representing two days of actual weather time. The 
reel has been made into a loop and must be shown 
continuously for about a quarter of an hour before 
changes in the cloud patterns can be readily identified 
and become meaningful. When improved technology 
makes possible cloud satellite films with a longer 
running time, a powerful tool will be available. 


Antibiotics and Ribosomes 
from a Correspondent In Molecular Biology 


Amore the rewards promised by a better knowledge 
of the structure of the ribosome is the possibility of 
finding out how various antibiotics interrupt the 
process of protein synthesis. Some enco i 

observations on the interaction of the antibiotics 
streptomycin and neomycin with scherichia cols 
ribosomes have now been made by Leon and Brock 
(J. Mol. Biol., 24, 391; 1967). This work follows the 
fundamental observation of Gorini and his associates 
that antibiotics of this kind cause a misreading of the 
code. It should first be noted that these molecules 
must be expected to behave in a manner similar to 
other cations with more than one charge—magnesium, 
aliphatic diamines and polyamines, for example—all 
of which reinforce secondary and possibly tertiary 
structure in RNA and also stabilize the intact ribosome. 
By elimination of configurational freedom or by some 
other mechanism, magnesium ions at high concentra- 
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tion as well as polyamines are known also to lead to 
mis-reading. 

Leon and Brook find distinot differences in the effect 
of the antibiotics on ribosomes from strains which are 
respectively sensitive and resistant to streptomycin. 
The temperature absorbance profiles of intact ribosomes 
have a discontinuity which apparently arises from 
structures of low melting temperature. The addition 
of streptomycin or neomycin increases the temperature 
of denaturation and eliminates the low melting phase. 
In ribosomes of streptomycin resistant strains, how- 
ever, it appears that streptomycin has little protective 
effect and a low-melting phase can still be seen; the 
effect of neomycin, on the other hand, is the same as 
for strains which are not resistant to streptomycin. 

Sedimentation studies at increased temperatures 
suggest that the stabilizing action of the antibiotics 
arises from inhibition of the dissociation of 708 ribo- 
somes into their 508 and 308 sub-units. It is com- 
monly observed, moreover, that dissociated 308 sub- 
units are unstable, possibly in consequence of localized 
endogenous nuclease, and under these circumstances 
the presence of antibiotics brings no stabilization. 
In ultracentrifuge studies at elevated temperatures, 
the 30S component is mostly absent and only 709 
and 50S particles remain. Predictably, Leon and 
Brock also show that the antibiotics diminish the 
magnesium ion requirement of the ribosome, in that 
the magnesium concentration must be lowered much 
more to effect dissociation into sub-units in the presence 
of antibiotics. Both antibiotics stabilize the sensitive 
and resistant strains, but their effect on the latter 
is appreciably less. 

Evidence is given which suggests that the strepto- 
mycin, as well as binding electrostatically to the RNA, 
forms a reversible covalent bond (Schiff base) to the 
protein. The authors add the caveat that the concen- 
trations of antibiotics in these experiments are much 
higher than are required to affect reading of the code. 
This and other circumstances dictate caution in the 
interpretation of these experiments. 

In this connexion a brief report by Oleinick and 
Corcoran (Fed. Proc., 26, 285; 1967) on the interaction 
of erythromycin A with B. subtilis ribosomes is of 
particular interest. They find that ribosomes from 
resistant and sensitive strains both bind several 
molecules of antibiotic (a univalent cation) in an 
apparently non-specific manner, but that only the 
erythromycin sensitive strain ribosomes contain a 
single binding site of much higher affinity. Binding at 
this site is said to be accompanied by inhibition of 
protein synthesis. It is interesting to note that the 
results of Leon and Brock are also consistent with the 
presence of one strong binding site in their system. 


Origin of Mitochondria and Chloroplasts 
from a Correspondent In Cell Biology 

Tue evolutionary origin of mitochondria, chloroplasts 
and kinetoplasts has recently been the subject of some 
intriguing speculation; several workers have suggested 
that these organelles have had an exogenous origin, 
perhaps evolving from symbiotic bacteria. These 
ideas stem from genetic evidence for the existence of 
extrachromosomal genes and the discovery that mito- 
chondria and chloroplasts contain DNA and ribosomes 
and are capable of synthesizing protein in vitro. Further- 
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more, several pieces of evidence indicate that mito- 
chondria and chloroplasts contain DNA-dependent 
RNA polymerase and DNA polymerase. Thus they 
have the enzymes necessary for both DNA replication 
and the transcription and translation of genetic 
information and are potentially semi-autonomous 
organelles capable of at least partial self-replication. 
Clearly the demonstration of close resemblances 
between any of the components of mitochondria or 
chloroplasts and bacteria would support the hypothesis 
of the exogenous origin of these organelles. 

Svetalio et al. (J. Mol. Biol., 24, 405; 1967) and Stutz 
and Noll (Proc. Nat. Acad. Sci., 57, 774; 1967) report 
that chloroplast ribosomes and bacterial ribosomes 
have identical sedimentation properties. Both groups 
found that chloroplast and bacterial ribosomes sedi- 
ment at 708, whereas plant cytoplasmic and animal 
call ribosomes sediment at 808. Stutz and Noll also 
found that RNA extracted from chloroplast ribosomes 
sediments at 23S and 168 and is indistinguishable 
from RNA of bacterial ribosomes. The RNA from 
ribosomes of a variety of plant cells sediments at 259 
and 16,9 whereas that from animal cell ribosomes sedi- 
ments at 29S and 188. (These sedimentation values 
for ribosomal RNA from bacterial plant and animal 
cells are similar to those obtained by Click and Tint, 
J. Mol. Biol.,25, 111; 1967.) From this Stutz and Noll 
conclude that there are three distinct classes of ribo- 
somes: organelle and bacterial, plant cytoplasmic 
and animal cell ribosomes. Other evidence indicates 
further similarities between. chloroplast and bacterial 
ribosomes; Boardman (1966) showed they have the 
same Mg++ ion concentration optima for protein syn- 
thesis and for dissociation into sub-units and the 
response of chloroplast and mitochondrial ribosomes 
to various antibiotics resembles the response of bacterial 
ribosomes. 

If the DNA in mitochondria and chloroplasts is not 
derived from the cell’s nucleus it is unlikely that it 
would have many nucleotide sequences in common with 
nuclear DNA, and in hybridization studies Shipp 
et al. (1965) were unable to detect sequence homologies 
between DNA from tobacco plant chloroplasts and 
DNA from tobacco cell nuclei. Likewise Dawid 
(1965, 1966) failed to detect sequence homologies 
between frog mitochondrial and nuclear DNA. Du 
Boy and Riley (Proc. Nat. Acad. Sci., 57, 790; 1967), 
however, find that the nucleotide sequences in mouse 
mitochondrial DNA and DNA from kinetoplasts of the 
protozoan Leishmania enrtettts are sufficiently similar 
to sequences in the corresponding nuclear DNA to 
allow 40-70 per cent hybridization. Moreover, mito- 
chondrial DNA from mice does not hybridize with 
nuclear DNA from L. enrtetitt and vice versa. Du Boy 
and Riley conclude that their data do not support 
the view that mitochondria and plastids are of exogen- 
ous origin. 

Although it is unlikely that we shall ever be able to 
prove or disprove the hypothesis of the exogenous 
origin of these organelles, the fact that chloroplast and 
probably mitochondrial ribosomes differ from cyto- 
plasmic ribosomes suggests that cells contain two 


independent protein synthesizing systems perhaps 
subject to different control mechanisms. It would be 
very inte to test, by hybridization experiments, 


if the mitochondrial and chloroplast DNA specifies 
the ribosomal RNA of these organelles. 
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Parliament in Britain 


Select Committee 

Tue Select Committee on Science and Technology had 
a trying morning when it interviewed Mr. C. L. C. 
Allan, the new chairman of the South of Scotland 
Electricity Generating Board. All’s for the best in the 
electricity generating industry, apparently, a proposi- 
tion which some members of the committee find hard 
to believe. Mr. Allan started by explaining that 25 
per cent of the electricity generated by his board (in 
units) was by nuclear power, 10 per cent by oil, and the 
rest by coal, with a small contribution from hydro- 
electric schemes. Had pressure been brought to bear 
on the board to support the Coal Board for social 
reasons? Mr. Allan hedged magnificently, then 
conceded that long lead times had made forward 
planning difficult; when they had planned the coal 
stations which will come into use between 1966 and 
. 1970, the advanced gas cooled reactor was not in 
existence. Finally, he admitted that when the fast 
reactor comes along, “Any fuel has got to be pretty 
cheap if it’s going to compete with nuclear power”. 

Later Mr. Allan skirted the issue when it was sug- 
gested that his board would lose £2 million this year 
because of excessive reliance on coal, but admitted 
that the steep increase in the price of coal had taken 
the board by surprise, and that if its coal fired 
stations could be instantly converted to oil, the saving 
would be £6 million per year. As for the final cost of 
Hunterston A magnox station, originally to cost 
£35 million, Mr. Allan “did not recognize” the figure 
of £70 million which a member of the committee 
suggested. In this instance his diffidence was justified, 
because the wrangle between the board and the con- 
tractors over who should pay the excess cost is still in 
the courts. 

At Hunterston B, the new AGR station, Mr. Allan 
said the tenders covered two channel diameters, 
7 and 74 in. The change from 7 to 74 in. would not 
cost anything like £10 million, though. In selecting 
tenders, was there an element of subjective judgment ? 
Mr. Allan said that his board selected the “most 
economically advantageous station”. Did this mean 
the cheapest? Mr. Allan wasn’t saying. 


University Costs 

Mr. ANTHONY CROSLAND, Secretary of State for Educa- 
tion and Science, has given the following figures for 
public expenditure on universities in the United 
Kingdom, and further education in England and Wales: 


Awards to Other 
students expenditure Total 
(EM) aan (£81) 
1957-8 17 102 119 
1982-3 34 217 251 
1066-7 63 407 470 
1967-8 70 441 511 


The figures are not at constant prices, and exclude 
grants from other government departments and the 
nationalized industries (£8 million in 1964-5). (Written 
answer, April 21.) 


Power 

Mr. Ricaarp Marsum, Minister of Power, said that the 
North Sea gas field would yield 2,000 million cubic feet 
a day by 1970 or soon after, but it was impossible to 
say what could be produced by 1975. By 1970, he 
added, nuclear power would account for the equivalent 


853 


of 15 million tons of coal, and by 1975 for 35 million 
tons of coal. (Written answers, April 25.) 


National Steel Corporation 

LATER in the week Mr. Marsh announced the names of 
the members of the National Steel Corporation: the 
Chairman would be Lord Melchett; the Deputy 
Chairmen would be Dr. H. M. Finniston, Mr. M. 
Milne-Watson, and Mr. A. J. Peech; Lord Layton 
and Mr. Ron Smith would be full-time members of the 
board, and Mr. Raymond Brooks, Alderman Sidney 
Harris, Sir Cyril Musgrave and Mr. Peter Parker 
would be part-time members. Vesting day for national- 
ization of the steel industry would be July 28, 1967, 
and further appointments would be made in due course. 
(Oral answer, April 27.) 


Initial Teaching Alphabet 

Mrs. Soimuny Wurms, Minister of State at the 
Department of Education and Science, replying to a 
debate on the initial teaching alphabet, said that a 
farther study of i-t.a. in the classroom was well worth 
pursuing. What was needed now, she thought, was a 
good deal of classroom experience to widen the know- 
ledge which the Reading Research Unit had gained. 
This would finally determine whether the effect of the 
alphabet was caused by the enthusiasm of the re- 
searcher, she said. (Debate, April 21.) 


Micro-electronics 

Me. Jonx StonwmHouse, for the Ministry of Tech- 
nology, said that the National Research Development 
Corporation was having discussions with several firms 
in the micro-electronics industry, with a view to provid- 
ing assistance for the further development of micro- 
electronics. Financial assistance had already been 
given to Welwyn Electric, he said, and negotiations 
with another firm had reached an advanced stage. 
(Written answer, April 24.) 


Soviet Collaboration 

Mr. AntHony Wepawoop Bunn, Minister of Tech- 
nology, described his recent visit to the Soviet Union. 
His discussions with Academician V. A. Kirillin, 
Chairman of the State Committee of the U.S.S.R. 
Council of Ministers for Science and Technology, had 
identified three areas in which technological co-operation 
might be developed; these he described as the exchange 
of information, industrial technology, and long term 
industrial development. The discussions also covered 
the ways in which co-operation of this sort could be 
organized, and Mr. Benn added that he and Mr. Kirillin 
had found that they were thinking on the same lines 
and had greatly enjoyed their talks. (Written answer, 
April 25.) 


Data Processing 

Reriyine to criticisms of the Post Office (Data Pro- 
cessing Service) Bill, Dr. Jeremy Bray, for the Ministry 
of Technology, said that the case for the Bill rested on 
two considerations: economies of scale and the need 
for communication between sources and users of in- 
formation. Over the next five years £9 million would 
be spent and priority in the use of transmission lines 
would be determined by commercial principles. Com- 
puter bureaux had welcomed the Bill, he claimed. 
(Debate, April 24.) 
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Sex Differentiation in Mammals 


by Sex does not appear to be determined by the action of conventional 


URSULA MITTWOCH 
Galton Laboratory, University College, London 


Or all genetic diversities, the difference between males 
and females is surely the most obvious. The mechanism 
underlying sex differentiation was a subject for speculation 
until the beginning of the twentieth century. Then the 
sex chromosomes were discovered and it was found that in 
many organisms males and females differ in one of their 
chromosome pairs. In most mammals, including man, as 
well as in many insects, sperm of two kinds are produced: 
those contaming an X-chromosome which, on fertilzation, 
will give rise to female offspring and others containing a 
Y-chromosome which will produce male offspring. 

We thus have the unusual situation in which a normal 
genotic difference is brought about by an entire chromo- 
some. It has nevertheless been assumed since the 
beginning of Mendelian genetics that sex determination 18 
produced by the action of conventional genes, and in 
present day human cytogenetics the existence of such 
genes is almost universally postulated. It must be 
admitted, however, that the evidence for the occurrence 
of such genes continues to be conspicuously meagre. In 
Drosophila melanogaster, a thorough search for sex determ- 
ining genes has been unsuccessful’. In man, there is so 
far no known chemically specific difference between males 
and females, so that sex differentiation has not as yet 
become a part of the rapidly advancing subject of human 
biochemical genetics. 

Indeed, the assumption of sex determining genes is 
beset with inherent difficulties. If such genes did occur 
on the homologous pairing segment between the X- and the 
Y-chromosomes, crossing over would be expected to 
annihilate the sex differentiating capacity of this segment’. 
If, on the other hand, male determining genes are postu- 
lated on the differential part of the Y-chromosome, such 
genes would have no alleles and therefore do not fit the 
usual concept of a gene. Furthermore, the facts of 
embryology suggest an inherent bisexuality of indi- 
viduals?*. Bridges*, working with Drosophila melano- 
gaster, advanced the theory of genio balance, in which 
large numbers of male and female determining genes, all 
of them specifically and qualitatively different, are so 
arranged that normally the genes for one sex are present 
in a clear majority. This theory would appear unsatis- 
factory, however, because ıt confuses two situations: 
(1) Mendelian inheritance proper, which has a built-in 
balance mechanism’, and (2) the so-called multifactonal 
or quantitative variation, which does not normally include 
a balance mechanism of this type and does not result in 
qualitatively different classes. A satisfactory theory 
explaining sex differentiation is therefore still outetanding. 

The details of the process of sex differentiation will be 
expected to vary in different organisms in accordance with 
differences in their embryological development. In 
mammals it is now assumed that sex differentiation 
depends on whether in the histologically indifferent gonad 
the medulla develops at the expense of the cortex, or 
vice versa‘:*.", Ifthe sex chromosome constitution is XY, 
the germ cells are carried into the medulla and henceforth 
the medulla continues to develop, the cortex regresses, the 
gonad becomes a testis and the embryo develops into a 
male. If the chromosome constitution is XX, the germ 


enes. Heterochromatin—the substance of sex chromosomes—does, 
owever, provide some clues as to how sexual differentiation may be 
brought about. 





Testis 


Ovary 
Fig. 1. Dingrammatie representation of the development of the indif- 


ferent go {nto an ovary or a testis under the influence of the sex 


mosomes. Drawing by A.J Lee 


cells remain in the cortex, the gonad becomes an ovary 
and the embryo develops into a female (Fig. 1). The 
difference between maleness and femaleness in mammals is 
thus se n to be caused by a process of differentiation, or 
histogenesis. The only unusual feature about this 
particular process is that the two resulting organs are 
distributed into different individuals and, moreover, in a 
ratio which simulates that of a Mendehan backcross. This 
is brought about by the sex chromosome constitution. 

The most outstanding characteristic of sex chromosomes 
is their differential staming capacity compared with the 
rest of the chromosomes, particularly at some stage of the 
cell cycle (Fig. 2). Before the term “sex chromosomes” 
came into use, these differently staining chromosomes were 
called ‘“heterochromosomes’’ by Montgomery’, who 
described them as follows: “These are chromosomes 
which preserve to a great extent their compact form during 
the whole growth period of the spermatocytes, and during 
the resting stage of the spermatogonia, and retain through- 
out the whole period the deep staining characteristics, 
which the other chromosomes exhibit only during the 
height of mitosis. Thanks to this peculiarity they can be 
followed with extreme certainty from generation to genera- 
tion, even during the rest stage; and so are splendid 
evidence for the thesis of the individuality of the chromo- 
somes”. 

The discovery of the sex chromatin in female mammals? 
(Fig. 3) and the realization that the sex chromatin body 
consists of one condensed X-chromosome’® is another 
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Fig. 2. Second meiotic metaphase of mouse spermatocyte. The X- 
“chromosome is highly condensed. (Contributed by Dr. E, P. Evans, 
and taken from Sea Chromosomes.) 








Fig. 3. Nucleus of fibroblast-like cell from human female. One highly 
condensed X-chromosome forms the sex chromatin body. Feulgen stain. 


amportant illustration of the different staining capacities 
¿of the sex chromosomes. The difference in the state of 
-condensation of such chromosomes as compared with the 
Majority is called ‘‘heteropyenosis’™. 
“It is from this difference in staining reaction that the 
_ concept of “heterochromatin” was, in turn, developed and 
itis now becoming increasingly likely that heterochroma- 

tin may play a key part in the process of sex differentia- 
tionh}, 

In 1928, Heitz"? reported that in the liverwort Pellia 
‘some parts of the chromosomes did not become invisible 
‘at telophase but retained their compact form during inter- 
“phase; he called the substance of these chromosome parts 
“heterochromatin”, by analogy with the term “hetero- 
chromosomes”. The majority of the chromosomes were 
said to be made up of “euchromatin”. Originally, there- 
‘fore, heterochromatin was a purely cytological concept, 

but it soon began to attract the attention of geneticists. 
¿The first genetic effect which was attributed to hetero- 
chromatin was a purely negative one, that is, it was thought 
that the heterochromatin did not carry Mendelian genes 
and was therefore functionless. This idea was primarily 
based on the finding in Drosophila melanogaster that the 
-Y-chromosome (as well as a large part of the X-chromo- 
‘Some adjoining the centromere), which showed the cyto- 
` logical features of heterochromatin, contained very few 
_ genes, Although the absence of major genes in hetero- 
` chromatin has been largely substantiated, the idea of its 
total inertness has proved to be an over-simplification™. 
| The’ effect of the Y-chromosome in Drosophila on sperm 
motility is an obvious example'*, but as a result of closer 
investigation many other instances came to light in which 
heterochromatin appeared to be associated with certain 
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phenotypic effects. Gradually an almost embarrassing 
array of functions has been attributed to`it. Thus, 
heterochromatin has been regarded as responsible for 
certain quantitative variations”, for altering the effects of 
genes situated in euchromatin"*, for regulating the rate of 
mitosis and for bringing about embryonic differentiation?®,. 
for bringing about neoplastic changes”*-*? and for. con- 
trolling nuclear size*4, ee 

In the face of such an apparently heterogeneous 
logue of facts and speculations, it is hardly surprising that 
a reaction set in against the whole concept of- hetero- 
chromatin. Thus it has been put forward that the term 
“heterochromatin” is undesirable because it suggests a 
definite chemical substance and it is unlikely that hetero- 
chromatin is such a substance**, In his book Theoretical 
Genetics, Goldschmidt! wrote: “Heterochromatin: is so 
elusive a structure that it would be better not to attempt a 
theoretical discussion, were it not that we know a number 
of interesting features which in the cells in which they 
occur are perfectly clear and straightforward”. We finda 
similar sentiment expressed by Coopert: “We very likely 
delude ourselves in the hypostasizations heterochromatin 
and euchromatin ... Nevertheless the fact of hetero- 
pycnosis is beyond dispute, and heteropyenotic regions 
and chromosomes are in themselves of exceptional 
interest”, Finally, Pontecorvo® wrote in his book Trends 
in Genetic Analysis: “A discussion of the arrangemerit and 
activity of the chromosomal material should, of course, 
include a consideration of heterochromatin. The trouble 
here is that heterochromatin is at a prescientifie level... 
We have no alternative but to ignore it”. ae 

Trends in Genetic Analysis was published in 1958 and, 
by a coincidence, this was also the year which ended the 
prescientific stage of heterochromatin; for in the following 
year there appeared a paper by Lima-de-Faria®, entitled 
Differential uptake of tritiated thymidine into hetero- and 
euchromatin in Melanoplus and Secale. This was followed 
by the results of Taylor®® on the asynchronous replication 
of the X-chromosomes in female Chinese hamsters, Meso- 
cricetus auratus. Then came the now well known work 
on the late replication of one of the X-chromosomes in 
human females**.*1, followed by similar work in other 
mammals**, Lastly, Barigozzi et al. have shown that in 
Drosophila melanogaster the following chromosomal regions 
are late replicating: the Y-chromosome, a large region of 
the X-chromosome adjoining the centromere, autosome 
IV and the centromeric regions of autosomes II and IIT. 
These regions are just those regions classed as hetero- 
chromatic by traditional techniques of genetics and 
eytology4-44, 

It is equally remarkable that Darlington and La Cour®* 
postulated in 1940 that the heterochromatin of autosomes 
as well as of sex chromosomes differed from euchromatin. 
in its nucleic acid cycle, a condition which they called 
“allocycly”. The technique of autoradiography has left 
no doubt as to the correctness of the concept of allocyely. 


Genetic Effect of Heterochromatin 


Now that heterochromatin has definitely entered the 
scientific era, it would seem to be appropriate to reconsider 
some of the genetic effects which have been attributed 
to it. 

Probably the most widely held assumption about 
heterochromatin is that it is responsible for bringing about 
quantitative differences. Mather!’ found that in Droso- 
phila melanogaster Y-chromosomes of different origins 
had different effects on the numbers of bristles and con- 
eluded that heterochromatin carries polygenes, each ‘of 
which exerts a small quantitative effect. aera 

Although at first sight there appears to be little con» 
nexion between a quantitative variable like bristle: 
number and sex differentiation, there are at least. two lines © 
of evidence which point to a link-up. Grimeberg** found 
that in the mouse a number of skeletal characters which - 
fall into two qualitatively different classes are brought 
















| aecording to circumstances. 
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about not by pairs of Mendelian genes but by so-called 
multi-factorial inheritance, in which physiological thres- 
holds result in two types of animals. He called this 
phenomenon ‘“‘quasi-continuous”’ variation. Although a 
connexion with heterochromatin was not postulated in 
this case, there can be no doubt that this type of inherit- 
ance is basically similar to that of bristle number in 
Drosophila. 

In the next example linking quantitative and qualitative 
inheritance, the association with heterochromatin is more 
obvious. It concerns the so-called podoptera effect in 
Drosophila, which consists essentially of a wing being 
changed into a leg-like structure’, This effect does not 
appear to be caused by the action of mutant loci, but can be 
produced. by various heterochromatic regions of different 
chromosomes, the Y-chromosome being particularly 
effective. The podoptera effect is what is known as a 
“homeotic”? change, that is, a substitution of serial 
homologues for each other. In this example we have the 
substitution of a leg for a wing from a previously undif- 

-ferentiated rudiment, and this would appear to be similar 
in principle to the development of a testis or an ovary 
from a previously undifferentiated gonad. 

T should now like to consider two recent hypotheses 
regarding sex chromosomes and heterochromatin. The 
Lyon hypothesis**.** postulates that in female mammals 
one of the two X-chromosomes which eytologically 
assumes the features of heterochromatin becomes genetic- 
ally inactivated. The term “genetic inactivation’ is here 
taken in its original sense, meaning the absence of activity 
of Mendelian genes. Any quantitative effects of hetero- 
ehromatin are not considered; indeed, the difference in 
phenotypic effects produced by the presence of different 
numbers of X-chromosomes in man has been regarded as 
evidence for the possible lack of inactivation of a part of 
the otherwise inactivated X-chromosome”. Basically, 
the Lyon hypothesis is not concerned with sex differentia- 
tion but rather with the expression of sex-linked genes in 
the heterozygous state. 

The possibility of a dual control assumed by the 
X-chromosomes of mammals links up with the hypothesis 
‘by Commoner that DNA participates in two types of 
germinal systems. In one of these systems, DNA acts by 

virtue of its nucleotide sequences and accounts for typical 
Mendelian inheritance resulting in specific biochemical 
phenotypes. This system is localized in euchromatin. 
Tn the second system, Commoner proposes that DNA acts 
as a powerful agent of nucleotide sequestration, thereby 
giving rise to genetic regulation of certain metabolic 
processes which may determine cell size, the total rate of 
‘oxidative metabolism and probably more specific regula- 
“tions of metabolic pathways. The genetic effects of 
heterochromatin are thought to be a result of this system, 
which produces quantitative differences. It would appear 
that the X-chromosomes of mammals provide a very 
striking example of this type of dual control, for the same 
chromosome may act as euchromatin or as heterochromatin 
When euchromatic, the 
“X-chromosome presumably acts via its sex-linked genes 
in a manner which is perfectly in accord with the principles 
‘of Mendelian genetics. For normal female development in 
‘humanis and most other mammals, however, a second 
heterochromatic X-chromosome appears to be necessary, 
and a Y-chromosome, which is also late labelling™ is 
required for male development. This type of difference 
could be aceounted for by differential rates of certain. 
metabolic processes during embryogenesis. 

A concrete demonstration that heterochromatic sex 
chromosomes do, in fact, exert quantitative effects has 
recently been provided by Penrose", who showed that the 
total ridge counts of the fingers were progressively reduced 
by the addition of entire X- and Y-chromosomes. The 
action of sex-linked genes could here be excluded on the 
basis of the correlation coefficients obtained between 
different relatives. 
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Diagrammatic representation of heterochromatic sex chromo- 
somes with threshold effect. 
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Fig. 4. 


Penrose’s example shows that a quantitative variable, 
such as ridge count, appears to be affected by entire X- or 
Y-chromosomes, which are heterochromatic because they 
are present in addition to a euchromatic X-chromosome. 
To translate this effect into the process resulting in sex 
differentiation requires the additional assumption of a 
threshold effect giving rise to quasi-continuous variation, 
as has been shown for skeletal differences in the mouse”, 
In the process of normal sex differentiation in man and 
most mammals, an XY-sex chromosome constitution will 
give rise to a male and an XX-sex chromosome constitution 
to a female. Moreover, the large number of sex chromo- 
some abnormalities which have been observed are evidence 
that the threshold produced by a Y-chromosome must be a 
steep one, because it will induce a male phenotype (though 
often an abnormal one) in the presence of a large array of 
additional sex chromosomes (Fig. 4). 

The assumption that sex differentiation in mammals is 
due to a process of quasi-continuous variation would appear 
to be in accordance with the embryological evidence of the 
bipotentiality of the gonads and would also provide a 
genetically reasonable function for the heterochromatic 
sex chromosomes. 
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Eutrophication 
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‘OLLUTION of water has often been in the news, but until 

ently eutrophication was only of interest to the hydro- 
iologist. Now the use of the word eutrophication has 
spread beyond the ranks of specialists and is already 
the mouths of some people who have little idea of what 
it means. Perhaps we shall all have a better idea after 
the symposium at Madison which, for the first time, 
ill cover all aspects of the eutrophication of inland 
waters. On the first evening participants will be able to 
hear Professor G. E. Hutchinson, the doyen of the world’s 
limnologists, speak, when he discusses cultural and natural 
eutrophication. On June 12 specialists from Europe, 
America and Asia will cover the history of eutrophication, 
on the 13th its detection and measurement, on the 14th 
preventive and corrective: measures, and on the 15th 
the contributions to science from the study of eutrophica- 
tion. On the last morning certain recommendations will 
be presented to the meeting. Also Stewart L. Udall, 
Secretary of the Interior, and Senator Gaylord Nelson 
will address the meeting. 

None of the items in the programme welcomes eutro- 
phication; it appears to be a menace, but, like pollution, 
not without its scientific interest. The noun eutrophica- 
tion is derived from the adjective eutrophic, meaning rich 
in nutrients, and contrasts with the adjective, oligotrophic, 
meaning poor in nutrients. The words eutrophic and oligo- 
trophic were coined nearly fifty years ago. The use of 
the word eutrophication in its present sense is a post-war 
development. Eutrophic waters used to be generally 
looked on with favour, for richness in nutrients leads to 
richness in organisms, for example, fish, and there is no 
reason why this point of view should be changed because 
the noun eutrophication is so frequently used in a deroga- 
tory sense. It is possible, however, to have too much 
of a good thing and this is what the symposium is about. 
- Man’s eutrophication, that is over-enrichment, of water 
| with nutrients is most noticeable in the more highly 
-industrialized and richer countries; the very ones in which 

the demand for water is greatest for domestic, industrial 
| and. recreational purposes. It is thus particularly appro- 
| priate that the U.S.A. is the host country for this sym- 
no posium, 



































Causes 


oo. The causes of the trouble are obvious, the cure is 
not. The rivers and the lakes or reservoirs into which 
< «they flow are enriched by purified sewage and agricultural 
` fertilizers. Untreated sewage can pollute and then enrich 
while treated sewage and agricultural fertilizers can enrich 
-and then pollute. In an ever increasing number of waters 
_ enrichment has become so great that undesirably large 
< populations of certain organisms arise each year and by 
_ their decay produce pollution. 
|. Moderate fertilization can be welcomed; oven heavy 
rtilization can be undesirable in one water, desirable in 
` another or of no special interest in a third. Thus large 
|. growths of algae are undesirable in a reservoir but not in a 
_ commercial fish pond, while in a lake used for recreational 
purposes scums produced by blue-green algae can be 
















Eutrophication means “the process of becoming rich in dis: 
nutrients”. Dr. J. W. Lund reviews the sort of problems 
will be facing the International Symposium on Eutrophicatio: 
to be held in Madison, Wisconsin, during June 11-16, 1967. 










aesthetically unpleasant when the algae are alive and 
noxious when they are dead. In Eastern Europe, however, 
such scums are looked on as an indicator of good conditions 
for growing carp. Planktonic diatoms, which: can be 
such a pest in reservoirs, are of little interest to those: 
concerned with the use of water for pleasure, One group ` 


of fishermen will be delighted by the increase in coarse | 


fish consequent on eutrophication, another will regret. the 
decrease in trout. From these few examples it is clear 
that there can be no overall index of eutrophication, and 
no single scheme for its eradication. Only when it has 
gone so far that much of the water is deoxygenated, 
malodorous and discoloured will all agree that undesirable: 
conditions have arisen. ee 
Plants, notably algae, are the main offenders: because - 
they can utilize the inorganic salts directly. These plants. 
become aquatic “weeds” in much the same way that a 
terrestrial weed is a plant in the wrong place,» Because — 
the level of secondary production is dependent'on that of 





primary production, the basic problems involved in 


eutrophication can be considered in relation to the pro- 
duction of plants such as algae. It seems reasonable to: 
suppose that determinations of the concentrations of 
plant nutrients in inflowing streams give a measure. of 
the potential fertility of a water body; for example, an 
increase in the concentration of phosphate in the inflows. 
may be expected to lead to one in the growth of algae. 
Analyses of inflowing waters are, however, rarely. carried. 
out because they have to be done frequently im order to. 
integrate the results with the variations in the: rate of. 
flow. It is also necessary to measure the fluctuations in 
the populations of the plants and animals in, the water 
body concerned, and the rates at which they are produced. 
Analyses of the standing bodies of water into which the 
inflows pass (for example, lake waters) are more often 
made but may not be a good guide to inereasing eutro- 
phication. Increases in the nutrient content of the. 
inflows may not be paralleled by similar increases in these’. 
water bodies, because the plants may utilize the nutrients 
as fast as they enter, so keeping the concentrations low. 
This is more likely in the lower than in the higher latitudes < 
because the physical conditions favour active plant growth. 
at all times of year. In higher latitudes the concentrati 
of nutrients in a water body in winter may give: a beti 
idea of its potential productivity, because the short days ` 
and low temperatures then limit the uptake by plants. 










Role of the Symposium 


The symposium can play a valuable part in educating 
laymen about the variety of interests affected by eutro- 
phication. Like pollution, eutrophication will. have. 
to be controlled by laws governing permissible limits to 
certain environmental features. It is therefore necessary 
to educate public officials, lawyers and politicians, 
is these laymen who will draw up and promulga 
At present, and probably for some time to. 
is difficult to see how eutrophication. is to be c 
So far as possible we may have to continue to | 
its consequences and accept the cost. A practical al 
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tive to. using streams and lakes as outlets for purified: 


sewage has not yet been produced. Farmers cannot be 
forced to use less fertilizer on their land, and for the most 
part they are encouraged by the state and the chemical 
industry to add ever increasing amounts. It seems 
probable that, at least in the near future, a piecemeal 
approach will be necessary and that general recommenda- 
tions on individual bodies of water will be more practical 
than fixed standard limits of pollution. 
The symposium may show that this is not true. One 

thing it will show is that much more information and 
research are necessary. Only broad and simple questions 
about eutrophication can be answered—research is indeed 
needed, Even the effects of major nutrients are not wholly 
clear. We know that increasing nutrients and increasing 
production are paralleled by changes in the dominant 
organisms, but we do not know the mechanism of these 
changes. There is some evidence that prevention of 
thermal stratification, which is a practical proposition in 
relatively small lakes, reduces production although on a 
“theoretical basis it might be expected to increase produc- 
tion. 

“Eutrophicating Agents” 
~ Itis generally agreed that phosphorus and nitrogen are 
the two main eutrophicating agents—to use current 
jargon. ‘The increases of phosphate in water containing 
domestic waste have been very large in recent years. 
For example, in two sources of water for London (the 
Thames at Walton and the Lee at Chingford) the average 
content increased by approximately eight and sixteen 
times respectively between 1938 and 1964. Increases in 
nitrogen have been less spectacular, but the amounts 
put on the land probably have much increased in recent 
years. We do not know whether levels have been reached 
at which other substances are the main agents controlling 
production. It does not seem that the algae in London’s 
reservoirs have increased in proportion to the added 
phosphate. So far as diatoms are concerned there can 
hardly be any doubt that phosphorus is present in excess 
of what can be utilized. The same may well be true for 
other algae. The phosphorus concentration in the 
“inflowing streams is often about 1 mg/l, sufficient to 
“produce more than 10° cells/l. of the main species of 
- diatoms. concerned. The populations observed do not 
“exceed about 5x 107 cells/l. Production may exceed the 
“puraber of cells observed at any one time but not to such 
a degree that more than 10° cells are produced. Silicon 
and nitrogen also do not seem to be utilized completely. 
There is no doubt that similar considerations apply to 
other eutrophic waters. It is not clear, therefore, what 
limita the production of algae such as diatoms in highly 
eutrophic waters. It may be that the rate of production 
is limited by the turbidity of the water, which is itself 
largely a function of the number of cells present, but it is 
“algo possible that the concentrations of organic com- 
=o pounds: or trace elements are controlling factors. If this 
is the ease, then the use of ferric and aluminium hydroxides 


<o in eertain sewage treatment plants to reduce the amount 


of phosphorus in solution is likely to affect. eutrophication 

as it-also probably affects the concentrations of trace 
“elements and possibly organic matter. According to the 
-conditions or the type of treatment used (for example, 
the amount, of lime added) the phosphate may be adsorbed 
onto the ferrie or alum floc or precipitated as calcium 
phosphate. 

It is also possible to remove much nitrogen by microbial 
nitrification. Swiss experience shows that both nitrogen 
and phosphorus in the final effluent can be much decreased 
by these processes, that the methods are reliable and that 
their costs are acceptable. It remains to be seen whether 
the reduction of phosphorus and nitrogen in the sewage 
effluents now started in Switzerland will effectively reduce 
the eutrophication. An interesting comparison can be 
made with Lake Washington, U.S.A., the water of which 
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has been enriched’ with sewage from the Seattle area, but 
is not affected significantly by agricultural drainage. A 
diversion of sewage from the lake was completed in 1966 
(Fig. 1). Fig. 1 also illustrates the problem of how eutro- 
phication shall be expressed. The chlorophyll content. 
shows a marked rise, but no comparable increase in the 
oxygen deficit in the hypolimnion is found in recent years. 
The probable answer lies in the change in the nature of 
the dominant plants from diatoms to blue-green algae. 

Just as there are difficulties in determining potential 
eutrophication, so are there difficulties in expressing the 
degree to which this potential is realized. What is a 
troublesome degree of eutrophication in a waterworks 
may be harmless in a recreational area. Even water- 
works’ authorities do not agree among themselves on 
how much production is undesirable (those with highly 
sophisticated treatment plants can clarify water which 
would be unacceptable elsewhere) and although we hear 
much about “algal nuisances” none of the various pro- 
posals as to what constitutes a nuisance has met with 
general agreement. 


RATE mgm/cm*?/month 


OXYGEN DEFICIT: 





1933 1950 55 57 59 6l 63 
CHLOROPHYLL ¥/L 





RADIATION cal/cm*  Mar-Aug 


3000 





2000 
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Fig. 1. Eutrophication of Lake Washington, Top, rate of development 

of relative areal oxygen deficit below 20 m depth between June 20 and 

September 20, Middle, mean concentration of chlorophyll in top 10 m 

of lake during same period. Bottom, total income of solar radiation, 

March-September. (From Edmondson, W, T., Verh. Int. Verein. Theor. 
Angew. Limnol., 16, 153; 1966.) 


We need an appraisal of present information about the 
chemical and physical conditions producing eutrophica- 
tion in relation to the quantitative and qualitative 
consequences. A great deal of information is available, 
but few investigations have been carried out in the same’ 
way or equally thoroughly, so that the processing of this. ` 


information will need much effort and careful consideras: 


tion. We also need an appraisal of the known facts about, 
the organisms concerned in relation to their ability to 


multiply extensively in nature and their side effects on the 


environment. Much is known about the nutrient demands 
of a variety of algae in pure cultures, but how much of this 
knowledge is of practical use and to what degree remains. 
to be seen. Perhaps even more important is the need for 
research designed specifically to test theories about. 
eutrophication and to assess the economics of its control 
or eradication. Given sufficient public support large 
scale field experiments could be combined with laboratory 
scale investigations. Then knowledge of the impure 
natural world could be combined with that of the pure 
world of axenic cultures in defined media. 
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calcarious cements can be divided into two main 
‘oups-~—one silicious and the other high alumina. The 
most important property of these cements is the capacity 
of developing strength when mixed with water. This 
rength of set cement mortar or concrete can be measured 
y applying either a compressive or tensile stress. 

The compressive strength of Portland cement mortar 
r concrete is nearly one order of magnitude higher than 
the tensile strength. In the case of high alumina cement, 
sured: below 19° C, the factor is about twenty. Curing of 
gh alumina cement mortar at higher temperatures has 
ferent effects on the compressive and the tensile 
strengths. On warm curing the compressive strength 
‘creases over a period of a few days and ultimately 
attains a steady value. The tensile strength on the other 
nand first decreases, then increases and ultimately reaches 
Steady value (Fig. 1). The hot cured or “fully converted” 
ement has a compressive strength which is also nearly 
one order of magnitude higher than the tensile strength. 
Theories of strength development for Portland cement 
have been reviewed by Bogue’. There are two current 
heories. 

In the theory of Bernal? and Jeffery? the strength is 
caused by the intergrowth and welding together of the 
‘plines.of calcium silicate hydrate in set Portland cement. 
During failure of a set paste these chemical bonds have to 
be broken. There are two ways a crystal can be broken: 
a) by applying a shear stress or (b) by applying a tensile 
tress. It. is known that the shear strength of an ideal 
rystal is only slightly smaller than the tensile strength!. 
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1, Effect of temperature on the compressive and tensile strengths of 
high alumina cement mortar (water/cement = 0-50). After Robson, 
urves 4 and B: compressive strengths of mortar cured continuously at 
and 88° C respectively, Curves O and D: tensile strengths of mortar 
‘ < voured continuously at 19° and 38° C respectively. 


trength Development in Calcarious Cements 


The compressive strength of both Portland cement and high alumi: 
cement is about one order of magnitude higher than the 
strength. This difference may be explained by the hypothe. 
cements are composed of randomly oriented nearly ideal crysta 
bonded together by free surface energy. 
crystallites slide over each other, but in compressive. failu 
crystallites have to be broken. oe 








In tensile: failur 


The diameters of the splines are in the range W) 
strength of crystals approaches the theoretical ; 
Both the tensile and the compressive strengths of a set 
Portland cement paste should thus be of the same order of © 
magnitude. But we know that they are not. This. diffe 
of strength, together with the absence of positive ele 
optical evidence and the fact that set Portland cement. 
can be dispersed by ultrasonic vibration®, are stro: : 
dications of the lack of any extensive spline to 
welding. co 
It is difficult to explain the strength development of 
high-alumina cement and monosulphate from the crystal 
weld theory. The hydration products of high-alumina — 
cement are needles and hexagonal plates’, and 
sulphate grows as well-formed hexagonal erystals?. TH 
chances of two crystals growing together are very low 
that is, strength on this basis cannot be very high. Bu 
practice the rate of development of strength in 
alumina cement is very high. Ces 
In the theory of Powers? the strength of the. Portland 
cement is a result of the high free surface energy of the 
splines. Attractive forces related to free surface energy 
will act in a direction perpendicular to the surfaces of the 
splines. As a result of the random orientation of the splines 
the attractive forces will have no preferred direction and ` 
cannot explain the difference between compressive and —. 
tensile strengths. Difficulty also arises in explaining the 
strength developments of monosulphate and high alumina 
cement, because crystals.of both monosulphate anc 
cium aluminate hydrates are considerably larger, at least. 
in two dimensions, than the splines of calcium. silicate > 
hydrate’, and as a consequence have smaller specifie 
surface area. Also when cubic C,AH,* is forming in high 
alumina cement paste above 19° C a considerable amount of 
aluminium hydroxide gel separates out. As aluminium: 
hydroxide gel has a very high specific surface area, from the | 
Powers theory the strength of high alumina cement would 
be expected to rise instead of fall as is found in practice. 
The Powers theory as it stands cannot explain the exis- ~ 
tence of the minimum in the tensile strength time curve on: 
warm curing. SS 
































A New Hypothesis 


Set cement is made up of an entangled mass of randoml 
oriented, thin, nearly ideal crystals. These nearly ideal 
crystals will have very high intrinsic strength. They are 
bonded together by the attractive force arising from free. 
surface energy and the effect of the surrounding liquid 
medium. ae 

Though the model is similar in both Portland and high 
alumina cements, they need to be discussed separately. to. © 
bring out the detailed implications in the two cases. © 

Portland cement. Fig. 2 is a ‘Stereosean’ micrograph ofa 
fractured surface of set C,8 paste, broken in tension. It 
can be seen that splines protrude in all directions 
tensile stress is applied between A and B, the er 
will either pull away from or slide over each othe 
breaking many. ofthe splines... The resistance 

* Cement chemistry symbols: C=C:0; S=Si0.; A= ALO; 
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separation will be mainly from free surface energy and 
the viscosity effect of the liquid film between the splines. 
So far as the latter is concerned, it is known that the 
force necessary to slide two surfaces separated by a 
liquid film is much less than that necessary to pull one 
surface off the other. Because of random orientation of 
the splines relatively little sliding will occur, so that the 
main process of failure under tensile stress will be splines 
pulling away from one another. The previous ‘Stereo- 
sean’ observations of set Portland cement paste’, for 
which the samples were also broken in tension, revealed 
fractured surfaces with very few broken crystals, as would 
be expected on the above model. But if a compressive 
stress is applied, it can be seen that many splines have to 
be broken before the agglomerates A and B can slide over 
each other and separate. Thus in the case of compression 
the resistance to separation comes from (a) the free surface 
energy and viscosity effect of the liquid film as in the case 
of tensile stress, and (b), more importantly, from the 
breaking of splines. Thus the difference between the 
tensile and compressive strengths can easily be explained 
from this model. Because the hydration products are 
forming in the space originally occupied by water and an- 
hydrous cement particles, any change in the water/cement 
ratio will change the volume available to the hydration 
products. For the same degree of hydration, the number of 
spline to spline contacts per unit area (which determines 
the strength) will change with the water/cement ratio. 
This will account for the effect of the water/cement ratio 
on the strength of concrete or mortar. 

From the foregoing picture it follows that the com- 
pressive strength of a paste, disregarding the effect of 
anhydrous materials, will depend only slightly on free 
surface energy, but mainly on the average strength of the 
splines and the fractional area of spline to spline overlap 
in a plane normal to the direction of shear. Then 


S=S8S,xA (1) 


where S = shear strength of the paste; S, = average 
shear strength of the splines; 
spline to spline overlap. 

It is reasonable to assume that A will be a function of 
volume density of the splines, if they are of approximately 
equal size and shape. Then we can write 


a = (ye) = fe) 


A = fractional area of 


(2) 





et hth lad A bE E-i 


Fig. 2. A picture of a fractured surface of set C,S paste, showing splines 
of CSH protruding in all directions. 
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where V, = volume occupied by the splines; Vw = 
initial volume of water, corrected for bleeding; Ve = 
initial volume of anhydrous cement; Va = volume 
occupied by anhydrous particles. 

Then equation 1 becomes 


S = Sq f(x) (3) 


In the foregoing equation, f(x) behaves like a reduction 
factor. A similar relation between compressive strength 
and X, a factor very similar to v, has been found empiric- 
ally by Powers". In Powers’s equation f(X) has the form 
X", where n lies between 2 and 3. 

High alumina cement. High alumina cement forms thin 
needles and hexagonal plates on hydration’. The very 
fact that the hydration products are thin indicates that 
they contain only a few dislocations, otherwise they 
would have grown thicker. These crystals will therefore 
approach near theoretical strength. 

During the initial bleeding period any crystals of 
calcium aluminate hydrate formed will have a tendency 
to orient themselves in the direction of bleeding. After 
this settling period, further hydration will form an en- 
tangled mass of randomly oriented needles and hexagonal 
plates. Fig. 3 shows a composite picture of set high 
alumina cement as revealed by the ‘Stereoscan’ micro- 
scope. It shows part random and part oriented packing 
of hexagonal plates and needles. If a tensile stress is 
applied to this system, the crystals will slide or pull apart 
from each other without breaking many of the erystals, 
just as with Portland cement. The resistance to this 
separation will again be from free surface energy and 
the viscosity of the liquid film. But where a compressive 
stress is applied to the system, the crystals that are at an 
angle to the direction of compression will slide until they 
come in contact with crystals lying across the direction 
of compression. After this, for any further movement 
large numbers of erystals have to be broken, and this will 
explain the difference between the compressive and 
tensile strengths. Because the crystals are comparatively 
big, that is, they have lower surface area, the tensile to 
compressive strength ratio will be very low, as is found in 
practice. 

The calcium aluminate hydrate, on hot curing, will 
ultimately change over to cubic C,AH,, separating 
aluminium hydroxide gel at the same time, according to 
the following equation 


3CAH,, = C,AH, + 2A1,0,.nH,O + (24 — 2n)H,O 


During the conversion of calcium aluminate hydrate to 
cubic C,AH, two opposing effects are brought into play. 
It is known that C,AH, forms effectively equidimensional 
crystals, indicating thereby the presence of many dis- 
locations. Because of the presence of many dislocations 
the strength of C,AH, will be lower and the equidimen- 
sional form will decrease the interlocking effect. Thus 
the formation of cubic C,AH, will tend to lower the strength 
of high alumina cement paste. On the other hand, the 
erystallization of aluminium hydroxide gel in fibrous 
form, like splines of calcium silicate hydrate, will tend to 
increase the strength of cement paste. This may be the 
reason why high alumina cement does not lose strength 
completely like a C,A paste. 

The different effects of hot curing on the compressive 
and tensile strengths of high alumina cement may be 
explained in the following way. 

Aluminium hydroxide, separated during conversion of 
CAH,» to C,AH,, will at first be in an amorphous form, 
but will gradually erystallize into the fibrous form. This 
water suspension of amorphous gel of Al,O,;.nH,O will 
give very little resistance to the movement of other solid 
particles, but on erystallization the fibres will interlock 
with each other and will offer considerable resistance to 
any movement. During the conversion of CAH, to 
C,AH, and aluminium hydroxide gel the compressive 
strength will be the resultant of the following factors: 
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Fig. 3. A composite picture of fractured surfaces of set high alumina cement paste. 
ification varies from x 3,640 to x 3,850. (A) Interlocking needle crystals of 


CAH», formed around hexagonal plates, will tend to prevent the slidin 


plates under compression. (B) Paral 
sliding over each other. (C) 
over each other, 


(a) decrease in amount of CAH, 9, which will decrease the 
strength; (b) formation of C,AH,, which will not add much 
to the strength; (c) formation of amorphous aluminium 
hydroxide gel, which will offer very little resistance to 
movement; (d) crystallization of fibrous Al,O,.nH,O 
gel, which will increase the strength. Thus at the early 
stages of hot curing the compressive strength will decrease 
very steeply, but as the amorphous Al,0;.nH,O gel starts 
to crystallize the rate of fall of compressive strength will 
decrease and ultimately be arrested. From this time 
onwards, the compressive strength will either remain 
constant or increase slowly depending on the rate and 
amount of crystalline Al,O,.nH,O formation. 

The tensile strength, as we have already emphasized, 
is mainly a result of free surface energy. It is a well 
known fact that attraction caused by free surface energy 
falls off very rapidly with distance from the free surface. 
Because of this falling-off effect any decrease in CAH, 
content, that is, pore formation, will affect the tensile 
strength much more than the compressive strength, 
because the water suspension of amorphous Al,O,.nH 2,0 
gel will move along with the free water without giving 
much resistance to the tensile stress. But as the amor- 
phous gel starts to crystallize the crystals will fill some of 
the pores left by CAH, 9, and as a result the resistance to 
tensile stress will increase. Thus, over a period of time 
the tensile strength will go through a minimum. It is to 
be noted that both calcium silicate hydrate and crystalline 
aluminium hydroxide gel are fibrous in morphology; it is 
perhaps not mere coincidence that the ratio of compressive 
to tensile strength is of the same order in both cases. 

High alumina cements may contain C,,A;, CA and CA,, 
depending on the CaO/Al,O, ratio. All these aluminates 
form C,AH, and aluminium hydroxide on hot curing. 
The proportion of aluminium hydroxide increases from 


lel packing of hexagonal plates, favouring easy 
ndomly oriented plates hampering sliding of plates 
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CA, to CA,. From the proposed mechan- 
ism of strength development it is expected 
that “fully converted” strength of high 
alumina cement will increase with CA, 
content. Recently Melnik™ has found that 
the strength of autoclaved products of 
different calcium aluminate increases from 
C,,A, to CA, 

It is of some interest to consider the effect 
of crystal morphology on the strength 
characteristics of the two types of cements. 
In the ease of Portland cement the main 
hydration product is splines of CSH, so 
that most of the spline to spline contacts 
will be point contacts; whereas the hydra- 
tion products of high alumina cements are 
needles and plates and the contacts will be 
a mixture of point, line and face contacts. 
The stress concentration in the case of 
point contact is much higher than in the 
case of line or face contact. Because of this 
difference in stress concentrations, the high 
alumina cement will be able to carry more 
load than the Portland cement, other con- 
ditions being equal. 

From the foregoing picture of strength 
development it follows that any system 
containing randomly oriented thin hexagonal 
crystals will develop strength. Tec test this 
hypothesis C,A and C,A+Ca(OH), pastes 
were made and cured at about 10° C. It is 
known that at this temperature hexagonal 
aluminates are more stable than at room 
temperature (say 20° C or above). The 
pastes were tested after 14 days and were 
found to develop strength. Another mixture 
of C,A+CaCO,+H,O was made and cured 
at room temperature (23°C). As C,A.CaCQO,. 
H,O is stable at room temperature it was 
expected to develop strength, and was found 
to do so. Budnikov also found that addition of CaCO, 
to C,A paste is beneficial to strength development. The 
strength development of monosulphate® is another 
illustration. 

It follows that creep and some other properties should 
follow similar laws for both Portland and high alumina 
cement. Recently Neville has directed attention to this 
fact™. 

The hypothesis given here has been put forward in an 
attempt to organize the observed facts and to bring both 
high alumina and Portland cements into the same picture. 
Admittedly the picture is an oversimplified one. The 
intrinsie strength of the solid particles, the stability of the 
various components and other similar factors have not 
been considered. 
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"Tae process of photosynthesis can be broadly divided 
into two phases: (a) a photochemical phase in which 
- radiant energy is trapped and converted into chemical 
energy, and (b) a chemical phase in which the chemical 
energy (assimilatory power) released by phase a is utilized 
to convert carbon dioxide into organic compounds by a 
< series of reactions that are independent of light. If one 
- identifies the chemical phase in photosynthesis of green 
` plants as the assimilation of carbon dioxide by way of the 
-reductive pentose phosphate cycle', then the assimilatory 
power? that must be supplied by the photochemical phase 
ean be defined in concrete terms. It consists of three 
=- molecules of adenosine triphosphate (ATP) and two 

-molecules of reduced nicotinamide adenine dinucleotide 

phosphate (NADPH) for each molecule of carbon dioxide 
< that is assimilated to the level of carbohydrate. According- 
ly, the need for radiant energy in photosynthesis by green 











plants can be traced to those photochemical reactions 


“that lead to the formation of ATP and NADPH,. (in 
bacterial photosynthesis the situation is somewhat 
different because reduced ferredoxin was recently found 
‘to act directly as an electron donor in the assimila- 
“tion of carbon dioxide by the reductive carboxylic acid 
- eycle’.) 
| Recent investigations of the photochemical reactions of 
` chloroplasts have revealed the key role of ferredoxin, an 
jron-containing protein native to photosynthetic cells 
- (literature cited in ref. 4). Isolated chloroplasts form ATP 
-o by two photochemical reactions involving ferredoxin, 
-cyclic and noneyclie photophosphorylation. Cyclic photo- 
phosphorylation yields only ATP, whereas noneyclic 
- photophosphorylation yields, in addition to ATP, mole- 
-eular oxygen and reduced ferredoxin’-’. The oxygen is 
‘get free and the reduced ferredoxin serves as an electron 







_ donor for the reduction of NADP by an enzymic reaction 


_ that is independent of light". Thus, in plant photosynthesis 

" . two photochemical reactions that involve ferredoxin 

: ‘account for the evolution of oxygen and for the 
feneration of assimilatory power made up of ATP and 

aa NADPH; 

= Cyelie photophosphorylation catalysed by ferredoxin 






was investigated earlier mainly in monochromatic light 


that gave low rates of ATP formation’. By illuminating 
spinachchloroplasts with a wide spectral band of light, we 
have now obtained rates of ferredoxin-catalysed cyclic 
photophosphorylation that are as much as thirty-four 
` times higher than those in monochromatic light and are 
comparable with the maximum rates of photosynthesis 
reported for green leaves of land plants. The properties 
ofthis highly active cyclic photophosphorylation were 
_ investigated and compared with those of noncyclic photo- 
phosphorylation. The results reported here support the 
view that ferredoxin-dependent cyclic and noneyclic 
photophosphorylation are two distinct photochemical 
reactions that jointly account for the products of the 


The iron-bearing protein ferredoxin is present in all photosynthetic 
cells. It has now been shown that ferredoxin can catalyse, by two 
distinct photochemical reactions, the production of ATP in cell g 
photosynthetic systems at rates comparable with the maximum rates 
of photosynthesis in vivo. This is strong evidence for the view that 
ferredoxin plays a key part in photosynthesis. 


-free 





photochemical phase of photosynthesis in chloroplasts: - 
Other substances such as ferricyanide, menadione, flavin 
mononucleotide (FMN) and phenazine methosulphate 
that are also effective in photophosphorylations by 
chloroplasts in vitro act as substitutes for ferredoxin, 


Rates of Ferredoxin-dependent Photophosphorylation 3 o 


Fig. 1 shows the rates of ferredoxin-catalysed eyelic = 
and noneyelie photophosphorylation by spinach chloro- 
plasts as a function of light intensity. As the reaction rates 
levelled off at about 25,000 lux, the rate of cyclic photo- 
phosphorylation was 180 ymoles of ATP per mg chloro- 
phyll per hour. The corresponding rate of noneyclie 
photophosphorylation was 300 or 230 moles of ATP: per 
mg chlorophyll per hour, depending on whether -the 
reaction was measured in air or anaerobically, in the 
presence of NADP. 

The maximum rates of photosynthesis by intact spinach 
leaves were not measured, but it can be assumed that they 
do not exceed the maximum “assimilation number” for 
green leaves of land plants, that is, 4,000 mm of carbon 
dioxide (about 180 ymoles) per mg chlorophyll per hourt; 

Tt is clear, therefore, that the rates of cyclie and noncycli¢ 
photophosphorylation by isolated chloroplasts are com- _ 
patible with maximum rates of photosynthesis in vive. 

The nature of cyclic and noncyclie photophosphory- = < 
lation catalysed by ferredoxin (Fd) is reflected in the: 
methods by which these reactions are measured. Cyclie 
photophosphorylation (equation 1) was measured anaero- 
bically in the presence of an inhibitor of oxygen evolution o 
and catalytic amounts of ferredoxin’. 


hy 


n. ADP +n. P; >n. ATP (1) 
Fd 





where ADP stands for adenosine diphosphate and Pi. 
for inorganic phosphate. MEE 

Noneyclic photophosphorylation, when measured at low 
partial pressures of oxygen and in the presence of substrate 
amounts of ferredoxin, gives the stoichiometry’ of forre» : 
doxin reduction, ATP formation and oxygen evolution 
shown in equation 2. as 





hy 





4Fd,, + 2ADP + 2P; + 2H,0 — 4Fdj.g + 


2ATP + Os +4H* (DO 


In the present investigation, it was experimentally 
more convenient and economical of ferredoxin to measure 
noneyelie photophosphorylation by coupling reaction 2 
with a reoxidation of reduced ferredoxin that is in- 
dependent of light. Under aerobie conditions and in 
absence of NADP, the photoreduction of ferrec 
(equation 2) was coupled with its reoxidation b ples 
cular oxygen (equation 3). By coupling reactions and 
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the measurement of noneyclic photophosphorylation 
was made with catalytic amounts of ferredoxin (equation 


4Fd,.1 + Og + 4H+ —+> 4¥'d,, + 2H,0 (3) 


hy 





Sum (2) + (3): ADP + P; ——> ATP (4) 


Fd, O; 


Catalytic amounts of ferredoxin were also used to 
Measure noncyclic photophosphorylation under argon 
ndin the presence of NADP (equation 6) by coupling 
he photoreduetion of ferredoxin (equation 2) with its 
eoxidation by NADP in a reaction (equation 5) catalysed 
the flavoprotein enzyme, ferredoxin-NADP reductase® 


; fp 
AF dg + 2NADP + 4H+—-—> 4Fd,, + 2NADPH, (5) 
‘Sum (2)+(5): 2NADP + 2ADP + 2P; + 


he 





2H,0 -> 2NADPH, + 2ATP + 0, (8) 


Fad, fp 

The oxygen-linked noncyelic photophosphorylation 
equation 4) is similar to cyclic photophosphorylation 
{equation 1) in that it yields only ATP, but it differs from 
eyclic. photophosphorylation by its dependence on a 
continuous production and consumption of oxygen. 
Before the role of ferredoxin was recognized, when re- 
action 4 was being measured with substitute catalysts, it 
as called pseudocyclic photophosphorylation™. With 
the recognition of the role of ferredoxin, it now seems best 
to abandon the term “‘pseudocyclic” which obscures the 
basic nature of this reaction as a ferredoxin-catalysed 
noncyclic photophosphorylation that is linked to oxygen. 
_. Reduced ferredoxin has a stronger affinity for ferre- 
doxin-NADP reductase and NADP than for oxygen’? 
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‘This property of ferredoxin ensures that as lon, 
















dized NADP is available it will be reduced (e 
in preference to oxygen to provide the NADPH 
for carbon assimilation, Oxygen can reoxidize 
ferredoxin (equation 3) only when no oxidized NAD: 
available as an electron acceptor. Thus, thé o 
linked noncyclie photophosphorylation cannot sery 
additional source of ATP when a rapid turnove: 
takes place during carbon dioxide assimilation, 
Fig. 1 shows that the rate of noncyclic ph pho 
phorylation was higher when it was coupled w Vt 
oxidation of ferredoxin by oxygen than’ by t 
system. The difference has probably resulted 
contribution of eyclie _photophosphorylation 
presence of oxygen and in the absence of oxidized 
photophosphorylation is not limited to the y. 
linked, noneyelic type. A cyclic photophosphorylat 
component operates concurrently (see Table 
ref. 9). PSE 
On present evidence ferredoxin appears to be the natural 
endogenous catalyst of cyclic and noncyelic photophos- 
phorylation by chloroplasts. This role of ferredoxin is” 
consistent with its unique status as the most reducing 
substance that has yet been isolated from the photo- 
synthetic apparatus of chloroplasts'. Recent observa- 
tions that chloroplasts can reduce nonphysiological 
dyes", some of which are considered to have strongly 
negative redox potentials, provide no evidence that chloro- 
plasts contain substances more reducing than ferredoxin: 
Furthermore, the redox potentials of these dyes have 
at times been inferred from polarigraphic measurements 
that may be misleading for biological systems. | For- 
example, Rembold’s polarigraphic measurements of 
half-wave potentials of pteridines gave values around 
~ 0:70 V. But Rembold’s measurement of the half-wave 
potential of NADP by the same polarigraphie technique. . 
gave a value of —1-01 V. Thus, the suggestion" that 
pteridines which are normally present in photosynthetic 
cells may be more negative electron carriers than’ NADP 
and even ferredoxin is unfounded. No electron carriers 
more negative than ferredoxin have been isolated so far 
from living cells**, oe 
In vitro, other substances can replace ferredoxin on 
cyclic or noneyclie photophosphorylation. The foregoing 
analysis of photophosphorylations catalysed by ferre- 
doxin suggests that in noncyclie photophosphorylation 
with ferricyanide as the electron acceptor, ferricyanide 
replaces ferredoxin in reaction 2 and not NADP in 
reaction 6. This interpretation agrees with the observa- 
tions’*” that photoreduction of ferricyanide by chloro- 
plasts does not require ferredoxin. Menadione or FMN can, 
depending on experimental conditions", replace ferredoxin. 
either in the oxygen-linked noncyclic photophosphoryla- 
tion (equation 4) or in cyclic photophosphorylation 
(equation 1). Phenazine methosulphate replaces ferre- 
doxin in cyclic photophosphorylation. 


Effect of Inhibitors of Oxygen Production 


The basic distinction between cyclic and noneyclic 
photophosphorylation by chloroplasts is that in non- 
cyclic photophosphorylation ferredoxin is always photo: ” 
reduced by water (as the final electron donor) giving 
oxygen as a by-product’. We envisage that in cyclic 
photophosphorylation ferredoxin is continuously photo- 
reduced and reoxidized by an endogenous oxidation- 
reduction system, bound to the structure of the chloro- 
plasts. Oxygen is neither produced nor consumed*. In 
noneycli¢ photophosphorylation by chloroplasts thi 
production of oxygen is an essential step in the 
process. By contrast, cyclic photophosphorylatio 
chloroplasts has been experimentally separated fro: 
photoproduction of oxygen’. i 

This distinctive relation between oxygen pr 
and each of the two types:of ferredoxin-catalysed 
phosphorylation is seen in the effecta of two inhib 























18 

Eeng Noncyclic (O2) 
wy SPE o 

r4 


Noncyclic (NADP) 


= 
w 


Ja 
m 
= 


anoles ATP formed — 


a ae 





0 25x10 6-0 «.10- 
; o-Phenanthroline 
Big. 2. Effect of o-phenanthroline on ferredoxin-catalysed photophos- 
: prorylations, Experimental conditions were the same as given for 
ig. 1, except that DCMU was omitted and ilumination was 10,000 lux 
-ihroughöut for 10 min. o-Phenanthroline was added as indicated, 


10x10* M 


oxygen evolution by illuminated chloroplasts, o-phenan- 
¿o throline’® and 3-(3,4-dichlorophenyl)-1,1-dimethylurea’® 
(DCMU). Fig. 2 shows that 10-* molar o-phenanthroline 


-strongly inhibited noncyclic photophosphorylation, whereas 


it markedly stimulated cyclic photophosphorylation. 
Likewise, 2x 10-7 molar DCMU strongly inhibited non- 
‘eyelic photophosphorylation but enhanced cyclic photo- 
< phosphorylation (Fig. 3). The stimulation of cyclic 
photophosphorylation by o-phenanthroline has additional 
interest because at higher concentrations this compound 
-inactivates ferredoxin by removing its iron®. At low 
| eoncentrations of o-phenanthroline a partial inactivation 
of ferredoxin that might impede cyclic photophosphoryla- 
tion is apparently more than offset by the concurrent 
“stimulation of that process through the inhibition of 
oxygen’ evolution. 


~ Effect of other Inhibitors on Ferredoxin-catalysed 
Photophosphorylation 


The earlier experiments with ferredoxin-catalysed 





ae eyelie photophosphorylation which gave low rates of ATP 


formation revealed a characteristic sensitivity of this 

‘cess to. antimycin A and 2,4-dinitrophenol®:*, The 

effects of these inhibitors were now investigated at the 
‘new high rates of ferredoxin-catalysed photophosphoryla- 
tion and compared with their effects on noncyclic photo- 
phosphorylation. Basically similar results were obtained 
whether noncyclic photophosphorylation was linked to 
NADP (as shown here) or to oxygen. 

Fig. 4 shows that 2-5 x 10-* molar antimycin A inhibited 
eyelic photophosphorylation by 78 per cent. The same 
concentration of antimycin A did not inhibit (it slightly 
stimulated) noncyclic photophosphorylation. 

The differential response of these two ferredoxin- 
catalysed types of photophosphorylation to antimycin A 
is noteworthy for several reasons. In oxidative phosphory- 
lation by mitochondria the site of inhibition by anti- 
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3-(3,4-Dichlorophenyl)-t,1-dimethyhurea (DCMU) 
Fig. 3. Effect of 3-(3,4-lichlorophenyl)-1,1-dimethylurea (DCMU) on 
ferredoxin-catalysed photophosphorylations. Experimental conditions 
as given for Fig. 1, except that DCMU was added as indicated. Humins- 
tion, 10,000 lux for 10 min. 
mycin A is considered to lie between cytochrome b and ¢*} 
It is possible, therefore, that a similar site between the 
corresponding cytochromes (b, and f) of chloroplasts is 
involved in cyclic photophosphorylation catalysed by 
ferredoxin. Cyclic photophosphorylation is resistant to 
inhibition by antimycin A when the process is catalysed 
by substitutes for ferredoxin, probably because they by- 
pass the antimycin-sensitive site. This interpretation® is 
supported by analogous evidence from photosynthetic 
bacteria, Antimycin A inhibits the endogenous cyelic 
photophosphorylation by chlorophyll-containing particles 
of Rhodospirillum rubrum and Chromatium. In the 
presence of catalytic amounts of phenazine methosulphate,. 
the bacterial particles, like chloroplasts, carry on eyclic 
photophosphorylation that is resistant to antimycin A**, 
Fig. 5 shows that sensitivity to 2,4-dinitrophenol also 
sharply differentiates between cyclic and noneyelic 
photophosphorylation catalysed by ferredoxin. 2x 10- 
molar dinitrophenol inhibited cyclic photophosphorylation 
about 50 per cent, but did not inhibit noncyelie photo- 
phosphorylation. 
Dinitrophenol, like antimycin A, is noted for its in- 
hibition of oxidative phosphorylation by mitochondria™. . 


Another inhibitor of oxidative phosphorylation by mito- 
chondria, desaspidin, sharply differentiates, at selected  — 


concentrations, between ferredoxin-catalysed photophos- 
phorylations by inhibiting the cyclic and not the noneyelie 
type’. The reservations about the differential effect of 
desaspidin on cyclic and noncyclic photophosphorylation 
voiced recently by Hind’? and Gromet-Elhanan and 
Avron*4 have not been sustained. 

To recapitulate, several inhibitors of oxidative phos- 
phorylation by mitochondria also inhibit the ferredoxin- 
catalysed cyclic photophosphorylation but do not inhibit 
the nonceyclie type. Conversely, strong inhibitors of non- 
cyclic photophosphorylation, o-phenanthroline and DCMU, 
stimulate cyclic photophosphorylation. The inverse. 
effect of these two classes of inhibitors points to significant 
differences in the nature of cyclic and noneyelie, photo- 
phosphorylation. ee ay 
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Big. 4 Effect of antimycin A on ferredoxin-catalysed photophosphory- 
dations. Experimental conditions were the same as given for evelic and 
NADP-linked noncyclic photophosphorylations in Fig. 1. Antimycin A 

cc. was added as indicated. Illumination, 10,000 lux for 10 min. 
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2,4-Dinitrophenol (DNP) 


Fig, 5, Effect of 2,4-dinitrophenol on ferredoxin-catalysed photophos- 

“ phorylations. Experimental conditions were the same as given for cyclic 

> and NADP-linked noncyclic photophosphorylations in Fig. L 2,4- 

oo. Dinitrophenol (DNP) was naded as anal aled: Thumination, 10,000 lux 
: ‘or ù. 
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Differential Effect of Monochromatic Light on 
=: Ferredoxin-catalysed Photophosphorylations 


-Apart from inhibitors, the different character of cyclic 

_ and noneyclic photophosphorylation is revealed by their 
‘opposite response to monochromatic light in the red and 
far-red region. Illumination above 700 mp provides a 
‘sensitive physical method, independent of chemical 

inhibitors, to. differentiate between cyclic and noneyclic 
photophosphorylation®. 








< New evidence for the differential effec of: 
















monochromatic light on cyclic and noneyel 
phosphorylation is given in Fig. 6. (Only 
linked noneyclic photophosphorylation is. sho 
because the oxygen-linked reaction gave ‘similar: 
The rate of noncyclic photophosphorylation’ decline 
the wavelength of monochromatic. light increased from 
664 to 679 mu; the reaction came to an almost complete. 
stop at 708 and 714 my. This “red drop” of noneyelie. 
photophosphorylation was in marked contrast toa " 
rise” observed in cyclic photophosphorylation, T 
of cyclic photophosphorylation increased with an. ir 
in the wavelength of illumination from 664 to 67 
The most striking increase in the rate of cye 
phosphorylation, however, occurred at wavelengths 
700 mu. ne 
In the experiments represented by Fig. 6 the number of 
light quanta supplied at each wavelength was equal. — 
Since light absorption by chloroplasts declines sharply 
wavelengths longer than 679 my, the total amoun 
radiant energy absorbed at 714 my. was smaller than 














708 my and much smaller than at 664 my. Thus, in terms 
of absorbed radiant energy, the striking difference between. 
cyclic and noneyelic photophosphorylation in far-red 
light is even greater than that shown in Fig. 6. 





Cyclic and Noncyclic Photophosphorylation as 
Two Distinct Photochemical Systems 


The present results are consistent with the view that 
eyclic and noncyclie photophosphorylation by chloroplasts: 
are two distinct photochemical systems. Their differential — 
response to inhibitors points to differences in some inter- 
mediate chemical steps. Their differential response to 
far-red monochromatic light points to their dependence, at- 
least in part, on different chloroplast pigments. The 
identification of the precise differences between the two 
systems must await further experimentation. It appears, 
however, that noneyclic photophosphorylation is a “short- 
wavelength” system that declines at the longer waves. 
lengths (“red drop”) and stops altogether at wavelengths 
above 700 mu. By contrast, cyclic photophosphorylation 


3-0 





25 Noncyclic 


te 
è 


es 
S 


Ob 





660 870 680 690 700 710 720.. 
Wavelength (mz) 


Fig. 6. Effect of red and far-red monochromatic light on ferredoxine ooe 
catalysed photophosphorylations. The reaction mixture (final volume, 
0-6 ml.), placed in a cuvette (2 mm light path), included spinach chloro: 
plasts (equivalent to 0-30 mg of chlorophyll) and the folowing ia mol 
tris buffer, pH 82, 20; magnesium chloride, 1; ADP, 2; KH” PO, 5 
In addition the cyclic system contained 56 mumoles of ferredoxin, and 
the noncyclic system contained 5-6 mumoles of ferredoxin and 2 «moles 
of NADP. The ATP formed is expressed as umoles per 1-5 sal. TInelden! 
radiation at each wavelength, 1-56 xeinsteins/minjem*: Time of Hum 
ination, 10 min, Gas phase, argon, Temperature, 20°C, 
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is a “long-wavelength” system that is enhanced in far- 
-light and is most effective above 700 mp (“red rise’). 


: The question is sometimes raised whether cyclic photo- ` 
phosphorylation. can occur in intact cells. Evidence that 


_eyelic photophosphorylation can operate in intact cells 
began to appear with the experiments of Maclachlan and 
‘Porter and includes the more recent work of Forti, 
-Simonis, Nultseh, Kandler and their collaborators**-*°, Of 
“aspecial relevance is the recent evidence that, when non- 
cyclic photophosphorylation is excluded, light-induced 
ATP formation by intact cells resembles ferredoxin- 
; sed cyclic photophosphorylation by isolated chloro- 
ts in being sensitive to inhibition by antimycin A and 
uring at wavelengths longer than 700 my**)°°. 
resent hypothesis, which we too have supported in 
st, holds that noneyclie photophosphorylation in 
lasts requires the collaboration of two photo- 
mical steps in series (literature cited in ref. 9). Our 
ernative hypothesis* holds that one photochemical 
nt is involved in noncyclic photophosphorylation and 
another in cyclic photophosphorylation. Accordingly, 
the overall efficiency of photosynthesis in chloroplasts 
‘would depend not on the joint contribution of two photo- 
chemical steps to noncyclie photophosphorylation but on 
the joint contribution of the products of two distinct 
photochemical systems, cyclic and noncyclic photophos- 
phorylation, to the assimilation of carbon dioxide. 
= This article is dedicated to the memory of José Maria 
1 Albareda Herrera. We thank William Ufert for excellent. 
‘technical assistance. This work was supported by grants 
from the U.S. National Institutes of Health, Office of 
“Naval Research and the National Science Foundation. 
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Photochemistry of lodopsin 


Me by The only action of light on the pigment of cone vision, iodopsin, 


o as on the rod pigment rhodopsin, is to isomerize its chromophore 
TORU YOSHIZAWA from Il-cis to all-trans. All further changes are “dark” conse- __ 
© GEORGE WALD quences of this one light reaction. Although this reaction initiates _ 


bleaching, its immediate product is a more intense pigment. At low: 


gical Laboratories of Harvard University, 
temperatures in the dark, this tends to revert to iodopsin rather 
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Toporsin, the first visual pigment to be discovered in 
‘cones!, has been investigated most thoroughly in extracts 
“from the chicken retina®. It may be representative of a 
wide class of cone pigments that resemble it in composition 
and absorption spectrum’; yet in some of the properties 
to be considered these may vary considerably so that here 
“ave shall-deal only with chicken iodopsin. The iodopsins 
share with the rhodopsins of rod vision the same chromo- 
phore, Ll-cis retinal (retinaldehyde, formerly retinene), 
bound to. a spacial class of proteins, the opsins, but the 
opsins of cones are different from those of rods and display 
other properties. 
The only known action of light on visual pigments is to 
isomerize the chromophore, retinal, from the 1 l-cis to 
the all-trans configuration. When rhodopsin is exposed to 


than to bleach. me ee 





light at the temperature of liquid nitrogen (— 195° C} X 
this yelds as first product prelumirhodopsin®™® in which, 
though the chromophore has isomerized to all-trans, the ` 
opsin seems to be as yet unaltered. Cattle prelumirho- 
dopsin is stable at — 195° C, but on warming in the dark it.. 
bleaches over a sequence of all-trans intermediates which 
represent stepwise changes in the conformation of opsin™® = 
~-lumirhodopsin, metarhodopsin I and metarhodopsin |. 
Ti—finally hydrolysing to a mixture of opsin and all-trans 
retinal’, Squid rhodopsin undergoes similar changes |. 
ending, however, in metarhodopsin’’. See 
A few years ago Hubbard and Kropf showed that th 
irradiation of chicken iodopsin at .—65° C yields lum 
iodopsin, thought at that time to be the first pho 
product". On warming this in the dark, it goes through 
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. Changes- parallel: with those of rhodopsin, ending in the 
hydrolysis to all-trans retinal and opsin. These authors 
noted, however, a curious difference: the photoisomeriza- 
tion of the chromophore, which is relatively independent 
of the temperature in rhodopsin, is markedly retarded at 
‘ow temperatures in iodopsin. 

he object of the present experiments is to investigate 

_ the photochemistry of iodopsin at — 195° C, and the first 
_. thermal reactions which occur on warming. They show 
_ that exposure to light at — 195° C first isomerizes iodopsin 
. to prelumi-iodopsin, with an absorption maximum, 
max, at about 640 mp. At this temperature iodopsin 
(il-cts),  prelumi-iodopsin (all-trans) and isoiodopsin 
(9-cts) are completely interconvertible by light. Long- 
continued irradiation results in the production of steady- 
state mixtures of these photopigments in proportions that 
-depend only on the wavelength. 

To this degree the photochemistry of iodopsin resembles 
that of rhodopsin. There is, however, a striking difference 

An the first thermal reaction. Whereas prelumirhodopsin 

. on warming in the dark goes over almost entirely to 
< lumirhodopsin and further all-trans intermediates of 

~ bleaching, prelumi-iodopsin on warming above — 180° C 
< reverts to iodopsin, its chromophore again ll-cis. This 
= xeversion, favoured at low temperatures, explains the 
sluggishness with which iodopsin reacts to light in the 
eold®, 
All these reactions are summarized in Fig. 1. 

; Suspensions of rod and cone outer segments were 
_ prepared from light adapted chicken retinae, and extracted 
with buffered 2 per cent digitonin (pH 6-5) to yield solu- 
= tions of the mixed rod and cone opsins. On incubating 
_-- auch solutions with excess ll-cżs retinal in the dark, 
mixtures of iodopsin and rhodopsin would be obtained; 
_ but retinal combines so much more rapidly with cone than 

<o with rod opsin that if a little less retinal is added than 

would saturate the cone” opsin, one obtains iodopsin 
= virtually alone’. In the same way, by incubating with 

_. the proper amount of 9-cis retinal, one obtains isoiodopsin 
_ alone. The pigments synthesized in this way have an 
_ absorbance of at most 0:3. They were concentrated by 
> eéutrifuging at 39,000 r.p.m. overnight. This spins down 

‘the pigment-digitonin micelles to a clear, watery gel, 
= which was stirred with an equal volume of glycerol and 
stored at — 15° C until used. 

Absorption spectra were measured with a Cary ll 
recording spectrophotometer in the low-temperature 
< absorption vessel described earlier”. In this vessel an 

insulated cold finger which contains the coolant ends in a 
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Fig. 1. Diagram showing the known photic and thermal reactions of the 
jodopsin system, Photie reactions are shown with wavy lines, thermal 
(“dark”) reactions with straight lines. The iodopsin system parallels 
the rhodopsin system’ except for one reaction: the reversion of prelumi- 
iodopsin to iodopsin on warming in the dark. Also because little is as yet 
known of the properties of metaiodopsin TI, its name is enclosed in 
parentheses. Ama, for jodopsin, isoiodopain and prelumi-iodopsin at 
— 105° O; lumi-iodopsin at —78° C; metaiodopsin I at — 40° C; retinals 
at room temperature. All transition temperatures are approximate. 
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copper block which holds a layer of photopigment, 0:8 mm 
thick, between a front quartz plate and a back. plate of 
opal glass to swamp any scattering of light by the sample. 
A similar plate of opal glass was placed in the comparison 
beam. Either liquid nitrogen (—195° C) or dry ice and 
acetone (— 78°C) was used asthe coolant. The temperature 
was monitored continuously with an iron-constantan 
thermocouple in the copper block. 

The absorbance of such thin layers of photopigment is 
too small for accurate experimentation. For this reason: 
we intensified the spectra in all these experiments through 
the Keilin~Hartree procedure}, the effects of which on 
rhodopsin have recently been described'*. The preparation 
was cooled to a glass at — 195° C with liquid nitrogen, 
approximately doubling the absorbance’. Then it was 
gradually warmed by withdrawing liquid nitrogen from. 
the absorption vessel, meanwhile monitoring the state of 
the glycerol-water solvent by continuously recording the 
absorbance at 800 mp. At — 80° C this began to rise as 
the first micro-crystals formed. When the absorbance, 
and thus micro-erystallization, had reached a maximum, 
the preparation was cooled again to — 195° C. In these 
circumstances the absorption maximum of iodopsin or 
isoiodopsin rose to about ten times its height at room 
temperature, with little other alteration of spectrum. All 
the spectra in this article were recorded under ‘these 
conditions. In the experiments at — 78° C the preparation 
was first brought through this procedure, then warmed to. 
— 78° C and held there with dry ice-acetone. ees 

The mixture of opsins extracted from light adapted : 
retinae is yellow as a result of impurities. To provide a _ 
base-line for measuring the photopigments, such a prọ- 
paration or one of bleached photopigment was put 
through the Keilin—Hartree treatment and then brought to 
—195° C. With this in the sample beam and—to help 
balance it—a piece of yellow paper added to. the opal 
glass in the comparison beam, the spectrophotometer was 
adjusted to record as close as it would come to zero-across 
the spectrum. Actually the base-line remained near zero 
between, about 800 and 475 mu, rising gradually at shorter 
wavelengths. Within this range we therefore recorded 
reasonably true absorption spectra. 

For irradiation we used a high-pressure mercury arc 
lamp, isolating single lines of its spectrum with inter- 
ference filters. In the red, we used instead a 625 W 
quartz-iodine lamp (Sylvania SG-50), with water and glass 
filters to remove heat, and Corning cut-off filters 2404 or 
2412 to pass all wavelengths longer than 614 mp or 595 mug, 
respectively. 

Photoconversion of iodopsin to prelumi-iodopsin. On 
cooling iodopsin to — 195° C, its absorption spectrum 
shifts toward the red and is considerably narrowed, ‘The 
absorption maximum moves from 562 mp. at room 
temperature to 575 myu at — 195° C, the half-width of the 
band on a frequency scale decreases from about 120 t0.105 
terahertz (= 10! e/s); and the long-wavelength limb ofthe 
spectrum declines to zero at about 660 mu (Figs. 2-4, 
curves 1). : 

On irradiating iodopsin at — 195° C with the mercury. 
green line at 546 mu, a pronounced new absorption gra- 
dually develops in the red (Fig. 2, left). A sharp isosbestie 
point at about 595 my suggests that only two pigments 
take part in this transformation. When it is completed, 
Amax has moved to about 595 my (curves 9, 10), 

These changes mark the conversion of iodopsin (11-ets) 
to a steady-state mixture of iodopsin and prelumi- 
iodopsin (all-trans). As will be shown, prelumi-iodopsin 
has a Amax at about 640 mu (Fig. 5). Both pigments 
absorb the radiation, the iodopsin much more strongly, 
thus the steady-state, which under these conditions seems: 
to contain about 1-5 times as much prelumi-iodopsin as. 
iodopsin (compare Fig. 5). All such reversible photo- 
conversions, provided that no large differences in quantum 
efficiency intervene, follow the rule that the absorption 
spectrum moves away from the wavelength of irradiation, 
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Fig. 2, The conversion of iodopsin at ~ 195° C by irradiation with green light (546 my) 
to a steady-state mixture of iodopsin and prelumi-iodopsin (left); and the thermal 
reversion of prelumi-iodopsin to jodopsin on warming in the dark above — 180° © 
(right), Left, Curve 1, Chicken iodopsin in glycerol-water at — 195° C (max 575 my), 
Curves 2-10, Products of irradiation for a total of 1, 2, 4, 8, 16, 32, 64, 128 and 256 sec. 
Right, Carve 1, lodopsin at — 195° C, as at the left. Curve 2, Product of irradiating 
at 546 mx for 7 min (similar to curves 9 and 10 at left). Curves 3-8, Products of 
warming in the dark successively to ~180°, ~ 160°, —140°, ~120°, — 100° and 
~80° ©, re-cooling each time to — 195° C to record the spectrum. The final spectrum 
(curve 8) is essentially identical with the initial spectrum of iodepsin (curve 1), Both 
sets of curves exhibit the same isosbestic point at about 595 mz, evidence that they in- 
volve interconversions between the same two pigments, iodopain and prelumi-iodopsin. 
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the steady state accumulating primarily those components 
which are most transparent to the light. 

Interconursione of todopsin, prelumi-tedopsin, and iso- 

-todopsim. Fig. 3 adds a third component, isoiodopsin 
(9-c1s), to this stereocisomeric set. It shows the complete 
interconvertibility of all these pigments by light at 
= 195°C, and that the chromophore photoisomerizes 
preferentially from trans to ll-cis rather than to 9-cis. 
Irradiation of iodopsin for a long time at — 195° C (curve 1) 
with deep orange-red light shifts the spectrum toward the 

blue, ending in an almost complete conversion to isoio- 

‘dopsin (curve 2; identified by synthesis from 9-cvs retinal 

< asin Fig. 6). Isoiodopsin, because it scarcely absorbs this 

‘radiation, acts as a dark” trap for the components which 
do absorb it and thus are photoisomerized by it. Subse- 
‘quent irradiation with green light (546 mz), which is 
absorbed most strongly by isoiodopsin, drives the spectrum 
toward the red, ending in the already familiar steady- 

state mixture of iodopsin and prelumi-iodopsin (curve 3). 
“That iodopsin and isoiodopsin on this treatment go to the 
‘game steady state (compare also Fig. 6) is plain evidence 
that-all three pigments differ only in the configuration of 
the chromophore. 

c00 Trradiating next with deep red light at 690 my, which 
neither. iodopsin nor isoiodopsin absorbs, converts all the 
prelumi-iodopsin, which does absorb this wavelength 

< strongly, back to iodopsin (curve 4). This result shows 
that the all-trans chromophore photoisomerizes pre- 
 ferentially to ll-cis rather than to 9-cis. Free all-trans 

“retinal exhibits comparable behaviour in a solution of 
digitonin. at room temperature’, When finally this 
preparation is irradiated again with the orange-red light 

“absorbed by iodopsin but not by isoiodopsin, the spectrum 
returns to that of isoiodopsin (curve 5). 

Such transformations between iodopsin and isoiodopsin, 
because they involve isomerization at two double bonds, 
mast gò in two stages, each demanding individual activa- 
tion, as for example two photon absorptions. Each 
geometrical isomer of retinal, whether free or the chromo- 
phore of a photopigment, has its own excited state; and 
each double bond isomerizes independently of the others 
(compare refs. 9 and 15). The first transformation of 
either iodopsin or isoiodopsin converts it to prelumi- 
iodopsin, as either the 11-cis or the 9-cis linkage isomerizes 
to. trans. Then a second isomerization brings the chromo- 
phore from frans to either cis form. Thus it may be 


assumed that all interconversions between iodopsin and 
isoiodopsin go through prelumi-iodopsin as intermediate®. 

Fig. 6 shows a similar experiment that begins with 
isoiodopsin, synthesized by incubating cone opsin with 
9-cis retinal. On cooling this pigment from room tem- 
perature to — 195° C, its spectrum undergoes the usual. 
intensification and narrowing, but an especially large 
shift toward the red, Amax moting from 510 my to about 
550 mu. (On cooling from room temperature to — 195° ©, 
the spectrum of rhodopsin shifts about 7 my toward the 
red, isorhodopsin 6 mp (ref. 9), iodopsin 13 my, and iso- 
iodopsin about 40 my.) 

Tho synthesized pigment has the same spectrum as that 
produced by photoisomerization (Fig. 3), and undergoes 
the same reactions. Thus, for example, irradiation with 
green light converts it to the same steady-state mixture of 
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Fig. 3. Interconversions of iodopsin, prelumi-iodopsin and isolodopsin 

by light at ~ 195° C. Curve 1, Chicken iodopsin in glycerol-water ati 
-195° C. Irradiation with orange-red light containing only wavelengths °° 
longer than 615 my for 43 min converts the todopsin almost entirely to.» 


isoiodopsin (curve 2). Irradiation at 548 my for 18 min converts thiata : 


the steady-state mixture of todopsin and prelumi-iodopsin (curve. 8). 
Irradiation at 690 mu for 15 min re-converts the prelumi-iodopsin, to- 
iodopsin (curve 4, identical with eurve 1). A final re-irradiation with =o: - 
orange-red light for 25 min returns the epectrum. to that of igciodopain 
{curve 5, identical with curve 2), Pe ae I 
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 jodopsin and prelumi-iodopsin (Fig. 6, curve 2), and 
rradiation at 690 mu brings this back to iodopsin, as 
before (Fig. 6, curves 4-5). 

-S Dark” reactions of prelumi-iodopsin. The behaviour of 
prelumi-iodopsin on warming in the dark is so different 
from that of prelumirhodopsin that something should 
first be said of the latter. Cattle prelumirhodopsin is 
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Fig, 4. Interconversions among isoiodopsin, iodopsin and lumi-iodopsin 
py light at ~78° C. Curve 1, Isoiodopsin synthesized from -cis retinal 
wad cone opsin in glycerol-water at ~ 78° ©. Irradiation at 546 my for 
16 min converted this almost entirely to iodopain (curve 2); apparently 
¿the light had isomerized the isoiodopsin to prelumi-iedopsin, which at 
this temperature rapidly reverts thermally to iodopsin. Irradiation at 
owe 78° C for 128 min with orange-red light containing only wavelengths 
-donager than 595 me converted the iodopsin almost wholly to lumi- 
: fodopsin (curve 3). Because lumi-iodopsin is transparent to this radiation, 
othe whole system is slowly trapped in this form. Re-irradiation at 546 mu 
for 40 min brought the system back to iodopsin (curve 4, essentially 
identical with 2). 
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Fig. 5. Approximate analysis of the composition of a steady-state 


mixture of iodopsin and prelumi-iodopsin, obtained by irradiating 
iodopsin at — 195° C with green light (546 my). Solid circles: steady- 
state mixture, as in Fig. 2, left, curve 10. Vertically barred circles: 
hypothetical spectrum of prelumi-iodopsin, given the same shape as 
prelumirhodopain on a frequency scale, but transposed to Amax 640 my. 
0C Spectrum of iodopsin at — 195° C (for example, Fig. 2, curve 1), given 
the maximum absorbance 0-38. ©, Steady-state spectrum minus that of 
iodopsin. This difference is in good agreement with the hypothetical 
spectrum of preunitodopsin at less than 640 mu, and at longer wave- 
= lengths, where iodopsin does not absorb, is of course identical with the 
“steady-state spectrum. It differs from the hypothetical spectrum only. 
in maintaining a higher absorbance beyond 710 mu, a real property of 
the spectrum of prelumi-iodopsin. This analysis makes it probable that 
prelumai-iodopsin has a imax at about 640 my, and that in the steady- 
state achieved at 546 mz the maximum absorbance of prelumi-iodopsin 
is about 1-5 times as high as that of lodopsin. 
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Fig. 6. Photochemical interconversions of isoiodopsin, prelumi-iodo: 
and iodopsin at — 195° C, and the reversion of prelumi-iodopsin to todap- 
sin on warmingin the dark. Curve 1, fsoiodopsin, synthesized by incubat- 
ing 9-cis retinal with chicken cone opsin, in glycerol-water at. — 105° Ge 
Irradiation at 546 mp for 1 h yielded the steady-state mixture of iodopsin 
and prelumi-iodopsin (curve 2). Now the preparation was warmed ‘to 
~ 100° C in the dark, then re-cooled to — 195° C; the prelural-iodopain 
had reverted thermally to jodopsin (curve 3), Re-irradiation-at 546 mez 
for 10 min reconstituted the steady-state mixture (curve 4, identical with 
curve 2). Final irradiation at 690 mys for 20 min again converted the 
prelumi-iodopsin to ay (curve 5, identical with 3). In this experi 
ment irradiation at —105° C with deep red light and warming in the 
dark have the same effect on prelumi-iodopsin, converting it almost en~» 
tirely to iodopsin. : 


stable at temperatures below — 140° C, going over at 
higher temperatures to lumirhodopsin, and further all- 
trans intermediates of bleaching’. Squid prelumirhodopsin 
has a narrower range of stability, changing to lumirho- 
dopsin at about — 170° C (ref. 10). The rhodopsins sre 
species-specific and such differences in the stability of 
intermediates of bleaching go with differences in their 
opsins. 

Prelumi-iodopsin, however, on warming in the dark, 
instead of forming lumi-iodopsin, reverts almost ‘entirely 
to iodopsin. That is, the chromophore, having been photo- 
isomerized in the cold from 11-cis to all-trans, reverts in 
the dark to ll-cis. This behaviour is shown at the right 
in Fig. 2. Irradiating iodopsin at — 195° C (curve 1) with 
green light (546 mp) converts it to the steady-state mixture 
of iodopsin and prelumi-iodopsin (curve 2). The prepara- 
tion was now allowed to warm gradually to various 
temperatures in the dark, each time re-cooling it to’ — 195° 
C to remeasure its spectrum (curves 3-8). By the time the 
temperature had reached --180° C the spectrum: had 
significantly changed, mainly because of a fall inab- 
sorbance in the red. By — 140° C this change was almost 
complete; the spectrum had returned virtually to that of 
iodopsin (curve 5). The same isosbestic point at 595 my 
in both sections of Fig. 2 indicates inter-conversions: be- 
tween the same two pigments, iodopsin and prelumi- 
iodopsin. 

This thermal reversion adds another completely re- 
versible step to the transformations of iodopsin. Prelumi- 
iodopsin can return to iodopsin by either a thermal or a 
photic reaction. In Fig. 6 both routes are compared in a 
single experiment. The irradiation of isoiodopsin (curve 1) 
with green light has produced the usual steady-state 
mixture of iodopsin and prelumi-iodopsin (curve ‘-2). 
When this is warmed in the dark to -- 100° C, and then 
re-cooled to — 195° ©, its spectrum has moved to curve 3, 
that of iodopsin. On re-irradiating at 546 my, it returns to 
that of the steady-state mixture (curve 4). Now i 
tion at 690 my drives the spectrum back again tc 
iodopsin (curve 5). In this experiment. warmin 
dark has had exactly the same effect on prelumi. 
as irradiation at — 195° © with deep red light-—co 
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reversion to iodopsin. Little if any isoiodopsin is formed in 
either case; the thermal and photic isomerizations display 
the same strong predisposition to echange to the 11-cis 
rather than to the 9-cis configuration. 

For this reason irradiating isoiodopsin with green light 
at —78° C has the extraordinary effect of converting it 
almost entirely to iodopsin (Fig. 4, curves 1-2). This 
change-—-which must go in two stages as already noted— 
apparently involves the photoisomerization of isoiodopsin 
to prelumi-iodopsin, which at — 78° C is thermally con- 
verted to iodopsin. 

The irradiation of iodopsin itself under these con- 
ditions produces a still stranger result. Hubbard and 
Kropf" observed that the photoconversion of iodopsin to 
lumi-iodopsin is markedly slowed down by lowering the 
temperature. Their measurements suggested that some- 
what below ~-65° C, their lowest temperature, iodopsin 
might not photoisomerize at all. We find that irradiating 
iodopsin at ~ 78° C with green light (546 my) causes no 
change of spectrum. Apparently the green light photo- 
igomerizes iodopsin to prelumi-iodopsin, which at this 
temperature reverts thermally to iodopsin so rapidly 
that no change is observed. 

Lumi-iodopsin. That lumi-iodopsin is nevertheless 
‘formed under these conditions, though very slowly, is 
shown by changing the wavelength. If one irradiates 
either, iodopsin or isoiodopsin at ~—78° C with intense 
orange-red light containing only wavelengths longer than 
695 my, which lumi-iodopsin (Amax 515 muy) scarcely 
absorbs, the latter is slowly trapped as the photoproduct. 
In Fig. 4 the irradiation of isoiodopsin at — 78° C (curve 1) 
with green light converts it to iodopsin (curve 2). On 
irradiating this for more than 2 h with intense orange-red 
light, ita spectrum moves to curve 3, that of lumi-iodopsin. 
Had we now raised the temperature in the dark, this 
would have bleached (compare with Fig. 1). Instead we 
irradiated at — 78° C with green light, and the spectrum 
returned to that of iodopsin (Fig. 4, curve 4). 

Fig. 7 shows the last two transformations in detail: 
on the left, the conversion of iodopsin to lumi-iodopsin 
by irradiation at ~— 78° C with orange-red light; on the 
right, the re-conversion to iodopsin in green light. In 
both transformations the sharp isosbestic point at 531 my. 
suggests that no other pigment intervened. Yet both 
processes involve more complex mechanisms than appear 
in these measurements, all of them already discussed. 
On the left, iodopsin is first photoisomerized to prelumi- 
iodopsin, which then undergoes a choice of two com- 
petitive thermal reactions: rapid re-isomerization of the 
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chromophore to. iodopsin, and—-at, this. temperature— 
the much slower conformational change of opsin that eon- 
verts it to limi-iodopsin. It is only because lumi-iodopsin 
scarcely absorbs the orange-red radiation that the entire 
system is finally trapped in this form. On the right, green 
light, by photoisomerizing the chromophore back to 11-cia, 
induces the reverse rearrangement of opsin that recon- 
stitutes iodopsin, which, for the reasons already stated, is 
not changed by green light at — 78° ©. In this experiment 
the inertia of iodopsin at — 78° C has made it a trap for 
the whole system, and has the unusual effect that the 
absorption spectrum of lumi-iodopsin moves not away 
from but toward the wavelength of irradiation, ending in a 
photoproduct that absorbs this radiation more strongly 
than did lumi-iodopsin itself. 

Iso-iodopsin treated in the same way behaves differ- 
ently. On irradiation with orange-red light at ~— 78° C, 
the spectrum first shifts toward the red—that is, once 
again toward the wavelength of irradiation—-because of 
the formation of iodopsin. Then it shifts back slowly 
toward the blue, as the system slowly leaks over to lumi- 
iodopsin, the ultimate trap in orange-red light. In this 
ease because three pigments enter the measurements, no 
isosbestie point is observed. 

Spectrum of prelumt-iodopsin. The irradiation of 
iodopsin at -195° C yields a steady-state mixture of 
iodopsin and prelumi-iodopsin. If on warming the latter 
bleached, it would be easy to determine how much of this 
mixture was iodopsin, and by subtraction to obtain the 
spectrum of prelumi-iodopsin. This is the way we meas- 
ured the spectrum of prelumirhodopsin. Because prelumi- 
iodopsin on warming reverts, however, to iodopsin, we 
cannot use that procedure here. 

In its default, we have as guide-lines the following 
information: (1) The spectra of iodopsin and of the steady- 
state mixture. (2) Above 660 my iodopsin does not 
absorb, and the spectrum of the steady-state mixture is 
that of prelumi-iodopsin alone. This information provides 
the basis for an approximate analysis. 

Dartnall has pointed out that the absorption spectra of 
visual pigments tend to have the same shape when 
brought to the same height and plotted on a frequency 
scale, and has provided a nomogram for such spectra!®, 
It can be added that plotting the spectra as log absorbance 
also makes their shape independent of the absolute 
absorbance, so adding another element of invariance. All 
our curve fitting was therefore done with spectra plotted 
as log absorbance on a frequency seale of terahertz 
(= 10" e/s}. 
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Fig. 7. Conversion of iodopsin to lumi-fodopsin by irradiating with orange-red 
light (left), and reversion of lumi-iodopsin to iodopsin by irradiating with green light 
all at ~78° ©. Left, Curve 1, lodopsin in glyeerol-water at —78° © (identical with 
curve 2 in Fig. 4). Curves 2-9, Products of irradiation with orange-red light con- 


taining only wavelengths longer than 595 my for totals of 1, 2, 4, 8, 1 


6, 32, 64, and 


128 min. Curve 9 is essentially the spectrum of lumi-iodopsin (identical with curve 3 
in Fig. 4). Right, Curve 1, Lumi-iodopsin at — 78° C (identical with curve 9 at the left), 


Curves 2-9, Products of irradiation at 546 
and 2,440 sec. Curve 9 is the spectrum of io 


u for totals of 10, 20, 40, 80, 160, 320, 640 


opsin (identical with curve 4in Fig. 4). 
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Cooling the visual pigments to — 196° C narrows their 
spectra mainly by causing them to descend more sharply 
from the maximum at low frequencies; yet the spectra of 
rhodopsin and iodopsin at — 195° © still resemble each 
other when drawn on a frequency scale. Prelumi- 
rhodopsin at —195° O, however, has a significantly 
broader spectrum. (Half-widths of spectra at — 195° C: 
cattle rhodopsin 117 terahertz; chicken iodopsin, 107; 
prelumirhodopsin, 136; Dartnall nomogram, 128.) Our 
first guess is that the spectrum of prelumi-iodopsin is 
like that of prelumirhodopain. 

Fig. 6 shows the result of an approximate analysis. 
We begin by plotting the steady-state spectrum (for 
example, Fig. 2, left, curve 10) as log absorbance on a 
frequency scale. Then the spectrum of prelumirhodopsin 
is fitted to this over the low-frequency region, where it 18 
wholly due to prelumi-iodopsin. The best fit is obtamed 
when the prelumirhodopsin maximum is transposed from 
652 to 468 terahertz, corresponding to & Amax of about 
640 mu, and ıs given a maximum absorbance of 0:58. 
These parameters are now tentatively assigned to pre- 
lumi-iodopsin. Converting this spectrum back to absorb- 
ance and comparing with the steady-state spectrum yields 
an estimate of the maximum absorbance to assign to 
iodopsin (0:38). The spectrum of iodopsin is drawn to 
this height, then subtracted from the steady-state spec- 
trum—both measured quantities—to yield another, this 
time empirical estimate of the spectrum of prelum- 
iodopsin. This agrees well with the transposed prelumi- 
rhodopsin spectrum except at long wavelengths, beyond 
710 mp, where the absorbance of prelumi-iodopsin remains 
appreciably higher. 

Fig. 5 implies that the spectrum of prelumi-iodopsin 
has a Amax at about 640 mp; judging from this its colour 
should be blue. Its spectrum appears to have about the 
same shape on & frequency scale as prelumirhodopsin, 
except in the far red. There it is anomalous in descending 
so slowly toward zero that it absorbs appreciably even 
beyond 800 my. Such behaviour has not been met before 
in any other visual pigment or photoproduct. It is all 
the more remarkable because the usual effect of low 
temperatures is to cut off the long-wavelength tails of 
absorption bands, by wiping out transitions from energy 
levels higher than the ground state. In this regard the 
prelumi-iodopsin spectrum is so peculiar as to prompt 
the thought that some further variant of this set of 
pigments may contribute to the absorption in the far red; 
but it is difficult to see what this could be, and there is 
no other evidence for it. 


Implications 


These experiments show that iodopsin, prelumi-iodopsin 
and isoiodopsin at — 195° C constitute a perfectly revers- 
ible photochemical system (Fig. 1). At that temperature 
all these pigments are freely interconvertible by light 
without loss. The transformations appear to involve 
only photoiosomerizations of the chromophore, with so 
far as known no changes in opsin. 

In all but one of its reactions, the reversion of prelum1- 
iodopsin to iodopsin on warming in the dark, the behaviour 
of iodopsin resembles that of rhodopsin. This reaction 
raises no thermodynamio problems, for prelumi-iodopsin 
has a much higher potential energy than iodopsin; but 
the kinetics of this reaction require discussion, for the 
isomerization of the chromophore ordinarily demands a 
large energy of activation (compare ref. 17), and we have 
observed it before only at high temperatures or in the 
light. In this instance it occurs at — 180° C in the dark 
as a result of the peculiar properties of prelumi-iodopsin. 

Three such properties need to be considered, all of them 
probably inter-related: its great instability; the large 
displacement of its spectrum toward the red, with in- 
creased absorbance; and its tendency to revert in the 
dark to iodopsin. All but the last were encountered in 
somewhat less striking form in prelumirhodopsin*»». 
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The essential point is that prelumi-iodopsin is virtually 
an excited molecule, stabilized only by the low tempera- 
ture and the rigidity of the solvent. Requiring little 
further excitation to react, it is highly unstable; and 
apparently needing little further energy for electronic 
excitation, its absorption spectrum lies far over in the 
red. Its thermal reversion to iodopsin appears to be 
another manifestation of this condition. 

The high potential energy of prelumi-iodopsin appears 
to derive in large part from its highly strained condition. 
Todopsin achieves a minimal potential energy through the 
close fit between. 11-cis retinal and a particular configura- 
tion of opsin. Thus it is necessary only to mix these com- 
ponents for the photopigment to form spontaneously. 
Isoiodopsin involves similar relationships between 9-cts 
retinal and opsin; though in all the iso-pigments the fit 
18 less close, as shown by the shorter Amax. In prelumi- 
1odopsin the geometry of the chromophore has changed, 
but not yet that of the opsin, hence the stram. In iodopsin 
-—or isoiodopsin—these two components are in a condition 
of passive fit. In prelumi-iodopsin the fit may be even 
better, as the exaltation of spectrum suggests, but is 
under tension. That tension can be relieved in either of 
two ways: by the chromophore reverting to 1l-cts; or 
by opsin beginning the sequence of conformationsl changes 
that characterize the intermediates of bleaching. Both 
reactions require some thermal activation, hence the need 
to warm. 

The difference in behaviour between prelumirhodopsin 
and prelumi-iodopsin can therefore be expressed as 
follows: in prelumirhodopsin, the protein changes its 
conformation more readily than the chromophore—less 
thermal activation is needed to go to lumirhodopsin 
than to revert to rhodopsin; whereas in prelumi-iodopsin 
these relationships are reversed, a smaller thermal activa- 
tion being needed to re-isomerize the chromophore to 
ll-cis than to rearrange the protein. On warming, there- 
fore, prelumi-iodopsin reverts almost entirely to iodopsin. 
A higher thermal activation energy, however, implies a 
higher temperature coefficient; so the higher the tempera- 
ture at which iodopsin is irradiated, the more prelumi- 
iodopsin goes to lumi-iodopsin, and the higher the quantum 
efficiency of bleaching. 

This investigation was supported in part with funds 
from the U.S. National Science Foundation and the Office 
of Naval Research. The experiments were performed while 
T. Y. occupied a research fellowship at Harvard Univer- 
sity, on leave from the University of Osaka, Japan, his 
present address. 
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Vision in Octopus and Squid 
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Vision in cephalopods is frequently found to be controlled by a dual 
system of the photosensitive pigments rhodopsin and retlnochrome. 
The implications of such a system have been investigated for the 
octopus (first article) and the squid (second article). 


Rhodopsin and Retinochrome in the Octopus 
Retina 


For the purpose of examining the photochemical reactions 
which take place during “vision”, many research workers 
have investigated the visual pigment of the squid?. 
Although this is present in the rhabdomes in the inner- 
most layer of the retina, it is usually regarded to be com- 
parable with the pigment found in the rod outer segments 
of vertebrates (rhodopsin). Recently we found that a red 
photosensitive pigment of a different nature from this 
“invertebrate” rhodopsin was abundantly present at the 
surface of the retina that remained after complete depriva- 
tion of the rhabdomes and the dense layer of black pigment. 
The two kinds of photopigment were separately extracted, 
origmally from the retina of the squid Ommastrephes 
sloani pacificus Steenstrup, and were reported as photo- 
pigments A and B (ref. 2). The Ommastrephes photo- 
Pigment A is a rhodopsin (Amax=480 mu), because its 
chromophore, retinal, has been determined as the 11-cis 
isomer by its capacity to form cattle rhodopsin with 
cattle opsin’. The acid solution of this rhodopsin is not 
bleached by light at temperatures below 20° C and changes 
into the mixture of rhodopsin and acid metarhodopsin 
(Amex =488 my)‘. The bleaching of photopigment B 
(Amax = 495 my), however, is always observed at any pH 
of the solution, even at 0° C, and in this respect it is like 
vertebrate rhodopsin’. 

The question whether such a dual system of photo- 
pigments A and B is widely distributed in various kinds 
of cephalopod retina has already been discussed*. Because 
it is now clear that a dual system existe in the retina of 
both Octopoda and Decapoda (see Table 1), we shall 
hereafter call photopigment 4 which 1s extracted from the 
rhabdomes “rhodopsin”, and photopigment B which is 
extracted from the retina froe from rhabdomes “retino- 
chrome”, 

The eye was enucleated from the freshly collected 
octopus (Octopus vulgaris) and immediately frozen. After 
storage at — 15° C for more than 24 h, it was hemisected 
to remove the anterior part and lens. When the eye-cup 
was vigorously stirred upside-down in the solution of 
neutral phosphate buffer (pH 6-8), rhabdomes were 
released into the medium together with fragments of 
black pigment. By centrifuging, the black pigment, in- 
cluding rhabdomes, was collected and kept cold until 1t was 
needed for extraction of the rhodopsin. The rhabdomes 
were cleanly separated by a sugar-gradient method of cen- 
trifugation, and the contained rhodopsin was extracted 
with a 2 per cent aqueous solution of digitonin. When the 
pre-freezing of the fresh eye-ball was omitted, the layers 
of rhabdome and black pigment could not be completely 
removed from the other retinal tissues by stirring the eye- 
cup. Refrigeration was therefore indispensable for the 
rhabdome-free extraction. The retina which had lost its 
rhabdomes and black pigment gave the same histological 
figure as shown in Ommastrephes (compare Fig. 1 in ref. 2). 
Such an octopus retina appeared far less red than the 
Ommastrephes retina, although retinochrome could be 
recognized, and we had to use more than fifty retinae for 
every extraction of retinochrome. Retinae cut in pieces 


were kept in 1 per cent solution of sodium carbonate and 
digested for 1 h at 15° C. After centrifugation, the faintly 
turbid supernatant was discarded, and the residue 
(fragments of retinal tissue) was washed at least four times 
with 30 ml. of distilled water, centrifuging each time for 
15 min at 8,000 r.p.m. The residue was then hardened in 
phosphate buffer (pH 6-0) for some minutes, and washed 
twice with distilled water. The retinochrome was ex- 
tracted by leaching the residue for 5-10 h at 28° C with a 
2 per cent solution of digitonin (adjusted to pH 10 with 
sodium carbonate). Finally the retinochrome extract was 
obtained as the clear supernatant solution by centrifuging 
for 15 min at 15,000 r.p.m. Because of its low content and 
the rigidity of retinal tissue, the extraction of retino- 
chrome from the octopus was generally far more difficult 
than from the squid, and was almost impossible at pH’s 
lower than 7-5, or at temperatures below 20° C. 

Fig. L4 shows absorption spectra of two solutions of the 
octopus retinochrome. Absorption maxima are located at 
about 490 mp. When the pH of the alkaline extract is 
lowered from pH 10-0 to 7-0 by the addition of potassium 
primary phosphate (in the solid state to avoid dilution), 
the extinction increases maximally near 490 mp and 
decreases maximally near 370 my. The absorption spec- 
trum changes with the hydrogen ion concentration, and the 
solution often becomes turbid when brought to an acid pH. 
On exposure to yellow light, the retinochrome solutions 
fade as can be seen in Fig. 1B, the extinction falling 
maximally at Amex and rising maximally near 870 my. 
Difference spectra of retinochrome at the two pH’s are 
shown in Fig. 1C. The absorption maximum lies at 
490 mu, and the minimum in the alkaline extract appears 
near 365 mu. Although the bleaching of retinochrome is 
always observed at any pH, difference spectra show that 
the extent of the fall in extinction depends on the pH of 
the sample, being greater at a lower pH. The reason for 
this 1s not clear. It will be noted that the intensity of 
absorption of the unbleached or bleached solution ia like- 
wise changed with pH (Fig. 14 and 1B). 

In the earlier investigations, cephalopod rhodopsins 
were extracted from the squid Loligo pealli, the cuttlefish 
Sepia officinalis, and the octopus Octopus vulgaris. Tho 
absorption maxima were found to be at 493 my in the 
squid!, at 492 mp in the cuttlefish’, and at 475 my in 
the octopus’. The octopus rhodopsin prepared here gave 
the same value. All the absorption maxima of cephalopod 
rhodopsin and retinochrome obtained so far in our re- 
searches are summarized in Table 1. The Amax of rhodop- 
sin does not depend on pH, but the Amex of retinochrome 
tends to shift towards longer wavelengths with increase 
of pH. Each Amex value of retinochrome listed in Table 1 
was determined from tho difference spectrum at pH 10. 
In work on visual pigments, hydroxylamine is frequently 


Table 1. ABSORPTION MAXIMA OF RHODOPSIN AND RETINOCHROME OF THE 
OHPHALOPODA (my) 
Squid Cuttlefish Octopus 
Ommastrephes 
sloant S Sepiella Octopus Octopus 
pacificus escu Japonica vulgaris ocellatus 

Ehodopsın 480 486 500 475 477 
Retinochrome 495 508 522 400 400 
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added to the unbleached sample, so that after illumination 
all retinal present is converted to retinaldehyde oxime. 
We did not use thia technique, however, because retino- 
chrome, unlike rhodopsin, is readily destroyed by 
hydroxylamine even. at low concentrations. In any event, 
it will be noted that the retinochrome generally has Amax at 
15-20 mu longer than the corresponding rhodopsin. 

As outlined here, the retina of the Octopoda and the 
Decapoda always includes retinochrome as well as rhodop- 
ain behind the rhodopsin-bearing rhabdomes; however, 
ite content seems to vary from species to species. Retino- 
chrome may be a chromoprotein which, like rhodopsin, 
contains retinal as a chromophore and is bleached by 
light about twice as quickly as rhodopsin, showing & time 
course indicative of two bleaching processes®. The change 
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Fig, 1. Breorpucn spectra of retinochrome from the octopus Octopus 
. A, Dependence of the absorption spectrum of retinochrome 
Extraction of retinochrome was carried out at pH 10, 
and the pH of the solution was ually made neutral by the addition 
of solid potassium phosphate. , Absorption spectra after irradiation 
of the re{inochrome solution with yellow light Bleaching of retinochrome 
was observed at any pH. O, Difference spectra of retrnochrome. The 
Amas lies at 490 mu. 
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in electrical conductance is markedly and reversibly 
revealed on illumination of a solution of rhodopsin or 
metarhodopsin‘:’, but scarcely observed on photolysis of 
retinochrome. 

We previously suggested, as a result of anatomical and 
histological examinations, that retinochrome is concen- 
trated in a segment which lies just outside a dense layer of 
black pigment and connects the rhabdome to its nucleated 
cell body*. Because a recent electron microscope investiga- 
tion of the octopus retma* has revealed myelin-like 
lamellated systems of membranes extending through 
mitochondria in the whole length of the proximal segment 
before the nucleus, we now consider that retincehrome 
may be involved in the segment with some relation to 
these lamellated structures. A similar interpretation may 
apply to the gastropod retina. In the proximal part of 
the sensory cell of the snail, there 1s a compact structure 
consisting of small vesicles regularly arranged. This may 
correspond to the lamellated structures in the visual cell 
of the Cephalopoda. 

Rhodopsin in rhabdomes is undoubtedly important as 
the first photoreceptive substance for vision. On the other 
hand, retinochrome is sufficiently more photosensitive to 
react to faint light that has passed through the rhabdomes 
and the dense layer of black pigment. From the fact that 
the photopigments are very close to each other, it seems 
possible that retincchrome may play a supplementary 
part in visual excitation, perhaps acting as a direct supply 
of active retinal for the rhabdomes. 

This work was supported in part by a grant from the 
Japanese Ministry of Education. We thank Mr. Akira 
Hamaguchi, Akashi Fisheries Experiment Station of 
Hy6go Prefecture, for his co-operation in collecting fresh 
materials. ; 
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Rhodopsin and Retinochrome in the Squid 
Retina 


In the earlier investigations’, it was concluded that the 
visual pigment of the squid, Loligo peallt, possesses the 11- 
cts isomer of retinal, as chromophore, because the chromo- 
phore released thermally from the protein moiety can 
form cattle rhodopsin when mixed with cattle opsin. Con- 
sequently, the visual pigment of cephalopod rhabdomes 
has been regarded as a chromoprotein composed of 11-cts 
retinal, and “rhabdomal” opsin and thus closely akin to 
the visual pigment of vertebrate rods (rhodopsin). As 
shown in Fig. 1, the visual pigment of the Japanese 
squids Ommastrephes sloani pacificus Steenstrup is also 
based on 1l-cts retinal, Squid rhodopsin in digitonin 
solution (Amex 480 my, pH 6-5) was bleached by im- 
mersing it in a 75° C water bath for 30 seo, and cooled 
immediately in iced water. To this solution was added 
rod opsin extracted by digitonin from cattle retinae 
(Fig. 14, spectrum 1, obtained by adding together the 
spectra of rhodopsin bleached by heat and cattle opsin). 
When this mixture was incubated 1n the dark at 25° C, the 
extinction at 500 mp gradually rose. Two hours later, the 
product was spectroscopically measured in the presence of 
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hydroxylamine (spectrum 2), and again meagured after 
irradiating it until there was no further change in spectrum 
(spectrum 3). Fig. 1B shows the difference spectrum of the 
photopigment synthesized during the dark incubation. 
The absorption maximum is at 498 mu, which indicates 
that cattle rhodopsin had been formed. Accordingly, we 
conclude that the chromophore of Ommastrephes rhodopsin 
has the same (11-088) configuration as vertebrate rhodopsin. 

In order to examine the chromophore of the Omma- 
strephes retinochrome, we tested its capacity to synthesize 
cattle rhodopsin as follows. Retinochrome was thermally 
denatured by keeping it at 75° C for 30 sec, chilled ım- 
mediately in ice, and incubated in the dark with cattle 
opsin at 25° C. Even after some hours, no photopigment 
was formed in the mixture. This result suggested that 
retinochrome might differ from rhodopsin in the con- 
figuration of its chromophore, even though each pigment 
was similarly photosensitive. Moreover, the mixture of 
heat-denatured retinochrome and cattle opsin did begin 
to form cattle rhodopsin in the dark, if first given a few 
minutes’ exposure to white light. Because the cattle 
opsin itself yielded very little rhodopsin when further 
irradiated, it was apparent that it was the chromophore 
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Fig. 1 Stereoisomeric configuration of the chromophore retinal released 
by thermal bleaching of rhabdomal rhodopsin of the squid, Ommastrephes 
sloams pacyious Steonstrup. On inoubation of this freed retinal with 
cattle opein in the dark for 2 h at room temperature, a kind of photo- 
sensitive ' pigment was slowly synthesized in solution. Hydroxylamine 
was add the reaction mixture, and the difference spectrum was 
measured as shownin B It was plain that the synthesized pigment was 
cattle rhodopsin with a Amex at 498 my, Accordingly, Ommastrephes 
rhodopsin Involves the 11-es Totlnal; as its chromophore, like cattle 
rhodopsin. 
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released thermally that had to be isomerized by light into 
the ll-cte configuration. Furthermore, if instead of 
irradiatmg the mixture, the heat-denatured retinochrome 
was irradiated for a short time before incubation with 
opsin, cattle rhodopsin was again progressively formed. 

These experiments led us to consider whether a mixture 
of squid retinochrome and cattle opsin would form cattle 
rhodopsin in the dark, if the retmochrome component 
were quickly bleached by irradiation. In fact, with such a 
mixture, we did obtain cattle rhodopsin by a short ex- 
posure of the mixture to yellow hght. The details of this 
experiment are shown in Fig. 2. Fig. 24 gives the ab- 
sorption data of the experimental materials. Fig. 2B 
shows the results of the experiment. Spectrum | is for 
the (inert) mixture of squid retmochrome and cattle 
opsin (spectrum 1l=spectrum 4 in Fig. 24). After this 
mixture had been irradiated for 3 min, the spectrum 
changed to spectrum 2 (= spectrum ð in Fig. 2A), as a 
result of the retinochrome being bleached. After incuba- 
tion in the dark at 24° C, the extinction at 500 my gradually 
increased exponentially until spectrum 3 was reached 
after 2h. On adding hydroxylamine to this to block further 
synthesis, the spectrum changed from 3 to 4 (spectrum 4 
corrected for dilution). Finally the pigment remaining 
was bleached by light (spectrum 5), the difference spectrum 
being shown in Fig. 20. Since the Amar lies at 498 my, 
thia photopigment is cattle rhodopsin. It is clear that on 
irradiation the chromophore retinal of retinochrome is 
changed by light from its original configuration (which is 
thus not 11-cis) to the 11-cts form required for rhodopsin 
formation, and is later released from the protein moiety 
of retinochrome. In the case of the synthesis of rhodopsin 
with the chromophore of squid rhodopsin, cattle opsin 
had to be mixed with it immediately after thermal 
bleaching of squid rhodopsin. On the other hand, even 
when the product of thermal bleaching of retinochrome 
was kept for many hours in the dark, the liberated chromo- 
phore could normally yield cattle rhodopsin, whenever 
it was irradiated in the presence of opsin. The fact that 
the chromophore of retinochrome remains stable in solu- 
tion for a fairly long time after it has been separated from 
its denatured protein indicates that this chromophore is 
probably in the all-trans configuration. 

Rhodopsin is stable to hydroxylamine, and retinal- 
dehyde oxime is never formed before the chromophore 
retinal is released by hydrolysis of its metarhodopsin. 
Retinochrome, unlike rhodopsin, is readily destroyed by a 
low concentration of hydroxylamine, and retinaldehyde 
oxime is at once formed from it. In the retinochrome 
molecule, the chromophore retinal seems to be bound with 
the protein moiety far less tightly than in the rhodopsin 
molecule. The retinaldehyde oxmmes formed from non- 
illuminated and illuminated retinochromes are compared 
in Fig. 3. The absorption maximum of retinaldehydo 
oxime derived from the former is near 365 mp, whereas 
that from the latter is shifted slightly towards 355 mu, 
and has a somewhat lower extinction. This suggests 
that the chromophore in unbleached retinochrome is in 
the all-trans configuration, while that of the photoproduct 
is in the cis-configuration (compare ref. 2). Again (not 
shown in the figure), the absorption spectrum of retinal- 
dehyde oxime from thermally denatured retinochrome 
agrees with that from the non-illuminated (native) 
retinochrome, which indicates that the all-trans configura- 
tion is retained after thermal denaturation. Because the 
retinal liberated by photolysis of retinochrome is 11-cis, 
it can be concluded that the chromophore of retinochrome 
is originally in the all-trans condition and is isomerized to 
the Il-cts form by light. 

In the preceding article? and elsewheret, we have de- 
scribed some differences in the biochemical and biophysical 
properties between rhodopsin and retinochrome. The 
present investigation adds an essential difference m chro- 
mophoric configuration. The co-existence of several kinds 
of photopigment with different Amax in the retina is 


NATURE, VOL. 214, MAY 6, 1967 


usually considered to be indicative of colour vision, but 
the dual photopigment system of rhodopsin and retino- 
chrome must be associated with a quite different physio- 
logical function of the retina. Rhodopsin is an umportant 
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photopigment contained in the most forward part of the 
visual cell, where the incident light isomerizes its chromo- 
phore retinal from the 11-cts to the all-trans configuration, 
so converting rhodopsin to the all-trans chromoprotein, such 
as pre-lumirhodopsin initially and metarhodopsin finally". 
On the other hand, retinochrome, which is present just 
behind the rhabdomes surrounded by black pigment 
granules, may be decomposed even by faint light because 
of its high sensitivity, to send off the 11-cts retinal required 
for rhodopsin regeneration. Actually, the illuminated 
retinochrome possesses a specific capacity for removing 
all-trans retinal from metarhodopsin and thus regenerating 
the original retinochrome (unpublished observations). 
About 10 years ago, an enzyme called ‘‘retinene isomerase” 
was found in cattle retinae and frog pigment layers which, 
in light, catalysed the conversion of the all-trans retinal to 
the 1l-cis (ref. 6). In the cephalopod retina, such an 
enzyme action seems to be associated with the specific 
function of retinochrome. We also believe that it would be 
worth investigating further the photoreaction system 
acting in other retinal parts beyond rhodopsin-including 
rhabdomes or rod limbs because this could contribute to 
an understanding of the visual function. 

This investigation was suppofted in part by a grant 
from the Japanese Ministry of Education. We thank Mr. 
Tetsuo Ogata, the Kasumi Branch of the Japan Sea 
Regional Fisheries Research Laboratory, for the facilities 
for collecting fresh materials, and Dr. Téru Yoshizawa, 
Department of Biology, Faculty of Science, Osaka Uni- 
versity, for his advice on the experimental method. 
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Sexing of Live Rabbit Blastocysts 
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IN many mammalian species, sex chromatin can be identi- 
fied in a high proportion of interphase nuclei of somatic 
cells in adult females, but not in males?. During embryonic 
development of tho rabbit, sex chromatin 1s first detectable 
in approximately ono half of the fixed and stained blasto- 
cysts recovered 4 days after mating, these blastocysts 
presumably being females’. The sexing of 4-5 day live 
blastocysts could be useful in exercising some measure of 
control over the sex ratio of offspring, for embryos of this 
age or older can be surgically transferred into recipient 
females and survive to full term’. At this age, the blasto- 
cysts lie freely in the uterine lumen, and are composed of 
several hundred cells. It seemed to us that the trophoblast 
cells could be examined by direct microscopical observa- 
tion of living embryos in a manner similar to cell mono- 
layers cultured on glass, for the trophoblast is well differen- 
tiated at this stage, and forms a monolayer over most of 
the surface of the embryo. The identification of sex 
chromatin in a high proportion of trophoblast nuclei 
would then serve to classify the embryo as a female, and 
ita relative absence would indicate a male. The first 
requirement necessary to attempt the sexing of blasto- 
cysts was to develop a method capable of detecting sex 
chromatin in trophoblast nuclei of intact living blastocysts. 

We desided to follow the experimental procedure 
described by Young and Smith‘ for detecting sex chromatin 
in cultured monolayers of living epithelial and endothelial 
cells of the rabbit cornea and in other cells. They used 
acridine orange or ‘Euchrysine 2 GNX” (Messrs. E. Gurr) 
to stain the cells for fluorescence microscopy. After 
preliminary experiments using both dyes for staining 
blastocysts, we chose ‘Huchrysine 2 GNX’ at a final 
concentration of 1/250,000 (w/v) dissolved in a medium 
comprised of medium 199 (Microbiological Associates 
Inc.), 10 per cent inactivated foetal calf serum (Micro- 
biological Associates, Inc.), 5 per cont phosphate buffer 
(pH 7-2), and 100 ro/ml. of penicillin. Acridine orange 
penetrated much faster, but did not give such good 
resolution. Blastocysta flushed from the uteri of rabbits 
mated 5 days previously were placed in medium con- 
taining ‘Euchrysine’ for at least 1 h to permit sufficient 
staining. Exposure to ‘Huchrysine’ for slightly longer 
than 1 h was necessary for satisfactory fluorescence, 
briefer periods resulting in too rapid fading and poor 
resolution of nuclear detail. The blastocysts were then 
examined either immediately after brief washings in two 
changes of ‘Euchrysine’-free medium (to minimize 
background fluorescence), or after approximately 0-5 h 
in ‘Euchrysine’-free medium. For examination under the 
fluorescence microscope, the blastocysts were prepared 
as whole mounts in dye-freo medium, either on cavity or 
ordinary slides, and were slightly compressed under a 
coverslip. A> Zeiss photomicroscope was used for observa- 
tion, with a 200 W mercury vapour lamp as the source of 
illumination, and with filters B.G. 38/2-5 and B.G. 12/4 in 
the excitation path. The former filter is red-suppreasing 
and a heat filter, while the latter has a transmission range 
extending from approximately 330-500 my with a maxi- 
mum at 400 mp. The barrier filter combination was such 
ag to transmit visible radiation between 600-650 mp. 
The observations were made in the main with a x40 
‘Neofluar’ bright-fleld objective, Kpl 8 oculars, and x 1-25 
magnification on the ‘Optovar’. 

The fluorescent image demonstrated that the nuclear 
membrane, nucleoli, chromatin, and sex chromatin were 


females could be of great Importance In agriculture and human 
affairs. A first step In this dt 

microscopy to score sex chromatin and so Identify male and female 
embryos only five days after conception. 


rection Is the use of fluorescence 


displayed with considerable clarity, despite the optical 
distortion arising from the thickness (about 1 mm) of the 
blastocyst whole-mount. Cytoplasmic fluorescence was 
also apparent, especially ın some blastocysts, but did not 
interfere with observations on nuclei. At least fifty inter- 
phase trophoblast nuclei ın each blastocyst were scored for 
sex chromatin by each of us independently. We restricted 
our interpretation of sex chromatin to a triangular or 
ovoid body in contact with the nuclear membrane, often 
fluorescing more intensely than nucleoli, and omitted from 
our scoring similar bodies which appeared more centrally 
placed within the nucleus. These strict criteria were 
adopted in order to avoid confusion with other fluorescing 
bodies within the nucleus. Many nuclei that were pre- 
sumably positive were thus excluded from our estimates 
of the incidence of sex chromatin positive nuclei, and our 
estimates were considerably lower than those of Melander?, 
perhaps for this reason. Blastocysta with more than 20 per 
cent positive interphase nuclei were classified as females, 
and those with leas than 5 per cent as males. In addition, 
particularly where intermediate percontages were en- 
countered, a subjective assessment of the size, shape, and 
the distribution of sex chromatin in different parts of the 
blastocyst was used to classify the embryo. After they 
had been examined and scored vitally, the blastocysts 
were fixed in acetic aloohol (1: 3), and stained with I per 
cent aceto-orcein for detaled examination and classi- 
fication of sex chromatin status under bright-field optics. 
The “true” sex of each embryo was established from the 
aceto-orcein results for comparison with results obtained 
from fluorescence microscopy. 

Forty-eight blastocysts were scored, the experiments 
falling into five series. With fluorescence, thirty-nine of 
the living blastocysts were scored definitely as females or 
males (Table 1). A further six embryos were scored with 
some doubt on the part of one or both of us, because of an 
intermediate number of positive nuclei. In three embryos 
our two independent classifications were at variance. 
Only one of these disagreements, however, was “‘serious’’, 
that is one of us scoring the embryo aa a definite female and 
the other as a definite male, for the other two disagree- 
ments concerned embryos scored doubtfully in the first 
instance. Full details of these classifications are given in 
Table 1. 

The embryos were thon fixed and stained with aceto- 
orcein. Before scoring, the slides bearing the stained 
embryos were shuffled and each was given a code number 
by a person not concerned with the experiment. We then 
each classified the coded embryos independently. Forty- 
two of the embryos could be classified as male or female 
without difficulty. The remaming six embryos presented 
difficulty to one or both of us, although we could resolve 
four of these by joint examination. The remaiming two 
embryos had to be classified provisionally, because of an 
intermediate frequency of positive nucle: (see Table 1). 
We finally decoded the slides, and compared the classi- 
fications obtained with aceto-orcein with those obtained 
by fluorescence. 

The comparisons are given in Table 1. Of the thirty- 
nine embryos scored definitely under the fluorescence 
microscope, thirty-seven were correct and two were 
incorrect, as judged from the aceto-orcein results. Of the 
six doubtfuls, four were correct and two incorrect. Thus, 
of the forty-eight living blastocysts, forty-one had been 
scored correctly and four incorrectly. By adding the 
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Table 1. OLASSIFIOATION OF LIVING RABBIT BLASTOOYSTS AS MALES OR FHMALES BY FLUORESCENON MICROSCOPY 


Definite classifications under F M.* 


Sex as Number of Number of correct 
Series determined eal be classifications 

by F.M. c as judged by A-O 
I male 5 4 
female 4 4 
It male 8 8 
female 6 5 
TH male 3 3 
femalo 2 2 
Iv male 2 2 
female 2 2 
v male 7 6 
female 6 8 
AN male 20 18 
f) 19 19 


* FAL, Fluorescence pueroscopy ; A-O, stained with aceto-orceln, 
tQne embryo in each of these two groups classlfled tentativel 
Classification under aceto-orcein given outaide parentheses, 


three ‘‘disagreements’’ a total of seven living blastocyste 
had been misclassified out of a total of forty-eight. If our 
scoring had been due to chance, half the embryos would 
have been correctly scored and half wrongly. The actual 
results show a significant departure from 1:1, and it is 
clear we had identified male and female blastocysts with a 
considerable degree of accuracy. 

It should be possible to improve on these results. Most 
of our errors and doubts occurred in the first two series, 
and the accuracy of classification improved in later series. 
Indeed, the single error in series V was on an embryo that 
had been left for several hours in ‘Euchrysine’ and was 
grossly overstained. Examimation of the four errors 
shows that in each case a female had been misclassified, 
that is, sex chromatin had been overlooked. Perhaps our 
interpretation of sex chromatin was too conservative 
(see above). As a consequence of the four errors, the 
embryos had been divided into 23 males : 22 females under 
fluorescence microscopy; in fact the true ratio was 19 
males : 26 females. The “female” group after fluorescence 
thus contained all female embryos, whereas the “‘male” 
group actually contained 19 males: 4 females. If those 
embryos in the “definite” classification only are included, 
the ratio in the ‘‘male” group improves to 18 males : 2 
females. These ratios are a measure of the accuracy of our 
sexing for females and males respectively. 

These preliminary results on the sexing of living rabbit 
blastocysts are most encouraging. But, for a vital tech- 
nique to be of practical use, the embryos must be able to 
continue normal development after transfer to a recipient 
female. Macroscopically, the blastocysts were in very good 
condition after examination, almost all of them being 
fully expanded. There are obvious objections to the use of 
fluorescence microscopy: radiation with shorter wave- 
lengths could be mutagenic, and fluorochrome binding 
might impair cellular function’. ‘Euchrysine 2GN X’ has 
the appropriate amino and methyl groupings to suggest 
that it is one of the mutagenic acridine derivatives 
(personel communication from T. Alderson). It is ob- 
viously important to spare the embryos as much damage 
as possible, for example, by shielding the inner cell mass 
by using a narrow beam to illuminate a few trophoblast 
nuclei at one time. Our results establish that vitel tech- 
niques can reliably and rapidly detect sex chromatin in 
trophoblast nuclei, and it should be possible to use other 
microscopical methods of less potential damage than 
fluorescence microscopy. Phase-contrast microscopy has 
been used to detect sex chromatin, in living cell mono- 
layers"’?. By using a combined phase/fluorescence Zeiss 
condenser we could clearly detect sex chromatin in some 
living trophoblast nuclei byphase-contrast optics after find - 
ing it initially by fluorescence microscopy. We will attempt 
to sex blastocysts by phase-contrast microscopy before 
attempting any embryo transfers into recipient females. 

Sexing blastocysts could be useful in domestic species 
with “central” implantation where the blastocysts are 
composed of many cells before implantation. In many 
species, including these, the foetal membranes are excellent 
tissues for detecting sex chromatin (see refs. in 1). Blasto- 
cyst transfer methods not involving surgery would be a 


Doubtful classifications under F.M. 


Number of Number of correct Disagreements In 
embryos classifications classification by F.M. t 
led as judged by A-O 

1 o 
2 2+ 
2 1 1 female Ree fernale) 
~ - RLG male) 
1 1 
~ - lmale (RGE male?) 
~ - ELG female ?) 
~ - 1 female (RGE male *) 
- - RLG female ’) 
3 1 
8 8 


under aceto-orcein. 
ta in parentheses showing classification under fluorescence microscopy by two authors, 


necessary adjunct; approximately 40 per cent of bovine 
morulae transferred into recipient females via the cervix 
survive to implantation or birth®-!*. In other species, 
including man, the blastocyst has relatively few cells when 
1t invades the endometrium, and sex chromatin may appear 
after this stage (it has not been found in a small series of 
human morulae and blastocysts of the Carnegie collec- 
tion"). Attempts to control sex-linked disorders in man 
will probably demand different methods for clase:fying 
pre-implantation embryos, although the sexing of foetuses 
of four months and older from sex chromatin investigations 
of amnuiotic-fluid cells'*-"* has been used clinically". It 
would obviously be simpler to control sex ratios by sepa- 
rating spermatozoa carrying an X or Y chromosome, but 
this approach has been largely unproductive. Negative 
results ix attempts to identify the phenotype of X and 
Y spermatozoa!®!* sould be the result of the lack of 
RNA synthesis by the sex chromosomes during and 
after meiosis}?.18, Experiments designed to detect 
differences between spermatozoa caused by the possession 
of an X or Y chromosome, for example, by sedimenting 
spermatozoa in a viscous medium, have evidently proved 
negative? to, 

We thank Professor A. 8. Parkes for encouragement, 
Mre. A. D. Vickers, Mr. M. H. Johnson and Miss Claire 
Jackson for help, and the Ford Foundation and Medical 
Research Council for financial support. 

Note added in proof. An alternative approach to the 
sexing of blastocysts is to remove a few trophoblast cells 
for the identification of sex chromatin™. Rowson and 
Moor™ have recently shown that sheep conceptuses aged 
13 days can tolerate the removal of several millimetres of 
their membranes and then develop to full term on transfer 
to a recipient female. The excised piece of tissue should 
serve to sex the conceptuses if sex chromatin has origin- 
ated at this age in sheep. 
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mammals. 


ADULT vertebrate skin is composed of many tissues, each 
with its own characteristic rate of cell replacement. In 
mammalhan skin the mitotic activity of these tissues varies 
from zero ın. the outer dermis to an extremely high level 
m the growing hair bulb, and ıb is clear that the con- 
trolling mechanisms must be tissue specific’. It is also 
clear that, although the mitotic rate of several of the skin 
tissues may be stumulated by androgens and oestrogens 
and inhibited by adrenaline and hydrocortisone, these 
hormonal influences alone are quite inadequate to form 
the basis of the mitotic control mechanisms of the skin 
tissues. In particular any such hormonal influences would 
appear unable to account for the rapid compensatory 
changes in the mitotic rate that occur after sudden 
alterations in the rate of cell loss, as for instance after 
tissue damage. 

Most information concerning mitotic control mechan- 

_lams has come from studies of normal and damaged 
mouse epidermis, and has indicated that the epidermal 
mechanism is probably based on a system of negative 
feedback of information’. On the assumption that this 
information may take the form of a diffusible chemical 
messenger, attempts have been made to extract such a 
substance from the epidermis of Strong CBA micet-* and 
of hairless Ar/hr mice’. Aqueous extracts were tested in 
the one case on the mitotic rate of mouse ear epidermis 
and in the other on body epidermis, and the results 
strongly suggested the presence of a mitotic inhibitor 
Purifications of such aqueous extracts have further 
indicated that the active substance, now called the 
epidermal chalone, may be a basio glycoprotein with a 
molecular weight of perhaps 25,000 (ref. 10) (Homan, 
J. D. H., and Hondius Boldingh, W., personal com- 
munication). 

If the epidermal chalone is indeed the key messenger in 
the epidermal negative feedback mechaniam it is neces- 
sary, first, that it shall be able to pass from cell to cell; 
second, that it shall be constantly produced and con- 
stantly degraded or eliminated; and, third, that its anti- 
mitotic action shall be tissue specific. Regarding the first 
point, it is already known that although the epidermal 
chalone cannot pass through a semipermeable membrane” 
it does pass from cell to cell within the epidermis and 
across the dermis'', Regarding the second point, it is 
known that, after extraction, the epidermal chalone is 
unstable and that it must be lyophilized if it is to be 
preserved for any length of time?®. 

On the third point, tissue specificity is indicated because 
the rise in the epidermal mitotic rate after wounding 
occurs only if the epidermis itself is damaged", because 
the epidermal chalone has no antimitotic action in hair 
bulbs or rectal crypts*, and beeause the epidermal mitotic 


Extracts of vertebrate epldermis contain an antimitotic chemical 
messenger, called the epidermal chalone, which appears to be of 
central importance In the control of epidermal mitosis. 
similar chalones have been reported in other tissues. The epidermal 
chalone Is tissue-specific, but it Is now shown to be neither specles- 
nor class-specific. This indicates that the epidermal mitotic control 
mechanisms must be closely similar in all vertebrates from fishes to 
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rate is not depressed by extracte of liver, kidney, lung, 
brain, rectum or hypodermis (ref. 6 and Nome, O., per- 
sonal communication). Similar tissue or organ speonficity 
hag also been recorded for what are evidently the chalones 
of other tissues. Substances with characteristics similar to 
those of the epidermal chalone have been extracted from 
liver, kidney", mature granulocytes and lens of eye"; 
it has been found that liver chalone does not suppress 
mitosis in kadney, that ladney chalone has no action on 
liver™-13, and that epidermal chalone does not inhibit the 
multiplication of granulocyte precursors in bone marrow 
(Rytomaa, T., personal communication). Indirect evidence 
of the existence of tissue specific chalones has also been 
reported for hypodermis and hair bulbs**. 

Although more evidence 1s clearly needed, it already 
appears that a number of different tissue-specific chalone 
systems exist within the mammalban body, and it is 
possible that when more is known the number may prove 
to be large. It is also possible, however, that closely 
related tissues may share the same chalone, and in this 
connexion it has been found that the epidermal chalone 
will suppress mitosis in both the corneal and oesophageal 
epithelia. It is interesting that hair bulbs, although 
epidermal in origin, evidently have their own control 
syatem!?, 

With evidence for the existence of a number of different 
tissue specific chalones, the next important question 
concerns their species specificity. This has been studied 
only in the case of the epidermal chalone, which has now 
been, extracted from several mammals and one species of 
fish, All these various chalone extracts have been tested 
for their antimitotic activity m adult mouse epidermis, 
both in vivo and in vitro. In all cases the manner of 
extraction was similar: either epidermis or whole skin, 
fresh or deep-frozen, was homogenized and extracted in 
water. The insoluble material was spun down in a cold 
centrifuge and the clear supernatant was used as the 
source of chalone. Because in all extracts the chalone 
formed only a minute proportion of the water soluble 
material it was difficult to estimate the actual dose given, 
and in all the following tables it has been necessary to 
express the dosage as mg of total water soluble material. 
A typical series of results obtained by subcutaneous or 
intraperitoneal injections of mouse epidermal extracts 
into mice during the period of sleep (when they have a 
relatively high epidermal mitotic rate) is shown in Table 1. 

This evidence suggested that the epidermal chalone is 
by no means species- ifioc, not only within the elass 
Mammalia but also within the sub-phylum Vertebrata. 
It remained to be established, however, that the depression 
of the mitotic rate was indeed due to specific chalones 
and not to some unspecific influence, such as stress”. The 
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Table 1. ACTION OF MOUBM EPIDERMAL CHALONE IR vwo 


Average numbers of mitoses arrested by coloemid in 4 h ın unit lengths of 
sections of epidermis from sleeping mice 


À proximate Body epidermis from adult Ear epidermis from adult 
wog ofepidermal female hairless Ar/hr mice male Strong OBA mice 
extract injected. Depres- Deprea- 
per mouse (mg) N M sion (%) N M son (%) 
0 100 81:50 66 — 10 934081 — 
50 8 1861+042 49 10 214039 77 


fact that a general non-specific mitotic inhibitor was not 
involved was already suggested in these experiments by 
the tissue specificity of the action, and im particular by 
the fact that the epidermal depression of mitosis was not 
accompanied by any simular depression in the active hair 
roots‘, 

The depression induced in the epidermal mitotic rate 
18 significant, and, when extracts of the skins of cod, pig 
and man were similarly tested, the results were closely 
similar (see Table 2). 


Table 2, ACTION OF VARIOUS EPIDERMAL CHALONES in vivo 


Average numbers of mitoses arrested by colcemid in 4 h m umt lengths of 
sections of epidermis from sleeping mice 


Approximate Body epidermis from adult Ear epidermis from adult 
weight of skin female hairless Ar/Ar mice male Strong CBA mice 
extract infected Depres- Depres- 
per mouse (mg) N M son(%) N M sion (%) 
Codfish: 
0 100 83815+0686 _ — 
6 12 1684224 47 
E 10 10 I25£161l 60 
ig. 
0 100 «3154066 ~ 28 9-040-24 — 
Han 60 18 112174 64 28 48028 47 
0 100 8315+086 bee > 
& 10 3121 87 
10 4 73+ 1-88 77 


To obtain critical evidence that epidermal chalones 
were involved in all cases it was necessary to carry out 
experiments in vitro. Early in the chalone investigations, 
experiments of this kind had been performed to check 
that the epidermal! chalone has a direct action on epidermis 
and that it does not operate through some systemic 
mechanism. The experiments involved incubating small 
pieces of mouse ear epidermis for short periods in a simple 
phosphate-buffered saline medium with 0-02 molar glucose 
and an oxygen gas phase at body temperature’. In all 
the expermments the first hour tn vitro was ignored to 
allow those mitoses present at the beginning to pass 
beyond the metaphase. Ccleemid was then added to 
arrest all new mitoses in the metaphase and the experi- 
ment was continued for 4 h. A typical series of results 
obtained with mouse epidermis treated with a variety 
of skin extracts is shown in Table 3. 

These results indicate that the antimitotic action of 
the skin extracts is direct and that it is not species specific, 
but they do not prove that in all cases the mitotic depres- 
sion was caused by an epidermal chalone. In such experi- 
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ments m vitro it 18, however, possible to confirm the 
chalone nature of the mitotic inhibitor by what has come 
to be called the adrenaline wash technique. It is known 
that in vitro the mouse epidermal chalone requires the 
presence of adrenaline before 1 can exert its full anti- 
mitotic action’. It has been found that when epidermis 
is taken from a mouse it contams enough adrenaline to 
permit a full response to the epidermal chalone, but that 
after about 6 h this adrenaline is evidently lost and the 
mitotic rate rises even in the presence of fresh chalone. 
At this tıme the ability of the epidermis to respond to 
the presence of the chalone is fully restored by a brief 
wash in a dilute adrenaline solution (less than 6 min in 
0-25 ug adrenaline/ml.), a treatment which by itself 
has little if any effect on the epidermal mitotic rate. 
Thus the hallmark of the epidermal chalone is that in 
viro 1t 18 only able to function properly in epidermis 
containing an adequate amount of adrenaline. 

To test whether the antimitotic activity of the various 
skin extracts is indeed due to the presence of an epidermal 
chalone it was therefore necessary to show, first, that 
after 5 h in vitro the epidermal mitotic rate returned to 
normal even in the presence of fresh chalone, and, second, 
that at this time an adrenaline wash restored the respon- 
siveness of the epidermis to the chalone. In Table 4 
the first point is iustrated for four widely different skan 
extracts; in all cases ıt can be seen that the epidermal 
mitotic activity had returned approximately to normal 
between the fifth and ninth hours tn vtiro. 

The second point, the ability of a brief adrenaline wash 
to sensitize the epidermis to the antimitotic actions of the 
same four skin extracts, is illustrated ın Table 5. This 
table also shows that the adrenaline wash alone had no 
effect. 

These results leave little doubt that m the variety of 
skin extracts, ranging from cod to man, the active 
ingredient was indeed the epidermal chalone, and there- 
fore that at least the active groups of the molecule are 
not species-, or order-, or even class-specific. It will be 
interesting to discover in due course whether the same is 
true of the other tissue specific chalones, as it also is of 
the main vertebrate hormones. A chalone is, of course, 
nothing but a chemical message, and ‘the most interesting 
and important part of the problem of mitotic control 
concerns the mechanism that emits and the mechanism 
that recerves and acts on this message. The possible nature 
of these mechanisms has recently been discussed at 
length! ° and it has been suggested that a chalone may 
operate at the gene level in the manner of a bacterial 
effector. For the moment, however, the important pomt 
is that, since the epidermal chalone is not species-specific, 
the mechanism of which it forms a part may also be 
essentially similar in the epidermal cells of all vertebrates. 


Tablo 3. ACTION OF VARIOUS EPIDARMAL CHALONES in viro 
Average numbers of mitoses arrested by colcemid in unit lengths of sections of mouse ear epidermis in the final 4 h of 5 h experiments 


Approximate weight of Mouse skin extract 

extract per 4 ml, Depression 
oultare medium (mg) M (per cent) N 
0 25 68+ 0-25 — 10 
0-1 25 3-7 + 0-28 46 10 
1-0 25 8-10-19 54 10 
10:0 25 2140-18 69 10 

Pig skin extract 

Depression 
N M (per cent) N 
0 20 78010 — 10 
01 20 4383+015 45 10 
1-0 20 89+0-21 50 10 
10-0 20 854014 55 10 


Quinea-pig skin extract Rabbit skin extract 
De on Depreasion 
Bf (per cent) N M (per cent) 
70+0-44 — 10 6-1 +0 86 _ 
4:24 0-28 40 10 4:1 +039 33 
2940-36 59 10 8-2 + 0-40 48 
1340-85 81 10 2°8 + 0°81 64 
Human skin extract Codfish skin extract 
Depreasion Depression 
M (per cont) N M (per cent) 
8140-57 FA 10 7:8 4018 — 
6'4 +28 88 10 424018 45 
48017 41 10 3 3022 57 
8240-15 60 10 2-940 32 82 


Table 4. LOSS OF ACTION OF VARIOUS MPIDERMAL CHALONES AFTER 5 H in vitro 
Average numbers of mitoses arrested by coloemid in unit lengths of sections of mouse ear epidermis in the final 4 h of 9 h experiments 


Approximate weight of Mouse skin extract Pig skin extract Human skin extract Codfish skin extract 
whole skin extract per Depression Depression Depression Depression 
4 ml. culturo medium (mg) N M (per cont) N M (per cent) N “m (par cent) N M (per cent) 

0 15 7606+034 _ 15 7-90-86 > 10 89025 — 10 774078 — 

0'1 15 8&0+0-586 0 15 88046 0 10 8-140438 0 10 = 8640°85 o 

10 15 76+0 83 0 . 16 8230-40 0 10 8240-55 0 10 8014087 (i 

10-0 16 72038 0 16 7-440 88 0 10 8-94+0°47 0 10 80017 0 
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Table 5. RMSTORATION OF AOMION OF VARIOUS APIDERMAL CHALONHS BY ADRENALINE WASH AFTER 5 H in vuro 


Average numbers of mitoses arrested by coloemid In unit lengths of sections of mouse ear epidermus in the final 4 h of 9h 


riunents. AtShtheepidermis 


was removed, washed briefly in 0-25 ug adrenaline/ml., and returned to the original culture medium 


Approximate weight of Mouse skin extract 
w 


Pig akin extract 


Human skin extract Codfish skin extract 


lo skin extract per Depression Depression Depression Depression 
4m! culture medium (mg) N M (per cent) N M (per cent) N Bf (per cent) N AL (per cent) 
0 20 7040-26 — 15 7140-18 mee 10 720381 — 10 7868+018 — 
10 20 8240-28 54 165 4540-19 37 10 4-240 22 42 10 87029 51 
We thank Professor J. Lundevall for the fresh cod skin,  * Iversen Aandahl, E., and Elgjo, K., Acta Path. Microbiol. Scand., 


Professor Chr. Bruusgaard for the human skin, and Dr. 
J. D. H. Homan and Dr. W. Hondius Boldingh for the pig 
chalone extracts. 
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Tue thymus gland 18 considered to elaborate a humoral 
factor which is capable of inducing and supporting the 
immunological competence of lymphocytic cells. Accumu- 
lated evidence for the existence of this thymic humoral 
factor has been reviewed! and recently supplemented**. 
Available data do not indicate whether it is likely that the 
postulated ‘“immunotrophic’ material affecta cells of 
extrathymic origin or rather bestows competence only on 
lymphocytes which have their origin in the thymus. The 
most direct way to resolve this question would be to 
investigate lymphoid cells which are clearly not of thymic 
origin, but such cells are not readily available. The usual 
experimental preparation for the investigation of problems 
of thymic function, the small mammal or bird thymecto- 
mized in the neonatal period, is not suitable for this 
purpose. Some differentiation of lymphoid tissues has 
already occurred in such animals at birth, and it is probable 
that at least a portion of their lymphoid cells are of thymic 
origin. Thymectomy before significant lymphoid differen- 
tiation has been performed in the “embryonic” opossum, 
but the surviving animals do not have significant numbers 
of small lymphocytes’. 

In certain human infants, on the other hand, lympho- 
cytes have been found in spite of apparent complete 
failure of development of the thymus during embryonic 
life’. In such infants congenital absence (agenesis) of the 
thymus occurs in association with absence of the para- 
thyroid glands and other anomalies®-". Affected children 
have hypocalcaemia and recurrent or chronic infections, 
and they fail to thrive; death occurs in infanoy. There 
appears to be a primary failure in development of the 
third and fourth branchial arches which are the primordia 
of both the thymus and parathyroid glands. When both 
tissues are missing we assume that they have been com- 
pletely absent throughout gestation. The lymphocytes of 


Lymphocytes of presumably extrathymic origin were obtained from 
an immunologically deficient child in whom there was complete 
failure of development of the thymus. They were poorly responsive 
to phytohaemagglutinin and to antigens, and responsiveness was not 
induced by incubation with thymic or transfer factors. 


such individuals are almost certainly of extrathymioc 
origin. 

We have recently encountered such an infant and 
examined his immunological competence for an 11 month 
period before he died at 17 months of age. No recognizable 
element of the thymus was found at necropsy although 
serial sections of the soft tissues of the entire anterior neck 
and mediastinum were reviewed. Nevertheless, this 
infant had normal numbers of peripheral lymphocytes 
and small but significant numbers of organ lymphocytes. 
He presented a unique opportunity to investigate the 
function of lymphocytes of presumably extrathymic origin. 

The infant’s immunological deficit was evidenced by 
innumerable infections, retention of primary and secondary 
skin homografts, absence of delayed hypersensitivity 
responses, severe runting, and lack of antibody production 
on immunization with multiple antigens. Immuno- 
globulin concentrations were normal. Most of the child’s 
lymphoid cells had the appearance of normal small and 
medium lymphocytes in Romanowsky-stained, supra- 
vital-stained and phase contrast preparations. Like normal 
lymphocytes, most of these cells had one nucleolus’, 
exhibited characteristic motility, lacked phagocytic 
activity and did not take up tritiated thymidine’. 

We report here the results of in vitro experiments which 
were designed to test two hypotheses: (a) that incompetent 
lymphocytes of extrathymic origin may acquire com- 
petence in the presence of thymic humoral factor from 
normal thymus, and (b) that incompetent lymphocytes 
may acquire responsiveness to æ specific antigen from 
transfer factor for that antigen. The experiments in- 
volved the evaluation of lymphocyte transformation in 
short-term tissue cultures and were based on two observa- 
tions. First, the responsiveness of lymphocytes to blasto- 
genic agents tm viro has been noted by ourselves and 
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others'*~!8 roughly to parallel the capacity of children and 
adulis with various diseases to exhibit delayed hyper- 
sensitivity and homograft immunity. Second, preliminary 
experiments suggested that the abuity to undergo blasto- 
genesis in response to a specific antigen could be transferred 
to previously unresponsive normal lymphocytes by in vitro 
incubation of those cells with crude lysates of immune 
lymphocytes. Although we have not been able to estab- 
lish unequivocally such transfer by our methods, Fireman 
and his co-workers have demonstrated it with purified 
transfer factor’. 

Leucocyte-rich plasma, whole blood, suspensions of 
perrpheral lymphocytes*, or suspensions of lymphocytes 
from lymph node or spleen” were cultured}* with one of the 
following: three different preparations of phytohaemag- 
glutinin (PHA), rabbit antihuman lymphocyte serum at a 
final dilution corresponding to an agglutination titre of 
1: 100, viable lymphocytes from an unrelated female 
donor from whom the infant had received two skin grafts, 
or antigens to which the infant had received heavy ex- 
posure. The antigens were 10 to 10 mg/ml. of purified 
protein derivative of Mycobacterium tuberculosis (PPD-S), 
10 to 0-3 mg/ml. of Candida albicans, 0-01 ml./ml. of 
pertussis fluid toxoid or 0-05 ml./ml. of equine blood group 
B substance. Incubations were under moist 5 per cent 
carbon dioxide in air in various culture media with lympho- 
cyte concentrations of 600 to 3,000/mm*. The cultures 
were collected after 2-3 days when they contained phyto- 
haemagglutinin or antiserum and after 4-8 days when they 
contained antigens. The degree of blastogenesis was 
estimated by autoradiography after pulse labelling with 
tritiated thymidine and/or by observation of Giemsa- 
stained smears. 

Attempts were made to stimulate blastogenic responses 
in these cultures with materials designed to provide 
thymic humoral factor, transfer factor or related sub- 
stances. Human thymus was obtained within 12 h of 
death from a 20 week live-born foetus, a premature new- 
born infant or a 1 yr old infant. Tho materials added to the 
cultures were: 20-100 mg of thymus tissue sealed into a 
‘Millipore’ chamber of 0-224 pore size for each 3-5 ml. of 
culture, “Millipore’-filtered supernates from thymus tissue 
cultures (about 1 g/ml. of culture), a ‘Millipore’ -filtered 
ultrasonicate of 200 mg of thymic tissue/ml. of culture, 
10-*-10-? mg/ml. of calf thymus ribonucleic acid, and a 
‘Millipore’-filtered ultrasonicate of allogeneic peripheral 
lymphocytes from a normal adult whose cella were 
sensitive to PPD. 

The results of 151 separate cultures of the infant’s 
lymphocytes are given in Table 1. Parentheses indicate 
cultures prepared from post-mortem material obtained 
within 2 h of death. Estimates of the degree of blasto- 
genesis by autoradiography were parallel to, but lower 
than, those from smears stained with Giemsa. During these 
investigations phytohaemageglutinin induced marked 
blastogenesis and mitosis in over 90 per cent of numerous 
cultures of leucocyte-rich plasma, whole blood, or lympho- 
cyte suspensions from immunologically normal individuals. 
On the other hand, in only three out of seventy-eight 
cultures of the athymic child’s lymphocytes which had 
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been. stimulated with phytohaemagglutinin did blast cells 
appear in significantly more than control numbers. Two 
of these three positive stimulations were the first cultures 
performed when the child was 7 months old, and the other 
was an isolated instance when the child was 14 months 
old. In the last instance autologous serum had been 
replaced by normal human serum, but similar replacement 
in twelve other cultures did not lead to significant lympho- 
cyte transformation. Blastogenesis was also not induced 
by washing, preincubating, and/or culturing the cells in 
media containing 20-40 per cent foetal calf serum. 

The response of the infant’s lymphocytes to the various 
antigens and to antilymphocyte serum was no better than 
that to phytohaemagglutinin. When the infant’s lympho- 
cytes were cultured with allogeneic female lymphocytes, 
only female metaphase plates were found (in moderate 
numbers). Normally an excess of male mitotic figures 
would have been expected, for the mfant should have 
been hypersensitized by the skin grafts from the donor of 
the added lymphocytes**. 

Small numbers of macrophages** appeared readily 
during culture of 99 per cent pure suspensions of the 
child’s lymphocytes, but lymphoid cells disappeared 
unusually rapidly both from control cultures and from 
those stimulated with blastogenic agente, a phenomenon 
similar to that seen in cultures of normal thymic lympho- 
eytes™ or of peripheral lymphocytes from patients with 
chronic lymphocytic leukaemia’. 

We were unable to induce competence in the lympho- 
cytes of the athymic child by simultaneous or preliminary 
(1-4 days) incubation of his cells with any of the various 
thymic agents or by simultaneous incubation with & 
lysate of allogeneic antigen-responsive lymphocytes 
which, it was presumed, contained transfer factor. As a 
corollary to the latter observation, we were unable to 
transfer passively PPD-sensitivity to our patient in vivo 
with a preparation of viable lymphocytes which did 
induce a 14+PPD reaction in another chronically ill, 
PPD-negative child without thymic deficiency**. 

Significant numbers of mitotic figures were seen in 
slides prepared from the three cultures responsive to 
phytohaemagglutinin, and rare mitoses were discovered in 
slides prepared from other cultures including control and 
antigen-stimulated preparations. By complete scans of 
numerous slides a total of 535 metaphase plates were 
identified of which fifty-one were tetraploid. Two of the 
110 analysable mitotic figures lacked a Y chromosome, 

Phytohaemagglutinin probably acts as a non-specific 
activator of DNA synthesis and not as an antigen. Our 
data, combined with those already mentioned'-}*, 
indicate that lymphocytes which are deficient in immune 
function are unable to respond normally to phytohaemag- 
glutinin or other non-specific stimulants. It appears 
likely that the ability of lymphocytes to undergo morpho- 
logical transformation or DNA synthesis in the presence of 
phytohaemagglutinin or antigens is a measure of the 
immunological competence of those cells. 

Tho results of our experiments provide no support for 
our original hypotheses. They are rather consistent with 
the concept that immunologically competent lympho- 


Table 1, BLASTOGENEAIS IN INDIVIDUAL LYMPHOCYTE OULTURBS 


Blastogenic agent Supplementary agent 
None None 
Antigens None 
Antigens Thymus or extracts 
Antigens Calf thymus RNA 
An Lymphocyte lysate 


tigens 
Phyfohaemagglatinin 
Phytohaemaggelutinin 
Phytoheemagglutinin 
Phytobaemagglutinin 
Antilymphooy te serum 


Allogeneto female lymphooytes 
* No male mitotic figures. 


None 

Thymus or extracta 
Calf thymus RNA 
Lymphosyte lysate 
None 

None 


` 


Numbers of cultures displaying various degrees of blastogenesis - 


Mo in parentheses represant cultures from post-mortem ac 


cant Slight Moderate Mark 
<10 (10-80 (30-50 (> 50 
per cent) per cont) per cent) per cent) 
3} 8 2 0 0 
1246 22, Q 0 
3) 9 0 o 
18(18) 4(4) 0 0 
2(2 0 0 0 
20/8 8 8 0 
18) BL 0 0 
184% 66. 0 9 
2(2) 0 0 0 
1 0 0 0 
0 0 $* Q 
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cytes have their primary origin in the thymus or at least 
require circulation through the intact thymus. It remains 
to be seen, however, whether with refinement of techniques 
for handling thymus or its products, or perhaps through 
the simultaneous use of transfer factor and thymic factor, 
the lymphocytes of subjects with congenital absence of the 
thymus can be made responsive to antigens or to phyto- 
haemagglutinin. If a technique for such stimulation 
could be found, it could form the basis for an in vitro 
assay of the postulated competence-inducing factor of the 
thymus. 

Even if verified, the inability of the lymphocytes of an 
athymic child to gain competence in the presence of thymic 
or transfer factors may not reflect an innate property of 
lymphocytes of extrathymic origin, but rather repre- 
sent acquired failure of physiological responses of 
those cells caused by prolonged absence of thymic factora 
or by indirect consequences of immunological deficiency 
such as infection or cachexia’’. Graft versus host reaction 
by surviving or replicated maternal lymphocytes passed 
across the placenta could also lead to failure of the infant’s 
own lymphocytes to respond to thymic stimulation. In 
such a situation, however, the circulation of significant 
numbers of functional female lymphocytes would be 
expected™, whereas we found that only 2 per cent of the 
very few mitoses which were obtained had a female 
karyotype. On the other hand, even the presence of two 
definite female cells must be considered abnormal. Female 
cells have not been found in any other male infant investi- 
gated in this laboratory. 

The possibility that transplacentally passed maternal 
thymic humoral factor had an effect on the foetus must also 
be considered. The three cultures in which we observed 
significant blastogenesig in the presence of phytohaemag- 
glutinin may have involved lymphocytes which had 
acquired competence in utero. 

No animal model is yet available, and further in- 
vestigation of the behaviour of extrathymuic lymphocytes 
from children. with absent thymus will be indicated when- 
ever this rare possibility presents itself. Congenital 
absence of the thymus, a sporadic disorder, should not be 
confused with various forms of hereditary hypoplastic 
dysplasia of the thymus, sometimes designated “thymic 
aplasia”, in which abnormal thymic tissue is usually 
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recognizable and the primary defect unknown”. Infants 
with congenital absence of the thymus can now be recog- 
nized clinically*, and early diagnosis and investigation 
should lead to more fruitful information regarding the 
function of lymphocytes of extrathymic origin. 

This investigation was supported by grants from the 
National Institutes of Health, U.S. Publis Health Service. 
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Continuous Synchronous Culture of Photosynthetic 


Micro-organisms 


by 

JOHN A. HOWELL* 
H. M. TSUCHIYA 

A. G. FREDRICKSON 


Department of Chemical Engineering, 
University of Minnesota 


Previous work on synchronized cultures of the green 
alga Chlorella bas included much on synchronization 
by the imposition of ordered light patterns!*. By sub- 
jecting cultures to a day-night cycle of regular nature, 
with a total length of some 24 h and between 8 and 16h 
of light, the cultures have been induced to synchronize 
their cell division process so that all division takes place 
within a short period of time**®. This normally occurs 
about 20 h after the culture last experienced a transition 
from darkness to light', which, with the cycles just 


+ Present address: Universidade do Brasil, Coordenação dos Programas 
Pée-graduados de Hngenharia, Rio de Janeiro. 


A series of stirred tanks, some Illuminated and some in the dark, 
have been used to provide synchronous cultures of Chlorella, the 
largest overall cell size belng found in the illuminated tanks. 


described, would be shortly before the “dawn” and would 
occur in darkness. A fact of importance related to the 
present work is that, depending on external conditions, 
cell division produces 2, 4, 8, and so on, daughter cells‘. 
So far most work has been done in batch or semi- 
continuous process. The latter was achieved by removing 
a portion of the culture daily and replacing it with fresh 
nutrient medium to maintain the original volumet. This 
process had to be carried out at the same time each day 
to be effective, because often the change in optical density 
caused by dilution increased the effective intensity of 
illumination sufficiently to have a synchronizing influence. 
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A possible method which is truly continuous is to hold 
the optical density of the culture constant by controlling 
the rate of dilution with fresh nutrient medium. None 
of these methods, however, can give a steady-state culture. 
In the semi-continuous and continuous cases cited, the 
environment of the cells changes during the light-dark 
cycle. Further difficulty arises because the sampling of a 
particular stage in the life cycle must take place at a 
specific time of day. 

We have devised a continuous, steady-state apparatus 
in whioh cells are, on the average, in different stages of 
their life cycle in separate compartments (vessels) of the 
apparatus. The separate compartments of the apparatus 
each contain culture in a steady state, each of which 
can be sampled at any time of the day to give a repro- 
ducible size distribution differing from the size distribution 
in samples faken from other compartments of the appara- 
tus. Thus, partially synchronized cultures, ın different 
stages of the life cycle, are available continuously. The 
principle involved is simply to use a continuous flow, 
steady-state device which is equivalent to a batch device. 

It is well known in the field of chemical reactor theory 
that a batch reactor is equivalent both to a continuous 
flow tubular reactor with no axial diffusion, and to an 
infinite number of continuous flow stirred tank reactors 
of infinitesimal volume connected in series*. This can be 
seen intuitively if one identifies time in the batch reactor 
either with a certain axial position in the tubular reactor, 
or with a certain tank in the system of stirred tanks in 
series. 

The results to be described here could, in principle, 
be obtamed in a continuous flow tubular reactor device, 
but in order to obtain the proper transit time of about 
24 h, with practical liquid velocities through the tube, a 
reactor many miles long would be necessary. For this and 
other reasons, such as difficulty of gas-liquid contacting, 
the tubular reactor is not useful for continuous, syn- 
chronous culture. Therefore, the system of stirred tank 
reactors must be considered. 

As one reduces the number of stirred tanks to a finite 
number, and increases the tank volumes simultaneously, 
the equivalence of the stirred tank system to a batch 
reactor becomes less and less exact. Somewhere between 
the impractical infinite number of reactors, and the 
single stirred tank with an extreme amount of back- 
mixing, there should exist a useful number of stirred 
tanks that, when connected in series, will give a reason- 
able equivalence to a batch reactor. 

If Chlorella is cultivated continuously in such a system 
of stirred tanks, synchronization might be achieved by 
illuminating a portion of the tanks, but not the rest. If 
part of the output from the last tank (dark) is recycled 
and along with fresh nutrient medium forms the feed 
to the first tank (light), then the cells in the recycle 
stream will experience a dawn. Presumably it would be 
advantageous to match the recycle ratio (that is, the 
ratio of volume of recycle to volume of total feed— 
recycle plus fresh nutrient medium—to the first tank) 
to the division capacity of the cells. That is, if on the 
average there are four daughter cells to a division, then a 
recycle ratio of 1: 4 would be indicated. 

Suppose that half the tanks ın the series are illumi- 
nated and half are dark, then, if on the average a cell 
passes through the system in 24 h, it will experience the 
synchronizing effect of 12 h light and 12 h dark. Of course, 
this only happens to the average cell, and in reality some 
cells will pass through the system more quickly, and some 
more slowly, than the average. That is, the time spent in 
illuminated vessels, as well as the time of transit through 
the system, is random and subject to a distribution of 
values. It has been shown, however, that the light-dark 
periods do not have to be of precise duration to achieve 
synchronization’, but that a certain amount of variation 
can be permitted. Thus, the problem was to find out 
whether the variance of the times that the cells spend 
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in the light and in the dark can be made small enough 
so that a large portion of the cells in each reactor are in a 
particular stage of their life cycle. Naturally, the smallest 
possible number of reactors should be used. 

Chlorella species O-37-2 was cultivated in a urea, salts, 
and ethylenediamine tetraacetic acid nutrient medium, 
in continuous reactors of a special design’™*. Gas con- 
taining 6 per cent carbon dioxide in nitrogen was con- 
tacted with the culture in the illuminated tanks; the 
unused carbon dioxide and oxygen produced were con- 
tinuously removed and analysed. Feed gas to the dark 
tanks was nitrogen enriched with oxygen to support the 
respiratory demands of the cells. Fresh liquid nutrient 
medium, together with a portion of the output from tho 
last tank, was fed to the first tank. The output of the 
first tank served as feed for the second tank, and so on 
down the chain. Samples from every tank were analysed 
for population density and size distribution of cells in a 
Model B Coulter counter. Sıx of these tanks were con- 
nected ın series; each of the first four was illuminated 
by three GE 48T100W fluorescent tubes. The last two 
tanks were not illuminated. The volume of each of the 
illuminated tanks was 6-7 1.; the dark tanks had volumes 
of 91. Thus the ratio of mean time in light to mean 
time in dark was 26-8: 18. 

The experiment lasted for several weeks during which 
time the environmental conditions were kept constant 
and the culture in the various tanks was allowed to reach 
a steady state. At intervals during the run, size distribu- 
tions and population densities were measured. A steady 
state was considered to have been reached when there was 
little day-to-day variation of the size distributions of 


Frequency (arbitrary units) 








Cell volume (arbitrary units) 


Fig. 1. Cell size distributions at steady state. Recycle ratio was 1 : 4 

and the mean tıme of transit through the system of tanks was 82 h. The 

ordinates give the frequency in arbitrary units; the abscissee grve the 
cell volume in arbitrary units. i 
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cells in the various tanks. A steady state was maintained 
for about a week before the run was terminated. 

Several size distributions from the reactors at steady 
state are shown in Figs. 1 and 2. These can be compared 
with a set of size distributions from tanks that had not 
yet reached the steady state; such are shown in Fig. 3. 
It can be seen that in the steady state situations, there is 
a distinct difference between the distributions, especially 
in the following features: (a) The peak of the distribu- 
tions occurs at progressively larger cell sizes in tanks 
one to four (illuminated). In tanks five and six (dark), 
the peak occurs at smaller sizes. ‘The cells would be 
expected to divide in the dark reactors, and so one would 
expect more small cells in them. (b) Tanks five and six 
have very few large cells. Very large cells are found 
only in the first tanks where there is less probability 
of division ocourring. Indeed, some authors report that 
light mhibits division’. 

The cell size distributions from the various tanks have 
been examined statistically and the differences found 
to be highly significant. They are not so great, however, 
that they would without question be useful to a worker 
who desires samples of cells in very different stages of 
their life cycle. It seems clear that with a larger number 
of vessels ın the series, more sharply peaked size distribu- 
tions could be obtained. Also, the recycle ratios used may 
not have been optimal, because the average number of 
daughter cells formed at division was not determined. 


Frequency (arbitrary units) 


5 
(dark) 


6 
(dark) 





Cell volume (arbitrary units) 


Fig. 2. Cell size distributions at steady state. Recycle ratio was 1° 2 
and the mean time of transit through the system of tanks was 20 h. 
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Fig. 8. Cell size distributions in the unsteady state; one Cay after 
start-up. Recycle ratio was 1:2 and the mean timo of transit ¢ 
the system of tanks was 20 


In this run, only the first three tanks at of 
the series were Hl ated, 


It has been shown, therefore, that in continuous 
cultivation of Ohlorella in the system described, some 
differentiation between the populations in successive tanks 
is observed. Although technical difficulties prevented 
determination of degree of synchrony by batch experi- 
ments on samples removed from the tanks, there seems 
to be no reason to doubt the validity of equating the 
observations with partial synchrony of such samples. 

Finally, the principle of the apparatus applies to the 
propagation of organisms other than algae. For example, 
partially synchronized cultures of bacteria could be 
obtained continuously by operating the first tanks of a 
continuous series at an optimal growth temperature and 
the last tanks at a lower temperature. this way, 
synchrony by temperature shock would be achieved. 
Also, the series arrangement could conceivably be used to 
provide a continuous source of bacterial spores and micro- 
bial products such as bacitracin. 

We thank the U.S. National Aeronautics and Space 
Administration for supporting this work. 
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LETTERS TO THE EDITOR 


PLANETARY SCIENCE 


Electrical Effects of the Harmattan Dust 
Storms 


Eacs year, from December to March, an area of a million 
square miles or so in West Africa is periodically subjected 
to a very dry dust-laden atmosphere (the Harmattan), 
which rises in the Sahara desert and is carried south by 
winds from that area. The dust particles are thought to 
consist predominantly of quartz, with diameters of the 
region 0-1—lyz, and the dust layers are known to rise to 
heights ın excess of 10,000 ft. Visibility can be reduced to 
less than a mile and the intensity of the radiation from the 
Sun ıs severely reduced at the surface of the Earth. 

Measurements of the electric fleld at ground level, and of 
the electric current from the air to ground, have been made 
at Zaria during the present Harmattan season. During 
fair weather conditions there is a positive electric field 
perpendicular to the surface at any position on the ground, 
normally about 100 V/m, because the upper conducting 
layers of the atmosphere are at a positive potential with 
respect to the ground. This electric field is accompanied 
by an electric current into the ground from the atmosphere 
of about 10-2 amp/m*. These fau-weather values are 
severely modified by the presence of thunderclouds, when 
the electric field may be reversed in polarity and increase 
to many thousands of volts/m, as a result of the proximity 
of the negatively charged lower regions of the thunder- 
clouds. 

Some interesting electrical effects have been observed 
during the recent periods of intense dust concentration at 
Zaria. The electric field has been measured by two in- 
dependent methods. In one, the field-mill method, 
insulated plates are alternately covered and exposed to 
the electric field by an earthed rotor and the resultant 
alternating current is amphfied and measured. In the 
other, a radioactive electrode is mounted a short vertical 
distance from the ground and its potential measured with 
respect to Earth. The former mstrument is calibrated by 
imposing a known electric field, and the latter is calibrated 
under steady conditions against the field mill. A continuous 
record is taken of the measurements using a chart recorder. 

Fig. 1 shows the variation in the measured vertical 
electric fleld at ground level over a 24 h period during a 
period of severe Harmattan at Zaria. The different scales 
for the positive and negative fields should be noted. 
During the night period the field has a value which is 
typical for the fair weather field at ground level, but in the 
early morning the field reduces to zero and then reverses 
in polarity, reaching a magnitude of several thousand 
volts/metre which is sustained for a period of several hours. 

It has long been known that electrical effects can result 
from dust storms, but the measurements show both the 
polarity and the intensity of the effects for the particular 
conditions in this part of the world. Continuous measure- 
ments have been made over a prolonged period, and the 
results obtained during the Harmattan period are con- 
sistent for both methods of measurement in the polarity of 
the field recorded, the time of onset early in the morning, 
the peak being reached in mid-morning and the gradual 
decay of the effect during the remainder of the day. The 
commencement of the effect possibly results from the 
heating of the surface of the Earth by the early Sun and 
the consequent turbulence of the air layers. 

The current to a horizontal metal plate electrode close to 
ground level has also been measured, with a measuring 
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Fig. 1. Variation of the Barth's electric fleld at Zarla, Northern Nigeria, 
on February 4, 1967. 


time constant of 10 min to minimize displacement current 
effects. Currents recorded follow a similar pattern to the 
variation of electric field, with a steady positive current 
of about 10-14 amp/m? during the night and a maximum 
negative current greater than 10-14 amp/m? during the 
mid-morning. Because the area covered by the Harmattan 
dust haze in West Africa alone may be one hundredth of 
the surface of the Earth. this negative current effect may 
be of some significance in the current balance between the 
Earth and the upper atmosphere. 


D. J. HARRIS 

Department of Electrical Engineering, 

Ahmadu Bello University, Zaria, 

Northern Nigeria. 

` Recerved April 3, 1967 
PHYSICS 
Flow Characteristics of Complex Soap 

Systems 


Tms communication describes some preliminary experi- 
ments on flow through pipes using a dilute solution of 
cetyltrimethylammonium bromide (CTAB) and I-naph- 
thol. 

Nash? has shown that when mixtures of CTAB and 
derivatives of naphthalene are dissolved in water highly 
viscoelastic gels are formed; however, the proportions 
and method of mixing are fairly critical. The possibility 
of using these additives to reduce turbulent friction has 
recently been suggested by Gadd*. 

Measurements have been made of the axial preasure 
gradients for fully developed flow in a range of circular 
pipes using an aqueous equ-molar solution of CTAB 
and I-naphthol at a total concentration of 508 w.p.p.m. 
Fluid was drawn from a small sump and supplied to one 
of the pipes by a centrifugal pump through suitable con- 
trol valves. The flow rate was measured by timing the 
discharge from the pipes into a volumetric measuring 
tank, the contents of which were finally returned to the 
sump for recirculation. The solution was prepared by 
dissolving the CTAB in water, and then adding the naph- 
thol drop by drop which had previously been dissolved 
in alcohol. It was found that when the viscosity of the 
resulting complex solution was measured ın a capillary 
viscometer it was only slightly greater than that of water. 

The results of these experiments are presented in Figs. 
l and 2. It can be seen that the additives result in a 
considerable reduction in pipe friction, and there is no 
evidence of a threshold stress effect which occurs with 
many dilute high polymer solutions?:4, 
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Fig. 1. Drag reduction with an equimolar solution of OTA B/1-naphthol at & total concentration 
of 508 w.p.p.m. 


From Fig. 1 it can be seen that the reduction of drag 
terminates at a limiting value of the flow Reynolds number 
which depends on the size of the pipe. Above this the 
solution tends to behave as an ordinary viscous Newtonian 
fluid. These results were repeatable with the same solu- 
tion over a period of several days; however, degradation 
eventually occurred as a result of oxidation. 


Te (b/s) 





Fig. 2 Limiting Reynolds number effect. 


Fig. 2 shows that the limiting Reynolds number 
corresponds to a fixed value of the wall shear atress-— Ty, 
irrespective of the pipe diameter, and it seems that the 
micelles are disrupted at high shear rates and re-form 
when the shear stress is again reduced. 

The present findings are simular to those of Savins®, who 
used other more concentrated complex soap systems. 
Further tests are at’ present being carried out with 
CTAB and other naphthalene derivatives in various 
proportions. 

A. WETE 
Department of Mechanical Engineering, 
Hendon College of Technology, 
London, N.W.4. 
Received March 20, 1967. 
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THE SOLID STATE 


Stability of Grain Boundary Cavities in Copper 


Dorme both creep and fatigue at high temperatures 
cavities form on the grain boundaries of polycrystalline 
copper and cause a decrease in density. Under creep 
conditions cavity nuclei grow on those boundaries ex- 
periencing a normal tensile stress by the diffusion of 
vacancies from the grain boundary to the cavity surface’. 
For high temperature fatigue it has been proposed that an 
excess concentration of lattice vacancies is formed?; 
the vacancies then reach the cavity surface by lattice 
diffusion®. It is axiomatic that cavities formed by either 
high temperature creep or fatigue should shrink by losing 
vacancies when the stress is removed. The driving force 
to collapse a spherical cavity is 2y/r where y is the surface 
energy of the cavity and r is the cavity radius. In the 
absence of stress the time t, required to collapse a cavity 
of radius r is given by? 
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j RT ar? (1) 
z 1211D; . 82.42 


where kT has its usual significance, a is the cavity spacing 
(~10- om), Dy is the grain boundary atomic diffusion 
coefficient (~10-* om3/sec for Cu at 400° C), 8Z is the 
thickness of the grain boundary available for diffusion 
(~ 10-7 em) and Q is the atomic volume (1-2 x 10-** cm’). 
For copper y~ 1,500 ergs/em*. Thus a cavity of radius 
5x D om in copper should collapse in about 5 h at 
400° ©. 

A copper specimen has been creep tested at 400° C under 
a tensile stress of 2-6 tons/in.*, The test was stopped after 
140 h at 11 per cent strain and the specimen cooled under 
load to prevent possible shrinkage of the cavities. The 
fractional change in density AD/D between the creep 
specimen and a control specimen was then determined 
using a differential technique‘ which provides a direct 
and sensitive measurement of the total cavity volume. 
After creep AD/D was — (2-40 +: 0-02) x 10-3. The value of 
AD/D was not significantly changed by annealing in a 
vacuum at 400° C for 170 h, indicating that no shrinkage 
of the cavities had occurred. 

A similar specimen was fatigued at 150 c/s at 0+ 2-6 
tons/in.? and 400° C to ~ 50 per cent of its expected life 
of 3x 10° cycles. The specimen was quenched with water 
from 400° C and AD/D found to be — (2:82 + 0-02) x 10>, 
as shown in Fig. 1. Again, when the specimen was annealed 
at 400° C for 170 h no shrinkage of the cavities was detected 
by density measurements (Fig. 1). 

The fatigued specimen and its control were then 
annealed at 400° C for 3 h under a hydrostatic pressure of 
2,000 Ib.fin.*, Fig. 1 shows that the value of AD/D was 
— (237+ 0-02) x 10> after this anneal; shrinkage of the 
cavities had thus occurred. The specimen was then an- 
nealed at 400° C in vacuo for periods of 16 h, giving the 
results shown in Fig. 1. The value of AD/D increased to 
the same value as before the hydrostatic anneal after 
about 48 h. 

It 1s apparent that cavities formed by either high 
temperature creep or fatigue showed no tendency to 
collapse when the stress was removed and the specimen 
annealed at the testing temperature. The fact that 
partial cavity collapse occurred during a hydrostatic 
anneal and that this was reversed by subsequently an- 
nealing in a vacuum suggests that gas had diffused into the 
cavities during cavity growth. It 1s not thought that the 
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gas dominates the growth process, but collects in the 
cavity, reducing the tendency for the cavity to shrink 
under the action of surface tension forces. At equilibrium 
the pressure P. inside the cavity will be 2y/r and the 
driving force for shrinkage will be zero. Assuming y= 
1,600 ergs/em* and r=5x10-* om, then at equilibrium 
the pressure inside a cavity is approximately 900 Ib./in.*. 
Simple calculation shows that to fill the observed number 
and sizes of the cavities to their equilibrium pressure 
requires only several p.p.m. of gas dissolved in the metal. 
When the metal is annealed under a hydrostatic pressure, 
the pressure P inside the cavity will increase above the 
equilibrium pressure Pe and the cavity will shrink by 
emitting vacancies to the neighbouring grain boundary. 
During isothermal annealing tn vacuo the cavities will 
grow again since the pressure inside the cavity is greater 
than the equilibrium pressure, 

A more extensive account of this work and related 
investigations will be published elsewhere. I wish to 
thank Dr. T. Broom for valuable discussion and Dr. J. 8. 
Waddington for assistance with the hydrostatic annealing. 
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Lonsdaleite, a Hexagonal Polymorph of 
Diamond 


Two well known atomic arrangements found among tetra- 
hedrally oo-ordinated AX compounds such as ailicon 
carbide (S1C) and zinc sulphide (ZnS) are those based on 
a cubic close-packed array or on a hexagonal close-packed 
array of tetrahedra. The two polymorphs are generally 
designated as the sphalerite and wurtzite types, respec- 
tively, from their occurrence in zinc sulphide. The crystal 
structures of the Group IV elements, carbon, silicon, ger- 
manium and «-tin, are based on the cubic close-packed 
sphalerite arrangement (aside from graphite, tetragonal 
tin and tetragonal germanium) with all A and X sites 
occupied by the same kind of atom. The existence of 
polymorphs analogous to wurtzite among these elements 
18 not surprising, because the two types of structure are 
so similar geometrically that the energy differences 
between them must be small. A wurtzite-hke polymorph 
of silicon has already been synthesized’. For carbon a 
rhombohedral polymorph called beta-diamond, which cor- 
responds to the 3R polytype of wurtzite, has been reported. 
as birefringent lamellae in terrestrial diamonds??, The 
synthesis of a hexagonal wurtzite polymorph of diamond 
by shock conversion of graphite has been disclosed in a 
patent application‘. A substance earlier called delta- 
carbon, synthesized at the General Electric Company, has 
been characterized by Bundy* as the wurtzite-like poly- 
morph of carbon under the name hexagonal diamond. 
While the present work was in progress Hanneman et al.‘ 
put forward X-ray evidence for the occurrence of this 
polymorph in meteorites. 

We have found the hexagonal wurtzite-like polymorph 
in the Canyon Diablo iron meteorite in circumstances that 
indicate that ıt may have formed by phase conversion 
from diamond. Our initial material was found in the acid 
insoluble residue from 5 kg of small specimens from tho 
crater rim. This was supplied to us in connexion with a 
study of meteoritic diamonds by Dr. Carleton Moore. 
The iron was dissolved in warm dilute sulphuric acid 
under careful control to avoid contamination. The residue 
weighed about 200 g; its constituents were separated 
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Fig. 1. Oubes consisting of lonsdaleite and diamond, with an external 
costing of graphite. Canyon Diablo meteorite. The cubes measure 
about 025 mm on a side, 


I 


by a combination of magnetic, heavy liquid and hand 
picking methods. It consisted almost wholly of schrei- 
bersite (rhabdite, in part), cohenite, taenite and graphitic 
carbon. The latter comprised both a finely divided sludge 
and coarse fragments and nodules. In addition, small 
grains were found of chromite, ureyite, sphalerite and 
black carbonado together with a dozen black cubes and 
cubo-octahedrons that ranged in size up to about 0-7 mm 
(Fig. 1). These crystals sank in a methylene iodide 
solution of specific gravity 3-20. When examined at the 
point of a needle they were found to consist of a trans- 
parent substance with an external film or coating of 
graphite. 

X-ray diffraction photographs taken of entire cubes in 
filtered copper radiation by the rotation method gave 
powder photographs instead of single-crystal patterns. 
Excellent powder photographs also were obtained from 
oriented orystals held stationary in a flat film (Laue) 
camera, and by mounting a cube in place of the spindle 
in a conventional powder camera. The powder patterns 
are identical in appearance with that of the wurtzite 2 
polymorph of zinc sulphide, apart from differences in the 
spacings appropriate to the unlike cell sizes, and were 
completely indexed ın terms of a hexagonal cell (Table 1). 
More or less distinct graphite lines also appear on most 
of the films, together with unidentified lines in some 
instances. The X-ray patterns obtained from individual 
eubes do not show evidence of preferred orientation. 
The diffraction Imes are significantly broadened, indica- 
ting particle sizes below a few hundred 4 ms. The 
associated carbonado gave similar X-ray patterns. Some 
other carbonado specimens vary considerably ın the 
relative amounts of hexagonal close-packing and cubic 
close-packing present. 


Table 1. X-RAY DATA FOR HEXAGONAL POLYMORPHS OF CARBON, SILICON 
OARBIDE AND ZINO SULPHIDE 
arbon Silicon oa carbide Zino at hide 
PE eite) pr urtar 
5LÅ ba 3 0768 a 3820 
re 3 t, 8-260 
er, 1641 oja ERA ofa 1 8387 
Akil d I* d I d I 
1010 2-18 4 2 67 8 8-309 9 
00! 2-061 10 2 62 10 3 128 5 
1011 1-983 2 2:36 8 2-986 10 
10 1:50 1 1 83 2 2 273 4 
11 12567 8 164 1911 6 
1048 117 1 1-48 5 1 764 6 
133 1 1:054 1 
1122 1-075 3 1:31 1-880 4 
2081 1-20 2 1 599 2 
oogt 1:26 2 
2a 118 1 


* Visual estimate of mixture with diamond. 


One black cube about 0-2 mm in cross-section was 
analysed by means of the electron microprobe by Dr. C. 
Klein. Carbon was the only element detected although 
scans were made for many elements including nitrogen. 
The graphite was removed from two X-rayed cubes by 
treatment in hot concentrated sulphuric acid to which 
solid potassium nitrate had been added. This revealed a 
pitted surface with adamantine lustre. The surface colour 
was greyish, probably because of the presence of some 
graphite in the outer layers. Broken fragments under the 
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petrographic microscope were transparent and had a pale 
yellowish brown colour. All were angular, without 
cleavage, and lacked internal detail other than occasional 
specks of opaque material. The index of refraction was 
found to be slightly higher than that of a sulphur- 
selenium melt with n 2-404 (diamond has n 2-419). The 
larger grains were faintly birefringent, presumably due to 
strain because the constituent crystallites are randomly 
oriented. Single crystals of the hexagonal polymorph 
would be expected to be umaxial positive and perceptibly 
birefringent, with indices of refraction in the range 
2-41~2-42. 

The randomly oriented and fine grained nature of the 
material composing the cubes, and the mconsistency 
between the cubic morphology of the crystals and the 
hexagonal symmetry of this material, mdicate that the 
latter is a pseudomorphic conversion product of another 
phase, presumably diamond. The suggestion might also 
be made that the material 18 a conversion product of 
graphite, which itself was pseudomorphous after another 
phase. The conversion may have been produced by shock, 
however, because single-crystal X-ray experiments show 
the associated crystals of ureyite and sphalerite also to 
be disintegrated and randomized. The conversion to the 
hexagonal polymorph was followed by external graphit- 
ization. If these crystals were originally diamond, as we 
believe, their size and euhedral shape would indicate that 
they originally formed under static conditions in the 
meteorite parent body. It may be noted that transparent 
octahedral crystals of diamond a few tenths of a milli- 
metre ın size have been reported from Canyon Diablo?-. 
White grains stated to be diamond but without external 
form, and likened to fine white beach sand, have been 
reported associated with black carbonado in Canyon 
Diablo”, but the identification is questionable. 

In an effort to verify the observation of Huntington”? 
and to obtain a large sample of the hexagonal polymorph 
for further study, we used half of a 70 kg Canyon Diablo 
mass, one of several large masses preserved in the Harvard 
Museum. The insoluble residue unfortunately yielded no 
diamonds, either as crystals or as microcrystalline aggre- 
gates, but did afford many small cubes and cubo-octa- 
hedrons identical with the pseudomorphous crystals 
described previously. X-ray study of these crystals 
showed that they consisted entirely of graphite. 

We also have examined specimens of the well-known 
microcrystalline nodular type of diamond (carbonado) 
from Canyon Diablo similar to that recognized by earlier 
workers. A small specimen obtained from Bryn Mawr 
College (one of the original pieces containing diamond 
examined by Foote?!) yielded a black, lustrous, hard and 
coherent mass of carbonado. It measures 2:25 x 1:25 x 
0-45 mm in size and weighs 3-30 mg. This mass of 
carbonado is much larger than those hitherto observed, 
which range in size up to about 1 mm (refs. 10, 12-14). 
The large mass and three smaller grains occurred within 
a troilite nodule and were separated from it by acid dis- 
solution. All gave the X-ray powder pattern of the 
hexagonal polymorph. No graphite lines were observed. 
Another small specimen yielded a friable mass of car- 
bonado admixed with graphitic carbon 2-08 x 2-16 x 
1-00 mm in size. It gave a pattern with weak lines of the 
hexagonal polymorph and strong diamond lines. The 
carbonado X-rayed by Ksanda and Henderson™ appar- 
ently contained only diamond lines, but the pattern 
published by Carter and Kennedy" shows indications of 
the hexagonal polymorph although this was not recog- 
nized by them. The partial graphitization of carbonado 
from Canyon Diablo has been reported by Carter and 
Kennedy**. 

All parties in the controversy over the origin of the 
microcrystaline carbonado in Canyon Diablo have 
accepted the identification of this material as diamond. 
One view holds that it was formed by shock on terrestrial 
munpact!*-!” and thus is not relevant to the problem of the 
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size of the meteorite parent body, and the other that it 
is a product of direct crystallization in the parent body*. 
Our observations suggest that wregular masses and mor- 
phological single crystals of diamond occur together in 
Canyon Diablo, as they do in terrestrial diamond deposits, 
and that both have been more or lesa completely con- 
verted to microcrystalline aggregates of the hexagonal, 
wurtzite-like polymorph by terrestrial or pre-terrestrial 
shook. 

We suggest lonsdaleite as the mineralogical designation 
for the hexagonal polymorph of diamond here described 
from a natural occurrence. The name is given after the 

i ished crystallographer, Professor Kathleen Lons- 
dale, who has made numerous contributions to our 
knowledge of diamond. The name has the approval of 
the Commission on New Mineral Names of the Inter- 
national Mineralogical Association. The designation of 
further polytypes in this substance, ın addition to lons- 
daleite-2H, should follow the systematic notation origin- 
ally proposed for silicon carbide and zino sulphide. The 
name lonsdaleite has the concurrence of Dr. F. P. Bundy 
and his colleagues at General Electric Company whose 
work on the hexagonal polymorph has been earlier cited, 
and we thank them for information provided during the 
present study. 

The work was supported by a grant from the U.S. 
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CHEMISTRY 


Vibrational Deactivation of Excited States 
of Nitrogen created in a Microwave 
Discharge 


Most work on the vibrational deactivation of diatomic 
molecules has been carried out on ground states at 
moderate temperatures. There is a relative scarcity of 
information about excited states. In order to use emission 
spectroscopy as an analytical tool, a population distribu- 
tion in the excited state markedly different from that which 
would be imposed by thermal equilibrium is required. 
This has been achieved by excitation by a single line? 
and by recombination of atoms to form highly excited 
molecules*. An experiment was carried out to determine 
whether a low pressure microwave discharge would be a 
suitable source of vibrational overpopulation. 
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Optical emission was observed from a 2,450 Me/s 
discharge in pure dry nitrogen at 0-75-8-0 torr with a 
0-5 m grating monochromator and 9558 b photomultiplier 
of calibrated response. The intensities of the 0,0 series 
of the 2nd Positive and 4,0 series of the Ist Positive 
systems were observed as functions of the pressure, and 
the vibrational temperatures (7) of these systems 
(measures of the population distributions) were calculated 
using the relative band strengths of Wallace and Nichols? 
and Jansson‘. Extensive rotational structure of the 
N,* lst Negative system made the measurement of the 
intensity of this system very uncertain. Over the pressure 
range 1-0-8-0 torr Ty of the BII, state remained un- 
changed. at 9,450 + 250° K, which reflects the mefficiency? 
of vibrational deactivation of this state by ground state 
XZyt Ny. 

Although B° II w the terminal state of the 2nd Positive 
system, the measured intensities of the bands 4,0 to 12,8 
can, scarcely have been affected by 2nd Positive emission, 
this being primarily to lower vibrational levels than 
v=4 in BII. 

As shown in Table 1, Ts of C*IT, decreased from 10,200 
+ 250° K at 0-75 torrto 5,200 + 250° K at 8-0 torr, mdicating 
a much greater probability of collisional deactivation by 
the ground state. Over this pressure range’ the neutral 
gas temperature increased only from 3,300° K to 3,700° K, 
while the electron density remained constant at 3-7 x 10% 
cm. It was not possible to measure the electron tem- 
perature directly, but ıt must have been much higher 
than the neutral gas temperature, because the square of 
the ratio of the collision frequency for momentum transfer 
to the radian frequency of the exciting field | vmjo|*< 10+. 
Under these conditions the neutral gas and the electron 
temperatures are well separated‘. The change in the 
vibrational temperature of C*II with increasing pressure 
shows a tendency for that state to come into equilibrium 
with the neutral gas temperature during its lifetime. 


Table i 
p (torr) Te (° K) 
0-75 10,200 + 250 
15 9,400 
2-5 8,200 
3-5 7,800 
5-0 7,000 
60 6,500 
8-0 5,200 


The states B°? II and O° II are created by umpact with fast 
electrons in the tail of the electron temperature distribu- 
tion. The constaricy of Te for B* TI (which is insensitive to 
collisional deactivation) shows that the electron tem- 
perature is not affected significantly by the change in 
pressure. This might also be inferred from the value of 
|vu/o|%. With careful monitoring, therefore, such a low 
pressure, high frequency discharge is a suitable source of 
overpopulation of C? II«, and a more detailed investigation 
of its vibrational deactivation would be worth while. 
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IMMUNOLOGY 


Effect of some Metabolic Inhibitors on Plaque 
Formation in Jerne Plates 


Waen lymphoid cells from animals producing haemolytic 
antibody are incubated with target erythrocytes in a 
semi-solid agar medium, antibody diffuses from the cells 
containing it and becomes attached to the red cells. If 
complement 1s added after this incubation, the presence 
of antibody is shown by the formation of plaques of 
haemolysis!:*. Kalling the cells before incorporating them 
in agar, or adding metabolic inhibitors such as cyanide* to 
the agar before incubation, prevents plaque formation. 
This has been taken as evidence that the antibody- 
forming cells in the agar are alive and actively secreting 
antibody. If this were so ıt would be possible to mvesti- 
gate the modes of action of some immunosuppressive 
agents by observing their effects when added to the agar 
medium. 

The following experiments, however, throw doubt on 
this assumption. 

In our first experiment, base layers of 10 ml. of 1-4 per 
cent (w/v) agar (‘Difco’) and 0-04 per cent diethyl- 
aminoethyl dextran dissolved either in tissue culture 
medium 199 or physiological saline were poured into 
Petri dishes of diameter 9 om. Top layers of 2 ml. of 
0-7 per cent agar and 0-02 per cent DEAE-dextran in 
medium 199 or saline, containing 0-06 ml. of a 50 per cent 
suspension, of sheep red cells and 0-1 ml. of spleen cell 
suspension, from mice immunized with sheep red cells, 
were poured over the base layers. Plates were incubated 
at 37° © for 1 h and then treated at 37° C with 2 ml. of 
medium 199 or saline containing potassium cyanide 
10-1 or 10-* molar, or with medium 199 or saline only. 
After various times the plates were rinsed with medium 
199 or saline and covered with 2 ml. of 10 per cent guinea- 
pig serum in saline for 30 min at 37° C. The resulting 
plaque-counts/plate are shown in Fig. 1. Cyanide in- 
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Fig, 2. Irreversibuaty of cyanide effect (third experiment), Plates 


treated with cyanide or saline after incubation and washed repeatedly in 
saline before adding complement. Each point represents the mean of 
counts on two plates. @, Saline treated; x, cyanide treated. 


hibited the development of haemolytic plaques even if ıt 
was added to the plates after they had been incubated to 
allow antibody to diffuse from the spleen cells and attach 
to the red cells. Cyanide could not therefore have acted 
here by killing the spleen cells or inhibiting the secretion 
of antibody. 

In our second experiment sheep red cella preserved ın 
Alsever’s solution were washed in saline and suspended in 
100 volumes of 10-1 molar potassium cyanide m saline at 
37° C. After 10 min of incubation the cells were washed in 
saline and incubated in Jerne plates with immune spleen 
cells. Their susceptibility to lysis was unchanged, as 
shown by the number and size of plaques produced after 
adding complement. The whibitory effect of cyanide in 
the first experiment, therefore, could not be explained by a 
direct effect of cyanide on red cells. 

In the third experiment, plates of agar in medium 199 
containing immune spleen cells and sheep red cells were 
incubated for 1 h at 37° C and then treated at 37° C for 
10 min with 2 ml. of 10> molar potassium cyanide in 
saline. They were then washed repeatedly with 10 ml. 
amounts of saline, each lot being allowed to stand on the 
plate for 10 min. Up to eight washes in 80 min did not 
significantly reverse the inhibitory effect of cyanide on 
plaque formation, nor did it reduce the number of plaques 
on control plates that had not been treated with cyanide 
(Fig. 2). This suggests that the inhibitory effect of cyanide 
was not mainly the result of an action on complement, 
otherwise the removal of cyanide by prolonged washing 
would have allowed haemolysis to take place in the 
usual way. 

It appears likely that, in these experiments, cyanide 
acted by reducing the haemolytic efficiency of antibody, 
perhaps by splitting disulphide bonds** or cleaving 
peptide bonds adjacent to the cystine amino group“. 

It has also been found that, when plates containing 
spleen cells and target red cells are incubated for 1 hb 
and then treated with 2,4-dinitrophenol for 20-80 min 
before adding complement, there is a significant reduction 
in the number of plaques. Rather large concentrations of 
this inhibitor, however, are needed; 3 x 10-* molar reduces 
plaque counts by 50 per cent to 70 per cont and 10-1? molar 
by 95 per cent to 99 per cent. 

These experiments show that, in some circumstances, 
inhibition of plaque formation by agents usually regarded 
as metabolic inhibitors may be caused by their direct 
effects on antibody and is not evidence that plaque 
formation is caused by an active metabolic process. 
Caution is therefore necessary in interpreting the results 


NATURE, VOL. 214, MAY 6, 1967 


of experiments in which metabolic inhibitors are added to 
Jerne plates before incubation or to the lymphoid cells 
before their incorporation in agar. 
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Antigenic Identity of Interferons induced 
by Different Viruses in the same Cell System 


THE immunogenicity of interferon has been demonstrated 
by a few workers'*, Paucker‘ prepared immune sera in 
rabbits and guinea-pigs against interferon produced m 
vitro by Newcastle disease virus (NDV) in L mouse fibro- 
blasts and by WSE strain of influenza A virus in em- 
bryonated eggs. L cell interferon antisera did not neutral- 
1z@ chick embryo interferon, and chick interferon antisera 
did not neutralize L cell interferon. For this study, the 
cells producing interferon belcnged to two different animal 
species. Because interferon 1s a cell protein, it could be 
expected that interferon antisera would be specific of the 
animal species which had produced this interferon and 
that, furthermore, neutralizmg antibodies might be de- 
tected only in the cell species that had produced interferon. 
This was demonstrated by Pauckert. 

Two types of specificity must be considered in the 
study of interferon: (a) general immunological specificity 
in which the specificity is related to the interaction 
between antigen and antibody; and (b) species specificity 
in which the specificity is related to the animal species 
producing interferon. 

It seemed important to us to determine whether the in- 
terferon protein produced in cells by one type of virus is 
immunologically identical to that induced by other viruses 
in the same cell system; that is, are interferons produced 
in a given cell species by different viruses, antigenically 
different, or is their antigen of the same nature ? 

As our main purpose in this study was to investigate 
the part played by the viral inducer on the antigenic 
quality of interferon, we have used the same cell species 
throughout our experiments; species specificity being 
thus discarded, the identity or nonidentity of mterferons 
induced by different types of viruses could be more easily 
elucidated. The present communication gives our first 
results on this problem. 

L cell interferons were prepared with Newcastle disease 
virus (NDV), para-influenza type I (Sendai) and an 
arbovirus (Sindbis), respectively. Infectious multiplicity 
for the three viruses was approximately 100. Crude 
interferons were semipurified according to Lampson et al.’ 
by treatment with perchloric acid, concentrated by 
dialysis against polyethylene-glycol 6000, and sub- 
sequently dialysed for 24 h at pH 2 and for 24h at pH 7. 
The concentrated interferons were titrated by the plaque 
reduction test, bovine vesicular stomatitis virus (V8V) 
being used as the challenge virus. One unit of mterferon 
was defined as the reciprocal of the last dilution that 
reduced 50 per cent the number of P.F.v. produced by 

- VSV. Certain NDV-interferon antisera were prepared in 
rabbits according to the schedule of Paucker and Kantoll?, 
the animal receiving approximately twenty subcutaneous 
injections of 1,000 units of interferon at one-week intervals, 
while others were prepared by a personal technique. 

Interferon neutralization tests were carried out, with 
slight modifications, according to the technique of Paucker 


Table 1 
P.F.U, (average of three flasks 
Inter- Serum Stun No 
feron* Serum 1/20 1/40 1/80 1/160 1/320 1/640 sum 
NDV NDVt 88 84 06 56 40 82 22 
Normalt 21 21 20 28 25 
Sendat NDVt 75 77 45 89 25 


28 
90 30 
Normal ¢ 24 22 26 26 23 24 
Sindbis NDVt te 70 62 B 22 20 17 
1 
Bi 99 
2 


None 0 
Normalt 94 102 91 96 88 


* Interferon produced in L cells, 
t Rabbit antiserum produced against NDV L cell interferon. 
t Normal rabbit gerum. 


and Kantell. Inactivated NDV-~interferon antisera were 
serially diluted in tubes in Eagle’s medium supplemented 
with 2 per cent inactivated calf serum, and 2°6 ml. of 
each dilution were then mixed with equal volumes of 
different interferons (2 unita). After an incubation tame 
of 1 h at 37° C followed by an additional overnight incuba- 
tion at 4° C, the content of each tube was transferred on to 
fresh L cell monolayers cultured in 60-ml. flasks. After 
24 h, monolayers were washed three times, challenged 
with approximately 90-100 p.z.u. of VSV, and overlayed 
with nutrient agar (Eagle's medium with 4 per cent calf 
serum and 3 per cent agar). Staining by neutral red was 
carried out after incubation for 3 days at 37° C, and P.F.U. 
were numbered 6 h later. The titre of antisera was 
defined as the reciprocal of the dilution that neutralized 
2 units of interferon. 

NDV-interferon antisera were tested with NDV-—inter- 
feron, Sendai—interferon and Sindbis-interferon. Control 
cell monolayers with virus received one of the following 
preparations: (a) dilutions of normal rabbit sera replacing 
the NDV-interferon antisera with interferon; (b) dilutions 
of NDV-interferon antisera with no interferon; (c) dilu- 
tions of normal sera, with no interferon; (d) virus without 
any serum or interteron. 

Typical results are presented in Table 1 and Fig. 1. It 
can be seen that NDV-interferon antiserum neutralizes 
not only NDV interferon, but also Senda: and Sindbis 
interferons, while normal rabbit serum does not exhibit 
any neutralizing activity. Potent antisera against Senda 
and Sindbis interferons have not yet been obtained 
probably because high titres of these interferons could 
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(between 17-25 P.¥.U.). a, Control Sendai interferon; 6, contro! 
NDV-interferon! c, control Sindbis-interferon. 
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not be obtained on L cells, and therefore a greater number 
of animal inoculations are probably necessary (twelve 
weekly injections of NDV-interferon were given before 
NDV-interferon antibodies were detectable, and twenty- 
two were necessary for the obtainment of a suitable anti- 
body titre). 

This preliminary report shows that interferon mduced 
by one type of virus can produce neutralizing antibodies 
against interferons induced by a virus antigenically un- 
related but belonging to the same family (myxovirus) and 
that furthermore the neutralizing activity is also extended 
to interferon induced by a virus of a totally different 
family (arbovirus). Thus, interferon antigens produced in 
one species of cells, but by different viruses, would appear 
to be identical. Further experiments, however, must be 
carried out to perform complete cross-reaction neutraliza- 
tion tests, to determine in the same animal species the 
antigenic relationship between interferons of a different 
molecular weight and produced by different tissues, and 
to study the interferons produced by inducers other than 
viruses, for example, ‘Statolon’ or endotoxine. These 
immunological studies may not only help to classify true 
interferons, but may also possibly help to discard those 
that are not typical. 
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Passage of Antigens across the Vascular 
Barrier of the Thymus 


AurHoucH it has been shown that the thymus has a 
fundamental role ın the development of immunological 
response mechanisms!—, the formation of antabodies in the 
thymus itself under normal conditions has not been ob- 
served®:*, Because antigen injected directly mto the 
thymus does result ın the formation of thymic germinal 
centres and the appearance of plasma cells’, it has been 
assumed. that there is a blood-thymus barrier which in- 
hibits the passage of antigens from the vascular system 
into the extravascular spaces of the thymus*?. In in- 
vestigations with the electron microscope some evidence 
for the existence of such a barrier has been found®®, On 
the other hand, Clark has concluded that there is no 
absolute barrier to the penetration of antigen into the 
thymus although there may be a decreased permeability of 
the thymic parenchyma to antigen as compared with other 
lymphoid organs: iodinated human serum albumin, 
ferritin and trypan blue have been identified in the thymic 
parenchyma of mice injected with these substances!®. 

In this investigation it has been shown that human serum 
albumin given intravenously to mice and rabbits and egg 
albumin given intravenously to mice readily pags into the 
extravascular spaces of the thymus. 

Human serum albumin labelled with iodine-131 (HAI!) 
or iodine-126 (HAT#**) and ovalbumin labelled with iodine- 
131 (OI!!!) by a modification of the method described by 
Pressman and Eisen! were used as antigens. These were 
injected intravenously in doses of 5-10 uc. in a volume of 
0-1-0-5 c.c. to fourteen mice of approximately 25 g each 
and in a dose of 100 us. in a volume of 1-0 o.e. to two 
rabbits each weighing approximately 1 kg. To estimate 
the blood volume of the tissues at 20-27 h after the 
injection of the antigen, an intravenous injection of human 
serum albumin labelled with the iodine isotope different 
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from that of the antigens injected earlier was given; for 
this purpose, the dose of labelled albumin was 3-6 uc. in 
0-05-0-3 o.c. for the mice and 25 uo. in 2-5 o.c. for the 
rabbits. The animals were anaesthetized with ether 
5 min after the second injection and exsanguinated by 
incision of the subclavian vessels ın one axilla. An aliquot 
of serum, a sample of muscle from the anterior aspect of a 
thigh, and the entire thymus were used for the determina- 
tion of iodine-125 and -131. The counting was carried out 
with an ‘RIDL 400-channel analyser, Model 34-12B’, using 
a sodium iodide well-type scintillation crystal. Impulses of 
energies from 0:34 to 0:39 MeV were taken as a measure 
of iodine-131 and radiation energies of from 10 to 30 
KeV were used for the assay of iodine-125; to estimate 
iodine-125 in samples contaming iodine-131 the radiation 
in the 10-30 KeV range from iodine-131 was subtracted 
from the total number of impulses in this energy range. 
Each sample was counted for 2 min, the number of counts 
being at least three times that of background. The tissues 
of mice Nos. 9-11 were frozen immediately after removal 
and were kept frozen until assay of their radioactive 
content. The tissues were then homogenized, precipitated 
and washed with 20 per cent trichloroacetic acid (TCA) 
and assayed again; about 90-97 per cent of the radio- 
activity was precipitable with TCA. The amount of anti- 
gen present extravascularly was calculated as described 
elsewhere!*; briefly, extravascular antigen, Ea, was taken 
to be equal to the total amount of antigen in the tissue 
sample Ta, less the amount of antigen in the blood present 
in the same tissue sample, Ia; Ia was calculated from 
Io==IyPa/P», where Pe was the serum concentration of 
the tracer which was injected ð min before exsanguination, 
Is was the amount of that tracer present in the tissue 
sample and P, was the serum concentration of the antigen 
at the time of exsanguination. Thus, 


IyPs 
P» 


As shown in Table 1, there is an obvious passage of 
the antigens investigated from the vascular system into 
the extravascular space of the thymus as well as into the 
extravascular space of skeletal muscle. Defining the 
volume of distribution of an antigen as that volume 
occupied by a given amount of antigen when present in the 
same concentration as the serum concentration of that 
antigen!, the calculated extravascular volume of distribu- 
tion of human serum albumin was 6-3 per oent of the 
weight of the thymus and 5-5 per cent of the weight of the 
muscle in mice (Fig. 1); these values are in accord with 
expected volumes of 5-6 per cent for a protein which 
readily passes into the extravascular space!?13, The 
extravascular volume of distribution of both serum albumin 
and ovalbumin in the thymus appeared to be greater 
than that in the muscle (Table 1) in both mice and rabbits; 
it is not clear whether this reflects a difference in the size 
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Fig. 1. The extravascular volume of distribution of radioiodinated h 
serum albumin and ovalbumin in mice (@) and rabbits an” 
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Table 1. RHLATIVE AMOUNTS OF BXTRAVASOULAR ANTIGEN IN THYMUS AND 
MUSOLE 20-27 H APTHE INTRAVENOUS INJECTION 


Extravasoular antigen 


Experimental 6.p.m./100 mg thymus 
Animal Antigen Thymus Muscle 6.p.m./100 mg muscle 
o.p.m./100 mg c.p.m /100 mg 
Mouse 1 HAD 809 2,116 0-42 
” 2 rf 4,059 8,070 1:82 
” 8 1,808 1,417 1:89 
ae 4 i 2,614 2,120 128 
” 5 të 2,808 1,764 1-81 
a 8 HAD" 2,241 2,396 O77 
” 7 » 2,787 2,244 124 
» 8 9 2,814 2,288 1-04 
” 9 HAD 1,174 1,240 0 05 
» 10 ss 786 885, 0-86 
» Ll v 1,271 1,011 126 
Mean 1-08 
Rabbit 1 HAT 1,641 830 198 
” n 1,849 451 300 
Mean 2-49 
Mouse 12 or 920 418 2 20 
» 18 n 902 2-98 
” 4 , 720 317 227 
Mean 248 


of the extravascular space, a difference ın the permeability 
of the capillaries in the two tissues or simply a difference in 
the rate of removal of interstitial fluid in the two tissues?*. 

The data clearly dicate that the vascular system of the 
thymus 1s permeable to antigen, and thus confirm and 
extend the data obtained by Clark!*. The results are not 
in accord with the concept of a blood—thymus barrier 
postulated by others’~*, at least in so far as ovalbumin and 
human serum albumin are concerned. It is possible, 
however, that despite the presence of antigens in the 
extravascular space the antigens may not reach areas 
capable of stimulation, but this seems unlikely as the 
interstitial fluid bathes some surface of most if not all 
cells. No significant proportion of the antigens present in 
the extravascular space of the thymus 20-27 h after in- 
jection could have been present in macrophages as intra- 
cellular digestion of protein antigens by macrophages to 
TCA non-precipitable material is relatively rapid, preclud- 
ing significant intracellular accumulation of precipitable 
radioactivity?#14. 

This investigation was supported by grants from the 
U.S. Public Health Service. 
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2, Tho Thymus 


Secretion and Immunogenicity of Dwarf 
Tapeworm Esterases 


Tum tapeworm, Hymenolepis nana, produces several 
exoantigens while mfecting the mouse hostit, and as a 
result immune globulins are formed which become 
available to the parasite tn situ’. Present investigations 
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indicate that three of these antigens possess B-naphthyl 
acetate esterase activity. They appear to be rapidly 
formed and released by adult worms and to be shared by 
momature forms as well. This investigation suggests that 
anti-enzymes are formed locally, as well as systemically, 
by immunologically competent cells of the mouse ileum. 
Antibodies engendered do not react against the active 
sites of the enzymes noted. 

Initially, antigens were biosynthetically labelled in a 
tapeworm cell-free system and in worms while parasitizing 
the host. The following method, however, was found to be 
most suitable for our purposes. Viable adult specimens of 
Hymenolepis nana were incubated at 37:5° C in medium 
199 containing Harle’s base and 1 po. (4:6x 10-+* mg) of 
t-lysine-“C (uniformly labelled)/ml. in a volume of 1 ml. 
of the medium/100 mg (wet weight) of tapeworms. Ineu- 
bation periods of up to 6 h were used with and without 
media changes at half or one hourly intervals. At the end 
of any defined period of incubation, worms were removed, 
washed in saline, and homogenized at 0° C in 1 ml. (/100 mg 
of worm, wet weight) of 0-25 molar sucrose solution con- 
taining 0-1 molar magnesium sulphate. Homogenates 
were subjected to differential centrifugation -as con- 
ventionally used for the separation of nuclei, mitochondria 
and microsomes. In order to remove unincorporated 
lysine, centrifugal fractions, as well as the imcubation 
medium containing exoantigens, were dialysed against 
isotonic sucrose at 4° C. 

In a series of experimenta, sub-cellular fractions and/or 
the exoantigens were reacted serologically against (a) 
antiserum from mice after 4 day and 3 week periods of 
infection; (b) antiserum from rabbits challenged sub- 
cutaneously with whole worm homogenates combined with 
aluminium hydroxide gel; and (c) phosphate buffered 
saline (pH 7-2) extracts of ileal and splenic tissues. from 
infected mice. Immune precipitates were assayed for 
radioactive content. Autoradiographs (X-ray, no screen 
film) were also prepared from dried Ouchterlony muero- 
slides in a manner similar to that of Perlmann*. Specific 
immune precipitates in agar gels were characterized by 
means of f-naphthyl, indoxyl, and thiocholine esters 
according to Uriel‘. 

Six antigens in the cell sap fraction and five exoantigens 
in the incubation medium were detectable after precipitin 
reaction against rabbit antiserum. Three of these, in 
either case, exhibited 8-naphthyl acetate esterase activity. 
Distribution of antigens may be noted in Fig. 1. It was 
found, however, that only one of these enzymes released 
by the worm is immunogenic during the infection because 
ueal and splenic extracts from mice (after a 3 week period 
of infection with 12,000 ova) contained antibody capable 
of precipitating one of the esterases (not inhibited by 
10-* molar eserine). In each case a second precipitin band 
was found that did not exhibit esterase activity. Anti- 
esterase appears to be in greater concentration in ileal 
tissue than ın spleen tissue as evidenced by its comparative 
ability to precipitate labelled antigens. So far we have 
been unable to demonstrate anti-esterase activity in serum 
from infected animals although we have observed two, 
sometimes three, precipiting in the serum. It may be a 
matter of sensitivity of the assay system or possibly the 
presence of cytophile antibody. Thind* working with 
Vibrio suggests “that intragastric mmmunization leads to 
the local production of antibodies with little or no spul- 
over to the humoral circulation”. 

Protein exoantigens are formed and released by the 
worms at a fairly rapid rate, which suggests the possibilty 
of a state of continuous immunogenicity. We observed an 
approximate two-fold increase in the incorporation of 
labelled lysine for each hour of incubation, in the soluble 
protein of the cell sap fraction. As detectable by immune 
precipitation in gels, exoantigens released into 1 ml. of 
medium by 100 mg of tapeworms within a period c" Y 
than 1 h contained labelled protein. Exo~ 
covered from 1 ml. of medium after 4 h -^ 
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capable of precipitating rabbit antibody in dilutions of 
up to 1: 266. Preliminary investigations suggest that 
immature forms (eggs and/or cysticercoids) share cell 
sap antigens because serum from mice infected for 4 days 
gave positive fixation of latex particles which were sensi- 
tized with adult worm antigens. 

It has been suggested that there may be a greater 
possibility of the formation of a fraction of antibody to the 
catalytic site(s) of an enzyme, as the taxonomic relation- 
ship between the donor of antigen and donor of antibody 
becomes’ more unrelated*. Although the donor organisms 
in this case are phylogenetically quite distinct, antibodies 
do not appear to combine with the active sites of the 
enzymes (exoantigens) in question. Neutralization may be 
operative, however, i vivo in terms of steric hindrance. 

This investigation was supported by grants from the 
U.S. National Science Foundation. 
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PHYSIOLOGY 


Acetylcholinesterase Activity in the Optic 
Lobes of Chicks at Hatching 


AOETYLOHOLINESTERASE (AChE) activity is used as an 
indicator of the development of function in the central 
nervous system (CNS). In the spinal cord of the chick 
embryo, AChE reaches a peak activity after 2 weeks of 
incubation and corresponds with the functional develop- 
ment of the chick spinal cord (ref. 1 and Turbow, M. M., 
and Burkhalter, A., in preparation). For example, chick 
embryos show full flexor-extensor seizures elicited by 
direct stimulation of the spinal cord at 14 days of incuba- 
tion!. Observations by Lindeman? have shown that the 
pupillary constrictor reflex can first be elicited by stimu- 
lating the chick retina at 18 days of incubation and corre- 
with a sharp rise in ACh content and an increase in 
yny. Peters et al.* have found that the electrical 
ic lobes is sharply increased at about 18 
t which AChE activity begins 
also been correlated 


ns which exhibit esterase activity: (4), 
1), nuclei; (2), microsomes; (8), cell sap; 
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with the functional and morphological 
development of the synapse in the spinal 
cord of the rat foetus**. 

In the present experiments, AChE activity 
was investigated in the optic lobes of chicks 
at hatching, in order to elucidate further the 
relationship of AChE activity and functional 
development. AChE activity was investi- 
gated in the optic lobes of hatched and un- 
hatched chicks 20 and 21 days old, and in 
chick embryos from the fifth to the twentieth 
day of incubation, and in chicks from the 
first day to the ninetieth day after hatching. 

The chick embryos and chicks used in this 
investigation were from eggs of White 
Leghorn chickens. The eggs were incubated 
at 37° C, and at this temperature they 
hatched between 20 and 21 days. Choln- 

in esterase activity was determined on homo- 

genates of optic lobe by the method of 

Ellman eż al.°. To investigate the type of 
cholinesterase activity in the optic lobe, the hydrolysis of 
both acetylthiocholune (AcTCh) and butyrylthiocholine 
(BuTCh) was measured. The latter substrate is not 
hydrolysed appreciably by AChE, but is hydrolysed by the 
non-specific cholinesterase (ChE). Enzyme activity was 
expressed ag micromoles of AcTCh or BuTCh hydrolysed 
per minute per gram of protein. Protein content was 
measured in the same sample used for enzyme activities 
by the method of Nayyar e al.’. 

The activity of ChE during pre- and post-hatching 
development was markedly lower than that of AChE at 
all age periods investigated, and did not change signifi- 
cantly with age. The hydrolysis of AcTCh by the optic 
lobe tissue is therefore essentially a measure of AChE 
activity. The changes of AChE activity in the optic 
lobes of chicks during development are shown in Table 1. 
AChE activity increased gradually from the fifth to the 
eighteenth day of incubation and increased rapidly between 
the eighteenth and twentieth days of incubation, reached 
a maximum level at 1 day after hatching, and slowly but 


not significantly decreased thereafter. These observations ~ 


are in general agreement with investigations by Rogers 
ei al.* and Lindeman’. 

The changes in the activity of AChE in the optic lobes 
of hatched and unhatched chicks of the same age are 
shown in Table 2. AChE activity was markedly higher in 


the optic lobes of hatched chicks as compared with un- 


hatched chicks of the same age. It is suggested that this 


Table 1. CHOLINESTERASE ACTIVITY IN OPTIO LOBES OF OHIOKS DURING DR. 
VELOPMBNT 


AoTCh hydrolysis BuTCh hydrolysis 
Age (daysofincubation) (umoles/min/g protein) (samoles/min/g protein) 
5 20" 2 Not done) 
8 9910 ot done, 
10 12710 7Ł1 
12 119417 ot gone) 
14 148 +14 ‘Not done 
16 167+1 18 5+0-9 
18 177+ 21 (Not done) 
20 (unbatched) 232 + 21 1940-7 
{Age (days after hatching) 
1 891411 22 +08 
42 346 +27 (Not done) 
63 869 + 20 8345 
98 884+ 6 43 +6 


* Each value is the mean + standard error from six chicks. 


Table 2. OHOLINESTERASE ACTIVITY OF THH OPTIO LOBES IN HATOHED AND 
UNHATOHED OHICKS AT 20 AND 21 DAYS OF INOUBATION 


Age (days of AoTCh hydrolysis 
100 on) (umoles/min/g prote:n) 
20 {unhetohed) 256* +17 
20 (hatched) 83748 
Si <001)+ 
21 (hatepea) ERN 
e + 
(P < 001) 


* Each value is the mean + standard error from six chicks. 
+ Number in parentheses is P value for comparison with unhatohed group 
of the same age. 


` 
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morease in AChE activity 1s associated with accelerated 
functional development of neural unite in the opt1o lobes 
during hatching. This observation further supporte the 
claim that cholinesterase concentration increases rapidly 
at hatching, a time when synapses begin to function’. 

A possible environmental stimulus which may contribute 
to the morease in enzyme activity of the optic lobes 
during hatching may be exposure to an increased density 
of light. In the present experiments the optic lobes were 
removed as quickly as possible after the chicks emerged 
from the shell. The hatching period, however, ranges from 
6-12 h during which time the chicks are exposed gradually 
to more light. Preliminary observations (unpublished) 
suggest that the AChE activity in the optic lobes of chicks 
incubated and hatched in absolute darkness is lower than 
in the optic lobes of chicks incubated and hatched in an 
incubator where lighting was not controlled. Other 
investigations in developing rate have shown that light 
stimulation increases cholinesterase activity in some 
brain areas. The importance of sensory input, therefore, 
with regard to the increase of AChE activity in the chick 
optic lobe at hatching remains further to be investigated. 

This investigation was supported by research grants 
from the U.S. Public Health Service. 
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Response of Isolated Bullfrog Gastric Mucosa 
to a Gastrin-like Pentapeptide 


Gregory and Tracy! have isolated and with their col- 
leagues** have synthesized the antral hormone, gastrin, 
which has proved to be the most potent stimulant of 
gastric acid secretion. Tracy and Gregory* showed in the 
dog that all the physiological actions of the heptadeca- 
peptide gastrin molecule could be produced by the 
carboxy-terminal tetrapeptide amide try.met.asp.phe- 
NH,. Morley, Tracy and Gregory’ showed that several 
derivatives of this tetrapeptide also exhibited the full 
range of physiological activities of natural gastrin. 

Since acid secretion in the intact organism is regulated 
by distant, as well as local, nervous and hormonal influen- 
ces, it was desirable to investigate the action of gastrin 
and its synthetic analogues on isolated tissue. In a 
previous communication® we reported the action of pure 
porcine gastrin on the isolated gastric mucosa of the bull- 
frog. It is the purpose of this communication to describe 
the action of a synthetic gastrin-hke pentapeptide on 
isolated bullfrog mucosa and to compare its action with 
that of porcine gastrin and histamine. 

The pentapeptide utilized was t-butyloxycarbonyl 
f-ala.try.met.asp.phe-NH,. It has a molecular weight of 
767-9 and contains the same carboxy-terminal tetra- 
peptide as natural porcine? or human’ gastrin. Morley 
et al.* found that the addition of f-alanine to the tetra- 
peptide increased its potency. The physiological activity 
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of this pentapeptide ın the dog and man has been desorbed 
previously®:*-11, 

The bullfrog (Rana catesbiana) waa chosen for investi- 
gation because its gastric mucosa is separated readily 
from the muscular layers as an intact sheet; also, the 
thin mucosal layer is easily oxygenated#*, The work was 
carried out during March, April and May. (Previous work 
with this preparation has shown that secretory responses 
are much smaller in the late autumn and winter.) Bull- 
frogs were fasted at room temperature until they were 
killed by decapitation. The gastric mucosa was immedi- 
ately mounted between two chambers containing the 
following solutions: (a) nutrient or sub-mucosal side, 
85-3 mmoles/l. of sodium chloride, 3-4 mmoles/]. of potas- 
sium chloride, 1-8 mmoles/l. of calcium chloride, 0:8 
mmoles/l. of magnesium sulphate, 0:8 mmoles/l. of 
potassium dihydrogen phosphate, 17-8 mmoles/l. of 
sodium bicarbonate, and 11-0 mmoles/l. of glucose; 
(b) secretory side, a similar solution except that 
sodium bicarbonate, magnesium sulphate and potassium 
dihydrogen phosphate were omitted. A mixture of 
96 per cent oxygen, 5 per cent carbon dioxide was bubbled 
through the nutrient solution while 100 per cent oxygen 
was passed through the fluid on the secretory side. All 
incubations were carried out at room temperature (21° C~ 
24° C). The exposed area of mucosa was 4-5 om*. The 
acid formed on the secretory side was titrated auto- 
matically and continuously to pH 5-5 with 0-1 normal 
sodium hydroxide using a ‘Radiometer’ pH meter and 
automatic titrator™. 

Porcine gastrin was prepared by the method of Gregory 
and Tracy! except that the final product was not separated 
mto gastrins I and II. For purposes of calculation, the 
gastrin was assumed to consist of equal parts of gastrins 
I and II and to have a molecular weight of 2,154, that is, 
an average of the molecular weights of the two ing. 
Mucosal histamine content was determined by the method 
of Shore, Burkhalter and Cohn!*. 

A typical response of a bullfrog gastric mucosa to a 
series of doses of the gastrin-like pentapeptide added to 
the nutrient solution is shown in Fig. 1, The initial acid 
secretory response to each dose was observed withm 
15 min and the peak response occurred at 30 min with a 
gradual decline thereafter. Washing the mucosa after 
the peak response accolerated the decline to baseline 
levels of secretion. Similar responses were observed 
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Fig.1. Response of a single mucosal pre tion to a series of increasing 

doses of n-like pentapeptide E. The natment solution was 

removed after the peak response to each dose had been establishod The 

nutrient chamber was washed three or more times with nutrient solution 
and then refilled with fresh nutrient solution. 
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with porcine gastrin and histamine’, except that the rate 
of decline after the peak response had occurred was 
slower with histamine than with gastrin or the penta- 
peptide. 

All mucosae examined showed a spontaneous or “basal” 
rate of acid secretion which varied considerably in mag- 
nitude from tissue to tissue. To make a better comparison 
of responses to the agents’ tested, the response to each 
dose was expressed as the ratio of the stimulated rate of 
hydrochloric acid secretion to the “basal” or spontaneous 
rate of secretion which had been achieved 2 h after 
mounting each mucosa (Fig. 2). No mucosa responded to 
® pentapeptide concentration of 26 x 10-° molar; the 
lowest dose which produced stimulation was 2-5 x 10 
molar and the maxumal response occurred at 2-5 x 10-° 
molar or 2-5 10 molar. Concentrations of pentapep- 
tide greater than 2-5x10-' molar were precluded by its 
insolubility in nutrient solution. By comparison, thres- 
hold doses of porcine gastrin and histamine were 2-5 x 10~* 
molar and 2-5x10-? molar; peak responses to porcine 
gastrin and histamine occurred at 25x 10 molar and 
2-5 x 10 molar, respectively. 

Although the dose-response curves of the three agents 
do not satisfy strict statistical tests for parallelism, one 
can by visual inspection of the curves estimate that tho 
gastrin-like pentapeptide is about ten times more potent 
than histamine on a molar basis. Porcine gastrin is ten 
to a hundred times as potent as the pentapeptide on 6 
molar basis. 

In order to determine whether the gastrin-like penta- 
peptide affected endogenous mucosal histamine content, 
the pentapeptide was added to nutrient solution con- 
taining small fragments of gastric mucosa. Histamine 
determinations were carried out on the fragments before 
and after addition of the pentapeptide and on paired 
control fragments incubated without pentapeptide (Fig. 3). 
The mucosal histamine declined gradually during the 
course of experiments on seven separate mucosae. No 
significant differences were observed between the penta- 
peptide-stimulated and the non-stimulated mucosae. 
Porcine gastrin has also been shown to have no effect on 
the histamine content of the isolated bullfrog gastric 


mucosa*, These results do not agree with those of 
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Kahison e al., who found a diminution m histamine 
content of the gastric mucosa of the rat after stimulation 
with gastrin. Our findings neither prove nor disprove a 
role for endogenous histamine in the stimulation of gastric 
secretion. 

The synthetic gastrin-like pentapeptide has been shown 
to possess all the physiological actions of natural gastrin 
in the intact animal, that is, in the dog and man. The 
present investigation extends this similarity of action to 
the stimulation of hydrochloric acid secretion by the 
isolated gastric mucosa. 
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Differentiation of Receptor Systems activated 
by Sympathomimetic Amines 


CLASSIFICATION of receptor systems which are activated 
by sympathomimetic amines has engaged the attention of 
many investigators. Ahlquist! has ted the con- 
venient designations of alpha (a) and beta (B) to dis- 
tinguish major differences in the responses elicited in 
various organ systems. Our investigations have provided 
results which cannot be explained easily on the assump- 
tion that the B-type designates a single receptor popula- 
tion‘. We now report additional studies which show 
that two distinct receptor types are at present included 
within this group. 
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allow an accurate prediction of cardiac stimulation, as 
indicated by increases in the force of myocardial con- 
traction (r = 0-95). Lipolytic activity does not correlate 
with either bronchodilator or vasodepressor actions. 
Comparison of bronchodilator with vasodepressor action 
suggests, however, that the same type of receptor 18 
involved with both responses (r = 0:957). 

Pratesi et al. have described the metabolic effects of 
some of the compounds mentioned. The relative activities 
reported suggested that muscle glycogenolytic and 
bronchodilator actions involve similar receptor (B-2) 
affinities. Results obtained in man by Mueller and 
Horwitz" indicate that fatty acid mobilization (6-1) 
resembles the results reported for heart in this com- 


Table 1. COMPARISON OF A SERIES OF SYMPATHOMIMETIO AMINES FOR LIPOLYTIO AOTIVITY WITH B¥PROTS ON THE RHART, BRONCHIOLES AND BLOOD PRESSURE 


OB 
‘\oH 
CH(OH) JHR, 
Structure 
Compound R R 
I-Isoproterenol H CH(CHs)s 
7-Norepinephrine H H 
Epinephrine H 0H, 
1 (-Ssomer) H 0,H, 
2 H O(CHs)s 
3 H CH(0H,)0OH,CH, 
4 E CH(CH)OH,CH(OH,) 
s x 
6 H OH(CH;)OH,CH,CH(OH,), 
LNordefrine cH; H 
7 CH, CH, 
8 CH, OH(CH,)s 
8 CH, < E | 
d,l-Isoetharine CH, CH(OHs), 


* Minced testicular adrpose tissue of the rat. Glycerol determined by the method of van Handel and Zilversmit’. 


! Rabbit isolated perfused heart (Brown ar and Tanda) 


The relative potency of a series of sympathomimetic 
amines on fatty acid mobilization from adipose tissue 
(rat), cardiac stimulation (rabbit), bronchodilatation 
(gunes-pig) and vasodepression (dog) has been compared 
with the results shown in Table 1. Examination of the 
tabulated data by inspection, or by calculating the cor- 
relation coefficients using the logarithms of the relative 
potencies, shows that there is a marked similarity between 
the relative potencies in columns 1 and 2 (lipolysis/eardiac 
stimulation) and those in columns 3 and 4 (broncho- 
dilator/vasodepressor action). Correlation coefficients 
(Table 2) confirm this agreement and further establish 
the lack of correlation when comparison is made between 
systems. Thus, results obtained with adipose tissue will 


Table 2. SYMPATHOMIMETIO AMINE ACTIVITY CORRELATION OORFFICIENTS 
IN VARIOUS ORGAN SYSTHMS 
Correlation 
Receptor system n coefiaent 
I. (8-1) Lipolyais/cardiac stimulation 15 0-950 
IL ($-2) BronchodJatation/vasodepression. 15 0-957 
Receptor I/II 
Lipolysis/bronchodtlatation 15 0-206 
Livolas; vasodipreaiion 15 0-220 
ac stimula Ufa On are pea 15 0 809 
Cardiac stımulastion/vasodeprogai 16 0-812 
II. (a) Vas deferens/am. intestine Sadan 11 0 90 


* Data from van Rosaum*, 


Relative activity 


Lipolytic* Cardiact Bronchodulator ¢ Vasodepressor§ 
1,000 1,000 1,000 1,000 
(2°1 uM) (1-2 ng/heart) (0 184 ugung) (0°08 ug/kg, Lv.) 
85 34 8 pressor || 
61 48 230 829 
285 300 788 1,000 
80 87 1,075 500 
262 160 250 228 
165 100 280 200 
214 208 350 200 
510 171 178 145 
148 80 7 pressor 
46 21 120 286 
28 12 112 133 
88 16 166 61 
4 8 115 87 
6 7 206 80 


See also Černohorsky st al.*. 


munication and differs from those for blood glucose 
elevation ın the same experiments. 

A third type of receptor, the alpha («) receptor as 
described by Ahlquist*, plays an important part in vaso- 
pressor action, mtestinal relaxation, contraction of the 
vas deferens (rat), stimulation of the rabbit and pregnant 
uterus (cat), and in other organ ms*, Representative 
resulta from the published research of van Rossum have 
been. used to illustrate this action. The agreement between 
rat vas deferens stimulation and rabbit intestinal relaxing 
potencies is good (r = 0-90), when examined on the basis 
of the logarithms of relative potencies, indicating a single 
type of receptor (Table 2). Examination of various pub- 
lished resulta also indicates a good correlation for vaso- 
pressor action and stimulation of the cat uterus". 

The nature of the receptor involved in myocardial 
stimulation has been difficult to classify. This receptor 
is generally considered to be a B-type, inasmuch as it is 
blocked by dichloroisoproterenol'*. Both norepmephrine 
and nordefrine, with little bronchodilator action, are 
effective cardiac stimulating compounds. Cernohoraky et 
al.* also noted that norepinephrine analogues showed large 
differences between their affinities for tracheal chain 
relaxation and fat mobilization. We believe that the 
classification proposed in this communication is more 
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consistent with the experimental findings than that which 
attempts to differentiate only two receptors, a single 
B-type and an «-type. 
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Breakdown of Blood—Cerebrospinal Fluid 
Barrier for Calcium Ions in the Absence of 
Glucocorticoids 


Rassirs become extremely susceptible to intravenous 
infusion of a solution of calcium chloride after adrenal- 
ectomy (our unpublished work). Unlke the intact 
animals, adrenalectomized rabbits easily succumb to 
shock, before cardiac disturbances caused by an enormous 
elevation, of serum calcium content. Myosis and slight 
bradycardia appear at first, then cyanosis and a progres- 
sive decline in blood pressure follow. These symptoms 
were found to be quite similar to those induced by intra- 
cisternal injection of small amounts of calcium chloride 
8 lution in this anımal species and could be prevented by 
pretreatment with glucocorticoids. We have therefore 
examined whether the increased susceptibility of adrenal- 
ectomized rabbits to the elevation of serum calcium con- 
tent is caused by an increase m permeability of the 
blood—cerebrospinal fluid barmer or by an increased 
central susceptibility to a small increment in the concen- 
tration of calcium in the cerebrospinal fluid. 

Albino rabbits of about 2-8 kg were adrenalectomized 
and maimtained on a salted diet’. Calcium chloride 
solution (20 ml., 3-7 per cent) was infused intravenously 
in 30 min. Serum calcium content mereased from the 
initial 18 mg per cent to about 40 mg per cent both in 
intact and in adrenalectomized rabbits. With this increase 
in the concentration of calcium no electrocardiographic 
disturbances could be induced in the rabbit, except shght 
bradycardia. All adrenalectomized animals showing the 
foregoing symptoms died a few hours after the infusion, 
while intact animals tolerated the infusion. The concen- 
tration of calcium in the cerebrospinal fluid taken by 
cisternal puncture before and after the mmfusion was 
examined by the colorimetric microdetermination method 
of Yanagisawa’, using a sample volume of 0-1 ml. This 
ensured that the fluid was always clear and when a sample 
was contaminated with even small amounts of blood ıt 
was rejected. Fig. 1 shows that there was a marked rise 
in the concentration of calcrum in the cerebrospinal fluid 
in adrenalectomized rabbits, while that in intact animals 
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Table 1. LETHAL DOSES OF CALOIUM CHLORIDE INJECTED INTRACISTHRNALLY 
INTO RABBITS 


Conditions Dose Total cases Lethal cases 
(mg) 
Intact 26 6 3 
Adrenslectomized 26 4 4 
Adrenalectomixed 1:5 4 0 
Intact plus ‘Decadron’ 2-5 6 0 
Intact plus vagotomy 25 4 0 


shows only slight elevation. When adrenalectomized 
anımals were pretreated with glucocorticoid (4 mg of 
‘Decadron’ intravenously 3 h before the calcium infusion) 
the rise in the concentration of calcium in the cerebro- 
spinal fluid could be completely prevented and the animals 
survived the calcium infusion. There was no difference in 
the concentration of calcium in the cerebrospinal fluid of 
intact, adrenalectomized and glucocorticoid-pretreated 
adrenalectomized animals before the calcium infusion. 

Next, the central susceptibility to calcium ions was 
examined in relation to glucocorticoids. As shown ım 
Table 1, the susceptibility to intracisternal mjection of 
1 per cent calcium chloride solution was slightly enhanced 
after adrenalectomy, while pretreatment with gluco- 
corticoid as already mentioned reduced it. Thus, it became 
clear that the marked increase in the concentration of 
calcium in the cerebrospinal fluid and the slightly enhanced 
central susceptibility to calcium ions in the absence of 
glucocorticoids make adrenalectomized rabbits extremely 
sensitive to hypercalcaemia induced by intravenous 
infusion, of calcium chloride solution. 

It may be mentioned here that the lethal effect of 
calcium ions intracisternally administered in this anımal 
species could be ameliorated by bilateral cervical vago- 
tomy (see Table 1). This was also the case with intra- 
venous infusion of calcium chloride solution in adrenal- 
ectomized rabbits. The autopsy findings of an enormous 
filing of the pulmonary artery together with the right 
ventricle and auricle suggested pulmonary arteriolar 
spasm which is characteristic of this species in anaphy- 
laxis. The generalized parasympathetic tuning and the 
activation of vagus induced by central action of calcium 
1008 would explain the aforementioned symptoms. These 
were somewhat different from that observed in cats in 
which an anaesthesia-like condition is characteristic’. 

It is established that the concentration of calcium 10ns 
in the cerebrospinal fluid tends to remain within a limited 
range independent of the concentration of calcium in 
the serum. Factors concerned with this homeostatic 
mechanism havo not yet been elucidated. Morgulin and 
Perly* have shown that parathyroid hormone apparently 
has no effect on the distribution of calcium between serum 
and cerebrospinal fluid. In this respect the role of gluco- 
corticoids here demonstrated deserves special attention. 
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Fig. 1. Effect of intravenous infusion of calcium chloride solution on the 

concentration of calcium in the cerebrospinal fud of rabbits (20 ml. of 

3 7 por cent solution in 30 min). Left, intact) ce , adrenalectomized ; 
right, adrenalectomized plus t ocadron’. 
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Whether glucocorticoids can have significance for the 
homeostasis of the concentration of potassium ions in the 
cerebrospinal fluid was also examined by infusing a 2 per 
cent solution, of potassium chloride (20 ml. in 30 min). 
Thereby serum potassium concentration was raised up to 
about 30 mg per cent without accompanying cardiac dis- 
turbances. Only a slight increase in the concentration of 
potassium in the cerebrospinal fluid from 10-4 to 11-6 mg 
per cent could be observed in adrenalectomized rabbits 
(four cases, by flame photometry), while in intact animals 
the concentration of potassium was unchanged. This 
agrees with the observation of Leiderman and Katzman’ 
that adrenalectomy does not appreciably change the 
influx of isotopic potassium mto the brain of the rat. 
Thua, the significance of glucocorticoids for the blood— 
cerebrospinal fluid barrier seems to be specific for calcium 
1008. 
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RADIOBIOLOGY 


Effect of Ultra-violet Radiation on Skin 
Collagen of Intact Living Mice 


Ir 18 & common observation that exposed skin ‘“‘ages” 
more rapidly than skin covered by clothing, and we have 
shown that this is associated with a decrease in the total 
collagen content of exposed skin’. One of the features of 
ageing collagen is ite decreased solubility, and we were 
able to show that when the skin from hairless mice is 
exposed to ultra-violet radiation in vtiro there is a decrease 
in the soluble collagen fractions’ together with an increase 
ım intermolecular cross linkage? similar to that which 
occurs in ageing skin. The question therefore arose as to 
whether ultra-violet radiation would produce this effect 
in the intact living animal. 

Adult homozygous hairless Harwell albino mice were 
used. Ultra-violet radiation was produced by a medium 
pressure mercury aro (‘Hanovia lamp U.V.S. 220’, arc 
tube type 504/4). This gives an average intensity of 
ultra-violet radiation below 400A of 480 uW/om? at 
91 cm. 

For the in vivo investigation twelve male and twelve 
female mice were exposed from above to ultra-violet 
radiation at a distance of 1 m for 17h. The animals were 
allowed access to water during irradiation. Male and 
female litter mates were used as controls and were not 
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. 1. The effect of ultra-violet radiation (T7 B) în vitro on skin 
co n fractions. Note the units for insoluble collagen only are x 10°, 
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Fig. 2. The effect of ultra-violet radiation tn vivo on skin collagen 
fractions. These are relatod to skin surface area because of oedema. 
Note the units for insoluble collagen only are x 10". 


exposed to the radiation. The mice were killed by break- 
ing their necks immediately after the period of irradiation, 
and the skin was removed to paws, snout and tail after 
an initial ventral longitudinal incision. Subcutaneous fat 
was stripped off the whole pelt and it was blotted, weighed 
and its surface area determined by planimetry. Because 
the radiation was directed downwards on to the mice 
the dorsal area received most of the irradiation, and this 
portion was used for analysis. The central dorsal portions 
of each pelt were excised, weighed and their surface areas 
determined before they were pooled together two at a 
time to give six male and six female samples. The control 
mice were killed and their skin removed and treated simi- 
larly. 

Six male and six female mice were killed by breaking 
their necks for the investigation in vitro, and the skin was 
divided longitudinally, ventrally and dorsally and stripped 
off to the paws, tail and snout. Subcutaneous fat was 
removed and the skin was blotted, weighed and the surface 
area, determined by planimetry. One half pelt from each 
animal was placed epidermis uppermost m glass dishes 
which were covered with quartz plates, the dish edges 
being smeared with silicone grease to make an air-tight 
joint. The other half pelts were similarly treated, but the 
dish was covered with thick black paper impervious to 
ultra-violet light. Both dishes were placed in a deep freeze 
at —20°C and the ultra-violet radiation was directed 
vertically downwards for 18 h at 65 em. 

The pelts were cut up finely with scissors and were then 
extracted with 0-2 molar sodium chloride and citrate 
buffer at pH 3-5 according to the method of Jackson‘ to 
obtain saline soluble and citrate soluble collagen fractions. 
These fractions were evaporated to dryness and hydro- 
lysed with 6 normal hydrochloric acid. The residues were 
heated with 5 per cent trichloroacetic acid, homogenized 
and brought to volume; a portion was evaporated to 
dryness and hydrolysed with 6 normal hydrochloric acid. 
The hydroxyproline content in the sample was determined 
by Martin and Axelrod’s modification’ of Neuman and 
Logan’s method‘. Assuming 13-6 per cont of collagen to 
be hydroxyproline, the results were expressed as collagen 
per surface area. 

After irradiation in vitro the pelts were seen to have 
darkened and felt leathery and inelastic, while the control 
pelts remained pink and pliable. The collagen fractions 
are shown in Fig. 1. There waa a loss of both saline and 
citrate soluble collagen in the irradiated pelts. Ultra- 
violet radiation has little effect on the insoluble collagen. 
which is present in very much larger quantities (Fig. 1). 

After ultra-violet irradiation of the intact living mice 
the dorsal skin was erythematous and oedematous, but the 
mice appeared otherwise healthy. Because of this oedema 
the collagen fractions are related to skin surface area!. 
The resulta in Fig. 2 show a clear-cut decrease in both the 
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saline and citrate soluble fractions after irradiation tn 
vivo. As in the in vitro experiments, this has little effect 
on the much larger amounts of inaoluble collagen. Figs. 
l and 2 also show that the females have less collagen 
than the males. This is in keeping with our findings in 
humans! and our earlier findings in the mouse’. 

Our previous experiments showed that reduced solu- 
bility of collagen produced by ultra-violet light in vuro? 
was caused by formation of new imtermolecular cross 
linkages®. Because this effect of ultra-violet radiation has 
now been demonstrated in vivo as well as in viro the 
findings take on greater significance in relationship to the 
changes which ocour with age in human skin exposed to 
sunlight. 
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BIOLOGY 


otype of the Monotremes Ornithorhynchus 
anatinus (Platypus) and Tachyglossus aculeatus 
(Echidna) 


MATTHEY? investigated the cytology of the Monotremes 
and recognized a division into macro- and micro-elements 
similar to that in birds, and obtained a value of 70+10 
for the diploid number. Van Brink? made chromosome 
counts of 62, 63 and 64 in testis preparations of the 
Echidna. 

Improvements in techniques—especially hypotonic 
treatment for spleen and testis preparations—permit 
easy determination of high chromosome numbers. The 
discovery of phytohaemagglutinin? as an artificial stimulus 
for the proliferation of peripheral blood leucocytes 
allows rapid determination of karyotype with a few drops 
of whole blood. 

We separated leucocytes by gentle contrifugation after 
the addition of a few drops of phytohaemagglutinin, and 
washed them in complete medium. Leucocytes from 6 ml. 
of whole blood were inoculated into 8 ml. of 199 medium‘ 
containing 10 per cent foetal calf serum. PHA was added. 
in concentrations from 2 per cent to 5-6 per cent. 

Colcemid was added to each culture flask for 2—48 h to 
give a final concentration of 0-007 per cent. Ten minutes 
of hypotonic treatment at 37° C (ref. 4) was sufficient to 
disperse the chromosomes within the cells so that they 
could be scored without ambiguity. Cells were fixed in 
glacial acetic acid and absolute ethanol (1:3), and the 
slides were stained with Leishman’s stain. 

The Platypus leucocytes divided at 27° C, 31° C and 
37° C, but 37° C was unsuitable for Echidna cultures: the 
cells languished and many became pycnotio’. Platypus 
cultures, however, at 37° C gave sufficient mitoses for 
scoring after 72 h; cultures at 27° C showed divisions only 
on the seventh to ninth day as in the case of the Echidna. 
Leucocyte cultures from the Platypus gave good mitotic 
indices with 2 per cent phytohaemagglutinin as well as at 
higher concentrations. Mitosis also occurred when 0-4 ml. 
of whole blood was added to the culture instead of washed 
leucocytes. This suggests the absence of a strong anti- 
mitotic agent from the plasma of the Platypus as is the 
case m some mammalian species’. 
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For chromosome preparations from the spleen, the 
animal was mjected with 1 ml. of 0-1 per cent colcemid. 
After 2 h the spleen was removed, cut up finely and treated 
for 15 min with trypsin (0:25 per cent with mechanical 
stirring at room temperature). The cell suspension was 
washed in balanced saline and, after hypotonic treatment 
for 12 min, fixed and stained in the same way as for leuco- 
cytes. 

The leucocyte cultures of the Platypus gave a chromo- 
some count of 63 for the male and 54 for the female. The 
spleen of the female also gave counts of 54. In the male 
Echidna we found 63 as the chromosome number in the 
leucocyte cultures and testis mitoses, and 64 im the 
leucocyte cultures of the female. Thus, unhke the situa- 
tion in Aves and Ophidia, the Monotremes resemble all 
other known mammals in having male heterogamety. 
Typical metaphase plates from male tissues (A and B) 
and the female complements (O and D) are shown in Fig. 1. 
The chromosomes of Aves, Ophidia and Lacertilia, with 
which Monotreme chromosomes have been compared, show 
a division into macro- and micro-elements. In both the 
Platypus and Echidna, six pairs of large chromosomes are 
present. In the smaller elements, however, there is a 
gradation and the division into macro and micro elements 
is less evident. Thus, the Monotreme karyotype may 
represent an extreme case of a mammalian. or a chelonian 
type rather than having an affinity with that found in 
Aves and Ophidia. 

In the female Echidna we have designated the two 
largest metacentric chromosomes as X chromosomes. 
The male Echidna has one of these; likewise in the male 
Platypus, we found one large submetacentric chromosome 
of which there are two in the female. This X chromosome 
of the Platypus is somewhat larger than the corresponding 
X of the Echidna, but it has a slightly heterochromatic 
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region adjoining the centromere in the shorter arm, 
and often appears differentially condensed to the 
rest of the chromosome complement. 

The chromosome numbers of both Monotremes 
strongly suggest an X X~XO sex-determining system 
of which no example has so far been recorded among 
the mammals’. We hope to investigate this further 
by a careful examination of meiosis, but this 18 
rendered difficult by the extremely short seasonal 
meiotic activity ın these animals. Possibly the sex- 
determining system of the Monotremes is more 
complex, similar to the X,X,X,X,/X,X,Y type 
found ın two placental mammals"? and recently in 
an Australian marsupial, the hare-wallaby’. Auto- 
rachographic investigations of blood cultures of the 
female Monotremes which we intend to undertake shortly 
should help to decide this question. 

We thank the Tasmanian Animals and Birds Protection 
Board for permission to obtain specimens of Ornitho- 
rhynchus anatinus. 

Y. A. E. Brox 
W. D. Jackson 
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Chorion and Vitelline Membranes and their 
Role in Resorbing Eggs of the Hymenoptera 
RESORPTION of insect oocytes occurs as a result of starva- 
tion}, formation of a worker instead of a queen in some 
social Hymenoptera’, unfavourable conditions for ovi- 
position®~’, removal of the corpora allate1* or parasitism’. 
The phenomenon helps parasitic Hymenoptera with 
anhydropic eggs to maintain their reproductive capacity, 
although fecundity may be lowered after resorption has 
occurred, The process takes place either before or after 
yolk deposition but usually before formation of the 
vitelline membrane and chorion, although ın some en- 
cyrtids resorption occurs in eggs which have both mem- 
branes present. When the yolk breaks down and re- 
sorption is complete empty chorions can be found in the 
haemocoele after bemg extruded from the ovariole*. 
N. vitripennis and some other Pteromalids are unusual in 
that the egg nearest the oviduct end of each ovariole 
(which possesses a vitelline membrane and chorion) 18 the 





d REMAINS OF PINOCYTOSIS 
+— PERIPHERY OF OOCYTE 


Fig. 1. The egg membranes around the oocyte about to be laid. 











Fig. 2. Early stages ın the removal of the chorion dwing resorption. 


first to be resorbed. Several follicles within one ovanole 
may be affected, but the egg nearest the oviduct is always 
the first one to be resorbed. It has been shown that an 
egg takes between 1 and 2 days to resorb when N. vitri- 
pennis is deprived of host puparia!®. The terminal oocytes 
ın individual ovarioles dissected from parasites which 
had been deprived of host puparia for varying times up to 
2 days were examined histochemically usmg methods 
described by Pearse!!. They were prepared for the electron 
microscope by being fixed in 1 per cent osmium tetroxide 
at 0° C, buffered with acetate to pH 7-8 for 1-5 h, dehy- 
drated in a series of cold ethanols and embedded ın ‘Aral- 
dite’. Sections were cut with grey interference colours 
using a Huxley ultratome mounted on untreated grids. 
They were then stained with uranyl acetate and lead 
citrate before being examined on an ‘Akashi Tronscope 
50’. 

When yolk deposition ıs complete a vitellne membrane 
is formed around the egg which is protem and carbo- 
hydrate positive but lipoid negative. Outside this a thin 
layer is formed which is possibly homologous with the 
chorionin layer of other insecte*; this is an electron 
translucent, protein positive layer which is not traversed 
by trabeculae as in some other insect chorions!: and 
makes up the outermost layer of the chorion, which 
unlike the others is lipoid positive. At this stage of 
development the follicle cells form a thin squamous layer 
around the egg, leaving a space between the chorion and 
the inner follicle cell membrane (Fig. 1). 

In the early stages of resorption the egg loses its distinct 
outline and becomes a shapeless bag which later becomes 
rapidly smaller. The histochemical changes occurring in 
the yolk during breakdown and resorption have been 
described". In addition to the presence of acid phosphatase 
activity in the yolk, which has previously been described", 
acid phosphatase, leucine aminopeptidase and esterase 
occur in the follicle cells. These are now more cubical 
than squamous in shape, are closely applied to the chorion 
in the early stages of resorption, and spread into and 
finally throughout the yolk (Fig. 2). Enzymes are probably 
actively involved with follicle cell degeneration and de- 
gradation of the yolk after the breakdown of the lipoid 
and protein positive layers of the egg membranes by the 
esterases and peptidases because localization of esterase 
and leucine amino peptidase is first observed at the oviduct 
end of the egg and coincides with the loss of the chorion. 
All the oocyte membranes disappear in about 2 h. The 
degradation processes affecting the yolk within one 
follicle do not affect other adjacent follicles although 
they may be closely pressed against the resorbing follicle. 
The basement membrane may be responsible for this, 
bemg the only structure which could enclose the follicle 
when the chorion and vitelline membranes have gone and 
the follicle cells partly degenerated. When the process of 
yolk breakdown is well advanced the basement membrane 
becomes complexly folded. The nature of these folds 
suggests that they arise not merely by shrinkage caused by 
reduction in oocyte size which accompanies resorption 
but for a specific function, perhaps to increase the surface 
area of the egg and thus to aid the resorption of the 
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degraded yolk from the follicle to the haemocoele by way 
of the ovariole sheath. 
J. Q. Riowarps 
P. E. Kine 
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University College of Swansea. 
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Labelling of Aphid Saliva with Rubidium-86 


Tas amount of saliva injected into the host plant by an 
aphid is of considerable interest to plant pathologists. 
While it has long been known that aphids produce a 
discrete salivary sheath when penetrating the leaf, it is 
not known whether the production of saliva is continuous 
during feeding or whether it ceases once the phloem tissue 
has been reached. The autoradiographs of Kloft! show that 
some movement of radioactive saliva of Myzus ascalonicus 
Dons. into the leaf tissue occurs around feeding sites. 
The experiments reported, here indicate that saliva po- 
duction in Aphis fabae (Scop.) continues for at least 6h ata 
constant rate after feeding commences, contrary to the 
findings of Kloft'! with phosphorus-32 and M. ascalontcua. 
Adult and nymphal virginoparae of Aphis fabae were 
rendered radioactive by feeding them the artificial medium 
of Mittler and Dadd?* containing **RbCl (200-300 uc./ml.) 
for periods of up to 46 h. The uptake of the radioactive 
material was measured at intervals and appeared to be 
linear with time (Fig. 1). Radioactive aphids wereseparately 
caged for different times on detached leaves of Victa 
faba L. in single aphid cages and observed individually. 
Only those aphids which appeared to feed continuously 
in one place were used in the experiments. The B-activity 
of the leaves was then measured with a Geiger—Miller 
counter. After subtraction of background and corrections 
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Fig. 1. Uptake of rnbidium-86 by Aphis Jabas from artificial food by 
(a) adults, (6) young nymphs 
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Fig. 2. Regression of amount of actrvity transferred to leaf on time using 
radioactive rubidium chloride. 


made for decay, the activity of the leaf was expreased as 
parts per thousand of the original activity of the aphid 
(Fig. 2). The graph combines the results of three experi- 
ments using ninety aphids with activities ranging from 
2,000 to 70,000 counts/100 sec. The linear regression 
coefficient of parts per thousand (°/,,) of original activity 
on time was 1-42 °%/,,/h. Leaves contaminated with 
honeydew were readily detected by their massive increase 
in activity and were rejected. 

Rubidium-86 was readily excreted in the honeydew 
(11-20 per cent of the total activity of the aphid per drop 
of honeydew), in the exuviae (2-8 per cent of the total 
activity) and in the offspring (3—4 per cent of the total 
activity per newborn nymph). The radioactivity of 
newborn young of radioactive aphids rapidly declined 
when they were placed on cold food. 


Table 1 
Percentage of 
Form Counta/100 sec average parent 
activity 
Newborn larva 412 41 
First ınstar 60 O68 
Second tnstar 15 02 


These results suggest that rubidium is quite labile 
within the aphid and behaves in a similar way to potas- 
sium. If it is assumed that the radioactivity is uniform 
throughout an aphid weighing 0-5 mg, the results indicate 
that saliva is injected into the plant at a rate of about 
0-7 ug/h. This is equivalont to 0-7 x10 pl./h. Because 
an average salivary sheath in Vicia faba leaves measures 
about 37x10 ul. this suggests that additional fluid 
salivat is probably injected more or less continuously 
during feeding. The observations of Ehrhardt’ and 
Hennig‘ support this conclusion, because they showed that 
most aphids have reached the phloem within 1-2 h of the 
commencement of feeding and have probably stcpped 
producing salivary sheath material by this time. Further 
saliva injection must therefore be of the fluid type‘. 

Many instructive autoradiographs which show move- 
ment of active material ın leaf veins adjacent to feeding 
punctures support this suggestion. The continuous 
production of fluid saliva is important in the trans- 
mission of circulative plant viruses because ıt may provide 
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a mechanism for the introduction of the virus directly into 
the sieve tubes of the host over a period of time. 

The experiments were performed during a stay by 
K. P. L. at the Institut far Angewandte Zoologie der 
Universitat Bonn, An der Immenburg 1. 
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Transfer of Biologically Fixed Nitrogen in 
a Sand Dune Slack Region 


Ir has previously been reported! that natural populations 
of blue-green algae occurring in an ares of sand dune slack 
at Blakeney Point, Norfolk, assimilate appreciable quanti- 
ties of elemental nitrogen from the atmosphere during 
spring, summer and autumn, when there is often an abun- 
dant growth of gelatinous Myxophyceae. Although the 
algae partially disappear during the summer months they 
remain in certain restricted areas, particularly in the 
damper areas and among long grass where the algal 
thalli are protected from desiccation and high light intensi- 
tues. The highest rates of nitrogen fixation so far recorded 
at Blakeney Point have been obtained in the latter 
ecological niche. The data presented in Table 1 emphasize 
the contrast in fixation recorded in open, drier areas and 
in damper areas shaded by long grass, while the results in 
Table 2 indicate that the summer decrease in the more 
open areas is due in part at least to desiccation. 

The nitrogen fixed in this dune system thus provides 
for non-nitrogen fixing plants a potential source of com- 
bined nitrogen which is released into circulation in the 
soil either on cell autolysis or im the form of extracellular 
material released from growing algal filaments*?. The 


Table 1. ABSDOLATION OF LABHLLED MOLECULAR NITROGEN BY NATURAL 
POEVILANONE OF BLUR-GRERN ALGAB IN A BAND DUNE SLACK REGION 
open aeshased Areas shaded 
by long grase 
Mean atom per cent nitrogen-15 re 864 0-459 
Number of samples 10 10 
Standard deviation 0-004 0-082 
Mean atom per cent excess nitrogen-15 0 002 0 098 
over unexposed control 
Materiel wm silu in August 1965 for 24 h to a phase of the 
following composition: nit m, 20 per cent enriched wit approximately 
80 atom per cent ni m-15; oxygen, 20 per cent; carbon dioxide, 0-08 
per dant, e remainder being argon. Samples were 0°79 omf in area x 1-0 om 
in dep 
Table 2. RFFRCT OF SOIL MOISTURE ON THE FIXATION OF ELEMENTAL 
RIYROGEN BY A SUMMER POPULATION OF BLUR-GRARN ALGAB IN A SAND DUNE 
SLACK 
Treatment 
Distilled 
No addition water added 
Mean atom per cent nitrogen-15 0 406 0 456 
Number of samples 6 6 
Standard deviation 0 010 0 018 
Mean atom per cent excess nitrogen-15 0-043 0 093 


over unexposed control 


Material exposed in situ in July 1066 for 48 h to a gas mixture of the 
following composition: nitrogen, 20 per cent enriched with approximately 
25 atom per cent ni n-15; oxygen, 20 percent, carbon dioxide, 0-08 per 
oent, the remainder belng argon amples were 0- 70 omt in area x 1-0 om in 
depth and rich in plue-green algas. 0 26 ml. distilled water added per sample 
in the treated series 
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experiments described here were carried out in an attempt 
to find out directly whether higher plants from the same 
environment as the algae actually take up the nitrogen 
fixed by the latter. 

Tnitial tests for uptake were cariied out as follows: 
soil samples approximately 100 cm? ın area and 3-0 em deep 
were carefully removed from areas of the dune slack system 
rich in Nostoc. They were obtained in early spring— 
a time of the year when the new season's growth of 
associated higher plants had just begun. On return to 
the laboratory these samples were immediately placed in a 
vacuum desiccator which was partially filled with coarse 
dry sand to reduce the gas volume and which also con- 
tained two small dishes, one containing 10 ml. of a carbon 
dioxide buffer, the other 10 ml. of distilled water to main- 
tain a high relative humidity in the system. At this 
stage a few shoots of Agrosits stolonifera were generally 
growing out of the soil. These were excised 0-5 in. above 
soil level and removed. The soil material was then moist- 
ened with distilled water and the lid placed on the 
desiccator. Air was removed by evacuation and flushing 
with argon. A final gas mixture of 10 per cent mtrogen 
enriched with nitrogen-15, 10 per cent oxygen, 0:03 per 
cent carbon dioxide, and the remainder argon, was then 
introduced until atmospheric pressure was restored. 
The desiccator was sealed and placed in a greenhouse 
under naturel conditions of light for 21 days. Within 
48 h of the transfer of the material to the greenhouse the 
shoots of several plant species, and in particular the moss 
Bryum pendulum, had begun to grow through the soil 
surface. After 7 days the gas mixturo contaming nitro- 
gon-15 was replaced by one similar to that already 
described except that ıt contained no nitrogen, the balance 
being made up by adding additional argon. After a 
further 14 days the material was treated as follows : 
Angiosperm and moss shoots which had grown through 
the algal mat were excised above ground level, washed in 
three changes of distilled water, combined, dried, homo- 
genized using a mortar and pestle, and triplicate samples 
assayed for nitrogen-15 using instruments and methods 
described previously!. Triplicate samples of the top 1-0 
em of soil were similarly assayed. The results shown in 
Table 3 show clearly that the surface centimetre of soil 
became highly labelled with nitrogen-15 and that within 
21 days of the beginning of treatmont with nitrogen-15 
the higher plants which had grown through the soil 
surface had also become significantly labelled. Such 
evidence indicates the transfer of biologically fixed nitro- 
gen from the sci microflora to the angiosperms and 
mosses. 


Table 8. LABELLING OF HIGHER PLANT AND ROIL SURFAOB SAMPLES WITH 
NUROGRN-15 AFTER RXPOSURH TO MOLECULAR NITROGEN LABELLED WITH 
NITROGHN-15 


Enrichment (atom Per cent excess 
nitrogen-15, 


Material 
Experiment 1* Experiment 2t 


Boll rich in blue-green 8 0-477 0 484 
alga 0 504 (0:477) 0-405 (0:560) 
0 451 0 700 


Higher plants 0 074 0 098 
? Hi (0 058) 9 oae 086 (0 095) 


* Material collected April 1964; mean nhouge temperature, 21° C, 
samples collected for analysis of nitrogen-1 16 21 1 days after the beginning of 
exposure to nitrogen-15, About 30 atom per cent nitrogen-151n gas phase. 

+ Material collected April 1985, mean phouse temperature 28° C; 
samples collected for analysis of nitrogen-15 21 days after the beginning of 
exposure to nitrogen-15. About 27 atom per cent nitrogen-15 in gas phase. 
Depth of harvested soil samples, 1 0 cm; figures in parentheses are means. 


To provide a measure of the rate of transfer and uptake 
of fixed nitrogen a similar type of experiment was set up 
in which, after the exposure for 7 days to nitrogen-15, 
three angiosperm species (Agrostis stolonifera, Glaux 
maritima and Suaeda mariivma), and one moss species 
(Bryum pendulum) were gathered at various periods of 
time, each species being treated as a distinct entity. 
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The results in Table 4 provide preliminary wformation 
on the distribution of the fixed nitrogen ım the soil during 
the first 28 days of the experiment. Bhologically fixed 
nitrogen is restricted almost entirely to the surface 
centimetre of soul (that is to the region rich in blue-green 
algae) and it is clear that even 21 days after fixation had 
ceased there was still a high potential source of fixed 
rutrogen in this layer. Such findings on the distribution 
of the nitrogen-15 confirm the findings of a previous 
investigation’. The low labelling of the sub-surface layer 
throughout the 28-day period suggests that under favour- 
able growth conditions and in the absence of leaching there 
18 little downward movement of the fixed mtrogen from 
the surface layer or, if there is, such nitrogen is rapidly 
assimilated by the higher plants. 


Table 4, DISTRIBUTION OF BIOLOGIOALLY FIXED NITROGEN IN THE SURFACE 
LAYERS OF DUNE SLACK SOIL* 


Time from end of nitrogen-15 exposure period 


7 days 21 days 
Soil depth Atom per cent Atom per cent 
excess nitrogen-15 excess nitrogen-15 
0-1 cm O-871 0-493 
0 411 (0-473) 0-670 (0-503) 
0-436 0 616 
1-2 cm 0 062 0-044 
0-075 (0-060) 0-018 (0-019) 
0-043 0 001 
* Material collected ape 1965; mean greenhouse temperature 22°5° C, 
Imbal muxture of the following composition: nitrogen, 20 per cent 
enriched with about 85 atom per cent nitrogen-15; oxygen 10 per cent; 


carbon dioxide, 0-08 per cent, the ramainder being argon. 


01l samples taken 
for analysis of nitrogen-15 were 0 79 cm* ın area. 


The resulis presented in Fig. 1 show clearly that all 
four species became enriched with nitrogen-15 and that 
the amount of labeling with nitrogen-15 generally in- 
creased with time. This increase, when there was no 
labelled molecular nitrogen available in the gas phage, 18 
particularly interesting because it shows conclusively that 
the enrichment of the moss and the angiosperms results 
from uptake of previously fixed nitrogen from the sgol 
rather than from direct assumnilation from the atmosphere. 
The facts that the shoot samples were washed before 
bemg assayed, and the continued increase in labelling of 
Agrostis with time, even after the first harvest when the 
growing points of the leaves largely occur above soil level, 
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Mean atom per cent excess nitiogen-15 


Ve 


7 14 21 28 85 42 


Time from end of exposure to nitrogen-15 
(days) 


Pg t Uptake of previously fixed nitrogen by various plant species, At 

each harvest all shoots were cropped 0 6 in. ve ground level Kxperl- 

mental conditions as ın legend to Table 4. Each point 1s the mean of 

triplicate determinations. @——@, Bryum: O—O, Glaun; ea- 

Suasda,; A——A, Agrostis. Insufficient Giliaus materal available nt 
21 day stage for assay of nitrogen-15. 
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imply that active assimilation occurs. Although these 
four plant species show differential labelling it is not clear 
whether this is due to differences in their ability to 
utilize the material labelled with nitrogen-16, for overall 
labelling depends not only on the rates at which the various 
metabolites, which may be differentially labelled, are 
assimilated but algo on the quantity of unlabelled nitrogen 
present in each plant at the start of the experiment, that 
18, in seeds, spores and underground portions. 

The results thus provide evidence that when blue-green 
algae are present as early colonizers in sand dune slack 
systems they may play a part in stabilizing such systems 
by supplying combined nitrogen which 1s assimilated by 
higher plants and thus aids the establishment of a higher 
plant flora. In this respect they are simular to the algal 
crusts of arid desert soils’. 

This work was carried out with the aid of grants from 
the Royal Society and the Science Research Council. 

I thank Professor G. E. Fogg for his interest in this 
work and Mr. T. Lymn for technical assistance. 
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Bromide, a Substitute for Chloride in a 
Marine Algal Medium 


ALGAE are known to concentrate the element bromine, 
but, lke chlorine, this may occur only as ballast?. The 
nature of accumulated bromine is uncertain. In several 
rhodophycean species, specialized cells, or “bromuques”’, 
have been recognized’, whereas chlorine is apparently 
accumulated in the vacuole. Large amounts of bromine 
have been shown to occur in orgaric combination with 
phenols in members of the Rhodomelaceae'. 

In natural waters the concentration of bromide is 
generally quite small; sea water contains about 0-065 
parts per thousand. In some brine lakes and natural 
bitterns the concentration of bromide is considerably 
greater, and the Dead Sea may contain as much as 7 g/l. 
(0-068 molar sodium bromide)‘. There has been some 
speculation about the effects on growth of large bromide 
concentrations®*, Relatively small concentrations are 
considered innocuous, and have been used extensively ın 
investigations of salt uptake’. Hedgpeth’ suggested that 
the Dead Sea is “dead” because of the association of a 
high bromide concentration with a high salinity. This 
body of water is, of course, not sterile and contains some 
halophytic organisms. The best known algal halophytes 
are species of Dunaliella, and blooms of these chloro- 
phycean flagellates have been observed in the Dead Sea‘. 

The algae listed ın Table 1 were grown and collected in 
the conditions used previously’. They were moculated 
mto SWM-1 medium to which 0-05 molar sodium bromide 
had been added. This concentration of bromide, com- 
parable with that of the Dead Sea, had no adverse effects 
on the growth of any organism. In a series of experiments 
we found that 1t was possible to replace all the sodium 
chloride, potassium chloride, magnesium chloride and 
calcium chloride in ASP-M medium’ with equimolar con- 
centrations of the corresponding bromides (= 0'47 molar 
bromide). When inoculated from SWM-1 into the com- 
pletely substituted bromide medium only growth of a 
species of Olisthodtscus and cryptomonad 3-0 was reduced. 
In both cases this inbibition could be largely overcome 
by decreasing the concentration of sodium bromide to 
0-2 molar. 
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Table 1. EFFEOTS OF BROMIDE ON GROWTH RXPRESSED IN OPTICAL DENSITY UNITS AFTER INCUBATION FOR 7 DAYS AT 21° 0 


Sixth moculation from medium containing 0 4 molar 
Alga Inoculated from SWAM-1 medium sodium bromide plus bromine salt 
0-4 M Nac! 04M NaBr 0 2 M Nao) 0-2 M NaBr 0-4 M NaCl 0-4 M NaBr 0-2 M Nadi 02M NaBr 
Cl-salte Br-salts Cl-aalts Br-salts Cl-salts Br-salts Cl-salts Br-salts 

Thalassionra fluviatilis 0 255 0260 0 265 0 250 0-250 0-250 0-260 0 250 
(ueoele oryptica Q 275 0 250 0 280 0-290 0 285 0:270 0 805 0-820 
haera oarlerae 0 485 0390 0-430 0-400 0-405 0 360 0-845 0-835 

Fi depos luther 1°19 05 114 Vl 0 990 0-930 Lil 1-02 
listhodtscus species 0 260 0170 0 300 0 820 0 280 0-160 0 275 0-300 
Amphtidinvwum carteri 0-450 0 425 0 405 0-380 0-400 0 $20 0-340 0-800 
Unidentified 0 520 0 360 0-550 0 480 0-520 0 330 0-580 0-455 

tomonad (30) 

Dunahella tertrolecta Tit 114 108 Lit 106 1-05 1-08 1:08 

Porphyridvum species 0 640 0 600 0 640 0-620 0-660 0 610 0-635 0 680 


These organisms were carried in the complete bromide 
medium through six transfers made at weekly intervals. 
The cell density of most organisms after the sixth transfer 
was similar to that when inoculated from 8WM-1 into the 
complete bromide medium (‘Table 1). A slight loss of 
vigour was indicated in several cases, but this was not 
very marked. At each transfer, these algae were also 
inoculated into the complete bromide medium which con- 
tained 0-025 molar sodium chloride, but growth was never 
better than that obtained in the medium which lacked 
sodium chloride. 

Dunaliella tertiolecta was grown in the complete bromide 
medium containing 2-5 molar sodium bromide. Com- 
pared with growth at 2-5 molar sodium chloride (optical 
density = 0:54) there was some inhibition at 2:5 molar 
sodium bromide (optical density = 0-40), but after the 
fifth transfer through the complete bromide medium 
growth was not further reduced. Bacteria have also been 
shown to tolerate relatively large concentrations of 
bromide?’*1, and it is therefore unlikely that the bromide 
content of the Dead Sea has any influence on the growth 
of micro-organisms. If this environment is to be con- 
sidered ‘dead’? then there must be other causes, and the 
high salinity is undoubtedly the most important single 
factor. 

Dunaliella tertiolecta, and a number of marine and halo- 
phytic bacteria, have a conspicuous and apparently 
absolute reqmrement for sodium!14.13, Furthermore, 
some of these bacteria have a conspicuous requirement for 
chlorine, while in others there is a general requirement 
satisfied by halogens. In still other bacteria the anion 
requirement is unspecific and can be satisfied by a number 
of substances!**, None of the organisms which we 
examined showed a requirement for chlorine, although the 
role of this element as a micronutrient remains to be 
established in these algae. With D. tertiolecta it was 
possible to substitute all the chloride with sulphate salts?®, 
and therefore # conspicuous halide requirement was not 
observed in this alga. 
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Effect of Camphor Vapour and Temperature 
on the Frequency of Aberrant Asci in 
Sordaria 


ALTHOUGH the occurrence of asci containing 6:2, 5:3 
and 7:1, rather than 4:4 spore ratios, is now widely 
recognized in Ascomycetes, little ıs known about environ- 
mental effects on their frequency. In these experiments 
the effects of temperature and camphor vapour were 
analysed. The latter substance was chosen because it is 
known to increase thé frequency of diploidization in 
vegetative hyphae’, and it would therefore be expected 
to increase the frequency of aberrant tetrads if the latter 
are related to mitotic recombination’. : 

Two strains of Sordaria fimicola showing black and white 
ascospores respectively were inoculated on either side of 
unsupplemented corn meal agar plates and grown at 
25° C. Cultures were exposed to camphor vapour in tins 
for periods of 5 h at 37° C or grown ın a range of tempera- 
tures. Perithecia were mounted in 5 per cent glycerol on a 
slide and crushed under a cover slip. All abnormal asci 
were examined under high power in order to check that 
they were not a result of immaturity or overlying asci. 
At least 1,000 asci were classified for each treatment in 
the initial experiments and more than 2,000 in ten groups 
of about 200 each for the later work, which was analysed 
statistically. 

The results of a preliminary experiment carried out at 
25° C with one exposure to camphor vapour showed, in the 
treated culture, a definite increase in the number of 
aberrant asci (Table la). The majority of 6:2 abnormal 
asci showed an excess of white spores (37: 1) in contrast 
to results obtained previously*. Some asci were abnormal 
only in the sense that the four spores of each type were 
displaced from the expected orders. The experiment was 
repeated in case the results were affected by misclassi- 
fication of immature asci and this seems possible because 
the recorded percentage of aberrant asci was not so high in 
later experiments. 

In the second experiment, some cultures received two 
camphor treatments and this resulted in a further increase 
in the frequency of abnormal asci relative to that from 
once treated cultures (Table 16). In order to check whether 
the increased frequency in the camphored cultures was 
caused by this treatment or the higher temperature during 
treatment, the control cultures ın the next experiment 


Table 1. VARIATION IX WREQUHNOY OF ABHEBRANT ASOL WITH VARIOUS 
OAMPHOR TREATMENTS 
Percentage Number Por- 
Treatment Number of of of aberrant centage 
aberrant agoi asci RECI of asé! 
0:2 5:3 6°2,5.3 4.4 4:4 
(a) 25° 0 
No camphor 2 0 019 6 0-57 
One camphor 38 2 873 9 0 84 
(b) 25° O 
No camphor 8 0 071 4 0-86 
One camphor 9 4 1-21 5 047 
Two cam nor 15 0 1-46 8 078 
(0) No camp! 10 1 1-08 4 0-89 
One camphor 9 8 1 06 9 0-79 
Control 1 camphor 7 2 087 5 049 
Two camphor 19 7 2-40 7 0-65 
Control two camphor 5 5 0-05 8 O76 
(d} Two camphor 23 16 1-62 20 0-83 
Controltwocamphor 11 5 0 68 12 051 
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were also incubated at 37° C for the appropriate 6 h 
periods. The results showed that the camphor treatment 
rather than exposure to high temperature was the cause 
of the increased frequency of abnormal asc: (Table 1c). 

For statistical analysis, two further sets of cultures 
were prepared; one was camphored twice and the other 
left untreated. The results showed a significant increase 
in aberrant asci including or excluding (tig=3°6 or 4:9 
respectively) the displaced 4:4 asci (Table ld}. The 
mereased frequency of 6 : 2 and 5 : 3 asci in treated cultures 
was unlikely to have been caused by misclassification 
because the effect was noted equally in the excess black as 
in excess white spored asci. 

The effect of camphor on recombination between the 
centromere and the gene locus was cstunated* but no 
significant effect was found. Inspection of the percentage 


of asci ın the six normal spore arrangements indicated - 


polarized segregation, that is, a tendency for black spores 
rather than white to occur at the apex of the ascus®. 
Analysis of the data from all experiments showed that this 
effect was highly significant for the 4B : 4W arrangement, 
significant for the 2B4W2B arrangement but not signi- 
ficant for 2B2W2B2W, The effect of camphor on polariza- 
tion was not significant. 

The overall results for 6 : 2 ascı, omitting the results of 
Table la, showed that 6W : 2B asc: predominated (70 : 46) 
and there was a tendency for the odd spore pair to occur 
at the end rather than the middle of the ascus. There were 
almost equal numbers of the two alternative 6 : 3 arrange- 
ments (14: 15). 

Varying the temperature at which the cultures were 
grown throughout ther development had httle effect on 
the frequency of aberrant asci except at 30° C where a 
marked increase in displaced 4: 4 was observed (Fig. 1). 
An analysis of variance, omitting the displaced 4: 4 
asci, showed no significant effect of temperature on the 
frequency of abnormal asci. Increase in temperature 
significantly enhanced the frequency of recombination 
between the spore colour locus and the centromere. 

Three types of ascus abnormality were found in these 
experiments. The first, the displaced 4 : 4 arrangement, 18 
probably best explained by spindle overlap’, although 
there does not appear to be supporting cytological evidence 
for this phenomenon’~*. Although displaced 4 : 4 patterns 
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Fig. 1. Variation with temperature of recombination ency (Q) 


and percentage of aberrant asci, including (C) and excluding (A 
displaced 4 : 4 spore patterns. 
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might occur as a result of mitotic recombination before 
meiosis? this seems unlikely, because no increase in 6 : 2 
or 6: 3 asci was observed at 30° C. 

The second abnormality, the significant exceas of spore 
arrangements with dark apical spores, has previously 
been explained as a result of unconscious visual selection, 
and this must remain the most likely alternative until 
polarization of nutritional rather than colour markers 18 
recorded. 

Finally, there was a significant effect of camphor vapour 
on the frequency of 6:2, 5:3 and 7:1 aberrant asc. 
Such asci can be explained by mutation, but their frequency 
18 several orders of magnitude greater than that normally 
found for mutation. The most generally accepted ox- 
planation’! for their occurrence 1s the correction of 
mıs-pairmg in the bases of DNA during meiotic recombina- 
tion. On this theory camphor might have its effect by 
increasing the chances of a deletion from a DNA segment 
which is about to cross over. If conversion and recombina- 
tions are intimately related, however, it might have been 
expected that the increase in temperature would have 
affected both processes. 

The hypothesis that conversion may follow from the 
effects of a mitotic recombination before meiosis receives 
some support from the finding of several pairs of reciprocal 
aberrant ratios side by side or in the same bunch of asc. 
Bimilarly, the finding of several pairs of identical abnormal 
asci in the same ascus supports the suggestion that more 
than one ascus may arise from one fusion nucleus??. 
Furthermore, camphor vapour which increases the fre- 
quenoy of diploidization’ does increase the frequency of 
aberrant asci. On the other hand, recent cytological 
evidence indicated that in Neotiella rutilans nuclear fusion 
occurred immediately before meiosis and after the syn- 
thesis of DNA. Thus, if mitotic events are to be concerned 
in the production of aberrant asci, they must either occur 
between contiguous nuclei before fusion or result from rare 
fused nuclei which do divide further by mitosis. 

We thank Dr. D. Sutton for supplying the cultures of 
Sordaria. 

W. J. WHITTINGTON 
C. M. PENN 


University of Nottmgham, 

School of Agriculture, 

Button Bonington, 
Loughborough, Leicestershire. 

1 Roper, J. A., Beperientia, 8, 14 (1952). 

1 Hartloy, M. J., and Whittington, W, J., Nature, 200, 698 (1988). 
2 Olivo, L. 8., Proe, U.S. Nat, Acad. Sot., 45, 727 (1959). 

+ Catoheside, D. G., The Genetics of Micro-organtems (Pitman, 1949). 
* Mathieson, M. J., Ann. Bot., 20, 623 (1956). 

* Berg, O. M , Geneties, B3, 117 (1966). 

7 Singleton, J. R , Amer. J. Bot., 40, 124 (1958). 

* Bistus, G., Bull. Torrey Bot. Club, 88, 85 (1956). 

* Carr, A J. H.,and Olive, L S , Amer. J. Boi., 48, 142 (1958). 
10 Whitehouse, H. L. K., Nature, 199, 1084 (1068). 
2 Holliday, R., Genet. Ras., §, 282 (1964). 
23 Westergaard, F. M , Hereduy, 21, 837 (1966). 


MICROBIOLOGY 


Adenovirus Infection of Human Embryo 
Liver Cells 


Tue viruses of human hepatitis are elusive, but new 
tissue culture techniques have resulted in a rapid mcrease 
of the number and variety of the so-called hepatitis 
“candidate viruses”, although conclusive proof of their 
aetiological association with hepatitis is not available. 
After the isolation ın Arizona of the San Carlos agents}, 
later identified by neutralization tests as adenovirus type 
3, from thirteen of twenty-two Indian children admitted 
to hospital with infectious hepatitis and from four of 
thirty-one patients in another outbreak, there has been 
considerable interest in the possible association of the 
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Fig. 1. Normal embryo liver cells 48 h after implantation. (xe, 725,) 





Fig. 2. 

type 5. 

lated, and the areas of condensations in the nucleus are very marked. 
(xe. 600.) 


Infection of primary culture of human liver cells with adenovirus 
The nucleus of a parenchymal cell is grossly enlarged, vacuo- 


adenovirus group with hepatitis. Some biological simi- 
larities have been found between infectious canine 
hepatitis virus and certain types of human adenoviruses, 
and some antigenic relationship to types 2 and 4 (ref. 2). 
Infectious canine hepatitis (ICH) virus is a DNA virus 
belonging to the adenovirus group’. Its size of 80 mu 
and its 252 capsomeres are identical with that of the 
adenoviruses. Human infections with ICH virus have been 
recorded but with no overt signs of hepatitis. Adenovirus 
type 5 has been isolated from blood clots from twenty- 
seven of thirty sporadic cases of infectious hepatitis in 
Arizona. Adenovirus type 5 was also recovered from all 
of twelve family contacts of two of the patients, three of 
whom subsequently developed infectious hepatitis. 

The effect of infection of tissue cultures of human 
embryo liver cells with adenovirus types 2, 4, 3 and 5 
was investigated, and we have also examined the effect on 
this tissue culture system of adenovirus type 17, which is 
not known to be associated with infectious hepatitis. 

Livers were removed from apparently normal human 
embryos obtained by the Tissue Bank of the Royal 
Marsden Hospital after abdominal bysterotomy of women 
free from infection. The age of the embryos varied from 
8 to 22 weeks. The livers were placed in Medium 199 and 
transferred to the laboratory on melting ice. The method 
of culturing human liver on polythene after disaggrega- 
tion by trypsinization has been described in detail before’. 
The following growth medium was used: 90 per cent 
Eagle's minimum essential medium; 10 per cent foetal 
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calf serum; 0°15 per cent sodium bicarbonate solution; 
100 u/ml. of penicillin, and 100 pg/ml. of streptomycin. 

The covered tissue culture plates were placed in a 
sealed desiccator with about 2 per cent added carbon 
dioxide and incubated at 35°C. After overnight incuba- 
tion the implant had the normal appearance of hepatic 
tissue, with most of the cells arranged in a monolayer 
(Fig. 1). 

Freezo-dried prototypes of adenovirus strains were 
supplied by Dr. H. G. Pereira. The virus was recon- 
stituted in phosphate-buffered saline, pH 7-3, and ten-fold 
serial dilutions, from 10t to 10°, were prepared in the 
growth medium. A sample of each dilution (0-1 mil.) was. 
inoculated into a series of cups and incubated at 35°C, 
The preparations were examined at intervals by fluor- 
escence microscopy after staining with fresh 1/1,000 solu- 
tion of acridine orange. Neutralization tests were carried, 
out by a standard technique using 50 TOIDs, virus doses 
and homotypic rabbit antiserum. 

A continuous spindle-shaped cell line was prepared 
from human embryonic liver. Rat tail collagen solution 
was prepared by the method of Ehrmann and Gey‘. 
Standard tissue culture tubes were lined with collagen by 
rolling at 6 r.p.h. at 37°C for 24 h. Growth medium 
(1 ml.) was added to give osmotic equilibrium and the 
tubes were rolled for a further period of 24 h at 37°C, 
Excess growth medium was removed and the tubes were 
stored at 4° C until required. Liver cells, disaggregated 
by trypsinization, were suspended in the growth medium. 
and rotated at 37°C. The growth medium was replaced 
after overnight incubation in order to remove blood, and 
subsequently the medium was changed twice weekly. A 
confluent sheet of spindle-shaped cells was obtained after 
12 to 15 days (Fig. 5). These cells can be sub-cultured 
continuously by the standard method of trypsinization, 
and it is not suggested that these cells are parenchymal 
cells. Adenovirus types 3, 5 and 17 were inoculated into. 
the tubes using 0-2 ml. of inoculum of 10° dilution. The 
tubes were examined daily for cytopathic effect using a. 
microscope with a 2/3 in. objective. 

During infection of the primary cultures with adeno- 
virus types 2, 4 and 5 no cytopathic changes were ob- 
served until 72 h after the start of incubation, when, 
marked effects were noted in the nucleus of the paren- 
chymal cells. The nucleus was grossly enlarged; it 
appeared to be vacuolated with the formation of large 
irregular inclusions connected by fine strands of chromatin. 
material (Fig. 2). Fibroblasts present in culture with the 
parenchymal cells showed no pathological changes after 
7 days. Neutralization tests with the homologous rabbit. 
antiserum completely inhibited the characteristic cyto- 
pathic effect. 





The honeycomb appearance of 
the nucleus of a parenchyma cell is characteristic. (x e. 600) 


Fig. 3. Adenovirus type 17 infection. 
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When the primary cultures were infected with adeno- 
virus typos 3 and 17 cytopathic effects were noted in the 
nucleus of the parenchymal cells after 72 h of incubation 
and these became progressively more marked after 5 days. 
The nucleus was packed with a mass of irregular inclusions 
like large honeyeombs (Fig. 3), and then the size of the 
nucleus gradually increased and ultimately it degenerated, 
Occasionally, nuclei in the preparations infected with 
types 2, 4 and 5 appeared similar, Fibroblasts were 
completely unaffected by infection with adenovirus type 3 
in contrast to the findings with type 17 (Pig. 4) where the 
characteristic changes occurred in the nucleus of the 
spindle-shaped cells. The eytopathic~effects were com- 
pletely neutralized by the specific antisera. 

Infection of the continuous spindle-shaped cell line 
‘by adenovirus type 5 was obtained by rotation of the 
liver cell suspensions in tubes lined with collagen and 
resulted in a cytopathic effect after 5 days of incubation. 
After 7 days in culture the colls rounded up, and showed a 
large lave pattern formation throughout the sheet (Fig. 6). 
The changes associated with infection with adenovirus 
types 3 and 17 wore indistinguishable, by light microscopy. 
from the effects produced by type 5. This result was 
unexpoeted because in the primary cultures only type 17 
affected the fibroblasts. ‘The cytopathic changes were 
completely inhibited by neutralization with the specific 
antisera, 

“Repeated failure to isolate viruses of consistent charac- 
teristics from eases of infectious hepatitis, and conflicting 
claims of successful isolations of a wide range of different 
viruses, imply that the identity of the causative agent is 





Figod. The nucleus of a fibroblast infected with adenovirus type 17 
$ (x e. 600.) 





Fig. 5 The continuous spindle-shaped cell line on collagen. Day 14. 
(xe, 365.) 
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Pig. 6. Adenovirus type 5 infection of the continuous cell line. Most of 
the cells have rounded up. 7 days after infection, (x e. 864,) 
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still uncertain. Possibly the disease requires more than 
one virus to precipitate infection. The isolation of strains 
of adenovirus from sporadic cases of infectious hepatitis 
and some of their family contacts is encouraging, but it is 
unlikely that this group of viruses, which is relatively 
easy to isolate in the laboratory, would have remained 
unrecognized for so long as the sole cause of infectious 
hepatitis in man. Adenovirus infection alone may not 
cause the clinical syndrome of hepatitis, but there is the 
possibility of hybridization between adenovirus and 
defective particles of the “hepatitis” agent. 

Another possibility is that the liver damage which 
causes the sub-clinieal and clinical syndrome of hepatitis 
follows antigen-antibody interaction in the hepatic tissue. 
Hybridization between, for example, adenoviruses’? and 
other virus particles results in the formation of new 
antigens in the infected cells. These new antigens are 
different from the original infecting virus and are also 
foreign to the hepatic cell. The cells may therefore have 
undergone sufficient alteration to render them auto- 
antigenic®, The outcome is an autoimmune reaction, and 
there is considerable evidence for the occurrence of auto- 
antibodies against human liver antigens in acute hepa- 
titis®-1*, 

Some association of adenovirus infection with hepatitis 
cannot be overlooked, and the effect of a number of 
adenovirus types on differentiated human embryo liver 
cells in culture which are reported here could be significant. 

We thank Dr. H. E. M. Kay and his staff at the Tissue 
Bank of the Royal Marsden Hospital. Dr. H. G. Pereira 
of the World Influenza Centre, Mill Hill, London, supplied 
the prototypes of the adenovirus strains. Miss Lorna 
Dunkley and Mr. K. H. Sieng gave technical assistance. 

This work was supported by a grant from the Medical 
Research Council. 





A. J. ZUCKERMAN 

J. ALWEN 

F. FULTON 
Department of Bacteriology and Immunology, 
London School of Hygiene and Tropical Medicine, 
London, W.C.1. 


Received November 1, 1966; revised January 19, 1967. 


Davis, E. V., Setenee, 188, 2059 (1061), 

* Carmichael, L, E., and Barnes, F, D., Proe. Soe, Exp. Biol. and Med., 107, 
214 (1961). 

* Kapsenberg, J. G., Proe, Sec. Eep. Biol. (N.Y), 101, 611 (1980). 

t Harinen. W. V., Love, G. J., and Eidenbock, M. P., Science, 152, 1890 

ALISE 

3 Zuckerman, A. J., Tsiquaye, K. N., and Fulton, F., Brit. J. Ezp. Path, 
48. 20 (1987), 

* Ehrmann, R, L., and Gey, G. O., J. Nat, Cancer Inst.,16, 1875 (1958), 


* Huebner, R. J., Row, W., P., Turnor, H. C., and Lane, W, C., Proe, U.S. Nat. 
Acad, Sei., BO, 379 (1903) 


* MacKay, I. R., and Wood, T, J., in Progress in Liver Diseases (edit. by 
Popper, H., and Schaffner, F.), 89 (Grune and Stratton, N.Y., 1961). 


x Bei a D., Murphy, W. D., and Hanford, V. L., J. Esp. Med., 79, 580 
4), 


t? Bjornebos, M., and Krag, P., Acta Path, Microbiol, Send.: 24, 352 (1947). 
4 Gajdusek, D, C., Areh, Intern, Med.,101, 9 1068), > 
H MacKay, I, R, and Larkin, L., Austral. Ann. Med., Y, 251 (1958). 


SS ‘NATURE. VOL, 214. MAY’ 6, 1967 


_ _Bacteriocinogeny in Lactobacillus fermenti 
JACTERIOCINS are antibiotics produced by bacteria and 
which act on strains of the same or closely related species. 
‘They are protein in nature. De Klerk and Coetzee! 
reported bacteriocin production by homofermentative and 
heterofermentative species of Lactobacillus. Bacteriocin 
owas detected in the supernatants of 10 day old broth 
<< q@ultures of eleven. out of fifty-nine strains of Lactobacillus 
< acidophilus and one out of forty-two strains of L. fermenti. 
The production of bacteriocins often depends on growth 
conditions’, and strains which produce bacteriocin on 
agar may show little or no activity in broth®. Because 
“the methods previously used may not have been optimal? 
it was decided to re-investigate the incidence of bacterio- 
-einogeny in L. fermenti strains. One hundred and twenty- 
one strains of L. fermenti isolated locally from as many 
different sources of human saliva were tested. Many of 
< the strains showed different lytic patterns when tested 
with a series of lactobacillus bacteriophages (unpublished 
(observations). The media used were MRS broth and 

agar* and cultures were incubated at 37° C in an atmo- 
sphere of carbon dioxide. Bacteriocin production was 
investigated by stabbing single colonies of the 121 strains 
_ into fresh plates. After overnight incubation the plates 

were sterilized with chloroform vapour. They were then 
layered with soft agar seeded with an indicator strain and 
-re-incubated overnight. All 121 strains were also used as 
indicators of bacteriocinogeny in different experiments. 
Twenty-five of the strains showed clear rings of inhibition 
-of indicator organisms 2-3 mm wide. All twenty-five 
-= -strains inhibited the same forty-four L. fermenti indicators. 
< Sixty-four homofermentative strains of lactobacillus were 
then also tested for susceptibility. Five strains of L. 
acidophilus were inhibited by the same twenty-five D. 

fermentt strains. Subcultures of agar fragments from clear 
< peas of inhibition never showed growth and the inhibitory 
= getivity could not be serially transmitted to fresh lawns 

of the original indicator organisms. Subsequently inhibi- 
tory activity in undiluted supernatants of overnight broth 
“cultures of the producer strains was demonstrated by 
techniques previously used®. This activity was variable 
‘and. could frequently be discerned only as a hazy spot of 
inhibition in the indicator lawn. The inhibitory activity 
| of supernatants could be concentrated by precipitation 

< with saturated ammonium sulphate and the agents diffused 

“ynore than 1 em from a central hole in agar. This was 
demonstrated by filling the hole with a concentrated 
© solution of the agent and allowing diffusion to occur 

overnight. The plates were then covered with soft agar 
containing the indicator organism. These properties 
“label the inhibitory agents as bacteriocins’. No resistant 
‘mutants of indicator strains were obtained and this 
precluded the use of cross-resistance tests* to classify 
“these bacteriocins. 
The use of solid media has increased the incidence of 
= Rewari bead in L. fermenti from the previously 
reported (ref. 2) 2-4 per cent to 15-5 per cent. This work 
waa done in an attempt to subdivide strains of L, fermenti, 
but the identity of the spectra of activity of the bacterio- 
- cins discovered limits their use in this respect. 
This work was supported by grants to Professor J. N. 
Coetzee from the South African Council for Scientific 
and Industrial Research. 
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PATHOLOGY 


Complete Development of the Human 
Hookworm, Necator americanus, in Golden | 
Hamsters, Mesocricetus auratus 


SrToLL! estimated that more than a fifth of the world’s. 
population carries hookworm infection involving Ancylo- 
stoma duodenale or Necator americanus or both: In. view: 
of their widespread distribution in both tropical 
tropical regions and severe pathogenicity, the imp i 
of developing a laboratory-adapted human hook orm. 
strain for experimental investigation in controll 
ditions has long been recognized. The informatio: 
literature suggests that dogs and cats may be 
mentally infected with N. americanus in controlled con- 
ditions?, but these large animals are unsuitable for various 
laboratory investigations. Partial development. of this 
aoe in guinea-pigs and hamsters has been. reported 
by Schwartz and Alicata? and Nagahana et al.4,. According 
to them, after oral or percutaneous infections the infective 
larvae of N. americanus developed to fourth stage larvae 
in the small intestines but failed to grow to maturity. 
They had all been expelled by 3-4 weeks after infection. 

The object of our investigation was to: determine 
whether or not infective larvae of N. americanus could 
reach maturity in suckling hamsters less than 1 week old. 
This communication gives the results of a series of experi- 
ments and presents evidence that baby hamsters are 
suitable hosts for human hookworm infections, °°. 

The infective larvae of N. americanus were obtained 
from a 14-15 day old faecal culture prepared from a 
human patient according to the techniques described by 
Sen et al5 and with a Baermann apparatus: A dose of 
0-02-0-05 ml. of suspension containing approximately 
500-1,000 infective larvae was placed on the abdominal 
skin or in the mouth of 3-5 day old suckling hamsters 
under ether anaesthesia. Hamsters thus infected were 
kept under control for 30 min. After infection the animals 
were replaced in plastic cages provided with eotton pads 
with their respective mothers until they were weaned, 
and necropsies were made at various intervals: The 
parasites were collected, counted and fixed in hot A. F.A. 
for measurements. 

The worms recovered from the small intestines 14-18 
days after infection were in the fourth stage, while after 
21-27 days they were immature adults which had. com- 
pleted the fourth ecdysis. After 35 days the average 
length of the males was found to be 6-56 mm, while that 
of females was 7-87 mm. Results of two experiments are 
suramarized in Table 1. 

The recovery of adult worms at necropsy dermonbtented 
that baby hamsters are easily infected with larvae of N. 
americanus; the result is a satisfactory host-parasite , 













Adult worms recovered from a 3-day-old hamster after 36 days 


Fig, 1. 
of infection, 
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Table 1. N, americanus LARVAE AND ADULTS RECOVERED FROM THE SMALL 
INTESTINES OF HAMSTERS AT VARIOUS INTERVALS AFTER INFECTION WITH 
APPROXIMATELY 700 LARVAB 
Ageof Agu of 
hamsters worms No. of worms recovered from the small 
when at intestine and their sizes 
infected necropsy Total Length Length 
(days) (days) No. Male (mm) Female (mm) 
3 14 6 2 — 4 — 
18 15 8 2:35-3:24 7 3-11-3-80 
21 4 2 2-23 2 231-374 
23 5 3 2-65-2-99 2 375-526 
27 14 10 3:25-3-80 4 449-505 
29 12 3 — 9 4-07-4-83 
35 9 2 5:87-7:75 7 7-28-8-80 
58 3 0 —- 3 8:97-9-83 
919 1 0 — 1 11-0 
5 l4 8 4 os 4 — 
21 12 3 1:79-2:07 9 2:24-2:83 
23 + 1 2-59 3 8:28-3:02 
27 2 1 4-21 1 4-85 
41 2 1 6-00 1 8-35 
49 5 3 6:85-7:35 2 8:85-10:35 
se ‘ 2 5°35-5-87 2 8-07-10-18 


* Of two hamsters autopsied, one had worms, 


system. The first appearance of a small number of fertile 
eggs on N. americanus in faeces of one of the hamsters 
was noted 5 weeks after infection, but the culture from 
such faecal samples did not yield any larvae until the 
number of fertile eggs in faeces increased later. 

We thank Professor T. R. Govindachari, Director of the 
CIBA Research Centre, for his interest in this work. 
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Experimental Neurolathyrism in Monkeys 


Unit now the cause of the relation between Lathyrus 
sativus and the spastic paraplegia, known as neurolathyr- 
ism, has been inferred purely on epidemiological grounds 
and neurotoxic manifestations with or without histo- 
pathological verification have not so far been obtained!~*, 
The isolation and characterization of §-N-oxalyl-L- 
«,8-diaminopropionic acid (OX-Dapro), an unusual amino- 
acid, which was “neurotoxic” to 1 day old chicks have, 
however, been reported**, We have found that intra- 
oo injection of this compound in adult chicks 
required a proportionately much larger dose to produce 
imi effects. An intraperitoneal or intravenous 
administration of this compound to adult rats at a level 
of 1 mg/g body weight or intraperitoneally in mice did 
not produce any symptoms, while administration of 
25 ug intracisternally was seen to produce convulsions. 
It was felt that this might be caused by an effective 
“blood—brain barrier”? and thus we decided to investigate 
the effect of this compound when intrathecally injected 
into adult monkeys (Macaca radiata). 

Under chloroform-ether anaesthesia successive injec- 
tions of increasing doses of pure OX-Dapro (melting 
point, 206° C, ninhydrin colour yield equivalent to that 
of leucine on a molar basis) were given intrathecally by 
the lumbar route. Lumbar punctures were performed 
mostly in L,—L, or Li-L, spaces and, occasionally, in the 
L,-L, space. Paralysis affecting both the lower limbs was 
encountered in five instances and there was an immediate 
retraction of the tail in most cases (Table 1). With a 
dose of 5 mg the paraplegia was partial and transient in 
all the monkeys; with a dose of 10 mg one monkey 
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Table 1. SUMMARY OF THE CLINICAL FINDINGS 
Wt 
Code Sex in 5 10 15 18 20 Typeof Ultimate fate 
No. Kg mg mg mg mg mg paraplegia 
MR2 M29 T T P — .— Filaccid xine after 20 
ys 
MRS F 29 T F — P* — Flaccid Died after 36 h 
MR8 M 46 T T x T d Flaccid Died after 48 h 
MRO M 64 T P — — — Spastic =_ after 20 
ys 
MRi M 47 T T T T P Spastic Killed after 10 
days 


T=Transient; P=permanent; F=failure. 
* This monkey received 18 mg in lieu of 15 mg because of an error in 
calculation. 


(MR 9) developed a partial but permanent spastic 
weakness in both the lower limbs while the other four 
showed only a transient weakness of the hind limbs. 
One monkey (MR 2) developed a total flaccid areflexic 
paraplegia after the administration of 15 mg of the com- 
pound. A similar flaccid areflexie paraplegia was 
observed in monkey MR 5 after a dose of 18 mg and in 
monkey MR 8 after a dose of 20 mg. Monkey MR 11 
developed a partial but spastic paraplegia after a dose of 
20 mg. Thus the duration of the transient weakness of 
the legs was longer with increasing doses of the compound 
administered intrathecally. 

In the two monkeys with spastic paraplegia the knee 
and adductor jerks were pathologically brisk, but the ankle 
jerks were lost and the plantar reflex showed no response. 
The three monkeys with flaccid areflexic paraplegia 
showed no response to either stamping on the tail or 
pin-prick applied to the lower limbs. In no case did the 
upper limbs or the bulbar muscles show any clear-cut 
paralysis. 

A 75 per cent alcoholic extract of L. sativus seeds was 
processed on a ‘Dowex-50’ H+ column to remove OX- 
Dapro®. Increasing doses comparable with the doses of 
OX-Dapro administered previously were given intra- 
thecally in three adult monkeys; these monkeys exhibited 
no clinical evidence of paraplegia. Similar negative 
findings have also been obtained with aspartic acid and a 
succinyl analogue of OX-Dapro® ($-N-succinyl-L-«,8- 
diaminopropionie acid) which is not a normal constituent 
of L. sativus seeds. These findings suggest that the 
results obtained with intrathecal injection of OX-Dapro 
are probably specific to this compound. In Macaca 
monkeys the spinal cord ends at the level of L, vertebra®, 
yet weakness of the lower limbs was not observed on 
several occasions when the lumbar punctures failed or 
when saline or distilled water was injected intrathecally. 

Preliminary studies on the autopsied specimens appear 
to exclude the possibility of a local trauma to the lumbo- 
sacral cord during the spinal tap. It appears from the 
haematoxylin and eosin and Nissl preparations that there 
was destruction of the nerve cells of the grey matter of 
the spinal cord accompanied by proliferation of microglial 
cells. 

It appears safe to assume from these studies that 
6-N-oxalyl-L-«,8-diaminopropionie acid is one of the prin- 
cipal neurotoxic factors in L. sativus. Further work is 
in progress, especially with regard to the possibility of 





Monkey (MR 2) showing total flaccid paralysis of lower limbs. 


Fig, 1. 
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-other factors in ‘the seed, which. may act synergistically 
with OX-Dapro. 
= We thank the Council of Scientific and Industrial 
Research, New Delhi, and the Rockefeller Foundation, 
“New York, U.S.A., for financial support, and Mr. T. 8. 
Batyanarayana for technical assistance. 
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N-Methyl-N-Nitrosourea as a Strong Topical 
Carcinogen when painted on Skin of Rodents 


Various nitrosamines and nitrosamides are now fre- 
quently used as carcinogens'-*, Investigations so far have 
involved oral, intravenous or subcutaneous application. 
We have examined the carcinogenic action of some of 
these substances by painting them on to the skin. 

After completely negative results with diethylnitros- 
-caminet on the mouse skin we obtained positive results 
with N-methyl-N-nitrosourea (MNU) on the same 
animals’. In this communication a strong carcinogenic 
action of MNU on the skin of Syrian hamsters and rats, 
administered by painting, is reported. 

Syrian hamsters (8 weeks old) of a white line and 


Coge to 4-month-old white rats of the Wistar strain were 


treated three times a week with a freshly prepared 0-5 per 
“ent solution of MNU in cold acetone which was painted 


on to the dorsal skin (interscapular region). Total MNU 


~ dose for the Syrian hamsters was about 180 mg/kg of body 
weight (treatment for 3-4 months), and about 520 mg/kg 
-of body weight for 7-8 months treatment of rats. 


Table 1 
Surviving No. of Earliest 
Duration of Animals malignant cancer 
Animals experiment Tumour skin formation 

weeks) animals tumours* (weeks) 
Syrian hamsters 13 18/18 ~ 140 8 
Wistar rats 30 9/9 16 20 
Albino mice 18 43/30 31 14 


* Revealed by macroscopic and systematic microscopic examinations of 
the whole area of painted skin including microcarcinomata, 


The final results of this experiment, and a comparison 
with an earlier experiment with albino mice (strains AB 
and XVII), are given in Table 1. Each species develops 
skin tumours on exposure to MNU. The shortest mean 
latent period, and, at the same time, the largest number 
of malignant skin tumours is seen in Syrian hamsters. 
The mouse is the next most sensitive animal, whereas the 
rat, generally shows relatively little response to skin 
carcinogens. After treatment for 30 weeks, however, a 


SEES 


100 per cent yield of skin cancer has been achieved m 
the rat. Multiple and multicellularly induced epithelial 
tumours developed in each species, mostly from: solid 
epithelial sprouts, which were initiated in the epidermis 
or the hair-follicles or, in a few cases, grew through the 
intermediate stage of a papilloma. The tumours include 
mostly hornifying and non-hornifying carcinomata, 
basaliomata, and single sarcomata starting from the 
dermis. Some adenomata of the sebaceous gland were 
observed in rats. Thus the results indicate that MNU 
can also exert a strong local carcinogenic action when. 


painted on to the skin of different species. This action is |. 


not weaker than that of the strongest carcinogenic poly: 
cyclic hydrocarbons. eerie is 
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CYTOLOGY 


Mutagenic Effect of Irradiated DNA in __ 
Drosophila melanogaster 


EARLIER I reported’? the mutagenic effect of irradiated 
DNA in Drosophila melanogaster. In the meantime, how- 
ever, negative results have been reported by Chopra? and 
Seecof and Kaplan’. Khan and Alderson® used a chemi- 
cally defined medium and, working in aseptic conditions, 
found that whereas calf-thymus DNA, irradiated: or un- 
irradiated, is mutagenic, the process of irradiation does 
not enhance the mutagenic effectiveness. These authors 
report that they had detected “several bunches of identical 
(allelic) lethals in the progeny of the individual males in 
both DNA experiments”. They counted each bunch as a 
single lethal. (Here it may be remarked that. it is not 
justified to count a bunch as a single lethal®.) Furthermore, 
it is not clear whether the bunches were of different: sizes 
and whether they appeared more often with irradiated 
DNA than with unirradiated DNA or otherwise. Aas 
It was therefore thought worthwhile to repeat th 
experiment. For the present investigation as well for the 
earlier one, the DNA used was fish sperm DNA, in powder 
form. The experimental procedure, the method of irradia- 
tion of DNA and the dose used were exactly the same as, 
reported earlier!, except that for the scoring of the sex- 
linked recessive lethals, M--5 technique (instead of CIB: 
technique used in the earlier experiments) was: used. 
The medium was prepared with 7 g of sugar, 7 g of bran,» 
6 g of maize meal, and 0-8 g of agar cooked in 100 ml. of 
water and 0-4 g of ‘Nipagin’ (p-hydroxybenzoicacid- 
methylester) dissolved in alcohol and added to it as 
fungicide. The medium did not contain yeast and was 
not seeded with fresh yeast. The irradiated DNA (soon 
after the irradiation) was added to the medium when at 
about 80°-85° C, well stirred, cooled and the culture 
was initiated with fifteen to twenty pairs of flies of the. 
Ore~R strain (in-bred for generations in our laboratory). 
After about 12 days the parent flies were discarded. 0-2 
days old males, which had developed as larvae on the 
food containing DNA (irradiated and non-irradiated), 
were individually mated to three virgin females from the: 
Edinburgh dual-purpose stock, left together for about: 
12 days and then discarded. Ten to fifteen X-chromosomes 
in each male were checked for the presence of sex-linked 
recessive lethals. nie 
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In 1 242 chromosomes from 123 males growing on 
food mixed with unirradiated DNA. (2 per cent), only one 
lethal (0-08. per cent) was detected, whereas in 1,623 
chromosomes from 114 males growing on food containing 
irradiated DNA (2 per cent), seventeen lethals, that is, 


. 1:04 per cont, consisting of four clusters of two and nine 


singles, were scored. The results are statistically significant 
(but not.so high—5-7 per cent-—-as reported before) 
and indicate that the irradiated DNA is mutagenic. The 
apparent inconsistency might partly be the result of the 
fact that the earlier result was based on a smaller number 
(635) of X chromosomes tested, and therefore involves 


relatively larger statistical error. Another factor might be 
th 


practically unavoidable fungus and bacterial con- 





tamination (varying from experiment to experiment) of 


the DNA cultures. The degree of polymerization of the 


- DNA used (determining the size of the available DNA 
particles and indirectly, therefore, the uptake by the 
‘growing larvae) could be responsible for the discrepancy 


between results obtained by various authors. The problem 


needs further investigation. 
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_ Mitotic Nondisjunction in Cultivated Human 
Cells 





 HAPLOIDIZATION, mitotic crossing-over and mitotic non- 
“disjunction are three modalities of mitotic recombination 


whieh could permit the mapping of human genes via 


“genetic analysis of cultured human somatic cells?. 
assumed", but not proved, that at least one of these 


It is 


mechanisms, mitotic nondisjunction, is of routine occur- 


` rence in established cultures of diploid or essentially diploid 


‘human somatic cells. We report here cytogenetic evidence 
| for the repeated occurrence of this process within clones of 


< fibroblasts. derived from the skin of a child with Down’s 


syndrome (mongolism). 
genotype, the event involved only acrocentrics; with one 


In this presumably exceptional 


` exception, these were all small (G group)? acrocentric 


ding 


s ehromosomes. 


~The propositus was an infant in whom mongolism was 
sed at birth. At 3 days of age, foreskin explants 
ultured and maintained in Waymouth’s medium with 






B 10 er font newborn calf serum, as previously described!. 


RESULTS OF CHROMOSOME INVESTIGATIONS ON UNCLONED CULTURES 
P oN THE PROPOSITUS, A MATERNAL AUNT WHO ALSO HAD DOWN’S SYNDROME 
: AND OLINICALLY NORMAL RELATIVES 





Hyp Trisomie Tetrasomic 
No. cells diploid Diploid (per Ae (pery pent 


Subject 


Tissue analysed (per cent) (per cent) 
. Propositus: Soad 100 0 0 100 0 
Ny Skin 66 O1 13-6 25-8 43-5 
MAR A Skin d-r 70 $7 20-0 72-9 V4 
Hees Skin A~Rz 32 P4 31-2 56-3 31 
Beg Skin B 32 a1 166 8657 15-6 
Aunt Blood 33 0 24-2 72-8 *3-0 
Father Blood 22 OL 86-4 Q 0 
Mother Blood 22 47 95-3 0 0 
Eldest 
Sibling Blood 12 8-2 91-8 0 0 


R, Previous storage of cells at — 75° C (R, for 13 months, Ra for 25 months). 
& percent of cells were tetraploid or near-tetraploid, 

* Forty-eight chromosomes, but not confirmed as tetrasomic for a G group 
chromosome. 


Table 2. 
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RESULTS OF ‘CHROMOSOME. INVESTIGATIONS oN CLONES FROM THE 





PROPOSITUS 
Hypo- Tri Tetra- 
Expt. Clone No. cells No. cells diploid Diploid -somit somic 
No, No. (10% -analysed (per cént) (percent) (per Beat) (per tont) 

5 1 V1 55 1:8 0 98-2 Q 
5 2 1-0 D 9 22-2 ol 445 22-2 

T40 42:5 47-5 10-0 0 
5 3 30 45 22 #20 HLL 44 
5 4 Lead 36 55 8&3 80-6 55 
9 14 31 0 0 $984 66 

5 15 12 25 4-0 0 96-0 0 
T 1 27 23 0 0 95-7 ay 
8 4 18 12 0 0 91:7 83 
8 3 3-3 44 68 68 75-0 ILA 
8 13 15 43 46 283 90-7 23 
9 1 17 34 57 9-1 67-6 17-6 
9 14 I4 9 0 83-3 22-2 44-5 
10 2 10 38 2-6 18-4 76-3 26 

10 5 13 35 8-6 85-7 DT Q 

10 7 10 D2 8 0 100-0 0 

T16 125 63 81-2 0 

10 13 bed 23 4:3 B70 87 0 
10 1 16 t35 0 B71 48-6 V4 
15 15 3-5 33 0 61 90-9 3-0 

15 34 ri T22 0 45 95-5 D 

15 87 37 28 0 0 100-0 0 
15 42 27 37 b4 Set BLL BL 
15 43 15 31 0 6:5 87-0 65 


Strain A-R, was used for experiment 5, A~R, for experiments 10 and 16. 
Strain B-R, (previous storage at — 75° C for 13 months) was used for experi- 
ments 7, 8 and 9. D, diploid and near-diploid. 7, tetraploid and. near- 
tetraploid; for example in rows marked with 7, the numbers under thè 
“G Trisomic” column refer to tetraploid cells with 2 extra G group chromo- 
somes, or a total of 12 small acrocentrics. 

* Pseudo-diploid cell (G, trisomy and D/D translocation). 

+ One cell showed G and D trisomies with missing No. 16. 

t 29 per cent of cells were tetraploid. 


The established fibroblast cultures (Strain A) were stored.” 


at — 75° C in Waymouth’s medium containing 5 per cent: 

glycerol after coverslip preparations’ were obtained for 

cytogenetic investigations (Table 1); the chromosome 

preparations were obtained after an estimated 9-15 cell 

doublings, assuming 3-7 cell doublings were required: for : 
the establishment of the cultures. When examined at age 
4 months, the child showed typical findings of mongolism, : 
including characteristic dermatoglyphics (+ 2-98 Ford 
Walker Score)*. Peripheral leucocyte cultures were ob- 

tained from the propositus, parents and eldest sibling 
(Table 1). The family history revealed a mother with 

Hashimoto’s thyroiditis? and a maternal aunt with Down's 
syndrome. Until the time of our investigation, the family 
attributed her abnormal development to cretinism. Data 
on the peripheral leucocyte cultures from the aunt 

(Table 1) were kindly provided by Dr. T. L. Begg. 

At age 4 months, a second strain of fibroblast: cultures 
(B) was established from the skin of the mid-portion of the 
back of the propositus. Chromosomal analysis of the mass 
cultures of fibroblasts (Table 1) revealed a triple stemline 
mosaicism with disomy, trisomy and tetrasomy for a 
small acrocentric chromosome (Group @). This was found: 
in both strains A and B, but not in the peripheral blood: 
of the propositus. There is evidence (Table 1) that low > 
temperature storage selected against the cells with 
forty-eight chromosomes. The conditions of early culture 
of strain A may have favoured this genotype, however, 
because comparatively large numbers of cells with forty- 
eight chromosomes were found. An alternative explanation, 
is that mosaicism and selection had occurred in vivo. The 
finding of probable triple stemline mosaicism in the short- 
term peripheral leucocyte cultures of the maternal aunt. 
would strengthen this possibility. 


In order to seek evidence for the occurrence of non- © 
disjunction in vitro, clones were established from both =. 


strains A and B (Table 2). In experiment 5, clones were | 


established by plating small numbers of cells on 22 mm 
coverslips and growing the colonies in vertical arrays in: 


Columbia staining jars’ in the presence of a “feeder: 
layer” coverslip. Colonies were subsequently isolated: and. 


transferred with a stainless steel cylinder’. In experiments. . 
7-10 single cells were isolated on 3 mm square coverslips | 


and grown in vertical arrays in the presence of feeder 
layers. 








In experiment 15, single cells were isolated 
on 3 mm square coverslips and grown in n half-ounce pre- 
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scription bottles in the absence of feeder layers; details of 
this technique, which gives cloning efficiencies of 19 to 
20 pər cent, are described elsewhere". The cloning medium 
included 23 per cent pretested foetal calf serum, non- 
essential amino-acids and sodium pyruvate. Only in 
experiment 15 was there absolute certainty that the 
colonies were derived from single cells. It is possible that 
-contamination by feeder layer cells occurred in some of the 
other experiments. 
It is clear that in the majority of clones, including those 
. which undoubtedly were derived from a single cell, a few 
ells with 46 and 48 chromosomes appeared, together with 
a majority cell type with 47 chromosomes. With the 
exception of only two unusual karyotypes these three 
cell types were associated with disomy (46 chromosomes), 
ttisomy (47 chromosomes) and tetrasomy (48 chromosomes) 
of a small acrocentric. In 12 of 19 karyotypes from the 
“trisomic and tetrasomic cells, a Y chromosome could be 
definitely separated from the other small acrocentrics. 
1 In the majority of karyotypes, however, one could not 
unambiguously group the trisomie or tetrasomic chromo- 
gomes together as either No. 21s or No. 22s. When this 
--eould be done, they were not consistently either one or the 
other. Furthermore, independent workers could not 
agree on a diagnosis of trisomy 21 against 22 with karyo- 
types from a given clone, The two unusual karyotypes 
c included one with trisomy of a large (D group) acrocentric 
and one with a translocation, also involving D group 
chromosomes. Satellite association’! was observed in 
only one out of 100 metaphase plates in which such associa- 
“tions were specifically searched for. 
` Apparently, chromosomally “pure” colonies (except for 
artefactual hypodiploid cells) were observed in only 
= omine of the twenty-two clones; these were all G group 
| -trisomies. Only two predominantly diploid clones were 
isolated and there were no predominantly G tetrasomic 
“g¢lones. Of interest was the comparative ease with which 
predominantly tetraploid or near-tetraploid clones could 
be isolated (3/22 or 13-6 per cent); in mass cultures from 
this patient only | per cent (2/200) of cells counted were 
tetraploid or near-tetraploid. 
<<: While we have by no means ruled out the oceurrence of 
© an vivo mitotic nondisjunction in this patient, we have 
| presented convincing evidence for the occurrence of in 
vitro mitotic nondisjunction. Cytogenetic evidence for 
-mitotic crossing over has also been presented'*, and there 
< has been a suggestion that haploidization might be chemi- 
-eally induced*. Definitive demonstrations of these pro- 
cesses in human cell cultures must await the availability of 
`: suitable genetic markers". 
0O This research was supported by grants from the U.S. 
< National Institutes of Health and by funds from Washing- 
< ton State Initiative. We thank Drs. Fred Hecht and Philip 
i Fialkow for clinical contributions to this investigation. 
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Chromosome Redundancy and Gene Expression: | 





A he 


an Explanation for Trisomy Abnormaliti 





AN extra genetic load in the form of extra chromosomes 
is a severe impediment to normal differentiation and de- 
velopment in man. There is an especially high association 
of mental retardation with the extra chromosome: state, 





somal redundancy at the fundamental level would, of 
course, give an insight into some basic aspects of differen- 





tiation and development, as well as make it possible to 
assign specific gene functions to the affected chromosomes, 
At first glance, it seems somewhat paradoxical that an. 
increase of 50 per cent in the large number of genes carried 
on a single chromosome should result in the suppression of 
normal differentiation and genetic expression involving a 
large number of characteristics. Because we are accustomed 
to think in terms of “one gene—one enzyme”, we. are more 
inclined to look for evidence of increased rather: than 
decreased gene expression. This communication attempts 
to explain this seeming paradox by assuming that the 
superfluous chromosome contributes a large number of 
specific “regulator genes” as well as “structure genes” to 
each cell. pee 
In micro-organisms some genes clearly are concerned 
specifically with regulating other genes’, and although 
not shown directly it has been generally assumed that such 
regulatory genes are also present in higher organisms. 
Present evidence in micro-organisms suggests that regu- 
lator genes exert a negative control over other genes by 
directing the synthesis ot repressor molecules which act to 
block the expression of genes by binding reversibly. to 
specific sites within the cell. Not only are repressors 
known to exist, but it has also been possible to investigate 
the kinetics of their formation and turnover in relation to 
specific enzyme formation or genetic expression’:*, Re- 
pressors can therefore now be considered in quantitative 
terms, and the activity of a regulated gene is evidently 
inversely proportional to the concentration of its repressor 
in the cell5.*, Induction of a gene locus has been explained 
as the removal or inactivation of repressor through its 
combination with a specific inducer molecule such as the 
specific substrate for an enzyme reaction’. The turning on 
of a gene in the control of cellular metabolism or in the 
complex process of differentiation would then involve 
the derepression of specific gene loci at the appropriate 
times. See 
What then would be the effect of inserting into a cell an 
extra chromosome containing regulator genes ? In miero- 
organisms, repressor is synthesized at a constant rate and 
there is turnover with time’. Thus the steady state con» 
centration of free repressor within a cell would be derived 
simply from the rate of formation, minus the combined 
rates of its removal as shown in the equations in Table 1. 
It follows, then, that the presence of extra genes for syn- 
thesis of repressor (in the absence of a compensatory 
accelerated removal of repressor) would increase the 
steady state concentration of free repressor within the 
cell (see also ref. 5). Many extra regulator genes might be 
present in a cell as a result of an extra chromosome or 
chromosome segment. Because genetic expression is 
inversely related to the concentration of repressor, this 
could mean that a variety of genes might be strongly 
repressed in such a cell. The presence of extra sti ro 
genes which are subject to regulation together wit ic 
corresponding extra regulator genes could be of minimal 
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Table 1 
At steady state; 
ARIU = kG kal R] + kd RI) — k [R] [I] = 0 (1) 
and 
ARTU =k [R] [7] ki RI] eg RI) = 0 (2) 
TJ akea tH k'a) 3) 


and as I approaches 0 
t= 4S, and as J increases, R approaches 0, (4) 


Where: [R], concentration free of repressor; G, number of repressor genes 
present; hs, rate constant for repressor synthesis; ka, rate constant for 
repressor degradation; [RJ], concentration of repressor-inducer complex; 
ky, rate constant for formation of [RI]; Xa, rate constant for dissociation of 


[RI]; kl, rate constant for degradation of [RI]; [I], concentration of inducer. 


importance if their expression is masked by the abnormally 
high concentrations of repressors resulting from the 
regulator genes. Assuming that the specifie inducers 
which signal for the derepression of specific genes in the 
process of differentiation first appear in sub-saturating 
levels, they may go unheeded or result in a feeble or 
delayed gene response. 

The results of an extra dose of a regulator gene in the 
presence of a constant level or a double dose of the related 
structure gene may be illustrated by reviewing the results 
of experiments involving the transfer of genetie material 
_ containing both regulator and structure genes into intact 
bacteria, Possibly the best known example of a regulator 
gene is in the lac system of E. coli, involving a structure 
gone for the synthesis of 6-galactosidase, a gene concerned 
with permeability of the cell for galactosides, and an in- 
ducibility or repressor gene regulating the expression of the 
other two genes by way of a “repressor”. These genes are 
designated z, y, and i, respectively. The chromosomal 
segment containing these gene sites may be inserted into 
intact bacteria either by sexduction (mating)? or by 
transduction with bacteriophage’. Either technique 
produces cells containing an extra complement of these 
genes. Thus the relative effects of extra genes could be 
deduced by comparing enzyme synthesis in cells of geno- 
type: 2t¢+ with the diploid z+i+/zti+. Accordingly, in the 
absence of inducer, cells with genotype ztit/zti* should 
produce less enzyme than the z*i+ cells, on the assumption 
that repressor does not normally achieve completely 
saturating concentrations. With inducer present in large 
excess, formation of enzyme in the diploid cell should be 
greater than that in the haploid cell. Three such crosses 
taken from the literature are shown in Table 2 (ref. 5). 
These examples show that decreased enzyme synthesis 
ean result from a double dose of the regulator gene even 
when a double dose of the corresponding structure gene is 
present. Table 1 also shows that the extra structure gene 
is expressed when the cells are derepressed with high levels 
, ofinducer., Additional support for this proposal is provided 
“by the experiments of Anderson and Ogg, showing that 
#. coli. grown in the presence of camphor have their DNA 
content doubled’. In the absence of inducers, such cells 
showed repression of those enzymes which were inducible 
and a doubling of constitutive enzymes. These authors 
suggested that the cells treated with camphor have an 


Table 2* 


Genotype Levels of enzyme activity in cells 
Uninduced Tnuduced 
GPRS ey 0-020 0-5 
GPRS oe gepi TSS giyo 0-0015 10 
PEP at yo 0-080 
APER ge gpp t TAR ge yo 0-004 
E ETES ae yt 0-030 
at at yr fet T ge 0-003 


* From Sadler and Novick, J. Mol. Biol., 12, 805 (1965). 


K Where: i+, repressor gene; z, structure gene for 8 galactosidase; y, gene for 
permease” for galactoside; TSS, mutant in which synthesis of repressor is 
temperature sensitive; s, “super” repressor, 
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impaired ability to synthesize “active inducer”, but their 
results are also clearly compatible with an increased 
concentration of repressor in the affected cells. 

Thus it is clear from these examples that a cell with an 
extra structure gene and an extra corresponding regulator 
gene may actually have a lower level of genetic expression 
(for example, formation of a specific enzyme) than a cell 
with the normal complement of both genes if saturating” 
levels of inducer are not present. This is presumably due 
to inereased cellular concentrations of specific repressors. 
Redundancy of an entire chrombsome could result in the 
suppression of many genetic loci corresponding to each 
regulated gene. 

On the basis of this model it would be predicted that 
extra chromosomes could result in decreased, unchanged, 
or increased genetic expression in the case of “regulated” 
genes depending on the concentrations present of specific 
inducers. Non-regulated (constitutive) loci in contrast 
would be expected to show increased expression. 
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Cytochemical Study of Interstitial Cells in the 
Bat Ovary 


THERE are several types of glandular tissue in the mam- 
malian ovaries and in the adjacent mesovaria, which are 
generally described as interstitial gland cells'. The different 
views regarding their origin have been reduced by Bram- 
bell! to two comprehensive theses, namely epithelial 
origin and the connective tissue origin of the interstitial 
cells. No work has been done to compare or to contrast the 
cytochemical nature of these different types of cells in the 
ovary of the same mammal. Most of the cytochemical 
work has been carried out on the interstitial cells of 
thecal or connective tissue origin in the ovaries of a variety 
of mammalian species*-’. The ovaries of non-pregnant and 
pregnant grey bats (Myotis grisescens) show two types of 
interstitial cells*»§, The first type of cells are considerably 
developed and occupy all the ovary except the periphery 
which contains small follicles; they originated by the thecal 
hypertrophy of atretic large preantral and antral follicles 
and they are apparently developed to the same extent in 
the ovaries of pregnant and non-pregnant bats?. Mossman 
et al.” have recently designated these cells of thecal origin 
as the interstitial gland cells in the mammalian ovary. 
The second type of interstitial cells in the bat ovary are in 
the form of cords of small epithelial cells, which are 
irregularly distributed among the first type of interstitial 
cells. The present investigation was undertaken to de- 
termine the nature of both types of interstitial cells by 
comparing and contrasting their cytochemical changes in 
the ovaries of non-pregnant and pregnant bate (Myotis 
grisescens) which were collected from January to June in 
the U.S.A. The fixing fluids and cytochemical techniques 
previously reported were also used in this investigation. 
The first type of interstitial cells (type 1) are con- 
siderably developed (Figs. 1 and 2). In the ovaries of 
non-pregnant bats they are invariably filled with large 
sudanophilic, coarse lipid droplets (Fig. 1). The massive 
lipid content obscures the cytoplasm and its organelles 
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(mitochondria and Golgi zone). The vesicular nuclei of 
the cells are very prominent among the sudanophilie 
lipid droplets. The cytochemical reactions of lipid droplets 
show that they consist of cholesterol and its esters, tri- 
glyceride, and phospholipid. The first type of interstitial 
cells in the ovaries of pregnant bats do not contain such 
lipid droplets. Instead, the lipids consist of small lipid 





Fig. 1. 
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granules (Fig. 2), which are composed of either phospho- 
lipid or phospholipid and little triglyceride; very fine 
lipid granules react for phospholipid only. After the coarse 
lipid droplets are mobilized, the cytoplasm and its granular 
mitochondria become visible in the interstitial cells of 
ovaries of the pregnant bats. The cytoplasm colours 
feebly with sudan black B, showing some diffuse lipid, 





Fig. 2. 


Figs. 1—4 are photomicrographs of gelatine sections of bat ovaries, fixed in formaldehyde calcium, postchromed in dichromate calcium and 
coloured with sudan black B. 


Fig. 1. Interstitial cells (type 1) from the ovary of non-pregnant bat, illustrating the storage of sudanophilic lipids in the cytoplasm of individual 


cells, 


( x 990.) 


Fig. 2. Interstitial cells (type 1) from the ovary of pregnant bat, showing the depletion of coarse lipid droplets from the individual cells which now 
contain small lipid granules, The cytoplasm is feebly sudanophil in comparison with the nuclei which are sudanophobe. (x 990.) 





Fig. 3. 


Fig. 3. Ape of ovary in pregnancy, illustrating the main interstitial cells (type 1) and the small epithelial cells of some nodules or cords 


(type 2). 


Fig. 4. 


ote the difference in the amount of their lipids. The nodules (type 2) contain sparsely scattered lipid bodies of irregular shape. (x 990.) 


Fig. 4. A portion of ovary of non-pregnant bat, illustrating the differences in the amount of lipids in the main interstitial cells (type 1) and the 
cells of the nodules (type 2). A comparison of nodules from the pe (Fig. 3) and non-pregnant (Fig. 4) bat ovary does not reveal any difference 


in the amount anc 


nature of their lipid bodies. (x 990.) 


B16 


which is comparatively more conspicuous in the Golgi 


zone than in the general ground cytoplasm. The diffuse 
lipid reacts negatively with various other tests for lipids 
because of the presence of lipoprotein. The cytochemistry 
of the granular mitochondria, which are sudanophilic, 
could not be properly investigated because of their close 
resemblance to the small lipid granules consisting solely 
of phospholipid. The mitochondria also presumably 
contain some phospholipid. 

Cords of small epithelial cells constitute the second type 
of interstitial cells (type 2). The cords are sparsely dis- 
tributed in the ovaries of non-pregnant and pregnant bats 

< (Figs. 3 and 4). They can be easily distinguished by the 
absence of lipid droplets described in the first type of 
interstitial: cells. Sudanophilic lipid bodies of irregular 
. shape, however, are seen in the second type of cells (Figs. 
‘3and 4). These heterogeneous lipid bodies, which are 
similar to those of normal granulosa’, consist of phospho- 
lipid; the large lipid bodies also show some triglyceride. 
- As compared with the first type of interstitial cells, the 
cells of the second type have little cytoplasm; the diffuse 
‘lipid lipoprotein described in the cytoplasm cf the former 
spella is nearly absent in the second type of interstitial 
cells which show some granular mitochondria containing 
phospholipid. The second type of interstitial cells do not 
undergo any cyclic changes in their cytochemistry in the 
ovaries of both the non-pregnant and pregnant bats 
(Figs. 3and 4). They are derived from the granulosa cells 
of some primordial follicles and small preantral follicles the 
ova of which regress and disappear. Such granulosa cells 
finally form a nodule or cord the size of which is directly 
related to the development of the granulosa before the 
onset of atresia in the oocyte. The cords are gradually 
shifted to the medullary parts of the ovary. 

"Phe present observations clearly show that the cells 
belonging to the first type function in storage of lipid or 
steroid droplets in the ovaries of non-pregnant bats. 
“The steroid droplets are mobilized during gestation, 

¿possibly in response to high levels of gonadotrophins 
formed by either the pituitary or placenta or both. 
“Gonadotrophins are involved in the depletion of similar 
lipid droplets from the interstitial cells of comparable 
origin in the rodent ovary*-* as well as in the human 
ovary®?, Besides the depletion of stored coarse lipid 
“droplets, the synthesis of fine lipid granules occurs 
‘in the first type of interstitial cells during gestation. 
“Bat cholesterol and its esters, which are known to 
--eonstitute the precursors for the synthesis of steroid 
‘hormones, do not accumulate in the lipid granules as 
judged from their negative reaction with the Schultz 
~~ test. The epithelial cells of nodules (type 2) neither store 
lipid droplets described in the main interstitial cells 
(typo 1), nor undergo any cytological and cytochemical 
` ‘ghanges: with the ovarian cycle, thus negating their 
‘(type 2) adaptation to the metabolism of steroidal com- 
pounds.’ This note, it is hcped, will stimulate interest in 
further investigations on both types of interstitial cells 
“for the better understanding of their significance in the 
o ovary: 
-UT thank Professor A. S. Parkes for his helpful suggestions, 
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Electron Transport Carriers in Plant 
Mitochondria 


Tur extent of reduction of the electron transport carriers 

in tightly coupled higher plant mitochondria has been 
measured during various mitochondrial steady state 

conditions. The mitochondria used for the experiments 

reported here were extracted from potato tubers (Solanum 

tuberosum, var. Katadin) and from the hypocotyls of 
aetiolated black valentine bean seedlings (Phaseolus vul: 

garis). The method of mitochondrial preparation, de- 

scribed previously’, produces uniform suspensions of mito- 

chondria which are remarkably free of contaminating 

sub-cellular structures’. These mitochondria oxidize, 

with tight adenosine diphosphate (ADP) control, succinate,» 
malate and externally added reduced nicotinamide- 

adenine dinucleotide (NADH). The electron transport 

carriers of the higher plant mitochondria include pyridine 

nucleotides (PN), flavoproteins (FP), three b cytochromes 

(Bese Osco Onas), two c cytochromes (Ciso, Cys), and cyto- 

chrome oxidase (cytochromes a + a.) (ref. 3). 

With succinate or malate as substrate the plant mito- 
chondria require adenosine triphosphate (ATP) before a.. 
true state 4 is established. The ATP requirement can be 
satisfied either by the addition of a small amount of ATP 
to the mitochondrial suspension or by the addition of. 
ADP which can be phosphorylated to ATP. This ATP 
requirement is illustrated in Fig. 1, which shows the- 
steady states of reduction of cytochrome bye, during 
succinate oxidation by potato mitochondria. The optical 
measurements were performed with a double-beam.- 
spectrophotometer!; the oxygen uptake was followed 
simultaneously with the optical measurements by using 
a vibrating platinum micro-electrode fitted into the cuvette 
of the spectrophotometer. 

The addition of succinate to the mitochondrial sus- 
pension results in a slight increase in oxygen utilization 
as the bsg9 component rapidly reaches a more reduced 
steady state (Fig. 1). The addition of ADP to the sus- 
pension brings about a gradual increase in oxygen uptake 
which, after reaching a maximum, becomes inhibited: as 
state 4 becomes established. At the same time bgs 
after an initial oxidation, becomes more fully reduced as 
the mitochondria enter this first true state 4. It can he 


seen that the oxygen utilization, which follows addition of «| 


succinate to the mitochondrial suspension, is much slower 
than the true state 4 rate. With malate as substrate the 
rate of oxygen utilization is much faster than the first 
true state 4. Because of these differences in the rates of 
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Fig. 1. Simultaneous traces of oxygen and cytochrome bse kinetics during. 
oxidation of succinate by potato tuber mitochondria, The mitochondria, 
containing 2 mg mitochondrial protein, were aded. at the point labelled = 
Mye A downward deflexion ol the prion trace indicates cytochrome 
reduction. E : 
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oxygen utilization, the steady-state. condition, following 
substrate addition to the mitochondrial suspensions is 
d the “substrate state”. to distinguish it from the 
first (rue state 4 which becomes established following the 
addition of a small amount of ADP or ATP to the mito- 
chondrial suspension. 

Bendall and Bonner® have made a careful investigation 
of the optical properties of cytochromes a and ay in higher 
plant mitochondria. At 77° K cytochrome a, possesses, 
in the reduced minus oxidized difference spectrum, a single 
Soret band the absorption of which lies at 445 mu. Cyto- 
chrome a, in the 77° K difference spectrum, has a double 
banded Soret band with absorption maxima at 445 my and 
438 mu; the 438 my band is the dominant one. Similar 
pectra were found in pigeon heart mitochondria and in 
urified beef heart cytochrome oxidase preparations, but 
be separation of the twin Soret. bands of the a components 
ig more marked in the plant preparations, With this in- 
ormation on the spectral properties of eytochrome 
oxidase it became possible to measure the extent of 
reduction of either cytochrome a or cytochrome a, in the 
mitochondrial suspensions during different steady state 
conditions. The state 4-3-4 transitions are of particular 
nterest. 

- Fig. 2 shows the steady states of reduction of both 
~-eytochromes a and a, in suspensions of black valentine 
_ bean hypocotyl mitochondria. There is increased ab- 
sorbancy at 445 my (cytochrome a;) during state 3 
compared to state 4, while there is decreased absorbancy 
during the same steady-state transitions at 438 my 
(eytochrome a). Furthermore, if the mitochondria are 
allowed to become anaerobic from state 4, cytochrome a, 
does not become fully reduced. An uncoupler of oxidative 
_ phosphorylation, carbonyldicyanophenylhydrazone (CCP), 
is required for complete reduction of this carrier (compare 
Fig. 2). These results suggest a crossover point’, or site of 
energy conservation, in the respiratory chain between 
tochromes a and a, The suggestion has been made 
that cytochrome oxidase is involved in oxidative phos- 





































oxygen’, and experimental evidence in support of this 
suggestion has been published’. The experiments re- 
ported here definitely associate a phosphorylation site 
vith the oxidase, but rather between the components of 
the oxidase itself than between cytochrome a, and oxygen. 
These experiments also support the suggestion of Wilson 
| and. Chance’ that there is a site of interaction between 
-cytochromes a and a,. 
Steady states of reduction of the other carriers in the 
plant respiratory chain have similarly been followed 
during the mitochondrial state 4-3-4 transitions. With 
malate as substrate PN, cytochromes b and cytochrome a 
are more oxidized in state 3 compared with state 4, while 
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Wigs 2: The. steady states of cytochromes a and a, during succinate 

ooo o oxidation by black valentine bean mitochondria. The suspensions of 

oo mitochondria used contained 2 mg mitochondrial protein, An upward 
os -deflexion of the traces indicates cytochrome reduction. 


phorylation, specifically between cytochrome a, and 
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Fig. 3. Low temperature (77° K) difference spectrum. of black valentiz 
bean hypocotyl mitochondria. ‘Lhe spectrum is the difference in absorp- = 
tion between a mitochondrial suspension that has become anaerobic Irom < 
state 4 and an aercbic suspension. The mitochondrial suspensions > 
contained 30 mg mitochondrial protein; 3 mm lightpath, = > 











flavoproteins, cytochromes ¢ and cytochrome ay are more: 
reduced. These results do suggest positive “crossover 
points between PN and one of the mitochondrial flavo- 
proteins, one of the three b cytochromes and one of the 
two ¢ cytochromes and between cytochromes. a and a; 
Unfortunately it is not possible to distinguish between the 
three b cytochromes and between the two ¢ cytochromes at 
25° C. There is evidence that suggests the long wave’ 
component, bss, as the carrier involved in energy con- 
servation. eS 
Keilin and Hartree’ showed that ferrous cytochrome. 
oxidase cyanide was characterized by a double «-band;. 
the plant mitochondrial preparations show this double. 
a-band with absorption maxima, at 77° K, at 589 mg and ` 
597 mu’. The double a-band is also charaeteristic of 
ferrous CO cytochrome oxidase. Low temperature spectra. 
of plant mitochondria that have become anaerobic from 
state 4 also show this double a-band (Vig. 3), an observa- © 
tion that suggests the site of ligand attachment to the 
oxidase is involved also in the reactions of oxidative 
phosphorylation. AE 
We thank Miss Eva Christensen for technical help. 
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Resolution of 5-Nucleotidase of Sheep Brain 
from Non-specific Phosphatase and its 
Inhibition by Nucleoside-triphosphates 


Tae occurrence of 5-nucleotidase’ in association with 
non-specific phosphatase has been known for a long time 
in mammalian tissues?*, but no method for separation of 
the two activities has been reported for the central nervous 
system. 

This communication describes the resolution of a 
specific 5-nucleotidase and a non-specific phosphatase 
from sheep brain homogenates, together with some 
properties of the former enzyme. 

The 27,000g supernatant fluid of sheep brain homo- 
genates in 0-9 per cent sodium chloride was brought to 
pH 5 with 1 normal acetie acid, and centrifuged at 
10,000g. The supernatant fluid, adjusted to pH 7-4 with 
05 normal sodium hydroxide, was precipitated with 
ammonium sulphate between 0-33 per cent and 0-52 per 


went saturation, solubilized in the minimal volume of 


tris-hydrochloric acid buffer, 0-05 molar and pH 7:4, 
and dialysed overnight against distilled water. The 
extract was chromatographed on DEAE-‘Sephadex’; 
elution was by means of hydrochloric acid buffer 0-025 
molar, pH 7-4, followed by a gradient of increasing chloride 
concentration. This procedure resulted in a complete 
resolution of the 5-nucleotidase from non-specific phospha- 


tase, which were eluted respectively at 0-2 and at 0-4 


molar sodium chloride. 
For the non-specific phosphatase, the ratio of adenylic 


acid hydrolysis to phenylphosphoric acid hydrolysis was 


1-5; therefore the specific activity of the nuecleotidase 


during the purification procedure could be deduced by 


measuring the activity against adenosine-5-phosphate, and 
by subtracting that measured against phenylphosphorie 
acid rmaultiplied by 1-5, rather than by simply subtracting 
that against phenylphosphoric acid. 

Enzyme activities were tested by adding to 0-6 ml. of a 
0-05 molar tris-hydrochloric acid buffer solution pH 7-4, 
0-3.cnl. of a 0-04 molar substrate solution, and 0-1 ml. of the 
DEAE eluate or enough extract from each purification 
atep to give linear reaction rates with time and with 
protein concentration. After 5 min at 38° C the reaction 
was stopped with 1 ml. of 20 per cent trichloroacetic acid. 
Phosphate was determined! on 1 ml. portions of the super- 
natant fluid. Proteins were determined according to 
Johnsons, 

The enzyme unit is defined as the amount required to 
liberate 1 umole of inorganic phosphate in the above 
conditions. A summary of the purification procedure is 
given in Table 1. 

The 5-nucleotidase has been found to be specific for 
adenosine-5-phosphate and inosine-5-phosphate. In con- 
trast with other 5-nucleotidases*-*, divalent cations were 
not required for maximal activity. Adenosine triphosphate, 
inosine triphosphate, uridine triphosphate and cytidine 
triphosphate were found to be potent inhibitors; the 
concentrations required to exert 50 per cent inhibition 
were 0-3, 1, 13 and 5 ymolar respectively. Guanosine 
triphosphate, bases, nucleosides, nucleoside-monophos- 
phates and inorganic pyrophosphate up to 1 mmolar were 
not inhibitory. 

This communication confirms the distinct identities of 
5-nucleotidase and non-specific phosphatase in the central 


A 
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nervous system, and suggests that the former enzyme may 
be regulated by intracellular adenosine triphosphate. 
Furthermore, the properties of the 5-nucleotidase suggest 
that the mclecule may be different from other 5-nucleo- 
tidases so far described. 

This investigation was supported by a grant from the 
Impresa di Enzimologia of the Consiglio Nazionale delle 
Ricerche. 
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Androgenic Control of a Sex-dependent 
Protein in the Rat 


PROTEINURIA in the adult male rat has been recognized as 
a sex characteristic since 19331. At first the source of 
the sex-related proteins was considered to be the prostate 
gland’, but more recently evidence has suggested the 
kidneys®:*, These sites are likely because of the known 
anabolic effects of androgens on prostatic and renal 
tissues! 5, 

Investigations of the urinary proteins of mice*® and 
rats’? have demonstrated that they are actually of hepatie 
origin. A specific protein has been purified from male 
rat urine and shown to have a molecular weight of 26,400 
and a hexose content of 6 per cent’. It has been described 
as am in the immunoelectrophoretic nomenclature’ and 
shown to be present in normal male serum to the extent 
of less than 3 mg per cent’. Total nephrectomy resulted in a 
thirty-fold accumulation of x in 6h. This protein was 
synthesized in vitro in a perfused male liver at the rate of 
0-18 mg/g of liver/h. 

The hepatic synthesis of «u may also come under andro- 
genie control. A sex-related component has been separ- 
ated from the total proteins of the male rat liver which is 
absent in the female'®™, Treatment of female rats with 
testosterone induced the hepatic synthesis of this protein. 
Liver slices from partially hepatectomized and castrated 
rats given testosterone propionate were found to incor- 
porate glycine-1-44C more rapidly than did those from 
similar but untreated animals!*. No specific protein was 
investigated and the anabolic effect may reflect a general 
action of androgens on protein synthesis‘. 

A dependency of the urinary protein on the sex of the 
animal is shown by the paper electrophoretic patterns of 
Fig. 1. The a-globulin region, which is the chief protein 
component of urine of male rats, was absent from the urine 
of females. The urinary proteins of the normal female rat 
appear to be derived mainly from the plasma; the chief 
component migrated in a similar fashion to serum albumin. 
Ovariectomized female rats (Sprague-Dawley), treated 
with 10-15 daily injections of testosterone propionate 
(1 mg/100 g of body weight), excreted a new component 


Table 1, PURIFICATION OF 5-NUCLEOTIDASE FROM SHEEP RRAIN 


Total 
Extract Volume Protein enzyme 
fm (mg) (v) 
Step 1 27,0009 supernatant fluid 400 15,000 1,070 
Step 2 pH 5 supernatant fluid 338 4,030 1,040 
Step 3 Ammonium sulphate 
fractionation 72 1,764 932 
sip 4 DEAE ‘Sephadex’ column 
(fraction eluted at 0-2 molar 
sodium chloride) 44 G16 572 





Pk arc phosphatase 


b Specife 
Yield Purification enzyme activity Yield 
(per cent} factor (uy Cosma) (per cent) 
0-071 100 1 2,370 0-16 100 
0-26 97 37 1,665 0-39 70 
0-53 80 7-6 963 0-55 40 
2 52 129 0 ü 0 
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: which migrated electrophoretically in the same position 


. as purified ga from male rat urine (Fig. 1). 


| Fig- 2 demonstrates the sex dependency of a liver pro- 
tem which is precipitable by specifie anti-aj, rabbit 
= antiserum. The protein was observed in the male liver 
and not in the normal female organ. Fig. 2 also shows the 
immunological identity of the excreted protein with the 

liver protein of male rats and female rats treated with 
testosterone. The tissue extracts were prepared by 
homogenizing the livers from mature rata (Sprague- 
Dawley) in 2-5 volumes of a 0-05 molar solution of barbital 
buffer (pH 8-6). The homogenates were sonicated and 





Y 8 dy Oy Alb 





Fig. 1. Paper electrophoretic separation of urinary proteins from the 

adult male rat (2), normal adult female {C} and spayed female treated 

with testosterone propionate (D). An electropherogram of normal rat 

serum (A) is included for the purpose of establishing the conventional 

nomenclature. A sample of purified aga protein isolated from male rat 

urine (22) is also included to verify the migration of the unique urinary 
protein. 


ar UP 





Fig. 2. Immunological identity of Hver am of mature male and testo- 
sterone-induced female rats with the specific urinary protein. Super- 
natanta from liver homogenates were allowed to react with anti-au- 
rabbit antiserum in a double diffusion Ouchterlony plate. Fx and $7 
are the supernatants from normal and testosterone-treated female rats, 
respectively. UP, Total urinary protein from the male rat. 
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Fig. 3. Dally excretion of aya in male rats. © ---+- O, Normal male 

rats; @—-—- @. male rats castrated before puberty. Each point is the 

mean value of 6 rats, Ta is time of castration of normal rats. T indicates 

administration of testosterone propionate; the subsequent down- 
pointed arrow indicates withdrawal of hormone. 


centrifuged. Supernatant solutions were placed in the 
peripheral wells of an Ouchterlony plate and allowed. to: 
react with the specific anti-c., rabbit antiserum in. the 
central well. 

Preliminary investigations showed that the earliest 
appearance of ga in the male liver occurred at 40 days of 
age or puberty; it appeared in the urine at about. the 
same time (Fig. 3). These findings agree with those of 
Sellers et al.?, who observed that the rate of total protein 
excretion in the urine of normal male rats begins to exceed 
that of normal females when they are about 50 days old. 

The total 24 h excretion of dau was measured by assaying 
aliquots of urine by a quantitative, single diffusion 
procedure!’, The assays were performed in Oudin tubes 
(5 em longx 4 mm o.p.), half filled with a solution of 
5 mg of lyophilized anti-c.u antiserum/ml. of 1 per cent 
agar in 0-05 molar barbital buffer (pH 8-6). After solidifi- 
cation, the tubes were filled with the urine sample and. 
incubated at 37° C for 24h. The distance of the precipitin 
disk from the agar surface was measured and converted 
to concentration of œs protein by means of a calibration. 
curve. 

The normal daily excretion of a. globulin in the male 
reached a maximum by 60 days of age (Fig. 3). Castration 
at this time reduced the excretion to a minimum of 15- 
25 mg. On the other hand, castration before puberty 
yielded a low level of excretion, which reached 7—10 mg 
of protein by the time the animals were 60 days old. 
When these rats were given testosterone propionate sub- 
cutaneously (1 mg/100 g/day), a sharp increase to the 
normal ay excretion was observed after 8-9 days of 
treatment (Fig. 3). Withdrawal of the testosterone after 
80 days yielded a gradual reduction in the excretion of the 
protein. Sellers et al.? observed similar results in terms 
of the total urinary protein; however, they thought that 
the sex-dependent proteins were produced as a result of 
the renotrophic action of the testosterone. We think 
that the data in Fig. 3 demonstrate a modulating effect. 
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“Fig, 4. The effect of androgen and oestrogen on the excretion of agsu in 
female and male rats. Adult female rats (twelve) were given 1 mg tes- 
-oo tosterone proplonate/100 g body weight daily commencing at the up- 
pointed arrow (@ ©). Treatment was terminated at the down- 
pointed arrow. At 23 days, six rats were given hormone; six were 
retained aa controls. Adult male rate (three) were given daily sub- 
: cutaneous Injections of oestradiol dipropionate (1 mg/100 g body 
aweight) (@--- @): a group of three untreated rats were retained as 
Ronis controls (O - ++ O) 





- ef the hormone on the hepatie biosynthesis of the as 
protein. 
‘Treatment of adult ovariectomized female rats with 
testosterone propionate has been reported to produce an 
o imereased excretion of total urinary protein’. In the 
: present. investigation, when adult females (ovariectom- 
ized) were given daily subcutaneous injections of testo- 
_ gterone propionate (1 mg/100 g of body weight), the au 
‘globulin appeared in the urine after a lag period of at 
Teast 4 days (Fig. 4). The administration of testosterone 
< was discontinued when the level of excretion reached 15- 
~ 20 mgperday. Two days after discontinuing the androgen 
| treatraent, half the rats were again given testosterone 
awhile the remainder were kept as controls. Fig. 4 shows 
that withdrawal resulted in a decrease in excretion while 
o readministration again elicited a response in excretion. 
“When the final level reached about 30 mg/day, testo- 
sterone was again withdrawn. The excretion of aga 
“decreased to a low level although not to zero. It appears 
“to us that the action of the hormone is an inductive 
-. one inawhich the testosterone initiates an expression oi 
“normally repressed genetic information in terms of the 
synthesis of xu. protein. 
_ Because it is known that oestrogens and androgens 
ave'an antagonistic action, it seems reasonable to 
expect oestrogen to inhibit the hepatic synthesis of ou. 
To test this, normal male rats were given seven daily 
< injections of 1 mg of oestradiol dipropionate/100 g body 
aweight. Fig. 4 shows typical results from two inde- 
“pendent experiments demonstrating that the excretion 
of aa was completely abolished. 

Although it seems likely that the hepatic production of 
ay is under direct hormonal control, we cannot ignore the 
possibility that this may be a secondary response and that 
the liver may not be the target organ,- In principle, the 
reduction of urinary protein in female rats is similar to 
the induction of plasma phosvitin in cockerels after the 
administration of oestrogens. Greengard et al.45* have 
demonstrated a requirement for an intact ribonucleic 
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acid synthesizing system. It is ‘noteworthy. that an 


increased production of mRNA was observed by Kidson 
and Kirby*? in the livers of both male and female’ rats 
after the administration of testosterone. “The partition 
of liver mRNA by counter-current distribution showed a 
general increase in RNA throughout the pattern formale 
rats but a selective response in the female involving only 
a restricted region of the counter-current pattern!’. 

This work was supported by a grant from the U.S, 
Public Health Service. We thank Mr. Dennis Shada for 
able technical assistance. 
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Release of Lipoprotein Lipase from the 
Perfused Liver of the Rat 


THe enzyme lipoprotein lipase (LPL) can be demon- 


strated in serum after the injection of small amountsof 


heparin into the intact animal'. The addition of heparin 
to blood alone does not result in a similar rise in LPL 
activity. These findings have led to the concept that 
in vivo the enzyme is located in certain tissues from which 
it can be released into the blood by administration: of 
heparin. The enzyme uses triglyceride as substrate, im. 
chylomicrons or serum lipoproteins or in emulsions. 

which have been “activated” by prior incubation with 

serum. 


entiated from other lipases by the following properties: 
(i) activation by small amounts of heparin, (ii). 
hibition by 0-35-1-0 molar sodium chloride, and (iti 
inhibition by protamine. Protamine appears to act. 





antagonizing heparin, but, on the other hand, sodium 


chloride is considered to inhibit LPL by a mechanism | 
which is independent of the action of heparin. LPL can | 
be demonstrated directly in rat heart and in adipose 
tissue, The results of attempts to measure LPL in rat 
liver tissue have been unsuccessful or equivocal. Recently, 
however, we have shown a lipase to be present in acetone. 
powders of rat liver having identical characteristics to: 
LPL of other tissues?. Normally, the enzyme appears to: 
be in an inaetive state in the liver but can be demonstrated 
when large amounts of heparin are added. Because heparin _ 
is considered to be a specific activator or prosthetic group 
of LPL’, destruction of heparin by “heparinase’’‘ in liver. 
may explain the inactive state of LPL in this organ. 


LPL catalyses the hydrolysis of triglycerides: — 
to free fatty acids (FFA) and is characterized and differ. 
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Attempts to release LPL from, the: perfused: rat liver 
h heparin have been unsuccessful’, 


e attempted 
isolated rat 
Four 


increasing concentrations 
of heparin were added to the porfusate at 15-min intervals, 
the other perfusions (B) no heparin was added. Samples 
the perfusate were taken for assay of lipase activity at 
15, 30, 45 and 60 min. Serum from the perfusate was 
incubated for 1 h with “activated” ‘Intralipid’ (A. B, 
trum, Stockholm) as substrate and the fatty acids 
iberated during the incubation were titrated”. Additions 
of heparin (Evans, powdered; 165:7 1u/mg), sodium 
hioride or protamine sulphate (Sigma) were made to 
eplicate incubations so that their respective concentra- 
tions in the incubate were 0-4 IU/ml., 0-6 molar and 0:3 
__- mg/ml. as indicated in Table 1. 


Table 1. RELEASE OF LIPASE ACTIVITY BY HEPARIN INTO THE PERFUSATE OF 
oe ISOLATED RAT LIVERS 


Serum lipase activity assayed in the 





pi Heparin added presence of the following additions: 
P EA to the ann ry, 
 Experl- Time perfusate Heparin Heparin + 
“gent (min) (jml.) None Heparin + sodium protamine 

si 4) chloride (3) 

(2) 

0 0-0 0-19 0-31 0-28 0-07 

15 0-4 0-42 0-50 0-29 0:38 

30 4-0 1-16 112 057 1-06 

45 40 1-19 1:16 0-59 1:13 

60 200 1:37 1-85 0-60 Lil 

0 None oll 0-25 O11 0-16 

15 None Q-25 0-36 0-17 O11 

30 None 0-07 0-25 0-13 0-03 

45 None 0-13 0-33 O17 0-20 

60 None 0-23 0-45 0-29 0:28 


< Tapase’ activit 
‘serum/h, Each figure js the mean from two perfusions. Additions were made 
to the assay as follows: (1) 6-4 10 heparin/ml., (2) 0-4 tU heparin/ml. and 
0-6 molar sodium chloride, (8) 0-410 heparin/ml. and 0-3 mg protamine/ml. 












The results in Table 1 show that: (i) the lipase activity 
of the perfusate increased with time in the perfusions (4) 
__ in whieh increasing concentrations of heparin were added 
_ to the perfusate (P=0-01-0-001), but not in the per- 
fusions (B) in which heparin was omitted ( P>0-2); 
_ (i) addition of heparin to the assay system stimulated 
_ lipase activity in serum from B (P=0-01-0-001) but not 
_ dn serum from A (P>0-2) where heparin had already 
activated LPL in the perfusate; (iii) addition of sodium 
-chloride to the assay system caused an inhibition (P= 
-0:01-0-001) of lipase activity in A (30, 45 and 60 min 
- samples) and also when added to the heparin-activated 
“serum of B (P=0-01-0-001); (iv) addition of protamine 
_¢aused only a slight but significant inhibition (P = 005- 
0:01) of lipase activity when added to serum from A 
© (30, 45'and 60 min samples) since the serum at these 
¿otimo intervals contained relatively large amounts of 
heparin. Protamine also inhibited lipase activity when 
added to the heparin-activated serum of B (P =0-01- 
0:001). Statistical significance was tested by analysis of 
variance. 
_. In a separate experiment, designed to ascertain that it 
was tho liver and not the blood which added LPL to the 
_ perfusate, increasing concentrations of heparin (as in A) 
were added to whole defibrinated rat blood while circulat- 
ing in the perfusion apparatus, but with no liver in the 
-eireuit. Although small amounts of lipase activity were 
present in the serum (as in B), there was no net increase 
An activity during the course of the experiment. This 
| demonstrates that the liver was indeed the source of the 









expressed as equiv. of FFA liberated in the assay/ml , 
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additional LPL found in the perfusate 
liver experiments (A). ee : 
Thus the liver of the rat contains a lipolytie enzyme ~ 
which can be released into the circulation by the addition ~ 
of relatively large amounts of heparin. The enzyme has = 
the characteristics of LPL. The fact that LPL ean be. 
released from the liver by heparin does not mean, how- 
ever, that it is necessarily functional in that organ. Two 
lines of evidence would support this view. First, the. 
perfused liver does not hydrolyse or utilize triglycerides 
as chylomicrons in the absence of heparin! and, secor te 
the liver appears to contain an inhibitor of LPL ac 
which is overcome by the addition of large amount 
heparin?. 2 
The present results support our previous conte 
that the studies of others on the metabolism o 
microns or triglycerides in the perfused liver in which - 
substantial rates of uptake and oxidation bave been. 
found were the consequence of the activation of LPL by 
heparin. It is thus highly probable that the results of 
these other studies were due to hydrolysis of the tri- 
glycerides to free fatty acids, in which form fat is utilized: 
readily by the liveri, de 
This work was supported in part by grants -from the 
U.S. Public Health Service and in part by the Agricultural 
Research Council. EES 


of the perfused 
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Organic Phosphorus Content of the Alpha _ 
Chains of Chicken Bone Collagen 


EARLIER we suggested a role for matrix-bound organic ©. 
phosphorus in the initiation of mineralization. The evi- | 
dence supporting our hypothesis was provided by observ: 
tions on the interaction of collagen and inorganic ortho 
phosphate in vitro? and the finding of small amoun 
protein-bound organie phosphorus in purified collagen: 
and gelatines and the singlé stranded o chains from a 
number of different soft tissues from different animals*. 
The content of organic phosphorus was found to be ‘con: 
siderably higher inthe organie matrix proteins ofembryonie ~ 
and adult dental enamel, in which serine phosphate — 
bound to protein was identified‘, Enzymes which cata- 
lysed a phosphoryl transfer from adenosine triphosphate" 
to enamel proteins, in addition to collagens and gelatines®, 
were also characterized. ee 
Although residual phosphorus has been detected: in 
samples of demineralized bone? and dentine’, the inability 
to solubilize and purify bone collagens has previously 
precluded a quantitative estimation of its organic phos- 
phorus content. Recently, however, it has been possible 
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to extract bone collagen as gelatine under very mild con- 
ditions, and to separate the single « chains by gel filtra- 
tion, free flow electrophoresis, and carboxymethyl- 
cellulose column chromatography". This has permitted 
accurate analyses of the content of organie phosphorus 
in the purified « chains of bone collagen. 

The metatarsal bones of 10-14 week old chickens were 
powdered in liquid nitrogen”, decaleified in 0-5 molar 
EDTA (pH 8-3) at 2° C and washed with water. Bone 
gelatine was extracted in 5 molar lithium chloride 
(pH 7:4), at 2° O for 2 weeks. The residue was then re- 
extracted in 7 molar lithium chloride for an additional 
8 weeks, and the insoluble residue again, extracted in 
9 molar potassium thiocyanate (pH 7-4) at 2° C for a 
further 4 weeks’. The protein solubilized in 7 molar 
lithium chloride and in 9 molar potassium thiocyanate 
was rendered free of salts by exhaustive dialysis against 
01 molar acetic acid and filtration through a column of 
‘Bio-gel P-10’ resin and used in the present experiments. 

The mixed « chains were separated from the B dimers, 
+ trimers, and components of higher molecular weight by 
gel filtration in 5 molar lithium chloride through ‘Bio-gel 
P-300 resin?! A mixture of the a 1 and « 3 chains was 
separated from the « 2 chains by free flow electrophoresis", 
and by carboxymethyl-cellulose column chromatography”. 
Samples of protein were hydrolysed in 6 normal hydro- 
chloric acid at 110° C for 24 h, and measured portions 
removed for analysis of the amino-acids present and for 
determination of the organic phosphorus’. From the 
results obtained it was possible to calculate the mumber of 
atoms of phosphorus/1,000 amino-acid residues for the « 
components, and also the quantity (in moles) of organic 
phosphorus/mole collagen—-assuming a molecular weight 
of 320,000 and an average residue weight of 92. 

The organic phosphorus content of the mixture of a 1 
and « 3 chains was 0-16 atoms of phosphorus/ 1,000 
amino-acid residues and that of the « 2 chains 1-7 atoms 
of phosphorus/1,000 amino-acid residues. This corre- 
sponds to about 2 moles of phosphorus/mole collagen. 

About 5-7 per cent of the total content of embryonic 
dentinal collagen was extracted in 9 molar guanidine 
thiocyanate at 2° C. Because of the small amount of 
material available, only the pooled « components of the 
dentinal gelatine obtained by carboxymethyl-cellulose 
column chromatography were analysed, rather than the 
individual « 1, « 3 and « 2 chains. The content of organic 
phosphorus in the pooled « chains was found to be 1:5 
atoms phosphorus/1,000 amino-acid residues, or about 
& moles of organic phosphorus/mole dentinal collagen. 
‘This is considerably lower than the values reported for the 
whole, insoluble, decalcified dentinal tissue’. 

Although the amount of organic phosphorus per mole- 
oule of collagen was not considerably greater in the calcified 
collagens than in some of the soft tissue collagens’, this 
does not diminish the potential importance of organic- 
bound phosphorus in the initiation of calcification. 
Pathological calcification frequently oceurs in the colla- 
genous tissues other than bone or dentine, and a number of 
mechanisms have been proposed? which might regu- 
late the process in vivo, and selectively prevent the de- 
position of mineral in the collagens of tissues not normally 
mineralized. 

As was reported earlier for soft tissue collagen’, the « 2 
component of bone collagen contains considerably more 
organic phosphorus than the « 1 component. It is con- 
ecivable that the particular position of the « 2 chains, 
resulting from the packing arrangement of the collagen 
macromolecules in the collagen fibrils, leads to a local 
concentration and specifie stereochemical organization 
of the phosphate groups, thus permitting them to act as 
sites for the heterogeneous nucleation of the apatite 
erystals. 
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Macromolecular Synthesis in Cells infected 
with Reovirus Type 2 and the Effect of Ara-C 


We have shown that it is possible to demonstrate in RA 
cells (an established human amnion culture) and in HeLa 
cells infected with reovirus type 2 the synthesis of double 
stranded viral RNA as early as 4-5 h after infection’. 
Although we did not observe any inhibition of cellular 
RNA synthesis, it was possible to distinguish viral RNA 
by its relative resistance to treatment with ribonuclease. 
This communication reports the macromolecular synthesis 
of DNA and protein in RA cells undergoing a single cycle 
infection with reovirus. 

The macromolecular syntheses of both DNA and protein. 
were followed during the viral growth cycle by conven- 
tional procedures of autoradiography using the liquid 
emulsion procedure®. RA or HeLa cells grown on cover- 
slips* were infected with reovirus type 2 (strain D-5) at a 
virus : cell multiplicity of 10:1. At various times the 
experimental cultures were exposed to either tritiated 
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Fig. 1. Pulse labelling (80 min) of DNA with tritiated thymidine at 
intervals after infection of RA cells with reovirus type 2. After auto- 
radiography, the uptake of DNA precursor was determined by mean grain 
counts of twenty-five technically clear, randomly selected. cells from 
duplicate coverslips. @-—-——@, Uninfected; x ~~~ x, Infected. 
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or tritiated leucine for pulse durations of 30 
nd 20 min, respectively. Ree 
pparent from Fig. 1 that reovirus infection has 
rked effect on the synthesis of cellular DNA. Whereas 
nfected cells continue to incorporate thymidine at a 
dy rate, infected cells start to inhibit the ineorporation 
hymidine into DNA 9-10 h after infection. This 
bition occurs after the first appearance of mature 
irions (8 h)‘, and becomes increasingly marked during 
he period of the exponential increase of the virion. 
Fig. 2 shows the pattern of protein synthesis during 
virus infection. The incorporation of leucine into 
lular proteins is suppressed as early as 6-7 h after 
ection. This inhibition, in contrast to that exhibited by 
NA, occurs at a period coincidental to the appearance of 
e mature virion. 

The role of cellular DNA in the synthesis of reovirus 
was examined further with the use of the DNA inhibitor 
ra-C > (cytosine arabinoside, _1-8-p-arabinofuranosyl- 
ytosine). Ara-C interferes with DNA synthesis pre- 
umably by blocking the conversion of cytidinediphosphate 
o deoxycytidine diphosphate’, but does not appreciably 
nterfere with the conversion of uridine to cytidine di- 
osphate—a step necessary for RNA synthesis®, 

-It-can be seen in Table 1 that cellular DNA synthesis is 
markedly affected when ara-C at concentrations of from 
2-40 ug/ml. is added to the culture medium. In contrast, 
he effect of the inhibitor on cellular RNA and protein 
synthesis is slight. Furthermore, the synthesis of reovirus 
is not affected at the various concentrations of the in- 
hibitor used. 


able 1. EFFECT OF ARA-C ON REOVIRUS REPLICATION AND ON HeLa CELL 
: PROTEIN AND NUCLEIC ACID SYNTHESIS 


Ara-C* Percentage inhibition of ¢ 

~ poneentration Virus 
(#g/ml.) Protein BNA DNA yield 

0 0 0 0 0 

25 3 18 91 ff] 

5 8 23 90 0 

10 2 23 92 o 

20 3 19 92 0 

40 6 23 92 Q 


ra-C at the concentrations shown was added at 0 h of infection. 

-FAN cultures were incubated for 6 h with 0-25 ue./ml. of the following 
Titiated precursors: leucine, uridine, and thymidine, reapectively. The 
corporated radioactivity was determined as previously described®. Virus 
yield was. determined at 24 h after infection. Values are expressed as a 
eéntage of the inhibition of the untreated cultures. 










Thus it appears that reovirus type 2 infection of cells 

: results in the inhibition of both cellular DNA and protein 
synthesis without affecting the synthesis of RNA. The 
earlier inhibition of protein synthesis cannot as yet be 
xplained. These results are essentially similar to those of 
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“Ng. 2. Pulse labelling (20 min) of protein with tritiated leucine at 

intervals after infection of RA cella with reovirus type 2. The uptake of 

leucine was determined as described. for Tie 1. @--——-@, Uninfected; 
T ea zam, infected, 
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type 3, but differ from those observed by Goma 
Tamm’. In the latter instance no inhibition: of 
thesis of cellular protein was observed in L cells 
with reovirus type 3. The conflicting results obtained py 
the two laboratories utilizing similar systems remain 
resolved. o 

The lack of interference with the replication o 
reovirus containing double stranded RNA iby 
emphasizes the inactive participation of cellular 
the biosynthetic sequence of the virion. “The 
of antagonists of DNA to inhibit the synthesis 
stranded RNA ip viruses containing RNA is well 
mented*°. In the present system, the inhibitio 
may well be a pathological consequence of the r 
of the virion, because the effect occurs late in the inf 
cycle. Althcugh the inhibition of host maerom 
synthesis has been observed in animal cells infected 
number of viruses containing either of the nucleic ac 
types, in most of these systems the inhibitory phen 
menon occurs early during the infectious cycle; 

This work was supported by a grant from the. 
National Institute of Allergy and Infectious Diseases 


Pamir ©. Lon 
MARJORIE SOERGEL © 




















Department of Microbiology, 
University of Hawaii, 
Honolulu, Hawaii. 


1 Loh, P. C., and Soergel, M., Proc, U.S. Nat. Acad. Sci., 54, 857 (1965). = 

* Loh, P. C., and Soergel, M., Proe. Soe, Exp. Biol. and Med, (in the press). co 

* Loh, P. C., and Payne, F. E., Virology, 25, 660 (1965). verte: 

* Ole, H., Loh, P. C., and Soergel, M., Arch, ges. Virus.,28, 1619886). Be 

* Chu, M, Y., and Fischer, G. A., Biochem. Pharmacol., 1, 428 (1962). 

* Chu, M. Y., Biochem. Pharmacol., 14, 333 (1965). Ea 

* Kudo, H., and Graham, A. F., J. Bact., 90, 936 (1965). oe 

* Gomatos, P, J., and Tamm, L, Biochim. Biophys. Acta, 72, 651 (1063)0 

* Loh, P. C., Proc. See, Exp. Biol. and Med.,105, 296 (1960). ee 

1$ Simon, E. H., Virology, 18, 105 (1961). date 

u Franklin, R, M., and Baltimore, D., Cold Spr. Harb. Symp. Quant: Biol. 
175 (1962). TEAS 

= Scholtissek, R., Rott, R., Hansen, P., and Schafer, W., Cold Spr. Harb. | 
Symp, Quant. Biol., 27, 245 (1962). re 


u aet N. P., Shatkin, A. J., and Sebring, E. D., J. Mol. Biol., 8; 405 


1 Becker, Y., and Joklik, W. G., Pror, U.S. Nat. Acad. Sei., 51,577 don. 5 











a 


Hydrolysis of Secondary Alcohol Sulphate 
by a Bacterial Enzyme E 


Rov’s speculation’ that alkyl sulphatases exist has been 
substantiated by our demonstration in a species of. 
Pseudomonas, which we have designated C12B (ref. 2), of a 
primary alcohol sulphatase* inactive with either aryl or- 
secondary alcohol sulphatases. We have now isolated . 
from soil enriched with a mixture of Cy-Cyy secondary. 

alcohol sulphates (Oronite Division, California Chemical | 
Co., San Francisco) a bacterium, tentatively identified as 


Aerobacter cloacae, which hydrolyses pentan-3o0l sulphate. 
Cell free activity has been demonstrated. BONES 
Cell free extracts were prepared by passing through 
French pressure cell washed cells collected after 24 h fr 
a mineral salts medium containing 0-05 per cent yeast 
extract and 0-25 per cent Oronite Ciy-Cs mixture as the 
source of carbon. The extracts, suspended in 0-05 molar 
tris(hydroxymethyljaminomethane (tris) buffer (pH. 7:5), 
were clarified by centrifugation in the cold and dialysed 
for 16 h against 100 volumes of 0:005 molar tris buffer at 
4° ©. Reaction mixtures containing extract, 0-1 ml. or 
3 mg protein, 50 umoles sodium pentan-30l sulphate. 
150 umoles tris (pH 7:5) and water to 2-0 ml. were incubated 
at 30° C for various periods of time. Appropriate enzyme 
and substrate controls were prepared. No sulphate was 
released in these systems. BS 
The reactions were stopped by the addition of 2:0 
of an 8 per cent trichloroacetic acid (TCA) and cen $ 
fuged to precipitate protein. The entire 4 ml. sample of 
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Fig. 1. Hydrolysis of pentan-30] sulphate by an enzyme in cell-free 
extract of a bacterium grown on a mixture of secondary alcohol sul- 
phates. Datain 4 indicate release of sulphate ion; thosein B, the recovery 
of secondary alcohol (pentan-3o0l), The data are not expected to show 
stoichiometry, merely concurrence of release, The f ratio is obtained by 
comparing the area under the chromatographic peaks for the alcohol 
released by the enzyme with the area under the peaks of an internal 
standard as described in an earlier report’. Pentan-lol was the internal 
standard used here. Detailed descriptions of the techniques will be 
published later. 


the supernatant from each reaction mixture was added to 
1-0 mal. of Dodgson’s barium chloride-gelatine reagent‘ and 
assayed by turbidimetry at 360 my. Duplicate samples 
were subjected to gas liquid chromatography to determine 
the quantity of secondary alcohol released concomitantly 
with the liberation of sulphate. The aleohol was extracted 
from the appropriate samples with ether to obtain the 
material injected into the gas-liquid chromatograph. 

It can be seen that the release of sulphate increased 

with time (Fig. 14), and the secondary alcohol moiety 
was recovered at the same time (Fig. 1B). There was no 
hydrolysis of the substrate by extracts of the bacteria 
grown on nutrient broth, and the activity is thus inducible. 
Preliminary experiments revealed that liberation of 
sulphate. ions in a given period of time was proportional 
to the quantity of substrate or enzyme supplied. So little 
of the assay substrate is available that extensive enzyme 
investigations are not yet feasible. 
The primary alcohol sulphate, sodium dodecyl] sulphate 
(SDS), was hydrolysed by these extracts, but aryl sul- 
phates were not. The sulphatase induced by culture of 
Pseudomonas C12B on SDS did not hydrolyse aryl or 
secondary alcohol sulphates’. This investigation thus 
‘demonstrates the enzyme hydrolysis of a secondary alcohol 
sulphate. 
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‘Use of a , Datergent-Acid Mixture to rupture 
-Tissue Culture Cells 


Tr is frequently necessary to rupture cells attached to 
glass in tissue culture, for purposes such as biochemical 
analyses of their contents, or release of intracellular 
bacteria. Physical methods (such as mechanical treatment, 
freezing and thawing, or ultrasonic vibration) arecommonly 
used, but are not always adequate for every cell system: 
thus, macrophages attach themselves very firmly to glass 
and are completely ruptured only by ultrasonie vibration. 
Some ultrasonic vibrators, however, also rupture bacteria, 
or produce considerable local rises in temperature; more- 
over, the aerosol produced may be an objection to the use 
of this method for pathogenic micro-organisms. 

In investigating alternatives to ultrasonic vibration for 
releasing mycobacteria from cell cultures for enumeration, 
we have found the quaternary ammonium agent cetyl- 
trimethylammonium bromide (‘Cetavlon’ cetrimide, Im- 
perial Chemical Industries), in acid solution (0-1 normal 
hydrochloric acid, pH 1-0), satisfactory. The agent rup- 
tures the cells, releasing the intracellular contents. in- 
eluding the bacilli into the supernatant fluid, but leaves 
the nuclei intact. A negligible proportion of bacilli is seen 
on the glass after staining, but some nuclei remain 
attached. The nuclei released into the supernatant fluid 
do not interfere with the counting of the baeteria.. In 
neutral solution, only partial rupture of the cells is 
obtained. 

Other surface-active agents, including “Teepol’ (Shell 
Chemical Co.)!, sodium deoxycholate? and saponin’, 
have been reported as useful agents for rupturing cells, 
but were unsuitable for our purposes. Both “Teepol’ and 
sodium deoxycholate effectively disintegrated the cells, 
but the former interfered with the subsequent acid-fast 
staining reaction of the bacilli and the latter left bacilli 
attached to cell fragments. Saponin was found unreliable 
for rupturing macrophages, as was polyoxyethylene 
sorbitan mono-oleate (“Tween 80°, Atlas Chemical In- 
dustries). 

The recovery of bacilli after exposure to cetrimide was 
checked with a suspension of Mycobacterium lepraemurium 
prepared in 0-1 per cent albumin in saline solution. 
Portions containing a known number of acid-fast bacilli 
were centrifuged at 5,000g for 30 min in ‘Lusteroid’ tubes. 
The supernatant fluid was discarded and the deposit 
resuspended in various concentrations of cetrimide at 
pH 1-0. Albumin, at a final concentration of 0-1 per cent, 
was added to the tubes before counting the acid-fast 
bacilli by a stained-smear method‘. Control suspensions 
were suspended in 0-1 per cent albumin in water. At con- 
centrations of cetrimide from 0-025 to 0-1 per cent, 
recovery of the bacilli was satisfactory. With more than 
0-1 per cent of detergent, a significant loss of bacilli 
from the slides prepared for counting was found. This 
loss was not prevented by coating the slides with gelatine- 
phenol’, or by diluting out the cetrimide ten-fold with 
water and centrifuging again. Because the staining mecha- 
nism of acid-fast bacilli depends on intact bacillary cell. 
walls, it is possible that at high concentrations the agent 
ruptures some of the bacilli as well as the tissue culture « 
cells. Neutralization of the acid with normal sodium 
hydroxide before counting resulted in more even drying 
of the drops sampled, and the distribution of the bacilli on 
the slides was consequently better. 

We have used this detergent-acid method of releasing 
intracellular bacilli to make total bacterial counts. of 
Myco. tuberculosis in mouse peritoneal macrophages, and: 
of Myco. lepraemurium in a continuous line of rat fibro--. 
blasts. Viable counts of bacilli ean also be made with 
Myco. tuberculosis, because this species, unlike many other 


bacteria, is not killed by cetrimide at pH 1-0 during ex-° 
posure for several hours*. Because, however, the detergent 


is somewhat lethal to tubercle bacilli at. neutrality, its. 
initial concentration should be kept as low as is effective 
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for disruption, and dilutions of the disruption mixture 
made fairly rapidly before plating on culture medium. 

Two practical examples of the use of the method will 
be given. 

Myco. tuberculosis was grown in mouse macrophages on 
glass coverslips in Leighton tubes. The culture medium 
was withdrawn from the tubes, and the coverslips with 
their pavement of macrophages (containing tubercle 
bacilli) were washed free of medium with saline. The 
coverslips were exposed in fresh Leighton tubes to 0:5 or 
1-0 ml. of 0-1 per cent cetrimide in 0-1 normal hydrochloric 
acid (pH 1-0), and the tubes shaken gently by hand and 
incubated at 37° C for 30 min. The macrophages that had 
been shed into the medium during cultivation were 
collected by centrifuging, washed and similarly treated. 
The coverslips were discarded and the two disruption 
mixtures were pooled, a portion of the pooled mixture was 
diluted in 0-1 per cent albumin in saline and the dilutions 
were plated on appropriate solid culture medium for 
viable counts. Total counts of the acid-fast bacilli were 
made‘ after reducing the pooled mixture to 0-15 ml. by 
centrifugation, diluting to 1-0 ml. with 0-1 per cent albumin 
in water (a procedure which simultaneously lowers the 
concentration of the cetrimide), adding 0-025 ml. of 40 
per cent formaldehyde to kill the bacilli, and finally 
adding normal sodium hydroxide dropwise until the 
samples taken for counting dried evenly (usually one or 
two drops). 

Myco. lepraemurium was grown in a continuous line of 
rat fibroblasts’. The cells were removed from the glass 
with 0-5 per cent trypsin, and centrifuged at 5,000g for 
30 min in ‘Lusteroid’ tubes. The supernatant fluid was 
discarded and the deposit resuspended in 0-25 ml. of 
0-05 per cent cetrimide in 0-1 normal hydrochloric acid, 
and the tubes shaken by hand. After rupture of the cells 
the volume was adjusted to 1:0 ml. with 0-1 per cent 
albumin in water, a drop of normal sodium hydroxide 
added, and the (released) bacilli counted’. The results 
agreed well with those obtained from duplicate tubes in 
which the fibroblasts had been disrupted, and the bacilli 
dispersed, by ultrasonic vibration. 
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Catecholamines in Brown Fat 


Dawkins et al.t have presented results of an investigation 
of the localization of catecholamines in brown fat, in 


which they used the histochemical fluorescence method of 


Falck and Hillarp**. They found a distinct fluorescence 
within the cytoplasm of the brown fat cells and in nerve 
fibres of the parenchyma. The fluorescence was reported 
to be abolished when the sections were treated with sodium 
borohydride and to be very weak or absent in tissue 
samples from reserpinized animals. Thus this fluorescence 
was assumed to indicate the presence of noradrenaline 
both in the nerve fibres and in the cytoplasm of the brown 
fat cells. 

The first attempt to localize catecholamines in brown 
fat of adult rats was made by one of us* in 1963. At that 
time, the technique used permitted unequivocal localiza- 
tion of catecholamines to the abundant terminal plexus 
of the larger vessels. In the parenchyma, however, 
fluorescent terminals were scarce. Since 1963, several 
improvements have been made to the original histo- 
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chemical procedure, notably the humidity calibration of 
the formaldehyde reagent as devised by Hamberger 
et al.®, and the incubation of tissue slices in Krebs-Ringer 
bicarbonate buffer containing «-methyl-noradrenaline to 
increase the catecholamine content of nerve terminals 
(method of Hamberger and Masuoka*). With a combina- 
tion of these two methods it could be shown that almost 
all brown fat cells are enclosed by a delicate network of 
adrenergic terminals’ (Fig. 1). No specific green to yellow- 
green fluorescence could, however, be detected within the 
cytoplasm. 

These results appear to be in conflict with the findings of 
Dawkins et al.!. We are reluctant to accept their interpre- 
tation that the intracytoplasmatic fluorescence indicates 
the localization of noradrenaline, for the following reasons. 

(1) In cells where a distinct specific fluorescence is 
detectable under ideal conditions (for example, sympa- 
thetic ganglion cells), the noradrenaline content ean be 
assumed to be 10-100 ug/g wet weight’. If the cytoplasmic 
fluorescence in the preparations presented by Dawkins 
et al. were due to noradrenaline, brown fat with its 
densely packed cells would contain at least ten times the 
observed amount (l-2 ug/g tissue wet weight®). On the 
other hand, the noradrenaline content of the rat sub- 
maxillary gland, which shows an innervation pattern 
similar to that demonstrated by us in brown fat, has been 
found to be about 1-6 ug/g tissue wet weight”. Thus our 
picture of the localization of noradrenaline in brown fat 
seems to be more consistent with the biochemical data. 

(2) One of the criteria of an adequate formaldehyde 
reaction, that is, without diffusion artefacts, is that the 
adrenergic nerves are sharply outlined. In the pictures of 
Dawkins et al. no fibres can be observed with the charac- 
teristics of adrenergic terminals. 

(3) Treatment with sodium borohydride in order to 
abolish catecholamine fluorescence is a specific control 
method only if the fluorescence can be regenerated”. 
Dawkins et al. do not tell whether this was so. 

(4) Reserpine is known to block the specific uptake- 
storage mechanism in amine granules'?. Because there 





Fig. 1. Brown adipose tissue of an adult rat. Incubation was carried out 

with a-methyl-noradrenaline (1 #g/ml.), and Falck—Hillarp’s fluorescence 

method for certain monoamines used. Several strongly fluorescent adre- 

nergic terminals can be seen in close contact with brown fat cells which 
show weak, non-specific fluorescence. ( x 330.) 
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Acids 


Porm solutions of certain aromatic acids dissolve 
< human plasma clots when incubated with them in vitro. 
‘Fhe most. active in this respect have proved to be aryl- 
- carboxylates, which possess an additional free rotating 
:¿ phenyl- ring, for example, N-phenylanthranilates*®, 5- 
- þonzyloxysalicylatest and diphenylethylacetate*. It was 
suggested that non-condensed aryl rings in the presence of 
/ an acidic functional group are required to render a highly 
moe active fibrinolytic agent’. 
2 Po check this suggestion we tested for fibrinolytic 
oe activity the twenty-two biarylearboxylates presented in 
Table T.. The standard clots of recalcified human plasma 
~svere incubated for 18 h at 37° C and immersed in tris- 
“buffered. solutions of sodium salts of the compounds being 
investigated. The range of concentrations investigated was 
=c J-100 mmoles/l. Solutions more alkaline than pH 8-0 
were rejected. Details of procedure have been described 
“by von Kaulla® and in a previous paper’. 
The results are presented in Table 1. It can be seen that 
“simple diphenylearboxylic acids (No. 4 and No. 5) are 
| inactive, but when the carboxylic group is attached to the 
:¿ ring through an alkyl or alkylene chain (No. 1 and No. 2) 
<o but not through an alkoxy chain (No. 3) there is rather 
high fibrinolytic activity. 
ue ‘Compounds with both phenyl rings bridged through the 
gon atom (No. 6 and No. 7) are inactive, but if instead 
xygon the --NH-— group is inserted N-phenyl- 
thranilates can be obtained and these compounds are 
e fibrinolytics*. Here are presented only the most 
compounds (No. 8, No. 9 and No. 10). Compound 
Iis given as an example of the undesirable effect of 
_ hydroxylation on the fibrinolytic activity of N-pheny]- 
o aothranilic: acid. 
- If a one carbon atom group represents the bridge be- 
< tween two phenyl rings the fibrinolytic activ ity is observed 
` only when the functional carboxylic group is attached 
“directly to this methylene bridge (No. 14), but not to the 
< phenyl ring (No. 12 and No. 13). Any further substitution 
' of the methylene bridge is undesirable (No. 15 and No. 16) 
especially when the heavy chlorine atom is introduced 
No. 16). 
- Dipbenylethane o-carboxylate derivatives (No. 17 and 
f No. 18) are active, but the translocation of the carboxylic 
“group from the ring into an alkoxy side chain abolishes 
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ae a FIBRENOL TIC Aonvrey or 501 ‘  BIARYLOARBOXYEIC ACIDS 









' ; : Raona ; 
y fibrinolytic . : 
g concentrations 
No. OS o (ramoles/l.) 
9900H a 
wo- = p—CH 3-5 
’\cH,CH = CHCH, 
COOH 
2 ~ pom CH LT 
“CHCH, : 
_/ 00H : 
Be a 4 trace of we 
momon aetivity 
SCHy 
4 - ~ o~ COOH nO activity 
5 - m—COOH nü activity 
(Ook ie 
6 mile p—~CH¢ AH, £4 trace of 
SE ae activity: o 
cH ; 
OOH EG 
TE nes m0 p—-OCH CH, no-activity: 
CHCH CHS ; 
CH ae 
8+ m—CHR, --NH--- o—COOH L540 
9 #-F —NH— a—COOH $e N N 
10 --NH— o—COOH TAP 
il p—OH ~—NH— ao COOH no activity Pench 
12 ~ ~~CH ye o~—COOH no. aetivity: 
13 = C0- o—COOH a ativity ii 
14 = -CHCOOH /-— - : 
15 m“ —C/OH//COOH]/— - 70-1 130 me 
16 e -CIC/CO0OH/— ~ no activity a 
17 p—€ CHCH — o—COOH 6-18: : 
~ -CHCH r— o—COOH 18-36 
OOH one 
19* = -CHCH p—OCH: /CHs no activity 
H,CH,CH¢ a 
B. 
20 =- —CHNH— o—COOH * 948 
21 -= --CH,S— o—COOH 15-40 os 
22 ~ —~CH,80,— o—CO0H no. activity 


* These compounds supplied by Dr. F. Barzaghi of the Vister Pharmaco- a 
logical Laboratory, Italy, 
co + This compound was supplied by Dr. R. A. Scherrer from Parke Davis i 


the fibrinolytic activity (No. 19) a a similar fashion to 
that in compounds No. 3 and No. 7 

In the molecule of diphenylethane-o-carboxylie acid the 
ethylene bridge has been changed for isosteric --CH,NH-- 
or —CH,S— groups. Compounds thus obtained (No: 20. - 
and No. 21) are slightly more active than the parent 
structure (No. 18); however, diphenylmethylsulphonyl- | 
o-carboxylic acid (No. 22) is inactive. 

In summary, the chemical structure of biarylearboxylie 
acids cannot be considered as the general requirement to 
render a highly active fibrinolytic agent, because 2-aryl- 
substituted benzoic acids like phenoxy-, benzoyl-, benzyl- 
sulphonyl- and benzyl- derivatives as well as diphenyl- 
carboxylic acids themselves do not dissolve plasma clots. 

It should, however, be emphasized that phenylamino-; 
8-phenylethyl-, benzylamino-, benzyloxy- and benzylthio- |” 
derivatives are the most active synthetic fibrinolytics so 
far known, The further substitution within the ring of an 
active biphenylearboxylate structure may potentiate ọr = 
abolish fibrinolytic activity depending on the substituent 
used. 

R. J, GRYGLEWSKE - 

M. ECKSTEIN 


Department of Pharmacology, and 
Department of Pharmaceutical Chemistry, 
Medical School in Cracow, 

Cracow, Poland. 
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Isolation of Organic Solutes from Sea 
Water by Co-precipitation 


URING an investigation of the trophic relationships of 

“marine benthos, attempts have been made to isolate 

nd identify the organic solutes in sea water. These 

‘e been generally defined as constituents which pass a 

| membrane of pore size 0-45u. A discussion of the most 

“likely solutes and a list of those so far found have been 

«provided by Duursma!, and methods for their isolation 
have been reviewed by Hood? and Riley’. Practical 
omparison of various methods has led us to conclude that 
co-precipitation method is potentially the most 
ersatile, is convenient and has the added advantage of 
quiring only mild operating conditions. 

: Development of the co-precipitation method for this 

urpose dates from the work of Jeffrey and Hood‘, who 

escribed its application to the isolation of organic solutes 
aged marine algal cultures originally incubated with 

CO,. Increasing the pH to 10 precipitated calcium and 

magnesium salts together with a quantity of organic 

‘matter containing 79 per cent of the label. This figure was 

raised to 95 per cent by co-precipitaion with ferric hydroxide 

at pH 7-6-8-2, equivalent to a 104 times concentration 

¿o of the organic material. The organic substances in such 

~i eultures, however, are different from those in actively 

|) growing cultures. The sorption of sea-water solutes by 
minerals has been investigated by Bader et al.5. Recovery 
of labelled aspartic acid, alanine, glucose and sucrose by 
_ kaolinite and montmorillonite was poor, the maximum 
being 13 per cent of aspartic acid by montmorillonite 
“from a concentration of 3 mg/ml., which is very much 
- greater than would be encountered in natural conditions. 
_ Williams® used ferric hydroxide in a search for organic 

-= acids in sea water, isolating fluorescent compounds as yet 

< unidentified. The total amino-acid content of sea water 

“was investigated by Tatsumoto et al.” using an iron co- 

|) precipitation method which achieved a 53 per cent re- 

- covery of labelled phenylalanine. The poor recovery of 
basic amino-acids was attributed to loss during separation 
yn ion exchange resins after precipitation. A similar 
= method used by Park et al.’ in an examination of the free 
> and combined amino-acids of sea water enabled seventeen 
_acids to be identified. Recoveries varied from 30 per cent 
for alanine to 85 per cent for lysine. Preliminary results 
Indicated nearly quantitative recovery of peptide and 

_ protein. Williams and Zirino® determined total organic 
< carbon in sea water before and after adsorption by various 
_ hydrated metal oxides. Ferrie hydroxide was the most 

‘useful, removing 38 per cent to 63 per cent of the organic 

‘matter. A pH between 4 and 7 had little effect on this 

figure. This method was also superior to the use of filter 

beds of activated alumina, silicic acid or celite-magnesium 

_ oxide. Other hydrated oxides adsorbed 16 per cent to 

21 per cent of the organic matter, but there was no attempt 
to discover whether different oxides adsorbed different 
substances. Clearly development and fuller understanding 
of the method require investigation of the recovery of a 

- Wider variety of solutes by a range of adsorbents. 
"We made preliminary experiments on water collected 
from the muddy foreshore of Southend-on-Sea using the 
-amethod of Tatsumoto et al.’. Surface water was collected 
when diatom growth was conspicuous. The water was 
- filtered immediately through a 0-454 membrane and 
mercuric chloride was added to the filtrate at the rate of 

.. 10°mg/l. to maintain sterility. In the laboratory 1 molar 

“ferric chloride solution was added at the rate of 2-5 mg/l. 
<: followed by an equal volume of 2 normal sodium hydroxide. 

‘The precipitate was dissolved in hydrochloric ‘acid and 

examined by ion exchange column chromatography. No 
readily. identifiable solutes were isolated. 

: To investigate the potency of the method known solutes 
«were added to the filtered sea water and their recovery 
< was attempted. Glucose, sucrose, lysine, leucine, proline, 

¿glycine and glutamic, citric, lactic, malic and. glycollic 































acids were added at the rate of 0-1 mg/l. 
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Starch, gum 
acacia’ and. blood albumin were added at the rat 
1:0 mg/l. The co-precipitation of lipids was not exam 
at this stage; a convenient alternative means of isolatio! 
is available in the solvent partition method of Jeffrey 
et al". Using the method of Tatsumoto et al", only 
glutamic acid was recovered. To isolate the point of 
failure labelled solutes were included in the filtered sea’ 
water. 1-Glutamic acid~“CU, glycine-4CU and. D- 
glucose- "CU were added at the rate of 0-1 mg/l. and; 
1 ue./l., L-lysine monohydrochloride-4,5-T at 0-1 mg/l. 
and 10 ue./l. The label remaining in solution after pre- _ 
cipitation of the iron was determined by scintillation 
counting. It was confirmed that the iron methoc 
only useful for glutamic acid. It was also found that the 
co-precipitated material could be recovered from’ the 
hydroxide by extraction with very dilute acetic acid. — 
Recovery was considerably affected by pH. The optimum 
pH for the isolation of glutamic acid was 4-5, when'a 
recovery as high as 90 per cent was possible. The best 
recovery of glycine, at pH 3, was only 10 per cent; of 
glucose, at pH 6, 16 per cent; and of lysine, at pH 9, 21 per. 
cent. These labelled solutions were also used to evaluate 
other methods. Co-precipitation with aluminium hydrox- 
ide or barium salts and adsorption on charcoal or silica 
gave no useful recovery. ; 
The specificity of the iron method was further investi- 
gated using other labelled solutions. Succinic acid-2,3-“C,. 
sodium glycollate-1-“C, pui-citrie acid-1,5-MC.. mono: 
hydrate and L-aspartic acid~“CU were dissolved in the | 
sea water at a level of 0-1 mg/l. and 1 ue./l. The optimum 
pH for co-precipitation of these acids was 4:5 and the. 
extent of recovery showed no relation to the pK of the 
acid but rather to the number of carboxyl groups in the 
molecule. The recoveries, 90 per cent of citric acid, 
77 per cent of aspartic acid, 60 per cent of succinic acid 
and 25 per cent of sodium glycollate, are consistent with 
dependence of co-precipitation on the formation of- 
complexes to which a multiple ring structure adds stability : 
and in which oxygen atoms are the donors. : 
Development. of the method has been based on these 
suppositions. Thus iron has been replaced by copper in 
an attempt to improve the isolation of N-cortaining 
solutes. Hydrochloric acid was added to the sea water if: 
necessary to obtain the desired pH, then 25 ml/l of 
1:5 molar cuprous chloride followed by 2 normal sodium 
hydroxide. In the hope that formation of the borate. 
complex would enhance the co-precipitation of glucose 
0-5 molar borie acid solution was included at the rate of 
5 ml./l. of the sea water, the iron precipitation then being 
applied as usual. It was thought that adsorbents, particu- 
larly those with multiple anionic groups, may,’in an ~ 
analogous way, improve recovery. Accordingly, 1 per cent) 
carboxymethylcellulose (sodium salt) or erystalline bovine 
albumin was added at the rate of 25 ml/l. before. the 
iron precipitation. ` 
The use of copper greatly improved the recovery of |. 
amino-acids, pH 9 being optimal. The co-precipitation of 
glucose was not affected by the presence of borate, but 
glycollate recovery was increased to 37 per cent: for pH 
3-5-6-0. Both albumin and carboxymethylcellulose | 
increased the co-precipitation of glycollate to 45 per cent 
but not of glycine, lysine or glucose. : 
The best results obtained so far are collected in Table x 
In most cases the recovery is sufficient for qualitative 
examination after which specific assays can be applied. 
For glucose and other such unchanged molecules it may be 
necessary to apply different methods; the extraction: of 
sea water evaporate by very dry solvents has been found 
promising. All the tests with labelled solutes, however, 
were carried out with individual solutes, and it may bet. si 
when more are present together co-precipitation 
hanced as seen with borate, carboxymethyleollulose 
albumin. This and the effect of pH probably expla: 
varying recoveries reported. For example, in the worl 
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fable T. PHRCENTAGE PRECIPITATION OF SOLUTES FROM SEA WATER BY 
VARIOUS. METHODS > 


Solute Percentage 

(0-1 mg/1.) Method precipitated 
Glucose Iron, pH 6 16 
Glutamic acid Tron, pH 45 90 
Aspartic acid tron, pH 4:5 77 
Citric acid Tron, pH 4:5 90 
Succinic acid Tron, pH 4:5 60 
Gly collate Tron/CMC or albumin, pH 4 45 
Glycine Copper, pH 9 48 

Lysine Copper, pH 9 7 


CMO, carboxymethyloellulose. 


Park et al! the final pH was 9-0-9-7, whereas the method 
of Tatsamoto et al.’ gives a final pH of 4 to 5. The latter 
may also account, at least partly, for the loss of basic 
amino-acids, 
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Environment Research Council. 
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Nickel, Iron, and Manganese in the 
Metabolism of the Oat Plant 


JTue first definite report of a toxicity induced in plants by a 
localized high concentration of nickel appears to be that of 
Hunter and Vergnano!, while 2 years later? Hunter de- 
seribed the occurrence of an identical condition on what 
was apparently similar terrain in Southern Rhodesia, 
‘namely a poorly drained upland region with outeropping 
serpentine. An investigation of disease symptoms which 
appeared in an oat crop growing on just such an area at 
Wallendbeen, southern New South Wales, in 1960 was 
attributed to the high incidence of available nickel in the 
sOH. This was substantiated by analysis of the affected 
plants, which occurred in large patches in the field, and 
also-of soil from both affected and unaffected areas. A 
further series of sand culture experiments established that 
“nickel, and to a lesser extent cobalt, was capable of re- 
producing the symptoms in oat plants. The analysis of 
soil and minerals removed from both outcrops and sub- 
soil indicated that nickel alone was responsible for the 
condition of the crop, however; the level of cobalt in 
both soil and affected plants was little different from that 
m material from unaffected areas. 
Later reports by Crooke et al.? and other workers which 
suggested that the occurrence of nickel toxicity may be 
Table 1. IRON, MANGANESE, NICKEL, AND COBALT CONTENTS OF MATERIALS 


FROM AFFECTED AND HEALTHY AREAS OF THE OAT CROP BELIEVED TO BE 
AFFECTED BY NICKEL 


Plants Soil* 
Affected Healthy Affected Healthy 
dren (p.p.m.,) 704 &8 362 127 
Manganese (p.p.m..) 278 66 264 57 
Nickel (p.p.m.) 91 16 184 20 
Cobalt (p.p.m.) 0-6 OL 146 Let 


* These figures refer to metals extractable from soil using 2:5 per cent 
acetic acid solution. 
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Fig. 1, Effect of manganese on severity of aymptoms induced by high 

levels of nickel on oats grown in sand culture, A, 300 p.p.m. manganese, 

10 p.p.m. nickel (dry sand basis) and basal nutrient solution. B, 300 

p.p.m. manganese and basal nutrient solution, C, Control, basal nutrient 

solution only, The experiments were conducted in 6 in. pots, all of which 
contained 1,800 g of dry sand. 


related to local deficiencies of iron were somewhat: in- 
consistent with the conditions at present under investiga- 
tion, because both soil and plants from the affected area 
were well endowed with iron (Table 1). Furthermore, the 
application of additional iron to oat plants grown in ‘soil 
from the affected area, and in sand culture, in the presence 
of toxic levels of nickel led to no reduction in the severity 
of the symptoms. Because manganese was present in 
abnormally high quantities in both plants and soil from 
the affected area, a further series of experiments was 
carried out in sand culture in order to investigate the 
effect of high levels of manganese alone on the incidence 
of nickel toxicity symptoms. It has been suggested by 
several workers that manganese is associated with. the 
metabolism of iron in plants (see, for example, ref. 6). In 
the current experiments different ratios of iron and man- 
ganese were applied to oat plants growing in sand culture 
in the presence of nickel applied at levels of 0, 10 and 20 
ppm. The results showed that manganese clearly in- 
tensified the severity of the symptoms caused by the 
presence of high levels of nickel (Fig. 1). Analysis of 
the plants showed that, as with samples removed from the 
field, the concentrations of nickel, iron, and manganese 
were notably greater in affected plants than in healthy 
plants. The level of iron was higher in plants receiving 
both additional nickel and manganese than in those 
receiving iron alone, or in combination with nickel or 
manganese separately. On the affected areas in the field, 
the plants showing the most severe symptoms were com- 
pletely devoid of chlorophyll, the leaf veins showing up as 
fine brownish-black lines on a white paper-like background. 
The brown necrotic patches occurring throughout their 
length gave a characteristic “rippled” effect to the leaves. 

It was concluded that the severity of the toxicity in- 
duced by the relatively high concentration of nickel in 
the areas was increased as a result of the presence of 
abundant manganese. The two metals working in con- 
junction apparently had the effect of increasing the rate 
at which iron was taken into the plant, but had inhibited 
iron metabolism inside the plant. 
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PSYCHOLOGY 








; Haptic Illusions and Inappropriate 
Constancy Scaling 


Tum widespread use of the term “optical” illusion has 
implied both that spatial illusions are restricted to vision 
© and that the explanation of illusions is to be sought in 
“terms of the operating characteristics of the visual system. 
» Equivalent visual and haptic illusions are, however, 
obtained with many of the well known illusion figures?. 
During haptic inspection a blindfolded subject is required 
to trace his finger over the raised contours of a figure. 
Some variables known to affect the magnitude of a visual 
Rusion similarly influence the haptic illusion found with 
he same figure. Varying the angle of the arrowheads of 
he Müller-Lyer figure modifies visual and haptic judg- 
> ments in the same way*. The magnitude of the illusion 
>o diminishes over practice trials at the same rate for the 
_ two modalities, and crossmodal transfer of the practice 
decrement is found’. These data suggest that it is un- 
likely that quite different processes coincidentally produce 
v equivalent spatial illusions in the two modalities. Haptic 
“illusions are found with congenitally blind subjects! 4; 
‘thus it cannot be argued that haptic judgments are 
` controlled by a framework developed through visual 
learning. 
ooe Gregory- has claimed that illusions represent in- 
“appropriate constancy sealing. In making visual judg- 
_ ments of the size of objects, use is made of such depth cues 
“as binocular parallax, movement parallax, and perspec- 
tive. When two objects subtend equal visual angles in 
¿viewing conditions where depth cues are available, the 
“object which is, and appears to be, further away is generally 
judged to appear larger. Many two-dimensional illusion 
-> figures provide the same perspective stimulation as certain 
< three-dimensional spatial arrangements. Gregory has 
claimed that habits of visual inference developed in 
judging three-dimensional situations are inappropriately 
applied in judging these illusion figures. Perspective 
< information in stimulation is processed such that com- 
ponents of an illusion figure seem at different apparent 
distances. When two components subtend equal visual 
< angles, the one which appears further away is judged as 
larger. 
In. outlining his theory Gregory has referred only to 
visual judgments of illusion figures. The data considered 
above indicate that similar processes control visual and 
haptic judgments of illusion figures. The concept of 
< inappropriate constancy scaling does not, however, seem 
-applicable to haptic space; nor does there seem to be any 
| feature of haptic stimulation which is the counterpart of 
_ visual perspective. It is true that haptic judgments of 
the size of an object are influenced by the degree of ex- 
tension of the arm required to inspect the object; a “far” 
object is judged to feel slightly larger than a “close” 
object of the same physical size, To consider haptic 
illusions in terms of this size-distance error involves 
‘arguing that haptic inspection of one part of an illlusion 
figure produces stimulation normally signalled by a “far” 
- object and of another part by a “close” object, and that 
these properties of stimulation inappropriately suggest 
to the subject that the figure is extended over three, rather 
than two, dimensions. If such an approach is followed, it 
“4s necessary both to identify the property of stimulation 
involved and to demonstrate that it leads to particular 
apparent depth impressions. I have made a number of 
-i observations on the latter issue. Twelve subjects were 
<o orequired to move the index finger of the right hand 
-aver a wire outline of the Müller-Lyer figure and the 
inverted T figure, and were asked whether the figures 
gave an impression of feeling two- or three-dimensional. 
No subject reported an impression of depth with either 
figure; when making settings, however, all subjects 
‘showed haptic illusions. 



















l the bar to be pressed. 
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‘Taectual iituajons,. investigated by pressing relief snodels” 
of figures on to the skin, have also been reported, Révésy! 
has found tactual illusions with a number of figures, but 
has noted that tactual illusions are of lesser magnitude: 
than visual and haptic illusions. Whereas he found filléd 
space is overestimated relative to unfilled space, other 
experimenters"? have found that filled space is under- 
estimated in tactual judgments. Further investigations 
are required to establish the exact form tactual illusions 
take. If it is found that they are similar to visual illusions 
Gregory's theory is entirely falsified in that the concept of: 

“apparent distanco’ cannot be applied to tactual space™.. 
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Control of a Response after Chronic 
Reduction of Cholinesterase 


ABNORMAL conditioned response behaviour can. follow. 
from a reduction in the concentration of cholinesterase 
in rats'-*, It has also been shown that this instability in. 
response occurs only when the incorrect or inadequate 
responses of an animal go unpunished. The observed 
deficiencies in response control disappeared when ‘the: 
incorrect behaviour was reinforced with aversive stimula- 
tion’ §, Here we report the effects of increasing the oppor- 
tunities for free response so as to maximize any loss of 
response control that may follow as a consequence of a 
reduction in the concentration of cholinesterase. ; 

Using operant conditioning procedures, rats were given 
the alternative of depressing one of two levers at any one — 
time. To obtain a reward the animal had to execute a’. 
given number of lever presses on each lever. Once the 
requirements of one lever had been fulfilled (the priming 
lever) a response on the second lever delivered the rein- 
forcement (the terminal lever). The sequential pattern of . 
shifting from priming to terminal lever did not affect 
the outcome of food reinforcement. 

The chronic reduction of cholinesterase (ChE). was 
effected by the administration of diisopropyl flucrophos- 
phate (DFP), 1 mg/kg body weight, intramuscularly 
(gastrocnemius) followed by booster doses of 0-5 mg/kg 
every 72 h. Concurrent with the ChE inhibitor the. 
subject was administered 50 mg/kg body weight, 1,3-bis- 
(4-hydroxyiminomethylpyridinium) propane dibromide’ 
(C434) and a subsequent dose of 25 mg/kg every 72h. 
Control rats received an equivalent volume of water free’. 
from pyrogen to substitute for the DFP. C434 is a reactiv- 
ator of phosphorylated ChE and does not pass the blood 
brain barrier?. 

Wistar rats on a 2 h feeding schedule were conditioned 
in a Skinner box to press a lever for food reinforcement 
with a 45 mg food pellet. Initially, the rats were trained to 
make eight responses on the lever for each pellet, the 
limit being twenty pellets per day. The rats were then 
transferred to a two lever Skinner box and trained. to. 
press the levers in a given sequence of alternations. 
The training procedure in the two lever box is shown in > 
Table į; ; Bae 

-On days 1-8 a small 2 W bulb was kept alight beneath 
(When reinforcement could’ be: 
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Table 1 





ao a Necessary Fesponses : Wey. responses 
Days “on LHS lever on RES lever 
13 ba pi 
ae ee) 4 1 
HOER 8 i 
gie g-a 8 1 
16-19 8 1 


Table 2, RHS LEVER ERROR RESPONSES BEFORE AND AFTER DFP 


„aO + C434 „DEP +C434 Statistical comparison 
¥ sp N xX BD N t df Sig, 


“Pre-treatment 42-2 139 


8 46-1 25-6 8 03536 l4 NS 

(i: responses 
Sprer “BLT 2u5 8 823 303 8 21748 14 5% 
Oh 154 8 36-2 16-2 8 3-1560 14 1% 






‘jib was on under the right hand side lever, and 
he left hand side lever when the specified number of 
onse s had not yet been made.) From day 9 onwards 
there was no signal light, and white noise was introduced 


“> to mask machine noise. From days 1-14 the animals 


worked. for twenty pellets daily, and from days 15-19 
for ten pellets. These last five pre-treatment days were 
` recorded in order to provide a base level of performance. 
On day 19, eight animals were started on the chronic 

o watert 0434” schedule, and eight on the “DFP + C434” 


= schedule; 





< The biochemical effects of the treatment have been 
` reported in detail for a large number of tissues*. The 
` injection ‘schedules used result in a reduction in whole 
brain cholinesterase to about 30 per cent of normal 
; activity because there is a slow and continuing decline 
= with time. The animals appear to be normal. No tissue 
“pathology has yet been associated with the treatment. 
© No significant reactivation has been found with C434 
“An the; dosage used on muscle cholinesterase. The cholin- 
esterase in muscle (gastrocnemius) in chronically treated 
-rats ds 34-6 per cent (S.D. 12-4) of normal activity. 
“The behavioural effects of the treatment in this report 
are confined to an analysis of i leis made on the right 
hand side or terminal lever. Responses made on the 
night hand side lever before completing the required 
. number on the left hand side lever were counted for all 
animals. . These responses are referred to as “RHS error 
~ responses”... For the 5 days before and after injection, the 
“total number of RHS error responses was calculated for 
each animal. The group means are shown in Table 1. 
. For each animal the total after injection was subtracted 
- from the total before injection. The resultant difference 








B scores of the two groups and also the raw scores before 


and after injection were then compared by ¢ tests. The 


Heer nes 
TREATMENT penn TREATMENT mcs nam | 


8 


wa 
co 
Percentage of normal cholinesterase activity 


TREATMENT: DFP 4434 


2 
o 


. CHOLINESTERASE. + 40 
aeTiTy 








S4 
© 





AEE ihren dando iit CE O AN VEE EE E E E TESTEN O 
12340 5 10 “YB a0" 
Days A ie 





Pe 1: Mean daily RHS lever error responses to chronic slow cotioentras: 
tions of cholinesterase. 


„aro herbicides or potential herbicides.» o. : 
used, a dark grey sandy loam containing 12-0 per | 
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increase after injection was. significantly greater in the 
_ “DEP + 0434” group than in the ‘water + C434” controls. 


The abbreviated results show that rats with chronically: 
low cholinesterase have a. strong tendency to make un- 
necessary responses on the right hand side lever. These 
findings indicate that the control which is normally 
exercised in the sequential execution of a chain of responses 
is interrupted or unstable. These results are in agreement 
with other experiments which suggest that there is a’ 
reduced capacity to inhibit conditioned responses in 
these animals'-*, It can be argued that. the increase in... 
right hand side lever responses resulted from both neuro: 
muscular and motivational factors. These variables 
have been specifically examined elsewhere and found not: 
to be significant other than on the first 3 days after reduc: 
tion in the concentration of cholinesterase™*, At: the 
present time the double lever conditioning procedure is 
the most sensitive index of the behavioural trends associ-. 
ated with chronic reduction in the concentration: of 
cholinesterase in the rat. we 
Prrer H. Grow ; 
ALAN J. RIOHARDSON®. 
Department of Psychology, : 
University of Adelaide. 
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AGRICULTURE 


Relationship between Partition Data and 
the Adsorption of some Herbicides by Soils — 


Tue widespread use of organie pesticides has led to an 
increasing interest in the adsorption of such solutes from ` 
aqueous solution by soil colloids because of the influence 
of this process on pesticidal performance, mobility in the. 
soil and residue problems. The mechanisms involved are... 
not clearly understood because of the complicated balance 
between soil~solute, solute-water and water-soil inter- i" 
actions. It seems possible, however, that in systems in 
which ionic forces are unimportant, adsorption may ‘be 
related to the hydrophilic-hydrophobic balance of the = 
solute. An inverse relationship has been observed!’ 
between the hydrophilic-hydrophobic balance of some > 
proteins and their interaction with a paraffin surface as! 
measured by paraffin-water interfacial pressures. Ward 
and Holly? have recently found partition between cy 
hexane and water to be related to the adsorption 0: 
number of s-triazine herbicides by nylon and cellulos 
triacetate, although they considered that with these 
adsorbents the process involved the formation of a. solid 
solution. The object of the present investigation was to 
determine whether a relationship exists between hydro- 
philic-hydrophobie balance and the adsorption of a ae 
number of non-ionic solutes by soil. : 
Twenty-nine compounds were 
phenylureas, nine chloro-s-triazines, three methoxy-s- 
triazines, five methylthio-s-triazines, one ethylth 
triazine, one cyano-s-triazine, one phenyl carbamate and. - 
two uracil derivatives. The triazines all contained alkyl o 
amino substituents in positions 4 and 6. All compounds | 
Two. soils were 
mnt 
















investigated; svon 
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1 0 1 
Log umoles solute adsorbed/g soil 


Fig. 1. The relationship between chromatographic movement and the 

oe logarithm of the amount of solute adsorbed in zmoles/g at an Pyles 
concentration of 1x 104 molar; (4) for the clay soil, and (B) for the 
loam soil. +, Ureas; O, chloro-triazines; A, methoxy-triazines; oO. 
a methyithio-triazines; @, cyano-triazines; A, ethylthio-triazines: W. 
He carbamates; Y, uracils, 





ee carbon and 6-6 per cent clay, and a chalky boulder clay 
containing 2-1 per cent carbon and 39-6 per cent clay. 
Assessments. of hydrophilic-hydrophobic balance were 
-= mado by the thin-layer partition chromatographic method 
- of Boyce and Milborrow*, modified in that the developing 
solvent. was 40 per cent aqueous ethanol. It was found 
that although Ry values were inconsistent from plate to 
plate, mobility with respect to a reference compound was 
producible. The reference compound used was fenuron 
N-dimethyl-N’-phenylurea). After development the 
omatograms were sprayed with 0-05 normal silver 
trate in. 50.per cent aqueous acetone and exposed to the 
ultra-violet light from a Hanovia ‘Chromatolite’ for 15 
min. Adsorption was determined by the slurry method 
reviously described‘ in which a series of soil samples are 
aken overnight with aqueous solutions containing a 
range of solute concentration. After centrifugation 
the solute concentration in the equilibrium solution is 
determined and the amount adsorbed is estimated by 
difference. In each case the analysis was carried out 
y measurement of the absorbance at a suitable ultra- 
-violet wavelength and the application of an appropriate 
blank correction made. In the case of the s-triazines 
= measurement was preceded by hydrolysis and the resultant 
- hydroxy-triazine was determined using the background 
= correction procedure described by Gysin and Kniislis. 
The -results were evaluated using the Freundlich 
“relationship, g/m = kc", where æ is the amount of solute 
adsorbed. by a weight m of adsorbent when the equilibrium 
= solution concentration is e. Straight lines were obtained 
-when log v/m was plotted against log e. For comparative 
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purposes the amount of solute adsorbed by 1 g of soil i in 
equilibrium with an arbitrarily chosen solution concen- 
tration was used. The slopes of the lines obtained with — 
all compounds but the ureas were one, and thus com- 
parisons of their adsorption behaviour made at one con: 
centration will be valid at other concentrations. As noted 
previously*, the slopes obtained with the ureas, with the 
exception of fenuron, were less than one, so that any 
comparison made between these compounds and the others 
will only apply to the one particular equilibrium concen: 
tration chosen. Comparisons, therefore, were made using 
the amounts of solute adsorbed at three equilibrium ` 
concentrations, 1 x 10-4 molar, 1 x 10-5 molar, and 1% 10 : 
molar. ae 
Using the figures obtained at c=1 x 10-* molar, the i 
coefficients of correlation between log umolar solute ad 





sorbed/g of soil and chromatographic movement relative to 


fenuron were 0-851 with the clay soil and 0-903 with the: 
loam soil. The relationships are illustrated in Fig. 1; The 

corresponding figures at c= 1x 10-5 were 0-911 and 0-845 bt 
and at c= 1x 10-8 were 0-901 and 0-886. The existence of. 
these correlations for such a variety of compounds suggests 

that the basie mechanism of their adsorption involves 

forces of a non-specific nature. 

It is proposed, therefore, that an estimate of hydro- 
phobie—hydrophilic balance may give a useful indication 
of the soil adsorption behaviour of non-ionic organic 
compounds and may commend itself as a test. to bè- 
included in sereening or evaluation programmes «for 
pesticides. 


R. J. Hance - 


Agricultural Research Council, 

Weed Research Organization, 

Begbroke Hill, 

Kidlington, Oxford. 
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SOIL SCIENCE 


Green Humic Acid and its Possible Origin es 
as a Fungal Metabolite 


Spectroscopic investigations of soil humic acids in the 
visible region have hitherto been of little value in indicat- 
ing the nature of these compounds. Humic acids usually. 
show an almost featureless absorption curve in which 
optical density increases with decreasing wavelength over... 
the visible scale. Work on Japanese humic acids'*, how- 


ever, has disclosed the widespread distribution of a fom 


described as “P type”, which is commonly present in 
podzolic soils and alpine grassland soils, and may also 
be detected in forest brown earths and yellow earth soils 
P type humic acid has absorption bands near 620, 
and 450 myu which are of variable intensity in humic 
from different horizons and from different soil types. 
absorption occurs because there is a green pigment 
can be separated from the remaining dark brown humi 
complexes by chromatography on columns of cellulose 
powder’. The purified green pigment from Japanese humic 


acids has Amax near 615, 570, 450 and 430 my in aqueous: : 


alkali. Green humic acid is easily soluble in alkali, con- 
centrated sulphuric acid and pyridine, moderately soluble: 
in methanol, ethanol and nitrobenzene, and weakly soluble 

in chloroform, ether and tetrachloroethane. 
Japan (personal communication) suggests a possible rela- _ 
tionship to a perylene quinone. 
pigment previously isolated from irregular olive green 
patches in Australian lateritic and podzolie soils... This 
pigment was considered to be a hexachloro-polynuclear 








Work in 


It may be related toa 





a L DISTRIBUTION oF "P even wowo aom AND UNGAL ‘scx 
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ne Locality and soil typo ee entries eens “Soll horizon Ee ae ess 
LR On A p be By By 0 
pi Delamere Forest, Cheshire —-— oe pe a a a 
S qaren bius podzol zol 0 0 0o 85 S 8S3 186 78 40 
Ty DETT ire - ~ - “ + + + + 
‘Fron T Rgdrol 0 0 0 $2 80 80-0 68-8 192 
Burton ‘ood Cheshire t t + + + 
ese ‘Weakly podzo lized 
2 ‘brown earth 8S BS 32-6 31-6 18:8 
Windy Hill, 
EN ‘Aberdeenshire - = + + 
< Thiniron pan podzol 0 0 88 53 Bs as is as 
‘mn weden 


26-4 0 75 6 9 2 ci 6 0 2 

m nee type; (+) weak P type?: Numbers refer to counts of sclerotia 
fer 0-5 mm. or greater) per 6-0 a dried soil. (8S) Indicates presence 
Haclerotia (diameter 0-4 mm or less). 








of the dihydroxyperylenequinone or dihydroxydi- 
hylquinone type’. 

P type humic acid has now been obtained from the 
r soil horizons at several different sites in the British 
_ Isles (Table 1, Fig. 1) and the presence of green humic 
=< aoid, identical to that found in Japanese soils, has been 
-confirmed by isolation (Fig. 2, a, b, e). P type humic acid 
appears to be a common feature of podzolic soils and has 
been found, by us in soil samples from the United States, 
ie Soviet Union and most of the countries in Western 
Europe. It is clearly a widespread phenomenon worthy 
some consideration as part of the general humic acid 









Humic acids were prepared from air-dried soils by 
| extraction with 0-1 normal sodium hydroxide followed by 
_acid precipitation from alkaline solution. Green humic 
‘acids were isolated by gel-filtration through columns of 
‘Sephadex G-25’. Elution with 0-1 normal sodium hydrox- 
_ ide: resolved three distinct fractions, the first two dark 
brown, and the third a slower moving fraction, showing a 
_| strong emerald green colour in alkaline solution. Although 
brown in colour the second fraction has an absorption 
‘spectrum very similar to that of green humic acid. 
=o Whe exact concentration of green humic acid in different 
situations has not yet been determined, although it is 
certainly in excess of 10 per cent in some Japanese soils. 












Wavelength (mp) 


Fig. 1. Absorption spectra of humic acids froni the Delamere forest. 
profile, L-C, Profile horizons. 


NATURE, VOL. 214, MAY 6, 1967 





700 


600 
Wavelength (mz) 


500 400 


Fig. 2. Green humic acid isolated from different soils and from fangal z 

selerotia, Isolated from soil; (a) Delamere; (6) Tyrebagger; (e) Burton 

Wood. Isolated from fungal sclerotia: @ Delamere; (e) Tyrebagger; 
(J) Burton Wood; (g) Norikura (Japan). 


In English podzols it is not an important contributor to 
humic acid in the upper horizons, where lignin and 
flavonoid’-* degradation products are predominantly in- 
corporated, but it becomes of increasing importance in 
some A, and Bh horizons. 

Soil horizons which show clear evidence of P. type 
commonly contain small spherical black fungal selerotia 
with a mean diameter of 0-5 + 0-4 mm (British) to 1-14 0:4 
mm (Japanese and Swedish). These sclerotia. have a 
brittle outer shell, a characteristic internal structure in 
transverse section, and can easily be recognized in thin | 
sections of resin impregnated soils. Their appearance fits 
descriptions given for sclerotia of the organism Cenococcum 
graniforme? which has a world-wide distribution in tem- 
perate and arctic-alpine climatic zones, and which forms’. 
ectotrophic and ectendotrophic associations with un- 
usually large numbers of tree, shrub and herbaceous 
genera’, 

In the case of the Delamere forest profile there isa 
clear relationship between the distribution and intensity. 
of P type absorption and the frequency of sclerotia as. 
seen in thin soil sections or as determined by counts on 
samples of air dried soil (Table 1). This association is. 
essentially true for other soils, although it is complicated.» 
by the arbitrary designation of concentration of P type — 
humie acid and the difficulty in picking out and assessing — 
the frequency of small sclerotia with a diameter of 0-4 am 
or less. 

The possibility that these sclerotia represent the source — 
of P type humic acid was investigated by isolating several 
hundreds of selerotia (approximately. 1-0 g fresh weight) _ 
from different soils. Humic acid can be prepared by alkali 
extraction of finely pulverized samples of dried sclerotia, _ 
and these structures must therefore be regarded as a _ 
potential source of humic acid in those soils in which they oe 
occur. In addition, humic acids from sclerotia. showed very _ 
strong P type absorption and gave higher yields of greer 
pigment after fractionation than. humic acids. prep = 
from the complete: parent soil. Fungal sclerotia from ee 
ferent sources yielded green fractions with îdentioal dmax 
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to each other (Fig. 2, d, e, f, g) and to the green fractions 

from complete soil humic acids (Fig. 2). 
he green component of P type humic acids is accord- 
ingly regarded as a possible fungal metabolite. Humic 
cids are known to contain both lignin and flavonoid 
derivatives*-*, and the possible incorporation of fungal 
metabolites has been previously postulated by several 
workers®:?.19, 
_ The green pigment gives a reddish brown precipitate on 
acidification and cannot be separated from the residual 
humie acid fraction by repeated alkali solubilization and 
acid reprecipitation. It is not removed or apparently 
tered. by prolonged hydrolysis with 6 normal hydro- 
ehloric acid. Its relatively easy separation by a physical 
srocess suggests that it is not chemically an intrinsic part 
f the residual brown humic acid material. In this context 
‘may be viewed as a fairly common “co-extracted 
mpurity’’ and its recognition and removal may be an 
mportant requirement in future investigations on humic 
_ acid. Alternatively, the association of the green fraction 
_ with other dark coloured humic complexes, in both sclero- 
tial humic acids and total soil humic acids, may suggest 
_ tts subsequent incorporation into the true “hard core” 
© humic acid unit. 

© We thank Dr. N. A. Burges, Vice-Chancellor at the 
| New University, Coleraine; Dr. E. A. Fitzpatrick, Depart- 
ment of Soil Science, University of Aberdeen; and Dr. O. 
Beckett, Department of Histology, University of Liver- 
: pool, for their help and advice. 
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APPLIED SCIENCE 


Fluid Film Interferometry in Lubrication 
Studies 


_Interreromerry has been used in both surface chemical 
| investigations?! and lubrication studies? to measure the 
_ thickness of thin hydrocarbon films. Until now experi- 
| ments have suffered from the disadvantage of being 
` restricted to films thicker than a quarter of a wave- 

length and this has meant that films of less than about 
900A thick could not be investigated. Fig. 14 shows the 

. general arrangement of the apparatus used by Gohar and 
_. Cameron? in their studies of the elastohydrodynamic 
lubrication of a hard steel ball. Partial reflexion occurred 
at the diamond (or high refractive index glass) to oil 
| interface because of the difference in refractive indices. 
_ Better fringe definition can be obtained by the use of 

optical crown glass (u~ l-5) which has been vacuum 

coated? with a quarter wavelength film of titanium 
dioxide, as is shown in Fig. LB. The interference pattern 
gives a direct measure of the lubricant film contours 
under. diverse conditions. 
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_ The new technique described here makes it possible to 
measure hydrocarbon: films of less than’ ‘a quarter of a 
wavelength thick. Silicon monoxide is vacuum-deposited | 
on to the titanium dioxide reflexion film and then oxidized 
by heating to silica. Immediately after the oxidation 
process is complete, the glass plate is immersed in 
‘Dekalin’ to prevent the adsorption of a surface film, the 
presence of which would introduce errors. 

The film of silicon dioxide causes the first fringe to 
appear when the thickness of the fluid is less than a 
quarter of a wavelength. The fringe radii are related to 
the thickness of the deposited silica for a load-free ball. 
by the equation ee 


R : a 
; -/G (@n=1)0a)~42}) D 


where r is the radius of the nth fringe, R is the radius of 
the ball, n is the fringe number, æ is the depth of silica, 
and 2 is the wavelength of the light used. Ree 

Using equation (1) the thickness of the silica film can 
be determined from the fringe radii. The reasons for 
selecting silica are: (1) it has a refractive index close to 
that of most lubricants; (2) it has a high abrasive resist- 
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Fig. 1. 


ance; (3) its optical absorption is low. It is also possible 
to vacuum-deposit a film of it on to the metal (that: is, 
the ball) surface rather than on to the titanium dioxide » 
film. This gives precisely the same effect. an 
Figs. 2-4 illustrate the fringe migration, with films of 
silica of varying thickness, for a ball viewed in light. 
from a mereury arc. The light is passed through a Wratten 
774A filter and then collimated to give the required 
illumination. Fig. 2 shows the fringe configuration when 
no silica film is present. Figs. 3 and 4 both show fringe. 
pattern with deposited silica. In Fig. 3 the layer of silica 
is 0-19 /y in depth, and in Fig. 4 it is 0-25 A/u. By using: 
the appropriate thickness of deposited silica it is possible: 
to determine fluid film depths of less than one quarter of | 
a wavelength. oe 
The technique would seem to be capable of measuring 
surface films at almost molecular distances. eee 
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Figs. 2-4. (2) No silica film present. (3) Silica present to a depth of 
0-10 A/a. (4) Silica present to a depth of 0-25 Aju, 


We thank A. Pressland for his advice on the preparation 
of vacuum-deposited films, 
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GENERAL 


Megayear and Gigayear: Two Units of 
Geological Time 


For measuring geological time and for indicating the age 
of minerals and rocks before the Quaternary, geologists 
are at present using two time units, namely, one million 
years (10° years) and one ‘‘billion” years (10° years). The 
abbreviations of these units are indeed variable. A check 
of a number of recently published books, monographs, and 
symposium volumes! produced the following expressions 
and abbreviations: million years, millions of years, years 
x 10%, m.y. m.yr., m.yrs., Myr, 10° a, 10% y, 108 yr, 10° 
years; and billion years, b.y., 10° a, 10° y, 10° yr, 10° yrs, 
and 10° years. Such abbreviations are also current in 
meteorite chronology. In German publications’, Mio 
Jahre, and in French works’, MA, M.A., m.a., and mA for 
a million years are customarily used. 

Instead of a “billion” years, the name, seon (or eon), is 
sometimes used, particularly in meteorite chronology*. In 
normal parlance, however, an aeon refers to an immeasur- 
ably long or an indefinite period of time. In addition, it 
haa been proposed that Eon be used as a unit of time 
stratigraphy®. Thus, the Cenozoic Era, the Mesozoic Era, 
and the Palaeozoic Era are combined into a geological 
time unit called the Phanerozoic Eon. 

The purpose of this note is to call the attention of 
geologists to two eminently suitable units of geological 
time, based on the recommendations of the Commission for 
Symbols, Units and Nomenclature (SUN Commission) of 
the International Union of Pure and Applied Physies 
(IUPAP)*. These units are the megayear (Myr = 10° years) 
and the gigayear (Gyr= 10° years), Their names and 
abbreviations follow the style of such well established units 
as the nanosecond, the nanogram, the megaelectronvolt, 
and the gigawatt, which are commonly used in physics and 
in chemistry. The introduction of such unit names has 
probably passed unnoticed by most geologists. The 
names megayear and gigayear are convenient in use, and 
their abbreviations are easy to write and to set in type. 
They are strongly recommended for use in chronostrati- 
graphy and in geochronometry. Perhaps, in radiocarbon 
dating, it would not be impossible to speak of kiloyears 
(kyr= 10% years) instead of thousands of years, when 
Quaternary geologists get used to modern physical nomen- 
clature. 

To conclude: “Nothing is so plentiful as Time’. The 
age of the Earth is about 48 Gyr and the length of Pre- 
Cambrian time is about 3,400 Myr. 


KALERVO RANKAMA 


Institute of Geology and Mineralogy, 
University of Helsinki, 

Helsinki, 

Finland. 
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BOOK REVIEWS 


TALKING ABOUT TIME 


Interdisciplinary Perspective of Time 

Vol. 188; Article 2. Edited by Roland Fischer. Co- 
chairmen, Roland Fischer and Arne Solberger. (A 
Monograph of a conference on Interdtsctplinary Perapec- 
tive of Time, held by the New York Academy of Sciences 
on Jan. 17-20, 1966.) Pp. 367-915. (New York: New 
York Academy of Sciences, 1967.) $12.00. 


A CONFEBRENOS sponsored by the New York Academy of 
Sciences, on interdisciplinary perspectives of time, was 
held in New York a year ago, and the proceedings have 
now been published. ‘This was the first mterdisciphnary 
conference on time, but ıt had a distinctively biological 
flavour. Some of its members formed the International 
Society for the Study of Time with Professor Whitrow 
as its first president. 

Time is claamed by many disciplines as their own. 
Besides sidereal (calendar—-clock) time, based on the 
relative position of the stars with respect to the rotation 
of the Earth as well as cultic and practical considerations, 
there are only two other times: physical and biological. 
It is seldom realized that physical tume is a cerebral 
abstraction whereas biological time is related to the 
perception of macroscopic phenomena. There were two 
variations of each of these main themes represented at the 
conference by those for whom time is subject matter 
and those for whom time is a parameter. 

Among those who regard time as subject matter, there 
is a group, represented by Grinbaum, which maintains 
that there is no time without an organism through which 
past, present and future are subjective experiences. 
According to another variety of the same position, the 
unidirectionality or anisotropy of time is also experiential. 
Beauregard finds support for this view in relativity theory, 
cybernetics and information theory, while, in addition, 
Fischer views space-time equivalence as a recent evolu- 
tionary development. 

In contrast, for Whitrow the objectivity of phenomena, 
which are “not just a peculiarity of the experiencing 
ego”, can be established by the use of a “psychologically 
neutral instrument such as a camera”. It could be argued, 
however, that such an artefact as a camera which simulates 
only a restricted part of the whole visual process, namely, 
that which leads to a retinal image, 1s an unsuitable tool 
for determining the objective or subjective nature of a 
phenomenon. How would it be possible, otherwise, that 
it takes many years for formerly blind people to learn to 
see, that is to distinguish a man from a tree (v. Senden) 
or that a “correct”, that is learned, vision of the world 
occurs in healthy people after a few hours in spite of 
wearing strongly distorting spectacles (I. Kohler). 

For Stroud, physical time is an inferred system based on 
the content of awarenesa, while Efron presents evidence 
that it takes 60 msec of neural processing for the presenta- 
tion of a light flash lasting 1-20 msec which persists in 
our consciousness now, that is for 120 msec after the 
original stimulus. We believe that our taking 60 msec 
samples of the visual world has already been indirectly 
suggested by Wertheimer, who, in 1912, arranged with a 
tachistoscope for a single discrete displacement of a 
simple geometrical figure; when the time interval between 
presentations was more than 200 msec succession was 
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perceived, while with intervals of less than 30 msec 
simultaneity was perceived. In between successivity 
and simultaneity, movement was observed with the 
optimal interval of 60 msec. 

Time of organismic ageing was dealt with at the 
conference on different levels of complexity. Goodwin 
described the time dependent properties of inter-connect- 
ing pathways of metabolism in mathematical terms and is 
able to predict the oscillatory nature of the various macro- 
molecules to be synthesized in terms of concentration. 
A model capable of generation and maintenance of non- 
linear oscillations in the concentrations of the inter- 
mediate metabolites was then described by Gander. 
suggesting that the kinetic parameters of allosteric 
enzymes dictate the oscillatory parameters of the system. 
Any factor, therefore, which leads to the synthesis of 
aberrant allosteric enzymes results in a decrease in the 
non-linear oscillatory character of the system. Thus, 
Gander postulated that ageing may result from the 
accumulation of aberrant allosteric enzymes. Sacher 
brought forth the fundamental complementarity between. 
success processes such as completion of normal growth 
and failure processes such as developmental anomaly 
or death and proposed as a basis for this relationship 
a statistical theory of mortality and metabolic error. 

The conceptual construct of “time” is, according to 
H. v. Foerster, just a byproduct of our memory, a tertium 
comparatum to indicate synchrony of events belonging 
to two or more spatially separated sequences. We may 
add that it takes time for this byproduct to develop both 
phylogenetically and ontogenetically (Piaget) because 
spatialization is primary—we recall the panoramie vision 
of fish—-whereas the recognition of rate of change comes 
later—fore-sight through man’s frontal eyes. 

Von Schelling assumed the interdependence of space 
and time and described a mathematical generalization 
for a perceptual theory of relativity. It follows from this 
that man’s biological clock is essentially logarithmic, the 
existence of a finite separate region between past and 
future and ‘‘the total admissible experience congealing 
momentarily inside . . . (a) perceptual sphere”. 

Euclidean survival space-time of our environment is 
but the space-time of decision and action of self-organizing 
living systems. The synchronizing of space-times is 
data design and data processing, or biological time, that 
is the inseparable meaning of systems and their environ- 
ment. 

Marsta A. Roorey 


ANIMAL ACTIVITIES 


Play, Exploration and Territory in Mammals 

Edited by P. A. Jewell and Caroline Loizos. (Symposia 
of the Zoological Society of London, No. 18.) Pp. xiti+ 
280. (London: Academic Press, Inc. (London), Ltd.; 
New York: Academic Press, Inc., 1966. Published for 
the Zoological Society of London.) 70s. 


Tus more the behaviour of the higher animals is studied 
in natural or semi-natural conditions, the more clear it 
becomes that the drive to explore the environment and 
to acquire knowledge of, and delimit, a home range or 
territory ia one of the most fundamental aspects of the 
behaviour. Besides being closely related to territory 
formation, exploratory activity obviously has much to do 
with what is generally supposed to be “play”. It was, 
therefore, a happy decision to organize a symposium on 
Play, Exploration and Territory in Mammals, and a 
number of very interesting points are brought out as 
& result of bringing these studies together in a single 
volume. 

For obvious reasons, moat of the careful work that has 
been accomplished on the subject of animal play in the 
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past has dealt with those in captivity. As a result it has 
sometimes been assumed that play is particularly evident 
in captive animals simply because they are living an easy 
and rather restricted life where their daily physiological 
wants are satisfied, and they are, in fact, “bored”. Having 
nothing to do they therefore play. In fact, the evidence 
does not support this conclusion and 1t seems quite prob- 
able that, with regard to social mammals, play in the 
wild is often aa common as it 1s in captivity—except, of 
course, that in the wild pressures of maintenance of the 
self and the group may result in there being less time 
for actions not immediately directed to food gathering or 
defence. The book comprises fifteen contributions of 
somewhat varying size and merit, but each making points 
of importance and interest. The carnivores, in this case 
lions and polecats, provide the most interesting subjects 
dealt with from the point of view of play. In regard to 
home range and territory, the net is cast somewhat more 
widely and there are valuable chapters dealing with small 
mammals in general, carnivores in particular, with 
special studies on, for example, the Canidae, Soay sheep, 
red deer and grey squirrel. There is only one chapter 
dealing with a primate, that by Dr. J. H. Crook on the 
Gelada baboon (Theropithecus gelada}—a fact which 
points to the great need for more extensive studies of 
primate behaviour in normal conditions in the wild. 
W. H. Torre 


ANIMAL POPULATIONS 


Ecological Methods with Particular Reference to the 
Study of Insect Populations 

By T. R. E. Southwood. Pp. xvii+391. 

Methuen and Company, Ltd., 1966.) 75s. net. 


Ts book, published at a time when many of the species 
in the world today are being subjected to entirely new 
lines of selective pressures because of the impact of man, 
comes at an opportune moment. It presents the literature 
on the available methods of assessing population sizes of 
animals (with the exception of microscopic invertebrates). 
The emphasis is particularly on the population dynamics 
of insects. 

Eoologista have for years had to contend with too many 
conflicting theories and too few methods of testing them. 
“More light and less heat” has been advocated and this 
book presents a “light”. All field and laboratory experi- 
mente must be subjected to analyses, and the success or 
failure of a theory depends on a correct design of experi- 
mentation. 

Here, in fourteen chapters, such approaches are de- 
scribed. Sampling methods, dispersion, and a multi- 
plicity of trap designs and statistical analyses are dis- 
cussed, and an excellent bibliography is given at the end 
of each chapter. The mathematical formulae do not, 
however, detract from the theme of the text and are kept 
to an essential minimum. 

This book is an important contribution in that the 
author has attempted to bring together imformation 
which previously has been spread widely throughout 
zoological and botanical literature. There are certain 
surprising omissions, however. I can find no reference 
to polymorphic species, studies of which have contributed 
to population analyses, and it is strange that in the 
author index there ıs no mention of J. B. 8. Haldane, 
whose methods of analysing ecological problems pioneered 
the way to many present day techniques. 

The printers are to be congratulated on producing 
diagrams which are always clear and at times vivid. The 
majority of biologists will need access to this book, if 
only for reference to methods devised by others outside 
their own specializations. It should fill a much needed 
requirement in many lines of research. 

H. B. D. KØTTLEWELL 


(London: 
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JOURNALS PROLIFERATE 


The Journal of General Virology 

Vol. 1, Part 1 (January 1967). Edited by Colin 
Kaplan and Peter Wildy. Pp. 1-141. Subscription 
rate: 110s.; $19.50 (U.8.A.), post free, per annum 
for one volume (4 parts). Separate parts: 37s. 6d.; 
$6.50 (U.S.A). (London: Cambridge University Presa, 
1967.) 


GLAMOROUS corners of science are peculiarly vulnerable 
to the literature explosion. Virology acquired its name and 
status, together with ite first specialized journal, only 
twenty years ago. Now the Journal of General Micro- 
biology has undergone binary fission, to form the Journal 
of General Virology and ıts bacteriological counterpart, 
while its opposite number in the United States, the 
Journal of Bacteriology, has just budded off the Journal 
of Virology; we wait now for “Virological Reviews’’. 
With a youngster as sturdy as virology it is not long 
before he aspires to national status, so 1t can only be a 
matter of time before we shall be expected to read the 
“American Journal of Virology” and “British Viral 
Abstracts”. 

None of this means that such new journals as the 
Journal of General Virology are unnecessary or its con- 
tents of inferior quality to other learned periodicals. 
Indeed, when a learned body such as the Society for 
General Microbiology contemplates a new publication, | 
it must consider carefully whether the present importance 
of the field chosen warrants such a production, and 
whether there is likely to be a flow of papers of sufficient 
merit to sustam the standard set by an inevitably star- 
spangled first issue. To the carping critic this suggests 
that a new journal should be judged by its second, not 
its first, issue, although the reputation of the editors and 
the calibre of the editorial board are usually a guarantee 
of continued excellence. One cannot fault the Journal 
of General Virology on either ground. The contents of this 
first issue, dealing with fundamental aspects of the be- 
haviour of bacteriophages, animal and plant viruses, 
reflects so high a standard as to make criticism super- 
fluous. Furthermore, this publication, and others like it, 
fulfils another excellent function. By concentrating in one 
place reports which would otherwise be widely scattered 
through the literature, it enables the conscientious 
virologist to read more papers in fewer places, and so to 
cover the literature with more pleasure and less frustra- 
tion. 

But the continued proliferation of the literature of 
science, whether it be virology or nuclear physics, must 
give cause for alarm. Everyone likes to see his work in 
print, and, because there are always more scientists, there 
must be inevitably more journals. Parkinson’s law applies 
to science as well as to administration, so that papers 
multiply to fill the journals available for their publication. 
The fault hes not with the rank and file eager to publish, 
nor with publishers ready to present their work, and the 
remedy is not censorship. When reputation, travel, and 
even livelihood can depend on publication, it is unkind 
to submit a young man’s work to referees who, hounded 
by those anxious to stem the torrent of technical informa- 
tion, may become increasingly arbitrary and malicious. 
Anyway, to allow an orthodox clique to veto publication 
in any one field would be to strangle science itself. A 
better way would be for grant-giving bodies and appoint- 
ment boards no longer to use quantity of publications as a 
yardstick of excellence. At the same time editors might 
insist that authors present their data with the maximum 
clarity in the minimum of space. This might mean the end, 
unmourned, of the classical ‘‘paper’’, with its introduction, 
methods, results and discugsion. Minor losses would be 
those endless qualifying clauses, and the ponderous sen- 
tence structure, poised teutonically on its final verb. 
The gain might be literacy. F. Kinastmy SANDERS 
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LEARNING AND RETARDATION 


International Review of Research in Mental Retardation, 
Vol. 2 

Edited by Norman R. Elis. Pp. xiii+366. (New York: 

Academic Press, Inc.; London: Academic Press, Ino. 

(London), Ltd., 1966.) 92s. 


Tmas is the second volume to be published under the above 
title, and others are promised. The purpose of the series 
is to provide a reference source to present research and 
-thinking, and to stimulate further investigations. 

No attempt 1s made to present a complete review of all 
types of research into all aspecte of retardation in each 
volume, which would be extremely difficult if not im- 
possible. In the present volume emphasis is placed on 
psychological researches into the mechanisms of learning 
in retardates. Six of the book’s ten sections deal with this 
subject, and all these originate from centres in the United 
States, indicating their intense activity in this direction. 
International flavour is given to the book by the addition 
of two sections which present a broad review of research 
in Norway and France respectively. The remaining two 
sections review studies of the relationship between tho 
autonomic nervous system and behaviour, and psycho- 
therapeutic procedures. 

Each section is complete in itself, is well written and 
documented, and there is little scope for criticiam. The 
_ book as a whole, however, is fragmentary. The reader 
who expects to gain a wide perspective of research in 
mental retardation will be disappomted. It would be 
helpful for the main emphasis of the volume to be indi- 
cated in a sub-title. Psychologists e in research on 
- learning in retarded children will wish to have this volume 
close at hand, but most other workers will prefer to see it 
on library shelves for their occasional reference and to 
retain the high price of 92s. in their own pockets. 

K. S. Hort 


CANCER RESEARCH 


The Thymus 

Its Role in Immune Responses, Leukaemia Development 
and Carcinogenesis. By Donald Metcalf. (Recent 
Resulte in Cancer Research, Vol. 5.) Pp. xii+144. 
(Berlin and New York : Springer-Verlag, 1966.) 24 D.M. 


Immunological Aspects of Viral Oncolysis 

By Jean Lindenmann and Paul A. Klein. (Recent 
Results in Cancer Research, Vol. 9.) Pp. viii+ 86. 
(Berlin and New York: Springer-Verlag, 1967.) 18 
D.M. ; $4.50. 


New Trends In the Treatment of Cancer 

Edited by L. Manuila, 8. Moles and P. Rentchnick. Pp. 
xiv+206. (Berlin and New York: Springer-Verlag, 
1967.) 32 D.M. 


THe above series of reviews is sponsored by the ‘‘Swiss 
League against Cancer’, the aim being to present brief 
summaries of recent developments in cancer research. 
. The monograph on the thymus is a simplified account of 
the present status of our knowledge concerning this 
organ. The author is an expert on mouse leukaemia, 
and was the first to demonstrate the relationship between 
the thymus and murine leukaemia. The monograph 
contains much information, partly derived from the 
author’s own experiments, and partly collected from 
extensive lists of reporta. The role of the thymus in the 
immune response, and the possible mechanism by which 
control ıs exercised, is discussed competently and clearly. 
A stimulating chapter deals with the implication of the 
thymus m the development of cancer. The ents 
marshalled by the author will convince the reader that the 
thymus, fer from being a vestigial organ without function, 
is involved in the body’s defence system against infection 
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and cancer. Animal experiments seem to provide the 
evidence. This monograph will be valuable help to those 
who wish to enter into the expandıng field of tumour 
immunology. 

The second volume being reviewed deals with viral 
oncolysis, another topic closely associated with the 
problem of host—tumour relationship. It centres around 
the interesting phenomenon of tumour cell destruction by 
viruses, in which the host defence mechanism has been 
stimulated indirectly. The authors show that mice, 
which are genetically resistant to myxoviruses, can be 
cured of non-specific transplantable tumours by means of 
tumour-adopted strains of influenza virus. The book has 
some interesting chapters, in which the authors attempt to 
answer the question: Why can tumours, which are anti- 
genetically different from their host, grow, and what is the 
nature of host resistance ? It seems that humoral anti- 
bodies, which are not directed against known histo- 
compatibility antigens, play a major part in this immune 
reaction. 

The third volume contains reviews, written by experts 
in tumour chemotherapy, radiotherapy and surgery. 
These contributions contain, besides many technical 
details, discussions on general principles. This volume 
ig written for practising physicians, who are the first to 
be called on to diagnose cancer and to choose the method 
of treatment. The books are well produced, references 
well up to date and the illustrations are informative; 
they will be useful to many workers in the fleld of cancer. 

P. C. KOLLER 


FISH OF CLAY 


Faune Ichthyologique du London Clay 
By Edgard Casier. Appendice: Otolithes dea Poissons du 
London Clay par Frederick Charles Stinton. Pp. xiv+ 496. 
Atlas: 68 plates. (London: British Museum (Natural 
History), 1966.) 600s. the two volumes. 


THE appearance of Casier’s long awaited work on the 
Eocene fishes of the London Clay marks what is probably 
the end of an era of classical descriptive palaecichthyology. 
By any standards it ranks as a useful addition to the 
literature, filling as ıt does a major gap in our knowledge 
of early Tertiary fish faunas. In addition the volume 
imoludes an appendix by Stinton on the otoliths found in 
the same rocks. 

Casier gives descriptions of 124 species belonging to 
seventy-six genera, of which forty-one species and twenty- 
one genera are new. It is evident that the fauna represen- 
ted 1s far more varied than that now found in the Channel 
and the North Sea. There are thirty-four species of elas- 
mobranch with only a few holocephalans and, in the main, 
the cartilaginous fishes are similar to contemporary forms, 
emphasizing that the modern shark faunas were already 
established by the Eocene. This is in striking contrast to 
the bony fish. Fifty-two out of fifty-eight genera, based 
on skulls, are extinct, but only five out of twenty-eight 
families of teleosts have suffered extinction. A sturgeon 
18 present and three pycnodont species representing the 
last of this once important holostean group. An Amta-like 
species also occurs. In the material described by Casier, 
only five living teleostean genera are represented, suggest- 
ing that at this period the evolution of the modern teleosts 
was at an early stage. Because only five of the twenty- 
eight families listed are extinct, the mai lines of the 
teleost radiation were clearly already established. 

From his study, Casier concludes that the majority of 
the fish were neritic but with a considerable proportion of 
bathypelagic forms. Most of the London Clay fish were 
fish-eatersa, but about 22 per cent of them fed on shellfish. 
More than 60 per cent of the fauna was characteristic of 
tropical and sub-tropical seas, therefore Casier suggests 
that the small proportion of cold water forms present must 
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have inhabited deeper waters. The essentially neritic 
fauna does include some littoral and pelagic types as well 
as benthonic forms such as skates and rays. These con- 
clusions appear to be based only on the extant genera 
represented in the fauna, and, while this is undoubtedly a 
legitimate approach, ıt does overemphasize the signifi- 
cance of the elasmobranchs. In fact members of the 
followmg families sre also well represented: bream 
(Sparidae); mackerel (Scombridae); wrasse (Lambridae); 
hake (Merluccidac); and swordfish (Xiphiidae). Apart 
from the swordfish, which is only rarely found in British 
waters, these fishes are not unusual in temperate lati- 
tudes today. 

Casier’s conclusions on habitat and climate contrast 
strikingly with those of Stinton, based on the otoliths, 
which suggest a fauna comparable to that now occurring 
between 40° and 60° south and comprising fish from 
deeper waters. Perhaps this discrepancy would be 
reduced if Casier’s terms of reference were to be extended. 
to family level and include forms with no living genera. 
If this is done an acceptable compromise of sub-tropical 
to warm temperate climate results and the disparity in 
the authors’ conclusions is thereby minimized. 

The data given by Casier are markedly at variance with 
those supphed by Stinton, but no explanation can be 
gleaned from the information in the monograph. Dr. E. I. 
White, ın his preface, draws attention to this tantahzing 
aspect of the volume. As he states “the two lists prepared 
by Dr. Casier and Mr. Stinton, instead of supporting and 
complementing one another, are almost completely 
mutually exclusive, only two genera out of one hundred 
and twenty, and one species out of one hundred and 
thirty-seven, appearing m both lists”. This species, 
Ampheristus toliapicus, is the only one of which a speci- 
men with the otoliths in site ia known but has been 
assigned to a different family by Stinton and by Casier. 
Furthermore, fifty-two of fifty-eight genera based on skulls 
are extinct while sixty of the sixty-two genera identifled 
from otoliths are extant. Of the fifty-sxx families listed only 
eleven occur in both authors’ lists. White has advanced a 
possible explanation for this strange state of affairs. He 
has suggested that if the skulls are sufficiently massive not 
to disintegrate they will retain their otoliths, but if fragile 
the otoliths will be released and the individual bones 
broken up and swept away. This attractive theory could, 
one might imagine, be tested by suitable preparation of 
some of the skull material, which, again according to 
White, is “capable of yielding, with skilled preparation, a 
fund of information. . 

A few of the differences may well be a result of the 
classifications employed by the two authors; for example, 
among the alupeoids one author lists Albulidae, the other 
Pterothrissidae, when the latter is a synonym of the 
former. On the subject of the classifications employed, 
although they appear to be essentially those of Regan, it 
would have been helpful if the same classification had been 
used throughout. Indeed one would have liked to have 
seen a rather more up-to-date systema utilized. Compari- 
sons are made more difficult by Stinton’s listing of 
synonyms as separate families. Furthermore, it is surpris- 
ing in a work of this nature for the diagnoses of new species 
to be omitted. Casier generally, but by no means always, 
gives diagnoses of new genera and where there is only one 
species in the genus this is sufficient. But where there are 
more than one species a simple generic diagnosis is not 
enough. In fact there are nearly thirty new species 
without diagnoses, with consequent prejudice to their 
validity. The listing of paratypes is unnecessary and is 
contrary to established practice. 

In view of the high cost of this work, some comment is 
required on the illustrations. The plates can only be 
described as disappointing. The impression gained is that 
the specimens do not easily lend themselves to photo- 
graphy. If this is so it is a pity that there were not more 
of the excellent text figures. Unfortunately the otoliths, 
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which can undoubtedly be satisfactorily photographed, 
are shown only as diagrams. 

Perhaps in view of the comprehensive coverage of the 
subject given in this large volume, it is a little unfair to be 
too critical. This monograph is certainly a landmark; it is 
refreshing to find a work of this nature which does not 
purport to be the last word on the subject. All too fre- 
quently the appearance of an authoritative monograph 
results in a lengthy hiatus in research, because it is 
generally felt that there is unlikely to be much left for 
further study. In this instance we have a welcome 
change in that problems are revealed which were prev- 
iously quite unsuspected. There can be little doubt that 
one of the important consequences of the publication of 

this monograph will be the stimulation of further research 
into the fauna of the London ey. 
. B. HALSTEAD Taro 


IRRADIATED RABBITS 


The Toxicology of Radioactive Substances 

Vol. 3: Iron-59. Edited by A. A. Letavet and E. B. 
Kurlyandskaya. ‘Translated by R. E. Travers. Pp. 
v +190. (Oxford, London and New York: Pergamon Press, 
Ltd., 1967.) 558. net. 


Tam prosent volume, first published in Moscow in 1962, 
comprises fifteen investigations on the radiotoxicology of 
iron-59 in rabbits and rats by ten authors. The main 
thesis of the investigations is that “body reaction to 
internal administration of small quantities of radioactive 
substances depends to a considerable extent on the 
physicochemical properties of these substances and on 
the means of administration”. 

Two main series of experiments were made, in the first 
of which iron was administered orally to rabbits at a 
dose rate of 1 pe. of ferric chloride/kg of body weight, 
and in the second at a dose rate ten times greater. These 
dose rates are assessed as ten and a hundred times the 
international maximum permissible concentration for 
iron-59 in water (6 x 107 «fl. IC.R.P. IL in Health 
Phystos, 3, 46; 1960). The reason for this is obscure, 
aye as the latter is quoted as 4 x 10-* o.fl. in the 


The same obscurity surrounds the assessment of the 
total radiation dose rate (B + y) to tissue. For animals 
receiving 10 yc./day the total dose rate to liver is quoted 
as 1-35 rads/day while the 8 dose was assessed as only 
0-38 rads | 

While the basic concéption of the experiments was no 
doubt admirable and the planning most comprehensive, 
the conclusions do not appear to be justified from the 
observations. G. E. HARRISON 


SCANNING LITERATURE 


Microwave Scanning Antennas 

Edited by R. C. Hansen. Vol. 2: Array Theory and 
Practice. Pp. xv+400. 124s. Vol. 3: Array Systems. 
Pp. xvi+ 422. 132s. (New York: Academico Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1966.) 


Tux subject of microwave antennas has developed 
progressively since the Second World War with undoubt- 
edly the largest contributions commg from the United 
States. Dr. Hansen has been closely associated with 
companies responsible for many of these developments 
and ıt is particularly appropriate that the three volumes 
should appear under his editorship. Hitherto texte on 
antennas have treated scanning in a superficial manner— 
here is a classic work of reference to which fourteen 


i 
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authors have contributed. Inevitably the chapters 
represent individual views and the reader must integrate 
for himself, in order to arrive at a collective appraisal. 

Volume 2 contains a chapter on the theory of antenna 
arrays by R. 8. Elliott, which will be mentioned again 
later ; the remaining 330 pages are devoted to the elements 
of the array and problems of mutual coupling. These 
three chapters are the work of A. A. Oliner and R. G. 
Malech, the first of which contains a comprehensive 
review of the properties of elements such as slots, horns, 
dipoles and spiral antennas, with a description of their 
individual mode of operation and the influence of mutual 
coupling. The theory is particularly clear, and in this 
respect Oliner is able to draw on many years of experience 
in solving problems in this field. His co-author brings 
considerable practical experience to bear, and many 
Ulustrations and results, as elsewhere in the volumes, 
come from industrial and government reports. This is 
possibly one of the most important features of the entire 
work, for the prime motivation for research and develop- 
ment on antenna scanning has been, and still is, military 
radar. The treatment of mutual coupling is divided be- 
tween two chapters; one on infinite arrays, the other on 
finite arrays, the approach being to consider the infinite 
array and then account for edge effects caused by the 
finiteness of the array. The discussion of the theory is 
presented in considerable detail and in a manner particu- 
larly valuable to research workers seeking a fundamental 
understanding of the subject. From a practical stand- 
point, the final chapter will be of special value and 
included are recently suggested techniques for compen- 
sating mutual coupling on scan. Those considered include 
exterior modifications to the array and feed compensation. 
The first chapter on array theory, which in some ways 
is more relevant to Volume 3, gives a comprehensive 
account of linear arrays and pattern synthesis; planar 
arrays and volume arrays are briefly mentioned. Final 
consideration is given to the recent development of non- 
uniformly spaced arrays. 

In Volume 3 the implementation of scanning 18 treated. 
In the first chapter W. H. Kummer considers the way 
in which a microwave array antenna can be fed, and 
techniques for providing phase-scan are described. These 
include electromechanical and electronic methods. Most 
of the latter section is given over to ferrite and diode 
phase-shifters, which is appropriate, but, as is inevitable, 
the reader will be conscious of the fact that no material 
more recent than 1964 18 included. The second chapter, 
on frequency scanning, is by N. A. Begovitch of Hughes, 
@ company which has pioneered many developments 
in the field. The theoretical treatment is thorough and the 
problem of short pulses is usefully discussed. The most 
recent reference given is dated 1963 and most are earlier 
than 1962. This is perhaps only unfortunate in that 
independent British work is not documented and the 
dearth of other than United States references in certain 
chapters is a point for the reader to bear in mind. J. L. 
Butler provides a chapter on digital, matrix and inter- 
mediate frequency scanning. The suthor is well known 
for his own contribution to this field and the chapter 
includes an account of the so-called Butler matrix. There 
are copious references which, in places, the uninformed 
reader will have to consult. R. W. Bickmore introduces 
the concept of an antenna system posseasing one or more 
time dependent parameters. The theory of the time- 
domain principle is developed and concepts such as modu- 
lation “tagged” multiple beams and synthetic aperture 
are explained. Practical examples are discussed and a 
Hughes system is explained in some detail. The concluding 
chapter by D. L. Margerum is concerned with self-phased 
or adaptive arrays in which each element is phased, based 
on the information obtained from signals received. A 
critical appraisal of the self-phased array is given and 
theory and applications are described. The retrodirective 
array is discussed with particular reference to that pro- 
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posed by Van Atta, and problems associated with self- 
phased radar arrays are considered. 

The volumes will be welcomed by those engaged in 
research and development on radar inertialess scanning 
systems. Others engaged in antenna studies will find them 
valuable works of reference. Certain chapters can be 
recommended to postgraduate students following courses 
in antenna theory and practice. In conclusion, it seems 
probable that, in time, the volumes will become as 
familiar to radar antenna engineers as Silver's M.I.T. 12. 

P. J. B. CLARBIOOATS 


USES FOR POWDER 


Modern Developments in Powder Metallurgy 

Edited by Henry H. Hausner. (Proceedings of the 1965 
International Powder Metallurgy Conference.) Vol. 1: 
Fundamentals and Methods. Pp. xiv +398. Vol. 2: 
Applications. Pp. xii+350. Vol. 3: Development and 
Future Prospects. Pp. xii+275. (New York: Plenum 
Press, 1966.) $80 the set. 


Any book with the title of the type Recent Advances in... 
brings to mind the picture of an editor with a series of 
contributions from well-known authorities that have to 
be made into a coherent whole. There are added problems 
in books of this kind, in that the contributor often does 
not produce quite what the editor would wish, and also 
that, being specialists, the authors tend to bias their 
writing to their own particular activity, with the result 
that a series of articles is produced, rather than a book 
with a unified theme or treatment running through it. 

These observations are true of Modern Developments in 
Powder Metallurgy. In the three volumes there are some 
sixty-two papers which cover practically every aspect of 
the subject, from the production of powder to a con- 
sideration of future developments, and in these papers 
reference is made to the majority of metals and methods 
in present day use. The tone of the papers is not uniform, 
as some may be stated to be phenomenological, others 
technological, while some have a strong mathematical 
bias. 

Volume 1 is entitled Fundamentals and Methods and is 
broadly sub-divided into sections dealing with the pro- 
duction of powders, powder testing, consolidation and 
sintering. The title of Volume 2, Applications, is some- 
what misleading, for it implies that consideration should 
be given to the use of products made by powder metal- 
lurgy, whereas most of the papers are concerned with 
what might be termed “‘the metallurgy of powder metal- 
lurgy’’. There are papers on, for example, the activated 
sintering of iron powder, the mechanisms of plastic 
deformation of SAP type alloys and a most interesting 
comparison between the properties of nickel-base creep- 
resisting alloy made by powder metallurgy, with a similar 
alloy made by conventional methods. It is probably in 
the final volume that most reference to applications is 
found, when the contributions refer to nuclear applica- 
tions and the use of some specialized products of powder 
metallurgy, in addition to thoughts on the present position 
and future trends of the industry. 

The overall title of these volumes is accurate, and they 
will be valuable to those who possess a background 
knowledge in the subject. In spite of the fact that, in a 
number of cases, the photomicrographs have suffered in 
reproduction, that the legends on a number of the figures 
are hard to read and that some expressions used are 
unusual, the objective stated by the editor in the intro- 
duction to Volume 1, that “the most important role of 
the content of the volume is to stimulate new ideas for 
further development in powder metallurgy’’, does apply to 
all three volumes, and they will be of great value to all 
who are interested in powder motallurgy. 

B. L. DANIELL 
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University News: Herlot-Watt 


Mn. W. L. Baru, reader and deputy head of the Depart- 
ment of Mechanical Engineering, has been appointed to 
the newly established chair of applied mechanics in the 
department. 

Massachusetts Institute of Technology 


Tux following appointments to professorships have been 
made: Peter Griffith and Ernest Rabinowicz (mechanical 
engineering); Robert L. Kyhl, Robert G. Gallager and 
Paul E. Gray (electrical engineering); Henry W. Kendall, 
Stanislaw Olbert, Lawrence Rosenson and Jerome I. 
Friedman (physics); Gene M. Brown and Eugene Bell 
(biology); Prescott D. Crout, George P. Wadsworth and 
Francis Hildebrand (mathematics); Patrick Leehey (naval 
architecture and marine engineering); Theodore R. 
Madden (geology and geophysics). 


Appointments 


Dr. Lews SLAOK, assistant executive secretary of the 
Division of Physical Sciences of the U.8. National 
Academy of Sciences in Washington, D.C., has been 
appointed associate director of the American Institute of 
Physics. 


Announcements 


Tue following have been elected foreign members of the 
Royal Society: Prorrsson M. DELBRÜCK, professor of 
biology in the California Institute of Technology, Pasa- 
dena; Dr. J. F. ENDEBS, chief of research in the Division 
of Infectious Diseases, Children’s Medical Center, Boston; 
Prorussorn R. 8. MULLIKEN, Ernest De Witt distinguished 
service professor in the Department of Physics, University 
of Chicago; Prorzsson J. H. Van Vuzox, Hollis pro- 
fessor of mathematica and natural philosophy, Harvard 
University, Cambridge. 


Tue Royal Geographical Society has made the following 
awards for 1967: Founder’s Medal to Claudio and Orlando 
Vilas Boas of the National Park of Xingu, Brazil, for 
contributions to exploration and development in Mato 
Grosso, west central Brazil; Patron’s Medal to Professor 
E. Imhof, formerly professor of cartography and topo- 
graphy in the Federal Institute of Technology, Zurich, for 
contributions to cartography; Victoria Medal to ©. W. 
Phillips, formorly of the Archaeology Office, Ordnance 
Survey, for contributions to the topography and mapping 
of Early Britain; Cherry Kearton Medal and Award to 
Dr. Peter M. Scott for services to natural history; 
Murchison Grant to Professor E. W. Gilbert of the Univer- 
sity of Oxford, for contributions to urban geography and 
the history of geography; Back Grant to Professor 8. 
Thorarinsson of the National Museum, Reykjavik, Iceland, 
for contributions to voleanology; Peek Grant to Dr. A. 8. 
Laughton of the National Institute of Oceanography, for 
investigations of the sea floor of the Atlantic and Indian 
Oceans; Gill Memorial to R. J. Chorley of the University 
of Cambridge, for contributions to physical geography and 
quantitative studies; Ness Award to P. Opie-Smith of 
the Directorate of Overseas Surveys, for geodetic surveys 
in the Solomon Islands. 


Tus Charles Doolittle Walcott Medal of the U.S. National 
Academy of Sciences has been awarded to Prof. Allison 
R. Palmer, professor of palaeontology at the State 
University of New York at Stony Brook, in recognition 
of his work in the field of Cambrian geology and palagon- 
tology. 

Taw Gibbs Brothers Medal of the U.S. National Academy 
of Sciences has been awarded to Professor A. A. H. Keil, 
head of the Department of Naval Architecture and Marme 
Engineering at the Massachusetts Institute of Tech- 
nology, in recognition of his work in the physica of 
underwater explosions and their effect on ship structures. 
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Prorsssor G. C. Wiox, professor of physics at Columbia 
University, has been awarded the Dannie Heineman Prize 
for Mathematical Physics in recognition of his contribu- 
tions to quantum field theory, for his investigation of the 
theory of scattering of particles with spin, and his analysis 
of the symmetry principles in physics. 

Prorsssor RopErt W. Horey, professor of biochemistry 
at the New York State College of Agriculture, Cornell 
University, has been awarded the United States Steel 
Foundation Award in recognition of his work in molecular 
biology and particularly for identifying each link in the 
chain of nucleotides that form the alanine-transfer RNA 
of yeast. 

Dr. Vern O. Eyupsen, chancellor emeritus of the 
University of California at Los Angeles, has been awarded 
the 1967 Gold Medal of the Acoustical Society of America 
in recognition of his research into the propagation of 
acoustical waves through air and through the sea. 

AT a meeting of the Primate Group on April 22, held at 
the Zoological Society, London, it was agreed that the 
group should be reconstituted and a Primate Society 
formed. Dr. J. Napier, of the Royal Free Hospital School 
of Medicine, was elected president, Dr. R. P. Michael, of 
the Institute of Psychiatry, was elected secretary, and Dr. 
Richard Andrew, of the University of Sussex, was elected 
treasurer of the new society. Further information can be 
obtained from Dr. Richard P. Michael, Secretary, Primate 
Society, Primate Research Centre, Bethlem Royal Hos- 
pital, Monks Orchard Road, Beckenham, Kent. 


Tux U.8. National Academy of Sciences will conduct a 
study during the next two summers to determine how 
orbiting satellites can best be used for practical benefita 
on earth. 


Meetings 


Fest Gregynog Natural Products Symposium on Chemis- 
try and Biosynthesis of Antibiotics, May 19-22, Gregynog, 
Newtown, Montgomeryshire (Professor ©. H. Hassall, 
Department of Chemistry, University College, Swansea). 


Nuvra International Instrument Show, May 22-26, 
Grosvenor House, London (The Organizer, Ninth Inter- 
national Instrument Show, Grosvenor House, Park Lane, 
London, W.1). 


Design and Function of Laboratory Animal Houses, 
May 23-24, Zoological Society of London (John Seamer, 
Laboratory Animal Science Association, Microbiological 
Research Establishment, Porton, Salisbury, Wilts.). 


Inreaor of Technical Change on Rural Work, June 6-7, 
The Ministry of Overseas Development, London, 8.W.1 
(The Secretary, Institute of Rural Life at Home and 
Overseas, 27 Northumberland Road, New Barnet, Herts.). 


Leorurgs on Mechanios of Fibrous Structures, July 3-7, 
University of Manchester Institute of Science and Tech- 
nology (The Registrar, The University of Manchester 
Institute of Science and Technology, Sackville Street, 
Manchester 1). 


Erratum. In the note entitled ‘““Darwin’s Notebooks” 
which appeared in Nature, 214, 121; 1967, the price of 
the publication Darwin’s Notebooks on Transmutation of 
Spectes, Part VI should have been £1. 


Erratum. In a note on scientific expenditure in New 
Zealand (Nature, 213, 958; 1967) the expenditure of the 
Department of Scientific and Industrial Research for 
1965-66 was given as £1:7 million. This, in fact, 1a the 
total amount spent on salaries ın that year. Total ex- 
penditure amounted to £3-5 million. The total of £6 
million said to represent total expenditure by the New 
Zealand Government on scientific research did not 
include grants of £0-8 million to other organization. 
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FORTHCOMING EVENTS 
‘ (Meetings marked with an asterisk are open to the public) 


Monday, May 8 


ROYAL TAOTORRAPHIG BOOTY OF GREAT BRITAIN (at the Atomic „Energy 
Research E stabliahinent, Harwell, „Dıdoot, Beorks)}—Conference on Radio- 
tsotopes in Photographic Research”, 


ROYAL A egestas Soorgery {at 1 Kensington Gore, London, §.W.7), at 
5 Bg tees: . Burd: “Seaports and the Buropean Economico Com- 
m 


OOLETY FOR THE HISTORY OF BONNEN 


BuITIBH 8 at the Science Museum, 
Exhibition EEN South Kensington, London, 8. 


7), at 5. i p.m.-—Dr. 


n Debus: ‘The Paracelslans and the Selentific Renaissance’ 
oA Hd peer ENGIVERRS (at the Royal koronankal 
n 


lace, London, W.1), at 6 p.m.—Discussion Moeting on 
Bleotiics Too Complicated p opened by Mr. H. Zeffort, 


Monday, May 8—Wednesday, May 10 


INSTITUTA OF Puysios and the Puystosn Soomry (at the Institution of 
ones ait Bavoy Place, London, W.0.2 nd Conference on 
10 on”. 


Tuesday, May 9 


GHOLOGIOAL BOORTY, ENGINEREMNG Group (at Burl 
dilly, London, W.1), at 8.80 p.m.—Annual General Mee 
meeting on “Some Aipeos. or ound: Water”. 


ZOOLOGICAL BOOCIÐTY OF LONDON (at Regent’s Park, London, N.W.1), at 
4p.m.—aAnnual General Meeting followed by Scientific ‘Meeting. > 


IMPERIAL COLLAGE OF SOIRNCE AND TECHNOLOGY (in Mechanical Engineer- 

ing eee Theatre “A”, Bxhibition Road, London, 8.W.7), at 5.80 p.m.— 

Gor. D. R. Cox: ee “Bome Statistical Concepts and their Applications” 
anigural d f 


INSTITUTE OF PHIROLEUM (at 61 New Cavendish Street, London, W.1), at 
5.80 p.m.—Annual General Meeting and Presidential Addresa. 


INSTITUTION OF ELMOTRIOAL BNGINHBES and the AUTOMATIO CONTRO! 
GROUP OF THR INSTITUTION OF M@OHANIOAL ENGINEERS (at the Institution 
of Blectrioal Engineers, Savoy Place London, W.0.2), at 5.80 p.m.—Dr. 
G. Taans and Mr. P. H. Hammond: “High- ‘Frequency Errors in Manual 


n House, Pieca- 
by a 


Wednesday, May 10 


ASSOCIATION OF SOIRNTIFIO WORKERS (at Birkbeck College, London, 
‘W.0.1), at 11 am. Aaeeei on “Aspects of the Brain Drain’ 


GEOLOGICAL Soorery (at Burlington House, Frooadtily, London, W.1), at 
5 p.-m.—Moeting on “Marne Geology and Geophysics’ 


INSTITUTION OF BLROTRIOAL ENGINEERS (at Savoy Place, London, W.6.2), 
at 5.86 p.m.—Mr. R. J. Westcott: “Results of Multiple Carrier Experiments 
with a t.w.t., Amplifier operating near to Saturation”. 


BOOIETY oF INSTRUMENT TECHNOLOGY (ai Matson House, 28 Portland 
Place, Tondon, W.1), at 5. 30 pme Mn A MacDonald and Mr. E. 
Thompson: “Road Grader with Antomatic Grade ‘Angle Control”, 


UNIVERSITY COLLEGE LONDON (at the Gustave Tuck Theatre, Volvon 
College, Gower Street, London, W.0.1), at 5.80 p.m.—Mr J. W. J. Herivel: 
Newton's Achievement in Dynamics. I. Newton’s Debt to inn Predecessors 
and Contemporaries” (First of two Special Univeralty Lectures). 


INSTITUTION OF RLEOTRICAL ENGINBERS and the LE.R.E. COMPUTER 
GROUP {at the London School of Hygiene and Tropical Medicine, Ke 
Street, Gower Street, London, W. G, 1), at 6 p.m.—Duscnssion Meeting on ‘ 
Education of nee spot 


BOOIETY FO OAL CHEMIETR MIDLANDS BEOTION (at the Spread 
Eagle Hotel. acl Street, Nottingham), at 6 80 p.m.—Mr, M. 8. ; 
“Detection of Dope’ in Racing Animals”. 


Thursday, May II 


ROYAL SOCIETY (a pee Pur D Houge, Piccadilly, London, W.1), at 4.80 
„m.—Prof, A. F uxley “The Activation of Stated Muscle and 
tsa Mechanical nae” riea Lecture). 


UNIVERSITY OF LONDON (at the London School of Economics and Political 
peience, Houghton Street, Aldwych, London, W.C.2), at 5 p.m.—Prof, H. D. 
* “Dreaming and Experience!’ (Hobhouse Memorial aoura). 
pir COLLRGE LONDON (at the Gustave Tuck Theatre, Universi 
AA a u a eae 
chievament ın n's n 
to Dynamics” (Second of two Bpectal t University P m Og ee 


INSTITUTION OV ELROTRIOAL Enemas at Savoy eae London, W.0.2), 
@ at 5 30 p.m—Mr. B. P. 9: Watson, Mr. B. J. Brooks and Dr. 0. H. 'Goaling: 
“Canals as Cable Routes” 


INSTITUTION OF BLEOTRONIO AND Bapro ENGINEERS (at 8-9 Bedford 
Square, London, W.C 1), at 6 p.m —Mr. E, Cawkell: “The Soentifte 
Information Probl lem—N ew Methods for ivetiospestve and Current Aware- 
neas in the Face of a Constantly Expanding Literature”, 


ROYAL Lesrrretron (at 21 Albemarle cake London, W.1), at 9 pm.—Sir 
Kenneth Hutchison, F. Ge “North 8ea—Bubble or Renan 7% 2 


Friday, May 12 


ROYAL INSTITUTION, PHOTOCHEMISTRY DIBCUBSION GROUP {at 21 Alba: 
marle Street, London, W.1), at 1 pm — Dr, G. Jackson: “Photochromiam 


INSTITUTION OF ELBOTRONIO AND BADIO ENGINRERS, EDUGATION GROUP 
(in the Edward Lewis Lecture qe. Midojesox x Hospi tal Medical Bonon, 
Cleveland Street, pondon, Le 1), at 6 um on “Hlectron: 
Engtnoering Training for Royal Elec! aaa nite echanical Engineers”. 
Contributions by Colonel. E @. ovat, and members of the staff of B.E.M B., 

rfiel 


Friday, May 12—Saturday, May 13 
UNIVERSITY OF BRADFORD, SCHOOL OF PoLYatuR SOLANOH (at the Uni- 
versity)—-Symposinm on “Composite Polymeric Materials”. 
Monday, May I5 


ROYAL BOOTY oF vind ahd baat (at 22 George Street, Pdnburgh, 2), from 
2.80 p.m, to 6.80 p.m. Beater on “The Biol of Tontsing 
Radiation”. Speakers Aes Dr. L. A. Stooken Dr. gris Ord, 
Dr. H. J. Evans, Dr. W. M. Court Brown, and Dr. R H. 


INSTITUTION OF ELECTRICAL ENGINRHERS (at Savo; Piao, 1 Tandon, W.O. ee 


at 6.80 p.m.-—Discussion Meeting on ‘‘Development of Electrical Accessories 
A thoi fies and a review of Continental Wiring Practice”, a by Mr. 
. J. Sutton. 


INSTITUTION OF ELEOTRIOAL ENGINMERS (at Savoy Place, London, W.O 2), 
at 6.30 p.m.-—Duiscussion Meeting on oe lenmen in ormer Ratio 
Arm Bridges” opened by Mr. A. H. Silcocks. 


Rovat INSTITUTION (at 21 eee Street, Tondon, W.1), at 5 80 p.m.— 
Sur Lawrence Bragg, etum” for Fourth Form Boys 
and Girls from Bonnoigix Tondon and the Home Cant To be repeated on 
May 16, 17 and 18.) 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or before the 
dates mentioned: 
ÁSBSISTANT and ASSOOLATH PROFESSOR (with research Interest and exper- 
ience In systems engineering, environmental engineering and flow y through 
rous mèdia) ın the DEPARTMENT OF OHEMIOAL ENGINHERING—. 
Ritter, Head, Department of Chemtoal Engineering, University of Calgary, 


ae AEA OD 
OFFICER 


with a d or equivalent qualification in 
electrical engineering, physics or mat tics, ana an in an in 
analogue and digital computers) in the SCHOOL O; to ası 


with zearo rats ybrid commputing-——The Rogintrar To. The Gaiveriity, Bath, 
otung 

eS ae T a Assistants and GRADUATE BaswAROH ASSIBTANTS 
in the DRPARTMENT OF Foon Sorerom to stu mip spota, of tomporaturo on 
the growth and metabolism of bacteria—Dr. Pied Hoad 1, Dopart- 
ment of Food Science, aani y of Alberte, -imonton, tta, Can 

{mth a d lectrical engineering or physical 
sciences O. Page, Head of araounel Services, plecmrclty Council 
Besearch Contro ‘Capenhurst, near Chester, quoting Ref, N/61. 

LABORATORY ran (with H.N.O. or equivalent qualifications in 
chemistry or physics and some relevant gea eE in the 
pasate aa MPARTMMNT for work on high tem calorimetry—Dr. 
J. Joffes, Motaurgy Department, Royal Phool of Mines, Prince 
eg Road, Lond 

LABORATORY TROHKIOIAN with the Bast AFRIOAN TRYPANOSOMIASIS 
RESRARCH ORGANIZATION to assist a research team working on both human 
and animal trypanosomiasis—The Crown nts, M. Depi., 4 Millbank, 
London, 8.W.1, quoting Ref. No. Mon/syoiony. 

LECTURER or Saxiok LEOTURER (with special intereste in combustion 
kinetics or other A R. Dob ranches of reaction kinetics) In COMBUSTION 
Crmrietry-—Prof. A. R. Ubbelohde, F.R.S., Imperial College of Scence and 


Technology, London, 8 

PRIROI. eee vith t. appropriato exporlones in cairn and/or 
eeerauaine indus in the ARTMENT O AND STATIS- 
est Ham College of Technology, Romford Road, 


Tros—The Principal 
Stratford, London Pee. 

PROFRSS0R or RBADER IN CROP HUSBANDRY in the DEPARTMENT or 
OROP BOLBNOR AND PRODUCTION, Makerere Univernty College, U 
Univers! z Bast Africa)—~The Inter-University Counen, 88 ord Biases 

ndon, 

ERBSEAROH ÅBEISTANT (graduate in biology, genetics or or biochemistry) in the 
DEPARTMENT OF ZOOLOGY to work with Maclean on the cellular con- 
trol of haemoglobin synthesis--The Deputy Secretary, The University, 


Bonthampton: 

BESRAROH ASSOOLATR uate ın agriculture, veterinary scierie. o! or 
zoology with some pos uste Et eTion o in helminthology) In P. 
OLOGY ın the FACULTY OF AGRIGULTURH, to work on the biology of parasites 
eiat rar, Unrversity of Newcas 


roth with experience of interest in biochemistry 
or ANIOR LECTURER Ais Doran erk to the Governing 2 Northern Poly- 


rabiy with special 
OOLOGY in the 


, 8. 
MOTURHES (with a Ph.D. in physics or equivalent in research 
ublications) IN PHYSICS and THEORETIOAL PHysics in the University of 
ee nsland—. ciation of Commonwealth Universities, Marlborough 
ouse, Pall Mall, London, 8 W.1. 
SENIOR LEOTURER or LEOTURER (with an Honours degree in Pharmacy) 
IN PHARMACWUTICAL TROHNOLOGY or PHysicaL PHARMAOY—The Registrar 
(Grad Ome), College of Technology, Hampshire Terrace, Portsmouth 
y 
BRESRARCH ASSISTANT IN ANIMAL BEHAVIOUR In the DEPARTMENT OF 
PsYoHoLoay—The Registrar, The Untversity, Leicester (Ma: SHA 
RESBAROH ASSISTANT (preferab) medically qualified) to mepa in a 
study on myocardial infarction—~The A: strator, The Royal 
pital, Qray’s Inn Road, London, W.0.1 (May 18 
Dirsoros (with high ‘attanmenta in a n in a relevant science and some experience 
in admunistration) of the PEST INFESTATION eee London Road 
Bl » Bucks—The Secretary, Agricultural Council 1, Ounard 
ng, 16 Regent Street, pele 8.W.1 (May peer 
in the DEPARTNMNT OF ORGANIC OnmursTny, Unbiversity of 
Western Australia—The Association of Commonwealth Univermties (Branch 
Office), yee House, Pall Mall, London, 8.W.1 (Austraha and London, 


May 20 
LECTURSR or ASSISTANT LEOTURER IN ANATOMY, University of the West 
Indies, Jamaica—The Secretary to the Senate Committees on Hi her a 
y 


tion Overseas, University of London, Senate House, London, W. 
EXPERIMENTAL OFFICER (to run an evaporation and target preparation 
laboratory’) ın the DEPARTMENT O , University of 


¥ Paysi 
chester, Manchester 18, qtotlng Ref. TOIT (May 27). 
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GHAIR AND HRADSHIP of the DEPARTMENT OF PsyoHoLoGy—The Registrar 
and Secretary, The University, Leeds, 2 (May 20). 

ASSISTANT LECTURBE IN ORGANIO CHEMISTRY—The College flecretary, 
Bevel Ho Holloway College nemit. of London), Englefleld Green, Surrey 

y 8 

ane ¥ PURB MATHEMATICS — T'he The Registrar, The University of Birming- 
ham, P.O. Box 388, Ce ei 15 Mey 81). 

UNIVERSITY RE BLLOW (witha doctoral degree in p hyslology or 
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Focus on Ultramicrotomy 


We at LKB want to focus your attention on the solution, 
not on the problem-get your problems In focus and solve 
them the LKB-way. 


-LKB ULTROTOME IlI SOLVES 
PROBLEM OF “COMPRESSION” 


“Compression” (not to be confused with “chatter”), is a 
deformation of the sectlon caused during cutting whereby 
the sectlon length becomes shorter than the pyramid 
helght. Compression deforms the specimen ultrastructure, 
makes direct measurement of micrographs inaccurate 
(without corrections), and morphology misleading. 


Design of LKB optical system (viewing at 45° incident 
angle), checks compression and estimates correction fac- 
tor where It has occured. Low speeds eliminate or mini- 
mize compression; the LKB ultramicrotome can produce 
usable sections at 0.5 and 0.2 mm/sec. because there are 
NO VIBRATIONS. 


The first of an LKB-series dealing with problems In ultra- 
microtomy. 





OTHER - SWEDEN 
HEADQUARTERS LKB-Produkter AB 
FOR SALES Box 78, 

AND SERVICE Stockholm—Bromma 1 


Answer to many more problems provided by unique 
design features: 


Cutting speeds: Widest range available, 20-0.1 mm/sec. 


Optical system: Most flexible-pyramid tip/knife edge al- 
ways central. 


Speclmen/Knife Holders: Complete freedom of structure 
orientation. 


Feed. Linear thermal. Two independent manual mechanical 
systems. 


Focused Lamps: Provides evalaution of knife edge quality 
and angle. 


Section Collector: Simplifies picking up sections and ma- 
nipulation of grids. 


Diamond Knife sectloning: Gravity powered specimen 
arm prevents damage. 


Machine Trimming: Fast procedure and superior pyramids. 
For the complete story write today for our fully illustrated 


two-colour brochure describing in detail the LKB Ultra- 
microtome—ULTROTOME III. 


LKB INSTRUMENTS LTD. e LKB HOUSE, 137 ANERLEY ROAD e LONDON S.E. 20 





DENMARK 


LKB Instrument A/S 
Amagerbrogade 34, 
Copenhagen S 


USA NETHERLANDS 


LKB Instruments Inc. LKB-Produkten N V. 
12221 Parklawn Drive, Zeekant 35, 
Rockville Md 20852 The Hague 
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APPOINTMENTS VACANT 


ROYAL MILITARY COLLEGE 
OF SCIENCE 
DEPARTMENT OF PHYSICS 


Professor A. anan D.Sc, PhD, A.R.CS., 
D.I.C, Finst.P, FPS, 





LECTURER required. The College prepares 
candidates (both military and civilian) for external 
degrees of London Unrvemsty (Special and 
General Sctence) and runs postgraduate and other 
courses. Academic research encouraged. (Exist- 
mg fields include mets! physics, matenals, radia- 
con effects in materials includmg polymere and 
biological systems). Excellent facilities 
include bnear accelerator, neutron and other 
radiation sources, radioisotope laboratories, esr. 
equipment, crystallographic and cryogenic instal- 
lauons. Computer available. 

QUALIFICATIONS: First- or second-class 
honours degree or equivalent or higher qualifica- 


tion. 

SALARY: £926 to £2,155 ; sarung pay accord- 
ing to age and experience, e.g., an applicant aged 
27 wth good qualifications and at least three 
years’ postgraduate experience could start at 
£1,744 per annum. Prospects of promotion to 
the Principal Lecturer grade: salary £2,250 to 


£3,107, 
Residential accommodation can be provided for 
a single man. Possibility of houmng for a married 


man. 

Forms of application and farther particulars 
from the Registrar, 
Saence, Shrivenham, Swindon, Wilts. 





ROYAL DENTAL HOSPITAL 
OF LONDON SCHOOL OF 
DENTAL SURGERY 


(University of London), 
Leicester Square, W,C.2 


Applications are Invited for the appoint- 
ment of LECTURER with principal duties 
in RESEARCH in a field of CLINICAL 
DENTISTRY, ORAL PATHOLOGY, or a 
related BASIC SCIENCE with the oppor- 
tumty to undertake a limited number of 
sessions in a clinical department Appro- 
priate accommodation, technical and secre- 
tarlal assistance will be available Salary 
will be on the appropriate University scale 
plus superannuation benefits. The success- 
fal candidate will be required to take up 
duty as soon as possible, Candidates 
should forward their applications, together 
with the names of three referees, not later 
than May 21, 1967, to the Dean, from 
whom further Information may be ae 





UNIVERSITY OF CAMBRIDGE 
Applications are Invited for the Office of 
UNIVERSITY DEMONSTRATOR IN 
VETERINARY ANATOMY 
IN THE DEPARTMENT OF ANATOMY 
from August 1, 1967 

Duties include teaching and research in Veter- 
inary Anatomy, There will be facilities for elec- 
tron microscopy. The annual stipend of a 
Demonstrator 1 £1,260 to £1,650, with initial 
paang above the minumum where appropriate: 

The maximum tenure ws five years, 
grant towards removal expenses. 

Ten comes of application, together with the 
names of not more than three referees, should be 
sent to G. R. Anderson, The Old Schools, Cam- 
bridge, to arrive not later than May 27, schon 
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Pulp and Paper Research Institute 
of Ganada (Montreal, Canada) 


The Institute is expanding its research effort in the basic physics 
of pulping and paper making processes. Positions are available in: 


THE MECHANICAL PHYSICS DIVISION 


For a Ph.D., or Honours graduate with research experience, in Physics 
or Engineering Physics, to work on the breakdown of wood into fibres 
in mechanical pulping processes. An interest in the physics of materials, 
the instrumentation of machines, and in high speed photography, is 
essential; experience in these or related fields, desirable. 


THE FIBRE AND PAPER PHYSICS DIVISION 


For a Ph.D., or Honours graduate with research experience, in Physics 
or Physical Chemistry, to work on the structure and mechanical pro- 
perties of single wood fibres. An Interest in the physics of materials 
and the use of microscopic techniques is desirable. 


The Pulp and Paper Research Institute of Canada ls a centre of research 
and learning concerned with virtually every aspect of the production 
and use of pulp and paper products. The Institute, located in a new, 
well-equipped laboratory in a modern suburb on the Island of Montreal, 
represents a longstanding partnership between the Government of 
Canada, McGill University, and the pulp and paper industry of the 
country. The Institute encourages publication of original work. 


Interviews of sultable candidates will be held during the month of June 
in London. Please send a complete summary of education, experience, 
and Interests via air mail prior to May 26th, to: 


Personnel Officer, 
Pulp and Paper Research Institute of Canada, 
570 St. John’s Road, Pointe Claire, Quebec. 


MATERIALS 
RESEARCH | 


A Graduate chemist with physics subsidiary, or a 
physicist with chemistry subsidiary, is required in 


the Central Material Laboratory 


to work on the 


growth of crystals of high melting point compounds, 
These include oxides, nitrides and borides for 
pasta in fasers or other products of the 


ronics Industry. 


The successful applicant will have a flalr for new 
methods and new materials, will fit Into a team 
doing similar work but will be anxious to show 
his originality of thought and skill. The laboratory 


is well equipped with ancillary services such 


as 


chemical and physical analysis, while engineering 


workshops are available on the site. 


Please write, with brief summary of career, to: 


The Personnel Officer, 
Mullard Limited, 

New Road, 

MITCHAM, Surrey. 
CR4 4XY. 

Quoting reference: CML{KBL 
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MR. WILSON’S DOWRY 


Mr. HaroLD WI1s0n, the British Prime Minister, refers 
so often to what he calls the technological community 
of Europe that it is only fair to ask with some patience 
just precisely what he may intend to mean. To do so 
is particularly important now that a second application 
to join the European Economic Community has been 
made, for it is as certain as there are pastrycooks in 
Brussels that what the British Government has 
embarked on will bring important secular changes in 
the pattern of technology and of science in Britain 
and even, possibly, in Europe as well. In Europe no 
doubt, the question is what the United Kingdom may 
have to offer in the way of technological prowess. 
This question is also important in Britain, although 
it is there even more important to know just what 
changes will have to be made either to enhance the 
value of British science and technology to a community 
which is prepared to extend its membership, or to 
stiffen the competitiveness of a smallish economy 
required to rub along more or less on its own. Luckily, 
both objectives suggest the same kind of recipes. In 
other words, if reason should prevail, it is easier to 
guess at some of the patterns which are likely to 
emerge in the years ahead than to predict the ways in 
which the existing members of the EEC are likely 
to respond to the British application. 

The simplest foundation for the text of Mr. Wilson’s 
sermons is numerical. British expenditure, in money 
and men, on scientific research and technical develop- 
ment is still greater than that of any other European 
nation. In 1962, for example, British expenditure on 
research and development, itself just over 10 per cent 
of expenditure in the United States, amounted to a 
little more than two-thirds of the expenditure in 
France, Germany, Belgium and the Netherlands, and 
this proportion was exactly reflected in the deployment 
of skilled people on research and development in 
Europe. British predominance may have been eroded 
a little in the past few years, but for the time being, at 
least, the United Kingdom has a numerical advantage. 
Indeed, Mr. Wilson could boast not merely of @ paper 
advantage but even of an unexploited pool of tech- 
nical talent, for does not the brain drain and its 
associated phenomena imply that the United Kingdom 
cannot fully use the skilled people whom it trains ? 

The snag, of course, is that there is now a clear 
understanding that expenditure on research and 
development js not a sufficient condition for economic 
prosperity. ‘This is well understood in Western 
Germany, where expenditure on research and develop- 
ment has been consistently less generously supported 
than in the United Kingdom since the war, and where 
rosperity has not been in any sense elusive. In 


and development which are not being followed through 
with the vigour and imagination necessary to turn them 
into commercial money spinners. He cannot expect 
to impress Europeans with the work of government 
laboratories which have outlived their first objectives 
and which have not yet found substitutes for them. 
He will often find himself on the defensive having 
to explain why good ideas, and sound technical develop- 
ment of them, are not always exploited by good 
management, imaginative labour relations and forceful 
marketing. The chances are therefore high that 
before many weeks are past, Mr. Wilson’s commenda- 
tion of the British technological dowry will be accom- 
panied by a wish to see that in any case it should be 
used much more efficiently. 

What does this imply? The most urgent need is 
somehow to increase the presence and influence of 
technical people within British industry. It is, for 
example, exceedingly important that British com- 
panies should quickly have access to the new tech- 
niques which make it possible to plan systematically 
ahead and which can rationalize production processes. 
There is also plenty of evidence to show that many 
companies would be more efficient if decisions could be 
more widely delegated within the hierarchy of manage- 
ment, and if there were more technically skilled people 
at work in places within industry where the capacity 
to do something differently is a recognizable asset. 
It is important that these objectives are not in any 
sense identical with the recently fashionable view that 
everything would be all right if only more young 
people would elect to become engineers and not 
scientists; both species are equally at an advantage 
when it comes to learning how best to design critical 
paths, or how to exploit some new development in 
communications, for example. All this implies that 
if Mr. Wilson’s dowry is to seem to the Europeans to 
be worth having, there will have to be a vigorous 
programme of redeployment among the technical 
community. Dispersal to British industry should be 
the goal. Finding work with which to occupy the 
government establishments may not merely be a side- 
show but a hindrance. And the simplest, the quickest 
and possibly the only way of bringing about this 
redeployment is to convince industrial organizations 
that technical people are so well worth employing 
that they should rightly be paid handsome salaries. 
It will be silly to go on much longer beating about the 
bush. 

Not all British industry is held back for reasons 
which are remedied as easily, however. For some, the 
scale of production is important, at least where com- 
petition with United States companies is concerned. 
The quite remarkable cheapness of some American 
computers and most American aircraft does seem, 


644 


for example, to depend in an important way on the 
numbers which are manufactured. This is where easy 
access to the larger market of the EEC would be a 
great benefit to many British industries. In com- 
puters, nuclear power and even aircraft, there is 
obviously a great deal to be gained. One difficulty is 
that the EEC has not yet made nations more willing 
to leave prestigious technology to their partners, and 
it will be a decade or so before European companies 
can possibly have grown to the point at which national 
interests are thoroughly eroded. It follows that if 
the full potential of the comparatively advanced 
industries in Britain were to be fully exploited within 
the EEC, there would have to be some tangible agree- 
ments about who does what, at least in the decade 
immediately ahead. 

But there is more to the EEC than the balance of 
economic advantage. This, quite properly, is some- 
thing that Mr. Wilson is also saying. What does it 
imply for the technical community, in Britain and the 
rest of Europe? Mr. Wilson has in mind not merely 
the growth of common institutions which are able to 
influence the course of events, but also the way in 
which people brought together by common problems 
do necessarily find themselves persuading each other 
to behave differently. British membership of the 
EEC may well bring extra flexibility, both to the 
British Government and to the present members of the 
community, and this, of course, is where the scientific 
and technical community has the most to offer and 
the most to gain. At this stage, when there is very 
little experience to fall back on, it is natural to retell 
the heroic tale of how CERN has kept high energy 
physics alive in Europe (and it will be surprising if 
some at least do not seek to establish the principle 
that one test of a nation’s European sympathies is its 
willingness to subscribe towards the 300 GeV accelera- 
tor). But there are more lasting benefits to be won 
from less tangible ways of pooling European talents. 
In the universities, for example, there is at present 
too great a tendency for the patterns of research to 
replicate each other, and task sharing would again be a 
great advantage if it were accompanied. by the freedom 
of people to move freely from one place to another. 
Still greater benefits could be won from the co-operative 
use of programmes of basic research. In Europe 
at present, for example, there are three substantial 
programmes of research and development from which 
fast nuclear reactors will eventually emerge. Can all 
of them be necessary ? 

And this, of course, is the sense in which Mr. Wilson’s 
concept of the European technological community 
comes really into its own. British technology, past and 
present, is undoubtedly something of an asset, but it 
will only be fully usable if attention is paid urgently 
to the ways in which industry is enabled to use what 
has been done. But the most spectacular prizes lie 
in the future. If there can be found some way of 
welding the technical community of Europe together 
in such a way that people move freely to where they 
can be most useful, and if the people already skilled 
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can be harnessed on a really generous scale to the ~ 
problems of higher education, the result could surprise 
even the Common Market zealots. To say that it 
would take very little sacrifice of any nation’s 
sovereignty to match in Europe the academic work 
now being done in the United States is a small way of 
describing the opportunities which do exist. What 
really matters is that the opportunity is immeasurable. 
That in itself would justify the British application. 


ONE BLIND EYE 


Prorrssor Wurram SgooKLEY, distinguished for his 
part in the invention of the transistor, appeared at the 
Annual Meeting of the National Academy of Sciences 
last month in an unusual role—as something between. a 
geneticist and a social commentator. His declared 
object was to face facts about “the quantity problem 
of the world population”. His open fear was a general- 
ized version of that old jingle from Mr. Kingsley Amis 
that “more means worse’. He was, for example, 
depressed to have to point out that children from 
large families tend to be at a disadvantage in various 
kinds of competitions. With tactless zeal, he seized on 
statistics which compare the IQ measurements of 
negro and white entrants to the armed services in 
the United States, and pointed out that an apparent 
disparity between the two populations has apparently 
increased @ little in recent years. All this, said Pro- 
fessor Shockley, is entirely consistent with a view that 
social capability is entirely determined by genetics 
and not environment, and. his talk was decked out here 
and there with mention of eugenics. To be sure, 
Professor Shockley did not suggest that his studies 
were a proof that heredity is all that matters, but 
merely that there is an urgent need for a serious study 
of his hypothesis. Among other things, if “study 
shows that ghetto birth rates are actually lowering 
average negro intelligence, objectively facing this fact 
might lead to finding ways to prevent a form of genetic 
enslavement that could provoke extremes of racism”. 

Objectivity is, of course, a virtue, and Professor 
Shockley was right to insist that nasty social problems 
are as much in need of detailed study as those where 
solutions promise to be easy. He is also entirely at 
liberty to stray from solid-state physics into sociology 
—indeed, too many people are too willing to keep 
themselves in the blinkers which their disciplines 
impose. But Professor Shockley has not merely been 
guilty of bad taste In basing an argument on the 
inheritance of social capabilities almost exclusively on 
examples drawn from comparisons between negroes 
and other types. He has also overlooked, knowingly 
or otherwise, a great wealth of information bearing on 
the influence of heredity and environment on individual 
development. Although there are some who will say 
that Professor Shockley should have stuck to his last, 
the real lesson is that he should have done his home- 
work much more carefully. 
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NEWS AND VIEWS 


Accelerator Rebuilt 


Tax Brookhaven National Laboratory is planning 
what amounts to a rebuilding of the 33 GeV proton 
synchrotron which has been operating there for the 
past four years. This unique operation is being carried 
out not because anybody is dissatisfied with the way 
in whioh the big machine is operating—far from it-— 
but because it is expected that rebuilding will increase 
twenty-fold the yield of energetic particles. The 
whole operation will be spread out over a period of 
five years, and will cost more than $40 million—e 
sum which exceeds the cost of the original machine 
but which is entirely justified by even the simplest 
cost-benefit analysis. 

The refurbishing of the accelerator will consist of 
three separate steps. First, a more powerful energy 
source will be installed, and a new source of fast protons 
will be added. These operations will not interrupt 
the use made of the machine, but will increase the 
yield of fast particles, partly by increasing the beam 
intensity and partly because the cycle time will be 
reduced. The phase of the operation will, how- 
ever, entail that the accelerator should be put out of 
action for a year. The object during this stage of the 
operation will be to equip the accelerator with magneta 
the field strength of which can be adjusted sensitively 
during each cycle of operation so as to control the 
position of the proton beam. In such a way, it will 
be possible to provide each of several experimental 
arrangements around the machine with a supply of 
fast particles more accurately tailored to their needs. 
Not the least of the problems that will have to be 
tackled is the provision of extra shielding. In the 
course of doing this, the earth which at present covers 
the trench will have to be removed and the concrete 
covering strengthened so as to support a greater 
weight. 

In Europe, the timetable laid down by the CERN 
council for decisions on the 300 GeV machine is unfold- 
ing slowly. At meeting to be held in Geneva on 
June 16, the council will be given more information 
about the proposed design and reports on the nine 
sites which are being considered for it. This will allow 
governments to spend the summer deciding for them- 
selves how enthusiastic they are for the project so 
that, by September, they will be able to choose a 
short list of three sites at a special council meeting. 
A final decision will not be made until December, but 
the months immediately ahead are ones in which 
governments wishing to play host to the big proton 
accelerator will have to state their claims and match 
them with generosity. France is known to be particu- 
larly keen. 


Power Production 


Tam rapid increase of the production of natural gas 
and nuclear electricity is the most striking feature of 
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a survey of energy production and consumption in the 
OECD area which has now been published (Basic 
Statistics of Energy, 1951-65, OECD and agents, 30s.). 
Although the production of nuclear electricity was only 
l per cent of the total electricity production in the 
OECD area at the end of the survey period, it has 
been doubling every two years for much of the past 
decade. Thus nuclear electricity production amounted 
to 01x10 kWh in 1956, 0-5x10° kWh in 1958, 
2-9x10® kWh in 1960, 6-7x10° kWh in 1962 and 
23-9 x 10° kWh in 1965. Bo far, most of the production 
of electricity from nuclear power stations has been 
in the United States and the United Kingdom. Elec- 
tricity production as a whole continues to increase 
throughout the OECD area at a rate which amounts to 
doubling every decade. Thus total production in- 
creased from 1,201 x10® kWh in 1955 to 2,376 x 10° 
kWh a decade later. Apart from the rapid increase of 
nuclear production in the decade, the most 
pronounced change has been the production of electri- 
city from petroleum—63x10° kWh in 1955 and 
257 x 10° kWh in 1965. 

The production of natural gas in the OECD area 
has more than doubled since the beginning of the period 
of this survey. In 1951, the area as a whole produced 
580 x 10° më of natural gas, mostly in the United 
States. By the end of the fifties, production had 
increased to just under 1,000 x 10° m?, and there has 
since been a sustained growth of production, with 
1,271 x 10° m? in 1965. Evidently there will be a still 
further growth of natural gas production if the British 
Gas Council is able to exploit the North Sea as 
thoroughly as it seeks to do in the years immediately 
ahead. The National Coal Board in Britain, anxious 
as it is about the prospect of a steadily dwindling 
market for its product, will no doubt find some com- 
fort in a compilation of statistics which shows that 
coal consumption is declining steadily elsewhere than 
in Britain. 


Exhibiting the Future 


Montreal, May 

Worup’s fairs are traditionally concerned with 
progress, and that which opened here a few days ago 
under the banner EXPO 67 is no exception. With the 
exception of the Barbados pavilion, which is given 
over mostly to serving drinks to the multitudes looking 
for somewhere to sit and rest, most of the sixty-odd 
national exhibitions are designed to show how quickly 
the future is turning into the present in different parts 
of the world. So it is natural that there should be two 
space capsules—one Russian and one from the United 
States-—with the scars still left by the re-entry process. 
It is also natural that there should be several artificial 
panoramas of the Moon, Venus and the Solar System 
scattered about the exhibition site, though the surprise 
here is chiefly that people should be as interested as 
they are in what may fairly be called artists’ impres- 
sions of what these distant places look like. 

This, however, is merely the frosting on the cake. 
The exhibition has been provided with a number of 
themes which are sober enough, and all of which depend 
on the slogan ‘Man and his World” which also happens 
to be the title of a book by M. Antoine de Saint- 
Exupéry. There is, for example, a quite remarkable 
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' ĉollection of pictures borrowed from art galleries in 


Europe and North America, interspersed with sculpture 
much of which has been borrowed from egyptologists 
and other students of the past. There is also a striking 
piece of modern building in which 158 living apart- 
ments have been assembled. out of prefabricated con- 
crete boxes, which are piled on top of each other with 
some of the informal abandon of toy building bricks. 
This synthetic village has something in common with 
many of the old casbahs in North Africa, but is also 
plainly a place made with modern concrete. It is 
hard to see how those who trudge around will fail to 
be persuaded that there is no necessary incompatibility 
between modern building methods and the idiosyn- 
cratic tendencies of real people. A great many will 
wish that they could settle permanently in what the 
fair calls Habitat. 

The exuberance which runs through this and other 
parts of the exhibition is infectious, and the American 
pavilion has been properly applauded for its gaiety 
and wit. This is why it is particularly disappointing 
that the most ponderous parts of the whole exhibition 
are those which embody the fair’s own scientific 
exhibition. Where the rest of the exhibition works 
mostly by subtle suggestion, the scientista are unfor- 
tunately too often didactic. Panoramas abound. 
There ig a darkened structure filled with lighted 
tubes and packages in which visitors can stand to be 
instructed in the-workings of what purports to be a 
living cell, but the chances are that the commentary 
will not mean much to those who have neglected to 
mug up on mitochondria in advance. The live (or 
partly living) preparations of Euglena under half a 
dozen microscopes are better value. The elaborate 
model of the human brain is a model-maker’s triumph 
but such that here again a brief course of private study 
will be necessary if people are to get much from it. 
The physical sciences may be easier to come to grips 
with, chiefly because there are real things to show, 
though here again the visitor who is not also a specialist 
will have to dig hard for a few pieces of understanding. 
What seems to have happened is that the organizers 
have designed a splendid kind of science museum—the 
sort of place to which people can return and browse— 
and that they have somehow failed to epitomize and 
to communicate a sense of how research has helped 
and is helping to transform the quality of life. To 
say this is not to complain, for they have done a 
splendid job of exposition which is disappointing 
chiefly because there is so much elsewhere that sparkles. 


Thrombosis and the Pill 


Tua report of the Platt sub-committee to the Medical 
Research Council will undoubtedly cause some heart- 
searching among scrupulous doctors (“Risk of Throm- 
boembolic Disease in Women Taking Oral Contra- 
ceptives”, Brit. Med. J., ii, 355, 1967). The committee’s 
conclusion carries the case against the “pill” a stage 
further than other such reports have done in the past; 
the report states that “there can be no reasonable 
doubt that some types of thromboembolic disorder 
are associated with the use of oral contraceptives”. 
On the other hand, the qualifications of this conclusion 
are almost as important as the conclusion itself. The 
risk involved is smalli—imdeed, some very pretty 
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statistical manoeuvres were necessary before any con- 
clusions could be reached from the small number of 
thromboembolic episodes available for study. The- 
risk of thromboembolic disorder in women taking the 
pil is roughly twice that facing an equivalent set of 
women who are not pregnant and not taking oral 
contraceptives. On the other hand, the risk facing 
women who are pregnant is about twice that due to 
oral contraceptives. The report estimates that oral 
contraceptives may have caused about twenty deaths 
from venous thrombosis and pulmonary embolism in 
1966. There is no firm evidence of any connexion 
between oral contraceptives and cerebrovascular 
disease, although such a connexion may exist. 

Oral contraceptives, in one form or another, have 
clearly come to stay, and the report is unlikely to 
cause an important decrease in the number of women 
using these preparations. What is clear, however, 
is that doctors are likely to be more cautious in pre- 
scribing the pill to women with a history of venous 
thrombosis. More research is needed to clarify which 
women are likely to suffer from the effects of oral 
contraceptives, and the work now in progress on low- 
dose oral contraceptives is likely to be pushed forward 
faster. 


Information for Biologists 


INFORMATION problems in the biological sciences are 
now being studied by the recently formed Committee 
on Biological Information. The new committee, set 
up as a result of a conference on communication in the 
Biological Sciences, has representatives from the 
institute, Aslib, and the Biological Council. Its 
members are Miss P. I. Edwards, B. J. Perry and L. 
Wilson (Aslib), C. Pettit, A. G. A. Pickford and A. B. 
Standfast (Biological Council), and E. O. Pearson, 
P. C. Williams and H. V. Wyatt (Institute of Biology). 

At a preliminary meeting attended by an observer 
from the Office of Scientific and Technical Information, 
a broad plan of attack was agreed. By a combination of 
working parties, research projects and small informal 
conferences the following problems will be investi- 
gated: the burial and attempted resurrection of the 
information in theses; the usefulness of the Style 
Manual for Biological Journals; reprint and copy- 
right problems; the form of abbreviated titles for 
journals; the ranking of journals into primary, 
secondary, or mixed publications; the lack of training 
in library and literature usage in university courses, 
and the general ignorance of the ways in which 
biologists actually get hold of their information. These 
aaa have yet to be given an order of priority. 

iaison is being established with the Conference of 
Editors of European Biological Journals and with the 
U.S. Council for Biological Information. Biologists 
with bright ideas—or complaints—about the present 
situation are invited to write to the Secretary of the 
Committee, at the Institute of Biology, 41 Queen’s 
Gate, London, 8.W.7. 


Encouraging Spin-off 


Tus Ministry of Technology is to make another attempt 
to convince industry that the work supported in govern- 
ment laboratories is useful to it. The ministry is 
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collaborating with another organization—the Institute 
of Physics and the Physical Society—in organizing a 
conference on the contribution of the government 
“laboratories to industrial physics. The conference 
will be held in Harrogate from June 7 to 9, when the 
industrialists will hear fifteen papers from scientists in 
government laboratories and will discuss ways of over- 
coming obstacles to the use of new technology and ways 
in which exploitation can be assisted. Finally, there 
will be a discussion on making innovation pay. 

The papers will include contributions on explosive 
forming, material processing by glow discharge beams, 
friction welding, the use of reinforced plastics in large 
structures, laser holography, computer aids to engin- 
eering design, and optics as an aid to industry. These 
could all help British industry, but the feeling persists 
that the companies who need the help most are least 
likely to attend. The companies that do attend, on 
the other hand, will probably know it already, from 
literature sources, 


More Space for Research 


Britisu space science is a recent development, so 
young that its grand old men are barely middle aged. 
Most of them were on hand last week when Dr. F. E. 
Jones of Mullard, Ltd., opened the first outstation of 
the Department of Physics at University College, 
London, which has been involved in British space 
research since the very beginning. The new laboratory, 
which will be directed by Professor R. L. F. Boyd, is at 
Holmbury House, a fine country house once visited 
by Gladstone and bought for University College as a 
gift from the Mullard Company. 

The laboratory, appropriately called the Mullard 
Space Science Laboratory, will be concerned with the 
design of experiments to be flown in rockets and 
satellites. There are a number of ways in which these 
can be launched: solid fuel Skylark rockets can be 
fired to a height of about 300 km from the Woomera 
range in Australia; ESRO rockets are also available, 
flying from Kiruna in Sweden or from Sardinia, and 
the admirable NASA co-operative arrangements allow 
a number of experiments to be flown from Cape Ken- 
nedy or from the Western Test Range in California. 
The newer satellites, such as the NASA orbiting solar 
observatory, offer great increases in payload, greater 
electrical power and improved calibration. The 
newest and smallest vehicle is the Petrel rocket now 
being developed by the Atomic Weapons Research 
Establishment at Aldermaston for production by 
Bristol Aerojet. This will enable cut-price soundings 
to be made from the new range at South Uist in the 
Hebrides. 

Perhaps surprisingly, then, there are plenty of 
opportunities to fly well designed experiments. If 
there is a great emphasis on careful design, it is because 
a mistake can cost three years work and perhaps 
£50,000; not much by NASA standards, but a great 
deal to University College, whose grant from the 
Science Research Council has been about £150,000 per 
annum. (Last week it was announced that in the next 
three years the 8.R.C. will be providing æ further 
£509,000.) The laboratory is now working on experi- 
ments for eight satellites and more than thirty rockets; 
` these will include new work in ultra-violet astronomy, 
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as well as the more familiar British work on the.. n 


ionosphere. 


Infra-red Astronomy 


On May 1 and 2 the Royal Society organized a Dis- 
cussion Meeting on the relatively new subject of 
infra-red astronomy. As with other wavelength 
ranges that have recently been opened up in astronomy, 
the infra-red has provided many surprises, and reports 
of these were among the highlights of the meeting. 
The first day was devoted to the Moon, planets and 
stars. ` 

Drs. Salisbury, Menzel and Goetz described their 
various measurements on the temperature distribution 
of the lunar surface. One controversial question was 
the existence of hot spots which might indicate volcanic 
activity on the Moon: Dr. Low has observed a hot spot 
at 20 microns, but other observers working at 8-14 
microns have been unable to detect it. Mr. Saslaw 
discussed the chemistry of Jupiter’s upper atmosphere 
and how organic molecules produced there by photo- 
chemical reactions would affect Jupiter’s infra-red 
emission. He emphasized the need for further labora- 
tory measurements of important reaction cross- 
sections. Dr. Solomon examined the infra-red opacity 
of the Venus atmosphere caused by pressure-induced 
absorption bands. In order to explain the surprisingly 
high surface temperature of Venus by a greenhouse 
effect, carbon dioxide must dominate the atmosphere 
unless the total pressure is higher than is currently 
believed. 

The most exciting new infra-red observation at the 
meeting was reported by Dr. Low. He has found a 
diffuse region, probably behind the Orion nebula, 
the observed infra-red emission of which at 20 microns 
is greater than that of any other object in the sky. 
The object has an average temperature of about 100° K 
but becomes brighter toward the centre. If it is 
associated with the Orion nebula, it would have a 
diameter of about 20,000 astronomical units, a lamin- 
osity of about a million suns, and a mass greater than 
about a thousand Mo. How can this be explained t 
Dr. Cameron suggested a turbulent gas cloud of 1,000 
M o in which about 500 stars are just beginning to form. 
An alternative interpretation offered by Dr. Harwit 
is that of a large dust cloud surrounding only a few 
young stars in a later and much brighter phase than 
the stars described by Dr. Cameron. It may be 
possible to distinguish between these models by making 
millimetre radio observations. 

The second day was concerned with extended galactic 
objects such as nebulae and dust clouds, with extra- 
galactic objects and finally with observational tech- 
niques. Professor Osterbrock outlined his calculations 
on line emission in the infra-red from H. TT regions and 
planetary nebulae. He hoped that future observations 
would disprove his predictions so that his rather 
doubtful assumptions could be modified accordingly. 
Dr. Peebles described his exciting speculations about 
young galaxies. He estimated that they had passed 
through a very bright phase at a time in the past 
corresponding to a red-shift relative to us in the range 
10 to 30. Most of their emission would then be shifted 
into the infra-red and be spread over a patch of about 
15 seconds of arc, because of the magnifying gravita- 
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tional action of space-time. Dr. Peebles estimated 
that these patches might be observable, and later Dr. 
Low agreed that he should be able to detect the pre- 
dicted surface brightness. 

Quasars also came in for their share of attention. 
Drs. Davies, Sciama and Low surveyed the present 
position and future prospects. 3C 273 is unique among 
quasars so far studied in that it emits more energy 
in the infra-red than at all other wavelengths combined. 
The mechanism is probably synchrotron radiation, 
although many problems remain. The highlight of 
this part of the meeting was the report of the success 
of Dr. Braccesi of Bologna, who has discovered many 
possible quasi-stellar objects from their strong infra- 
red intensity in the I filter at 0-9 microns. This strong 
intensity occurs for quasars with a red-shift exceeding 
about unity, and arises from their strong intrinsic 
ultra-violet emission which is red-shifted into the 
infra-red. A telegram from Dr. Braccesi received just 
before the meeting announced that Dr. Lynds has 
obtained spectra of three of these candidates and has 
confirmed that two of them are indeed quasars. If 
this rate of success can be maintained the number of 
known quasars should soon increase from hundreds to 
thousands. 


Fertilization and Protein Synthesis 
from a Correspondent in Cell Biology 


IMMEDIATELY after the fertilization of amphibian and 
sea urchin egg cells, protein synthesis ia controlled at 
the level of translation. Unfertilized eggs contain. 
large amounts of mRNA but have a low rate of protein 
synthesis. Fertilization causes a complex series of 
changes in the metabolic activity of these cells including 
a great increase in the rate of protein synthesis in the 
absence of synthesis of new RNA molecules. Alterne- 
tive hypotheses proposed to explain this post-fertiliza- 
tion activation of protein synthesis involve either 
structural changes in egg cell ribosomes caused by 
proteolytic activity, the synthesis of factors regulating 
mRNA translation, the presence of inhibitors of pro- 
téin synthesis in egg cell cytoplasm, or the activation 
of energy dependent processes regulating mRNA 
attachment to ribosomes. 

Stavy and Gross (Proc. U.S. Nat. Acad. Sci., 57, 735; 
1967) report interesting new experiments designed to 
distinguish between these possibilities. They isolated 
subcellular fractions from sea urchin eggs and develop- 
ing embryos (spp. Lytechinus pictus), compared their 
ability to synthesize protein in vitro, and found that 
unfertilized eggs contain functional ribosomes, are not 
deficient in essential stimulatory factors, and do not 
contain inhibitors of protein synthesis. Consequently 
Stavy and Gross attribute the low rate of protein 
synthesis in unfertilized eggs to the inaccessibility of 
mRNA, which until fertilization is masked and, they 
claim, contained in a heavy particulate fraction. 

Epel (Proc. U.S. Nat. Acad. Sci., 57, 899; 1967) re- 
ports that the increase in rate of protein synthesis in 
this species of sea urchin is a relatively late response to 
fertilization. It does not begin until about 8 minutes 
after fertilization and is preceded. by the breakdown of 
the cortical granules in the egg cell cytoplasm that 
results in the lowering of the external pH, an increase 
in oxygen consumption of the cells and a transient 
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increase in protease activity. Thus the post-fertiliza- 
tion burst of oxygen consumption cannot result from 
the energy demands of increased protein synthesis. 
Epel has also shown that unfertilized eggs convert 
amino-acids into compounds not involved in protein 
synthesis and the rate of this catabolism increases after 
fertilization. He concludes that activation of protein 
synthesis after fertilization is not solely caused by 
increased protease activity but may well involve 
energy dependent attachment of mRNA. to ribosomes; 
this agrees with the ideas of Stavy and Gross. 

Because egg cells contain enormously large stocks of 
mRNA it is of great interest to know the function and 
fate of these molecules. Crippa et al. (Proc. U.S. Nat. 
Acad. Sci., 57, 885; 1967) used the RNA-DNA hydrid- 
ization technique to determine the fate of the egg cell 
mRNA. They find that 65 per cent of the species of 
mRNA. molecules made during oogenesis in the amphi- 
bian Xenopus are present both in unfertilized eggs and 
the midblastula embryo, when there are 500-2,000 cells. 
During the 14-2 hour period separating the midblastula 
from the late blastula stages, however, 28 per cent of 
the egg cell mRNA species suddenly disappear. It is at 
this critical time before the onset of gastrulation that 
the rate of mRNA synthesis in the nuclei of the blastula 
greatly increases. 


Microbiology and Space Exploration 
from a Correspondent In Microbiology 


THe unrelenting pressure of space exploration has 
caused rapid developments in certain areas of micro- 
biological technology. Some indication of the diversity 
and implications of this research is shown by a series 
of papers at the current meeting of the American 
Society for Microbiology in New York (Bact. Proc., 
67, 15; 1967). Two problems which require im- 
mediate appraisal are those of the microbial con- 
tamination of outer space and the population dynamics 
of the indigenous microflora of crew members. It is 
now evident that spacecraft must be assembled under 
ultra-clean conditions to maintain low contamination 
levels, and planetary quarantine restraints require 
that all planetary landers be sterilized by dry heat. 
The computed microbiological burden of a typical 
Mars probe/lander has been established as being 
between. 105 and 10°, depending on assembly conditions. 
Effective decontamination operations include a flight 
acceptance heat cycle and the use of ethylene oxide 
treatment cycles. Similarly, designs which reduce the 
extent of mated areas on space hardware are also 
found to diminish contamination. 

Critical features of heat sterilization schemes are 
the decimal reduction times (D-values) and temperature 
coefficients (Qa) appropriate to the type of con- 
tamination inourred. Because spores are an important 
source of contamination, it is imperative to define the 
D-value and Qa: as functions of both temperature 
and water activity. For example, I. J. Pflug and K. I. 
Fox reported to the meeting that the D-value decreases 
with increasing water activity at high temperatures, 
whereas at intermediate temperatures the D-value 
first increases and then falls as the water activity 
increases. The development and microbiological 
evaluation of a glove box analogue of an assembly/ 
sterilizer were described by J. J. Shull. This three- 
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chamber analogue comprises facilities for ethylene 
oxide treatment, and steam and dry heat sterilization. 
The operational efficacy of the analogue was tested 
with controls of high bacterial spore densities on stain- 
less steel strips which were employed during the aseptic 
assembly, testing and repair of simulated spacecraft 
components. Complete sterilization of controls and 
electronic devices seeded with spores make assembly/ 
sterilizer layouts important in this context. As a 
requirement for this type of study a host of new 
microbiological methods is being developed for pur- 
poses such as the counting of viable organisms inside 
and on the surface of solids, non-cultural estimation of 
viable and non-viable organisms and the automatio 
counting and identification of colonies. 

It is of great importance to establish what changes 
occur in the indigenous microflora of flight crews. 
H. O. Wheeler and his colleagues have followed the 
changes resulting from space missions made by Gemini 
crew members. The results indicate a simplification 
of the indigenous microflora of the personnel and, 
while there was a decrease in the types of organisms, 
total numbers rose. Similar population changes 
occurred on the space hardware. Of major concern 
is the finding that a transfer of micro-organisms took 
place between crew members. Various suggestions 
have been made on how best to maintain the balance 
of the astronaut’s microflora, but schemes involving 
the seeding of food or the atmosphere with selected 
micro-organisms, direct implantation of the contents 
of a “normal” human internal flora into the subjects, 
or the use of antibiotics to control microbial popula- 
tions are all fraught with various degrees of danger. 
Probably the wisest approach at this juncture is to 
attempt to develop a communal microflora among the 
flight crew before the mission with the aim of estab- 
lishing specific antibodies so that any cross-infection 
during the mission will provide only a minimal hazard. 

This kind of work, in addition to finding answers to 
its own specific problems, is contributing to a broaden- 
ing of the science of applied microbiology. In particu- 
lar the microbiological problems of closed environments 
inhabited by man are now better appreciated and, 
together with developments in decontamination and 
sterilization, should be directly applicable to many 
hospital and industrial needs. 


Money for Sociologists 


Tar Social Science Research Council has now published 
a list of the grants awarded for research in the social 
sciences since October 1966. The grants cover 43 
subjects, and amount to £206,162 for new projects and 
£22,223 as supplementary support for existing ones. 
The largest grant of all (£33,367) goes to Professor 
A. H. Potter at the University of Essex for the estab- 
lishment of a social survey data bank. Dr. A. 8. King 
at Essex is studying political leaders’ conceptions of 
the electorate, and Mr. D. G. Harper at the London 
School of Economics is working on group functioning 
and jury deliberation. At the Department of Psycho- 
logy at Keele, Dr. J. Hartley is investigating the 
factors which affect the efficiency of learning from 
programmed instruction. Mr. A. Silbertson of the 
Department of Applied Economics at Cambridge has 
contrived to get two grants; one for an analysis of 
patent statistics, and another for a survey of the 
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economic impact of the British patent system. Dr. 
M. N. Clark at Edinburgh has £2,000 to study European 
Communism and the Common Market, while Professor 
J. P. Mackintosh at Strathclyde has the widest subject 
of all—-the British Parliament—and £4,035 to enable 
him to study it. At least one of the grants should 
bring concrete benefits: Professors Dosser, Peacock 
and Wiseman at the Institute of Social and Economic 
Research are working on the tax problems of Britain’s 
entry into the Common Market. 


Proteins for Seeing 
from a Correspondent In Molecular Biology 


Taa chemical events which underlie bleaching and 
regeneration of the rod pigment, rhodopsin, have been 
defined in a series of remarkable researches by Wald 
and his associates. Yoshizawa and Wald have now 
examined the behaviour of the cone pigment, iodopsin, 
which is responsible for bright-light (and colour) 
vision (Nature, 214, 566; 1967). Iodopsin contains 
as chromophore the same ll-cis retinal (vitamin A, 
aldehyde) as in rhodopsin, bound to the protein cone 
opsin. The process of bl ing consists of photoisomer- 
ization of the retinal to the all-trans form (a change 
from an L-shaped to a linear configuration), followed by 
its dissociation from the protein, through a series of 
intermediates which were individually characterized 
by “freezing” the reaction at low temperatures. 
Iodopsin is now found to behave similarly in outline, 
but to show some fascinating differences in detail. 

As in the rhodopsin system the first step, and the 
only one—triggered by light—is the isomerization of the 
retinal, which remains bound to the protein in the 
product, prelumi-iodopsin. This intermediate can be 
stabilized at —195°, and its formation is accompanied 
by a large red-shift in the absorption maximum, 
because of the modification of the chromophore; it is 
supposed that the protein is conformationally un- 
changed at this stage. This step is fully reversible in a 
manner previously encountered only in rhodopsin 
and a few organic dye systems: on irradiation near 
the absorption maximum of the prelumi-rhodopsin 
the retinal reverts to the 1l-cts form and iodopsin is 
regenerated. In general an equilibrium mixture is 
formed, according to the proportions of the irradiating 
light absorbed by the two components. In the rhodop- 
sin system, warming by stages in the dark leads to a 
succession of products, in all but the last of which the 
all-trans retinal remains attached to the opsin. On 
warming prelumi-iodopsin, on the other hand, iodopsin 
is regenerated, that is the retinal is re-isomerized in 
the dark to the 11-cts form. In order to form the next 
product in the bleaching sequence, lumi-iodopsin, 
intense irradiation at a wavelength at which the start- 
ing material absorbs much more than the product is 
necessary. This reaction, too, can be photochemically 
reversed. In the dark, an increase of temperature 
then leads to the bleaching of the lumi-iodopsin 
through two meta-iodopsins, each of which is character- 
ized by a distinctive absorption maximum. 

Clearly the prelumi-icdopsin is a highly unstable 
molecule. The protein conformation is evidently 
stabilized by its specific ligand, 11l-cis retinal, and the 
system may therefore adjust in two directions: either 
the retinal may re-isomerize to the form which stabil- 
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izes the conformation, or the conformation itself may 
adjust, and the protein finally shed the retinal (which 
is attached by a weak Schiff-base linkage, as well as 
~ a non-covalent fit). The difference between the cone 
and rod systems lies then in the greater relative stability 
of the initial protein conformation in the former, so 
that the re-isomerization reaction has the lower 
activation energy. It should be noted that the changes 
which come after the iodopsin to prelumi-iodopsin 
conversion must reflect conformational states of the 
protein, and indeed some changes in terms of accessible 
side chains were established by Wald and co-workers 
in the rhodopsin intermediates. The nature of the 
conformation changes during bleaching and regenera- 
tion of the retinal pigments is an unexplored field. 
A start, however, has been made by the use of optical 
rotatory dispersion (Kito and Takezaki “Nature, 211, 
197; 1966), which suggests that rhodopsin may suffer 
a loss in «-helix content during bleaching. Circular 
dichroism measurements (Crescitelli ef al., Proc. U.S. 
Nat. Acad. Sct., 56, 1729; 1966) are consistent with 
this result. 


Electron Spin Resonance 


from B. A. Thrush 


Tax reactive intermediates in chemical reactions can 
be studied by electron spin resonance, and this applica- 
tion of E.S.R. was discussed at a meeting at the Royal 
Society on May 4. Dr. W. A. Waters, who organized 
the meeting, started by pointing out that the species 
detected in this way were often less reactive secondary 
species, and that kinetic studies of such systems are 
only just beginning. As well as detecting species, 
E.S.R. can be used to provide structural information 
such as bond lengths from spectra of diatomic mole- 
cules—Dr. A. Carrington said that for these species 
Stark modulation had some advantages over magnetio 
field modulation. Diatomic radicals normally have a 
few electric dipole transitions, but, as Dr. Carrington 
pointed out, non-linear polyatomics would show much 
weaker magnetic dipole transitions with many lines; 
108, say, for nitrogen dioxide. 

Professor T. M. Sugden described the sources of 
error in E.§.R. studies of gas reactions; Russian 
workers, he said, use the hydrogen—oxygen reaction as 
a source of atoms and radicals while others prefer 
discharge-flow systems. Dr. B. A. Thrush said that 
in the reactions O+0,H, and H+C,H,, the rate con- 
stants agreed well with those determined in other ways. 
By sampling the microwave absorption at fixed times 
after repeated flashes while the magnetic field is slowly 
varied, Dr. T. M. Wilmshurst reported that he has been 
able to detect a transient radical in the flash photolysis 
of benzophenone solutions. Professor R. O. C. Norman 
discussed the free radicals produced by the attack of 
hydroxyl radicals on various molecules; in their 
subsequent reactions, heterolytic processes dominate 
homolytic ones. 

E.S.R. can also be used to study both the radicals 
involved in polymer degradation and those present in 
the early stages of radical polymerization. The 
hindering of rotation in the polymer radical explains 
the proportion of isotactic and syndiotactic polymer- 
ization, as Dr. H. Fischer showed. In addition, E.S.R. 
can be used to study biological materials, particularly 
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those containing metal atoms. For instance, it might 
prove possible to distinguish between radical and 
hydrogen transfer mechanisms for oxidation and 
reduction. processes. 


The New Chromatography 


Mr. ©. Q. Soorr writes: 

From discussions at the annual general meeting of 
the Gas Chromatography Discussion Group of the 
Institute of Petroleum Hydrocarbon Research Group 
(held at the Royal Institution on April 28, 1967), 
and from some of the papers presented at the sym- 
posium which followed, it is evident that the gas 
chromatographic techniques will soon make an impact 
on other chromatographio systems, some of which 
have seen little change in technique since their intro- 
duction long before the advent of gas chromatography. 

R. J. Maggs reviewed recent studies in liquid-liquid 
chromatography in which the column dimensions, 
support materials, sample sizes and detection systems 
and—equally important—the scientific approach used 
by the experimentalists were those used previously in 
gas chromatography. In this short period of develop- 
ment a scheme for the determination of absolute 
retention values has also been proposed and verified. 
This research must inevitably lead to the production 
of highly efficient automated instruments for the 
separation of thermally labile and high molecular 
weight samples. 

At the symposium, T. Cotgreave also described 
liquid and thin-layer chromatography with flame- 
ionization detection. In his first scheme, the problems 
encountered while investigating systems for removal of 
liquid mobile phase from the effluent from liquid—solid 
and liquid-liquid columns and for introduction of the 
sample to the detector were reviewed. A rotating disk 
system was finally adopted. In his second scheme, 
components separated on a thin-layer chromatoplate 
are sequentially volatilized (or pyrolysed) off the plate 
and swept by a stream of inert gas into the detector 
to yield a recorder trace of near symmetrical peaks. 
A trace for separated lubricating oil antioxidants was 
shown. 

Components such as steroids which are difficult to 
handle by gas chromatography can be made more 
tractable by conversion to trimethyl silyl ether deriva- 
tives. B. S. Thomas described work done in collabora- 
tion with D. R. M. Walton on the quantitative separa- 
tion and preparation of the traces of steroids present 
in urine and blood. They made use of the special 
sensitivity of the electron capture detector towards 
organic halides by the preparation of chlorodimethyl 
silyl ethers, and now derivatives containing other 
halogens are being investigated. 

The deliberations of an Institute of Petroleum 
Sub-Panel which attempted to specify a standard 
gas chromatographic method of analysis suitable for 
reference use were discussed. Q. R. Primavesi indicated 
that the problem of defining a criterion relating the 
degree of resolution of two partially resolved peaks to 
meet given reproducibility requirements had not been 
satisfactorily solved for the non-Gaussian peaks some- 
times encountered in practice. Another member of 
the Panel, F. Snelson, commented on a computer 
approach to the problem. 


` 
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Parliament in Britain 


Select Committee 

Tas Central Electricity Generating Board must be 
sorry that it abandoned competitive tendermg when 
it placed the order for Hinkley B nuclear power 
station. Since then people have hardly stopped talking 
about it. The Select Committee on Science and 
Technology had another go at Mr. Stanley Brown of 
the C.E.G.B. on May 4. Atomic Power Construction, 
he said, had been fully stretched at the time, building 
Dungeness B, and Nuclear Design and Construction 
was not ready to put in a tender. The Nuclear Power 
Group, on the other hand, was well placed, and the 
“exceptional” step was taken of directly negotiating a 
contract with it and, as Mr. Brown put it, “evolv- 
ing to a price”. It was true, he said, that A.P.C. had 
put in a lower estimate, and that the start of building 
had been delayed by one year by the reluctance of the 
Ministry of Power to give approval for the capital 
expenditure, but even so it was not possible to take the 
A.P.C. bid seriously. 

In any case, Mr. Brown added, conventional estim- 
ates were grossly misleading—prices given without 
the discipline of building the station were worthless. 
The A.P.C. claim—£81 per kilowatt against the N.P.G. 
price of £87--was, he implied, shrewd publio relations 
rather than hard financial bargaining. A.P.C. had not 
put in such a startling bid for Hunterston B. 

Mr. Brown made some interesting claims for the 
availability of British nuclear stations. Excluding 
Trawsfynydd (which seems to have suffered one 
disaster after another), British stations are available 
63 per cent of the time in their first year, against 
46 per cent for stations in the U.S., and 85 per cent of 
the time in their fifth year, against 56 per cent in the 
U.S. The very high cost of outage (the times during 
which stations are out of service) showed how important 
this was. 

Turnkey contracts would go, Mr. Brown thought; 
indeed, the C.E.G.B. had contemplated abandoning 
them for the A.G.R. programme, but had decided 
against it. The Dungeness B appraisal had established 
the facts about the boiling water reactor, he said, and 
since the Dungeness contract tenders for B.W.R.s 
had not been sought. Despite the Hinkley affair, Mr. 
Brown repeated the belief of the C.E.G.B. that competi- 
tion is valuable, and could not be provided solely by 
the distant threat of American companies. All future 
stations, he said firmly, would be put out to tender. 
Data Processing 
Wren the Post Office (Data Processing Service) Bill 
received its second reading (Nature, 214, 553; 1967), 
Dr. J. Bray said that the Post Office was securing a 
return of 12—40 per cent on its existing computer instal- 
lations. He saw no likelihood whatever of a monopoly 
situation developing in the use of computers or in the 
provision of computer services. On the contrary, 
keen compotition with small and active private bureaux 
was probable. (Debate, May 3.) 

Nuclear Power 

Loep Brswrox, Parliamentary Under-Secretary of 
State for Commonwealth Affairs, said that comparisons 
of unit generating costs by Mr. Duncan Burn in his 
book The Polstical Economy of Nuclear Energy (Nature, 
214, 547; 1967) were vitiated by failure to ensure strict 
comparability both in the financial and operating 
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conditions and in the physical environment of the 
station. Lord Beswick added that in this country 
a life of 20 years was assumed for the generating 
station and a load factor of 75 per cent, against the 
30 year life and 85 per cent load factor assumed in the 
United States. On the U.S. basis, even the last few 
stations built under the Magnox programme would be 
producing cheaper electricity than their coal-fired 
contemporaries. (Statement, House of Lords, May 4.) 


Antarctic Treaty 

Tan Antarctic Treaty Bill, which received its second 
reading in the House of Lords on the motion of the 
Bishop of Norwich, is intended to give effect to the 
measures for the conservation of Antarctic flora and 
fauna which the twelve Antarctic Treaty governments 
approved at a consultative meeting in Brussels in 1964. 
Clause l prohibits without a permit the killing, injuring, 
molesting or taking of native birds or mammals and is 
designed primarily for the protection of six species of 
seal and four species of penguin, as well as ten species 
of birds which fly and nest in the Antarctic, particu- 
larly the shags, petrels, gulls, terns and skuas. Under 
Clause 4 the Secretary of State would be able to issue 
permits to allow animals to be taken to provide 
specimens for scientific research for zoos and museums 
and will be authorized to delegate his powers in this 
respect to the Director of the British Antarctic Survey 
and also to leaders of the British Antarctic Survey 
stations and of other British expeditions. (Debate, 
House of Lords, May 1.) 


Statistics 

Tau Fourth Report from the Estimates Committee 
and the Ninth Special Report from the Estimates 
Committee relating to Government Statistical Services 
were debated by the House of Commons. Generally the 
reports were welcomed by the House, particularly the 
recommendations for improving the career prospects 
and standing of statisticians in Government service, for 
standardization and for a comprehensive public guide to 
official and semi-official statistics. Mr. P. Shore, 
Joint Under Secretary of State for Economic Affairs, 
admitted the need for more statistical information and 
said that while there were in April 1967 251 established 
posts for statisticians, compared with 169 at the end of 
1964, 52 were unfilled: adequate trained manpower 
was essential for most of the changes and improve- 
ments the Government sought to make in the statistical 
service, and efforts were being made to encourage 
recruitment by schemes such as the cadet statistician 
scheme for postgraduate ining and a bursary 
scheme under which suitable people were sent to a 
university for a professional course. On the collec- 
tion of key statistics Mr. Shore said that there 
must be an end to the present situation which 
made it difficult to relate information collected 
by the Board of Trade with that collected by the 
Minister of Labour; this was a key objective in 
improving Government statistics. He referred to the 
importance of the Family Expenditure Survey and said. 
that this year it was hoped to survey 10,000 homes. 
They were also trying to bring together earnings 
figures for wages and salaries and to compile sub- 
regional as well as regional earnings . The 
reports and the debate, he said, marked the beginning 
of & sustained drive to improve our statistical services 
for both Government and industry. (Debate, May 4.) 


652 


NATURE, VOL. 214, MAY 13, 1967 


Three-dimensional Structure of 
Tosyl-a-chymotrypsin 


by 

B. W. MATTHEWS* 
P. B. SIGLER 

R. HENDERSON 

D. M. BLOW 


M.R.C. Laboratory of Molecular Biology, 
Cambridge, England 


A model is proposed for the structure of an inhibited derivative of 
an enzyme which hydrolyses proteins. It is based on a map of the 
electron density distribution at 2 A resolution and interpreted in 
terms of a previously reported sequence of 241 amino-acids. The 
map has been derived from a Fourler synthesis of 24,500 terms and 
represents two Fae ad Independent molecules, each of 
molecular welght 25,000, which are nearly identical In their tertiary 
structure. The enzyme Is composed almost entirely of extended 
polypeptide chains. A chemical marker unambiguously defines the 
position of the active centre. The position and orlentation of the 
residues known to be important In catalysis are clearly seen. The 
mechanism by which the Inactive precursor is converted into an 


active enzyme is revealed, 


An X-ray diffraction study of crystalline «-chymotrypsin 
—e bovine protease containing 241 amino-acid residues— 
has been in progress since 1960 (refs. 1-3). We are now 
able to report the preparation of an electron density 
map at a resolution of 2 A which, taken in conjunction 
with the amino-acid sequence determined by Hartley** 
and Keil and Sorm’*, reveals ın detail the conformation 
of the enzyme molecule in the crystal. 


X-ray Diffraction Measurements 


The crystals were grown from ammonium sulphate 
solutions at pH 4:2 as previously described’. The unit 
cell (space group P2, a=491 A, b=67-4 A, o=65-9 A, 
8=101-8°) contains four molecules of molecular weight 
25,000 (refs. 9 and 2). Although the enzyme normally 
functions as a monomer, the crystallographic asymmetric 
unit contains two molecules, related by local, non- 
crystallographic two-fold axes parallel to a* (ref. 1). 

Three-dimensional X-ray diffraction data were obtained 
from thirty-one sets of precession photographs of arystal- 
line «-chymotrypsin and of each of the derivatives listed 
in Table 1. All derivatives were obtained by soaking 
crystals of the native enzyme in appropriate solutions. 
For each derivative about 66,500 reflexions were measured 
on the thirty-one different planes of the reciprocal lattice, 
this number being reduced to 37,000 after averaging 
equivalent reflexions recorded on the same film. After 
allowing for intersection of the planes, about 24,500 
independent intensities remained, which corresponds 
to more than 90 per cent of all reflexions arising from 
crystal planes with a spacing of more than 2 A, and 
including virtually every reflexion over 2:8 A. In 
the case of the PMA-tos derivative, most of the data 
were limited to spacings of greater than 25 Å. The smaller 
precession angles were chosen in this case to minimize 
the radiation-induced disordering encountered with this 
derivative’. Anomalous scattering measurements were 
made for the derivatives containing heavy atoms only 
where both members of the Friedel pair appeared on 
the same film. This occurred in about 16,000 cases, 
increasing the total number of independent intensities 
to an estimated 35,000 for the derivatives containing 
heavy atoms. 

These data were used to determine the structure by the 
method of isomorphous replacement. We elected to 
compute a Fourier synthesis of tosyl-«-chymotrypsin, 
rather than the native enzyme, for the following reagons. 
First, we wished to exploit the perfect isomorphism 
between the pipsyl and tosyl derivative which permits 


* Present address: Laboratory of Molecular Biology, NIAMID, Bethesda, 
Maryland 20014, U.S.A. 


the use of a single, moderately heavy atom to give accurate 
phase information at high resolution. Second, using 
tosyl-a-chymotrypsin as parent, a simpler and more 
constant pattern of binding of PMA to the protein was 
achieved. Finally, we anticipated that the interpretation 
of the map would be aided considerably by the unambigu- 
ous identification of the tosylated serine 195, which was 
likely to be more clearly visualized in the structure of the 


tosylated enzyme. 





Fig. 1. A representation of the rt ee of molecules in crystalline 
8 of a 


a-chymotrypsin. The boundarie ystallographic unit cell are 
indicated and the positions of some crystallographic two-fold screw 
axes are shown in white. The two types of local two-fold axes are also 
marked. It may be noted that there are two different types of environ- 
ment for the local axes, which alternate along the chains of molecules. 
The local two-fold axes are exactly parallel to a* (that is, perpendicular 
to b and o), and sa the equations s=0 158¢ + 0-428, or z=0-1532 
+0 925,70. For clarity of representation, the symbolic molecules have 
been e too small in relation to the unit cell. The overall dimensions 
of pe molecule in the a*, b and ¢ directions are approximately 45° A, -> 
35 A and 88 A, respectively. Anindication of the correct shape and size 
of a pair of molecules ig given In the w left corner of the Agure, 
together with a representation of the “domain of influence” of- the 
two-fold axis which relates them. The shaded surfaces are near the 
limits of the domain of mnfluence. 
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The positions of the heavy atom sites were inferred 
from difference Patterson and Fourier projections? and 
confirmed for each derivative by three-dimensional 
difference syntheses phased on the other derivatives. 
Methods similar to those of Rossmann!! and Lundberg?* 
were used for initial refinement of the heavy atom 
parameters for each derivative. It was found that con- 
vergence was greatly facilitated by using the filtering 
technique of Diamond'4. The parameters used in the 
phase calculations were determined by a simultaneous 
refinement of all parameters using an alternate phase 
determination and refinement scheme", applied to 1,200 
selected reflexions. The programme was kindly provided 
by Dr. Hilary Muirhead. 

Temperature factors for the heavy atoms were initially 
established from a Wilson plot of | AF'| and held constant 
while occupancies were refined. Occupancies were then 
held constant and the temperature factors refined, being 
allowed to become anisotropic in the last few cycles. In 
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this way difficulties arising from the interdependente 
of the occupancy and temperature factor were eliminated. 
No attempt was made to constrain the parameters to 
obey the non-crystallographic symmetry during the 
final refinement. i 

Phase angles were determined separately for each ` 
plane of data by the method of Blow and Crick’* and 
anomalous scattering information was incorporated as 
proposed by Matthews. For each of the thirty-one 
reciprocal lattice sections the structure amplitudes for 
each derivative were modified by scale and artificial 
temperature factors in such a way as to make them 
strictly comparable with the structure ampltudes of the 
parent crystals in the corresponding planes. By compar- 
ing the structure amplitudes in this way, systematic 
errors in AF which depend on the geometrical conditions 
of the observation, such as absorption, were minimized. 
Systematic local variations in the intensity data were 
further reduced by a method of local scaling to be described 
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Fig. 2. The amino-acid sequence of a-chymot: accord to 


rypeln ing to Hartley. 
(soleucine), the abbreviations are the first three letters of the name of the amino-acids. 


The disco) 


niinutties arise from the loss of two dipeptides which results from the tryptic and chymotryptio cleavage of peptide 
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Table 1 
Bymbol Resolution Superna Heavy atom sites 
Name in text Umut solution Reagent added* Welghtt+ 2 y z Bt Bt 
Native a-chymotrypain nat 204 20 moles 
PtOl? o-chymotrypsin PO, 204 0 molar K, PtOL 95-9 O2R20 —0072 —OO0L 24-2 88-0 
(NEBO, O5-1 0-212 0 073 10 22 
65-2 0218 0-010 0-407 250 
474 0212 —0-006 0519 250 
45:0 0-850 0006 0558 88-1 
37-8 0351 -0012 0-499 381 
Tosyl-a-ochymotrypsin tos 204 26 molar CH,.0,H,.S0,F 
4 
Pipsyl-a-chymotrypsin F 20Å 2-6 molar I.0,H,.80.F 41:6 0-488 0-004 0-459 20:0 65-0 
hid PP i Oy sis 490 0-486 —0-057 0-625 20-0 
Phenylmerouriottosyl- PMA-tos 25 A “6 molar Cie Oat BOE then 659 0 200 0915 0997 27-8 840 
a try pain NaH,PoO, CH,COO0.Hg.C.H, 64 8 0-105 0080 0012 27-8 


* All derivatives except PMA-tos wore fully described previously*, PALA-tos was 
©, and are approximately electrona/unit ce. 
tn the final cycles of reflnement, 


+ The weights are all on a comparable 
from which the final anisotropio factors were 
t Estimated root mean square error in calculated structure factor’®. 


elsewhere by one of us (B. W.M.). The absolute configura- 
tion was already known’. The mean figure of merit!’ 
varied from 0:75 above 6 A to 0-30 at 2 A. 

It should be noted that the PtCl, derivative was 
prepared from the native enzyme, whereas the PMA-tos 
and pip derivatives have the tosylated enzyme as their 
parent structure. Separate phase probability distribu- 
tions were calculated for the native enzyme using the 
PtCl, derivative and for the tosylated enzyme using 
pip and PMA-tos. A joint probability distribution 
was then evaluated, simply as the product of the two 
distributions. This is equivalent to assuming that 
the small differences between the tosylated and the 
native enzyme have a negligible effect on the phase angle. 
The assumptions implicit in this procedure for calculating 
the phase angles may account for certain deficiencies in 
the electron density map and will be discussed below. 

After merging, the 24,500 structure factors were 
used to compute a ‘bæt’ Fourier synthesis'* for the 


tosylated enzyme on a grid spaced at &, ya, m, using a 
general Fourier summation programme written m Fortran 
by Mr. R. A. Crowther. The results of the Fourier synthe- 
sis were used to prepare a contour map on planes of con- 
stant 2. This was recorded by an automatic camera 
from a cathode-ray tube display using a programme 
written by Mr. T. H. Gossling for a Ferranti ‘Argus’ 
computer’. A further map was prepared representing 
the average density in the two crystallographically inde- 
pendent molecules. 


General Features of the Electron Density Map 


The arrangement of the molecules deduced from the low 
resolution studies?! was confirmed. The total orystal 
structure can be visualized as a series of long chains of 
molecules in close contact, running parallel to e. These 
chains are relatively widely separated. Each chain 
satisfies two sets of local two-fold axes perpendicular to 
the chain and parallel to a* (Fig. 1). Although these local 
axes are symmetry elements of the chain, they are not 
symmetry elements of the entire lattice because the 
domain of their influence is limited in the a and b direc- 
tions. The exactness of the local symmetry is excellent 
in the centre of these domains but deteriorates noticeably 
in regions where two domains interact. This is particu- 
larly noticeable at the extremes of the molecule along a. 
In the central region of the domains the correlation 
between the related densities can be used as an index of 
the accuracy of the map. 

There is a very definite variation in the appearance of 
the electron density in different parts of the molecules, 
quite apart from considerations of local symmetry. In 
the centre of the molecules the features appear much 
stronger and their shape is more sharply defined. Since 
the blurring of the density is particularly apparent in 
regions where molecular contacts are not well developed, 
we interpret this as arising from flexibility of molecular 
conformation in these regions. 


from tosyl-a-chymotrypsin as described in ref. 10. 
The artificial temperature factors, B, are the isotropic values 


A previous map at 2 A resolution phased only with the 
PtCl, and pip derivatives did not lead to a total inter- 
pretation of molecular conformation. The additional 
phase information derived from the PMA-tos derivative, 
limited to 2-5 A resolution, improved the map to the 
point where a confident interpretation could be made. 


Interpretation of the Electron Density Map 

Alpha-chymotrypsin is derived from chymotrypsinogen 
A by the enzymatic cleavage of four peptide bonds, 
forming three polypeptide chains known as the A, B 
and O chains’®. The three chains are held together by 
two of the five cystine bridges (Fig. 2). Starting from the 
assumption that the amino-acid sequence of Hartley is 
correct, our objective has been to build an atomic model 
of the protein which conforms uniquely to the observed 
electron density distribution. In doing ths we have 
mainly studied the map of the averaged electron denmty, 
which in most regions is more readily interpreted, referring 
where necessary to the unaveraged map. 

Two positions in the molecule could be assigned with 
confidence to definite points in the amino-acid sequence. 
The side chain of ser 195 was easily identified by its con- 
nexion to the sulphonyl group’, the position of which 
had been previously determined’. In addition tyr 171 
was selectively di-iodinated in the crystal, and the posi- 
tions of the iodine atoms were clearly located by difference 
Fourier projections (P. B. 8., unpublished results). 


oc~ helix 
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Fig. 8. A photograph of part of the avera map of tosyl-a-chymotryp- 
sin, including the sections 2 = 10/64 to 15/ ‘Two cystines occur in this 
part of the map. In the centre a stretch of extended chain, In the plane 
of the uppermost sections, contains the sequence oye. aly “gly Ser. At the 
ycine residues the carbonyl groups are most clearly soen. At upper left, 
he sections cat through the a-helical nt, and lenoine and nins 
sde chaing appear. A clearly ident: lo tryptophan side chain also 
ocours in these sections. (A lower contour level, marked ın red on the 
original, la invistble ın this photograph.) 
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Four features could be readily recogmzed as cystine 
bridges by their strong density and their characteristic 
staggered appearance?! (Fig. 3). Continuous chams of 
density could readily be followed from these, corre- 
sponding in length to the A, B and O chains, assuming the 
polypeptide to be fully extended (3-8 A per residue). This 
interpretation was confirmed by the positions already 
assigned to ser 195 and tyr 171, and by the clear appear- 
ance of many aromatic residues at appropriate positions 
along the chains. 

A region of the map adjacent to the active centre and 
attributed to residues 190-193 does not appear as an 
obvious chain of continuous density. A difference 
synthesis comparing the native and the tosylated enzymes 
shows that the largest shifts in density ocour in this 
region. The lack of clarity in this critical region is 


probably caused by the way in which the phase informa- 
tion for the native and tosylated enzyme was combined. 


ab 


Local two- fold axis = 
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Fig. 4. A schematic drawing representing the conformation of the pol 
his 57, tyr 171 and the sulphonylated 
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The fifth cystine bridge (191-220) appears as a strong 
feature of electron density in this region. Some regions 
of the molecule, especially the “methionine loop” of the 
O-chain (168-182), and a sequence in the middle of the 
B-chain (70-80) which are at the extremes of the molecule 
in the a-direction showed relatively weak density in each 
of the individual molecules. 

The conformation of the polypeptide chains is depicted 
in Fig. 4. With the exception of eight residues at the C- 
terminus whioh form a short section of «-helix, the chains 
tend to be fully extended. As these chains trace through 
the molecule they often run parallel to one another at a 
distance of 4-5-5 A for stretches of several residues. Ina 
fully extended polypeptide chain the peptide groups are 
available for hydrogen bonding, and therefore the tertiary 
structure is presumably stabilized to a large extent by 
hydrogen bonds between the chains. There ia a very 
noticeable tendency for a chain to interact with a neigh- 





eptide chainain a-ch trypsin. Disulphide bridges, the side chains of 
ser 195 are shown. The amino and carboxyl terum of the 4, a Y 


nd O chains are indicated. a* is vertical, 


and the edges of the base are parallel to b and c. 
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bouring region in the sequence. This occurs frequently 
when a chain turns back and runs parallel to its previous 
course. The overall appearance is of a chain “piled on 
itself” rather than rolled, coiled, or knotted. This 
suggests that the molecule might be folded around nuclei 
of highly stabilized local conformation. 

Because four of the six chain termini arise from 
enzyme catalysed hydrolysis of the zymogen molecule, 
their relative positions are of particular interest. These 
terminal groups (leu 13, ile 16, tyr 146, ala 149) are in 
positions consistent with the cleavage of peptides from 
the surface of a zymogen with fundamentally the same 
structure. 

The map shows regular bumps along the main chains 
indicating the positions of side chains (Fig. 3). Although 
many of the bulky side chains can be clearly identified, 
short side chains, and especially flexible side chains extend- 
ing into the solution regions, would certainly not be 
identified without the aid of the sequence. 

The general observations made in the study of myo- 
globin and lysozyme*!-** concerning the interaction of the 
side chains and the aqueous medium are confirmed. 
With only two exceptions (to be described here) all 
charged groups point towards the solvent. Much of the 
interior of the molecule is composed of regions where 
hydrophobic side groups from several chains interact, 
although it is not uncommon for the smaller hydrophobic 
side groups (alanine, valine) to be exposed to the surface. 

There is no pronounced cleft in the molecule in the sense 
that a cleft exists in lysozyme* or ribonuclease**. There 
are, however, in the vicinity of the active serine, open 
regions in the surface of the molecule where the structure 
is not closely packed. The tosyl group bound to ser 195 
extends across one of these open regions. His 57 extends 
from one side pointing directly towards the sulphur atom 
of the tosyl group, and approaching within 5 A of it (Fig. 
5). The position of ser 195 and his 57 supporta the 
accepted view that they exert a concerted action in the 
catalytic mechanism?5, 

The region of the molecule where we have the greatest 
difficulty in’ reconciling our map with the proposed 
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gis. 5. A photograph of part of the ave: map of ri eee pre Lm 
sin including the sections z= 16/64 to 22/64. The ed ine indicates the 
outline of one molecule, and the large black dota show the position of 
the local two-fold axes, which run perpendicular to the sections. The 
critical amino-acids of the active contre, his 57, ser 195, asp 104 and Ile 16, 
lio in these sections, within the outlines of the . An interpreta- 
tion of this density distribution on an atomic scala is shown below. The 
aromatic group of tosyl-ser 105 lies beneath the sections Ulustrated, and 
is omitted from the interpretation. 
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amino-acid sequence is ın the region of residues 30-40, 
but in view of speculations about the role of his 40 (refs. 5, 
26) we should say that his 40 appears to be at least 13 A 
away from his 57, and it seems unlikely that the two 
histidines could act in a concerted fashion. 

Despite the relatively poor contmuity of the chain 
between residues 190-194 we believe that this part of the 
map can be interpreted in only one way. The role of asp 
194 is very specific. The negatively charged carboxylate 
group is buried in the molecule, forming an ion pair with 
the positively charged amino terminal group of ile 16, 
which is also turned towards the interior (Fig. 5). Both 
groups appear to be further stabilized by hydrogen bonds 
with a nearby peptide chain, and with neighbouring 
serine side chains. Because it is the production of this 
N-terminal group which confers activity on the zymogen, 
it is presumably this strong ionic interaction which 
stabilizes the active configuration of the enzyme. This 
activation mechanism appears entirely compatible with 
the inferences drawn by Hess and his collaborators from 
their experiments’, and from interpretations of the 
dependence of the catalytic properties of the enzyme on 
pH. (see, for example, refs. 26 and 28). 

We have presented this as a preliminary report at a 
time when it has not yet been possible to review all the 
X-ray diffraction data available to us. We.wish to post- 
pone any further consideration of the enzyme function 
until a more complete study of our results has been made. 
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us, and Professor Gill, and the manager and staff of the 
Computer Unit at the Imperial College of Science and 
Technology, London, for their very generous provision 
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by When a thin sheet of material in which the thermal resistance is not 
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Dure the past half century geologists and geophysicists 
have collected many date the spatial and temporal distri- 
bution of which has suggested the possibility of large scale 
relative movement of portions of the Earth’s outer 
layers'?. It must be admitted that many of these data 
are scrappy and provide little more than circumstantial 
evidence for a not wholly convincing case, but in the past 
few years with new data, such as mapping and timing 
the magnetic anomalies near the Atlantic ridge*, the 
evidence for large scale dynamical processes in the upper 
mantle can no longer be dismussed. 

Contemporary discussion has been concentrated on the 
possible movement relative to the mantle of entire 
continental masses. Further, these discussions have 
largely confined themselves to a “‘drift’’ hypothesis. In 
brief, that model assumes the existence of streams in the 
upper mantle on which the continental mass rides. If 
the streams do not exist the continental mags does not 
move. The choice of the word “‘drift’’ is therefore appro- 
priate. There is, however, the alternative possibility of 
continental “propulsion”. The essence of the continental 
propulsion hypothesis is that the continents are self- 
propelled, that is, their movement relative to the mantle 
does not rely on the pre-existence of streams in the mantle. 
The difference between the two models is simply the 
difference between a raft and a raft with a motor. 

The most obvious possible mechanism responsible for 
the migration of continental masses invokes convection 
in the upper mantle as an essential element. My interest 
in mantle convection has arisen in an entirely different 
connexion, that of the problem of the origin of the large 
heat flows found in so-called geothermal and volcanic 
areas. Consideration of the mass and energy balance of 
these areas makes it difficult to avoid the conclusion that 
there is convection in the upper mantle*. These areas 
can be described in terms of penetrative convection; heat 
and mass rise from the upper mantle and penetrate the 
crust, but the local crustal processes have a negligible 
effect on the conditions at depth. If, however, we con- 
sider only the gross features of' geothermal areas, for 
example the relation of the so-called East Pacific high 
to the adjacent continental mass of America, we can 
recognize the possibility of the continental mass directly 
affecting the processes at depth, and if we hypothesize 
that the continental material has a higher thermal 
resistance than the material in which it is embedded, 
laboratory models show high heat flow in the oceanic 
region adjacent to the continent’. In these models, how- 
ever, the continent is considered to be fixed. In this article 
I simply remove this restriction and allow the continental 
mass as a whole to move freely. 

Thus this article seeks to enquire into the motion of a 
thin sheet floating in a layer of fluid heated from below 
where the layer itself may be convecting. If the sheet is 
homogeneous and its plan form is symmetrical (let us for 
the moment consider a rectangle) there is no preferred 
direction of motion. If we increase the thermal resistance 
on one side of the rectangular sheet, say by local thicken- 
ing, the impeded heat requires additional convective 
movements of the mantle for its removal. It is clear, 
as we shall see in detail below, that these movements 
provide a net horizontal thrust on the sheet. Thus if 
the thermal resistance of the sheet to the vertical flux of 


symmetric about a central point floats on a heated viscous fluld, it is 
propelled by the induced convective motion. This mechanism is used 
as a basis for a model of continental migration. 


heat 18 not centro-symmetric, motion of the sheet must 
ensue. For the present continents to be self-propelled, not 
only must they not be centro-symmetric, but the Peclét 
number must not be too small. 


A Laboratory Model 


Consider the motion generated in & horizontal layer of a 
viscous fluid uniformly heated from below as shown in 
Fig. 1. It 1s readily shown‘ that the flow is specified by 
the following dimensionless parameters: 


A = (—§$)ygATH?/xv, the Rayleigh number; (1) 


a = v/x, the Prandtl number; 
and 
e = (horizontal extent of fluid layer)/H 


where y is the coefficient of cubical expansion; g the 
gravitational acceleration; AT the (potential) temperature 
difference across the fluid layer; H the fluid layer depth; 
x the thermal diffusivity of the fluid; and v is the kme- 
matic viscosity of the fluid. We shall use the convention 
that positive values of A refer to unstable initial states 
so that in (1) 8 is the dimensionless vertical temperature 
gradient in the undisturbed state. Thus negative values 
of A refer to flow generated by excess heating from above. 
The quantity A, the Rayleigh number, measures the ratio 
of buoyancy to viscous forces and is a measure of the 
vigour of the convection, while c, the Prandtl number, 
measures the ratio of the rates of diffusion of momentum 
and heat and is eo large in the mantle for its role to be 
negligible. If we define our units of length, time and 
temperature as 


A; H*/x; AT (2) 


all functions of the flow field can be correlated solely in 
terms of the above parameters. 

We are especially interested in the case A > 10? when 
the gross features of the flow are independent of H. It is 
then more convenient to relate all length scales to the 
scale 8 of the thermal boundary layer, where 48?’ 10°. 
The length 8 represents the effective thermal thickness 
of the fluid layer. Thus in a thin, viscous layer with high 
Rayleigh number the flow consists of an interior of large 
eddying motions and very thin thermal boundary layers 
on the two horizontal confining planes. I have already 
provided elsewhere a summary of the various flow regimes 
appropriate to the upper mantle’. 

Consider now the local modification of these flows when 
a thin finite sheet of rigid material is floating on the fluid 
layer. How can we most simply specify the geometry 
and thermal properties of the sheet ? In general we should 
state the thermal resistance of the sheet to vertical heat 
flow as a function of horizontal position on the sheet. For 
the purpose of this study we consider only the simple 
example of an inhomogeneous sheet which is a rectangle 
much broader than it is wide, with one portion of its 
width of resistance different from the rest. In the labora- 
tory experiments this portion is an insulator. Thus the 
dimensionless parameters describing the sheet are 


d= (sheet thickness)/H (3) 


l = (sheet width)/H 
§= (width of portion of sheet of high resistance)/H 
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(Strictly d= Kjdz/K, across the sheet where K, K, are 
the thermal conductivities of the fluid and the sheet and 
z ı8 the dimensionless vertical co-ordinate. If heat is 
generated in the sheet at a rate gjumit volume the thermal 
resistance is increased and 


K fdz 
d=K f dz/K, + F {Z| eae 


where f is the heat flux into the bottom of the sheet.) The 
quantity of principal interest is the horizontal velocity 
V of the sheet. Expressing this in terms of the units 
(2) we have UV=VH/x, which 1s a Peelét number, measur- 
ing the ratio of the advection of heat produced by the 
motion of the sheet to the rate of heat transfer by thermal 
conduction. The Peclét number is a familiar parameter 
in the study of forced convection. Thus our problem is 
to find the Peclét number U as a function of the defining 
parameters (1) and (3). 

Experiments were performed in a plastic dish 50 em x 
50 cm in area filled with medicinal paraffin to a depth of 
1-10 om. The dish sat on an electrical heating element. 
The sheet most often used was a boat of 1/16 in. ‘Perspex’ 
of area 4 cm x8 om with sides 6 mm high. The thermal 
resistance was a sheet of 1/8 in. thick expanded plastic. 

In brief, we find that if A is rather small (so that 3/d5>1) 
the motion of the boat is erratic and does not have a 
preferred direction of motion. The Peclét number is 
rether small and the convection pattern underneath the 
boat is little different from that in the surrounding fluid. 
If, however, A is sufficiently large (8/d< 1) there is a quite 
pronounced persistent motion in a direction such that the 
high resistance portion of the boat is at the rear, indicated 
in Fig. 1. A typical run at A œ 10° in a 5 cm deep layer 
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gives velocities V œl mm/sec and a corresponding Peclét 
number Ures500. These results are summarized in Fig. 2. 
The velocity V was not steady but fluctuated +20 per 
cent root mean square about its mean. Fluctuations 
of this ampltude are typical of high Rayleigh number 
convection. 

At the higher values of the Rayleigh number we find, 
as with ordinary convection, that the gross properties 
of the flow are independent of H. This requires that 

UJA! = 0, =0(1) (4) 
where C is a function of the parameters (3) and in these 
experiments is about 1. The expression (4) is simply 
another way of saying that the Peclét number U8 = 0(10)}, 
based on the thickness of the thermal sub-layer, is inde- 
pendent of H. 

The direct apploation of these results to continental 
migration is difficult because of considerable uncertainty 
in some of the physical parameters. Let us use the follow- 
ing estimates of order of magnitude: y=10-*/°C; g= 
10° om/sec*; AT =10 °C; H=10 km; x=10-* em?/sec; 
v= 107° om?/sec. Apart from x,y these values are probably 
correct to within a factor of two or so. The value of x 
could be perhaps an order of magnitude greater but the 
value of y is uncertain to several orders of magnitude, 
largely because of the rapid and poorly known variation 
of v with temperature. There is room here for considerable 
debate, but using my simple upper mantle model‘ the 
value 10% em*/sec corresponds to that at a depth of about 
50km. This is an appropriate depth for the present model 
as we are most interested in the kinematic viscosity of the 
thermal sub-layer on the base of the continent. In 
choosing H = 10* km we do not wish to imply that convec- 
tion in the mantle is confined to this depth. Because we 
are dealing with the high Rayleigh number case the results 
are independent of H. Inserting the above values in (1) 
the Rayleigh number A œ 10’. If we take the velocity 
Ves3 x 10- cm/sec (that is, 1 em/year), the Peclét number 
U*s300; this is more or less what we have found in the 
experiments. 

Before proceeding to the discussion and speculations 
suggested by the experimental results it is helpful to 
analyse the physical basis of the observed motions by 
considering a number of idealized models amenable to 
analytical or numerical evaluation. 

Consider first the motion generated in an imtially still 
layer of fluid at uniform temperature T, by a hot sheet at 
temperature T,> 7. I have obtained numerical solutions 
by well known methods’. Two examples of these fields 
are shown in Fig. 3. 

At Rayleigh numbers — 4 <10? the problem is closely 
linear, so that ‘’a(— A) and the temperature field is un- 
affected by the flow—the Peclét number is small. The 
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development of these flows from an initial isothermal 
state of rest is closely exponential, namely (Pao — PY)/Va 
(l— exp (~¢/s)) with s=0-:09. From — A =10-10¢ the 
advection of heat by the flow becomes important and we 
find for — A > 10‘ that ‘Ya(—A)i. These gross features are 
summarized in Fig. 4. We see at d= —1 a rather squat 
symmetrical cell with its centre below the edge of the 
sheet, but at A = — 10‘ the cell is not at all symmetrical; 
it ia considerably elongated—sspecially under the sheet— 
and its centre is displaced away from the edge. 

Because the eddy is isolated near the edge of the sheet, 
the motion is independent of 1, provided 7 is sufficiently 


Geosyncline 
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large. The contribution to the migration velocity from 
one edge is obtained by integrating the stress on the 
bottom of the sheet. The relation U(A) is indicated by 
means of the second scale in Fig. 4. When A is small: 


Ul = 0-021(— A) 


Ul = 0-95(— A) 

We note in passing that the maximum shear stress occurs 
at the edge and has the value 2:2 Ul, Thus we can con- 
struct the flow pattern relative to a migrating continent 
by superimposing a horizontal velocity U—which is a 
free parameter, proportional to 1/1. Two such patterns 
(in which the observer is on the sheet) are shown in Fig. 5. 
Both show a stagnation point ahead of the sheet, in the 
vicinity of which ambient fluid ist dragged down under 
the edge eddy. There is another stagnation point on 
the sheet. 

In all models of this type the migration velocity will 
be related to the Rayleigh number in the manner repre- 
sented in Fig. 4 because Ul must be equivalent to Ym. 

One very important aspect of our problem appears here. 
I refer to the time required to establish the motion. 
At small Rayleigh numbers the scale  r0-09, in dimen- 
sional units, taking H=10? km and x=10-? cmf/eec, 
gives a time seale of 3x 10” yr. Such evidence as there is, 
however, suggests that substantial movements are possible 
in 10° yr so that we might guess that the time scale is no 
more than 10’ yr—a factor of 300 less than the above 
figure. The low Rayleigh number models can be dis- 
counted solely on these grounds. Beyond Ar — 104, 
however, the time scale of such convective flows is a 
function of A and is approximately proportional to A-313, 
A factor of 300 in time requires a factor of (300): 40 in 
Rayleigh number. Thus Rayleigh numbers at least of 
order 10° are indicated. 

To obtain a migration Peclét number of order 10* the 
simple edge model requires a Rayleigh number of order 
—10*. Clearly if we are to consider such large Rayleigh 
numbers the layer of fluid itself will be in vigorous convec- 
tion regardlees of the presence of the restive sheet, We 
can therefore consider the consequent flow as a. non- 
linear superposition of the free convective flow in the 
layer, together with flows induced by the sheet. 

An example of such a flow simulated numerically is 
shown in Fig. 6. The sheet has width 1=4, is of effective 
thickness d=1/15 and hes an imposed temperature of 
its base of 0-2 over the front three-quarters of its length 
and a temperature of 0:4 over the rear quarter. The 
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flow field shows a horizontal flow superimposed on which 
is a string of eddies. What is most striking about the 
flow is the intensification of the eddies near the edges 
of the sheet. Our sheet has both a forward and aft set 
of driving wheels. 

In the numerical simulation of Fig. 6 the flow 18 seen 
relative to the continent where, as before, the migration 
velocity is at each stage of the caloulation chosen so 
that the integral S over the sheet of the viscous stress + 
is zero. The distribution of t and S at A = 10° is shown in 
Fig. 7. Note that here positive values of + imply a 
tendency to decelerate the sheet. We see that the net 
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effect of the eddies near the edges of the sheet 1s to acceler- 
ate the sheet while the flow under the midportion of the 
sheet 18 to decelerate the sheet. As can be seen from S 
in Fig. 7, the total effect on the sheet is zero: it is there- 
fore moving with uniform velocity. 

The typical values of the stress which are of order 10* 
are of some interest. From (2) we have the stress unit 
pvx/H*ru4x 10 bar, so that typical stresses at A= 105 
are of order 0-4 bar. Because in this model + a Ym « At 
we can with reasonable precision determine the stresses 
at other values of A. For example, with 4=10’ we 
require streases of order 4 bara. These stresses are really 
quite small: they are somewhat smaller perhaps than 
the values quoted in the recent literature. If a limit 
could be placed on the order of magnitude of +, say on 
seismological grounds, we would immediately have an 
upper limit to A. 

This investigation demonstrates a possible mechanism 
of continental migration, but only more detailed studies 
will show whether this model is probable. The model, 
however, appears to be compatible with established 
geophysical data from the upper mantle, in particular 
with the structure of the low seismic velocity layer, which 
1s thin under the oceans and thick under continents, 
and: seems to show large scale anomalies. In interpreting 
the low velocity layer as a zone controlled largely by the 
temperature fleld we have evidence for generally high 
temperatures under the continents, superimposed on 
which are large scale temperature anomalies. The propul- 
sion hypothesis would make it possible to interpret these 
anomalies as arising in part from the variations of thermal 
resistance in the continents. Such temperature anomalies 
move with the continent. 

One of the notable criticisms of the continental drift 
hypothesis is that many of the large scale active features 
of continenta which must involve effects in the upper 
mantle remain fixed relative to the continent for periods 
of the order of 10* years, while the continent is moving 
relative to the mantle’. Such evidence is against a drift 
hypothesis, but it supports a propulsion hypothesis of 
continental motion because then the (thermal) effects 
in the mantle are related to the distribution of thermal 
resistance of the continent. Here the temperature 
anomalies in the mantle are carried along by the continent. 

Our model has considered a rigid continental sheet. 
For the present purpose this is quite in order, especially 
in view of the fact that granitic rocks have a viscosity 

(continued on page 750) 
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One of the most interesting problems in the physios of the 
atmosphere is that of the sudden, “explosive” stratospheric 
warmings which occur in winter and which are associated. 
with a temporary reversal of the entire wind system in the 
high stratosphere, resulting in a temporary breakdown of 
the winter polar vortex. Because this phenomenon pene- 
trates from the top downwards in the stratosphere, and 
appears to begin above the height of normal balloon 
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was accompanied by changes in the electron density of the 
mesosphere. These phenomena seem to arise from changes In the 
atmospherle circulation which affect mesospheric pressure, tempera- 
ture and composition. 


measurements (that is, above the 10 mbar level at a 
height of 81 km)!, the search for a connexion with 
features in the lower ionosphere has been the object of a 
number of investigations*~*. 

There is now little doubt that there is a relation between 
the stratosphere and the lower ionosphere or mesosphere, 
but the associations are seldom clear cut and the correla- 
tions between radiosonde balloon data (temperatures and 
pressures) and mesospheric electron density ehanges must 
usually be sought by the use of smoothed data or super- 
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posed epoch type of analysis. Definite associations are 
complicated by the correlations that exist between mag- 
netic storms, solar activity (as given by the 10-7 cm solar 
flux), and ionospheric absorption. On very few occasions 
has a major stratospheric warming been observed above or 
near a station where studies of the mesosphere by ground 
based radio wave propagation experiments were being 
made. The purpose of this article is to report on radio 
observations made during the stratospheric warming of 
February 1952. This was the largest stratospheric warm- 
ing so far observed in middle latitudes, and in fact was 
the one that led to the discovery of the phenomenon’. 

The February 1962 warming led to a breakdown of the 
polar regime, the polar vortex being split into a Pacific 
and an Asiatic centre and over most of the north polar 
region an anticyclone or “high” contour height of constant 
pressure surfaces was developed. This may be seen in 
hemisphere maps of the 41-mbar constant pressure level 
prepared by Warnecke’, and also (presumably) in the 
50 mbar maps prepared and investigated by Wexler’, who 
analysed the February 1952 event in some detail in an 
attempt to establish that it was related not to magnetic 
activity (as suggested in the earlier paper by Scherhag’) 
but to a dynamic instability in the high stratosphere. The 
great intensity of this warming is demonstrated by se 
radiosonde measurements over Berlin (see Fig. 1): 
February 23 the tomperature increased to — 12° C at tho 
10 mbar level. The tendency for the temperature rise and 
fall to occur earliest at the highest levels is clearly evident 
in Fig. 1. The progressive shift into the denser atmosphere 
was accompanied, as might be expected, by a corresponding 
decrease in magnitude. The progression from higher to 
lower levels of the temperature change is, however, only 
unambiguous when the full four-dimensional character of 
the event oan be investigated in detail because the core of 
the warming may lie along an inclined axis so thab a 
warming which is observed at the 10 mbar level over one 
station may appear at the 30 mbar or even the 100 mbar 
level at another station several hundred kilometres away. 
A major warming can be tracked over very great distances, 
and it is clear that horizontal movements of the systems of 
several hundred kilometres a day occur (compare the 
daily synoptic maps for the 100. 50, 30 and 10 mbar 
levels published by the Free University of Berlint? which 
show the circulation patterns for the major midwinter 
stratospheric warming in January 1963). 

The variation of temperature d the second half of 
February and the first half of March 1952 at the 25 mbar 
level over Berlin, as well as the variations of solar activity 
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(10-7 cm solar flux), and magnetic activity (dp indices), 
together with lower ionosphere radio data to be discussed 
later, are given in Fig. 2. In Fig. 2 it can be seen that tho 
stratosphere w ing occurred when solar activity was 
low (although it had been higher some days earlier), and 
that there was some magnetic activity during the period of 
the event. It has been suggested (see, for example, disous- 
sion by Reed!) that atmospheric heating caused by solar 
particle bombardment may act as a trigger rather than a 
cause which releases a dynamic instability and therefore 
leads to the breakdown of the polar circulation. It should 
be remarked, however, that even if the sudden increase 
in solar activity on February 23-24 were significant a 
correlation between stratospheric temperatures over a 
single station and magnetic activity does not provide 
evidence regarding the cause, but only provides evidence 
for an association. It is necessary to observe the begmning 
of the stratwarm on hemisphere maps because of the 
localization and motion of the phenomenon. In fact, from 
an investigation of 50 mbar maps (50 mbar was the highest 
level that could be reliably analysed from the sparse, - 
aerological data available at great heights) the beginning ~- 
of the Berlin warming could be traced back some three 
weeks earlier when a strong low was centred over Baffin 
Bay (with temperatures below —75° C), while a weak 
high was located over the Gulf of Alaska with temperatures 
as high as — 50° C. The low is commonly over the Baffin 
Bay area and the high over the Gulf of Alaska is a climato- 
logical feature. By mid February the cold low moved 
southward over Northern Europe, still with —'70° C and 
lower temperatures, while the high moved over central 
Canada and developed into a large anticyclone eddy, 
warming as it did by 10°-15° C. By the end of February 
the warm high moved into south-east Europe closely on 
the heels of the cold low, producing an exceptionally 
strong horizontal temperature gradient. As this moved 
over Berlin the intense warming was observed. 

The radio observational data available for the present 
investigation are the 16 ke/s “phase height” observations 
recorded at Cambridge and the ionospheric absorption 
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measurements recorded at Slough. The technique for 
recording VLF phase height was developed many years 
ago by workers at the Cavendish Laboratory, Cambridge 
University, and has been described by Bracewell. The 
height of reflexion was established by a frequency change 
type of experiment as described by Straker!*. The tech- 
nique for measuring ionospheric absorption is one that 
was used at the Radio and Space Research Station 
(formerly Radio Research Station), Slough, for many 
years, and was described by Piggott’. The absorption 
A-figure is an index of absorption which represents the 
equivalent non-deviative absorption of the H and D- 
regions reduced to a vertical incidence frequency of 1 Mo/s, 
expressed in dB (Mo/s)*. 


VLF phase height (km) 
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Fig. 8. Scatter pot showing the relation between VLE phase heights 
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The variations of VLF phase heights and ionospheric 
absorption throughout the period of the February 1952 
stratospheric warming are also shown in Fig. 2, compared 
with mean VLF phase heights for this time of year (since 
breaks in the VLF transmissions before and after the 
event did not permit a determination of the undisturbed 
phase heights mean values for 1954-55 are given). The 
clear association between VLE phase heights and iono- 
spharic absorption is clearly evident: the VLE reflexion 
heights were lowered by some 9-10 km (by almost two 
scale heights) and the absorptidn was increased by a 
factor greater than 2-5. This relationship between VLE 
phase heights and HF absorption is a regular feature of 
winter conditions, see Fig. 3, which is a scatter plot of mid- 
day observational results for all available data ın the 
winters (months of November to February) of 1951-55. 
The VLF phase height is thought to correspond approxi- 
mately to the electron density isopleth N= 300 electrons 
em. The day-to-day changes in this reflexion height are 
considerably larger during the 4 winter months than during 
the remaining seasons and may amount to as much as 
5 km. The magnitude of the change which occurred in 
February 19652 is the largest change which has so far been 
observed, and is of a comparable magnitude with the de- 
crease in phase height at the time of a moderate sudden 
ionospheric disturbance associated with a solar flare. It 
should be mentioned that Dieminger!*, Lauteri! and 
Gnanalingam and Weekes"? have described the excess 
1onization changes during this period, however, without 
knowing the cause. 

It is tempting to associate the changes in absorption 
and the decreased phase heights with the stratospheric 
warming which occurred during the same period, that is 
with the stratospheric warming that began over Berlin 
on February 22 at the 10 mbar level (probably earlier at 
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higher heights), and which propagated upward into the 
mesosphere, being detected at heighta of 65-85 km on 
February 26, and downward into the stratosphere, 
reaching a maximum at the 100 mbar level (16 km height) 
on March 6. Hyfrig'* has shown that this absorption 
was localized, that is, it was only detected in eastern 
Europe but not in the Far East or North America. A clear 
association between stratospheric temperatures and ab- 
sorption is complicated by the fact that absorption at 
middle latitudes (Lindau absorption data) is correlated with 
magnetic activity, but with a time lag of 3-5 days after a 
major magnetic storm (Bourne, private communication). 
This “after effect” following geomagnetic storms has been 
known for many years from long wave observational data, 
where the main effect is noticed during the twilight 
periods'®. Because the diurnal changes of VLF phase 
heights during the dawn and dusk periods were not abnor- 
mal (see Fig. 4), except for the fact that the reflexion 
heights were very much lower, the depressed phase heights 
are not considered to be associated with magnetic activity 
(in particular with the peak in activity during February 
23-24) but with atmospheric changes associated with the 
stratospheric warming. 

Hourly values of the VLF phase heights are plotted in 
Fig. 5 on a compressed time scale to show the variation 
throughout the entire period of the disturbances. The 
curves in Figs. 4 and 6 reveal that both day-time and 
night-time phase heights were depressed during the 
disturbance (the winter day of anomalous absorption is a 
day-time phenomenon) and that there is an asymmetry in 
the build-up and dying away of the disturbance (the 
disturbance reached a peak in 1-2 days but the recovery 
to normal took 5-6 days). í 

Straker! has shown that the phase height of reflexion 
for VLF waves steeply incident on the 1onosphere can be 
described according to the following equation: 


A(y) =A(x= 0) + A(t) In f(x) 


where y 18 the zenith angle of the Bun, A(x) is the phase 
height when the Sun’s zenith angle is x, 4(y,=0) is the 
phase height when the Sun is vertically overhead (y= 0), 
F(x) is a function tabulated by Chapman” (approximately 
equal to sec y for x< 75°), and A(t) is a factor of propor- 
tionality. If this equation applies to the observations, a 
plot of A(x) against In f(y) should give a straight line 
the slope of which gives the magnitude of A(t) and the 
intercept of which on the line In f(y) = 0 gives the magni- 
tude of h(y=0). The A(x) versus In (x) plots for averaged 
February data (1954/55), and for February 27, 1952 (the 
maximum of the disturbance), are shown in Fig. 6. It will 
be noticed ın the figure that not only are the phase heights 
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very much lower on February 27, 1952, but that the 
slope A(t) is increased from 5-6 km to 8 km. 

It is interesting to consider what deductions could be 
made uf the phase height of reflexion were coincident with 
a level of constant electron density in the tail of an 
a-Chapman (D) layer. On this supposition A(t) would be 
equal to the scale height (H) of the atmosphere. The 
average value of A(t) of 5-6 km in February is, in fact, 
very nearly equal to the scale height of the atmosphere 
at the mean height of reflexion for the waves (H ~ 5-5 km 
at 80 km). On the supposition that there is not a change in 
atmospheric composition during the anomaly, the in- 
creased magnitude of A(t) to 8 km on February 27, 1952, 
is compatible with a temperature change in the mesosphere 
from about 185° to 266° K. On the supposition that the 
ionization changes observed in the mesosphere were 
associated with the stratospheric warming, therefore, 
this is taken as evidence that the warming extended on 
this occasion to heights of 65-70 km. This does not 
appear to be usual because winter observations (not 
stratospheric warming) of rocket temperatures (Nordberg, 
private communication) suggest that temperature varia- 
tions above a height of 63 km are not related to temperature 
changes below this height, although previous rocket data 
revealed that during the major stratospheric warming of 
January 1958 large temperature changes over Churchill 
extended to 50 or 60 km”, 

The association between mesospheric ionization densi- 
ties and stratospheric warmings almost certainly arises 
from changes in atmospheric circulation affecting meso- 
spheric pressure, temperature and composition. 

The change in VLF phase heights could result from a 
preasure change alone. If the phase heights are taken to 
represent the height change of a constant electron density 
isopleth N= 800 electrons cm, then day-to-day and 
seasonal changes caused by pressure changes alone would 
be expected as electron production and loss are pressure 
dependent. A comparison of the seasonal change in VLF 
phase heights for the years 1954/55 (see Fig. 7) and the 
seasonal e in the levels of constant pressures show 
that the former falls by 4-5 km in winter and the latter 
by 2-5—4-5 km for latitudes 45°-60° N. (ref. 22). The marked 
temperature change inferred from the VLF phase height 
data and the great magnitude of the HF absorption 
associated with the major stratospheric warming are, 
however, clear evidence for a change in D-region ionization 
chemistry. This could be a result of the enhanced meso- 
spheric temperatures (the formation and loss rates of 
nitric oxide are temperature sensitive"), but because the 
phenomenon is associated with a large scale circulation 
system in the upper stratosphere and lower mesosphere, a 
part of the change could be caused by a meridional 
transport of atmospheric tracers which upset the D-region 
ionization chemistry. The year-to-year and the day-to-day 
variability in high stratosphere and lower mesosphere 
meteorological parameters (wind structure, pressure and 
temperature) reflecte a variability in the amount of ac- 
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tivity of the transient systems which indicates that the 
degree of horizontal mixing and thus, for example, the 
resulting meridional transport (from high latitudes) of 
such atmospheric tracers like ozone, atomic oxygen and 
nitrogen oxides may vary markedly from one winter to 
the next, or during the course of the winter. Because 
ozone and atomic oxygen are thought to be important in 
the negative ion chemistry of the D-region™, and nitric 
oxide is believed to be the ionizable constituent of the 
undisturbed D-layer, changes in the concentration of these 
atmospheric tracers would undoubtedly have a profound 
influence on the ionization densities in the D-region. It is 
worth pointing out that if the ionization changes in the 
voesosphere are associated with a temperature change, 
then the change of the night-time level of VLF phase 
heights would, as first thought, require an additional 
source of ionization; the argument being that a straight 
change in the amount of nitric oxide would not influence 
the production or loss rates at night even though it could 
be very important during the day. Because even on normal 
nights (Fig. 7), however, the ionization at the base of the 
ionosphere is under solar control (the phase heights 
increase after sunset until about 1 h after local midnight 
when they begin to decrease, and decrease continuously 
until the more rapid decrease at sunrise begins), and be- 
cause & possible explanation of this solar control for 
negative sun heights is scattered Lyman «-radiation 
ionizing nitric oxide, it is not surprising that night-time 
phase heights are also affected if the nitric oxide distribu- 
tion is altered. The fact that minimum ionization (maxi- 
mum phase heights) is reached 1 h after local midnight is 
explained by a recombination time lag, where g~ 5 x 10-7 
em~ seort, 

Although a fuller understanding of the physics mvolved 
must await more meteorological data at levels above 35 km, 
together with electron density profiles and rocket measure- 
menta of atmospheric composition at the time of a warm- 
ing, nevertheless investigations of data of the type des- 
cribed in this paper provide material for conjecture. 
Because the stratosphere warming of February 1952 was 
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the largest event for which radio data are available, the 
results given ın this article are noteworthy. The fact that 
temperature changes occur at mesospheric heights 
(65-70 km) is particularly mteresting, because this by 
itaelf could be the cause of the ionization changes (the 
formation and loss rates of nitric oxide are temperature 
sensitive), but pressure changes and meridional transport 
of atmospheric tracers are also considered to be important. 
Because a part of the winter variability in electron densi- 
ties at middle latitudes is not related to stratospheric 
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circulation (for example, the correlation between iono- 
spheric absorption and magnetic disturbances which 
occurred 3-5 days earlier) it ıs umportant that synoptic 
observations of ionospheric absorption on a wider geo- 
graphical distribution be available so as to delineate better 
the area affected by the disturbance and to observe any 
movement of the disturbance in relation to the movement 
of the meteorological disturbance in the high stratosphere. 


Received January 6; revised March 20, 1967. 
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METASTABLE ions are those which decompose between the 
source and collector of a mass spectrometer. If m,*t ions 
decompose to give m,t ions in the fleld-free region between 
the electrostatic and magnetic analysers of a double- 
focusing instrument, the apparent mass m* of the daughter 
ions is given by m*=m,*/m,. These ions give rise to 
peaks of low intensity which are usually gaussian in shape. 
Although tables! and computer programmes** are avail- 
able to facilitate the identification of m,+ and m,*, unique 
values are difficult to obtain because of the limited accur- 
acy with which m* can be measured. In addition, the 
low collection efficiency together with interference from 
caused by normal fragment ions result m many 
metastable transitions remaining undetected. 
Recently it has been shown that these difficulties can 
be overcome by observing metastable transitions which 


The authors have developed a semi-automated method to Identify 
and measure metastable transitions, 
matically sorted into fragmentation pathways for the molecule 
under examination In the mass spectrometer. 


The data are then auto- 


occur in the field-free region between the source and 
electrostatic analysert’. Under normal operating condi- 
tions, ions of kinetic energy V,e are transmitted by the 
electrostatic analyser; because the kinetic energy of mt 
ions formed from m,* ions in this region is only m,Vye/m,, 
these ions are not transmitted unless the accelerating 
voltage is increased to V=m,V,/m, at constant electro- 
static analyser voltage. In practice, m,* ions are brought 
to focus under normal operating conditions and the 
accelerating voltage is varied while the electrostatic 
analyser voltage and magnetic field are kept constant. 
Normal ions are no longer tranamitted and a maximum 
in the ion current is detected only when V/V. =m m, 
(although a weak background current is usually present 
arising from the collection of ions formed by decomposi- 
tion during acceleration). Because m, 1a known and the 
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voltage ratio can be measured, m, is uniquely determined. 
This, together with the much higher sensitivity, leads 
to the observation and unequivocal identification of 
many more metastable transitions than is possible using 
the field-free region between the analysers. 

Previously, the accelerating voltage has been scanned 
manually and maxima in the ion current have been estima- 
ted visually using a meter. This is very time consuming 
if a large molecule is being studied, because several 
hundred metastable transitions may be detected. A 
semi-automated method has therefore been developed, 
the output of which is suitable for computer reduction 
of the data together with further computer manipula- 
tion of the metastable transitions. The accelerating 
voltage is varied by means of a linear ramp generator 
capable of varying the voltage by a factor of two in 1-60 
sec with a linearity of 1 part in- 2,500. Ions of a given 
mje value are tuned in manually and the output of the 
instrument is then fed directly to an analogue to digital 
converter and the data recorded on to digital tape in one 
of two ways. In the first way the voltage is recorded 
automatically before and after the scan and the linearity 
of the scan is relied on to define the accelerating voltage 
for each digital sample. During the scan the digitizer 
records ion current intensity and the voltage centroid of 
each metastable peak is readily computed. The acceler- 
ating voltage is offset slightly at the beginning of the 
scan. so that V, is obtained. The appearance of the digital 
record is then as shown in Fig. 1. In the second method 
the digitizer samples the accelerating voltage and the ion 
current alternately so that errors arising from non-linearity 
of the voltage scan are eliminated. For a given scanning 
speed, however, the digitizer must sample at twice the 
rate used m the first method if the accuracy is to be 
maintained. A fully automated system is under develop- 
ment which will eliminate the necessity to tune in ions 
of different m/e manually. 

The wealth of information on metastable transitions 
obtainable using this method finds applications in many 
fields of physics and chemistry; in this communication 
we wish to present several preliminary results illustrating 
the varied type of information which may be derived 
from the use of this technique. 

In terms of the quasi-equilibrium theory, a mass 
spectrum can be looked on as the result of a series of 
competing, consecutive unimolecular decomposition re- 
actions. Before the theory can be applied to the mass 
spectrum of a particular. molecule, it is essential to have 
the fullest possible information about the many reactions 
which contribute to the overall decomposition process. 
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Table 1 
Relative Relative Ralative Relative 
Transi- ıntensity intensity Transi- intensl intensity 
tion (this work) (ref. 6) tion (this work) (ref. 6) 
58—57 0-8 — 424l 25 — 
57—56 0-25 — 43-41 276 840 
56—55 8'3 — 56—41 T5 — 
57—55 1 — 57—41 25 20 
56—54 0-15 — 4140 8 — 
54-458 0-25 — 42—40 3 — 
55—53 21 — 56—40 0:75 — 
53—52 0-16 — 40—39 55 — 
54-452 01 — 41—39 25 40 
5251 1-25 — 43—30 08 — 
53—51 16 — 54—89 19 — 
51—50 40 — 55—39 19 — 
52—50 10 — 39—388 80 — 
50—49 10 ~ 38—87 05 — 
49—48 0 06 — 39—87 10 — 
50444 40 20 40—87 01 — 
57—48 16 — 87—86 OL — 
*58—48 100 100 005 _ 
44—>42, 10 — 55-+20 115 4:0 
57—42 16 57-20 0 25 — 
58-42 95 80 58-+29 œl (0-8) 
29—28 0'16 — 27-+26 1-75 — 
80—28 0-8 — 28—26 2-5 — 
43—28 0l — 29—26 O15 — 
28—27 1-25 — 43—20 O16 z 
20-+27 80 70 28-1 
43-427 10 (150) 20—15 | Obtained with different 
58—27 1:15 4 41-415 source tuning condi- 
48—15 tions from others . 
58—15 intensities not com- 
58—26 parable 
58+! 
58—28 


* Intensities normalized using 58—43 intensity = 100 in each case. The 
analyser tube pressure used In the present work was 1:1 x 10~ mm of mercury. 
Numbers in brackets refer to an analyser tube pressure of 1x10 mm of 


mercury. 


These reactions have usually been deduced from the 
cracking pattern, ion efficiency curves and deuterium 
labelling experiments and hitherto it has not been possible 
to confirm these deductions by observing metastable 
transitions for all the reactions. For example, using 
a single-focusing instrument, Rosenstock and Melton‘ 
made a careful study of the metastable transitions found 
in the mass spectrum of n-butane. Although the molecular 
10n is thought to fragment in five different ways, metast- 
able transitions corresponding to only three of these 
processes were observed, of which the 58-—+29 transition 
was shown to be collision-induced. In all, twelve unimole- 
cular and five collision induced processes were identified. 
The metastable transitions given by n-butane have been 
re-examined using the new technique and a considerable 
number of hitherto unreported metastable transitions 
have been identifed and are listed in Table 1. The 
relative intensities have only semiquantitative significance 
because the tuning of the source and efficiency of ion 
extraction varies with the change in accelerating voltage; 


( Oitterent range traces displaced for clarity } 
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COMPUTER ANALYSIS OF MASS SPECTRA. 


IDENTIFICATION OF FRAGMENTATION PATHWAYS 


638 > 494 ? 437 ? 338 > 310 7 267 >? 
638 > 437 > 338 * g10 > 367 >? 

638 > 338 +» 310 + 367 > 

638 4 269 + 86 » 

638 * 409 4 337 7 


Fig. 2. Fragmentation pathways computed for a peptide derivative. 


nevertheless the results agree quite well with those 
obtained previously where comparison is possible. Metast- 
able transitions arising from the loss of H or H, are not 
very easy to detect in a single-focusing instrument as 
used in the work of Rosenstock and Melton because the 
resulting metastable -peaks occur at approximately 
(m,—2)* and (m,—4)t respectively and so are often 
masked by normal fragment ion peaks. Such transitions 
are readily detected by the new technique, however. 
Furthermore, the transition 56—41 is of moderate inten- 
sity, but this gives a metastable peak at m/e=30-02 in 
a single-foc instrument and would therefore be 
very difficult to observe. Although the pressure depend- 
ence of the metastable transitions has not been investigated 
in the present work, the low intensities of those transitions 
previously ‘shown to be pressure dependent suggests that 
the observed ‘transitions are unimolecular processes. 
Although there is do simple relationship between the 
intensity of a metastable transition and the importance 
of a particular process in the overall fragmentation 
mechanism, the high sensitivity of the new technique 
makes it unlikely that many processes which contribute 
significantly will remain undetected. Differences in 
appearance potentials are only an approximate guide to 
activation energies, but the present’ method allows one to 
measure appearance potentials of speciflc processes and 
work is in progress on thia. 

A second use of this method is in the study of the 
processes leading to the production of high kinetic energy 
fragment ions. If kinetic energy is released during a 
decomposition, the product ions are transmitted over a 
small range of voltages; a method for evaluating the 
kinetic energy released has been given’. If the ion m,t+ 
arises from the decomposition of m,t+, the approximate 
accelerating voltage required for m,+ to be transmitted 
is given by V=m,V,/2m, and it is necessary therefore to 
scan at accelerating voltages below V,. The instrumental 
sensitivity is greater for the heavier of the two ions formed 
and it is on these that observations are usually made. In 
the case of the m/e= 37 10n in n-butane, maxima in. the ion 
current were found when V=0-691 F, and V=0-716 V,, 
indicating that the 37+ ion was formed by the decomposi- 
tion of a doubly charged ion of mass 2 x ©7035 x 37, that is, 
52++ ion. Observations on other fragment ions of n-butane 
revealed nine metastable transitions of doubly charged 
species in six of which high kinetic energy CH,* ions are 
formed; these are listed in Table 2. These observations 
demonstrate that high kinetic energy fragment ions are 
frequently formed by the decomposition of doubly 
charged fragment ions rather than doubly charged 
molecular ions. 

A further application of this techniquo is in structural 
studies of organic compounds. Metastable transitions 


Table 2, DOUBLY CHARGED SPROIES 


4144-26415 Very weak 51450 +1 Very weak 
5244487 +15 40 52tt+5141 x 
68t++98 415 10 584+ 52 +1 

544++39 +15 2 These are on a different sensttlvit, 
65++-+40+15 4 from the tranaitions of single «l 
50t+—41 +15 0-65 les—all are much weaker than 


osgo given above 
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allow one to identity specific units present 
in the molecule, and the far more complete 
date now available greatly facilitate both 
the identification of such units and the 
determination of relationships between 
them, both of which are valuable in the 
elucidation of the structures of unknown 
compounds. The large amount of informa- 
tion obtained is most efficiently used by 
programming a computer to sort the data 
into fragmentation pathways all of which 
start with the molecular ion. Fig. 2 shows 
part of the computer output when this is 
done for a compound of molecular weight 
638. The complete high resolution mass 
spectrum is stored in the computer, each peak being 
represented by ita nominal mass and atomic composition. 
Information on metastable transitions is read in as the 
nominal mass of the fragment ion followed by the voltage 
ratios giving maxima in the ion current during the scan 
of the accelerating voltage. This information 1s read in 
for each fragment ion and all precursor ions ere then 
computed and stored; ‘all fragmentation routes starting 
from the molecular ion are then plotted and are finally 
printed out as shown. 

Many of the fragmentation paths for this molecule 
differed by only one structural unit; for example, there 
were several which started with 638—494, most of which 
were duplicated with the initial steps being 688-»623494, 
that is, loss of methyl before the formation of m/e= 494. 
It is difficult to determine whether or not the transition 
638-+-494 occurs as a single step or is the result of two con- 
secutive processes, that is, 638->623494. In such cases 
it is felt that the pathway involving more steps is the better 
one to use for structural studies. When the data were 
reduced so as to eliminate pathways in which an observed 
transmission may have been the result of two or more 
consecutive transitions, the number of fragmentation 
pathways was reduced from 81 to 33. If we now take one 
of the remaining pathways combining most of the units, 
for example, 


638—>-623-3-4094 +437-+338>310—>267 





reference to the high resolution spectrum shows that the 
units lost in this fragmentation sequence are 


—CH,—C,H,,NO,—C,H,NO—C,H,NO—CO—C,H,N— 


leaving the residue O,,H,,0, and it is reasonable to suppose 
that the molecule is built up of some arrangement of these 
units. It is possible to write 180 different combinations 
of these six units which could arise from 180 different 
structures. The correct arrangement, however, must 
also satisfy all other computed fragmentation pathways, 
and it is most unlikely that an incorrect arrangement 
would satisfy this condition. For this particular molecule, 
consideration of only six pathways in this way has resulted 
in only two possible arrangements for the six units in the 
molecule. Thus by using the complete high resolution 
mass spectrum and the extensive data on metastable 
transitions, an unknown compound has been shown to 
possess one of two possible arrangements of relatively 
small structural units, and it seems likely that this method 
will prove to be of general applicability in organic struc- 
tural determinations. (All experiments were carried out 
using an A.E.I. MS9 double focusing mass spectrometer.) 


Received February 28, 1067. 

1 Beynon, J. H., Saunders, B. A., and Williams, A E., Table of Metastable 
‘Transitions ‘for Use n Mass Ipectrometry (Elsevier, 1965). 

1 Barber, M., Rhodes, B. E., and Anderson, B. L., Anal. Ohem., 38, 48 (1968). 

* Mancuso, N. R., Tsunakawa, 8S., and Biemann, K., Anal, Chem., 38, 1775 


(1966). 
‘ Barber, M., and Elliott, R. M., Proc. Seventeenth Amer. Soc. Test. Mat., 
* Jennings, K. R., J. Chem. Phys., 48, 4176 (1965). 


Bld Conf. Montreal (1064). 
' Rosenstock, H. M., and Melton, O. E., J. Chem. Phys., 28, 814 (1957). 
T Barber, M., Jennings, K. B.. and Rhodes, R., Z. Naturforsoh., 15 (1967). 


x, 
a = 
+ 


NATURE, VOL. 214. MAY 13. 1967 


> 


r E í 
aS 667 


The lonic Environment and Metabolic Control 


b Metal lons may play a part in the control of enzyme and metabolic 
y activities. The feedback inhibition of glycolysis, for example, may 
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THe coll is now generally recognized as possessing numerous 
self-regulatory mechanisms that are capable of controlling 
its enzyme and metabolic activities. Detailed studies at 
the molecular level of such mechanisms as feedback 
inhibition, enzyme induction, and enzyme repression have 
led various workers to formulate ideas which might 
explain the complex behaviour of self-regulatory sys- 
tems*-§, 

Until quite recently the potential involvement of metal 
ions in the regulation of metabolic activity has never been 
seriously considered, although certain theoretical aspects 
of such a role have been discuased*. It has been pointed 
out that many apparently regulatory enzymes as studied 
in vitro are strongly influenced by concentrations of 
various cations’. The influence of the ionic environment 
on the growth of bacteria’ is ın most cases probably 
mediated through association of the ions with particular 
enzyme reactions involved in the metabolic pathways 
within these cells. It is well established that many 
reactions catalysed by enzymes show optimal activity 
only in the presence of specific metal ions®. This is par- 
ticularly true of phosphotransferase reactions. Because, 
for example, the stumulation of enzyme activity by mag- 
nesium and/or potassium ions 18 often counteracted by 
calcium ions, and sometimes by sodium’, it follows that 
the relative concentrations of these ions could determine 
to a large degree the relative activity of enzyme reactions 
or metabolic pathways that are sensitive to these ions. 
Particularly sensitive control could be expected where an 
enzyme has multiple metal ion activators and inhibitors, 
as well as a depondency on adenine nucleotides (see later). 
The basis of this article is to consider in more detail the 
feasibility of a role for metal ions in metabolic control. 


Metal lons and Energy Metabolism In the Cell 


It is now evident that phosphate transferring enzymes 
exhibit maximal activity only in the presence of a bivalent 
metal ion!®, Magnesium ions usually satisfy this require- 
ment. In several cases, as will be discussed, a monovalent 
metal ion is also obligatory. The role of the bivalent 
cation in phosphotransferase-catalysed reactions is now 
being investigated in a number of laboratories, and the 
available evidence indicates that the metal ion is primarily 
involved in forming a ternary Michaelis complex with the 
enzyme and adenine nucleotide4. Often the metal com- 
bines first with the nucleotide to form the “active” 
substrate, which then combines with the enzyme to form 
the ternary complex!#*, In other instances, the metal 
combines first with the enzyme and this binary complex 
then combines with the nucleotide. Fundamental to the 
present discussion, however, is not the mechanism of 


* Present address: Physlologisch-Chemisohes Institut der Universitat, 
Mtinchen, Germany. 


take place as a result of the inhibition of the pyruvate kinase reaction 
by calclum tons. 
enzyme-catalysed reactions controlled by the concentration of 
metal ions. 


This reactlon could be only one of a number of 


formation of the ternary Michaelis complex, but -rather 
the absolute requirement of the metal ion for its formation. 

The antagonistic effects of calcium and magnesium ions 
in many of the phosphotransferase reactions ‘are due to 
their competition to form an “inactive” or -‘‘active”’ 
complex, respectively, whether it be metal—nucleotide or 
metal-enzyme'1313, The formation of these complexes 
in the phosphotransferase reactions is evidently of eritical 
importance to the cell because the majority of cellular 
energy transformations involve transfers of phosphate 
from ATP or to ADP or AMP (ref. 14). In short; bivalent 
(and often monovalent} metal ions play a central part in 
the energy metabolism of the cell. 


Modification of Enzyme Activity by Metal lons 


The activity of several enzymes of the glycolytic path- 
way is known to be markedly influenced by the nature of 
the metal ion environment. A striking example is that 
of pyruvate kinase. It has been established that pyruvate 
kinase from rat and rabbit muscle!® and from Ehrlich 
ascites tumour cells!® has an obligatory requirement for 
a bivalent (magnesium) and a monovalent (potassium) 
metal ion. Further, the pyruvate kinase reaction is 
inhibited by calcium!*%,1é-11 and by sodium!*!?. The 
inhibition by calcium appears to involve competitive 
effects with magnesium!31917 and with potassium'17, 
The enzyme activity of pyruvate kinase can thus be 
influenced by the relative concentrations of magnesium, 
potassium, calcium and sodium ions, all of which com- 
monly occur as ionic constituents of the cell. 

Using electron spin resonance techniques, Mildvan and 
Cohn??)13 have established that pyruvate kinase combines 
with the bivalent cation to form a metal-enzyme. They 
suggested a mechanism for the pyruvate kinase reaction 
that involved a conformational change in the enzyme 
when the bivalent ion activator is combined with it}. 
On the other hand, the monovalent metal ion does not 
seem to take part in the phosphoryl group transfer’, 
although it may play a part in controlling the conforma- 
tion of the ternary complexes’*. The significance of these 
conformational changes induced by metal ions will be 
developed further later. 

The enzyme activities of fructokinase and of phospho- 
fructokinase can also be influenced by the cationic 
environment. Purified fructokinase from liver was shown 
by Parks st al.*° to have an absolute requirement for both 
monovalent and bivalent cations. They substantiated 
the suggestion of Hers?! that the active substrate is a 
magnesium—-ATP chelate. Particularly significant in this 
study** was the finding that in some circumstances 
small alterations in the ratio of ATP to magnesium could 
produce large changes in the activity of the enzyme. 
Parks et al.*° suggested the possibility that control of 
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cellular enzymes may be exerted under normal conditions 
by alterations in the relative concentrations of mag- 
nesium or ATP associated with various physiological 
processes. 

Observations similar to this have been made by Atkin- 
son and Walton** with phosphofructokinase from Eecher- 
tchia coli. They found that at constant levels of ATP 
the kinetics of enzyme activity as a function of fructose 
8-phosphate concentration were modified by the mag- 
nesium concentration™. At low concentrations of mag- 
nesium, sigmoid plots were observed. As the concen- 
tration of esium was increased, however, typical 
Michaelis plots could be obtained and the apparent 
affinity of the enzyme for fructose 6- phosphate was 
increased. It was concluded that the increase in the 
concentration of magnesium brought about an almost 
complete conversion of the enzyme to its catalytically 
active form with a concomitant reduction in the oo- 
operative aspects of fructose 6-phosphate binding**. Con- 
formational changes brought about by binding of metal 
ion activators have also been indicated for enolase; 
Hanlon and Westhead? concluded that the role of the 
metal ion in activating catalysis by the enzyme is to 
provide an active species by way of an alteration in con- 
formation. 

Whether or not all metal-activated enzymes undergo 
cationic-stimulated conformational: changes cannot be 
ascertained at present. The number of reports of enzymes 
the activity of which is modified by metal ions through 
conformational changes is, however, increasing. While 
conformational changes in a protein do not necessarily 
equate with regulatory behaviour, it is tempting to con- 
sider the possibility that the changes produced by metal 
ion activators are elaborations of the induced-fit hypo- 
thesis of Koshland™. This hypothesis, it has been sug- 
gested**, should be the starting point for consideration of 
regulatory enzyme behaviour. 

Having considered the modification of enzyme activity 
by metal ions, we shall now extend the discussion to 
include more complex systems of which some of these 
enzymes are components. 
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Metal lons as Regulators of Glycolytic Activity 


The idea that metal ions might play a part in the 
control of metabolism was recently developed through 
studies of the effeot of metal ions, in particular calcium, 
on the glycolytic activity of Ehrlich ascites tumour 
cellst® 25.5, Because this work appears to be more 
detailed than most other work on this aspect of meta- 
bolic control, it will be preferentially considered and, 
where possible, the ideas extended to include other 
metabolic systems. 

When various sugar phosphates were incubated with 
intact ascites tumour cells it was observed that calcium 
ions inhibited the production of lactate'®. This inhibition 
was not observed when glucose was the substrate. The 
formation of lactate from the sugar phosphates and its 
inhibition by calcium ions was shown to take place in the 
extracellular medium following the release from the cells 
of glycolytic and pentose phosphate oycle enzymes. 
Experiments carried out in vitro with radioactive calcium 
showed that the ascites cells were completely unable to 
take up calcium ions. These findings suggested that 
calcium inhibits glycolysis only when it is allowed to 
come into contact with the componente of the glycolytic 
system. It was shown, for example, that the formation 
of lactate from sugar phosphates by a soluble supernatant 
fraction prepared from ascites cells was inhibited by 
calcium. Further studies showed that the activity of the 
pyruvate kinase reaction in these cells was inhibited by 
calcium and that it was possible to correlate inhibition 
of this reaction with the overall inhibition of glycolysis’. 
Added magnesium ions were able to overcome the m- 
hibition of glycolysis by calcium. Added potassium ions 
were partially effective in this respect. The mechanism 
of the inhibition of glycolysis by calcium ions in extracts 
from Ehrlich ascites tumour cells is due to competition 
between calcium ions, on one hand, and magnesium 
and potassium ions on the other, the latter being obli- 
gatory activators of the pyruvate kinase reaction. 

A consideration of the foregoing observations formed 
the basis of the proposal that calcium might be a factor 
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regulating the glycolytic activity in normal tissues**. It 
was proposed that the level of intracellular calcium in 
normal cells is sufficiently high to maintain a controlled 
rate of glycolysis'®. Furthermore, it was suggested that 
this mechanism was absent in tumour cells, thus allowing 
the observed high rates of glycolytic activity. Evidence 
in support of this view comes from observations that 
tumour cells in general have a decreased calcium con- 
tent?™ 3, have little or no ability to bind calcium!*##,30 
and show unusually high rates of aerobic and anaerobio 
glycolysis?! t, 

Fig. 1 shows how the action of a metal ion such as 
calcium might influence glycolytic activity. Here, cal- 
cum is also shown as inhibiting phosphofructokinase* as 
well as enolase**, At some of these sites of action 
sodium ions will act co-operatively while magnesium and 
potassium ions will act antagonistically. The mechaniam 
of feedback inhibition of glycolysis represented in Fig. 1 
is disoussed later. 

Pyruvate kmase, which can be regarded as a key 
enzyme in carbohydrate metabolism”, can be affected 
by a number of factors as shown di tically in 
Fig. 2. It is evident that the levels of ADP and of ATP 
in the cytoplasm can determine the activity of this 
enzyme. ATP, for example, 1s known to mhibit the 
reaction®*, Other factors capable of influencing pyruvate 
kinase are the carbohydrate content of the diet?’, certain 
steroid hormones**, insulin**, and the microsome fraction 
of the cell‘. 

In 1941 Dische*® showed that 3-phosphoglycerate vould 
mhibit glycolysis in red blood cella by inhibiting the 
hexokinase reaction and s that this could repre- 
sent a type of feedback inhibition. Recently it was shown 
that phosphoenolpyruvate can imbhibit phosphofructo- 
kinase“, the enzyme which is believed to play a major 
part in the control of glycolysis (see ref. 5). With these 
observations in mind, it is not difficult to imagine a metal 
ion control of glycolysis which 1s initiated at the level of 
pyruvate kinase. Inhibition of pyruvate kinase (by 
calcium or sodium ions, for example) will lead to a build- 
up of phosphoenolpyruvate. This can eventually, by a 
mass action effect, produce an accumulation of 3-phospho- 
glycerate. Because these substrates inhibit phospho- 
fructokinase® and hexokinase*?, respectively, an Increase 
in their steady state level will limit the flow of carbon 
through the glycolytic pathway (see Fig. 1). A control 
of this nature would be analogous to the general type of 
feedback inhibition observed in many biosynthetic path- 
ways in which the end-product inhibits an enzyme at or 
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near the beginning of the pathway!*. The main difference 
between the two mechaniams is that the primary effector 
proposed here is a metal ion and not the terminal product 
of the pathway. I should emphasize again at this point 
that control of glycolysis by calcium ions, as envisaged 
here, may supplement allosteric control such as that 
involving regulation of phosphofructokinase by adenine 
nucleotides®. Such parallel control by metal ions and by 
allosterio substrates may co-operate to form a complex 
control network: 


Potentlality of Metal lons as Regulators of Glycolysis 


It is pertinent to consider briefly some other features 
that suggest metal ions might play a regulatory part in 
glycolysis. The inhibition of glycolysis and pyruvate 
kinase mediated by calcium is a process which can be 
reversed by increasing the concentrations of magnesium 
or potassium ions or by EDTA (refs. 16 and 44). The con- 
centration of the metal ions in the soluble cytoplasm will 
be a function of the following factors: (a) the presence of 
agents capable of chelating these ions, such as proteins, 
substrates, orthophosphates and adenine nucleotides; 
(b) the movement of metal ions between the cell and the 
extracellular medium; (c) the uptake or release of cyto- 
plasmic metal ions by mitochondria. 

It is now well established that mitochondria are able 
to accumulate and maintain certain bivalent and mono- 
valent metal ions tn virot, Lehninger*® has suggested 
that mitochondria maintain a homeostatic environment 
in local metabolic or enzyme processes. The studies of 
Drahote, et al.**, for example, have shown that isolated rat 
liver mitochondria are very efficient in the accumulation 
of calcium ions from the medium; they can maintain an 
ambient steady state concentration of calcium ions at 
about 2 x 10-* molea/l. 

Carafoli? has recently investigated the incorporation 
of calcium-45 ions tn vivo into the subcellular fractions of 
rat liver. He found that most of the calcium-45 was 
associated with the mitochondrial and microsomal frac- 
tions. The specific activity of calcium ions in mito- 
chondria following injection of the isotope was consider- 
ably greater than that of the microsomes, indicating the 
calcium is turning over at a greater rate in the mito- 
chondria, It was suggested‘? that mitochondria play a 
predominant part in the regulation of the movements and 
of the location of bivalent cations in the liver cell tn vivo. 
This suggestion was supported by observations that the 
injection of uncouplers of oxidative phosphorylation 
(which prevent uptake of calcium by and promote 
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release of calcium from isolated mitochondria) markedly 
altered the distribution tn vivo of the injected isotope 
among the subcellular fractions of rat liver. It seems 
conceivable that endogenous uncouplers of oxidative 
Phosphorylation, such as free fatty acids, might have a 
functional role in determining the levels of caloium and 
other metal ions in the various subcellular fractions. 

A fundamental question must be raised about the con- 
centrations of various cations in the intracellular medium 
and whether or not the levels of these ions are sufficiently 
high (or low) to be of physiological significance as a con- 
trolling element. The problem of estimating the concen- 
tration of metal ions ın the cytoplasm is difficult4® and 
few definitive results are as yet available. A very large 
proportion of the cellular calcium and magnesium, how- 
ever, seems to be located in the mitochondria, while the 
bulk of the alkali metels are located in the soluble cyto- 
plasmic fraction of the cell**. The steady state concen- 
tration of calcium maintained by isolated rat liver 
mitochondria (about 2 x 10-* moles/I.4*) is considerably 
less than those concentrations that have been found to 
inhibit, for example, the sodium/potassium-stimulated 
ATPase of erythrocytes’* and pyruvate kinase activity 
of mammalian tissues? and Ehrlich ascites tumour cells 
(K, about 100 pmoles/l.)!". If, for example, the calcium 
ion is to play the part of a controlling element in cellular 
metabolism, then 1t should be expected that quite small 
fluctuations in its concentration should produce relatively 
large changes in the enzyme or metabolic activity it is 
influencing. As yet there are few reliable results to bear 
this out in the case of glycolysis. A scheme such as that 
presented in Fig. 1 must therefore remain speculative 
- until such results are available. These points are under 
investigation. 

The ideas presented in this article are substantiated by 
the report of Gevers and Krebs®, who suggested that the 
active transport of adenine nucleotides, citrate, mag- 
nesium, calcium and orthophosphate may play a part in 
regulating the activity of enzymes that are affected by 
these substances. It was suggested®, for example, that 
the relative rates of pyruvate kinase and pyruvate carb- 
oxylase (a mitochondrial enzyme), both of which are 
inhibited by calcium, could be controlled in part by the 
active transport of calcrum by mitochondria between the 
mitochondria and the cytoplasm. Thus, if the concen- 
tration of calcium is high in the cytoplasm, pyruvate 
kinase activity should be low and pyruvate carboxylase 
activity high. The reverse situation would then be in 
effect when calcium is transported out of the cytoplaam 
and into the mitochondria. 

The possible effects of calcium on the metabolic 
activities of intact cells were discussed by Epstein and 
Whittam**. They showed that the calcium inhibition of 
sodium/potassium-activated ATPase in membranes of 
kidney cortex and erythrocytes was due to competition 
with magnesium ATP. Epstein and Whittam* suggested 
that because certain glycolytic enzymes such as phospho- 
fructokinase and pyruvate kinase are inhibited by calcium, 
cells require mechanisms for maintaining low concen- 
trations of this ion in the cytoplasm and at the inner 
surface of the cell membrane. It was also suggested 
that these mechanisms could serve to regulate cellular 
metabolism‘. 

The antagonistic effects of calcium and magnesium on 
the control of respiration of isolated mitochondria® and 
on their swelling-contraction phenomena**, first con- 
sidered by Raaflaub™, may also comprise a physiological 
mechanism through which the cell can regulate certain 
mitochondrial activities. 

There is some evidence that cellular metabolism might 
be coupled to ion movements. Whittam™ has compared 
the rate of respiration of brain-cortex slices and the tissue 
potassium concentration. He found that about 40 per 
cent of the respiratory activity of these slices was appar- 
ently coupled to an active transport system for potassium, 
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which he concluded acts as a pacemaker of respiration. 
MclIlwain et al.5° have observed that the application of 
electrical impulses to cerebral cortex slices leads to 
increased rates of aerobic and anaerobic glycolysis, as well 
as to increased rates of respiration. Concomitant with 
these activities was an influx of sodium and an efflux of 
potassium. Immediately the stimulus ceased, metabolic 
activities resumed their normal rates, potassium re-entered 
the tissue and sodium was extruded. 

The evidence that calcium and magnesium ions play 
important parts in muscle contraction is now very sub- 
stantial’*-**, In particular, calcium appears to be a 
central component in many of the proposed mechanisms 
of this phenomenon®?:5*.60 despite its apparent complex 
involvement". Numerous investigators consider that 
the concentration of calcium in the myoplasm might, in 
fact, control the mechanical activity of the myofibrils*t-**. 
In this respect Hasselbach and Makinose*®® have shown 
that the vesicles of the sarcoplasmic reticulum are able 
to accumulate calcium ions rapidly and efficiently. The 
concentration of free calcium in the medium, for example, 
was shown to be reduced by these vesicles to a value of 
about 10-* moles/l. in the presence of oxalate. The uptake 
of calcium was also correlated with a calcium-induced 
ATPase and with a calcium-induced exchange between 
ADP and ATP. Interestingly, this ATPase and exchange 
reaction were dependent on the concentration of calcium 
outside the vesicles®*. A point here that would be of 
interest is whether the movements of calcium between 
the myoplasm and the vesicles bear any relationship to 
the rates of glycolysis in the myoplaam. 

A final but by no means less important factor is the 
pH. It is thought that the pH is not uniform through 
the cell" although there is little experimental evidence 
for such a view. Intracellular changes that might occur 
in vivos could well influence enzyme and metabolic 
activities. Because the values for the stability constants 
of metal ion chelates with adenine nucleotides, proteins 
and substrates depend in large part on the pH of the 
medium (see Martell and Calvin*’), non-uniformity of the 
intracellular pH could lead to variations in the concen- 
trations of metal ions that are available to enzyme 
reactions that are sensitive to these ions. Quite pertinent 
to this pomt is the recent observation of Trivedi and 
Danforth’: that the activity of frog muscle phospho- 
fructokinase was very sensitive to small changes in the 
pH in the physiological range. They suggested that a 
rise in pH might either decrease the binding of an active 
species of ATP to a regulatory site on the enzyme or 
antagonize the conformational changes resulting from 
the binding of ATP to the inhibitory site. 


It is hoped that the ideas presented in this artiole will 
serve to make investigators of cell dynamics more keenly 
aware of the potential role and importance of metal ions 
in metabolic control. While the general lack of detailed 
knowledge concerning the biology of metal ions restricts 
any rational conclusions which may be proposed, it is felt 
that with more concerted thought and experimentation in 
this direction, such a role will become increasingly evident. 
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Taw great interest in the biological effects, and especially 
the toxicity, of the tetracycline antibiotics is exemplified 
by the bibhographic review of Moser!. Investigations of 
the effects of the tetracyclines on liver, kidney, bone and 
teeth predominate, but their effects on the tissues of the 
intestinal tract seem to have been relatively neglected. 
We have examined the effects of hepatotoxic doses of 
chlortetracycline on the weights of the small intestine, 
caecum, large intestine and spleen, and on concen- 
trations of serotonin and histamine in the intestinal 
tissues of germ-free and conventionalized male and female 
mioo. 

We havo shown that the fatty liver induced in mice by 
intraperitoneal administration of chlortetracycline is 
primarily of the glyceride type, and that an intestinal 
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af the Metal Chelate Compounds 


Chlortetracycline caused dramatic increases in Intestinal weight of 
bacterla-laden and germ-free female mice only, the greatest In the 
Intestinal histamine and serotonin decreased in all mice 
except bacterla-laden females which showed Increases In serotonin. 
Thus, sex and microbial status could be important in connexion with 
tetracycline Intoxication. 


flora is not required to predispose the mouse to this 
condition?. Indeed, the germ-free mouse responds to this 
antibiotic with a more severe fatty liver than the bacteria- 
laden mouse, and with a greater loss of liver protein; the 
sex of the animal seems not to influence the degree of 
fatty infiltration of the liver. 

Our more recent work suggests that chlortetracycline 
profoundly affects the intestinal tissues of the mouse, and 
that the occurrence or non-occurrence of some of these 
intestinal changes and their degree are associated with 
the sex and microbial status of the mouse. 

The general experimental model and methods of feeding, 
housing and otherwise handling the animals in isolators, 
we have detailed before’. The present experiment was 
identical with the previous one, except that each mouse 
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received, intraperitoneally, either 100 mg of freshly 
prepared chlortetracycline/kg of body weight, or an 
equivalent amount of sterile 0-9 per cent saline, for 6 
consecutive days instead of 4 days. All animals were 
allowed food and water ad libitum. Each germ-free group 
was concurrently compared with a like group of mice 
which had been germ-free, but was at the time of the 
investigation “conventionalized”, that is, had been 
purposely contaminated 5 weeks previously with the 
mixed microbial flora present in the caecal contents of 
other conventionally reared mice; this procedure resulta 
in the morphological conversion of the germ-free intestine 
to that of the open-room conventional animal. 

The tissues were quickly prepared for histamine and 
serotonin assays as follows: the entire small intestine, 
caecum, and large intestine were excised, trimmed of fat 
and connective tissue, flushed with cold 0-9 per cent saline, 
cut longitudinally, and blotted with sterile cotton gauze; 
organ tissues were weighed immediately in aluminium 
tared dishes and frozen by floating these dishes on acetone- 
dry ice. Each tissue was then ground in a micro-blender 
with 0-1 normal hydrochloric acid, and brought to 10 ml. 
total volume with 0:1 normal hydrochloric acid. Homo- 
genates were stored in dry ice until they were fluoro- 
metrically assayed, substantially according to Weissbach 
et al.?, using an Aminco-Bowman spectrophotofluorometer. 
No tissue was stored for more than 2 weeks; standards, 
prepared identically to the tissues at the same time and 
stored with them, showed no loss of serotonin or histamine 
when assayed with the tissues. 

Table 1 shows the mean weights of the body, spleen, 
caecum and small and large intestines of germ-free and 
conventionalized control mice; Table 2 shows the con- 
centrations of histamine and serotonin in the caecum and 
the small and large intestines of these mice. It is evident 
that the body weights were essentially the same for germ- 
free and conventionalized mice of the same sex, but the 
caecum and the small and large intestines were heavier 
(on a body weight basis) in the germ-free mice of either sex, 
the difference being most marked in the female groups 
(Table 1). As shown in Table 2, all segments of the 
intestine of the germ-free mouse tended toward greater 
concentrations of serotonin than corresponding segments 
of the conventionalized mouse. With the single exception 
of the male germ-free caecum, this situation was not 
observed with respect to histamine. 

Fig. 1 presents the mean relative changes in weights of 
the caeoum and small and large intestines after adminis- 
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g/100 g body weight 





Large Small 
intestine mtestine 


Large Small 
Intestine intestine 
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pg. 1. Effect of six dauy lajeosione of chlortetracycline (100 mg/kg of 

y weight, grven intra eally) on intestinal weights; the o ate 

representa means Q Eer between mice treated with chlor- 
tetracycline and their concurrent saline controls. 


tration of chlortetracycline. It is evident that there was a 
sharp sex difference in that the females alone manifested a 
large increase in weight of the intestinal tissue. It should 
also be noted that the conventionalized females showed 
the greatest gains in weight of both the small and large 
intestines. 

The distinctiveness of the conventionalized female 
group was also reflected in the serotonin changes after the 
antibiotic had been given (Fig. 2). The serotonin con- 
centration of the intestinal tissues mcreased only in this 
group, and decreased in all intestinal tissues of the other 
groups. The histamine concentrations in all the intestinal 
segments decreased in all groups, the decrease being 
greatest in the females. The unique reaction of the con- 
ventionalized females to chlortetracycline was further 
illustrated by their severe body weight losses (13 per cent) 
over the period of injection, large loss of spleen mass 
(38 per cent) as compared with saline controls, and by the 
fact that two mice of this group died. By contrast, the 
conventionalized males, germ-free males, and germ-free 
females lost only 5 per cent, 5 per cent, and 3 per cent of 
their control body weights, respectively, and 8 per cent, 
8 per cent, and 5 per cent of their control spleen weights; 
there were no deaths in any of these latter groups. 


Table 1. CONTROL ORGAN WHIGHTS 


Microbial Large Small Small Spleen Body welght 
status (wet) intestine intestine intestine wet) at dea 
and sex (wet) (wet) (g) 
(g/100 g body weight) 
O (male) 0 27 + 008 043 +0 06 $11+015 0:76 + 0°08 1:26 + 0 03 826411 
< 
GF (male) O67 + 0 01 0-62 + 0-08 8-50 + 0-14 0 85+0 02 1-30 + 0-03 815+0-6 
C (female 82 + O 0-47 +0 03 3-38 + 0-00 0-78 +0 02 104 +0 04 277409 
< 0-00 <001 <0-001 <001 
GF (female) 0-00 + 0 08 O71 + 0-03 4-47 +0 06 0-97 + 0-02 1-84 40 04 27-8406 


Body weights were of thirteen to fifteen mice. A sad weights were of five to sıx mice Values are mean + standard error of mean, P values indicated 


where differences are preereae significant, by thet 
O, Conventionalized; germ-free, 


Table 2, CONTROL CONOHNTRATIONS OF SEROTONIN AND HISTAMINE 
(ug/g of tiasue/100 g of body weight) 


Microbial Serotonin Fistamines 
Satia Oacoum Large intestine Small intestine Caecum Large intestine Small intestine 
and sex 
O (male) 106408 22-5+17 38-6 £21 8:9402 8-2 £0-2 8140-4 
<0 001 < 0-05 <0 001 
GP (female) 15:9 £ 4 29 842-8 88-84 0-9 72406 3-5+08 2640-4 
C (male) 7 + 0:8 27-2409 89 242-2 dtt 58+19 2-740-3 
< 0-001 <0 001 
GF (female) 157408 426420 44:9 + 2-1 4:3 + 0-4 60+05 351408 


Oneca of thirteen to fifteen mice were used and J 
indicated where differences are statistically significant, by the ¢ test. 
O, Conventionalized; QF, germ-free, 


and small intestines of five tosix mice, Values aro mean + standard error of mean. P values 
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From our preliminary results, it seems clear that our 
female mice reacted to chlortetracycline in a way that was 
both qualitatively and quantitatively distinct from that 
of the male mice, and that the reaction of the conven- 
tionalized females, in turn, was in certain respects distinct 
from that of the germ-free females. We do not know 
what accounts for this sex difference, nor how the microbial 
flora superimposes its influence, but it appears that a 
mechanism(s) is operative in females which renders them 
more hable to chlortetracycline-induced gut changes 
irrespective of their microbial status, and that the absence 
of a microbial flora modifies and (or) attenuates these 
changes. 


HISTAMINE 


FEMALES 





SEROTOWIN 





Hg/g tissue/100 g body weight 








bit 


Caecum Small Caecum Small 
maae intestıne maio intestine 


. 2. Bffect of six daily injections of chlorte’ cline (100 mg/kg of 

weight, intraporitoneally) on intestinal wall e and serotonin 

concentrations; the ordinate re nts the means of differences between 
mice treated with chlorte’ and thelr concurrent saline controls. 


The fact that the chlortetracycline-induced changes in 
intestinal serotonin and histamine did not consistently 
correlate with the concomitant changes in intestinal mass 
makes it unlikely that these changes are directly con- 
nected. For example, both the males and females ex- 
perieneed a decrease in intestinal histamine after ad- 
ministration of the antibiotic, but only the females 
manifested an. increase in intestinal mass; only the con- 
ventionalized females experienced an increase in intestinal 
serotonin after the antibiotic had been given, yet the 
germ-free and conventionalzed females both showed 
increases in intestinal tissue mass. Thus the sex-linked 
phenomenon of intestinal mass meorease seems to be 
independent of the effect of chlortetracycline on the 
biogenic amine content of the intestines, and, for the 
most part, independent of the presence or absence of a 
microbial flora. So far as we can determine, only one 
worker has concerned himself with the effects of chlor- 
tetracycline on the biochemistry of intestinal tissues; 
Sullivan‘ gave chlortetracycline (among other anti- 
bioties) subcutaneously to open-room male mice only, in 
such dosage as to alter but not entirely to suppress bacterial 
flora, and found no effect on the level of intestinal (mucosal) 


E 673 


serotonin. The regimen of treatment he used was obviously 
not sufficient to elicit the effects seen by us. 

The question arises as to whether the imcrease in in- 
testinal tissue mass seen by us is & direct result of the 
action of chlortetracycline on the intestine, or whether it 
arises indirectly from other sequelae, induced by this 
antibiotic, for example, liver damage; four daily injections 
of chlortetracycline previously resulted ın severe fatty 
liver? and the six daily injections given in the present 
investigation invariably resulted in livers which were 
grossly indistinguishable in appearance from those of the 
previous work. 

We have no information about a possible direct action 
except the fact that chlortetracycline interferes with 
protein synthesis*. Although attention has centred on the 
liver, the intestine has recently been shown to be similarly 
affected*. It seems unlikely to us, however, that this 
could, in fact, be the sole or major factor that accounts 
for the increase in intestinal mass seen by us, because 
the males did not show this, whether germ-free or con- 
ventionalized. 

Focusing on the observed sex difference, it appears 
more likely to us that the phenomenon is secondary to 
liver damage, and that the sex hormones might play a 
significant part. In this connexion, it has been demon- 
strated that the female rat? and mouse’ experience an 
increase in small intestinal mass and nitrogen during 
lactation; attempts to explain this phenomenon in terms 
of a direct effect of increased food mtake have failed. 
More recently, however, Campbell and Fell® have shown 
that this phenomenon does not occur in adrenalectomized 
lactating rats maintained on deoxycortone acetate. Thus 
the probability is established that the phenomenon is 
mediated by hormones. 

If the sex hormones are indeed involved, and if the 
female hormones dispose the animal to intestinal mass 
increase, it can be readily seen that hver damage induced 
by chlortetracycline might give rise to excess oestrogens, 
because the liver inactivating systems for these hormones 
are much more easily suppressed by liver damage than are 
the androgen inactivating systems; this has long been 
known’, Although our previous investigations of the 
liver toxicity of chlortetracycline failed to reveal a sex 
difference in protein, lipids, water and certain enzymes, it 
18 possible that hormonal inactivating systems of the liver 
(which were not examined) may have been differentially 
affected. 

The question remains as to why the germ-free females 
reacted differently from the conventionalized females 
after treatment with chlortetracycline. The absence of a 
microflora has been shown to influence the intestinal 
tissues both morphologically and biochemically. Of 
particular interest is the finding that the small intestine 
of the germ-free rodent, as compared with its convention- 
alized counterpart, has a smaller mucosal surface area (rat), 
less lamina propria (rat and mouse), a slower cellular 
renewal rate (mouse), and a somewhat different enzyme 
pattern of the caecal mucosa (mouse)"-", Thus the normal 
germ-free intestine 18, in certain respects, a different tissue 
from that of the normal conventionalized intestine, and 
might be expected to react differently to chlortetracycline. 
At any rate, the chief finding is that the females, and 
only the females, experienced the great intestinal mass 
increases. 

Our data do not provide an explanation for the changes 
in the intestinal biogenic amine levels after treatment 
with the antibiotic. These changes themselves, however, 
offer an explanation for a phenomenon often noted clini- 
cally after treatment with tetracycline, that is, that these 
drugs cause a variety of gastrointestinal disturbances 
often considered as “‘. . . probably secondary to alterations 
of normal intestinal flora’*. This obviously could not 
be the complete explanation because these amines are 
known to influence markedly gastrointestinal physiology, 
and our germ-free female mice exhibited serotonin and 
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histamine changes as well as intestinal weight increases. 
We therefore suggest that the reported gastrointestinal 
upsets may be caused not by alterations of the intestinal 
flora alone, but also by alterations of serotonin and hista- 
mune levels in the tissues of the intestinal tract. 

Results of animal experiments do not always apply to 
humans, but we suggest that the intestinal sequelae in our 
mice caused by chlortetracycline may also occur in the 
human. These may, however, for the most part, have gone 
unnoticed because significant déterioration of intestinal 
tissues after death can ocour before tissue examination 
and sampling are possible. It may therefore be useful 
to examine especially testinal tissues of female patients 
who have died from tetracycline intoxication (particularly 
those with fatty metamorphosis of the hver), or to examine 
intestinal biopsy specimens of people receiving large doses 
pire (or) prolonged treatment with tetracycline anti- 

iotics. 
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Tas mathematical theory of evolution has usually in- 
volved an analysis of the nature and intensity of the forces 
which cause departures from some idealized population 
structure. Selection has usually been studied in large 
random mating populations; inbreeding, arising in various 
ways (correlation among mates, finite population size, 
subdivision) has been analysed on the assumption that 
there is no selection. Any reahstic: study of genetical 
variation in natural populations must, however, involve 
models which incorporate both selection and inbreeding, 
a Mas on rs ps needs to be increased. 

e theory of selection in regularly inbreedi ecies 
has been much less developed than that for Zee n 
panmictic species, both because of its greater mathemati- 
cal complexıty and, until recently, because of a lack of 
sufficient experimental work on the nature and pattern of 
variability in inbreeding populations'. With some notable 
exceptions* most models have made use of Wright's? 
inbreeding coefficient F and have restricted the analysis 
to a description of the systems at equilibrium or to models 
which assume small F or weak selection. A large number 
of results have been derived in terms of F (for example, 
balance between selection and mutation‘; population 
means and variances under selection’; cost of allelic 
substitution’; gene dispersion under inbreeding and ran- 
dom drift’), but no solutions were given for finding the 
appropriate values of F either for the generations during 
the approach to equilibrium or at equilibrium. Wright* 
has discussed the use of various F-statistics for analysing 
such aspects of population structure as subdivision, 
local differentiation of finite populations and selective 
clines. The main advantage of his approach is that 
inbreeding effects can be derived in terms of net departure 
from the basic Hardy-Weinberg proportions. We pro- 


F-Statlstics can be used to generalize models of genetic variation in 
natural populations. 
selection and Inbreeding. 


Models of this type can Incorporate ‘both 


pose to show that P-statistics also provide a means of 
determining the genotypic frequency equilibria under 
inbreeding, the conditions for their stability and the 
critical bounds on various parameters of selection and/or 
mating system which allow such stable non-trivial 
equilibria. 

Alternative Interpretations of F 


Wright? first defined F' as the Galtonian “correlation 
between homologous genes of uniting gametes under 
a given mating pattern relative to the total array of these 
in random derivatives of the foundation stock”. The 
values of F' were obtained by the methods of path analysis. 
In a narrower sense Wright? defined # as a coefficient of 
inbreeding based on the relationship between parents of 
the uniting gametes. An alternative interpretation of F 
was provided by Malécot!*, who defined F as the probabil- 
ity of identity of alleles in the uniting gametes due to 
deacent from a common ancestor. The correlation 
coefficients obtained by path analysis are identical with 
Malécot’s probabilities, defined in both cases relative to a 
specified foundation stock’. 

Later, Wright! designated F as the fixation index 
where (1—-)=P (the panmictic index) gives the amount 
of heterozygosis relative to that expected under random 
mating. Here F is to be calculated as 


F=(1-=) 


where R is the actual proportion of heterozygosity at & 
single diallelic locus with alleles A and a in frequencies p 
and g. The so-called Wright’s equilibrium law states that 
for any inbreeding population the equilibrium genotypic 
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proportions of (AA, Aa, aa), denoted here by (P, R, Q), 
can be written as: 


(P, R, Q)=(p*+ pqF, 2pq(1— F), g+ paF) (1) 


where p=P+4R, gq=1l—p=Q+¢4 R, and F is a constant 
characteristic of the particular mating system. 

The use of F as a fixation mdex to describe the effects of 
selection was first considered by Wright*#, who later 
obtained an, explicit expression for F for the model of 
zygotic selection under random mating®. Workman and 
Jain! first used F as a fixation index to desombe models 
of zygotic selection under inbreeding and showed that 
equation 1 holds in any arbitrary generation, n, for any 
system of mating, selection, etc., such that the genotypic 
proportions of (4.4, Aa, aa), say, (Pa, Ra, Qn), can be 
represented by 





(Pn, Rn, Qn) = (Da + PaGnLn, 2Pagu(1 — E'n), gå + Pada tn) (1a) 
where 
En 
Pa qa ati En and Fr Opn qa 


As discussed by Wrights, it is clearly very important to 
distinguish between the alternative interpretations of F 
as a correlation calculated from a pedigree against the 
broader meaning of F as a fixation index. The probabili- 
ties given by Malécot’s definition or the correlations 
based on pedigrees can vary only between zero and unity 
and are appropriate only for populations in which inbreed- 
ing is the sole factor affecting genotypic proportions. 
As a fixation index, however, F can vary between —1 
and +1, and in circumstances in which an evolutionary 
factor (namely, selection, selective matings) changes the 
gene frequencies, the genotypic array given by equation 
la would hold only when F' is defined as a fixation index. 
Negative values of F represent a higher level of hetero- 
aygosis than expected on the basis of Hardy-Weinberg 
proportions. Such values can often occur, as, for example, 
under systems of negative assortative mating, or when 
selecticn favours the heterozygotes. Thus, any diallelic 
genotypic array either at equilibrium or during the 
approach to equilibrium can be described in terms of 
gene frequency and F as a fixation index, which provides 
a measure of the net deviation from Hardy-Weinberg 
frequencies due to the interaction of the various forces 
affecting gene and genotypic frequencies. 

Analysis of Selection and Inbreeding 


Wright}? provided the first treatment of selection in an 
indefinitely large population in which there is a constant 
(and greater than random) probability for mating among 
relatives. Consider a single diallelic locus with genotypes 
(AA, Aa, aa) in proportions (p*+pqF, 2pq(1—F), g?+ 
pqF) at equilibrium and with relative viabilities denoted 
by (wy, Wa, w). Define Wr=p'o,+ 2pqwst q's (the 
mean fitness’of the random bred component) and Wi= 
pw,+quw, (the mean fitness of the inbred component) 
so that the mean fitness of the total population, say, W, is 
given by W=(1-F)Wr+ FW: Then the change in 
gene frequency in a single generation is given by" 

(l—q) dW; 
a 2W [ dg dg ] (2) 
Wright also extended the expression for Ag to the case of 
multiple loci, assuming linkage equilibrium between loci 
for cases in which either the selective differences are small 
(w: = 1) or F is small (that is where F is almost zero). 
Lit redefined W’=(1—F)Wrt+2FW: so that 


aw 
Aq = 0 implies —-—- = 0 
gq P äg 
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He showed that the equilibrium value of q is given by 
„_ (I= F) (w =w) + P(w, =w) 
a (=F) otw 2u] 
Using his method of general weights, Lewontin?’ 
obtained the same solution for g and further showed that, 
for the gene frequency equilibrium given by equation 3 


to be stable, there must be overdominance (w,> W, w3) 
and the following inequality must hold 


(3) 





1-F w, Wwy 
> + 
F wW, — W, Wi — W3 


In none of these treatments was the value of F at equili- 
brum specified for either general w: or for any particular 
system of mating. The following discussion illustrates 
the use of p(=1—g) and F to obtain exact solutions for 
varying specifications about the selection and the mating 
system, 


Exact Results for Systems of Mixed Random 
Mating and Selfing 


Lewontin", in deriving equation 4, refers to a system 
in which there is a constant probability, s, for selfing and 
a constant probability, ¢=1~--s, for random outcrossing 
which, in the absence of selection, gives Fe= (1—t)/(1 +t). 
It can easily be shown, however, that this value of F ut 
not satisfy equations 3 and 4. The appropriate F, for 
the case of mixed selfing and random mating was obtained 
by Workman and Jain? using the following method. 

Consider any diallelic single locus model in which there 
are, say, k parameters describing the mating system, 
the viabilities, ete., denoted by 0(#=1,...%). Recur- 
rence equations relating genotypic proportions in succes- 
sive generations n and n + 1, say (P, R, Q) and (P’, R’, Q), 
are of the form 


(4) 





P a g(P, R, Q, 8:) 
F’ ag,(P, R, Q, 6) (5) 
Q’ a alP, R, Q, 61) 


where the g; are appropriate, usually non-linear, functions 
varying with the particular model considered. At 


equilibrium 


(P’, R’, Q) =(P, R, Q)={p* + Fpa, 2pql~ F), q+ paF} 
where 
R 
F = le — 
2pq 


so that equation 5, at equilibrium, becomes 
pt + pak agi(p, F, 8) 
2pq(1—F) « gip, F, 4) (6) 
g + pak a gip, F, 92) 


The proportions in general reduce to two simultaneous 
equations in p and F which yield the appropriate formulae 
for ps and F's, either explicitly or in a form which can be 
solved by iteration using a computer. It should be noted 
here that the conditions for a genotypic equilibrium require 
that Ap and AF should simultaneously be zero. For 
example, if a population in which po>=q,==1/2 and the 
two homozygotes have equal viabilities, 18 subjected to 
continuous self-fertilization, Ap is always equal to zero, 
but AF is zero only at equilibrium. F can be defined 
in terms of the genotypic array just after selection, 
denoted by F: or just after matings denoted by Fun. 
The equilibrium values of p and F can be obtained either 
in terms of Fror Fu. In the work reviewed earlier, that ia, 
relations 2, 3 and 4, the models were derived in terms of 
Fu. 

For the case of mixed random mating and selfing with 
relative viabilities (w,:1:w,), that is, 0;=(8, wi, Ws), 


676 ee ee 
' Workman and Jain showed that, at equilibrium, Fy: is 
given by the solution of 


2F3 (1—w,) (1—w,) 
+ Fir {(wy + w— 2) — tw, + wy — 2w,w,)} 
+ (ty + w~ ww) (Lt) = 0 (7) 


Together, equations 3 and 7 describe the equilibrium 
genotypic array just after mating. For a description of the 
genotypic array just before mating, it is necessary to 


substitute 
R= (= - 3 
8 


into equations 3 and 7. This derives from the well known 
result for mixed random mating and selfing that Pu= 
$ 3(1+;:) (ref. 13). For this latter case Hayman" also 
obtained the equilibrium genotypic frequencies, but his 
solutions are in an exceedingly complex form and derive 
from a method which cannot be extended to other models. 
For this model, relation 7 can also be derived by a 
method suggested by Prof. Sewall Wright (personal com- 
munication). Equating the proportion of heterozygotes in 
consecutive generations at equilibrium, one obtains 


2pq(1 — Fn) = 2ipq + e(1 — Fn) = (Ta) 
where 
W = w,(p* + pgFn) + 2pg(l — Fu) + walg? + pgFn). 


Substituting W into equation 7a yields equation 7 directly. 
Workman and Jam also considered a model ın which the 
differences in viability were limited to one sex (for example, 
female fecundity differences) and showed that the equili- 
brium for this system was also described by equations 3 
and 7. The approach to equilibrium, however, which can 
be described ın terms of p and Fn, was much slower than 
in the system in which selection acted on both sexes. 


Model involving Variation in the Mating System 


Analyses of the conditions for non-trivial equilibrium 
at loci affecting the mating system have proved to be 
extremely difficult to handle. Fisher! and Moran?’ 
considered a mating system in planta determined by a 
single locus (@/g) such that G ovules are entirely self- 
fertilized and g ovules are random bred. The pollen was 
assumed to be distributed at random. Such a system 
is termed one of ‘‘pollen elimination”? because all pollen 
falling on GG plants (obligately selfed) is eliminated. 
Both Fisher and Moran assumed no difforential viabilities 
among genotypes, for which case the proportion of g 
alleles continually decreases to zero. 

Using p and F to describe the system, it is now poasible 
to consider the case where zygotic selection results in the 
maintenance of a polymorphism at the G/g locus. Let 
(t,:1:w 3) be the relative viabilities of (QG, Gg, gq). 
The recurrence relations corresponding to equation 5 
can be shown to be: 


GG: P aw, {P+} R +} RIP +4 E} 
Gg: R' a {FR + R(Q + 4 B) +(Q+4RP+4R)} (8) 
99: Q aws{gR+(Q4+4R) (0 +4R)} 


Substituting for (P’, BR’, Q’) and (P, R, Q) in terms of p 
and F, the relations corresponding to equations 6 are 


GG: p+ pqF aw, {p+ Fpg+ } pg(l—F)+ $ p'q(l—F)} 
Gg : 2pg(1— F) a pa(1— F) + palig + pr) (9) 
gg : P+ par o w {t pal- F) +g +p F+ bpoll- F) 
The relations 9 reduce to the two equations 
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p(l- FP- w)+p w- 2)(1- F) + 40, 
+ F(w,—2)— F8 w, — 1) = 0 


PUL—F)*(wy~1) + p3- § ws 
+ F(3w,—4) os ws— 1)} 


+ 2w,— 2— F(w,— 1) = 


These equations can be solved simultaneously for pe and 
F, by iterative methods. It has also been possible to 
treat a more general model in which the probabikties for 
selfing (or een es mating) of the (GG, Gg, gg) females 
are, say, (a, B, y) respectively. 


Phase Diagrams 


For many models of inbreeding and selection ıt is of 
considerable interest to determine the range of values of 
the relevant parameters (for example, selective values 
and the amount of selfing) which result in the maintenance 
of stable equilibrium. This information can most readily 
be obtained by examining the so-called phase diagrams 
described by Hayman’. Examples of phase diagrams 
for models of pollen elimination are given in Figs. 1 and 
2 for: (1) Fisher’s model (that is, c=1, B=4, y=0), and 
(2) a=4, B=4, y=0. The areas marked A and B corre- 
spond to the equilibrium populations with only homo- 
zygotes, gg or GG present; in region O, heterozygotes are 
present but in a frequency lower than m a population 
mating at random (that is, F,>0), whereas in D there 
are more heterozygotes than expected m a random 
mating population (F.<0). The formulae for the 
boundary curves can be obtamed from equilibrium 
formulae for pe and Fe (expressions 9 and 10). The 
boundary between A and O is obtained by taking pe equal 
to one and eliminating F, from the two equations; the 
boundary between B and C is obtained by letting Pe be 
zero and eliminating Fe; and the boundary between 
C and D 18 obtained by letting Febe zero and eliminating 
pe. For Fisher’s model, these curves aro, respectively, 


8wi— dw, — w, = 0 (4 and O) 
8wi — 8w, — 810,0,+ 70, = 0 (B and C) 


(10) 


and 


2(4w, + 3w, — 5w,w,— 2)? + (2—w,— w) 


(8w, + 20,—5w,w,—4) = 0 (Oland D) 


A point to note is that the allele G tends to be fixed with 
increasing level of selfing and, in order to maintain the 
locus polymorphic, w, must be significantly smaller than 


10 
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Fig.1. Phase dtagram í for Fisher’s model with allele G inducing 100 por 
cent golfing. a=1; f=4; y=0 
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w, Similar analyses of models involving assortative 
mating, male sterility, and gamotic selection have provided 
interesting results in the form of phase diagrams’. 


Triallelic Models 
F as a fixation index can also be used to describe the 
distribution of genotypes at a locus where there are three 
alleles. Consider a locus with alleles, 4,, 4, and As, with 
corresponding frequencies, p, (s=1, 2, 3). As shown by 
Wnght", the equilibrium genotypic proportions in an 
eens population without selection can be represented 
y 


Homozygotes: fu = p? + pi (l~ p) F 


11 
Heterozygotes: fy = 2pıp; (1— F) oa) 


where fu and fiy denote relative frequencies of genotypes 


Adı; and 4id;(i3). For this model, F is exactly the 


PiPl2fia— fim fit 1) + PiP? fia— 





F=Hil— 


fa- fis + +l) + 


677 


Thus, a trialleie model can be completely described by 
the five parameters 


p™, pw, T”, FY, PO 


at any generation n. Each of the FM, as shown by 
equation 12, is of the same form as the single fixation 
index, F, for the two allele case and can be called partial 
fixation indices. 

It is also possible to derive a single composite F such 
that the genotypic array under any set of directed pro- 
cesses and at equilibrium is given by 


Ju = (pd? + p(l—po)PF; fu ppl- F) (14) 


Here F represents the total deviations from Hardy- 
Weinberg proportions and in that sense corresponds to 
the fixation index for the two allele case. The value of 
F, obtained by the least squares method, is found to be 


+ PaPal2fas— faa— fost 1) — 3 pi paps 





(15) 


OC pi pi + piri +pip) t + 2D DsPs 


same as in the diallelic case and can be caloulated by treat- 
ing the system in terms of any one allele A; 
i Zs fu 


F=al- ——— 
( 2p, (1 — pi) 


When selection or some other force 1s present in addition 
to variation in the mating system, F statistics can be used 
to describe the genotypic array at any arbitrary genera- 
tion, n. We can define partial inbreeding coefficients, 
Rp (i=1, 2, 3) obtained by considering the system in 
terms of each allele A, such that 


for any i) 


W ee ct J 3 ) 
2pin) ü -— p™) 


and the genotypic proportions are given by 
Homozygotes: Ap E [p™] 34 p™ (1 — PPF o 


(12) 


Heterozygotes: ff) n) 


1— FG) + pP (1p?) (1-4) 


Oe PO pf) =r) 03 


1-0 
0:8 


0-6 


wy, 


0-4 


02 


0 
0 02 04 06 08 10 
Ws 


Fig. 2. Phase diagram for Fisher’s model with allele G Inducing 50 per 
cont selfing. a=}, Bm}; y=0 


where the pi, fu, fy are the appropriate frequencies at 
equilibrium. 

The relationship between the partial fixation indices, 
fim, at equilibrium and the joint fixation index F has 
not yet been determined. Simulation of triallelic models 
on a digital computer did, however, show that when the 
heterozygotes had equal viabilities (w11 = W13 = W33), then, 
at equilibrium for any amount of inbreeding, all three 
Fos were equal to 7’, that is, 

© © 
FD = FG) = Fe) = FO: 

when the heterozygotes had unequal fitneases, the FS) 

were unequal. For all models studied, including the cases 
in which all six viabilities were different, the joint fixation 
index given by equation 15, together with the gene fre- 
quencies, Pı, sufficed to describe the genotypic array at 
any generation starting from Hardy-Weinberg propor- 
tions. It may be that the joint F is analogous with a total 
correlation coefficient and could be derived as a function 
of the Fy, which are in the form of partial correlation 
coefficients for each of the alleles. For more than three 
alleles, Wright’s expression (equation 11) holds only when 
inbreeding alone affects the genotypic frequencies. While 
equilibrium. populations may be capable of being described 
either by the p; and some composite measure of departure 
from Hardy-Wemberg proportions, or by the p: and 
partial fixation indices (Fin), additional parameters would 
be necessary to describe the population at non-equilibrium 
situations. For example, with four alleles, there are ten 
genotypes and nine independent parameters would be 
required. A description of genetic systems involving 
inbreeding and linkage for more than three loci had in- 
volved similar problems. 


The present demonstration that F, as a fixation index, 
can be used to analyse selection and inbreeding further 
supports Wright’s contention “that many different 
aspects of population structure can be brought under a 
common viewpoint by means of the F-statistics”*®. The 
description of a population in terms of gene frequencies 
and F allows comparisons among models with relatively 
fewer parameters describing the net effect of the forces 
acting on gene or genotypic frequencies. As noted already, 
for example, the genotypic equilibria and heterozygosis 
under various models of single diallelic locus could be 
readily compared in terms of # as a measure of departure 
from Hardy-Weinberg proportions. Moreover, the condi- 
tions for equilibria, or their stability, appear in forms much 
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less complex mathematically than those obtained by 
considering changes in the genotypic frequencies (that is, 
in terms of AP, AQ, AR (refs. 2 and 19). It should be 
emphasized that F 1s to be determined as a fixation index 
rather than computed as a probability or a correlation 
from a pedigree if factors other than the mating system 
affect genotypic frequencies. 

Gull and Clemmer”, for example, studied the rates of 
change in the inbreeding coofficient under selection, hnk- 
age and random drift, considering F as the probability of 
identity by descent in a finite population using computer 
simulation and compared with those predicted by the 
theoretical formula 


= G) (L + Faa) + ni-l Pai 


Clearly, the appropriate measure of inbreeding should be 
based on F as a fixation index which jointly relates the 
inbreeding due to finite population size, selection and 
linkage in terms of homozygosis and the rate of fixation. 
In a study of the theoretical conditions for the initial 
increase of a new favourable gone, Parsons and Bodmer* 
assumed ‘“‘the amount of inbreeding to be measured by a 
constant inbreeding coefficient F”. For the single locus 
model of selection under mixed mating discussed earlier, 
the condition for increase in the frequency of newly arismg 
allele A in a predominantly aa population, ignoring 
certain terms, was found to be w,F+w,(1—F)>w,. For 
the case of random mating, these authors let F equal 
zero and concluded that the condition for increase of A 
is tw, >w, (Aa more fit than aa); for complete selfing, tho 
assumption that F is unity gave w, >w, (AA more fit than 
aa). F should, however, be determined as a fixation index 
in their formulation and will not always be zero and unity 
under selection for these two cases, so that the correct 
conditions for increase of A will, as shown by Jain", 
differ from those given here. Similarly, in studies of the 
manifestation of genetic load by inbreeding, the inbreed- 
ing coefficients corresponding to the mating system alone 
(for example, F=1/8 and 1/4 for half sib and full sib 
mating) have been used for regression analysis of loads 
against inbreeding levels**. If, however, the initial random 
mating populations that were subjected to inbreeding 
had #40, the appropriate values of F after one genera- 
tion of half sib or full sib mating (without a cycle of ran- 
dom mating and no selection) would be Pas= P+ 1/8 
(1— F) and Fy = F+1/4(1— F), instead of 1/8 and 
1/4, which can be an important source of bias in the estim- 
ates of non-linearity in regression". 
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More general models of population structure might also 
prove tractable by an appropriate use of F'-statistics. 
For example, increase in population fitness is achieved by 
an integration of the gene pool under the various directed 
and random processes acting on the population. If 
optimal fitness required the maximal stability of equili- 
brium gene and genotypic frequencies then this would be 
equivalent to a minimization of o, and of, over space 
and time. That is, if Ap, AF are the changes in p and F 
over each unit of time, then the maximal stability of the 
system over time is achieved by minimization of both 
CAp and. oA pe Analyses of stochastic genetic processos 
uaing Kolmogorov’s equations involving the mean and 
variance of Ap (Ap, op) (see ref. 25 for review) need 
to be extended to include equations involving AF and 
oh p in the caso of an inbreeding population. F-statistics 
applied to the study of multiple niche models may also 
provide useful measures of intra- and inter-population 
fitness. Both analytical work and computer simulation 
are being undertaken to examine these models. 
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Placental Growth and the Formation of Amniotic Fluid 
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In a variety of species, including man, the placenta can be 
retained tn situ after removal of the foetus!. In the rhesus 
monkey it has been demonstrated that this retention of the 
placenta is associated with a continuing gain in maternal 
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The formation of amniotic fluid has been studied in monkeys 
from which the foetus was removed before term. To begin with, the 
amniotic fluid Is a transudate of the maternal plasma and becomes 
more like the foetal fluids only in the presence of the foetus. When 
the foetus Is removed, the fluld remains similar to maternal plasma. 


weight and behaviour characteristic of gestation’. In the 
absence of the foetus, hormonal effects persist as evidenced. 
by intensification of sex skin colour, increased excretion of 
the oestrogens and androgens characteristic of pregnancy, 
the spontaneous onset of labour, and the onset of lactation 
after delivery of the placenta at approximately the 
appropriate gestational age*?. These observations suggest 
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Table 1. CHANGERS IX THB PLACENTA AND AMNIOTIO FLUID OF MONKEYS WITH RBTAINED PLAORNTAB* 
Placental AF. Placental AP APF, 4 Placental AAR 
G.A. wha osmolañi Protein, Q.A. Whe H,O __ osmolalt 1.’ Proteins wt, osmolality 
(days) (B) (mosmoles/kg) (g/100 0.0.) (days) (g) (per cent) (mosmolea/kg) (0.0.) — (g/100 0.0.) (g) (moamoles/kg) 
61 17 292 =- 119 82 88 1 - 10 5-0 +16 - 
63 30 206 O56 1i4 86 85-8 880 O5 4°38 +6 34 
75 39 287 05 145 30 B2°3 - - ~ 9 - 
78 58 ~ - 157 56 849 298 100 6'2 om 2 - 
90 46 286 04 119 70 87-4 812 0-8 65 +84 27 
91 63 278 O4 157 60 - 296 20 6-0 ~ 8 18 
120 65 286 05 154 ill 887 808 8-8 5L +46 22 
120 98 278 0-5 150 80 - B04 10-0 51 - 8 26 
124 74 286 0'4 151 109 86 0 291 100 46 +b 85 5 
124 289 Ord 165 111 - 209 4-0 45 + 28 10 
126 66 280 0-7 155 148 85:0 289 3-8 59 +98 9 
126 85 286 07 158 127 859 280 40 54 +42 8 
125 94 287 0-6 156 Placenta reabsorbed 
125 88 B11 06 150 98 a 308 45 41 +10 -2 
127 76 207 0-5 168 110 86-6 289 21 5-2 +24 -8 
145 103 = - 158 118 85 6 - 0 - +10 - 
160 88 277 04 Aborted 
* Water content is as a percentage of the total tissue weight on a per kilogram basis, G.A. refers to gestational age; A.F. is amniotic fuld. 
The subscripts 1 and 2 refer to tho first and second Caesarean sections, 


the hypothesis that the presence of the foetus has little or 
no influence on the growth and development of the 
placenta. 

Further, it has been postulated that an increasing con- 
tribution to the amniotic fluid of hypotonic urme from the 
foetus results in a fall in the total solute concentration of 
the amniotic fluid from levels isotonic with maternal 
plasma early in gestation to levela below maternal plasma 
later in gestation**, The decrease in amniotic fluid glucose 
concentration late in gestation’? and the increase in 
creatinine and urea are consistent with this theory‘. 
In the absence of the foetus, therefore, ı1f any fluid is 
formed by the amnios alone, it should be isotonic with the 
maternal plasma at the end of gestation. Investigations 
were undertaken to characterize the growth and develop- 
ment of the placenta of the Macaca mulatta in the absence 
of the foetus and to estimate the contribution of secretions 
of the amnios alone to the formation of amniotic fluid. 

The foetuses of seventeen Macaca mulatia monkeys of 
known gestational ages between 61 and 150 days were 
delivered by Caesarean section under ‘Fluothane’ anaes- 
thesia (Table 1). The amniotic fluid was completely re- 
moved and the foetal surface of the amnion dried with 
absorbent gauze. The meistons in the choron and amnion 
were then sutured closed and affixed to the endometrium. 
The uterine incision was repaired, retaining the placenta 
in situ for periods varying from 13 to 79 days. At re- 
operation the fluid formed in the amniotic space was 
removed for investigation. Neither the placentas nor the 
vessels joining the two placentas were incised during the 
procedure and only those samples of amniotic fluid 
which were free from blood were evaluated. Total solute 
concentrations were determined by measuring the freezing 
point with an osmometer‘. Sodium and potassium con- 
centrations were estimated with a flame photometer on 
ashed homogenates of placental tissue. Nitrogen was 
determined using a modified Kjeldahl method, Hydrogen 
ion concentrations were determined with a pH meter and a 
glass electrode maintained in a water jacket at a constant 
temperature of 38° C (ref. 8). Foetal and placental weights 
were determined and the analysis of foetal and placental 
tissue homogenates carried out as previously described’. 
Amniotic flud volumes were measured in a graduated 
cylinder after needle aspiration of the contents of the 
amniotic space. They were minimal estimates because 
some residual fluid could not be removed, the possibility 
of leakage from the cervix or from the myometrial incision 
could not be excluded during the interval between the 
operations, and at the second procedure some loss occurred 
in reopening the uterus. Total protein was estimated by 
a modified biuret method*. The P values presented were 
determined with Student’s ¢ test of means. 

The pregnancies were considered to be normal up to the 
time of the initial surgery and the weights of the foetuses 
at the time of their removal were appropriate for their 


gestational ages’!°. The placental weights at the time of 
removal of the foetus were estimated from the data of 
Behrman, et al. for normal changes in placental/foetal 
weight ratios throughout gestation in the Macaca 
mulatta’. One animal aborted the placenta 24 h after the 
removal of the foetus at 150 days and in one instance the 
placenta was reabsorbed (Table 1). The remaining animals 
continued m good health after removal of the foetus; 
maternal oedema, weight morement and sex skin colour 
changes of pregnancy were observed. 

Grossly and histologically the maternal surfaces of the 
placenta and their sites of plantation appeared normal. 
The veasels of the foetal surface were collapsed and empty 
and there was a slight increase in the tissue between the 
amnion and the chorion which had a gelatinous consis- 
tency. There were no inflammatory infiltrates or haema- 
tomata. 

Final placental weights were larger (P < 0-0025) and the 
increments in mass greater (P<0-05) in those animals 
from which the foetuses were removed after 120 days 
gestation than in those whose foetuses were removed 
before 120 days (Table 1). There was a significant increase 
from the calculated initial placental weights to the final 
measured placental weights in those animals in which the 
foetus was removed after 120 days (P<0-0025). This 
increase was less apparent when all the experiments were 
treated together (0-06<P<0-10) because of the smaller 
mereages in weight in the early group. There was no sig- 
nificant difference between the weights of the retamed 
placentas at removal and those of a control group of 
normal placentas removed at Caesarean. section at similar 
gestational ages’. 

The water content of all the placentas, however, was 
significantly higher than in placentas of a control group of 
the same gestational age (P < 0-0025), approximating the 
amount of water found in the first half of gestation®. This 
amount of water, like that in normal placentas, did not 
decrease significantly with increasing placental weight or 
gestational age throughout the latter half of gestation. 
The placentas of those animals from which the foetuses 
were removed at 125 days were compared with controls 
from animals of the same gestational age at the time of the 
delivery of the placenta. Their tissue water and sodium 
were 5:7 per cent and 33-2 per cent higher, respectively. 
Placental nitrogen was 28-5 per cent lower and placental 
potassium 67-9 per cent lower than control values. 

An, average of 3-7 0.0. of fluid accumulated in the. am- 
niotio space in the absence of the foetus for 25 days or 
more. This is a decrease of between ten and twenty 
times in volume of amniotic fluid on a body weight basis‘. 
The volume obtained did not increase in direct proportion 
to the duration the placenta was retained or to the gesta- 
tional age at the time of removal. No correlation was found 
between the volume of amniotie fluid obtained in the 
absence of a foetus and the gestational age, the placental 
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weight, or the total solute concentration of the final 
amniotic fluid. 

The normal decrease in total solute concentration did 
not oceur*. The total solute concentration of the amniotic 
fluid was significantly higher (P <0-0025) after the foetus 
was removed; this increase can be accounted for by the 
increase in the protem concentration. The method of 
Van Slyke eż al.1* was used to estimate the concentration of 
osmotically active anions contributed by this increased 
protein concentration at the pH of the amniotic fluid 
(pH 7); 10-3 mosmoles/kg were accounted for by the 
osmotically active anion equivalent of protein. Thus the 
non-protein solute concentration which consists principally 
of electrolytes and glucose in the fluid formed in the 
absence of the foetus was very similar to the normal 
concentration. The magnitude of the increase in total 
solute concentration tended to be smaller with both the 
increasing gestational age of the animal and with increasing 
placental weight. The incremente of total solute con- 
centration of the amniotic fluid were significantly smaller 
after 120 days gestation (P<0:0026). There was no 
significant difference in the total solute concentration 
in the final fluid formed in the amniotic space and that in 
maternal plasma (P< 0-15). 

The increase ın placental mass continued in the absence 
of the foetus at a rate aimilar to that in controls. There 
was, however, a marked decrease in the nitrogen and 
potassium accumulated in the placenta and an increase in 
the sodium and water content which suggests a larger 
extracellular sodium space and a smaller intracellular 
potassium space. The expected normal increase in the 
intracellular potassium space and the cell mass which it 
approximates? and the decrease in the extracellular 
space did not occur in the absence of the foetus. There 
was also a lessening contribution of solutes to the amniotic 
fluid by the amniotic membrane of these retained placentas 
as gestation progressed (Table 1). This might be due 
either to a decrease in secretory function or to a smaller 


Is Glycine a Neurotransmitter ? 


NATURE, VOL. 214, MAY 13, 1967. 


surface area for secretion. Thus, even though the rate of 
placental growth in mass approximated the normal rate 
in the absence of the foetus, certain aspects of placental 
development were dependent in part on the presence of 
the foetus. 

The amnios itself was capable of secreting a fluid into the 
amniotic space throughout gestation. In the absence of 
the foetus this fluid remained isotonic with the maternal 
plasma like amniotic fluid found before 90 days gestation 
with the foetus in utero‘. This is consistent with the 
hypothesis that the amniotic fluid is initially a transudate 
of maternal plasma but begins to resemble a transudate of 
the foetal body fluids as the foetus contributes an in- 
creasing amount of hypotonic urine and other body 
secretions to the amniotic space later in gestation. In the 
absence of the foetus the fluid in this space continues to 
resemble # transudate of maternal plasma. 

This research was supported by grants from the U.S. 
Public Health Service. 
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The amino-acid glycine acts as though it were an Inhibitory trans- 
mitter substance when it is applied to neurones of the lumbar 


portion of the spinal cord of the cat. 


Moreover, interneurones 


which release inhibitory transmitter appear to concentrate glycine. 
These findings ralse the strong possibillty that glycine Is a neuro- 
transmitter substance In the physlological state. 


Association of Glycine with Spinal Interneurones 


THERE is now impressive evidence that a neurone (inter- 
neurone) is interpolated in inhibitory pathways from 
dorsal root fibres to spinal motoneurones!-*. The processes 
of interneurones are relatively short and mostly confined 
to grey matter. On this basis, one would expect a trans- 
mitter involved in postsynaptic mhibition to be concen- 
trated in spinal grey matter—the location of the soma 
and presynaptic terminals of the interpolated internourone. 
Concentration of transmitter in presynaptic cells has been 
demonstrated at the vertebrate neuromuscular junction* 
and at the crustacean inhibitory neuromuscular junction’. 
The possibility that amino-acids may act as synaptic 
transmitters 18 supported by the recent demonstration 
that they may be transmitters in invertebrates*~. 
Glycine’, y-amino butyric acid (GABA)! and cystathio- 
nine" are three amino-acids which have the distribution 


postulated for the inhibitory transmitter in the spinal 
cord. Furthermore, these compounds inhibit the firing 
of spinal neurones when applied locally by iontophor- 
esis13, Glutamate, which in contrast has excitatory 
rather than inhibitory properties, exhibits a distinctly 
different distribution pattern in cat spinal cord and roots”, 

This report shows that glycine concentration decreases 
with loss of interneurones and that the concentration of 
GABA does not. 

Anoxia of the lumbosacral spinal cord was produced in 
nine mature cats by clamping the thoracic aorta just 
below the origin of the great vessels for 15-60 mm"*™. 
Neurological defects varied from temporary paraparesis 
to permanent paraplegia with increased extensor tone. 
Inhibitory reflexes and polysynaptic reflexes were 
reduced!*, Between 11 and 35 days after surgery, the 
seventh lumbar segment was removed under ‘Nembutal’ 
anaesthesia and immediately frozen on solid carbon dioxide. 
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Thin slices were cut and stored frozen. One such alice was 
preserved in formalin, embedded in paraffin, semally 
sectioned at 5u and stained with toluidine blue for histo- 
logical study and cell count. The sections of spinal cord 
for chemical analysis were dissected into four cord areas: 
(1) dorsal white matter containing the dorsal columns 
and the dorsal halves of the lateral columns; (2) dorsal 
grey matter including laminae I to VI of Rexed!*; (3) 
ventral grey matter consisting of laminae VI to IX of 
Rexed ; and (4) ventral white matter containing the ventral 
columns and the ventral halves of the lateral columns. 
Glycine and GABA were assayed in each of these areas 
from experimental and control animals* 718, Cystethio- 
nine was not estimated. 

Neurone counts were obtained for nine experimental 
and five normal cats. Neurones were identified by the 
presence of nucleoli and were divided into two groups on 
the basis of size. The group of large neurones with at 
least one diameter 20u or more was considered to contam 
most motoneurones as well as some large interneurones. 
A second group contained small neurones, less than 20u 
in diameter, and was considered to consist mainly of 
interneurones’®, The mean count of small neurones was 
significantly decreased in the animals with aortic occlusion. 
The mean for the normal animals was 252+ 37 (8.D.), 
while that for the experimental cats was 126 + 48 neurones 
¢=5-1, P<0-005). The histological sections showed 
that the most severe losses of neurones occurred in the 
central portions of the spinal grey matter, which are the 
areas of the cord with the highest density of inter- 
neurones”, but losses of interneurones occurred in both 
dorsal and ventral grey matter. The large motoneurones 
which are clustered primarily in the most peripheral 
portions of the ventral horn?! were relatively unaffected. 

Accompanying the cell loss, we observed a significant 
decrease of glycine concentration in both dorsal and 
ventral grey matter and ventral white matter (Table 1). 


Table 1. KFFEOR OF 1038 OF INTHRNEURONES ON OCONOBNTRATION OF 


GLYCINE AND GABA 
Amuino-acid concentration l in four cord areas 


Dorsal Dorsal entral Ventral 
white grey grey white 
Glycine Normalt 8044076 565+055 7084098 4380+0-78 
Expermmental 225+065 4054120 4954+140 8 8240 66 
P NSt < 0-006 < 0-005 cor 005 
GABA Normalt 0484014 2234066 1074025 044+017 
2 Experimental 0-48+008 212+088 1:88+0-45 0824004 
P NS NS NS Ys 
* Mean + S.D 
+ Data of Graham et al... 
t Not significant. 


The mean concentration of GABA in the experimental 
series did not differ significantly from that found im 
normal animals. Moreover, a significant correlation 
was found between the concentration of glycine in dorsal 
and ventral grey matter and the number of remaining 
small neurones (dorsal grey, r = 075; ventral grey, 
r= 0:71; P < 0-06 in both cases). The concentration of 
GABA did not correlate with e:ther the neurone count or 
the degree of neurological deficit. 

The results presented indicate an association of glycine 
and interneurones. The possibilty that the surgical 
procedure produced a non-specific loss of amino-acids 
18 ruled out by the lack of any change in the concentration, 
of GABA. Furthermore, we have preliminary evidence 
to show that the concentration of glutamine, an amino- 
acid which has no physiological activity when applied 
to spinal neurones by iontophoresis, was unchanged in 
the animals with decreased numbers of interneurones. 

The association of glycine and interneurones does not 
define the physiological role of glycine, but a transmitter 
substance should be found in those neurones from which 
16 is released. Our results are therefore consistent with 
the hypothesis’ that glycine is an inhibitory transmitter 
in cat spinal cord#. GABA is not associated with inter- 
neurones and would therefore not appear to be an mbhubi- 
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tory transmitter released by lumbosacral spmal inter- 
neurones. 
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Inhibition of Motoneurones by lontophoresis of 
Glycine 


Posreynapric inhibition of cat spinal cord motoneurones 
is mediated by a chemical transmitter released from the 
presynaptic terminals of interneurones!+. It is nterest- 
ing that glycine 1s concentrated in cat spinal grey matter’, 
in which the somas and processes of these cells are princi- 
pally confined. Furthermore, glycine is the free amino- 
acid present in highest concentration in the ventral 
horn and a significant reduction of glycine in grey matter 
ocours in lumbosacral spinal cords of cats after the anoxic 
destruction of interneurones*. Although the central 
nervous system pharmacology of glycine has not been 
extensively investigated, those studies which have been 
carried out indicate an mhibitory action for glycine’'*. 
We have examined the mechanism of action of glycine 
on motoneurones of the cat spmal cord by means of intra- 
cellular recording and simultaneous iontophoretic applica- 
tion of glycine. Our results indicate a remarkable similar- 
ity in the actions of glycine and the inhibitory transmitter’. 
Glycine was iontophoretically injected into the immedi- 
ate environment of motoneurones in the L7 spinal segment 
of cats anaesthetized with pentobarbital. Parallel micro- 
pipettes were used: the recording electrode contained 
either 1 mole/l. potassium citrate or a mixture of 1 mole/l. 
potaasium iodide and 1 mole/l. potasium bromide, and 
had a tip diameter of less than lu; the extracellular 
electrode contained 1-5 moles/l. glycine (pH 3-1) with tip 
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diameter 2—3u. The latter electrode tip trailed the 
recording electrode tip by 30-60y and was fixed to it by 
polyurethane’. 

Iontophoretie administration of glycine regularly 
produced an increase in membrane potential when 
measured with potassium citrate electrodes. The hyper- 
polarization produced by glycine increased when i1onto- 
phoretic currents were iereased. This monotonic 
relationship is seen in Figs. 1A, and A, where 3] and 
90 n.amp of glycine produced 0-8 and 5-6 mV hyperpolar- 
ization respectively. The hyperpolarization produced by 
glycine usually reached a maximum value; the mean 
maximum hyperpolarization measured in seventeen 
consecutive motoneurones was 3-8 mV (0-5-9-5 mV). 

At the same time as the hyperpolarization took place, 
invasion of the somadendritic (8D) membrane by an 
antidromic spike was delayed and blocked (Fig. 14,), 
leaving a residual initial segment (IS) spike!’. The IS 
spike was occasionally blocked by still higher doses of 
glycine (Fig. 14,). All actions of glycine were promptly 
reversible (Fig. 14,). Glycine decreased the amplitude 
and time constants of decay of both excitatory (EPSP) 
and inhibitory (IPSP) postsynaptic potentials (Figs. 1B 
and 0). 

In all motoneurones tested, glycine increased the mem- 
brane conductance from 5 to 300 per cent or more (mean, 
52 per cent in fifteen cells). Figs. 1D, and D, show a 
conductance increase of 74 per cent in a motoneurone 
during administration of 189 n.amp of glycine; only a small 
antidromic M spike remains. The increased conductance 
was closely and directly related to the dose of glycine and 
accounts for most of the effects of glycine on the spike 
and EPSP. Under optimal conditions, the membrane 
response to a brief (4 msec) pulse of glycine reached a 
maximum in less than 10 msec. 

Decreases in the amplitude of the IPSP were usually 
greater than the accompanying changes in the time 
constant of the decay of IPSP, in contrast with the 
parallel decreases in amplitude and time constant of 
decay of the EPSP. Moreover, the sensitivity of 
the amplitude of the IPSP to glycine was greater than 
that of any other measured property of the motoneurone. 
This is shown in Fig. 2, where the amplitude of the IPSP 
rapidly approached a value indistinguishable from the 
baseline noise level as the glycme-produced hyperpolar- 
ization reached a maximum. Here, an increase in the 
dose of glycine from 89 n.amp to 147 n.amp resulted in 
a decrease of more than eight times in the IPSP 
amplitude (0-8 mV to 0-1 mV) but only a slight in- 
crease in hyperpolarization (from 5-0 mV to 53 mV). 
The IPSP thus appeared to reach its equilibrium potential 
as the hyperpolarization produced by glycine reached its 
maximum value. Caloulations!*.show that the maximum 
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%  hyperpolarization produced by glycine was 
usually within 300 mV of ıts equilibrium 
potential. Since the equilibrium potential 
is that potential at which the IPSP dis- 
appears"!13, the IPSP and the hyper- 
polarization produced by glycine admın- 
istration must have almost identical 
equilibrium potentials. 

The IPSP is thus seen to be sensitive to 
the hyperpolarization as well as to the 
increase in conductance produced by 
glycine. Fig. 3B shows another example 
of the almost complete abolition of the 
IPSP during maximal glycine hyper- 
polarization. Strong hyperpolarization of 
the soma by current applied through the 
intracellular electrode during glycine 
administration did, however, result in an 
inversion of the IPSP (Fig. 3C). This 
finding confirms the equivalence of the 
equilibrium potentials of the hyperpoleriza- 
tion produced by glycine and of the 
inhibitory process. Moreover, the amall size of the in- 
verted IPSP suggests that glycine occupies receptor sites 
normally available to transmitter. 

There is a discrepancy between the values for the 
inhibitory equilibrium potential of motoneurones deter- 
mined from maximum glycine hyperpolarization (approxi- 
mately 4 mV) and the higher values obtained by means 
of reversal potential measurements". This discrepancy 
results from an overestimate inherent in the latter 
methods when currents are applied from a pomt source 
m the soma of cells with synapses distributed both 
on the soma and on dendrites at some distance from 
the point source4-", 

Measurements of equilibrium potential, obtained by 
altering the intracellular environment so that three 10ns 
take part in a synaptic process, provide a highly specific 
measure of identity of action of a transmitter candidate 
and a transmitter”. When bromide and iodide ions are 
introduced into the cell, they replace some of the chloride 
and invert the IPSP"™1%1°, Under these conditions, 
glycine produced depolarization (1-7 mV) and the depolar- 
izing LPSP disappeared at the maximum glycine depolar- 
ization. 

The production of membrane polarization and increased 
conductance by glycine clearly result from the activation 
of the inhibitory postsynaptic membrane. Glycine 
does not act on the electrically excitable membrane”, 
because injection of halide ions reverses the direction of 
the polarization produced by glycine. Moreover, the firing 
level of the motoneurone, & measure of the properties of 
the electrically excitable membrane, is not changed by 
glycine. The possibility of a presynaptic site of action for 
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Fig. 2. Relationships of IPSP amplitude and membrane hyperpolariza- 
tion to glycine dose in an L7 motoneurone ©, IPSP, @, polarization. 
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Fig. 3. Effects of glycine on [PSP in L7 motoneurone, Top trace in A 
oend bottom traces in B and C are measures of glycine iontophoretic 
currents. Top trace in O refers to intracellular current. The current 
calibration is for glycine, A, Qontrol IPSP. B, [PSP during application 
of 193 namp of glycine. The apparent depolarization is artefactual, 
resulting from electrode coupling. O, Immediately after B, an inward 
current pulse of 100 n.amp was given, The glycine level is unchanged; 
the IPSP is depolarizing. 





“glycine is mitigated by the lack of effect of the compound 
on individual axons, on Renshaw cells, and on extra- 
_ ‘eellularly recorded presynaptic volleys. The findings 
"previously reported which indicate that glycine is con- 

centrated in spinal interneurones®* and the present 
< results which demonstrate the similarity between the 

“actions of glycine and the inhibitory transmitters raise 

» the strong possibility that glycine is an inhibitory trans- 

mitter in cat spinal cord. 
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Brat tissue was obtained on the average 24 h after death 
from cleven patients who died with multiple sclerosis and 
from ten patients who died with no detectable gross or 
maicroscopic. structural disease of the central nervous 
systera’. The tissue was sliced into coronal sections 3 mm 
thick, sealed in plastic bags and stored at — 90° C. Super- 
natant fluids were prepared by centrifugation at 20,000- 
50,0009 of sonicated (20 ke/s at 100 W for 2 min) saline 
homogenates (enough 0-15 molar sodium chloride was 
added to make a 20 per cent homogenate) from dissected 
‘and apparently normal white and grey matter and plaques 
‘of demyelination. The dissected regions taken from one or 
two coronal sections from the same patient were pooled to 
‘obtain at least 500 mg of tissue. Each dissected, piece in 
the pool was biopsied and ‘Luxol’ fast blue was applied as a 
stain for myelin. The gross impression of apparently 
normal white and grey matter or plaque of demyelination 
_ owas invariably confirmed by the microscopic appearance. 
The extracts were first used for immunoelectrophoresis® 
(Fig. 1). Inspection of stained immunoglobulin-G (yG) 
immuimoprecipttates produced in the course of immuno- 
„electrophoresis showed that at least nine out of eleven 

brains taken from cases of multiple sclerosis had elevated 
< concentrations of yG in. either. plaques or apparently 
normal white matter (Fig. 1, left panels), On the other 


The majority of brains affected by multiple sclerosis are found to 
contain significantly greater concentrations of gammaz globulin 
(yG) than apparently normal brains. Because the concentrations of- 
albumin are similar, it may 
nervous tissue of some patients with multiple sclerosis. 


be that yG is synthesized in the central 





hand, when the supernatant fluids were analysed in the 
same way, except that an albumin antibody reagent was 
used, there was no obvious difference in the stained _ 
albumin immunoprecipitates for the two groups (Fig. 1, 
right panels). ES, 
During the course of agar electrophoresis of saline _ 
extracts of brain tissue, an insoluble precipitate appeared 
on the anodie side of the hole of application. It-was 
before the antibody reagents were added and pe: 
despite extensive washing for more than a wi 
artefact was distinct enough on each slide not to 
with the immunoprecipitates which developed after 
antibody reagents were added to the troughs. e 
In order to confirm these qualitative results, quantitativa 
immunochemical yG determinations were carried out ‘on. 
the same supernatant fluids as used for immunoelectro- 
phoresis, except that apparently normal grey matter. was 
included. We used the method of Kabat et al.*, except that 
instead of using the micro-Kjeldahl method to. determine. 
the protein nitrogen of the immunoprecipitates, we used m 
biuret reaction. Because the procedure? was standardi 
for body fluids and not for extracts from solid tissues, i 
necessary to test its applicability to brain extr 
Standard solutions of yG and: albumin were. re oe 
quantitatively (90-110 per cent) when added to homos 
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Pooled Control 


Normal Appearing Plaques of 
MS Demyelination 


A. Rabbit anti-human 
MS serum, prep, #31 


B. Rabbit anti-human 
Albumin serum prep. #26 


(The Albumin antibody 
reagent used) 


l. Human Albumin 
standard tused for 
immunization of 
rabbits) 


2. Normali serum 
3. Same as hole #1 





Albumin 


Fig. 1. 


genatys of control and multiple sclerosis white and grey 
matter as well as plaques. The results are shown in Fig. 2 
(first and third upper panels). 

Comparison of the yG concentrations in the eleven 
multiple sclerosed brains with the ten controls gave the 
following results. The plaques had 2-3 times more yG 
than the control white matter--the mean multiple 
sclerosis value was 479+84 mg/kg, while the control 
value was 206+ 27 mg/kg—and so did the apparently 
normal white matter from patients with multiple sclerosis 
which had 483 + 125 mg/kg of yG. Even the concentration 
of yG of apparently normal “multiple sclerosed” grey 
matter at 329+37 mg/kg was increased 1-6 times over 
the control at 199+ 12 mg/kg. 

Fig. 3 gives individual results for the region of the brain 
dissected. The yG concentrations in the plaques or 
“normal” multiple sclerosed white or grey matter were 
elevated (P< 0-003) in six of the eleven multiple sclerosed 
brains. In general, when one region of the brain of a 
multiple sclerosed patient had an elevated concentration, 
those of the others were also elevated. 

In order to determine whether the increased yG found 
in multiple sclerosed brains resulted from leakeage from 
serum or from an excessive amount of blood in multiple 
selerosed brains, albumin was determined quantitatively 
by an immunochemical assay and the residual blood was 
estimateds. 

The extracts of soluble brain proteins which were used 
for immunoelectrophoresis and the determination of 
YG were also used to test for albumin. The results are 
shown in Fig, 2 (lower part of first and third panels). No 
differences were discovered on the average between the 
eleven. multiple sclerosed brains when these were com- 
pared with the ten controls: the albumin concentrations 
were plaques, 296 +44; those in white matter, 251+14 
and 296+32 mg/kg; in grey matter, 250+24 and 
260+ 19 mg/kg in multiple sclerosis and controls, respec- 
tively. 





To determine the extent of the contribution of residual 
blood yG and albumin to the brain yG and albumin, the 
carboxyhaemoglobin method of Gordon and Nurnberger* 
was used. The haemoglobin (Hb) in the samples divided by 
the haemoglobin concentration in the blood and multiplied 
by (1-haematocrit/100) gives the concentration of serum in 
mi./kg. The average results and standard errors of the 
mean obtained were (control value with multiple sclerosis 
results in parentheses): (3-1 + 1:3), 2-6+ 0-4 (3-24 1-2) and 
3-0+0-8 (3-4+0-8) for plaques, white matter and grey 
matter, respectively. It can be seen that there were no 
real differences in the amount of serum (ml./kg of tissue) 
between the control and multiple sclerosis groups. 

The average of control values and standard errors of the 
mean used for serum albumin and yG were based on the 
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Fig. 2. Concentrations of yG and albumin in brains from ten control 


patients (C) and eleven multiple sclerosis patients. MS, Apparently 
normal white or grey matter; P, plaque of demyelination. 
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ra of forty-one normal medical študenta: 4540 
O18. g/100 ml. and 1-3 + 0-04, respectively; and for ninety- 
seven patients with multiple sclerosis: 4°1+0-11 and 
‘1340-04, respectively... The values for white and grey 
matter corrected for residual blood are also shown in 
‘Fig. 2 (panels 2 and 4). The exact increases in multiple 
sclerosis over control yG concentrations were as follows: 
plaques, 2-7=434+498/162+16; white matter, 2-7= 
433+ 135/162+4 26; and grey matter, 1-8= 276+ 39/153 + 
16. For albumin: plaques, 1-2 = 190 + 32/152 +26; white 
matter, 1-0= 145 +22/152+28; and grey matter: 1:3= 
1344+19/104+ 24. The residual blood yG in the brain 
regions dissected could not, therefore, account for the 
marked increase of yG found in multiple sclerosis. 
“The average ratio of yG to albumin and the standard 
error of the mean was calculated for the eleven brains 
from multiple sclerosis patients and the ten brains from 
‘control patients after the various regions were corrected 
for serum yG and albumin (Fig. 2; lowest part of second 
and fourth panels). The. ratio of yQ to albumin was 
increased from 1-1 in control white matter to 2-3 in 
plaques and 3-0 in apparently normal white matter from 
| multiple sclerosis patients. The ratio of yG to albumin in 
grey matter also increased from 1-4 to 2-1, On the average, 
therefore, there is a significantly different distribution of 
YG and albumin in the soluble protein fraction of multiple 
selerosed brains from “normal” brains for the several 
‘z regions studied; and furthermore, this redistribution 
«| results from an increase of yG and not from a decrease of 
albumin. 
-> Ebe work of Allerand and Yahr' suggests that differential 
= sticking of yG to brain tissue may explain our results. In 
_ standardizing the Kabat immunochemical procedure? for 
determining yG in brain, however, it was necessary to add 
— standard solutions of yG to homogenates of control and 
multiple sclerosed white and grey matter as well as to 
plaques. The yG was recovered quantitatively (90-110 
per cent) and thus it was concluded that yG does not 
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dinscansiily. stick to the brain tissue. Fúrthermor 
data of Allerand and Yahr were obtained under ve 
different conditions—tissue sections were dried b 
lyophilization at 4° C and then fixed in 95 per cent e 
before incubation with yG; this was immediately fo 
by incubation with a fluorescein-conjugated yG ¢ 
reagent and the sections were finally studie 
fluorescence microscope. 

It may be appropriate here to relate ihe atu 
Broman®” on the blood-brain barrier in multi 
to our work. Broman has presented photòmicrograp 
described results which show that trypan blue 
more readily into multiple sclerosis plaques than 
surrounding “‘normal” white matter. He conclu 
the blood—plaque barrier (to trypan blue) was 
multiple sclerosis patients, but it was. different 
other kinds of acute damage to the blood—bra: 
(due to chemical lesions, in cold lesions, and 
embolism), because a co-existing lesion of the vase 
was not included. On the other hand, we think 
is no significant change in the blood-brain ba: 
proteins in our patients and controls. Albumin i 
thesized only in the liver, and thus to get into the brain it 
must come directly by way of the blood, or possibly — 
indirectly from the cerebrospinal fluid. Albumin is a 
smaller molecule than yG and it is reasonable to assume 
that movement from compartment to compartment § should 
be easier for albumin than yG. If there were therefore a. 
lowered blood-brain barrier, the concentration of. albumin 
in the brain should have risen. Because it did not, we have 
tentatively concluded that the blood-brain barrier. to 
proteins was not lowered. It is possible that the conclusion 
drawn by Broman and the contrary one proposed. 
are both true; there may be a special type of damage t 
barrier in plaques which affects small molecules like trypa 
blue, but not larger molecules, like albumin and yG. 

The increased concentrations of yG values found in 
various regions of brains from patients with. multiple 














GRAY MATTER 








MULTIPLE SCLEROSIS GRAY MATTER 


HYPER -7G -GLOBULIN M+35S.D, 





ree CONTROL GRAY MATTER 
=o 





Fig. 8, 


686 


selerosis did not arise from transudation of serum proteins 
into the brain (decreased blood-brain ‘barrier to proteins) 
or to excessive pooling of serum in the tissue (hyperaemia) 
or differential sticking of yG to brain tissue, and it seems 
reasonable to conclude that yG can be synthesized in the 
brain tissue of some patients with multiple sclerosis, 
unless there exists in multiple sclerosed brains an 
unprecedented mechanism to secrete yG from blood into 
the brain. 

Kabat et al.* found that the percentage of yG in the 
cerebrospinal fluid was elevated in most patients with 
multiple sclerosis. The percentage of yG in the serum was 
normal, however, and they suggested that the increase of 
YG in the cerebrospinal fluid may result from ‘“‘diffusion”’ 
from excess yG formed within the tissues of the central 
nervous tissue. Our results support their hypothesis that 
7G. can be formed within the tissues of the central nervous 
system. 

Pooled dissected brain regions were used in our in- 
vestigations and this made it impossible to determine 
whether the concentrations of yG found in plaques of 
demyelination or in the normal surrounding white and 
grey matter were influenced by diffusion along a con- 
eentration gradient. It remains to be seen whether yG is 
synthesized in plaques or in the perivascular cuffs of 
inflammatory cells common in multiple sclerosed brain 
tissue and then diffused into the surrounding “normal” 


_» white and grey matter. 


Evidence for the production of yG in multiple sclerosed 

brain tissue was found in only some cases. The immuno- 
electropherograms gave the impression that in nine out of 
eleven cases the yG concentration was raised. With a more 
refined technique, however, and when. limits of confidence 
were calculated the yG concentration was found to be 
elevated (P< 0-003) in six of eleven cases. 
v Numerous histopathological investigations*!* have 
shown that plaques can be classified empirically into early 
and old types and old plaques can be further subdivided 
into active and inactive forms. We postulate that an 
inereased concentration of yG is a chemical indicator of 
an active plaque of demyelination. Furthermore, it is 
possible that the apparently “normal’’ white matter 
surrounding an active plaque in multiple sclerosis has an 
elevated yG concentration because the yG synthesized in 
the active plaque diffuses into it. 

Because pooled dissected areas were used in the pre- 
paration of the extracts in this experiment, no precise 
correlation between elevated yG concentrations and 
particular histological structures could be made. We have 
recently sealed down the immunochemical yG determina- 
tion to measure a quantity of the order of 0-05 pe. It 
should therefore be possible to dissect out individual 
plaques and the surrounding apparently “normal” white 
matter to test in part the hypothesis that active plaques 
synthesize yG and old inactive plaques do not. Further- 
more, we will determine the yG content of the perivascular 
cuffs of the inflammatory cells commonly found in brain 
tissue from patients with multiple sclerosis. 

However premature it may be to speculate on the 
antibody nature of elevated tissue yG concentration, it is 
important to consider a technical aspect of our experiments. 
In the course of preparing the saline extracts of yG from 
the various brain regions, the cells were disrupted by 
homogenization and ultrasonics. These procedures 
should have released all the unbound yG into the super- 
natant fluid. The myelin contained in the “normal” 
multiple sclerosed white matter was fragmented only in 
part. Under the conditions used in this series of experi- 
ments to prepare yG from the “normal” multiple sclerosed 
white matter, the myelin came into close contact with the 
tissue yG for at least 5 min (several minutes during 
homogenization, 2 min, during sonication and for a brief 
period during centrifugation). Thus some of the conditions 
for an antibody absorption test were met. Despite these 
eonditions many of the extracts of apparently “normal” 
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multiple sclerosed white matter which contained a normal. 
quantity of myelin had concentrations of yG as high as or 
higher than the associated plaques of demyelination which 
contained no myelin. This finding tends to support the 
view that the excess yG in multiple sclerosed brain tissue 
is not all antibody to myelin. These results do not seem to 
support. the version of the autoimmune theory of the 
aetiology of multiple sclerosis which postulates the 
existence of a myelin antibody in the brains of patients 
with multiple sclerosis. 

On the other hand, Caspary’s" explanation of the 
reason why numerous investigators have failed to find 
antibodies to brain or brain derivatives in the cerebro- 
spinal fluid may be apt. He suggested that the accumula- 
tion of lymphoid tissue in the brains of patients with 
multiple sclerosis may be capable of producing yG in the 
brain. Furthermore, if the production of antibody and of 
non-antibody yG in response to an antigenic stimulus does 
occur and if the antigenic stimulus is provided by the 
brain or a brain derivative, such as encephalitogenic basic 
protein of myelin, that is, the putative auto-allergen, 
then the conditions in our extraction procedure might be 
suitable for antibody binding in the brain tissue—thus, 
only the non-specific yG is left unbound and can be 
detected by our methods. Furthermore, the unbound yG 
might be capable of diffusing into the cerebrospinal fluid! 
and through the brain??, A positive correlation was found 
between the concentration of yG in plaques of demyelina- 
tion as a result of multiple sclerosis (as well as “normal” 
multiple sclerosed white matter) and the concentration of 
yG in the cerebrospinal fluid. On the basis of these 
findings the tentative conclusion was drawn that in 
patients with multiple sclerosis an elevated yG concentra- 
tion in the cerebrospinal fluid reflects a hyper yG state of 
the brain. The search for antibodies to brain or brain 
derivatives in the saline soluble protein brain extracts 
may yet be worth while, however, because the conditions 
may not be suitable for antibody binding. 

Moreover, if the organism responsible for multiple 
sclerosis is a “slow” virus, the richness of yG in some 
brains may interfere with the isolation of the virus. 
Perhaps the fraction of multiple sclerosed brain yG which 
is soluble in saline especially if elevated may contain 
antibodies to a virus. When the multiple selerosed brain 
tissue is macerated—intracellular virus would be released 
in part——the virus could come into close contact with the 
tissue antibody and some of the conditions for a virus 
neutralization test might perhaps be met. It might be that 
the failure of various investigators’ to demonstrate a 
transmissible agent in multiple selerosed brain tissue 
could be explained by the neutralization of a virus by 
antibodies synthesized in the multiple sclerosed brain 
tissue. 
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Binding of Radioiodinated Bovine Serum Albumin to 


Mouse Spleen Cells 


by Autoradiography has shown that a small number of cells take 
iodine-125 after treatment of mouse spleen cells with radioiodinat 
bovine serum albumin in vitro. This may be a pointer to the behav 
of antigens in lymphoid cells. oe 
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Tue work of Fishman and co-workers! -*, which assigns to 
macrophages an important role in the initiation of the 
immune response, has some important implications for 
the mechanism of antibody formation. As originally 
envisaged by Burnet’, “immunological recognition” is 
effected through antibody-like sites present on the 
surface of lymphoid cells. Fishman’s results appear to 
suggest, on the other hand, that ‘immunological recogni- 
tion” may occur in the macrophages, thus raising a new 
difficulty for the clonal selection theory. In spite of the 
novelty and attractiveness of this view, one cannot 
disregard the large body of well established evidence, 
which indicates that lymphocytes are intimately involved 
in the initiation of antibody formation’, apparently 
through direct interaction with the antigen®. 

Binding of antigen to lymphocytes, although noted by 
previous investigators’-*, has not been investigated in 
any detail. Nossal and co-workers!" described the con- 
centration of flagellin in spleen lymphoid follicles after 
intravenous injection into rats. The localization was 
attributed to active movement of antigen laden cells 
into the follicles, but the cell types involved were not 
defined. Han and Johnson™ injected ferritin labelled 
with iodine-125 into the foot pads of rats and demonstrated 
the presence of ferritin in lymphocytes. The relationship 
of their finding to the induction of antibody formation 
cannot yet be assessed. Somewhat strangely, no report 
appears to have been published describing a determined 
effort to test directly Burnet’s hypothesis, namely, that 
lymphoid cells can react specifically with antigen. In 
the belief that such an effort might be rewarding we 
earried out a number of experiments directed to this 
ccend. Very small amounts of a highly labelled antigen 
were used, in the hope of minimizing non-specific uptake. 
< The results seem to indicate that binding of antigen to a 
_ small proportion of cells may take place. 

“Po prepare radioiodinated antigen 8 ug of crystalline 
- bovine serum albumin (BSA) was labelled with 1 me. of 
' garrier free iodine-125 (ref. 12). Forty per cent to seventy- 


five per cent of the label was bound to the BSA. Between 


o G60 and 100 per cent of the radioactivity of a sample 
of this preparation was precipitated with an anti-BSA 
< gerum and an equivalent amount of carrier BSA. 

<: For the spleen cell suspension random bred white mice 
(weighing 25-30 g) were used. They were lightly anaesthe- 
tized with ether and killed by cutting the blood vessels 
of the neck. The spleens were immediately removed and 
placed in ice cold Petri dishes containing a few millilitres 
of saline G, pH 7-2-7-4 (ref. 13). The saline G was 
prepared with 1-8 per cent polyvinyl pyrrolidone and 10 
u/ml. of heparin (SPVPH). All reagents were ice cold 
and the experiments were performed at 0°-4° C. The 
spleens were minced and the cells were dispersed in the 
saline solution with the aid of entomological needles. 
The cell suspension was filtered through 60 mesh stainless 
steel wire and was passed through a No. 24 and then 
through a No. 27 syringe needle. It was next centrifuged 
in 50 ml. polycarbonate tubes at 1,000g for 10 min, in a 
refrigerated Sorval centrifuge. The sedimented cells 
were resuspended in SPVPH. and the contaminating red 
blood cells were haemolysed by treating the suspension 


687 









with distilled water containing 10 v/ml. of- he 
Some white cells were lost in this procedure. Treatment 
with distilled water was omitted in latter experiments, . 
after it was ascertained that contamination of white cells . 
with erythrocytes did not affect the binding of antigen. 
The cell suspension was centrifuged for 20 min at 1,0009 
and the sediment was resuspended in 10 per cent normal 
mouse serum in SPVPH, to a concentration of 20-60 x 10° 
cells/ml., as determined in a haemocytometer. Samples 
of the cell suspensions were taken at the beginning and 
the end of the treatment, to ascertain, in so far as*possible 
by staining appearance, that the treatment had not 
caused discernible damage to the cells, 

Most experiments were performed in vitro: 10-30 x 108 = 
spleen white cella obtained as described here were placed) 
in 2 ml. Leighton tubes together with 0-001-0-07 ug of 
BSA labelled with iodine-125 (100,000-7,000,000 e¢.p.m.) 
and 4 per cent normal mouse serum in a final volume of. 
l-4 ml. The tubes were placed for 1 h in the cold room 
at 4° C in a horizontal position, the contents bèing mixed 
every 15 min. Three to four replicates of test and control 
(without added cells) tubes were usually set -wp:in: each 
experiment. After 1 h in the cold room, the contents of 
each Leighton tube were transferred to a separate small 
glass centrifuge tube. The cells were washed with 
SPVPH three times to remove the unbound radioactivity. 
Washing was carried out using an Adams ‘Serofuge’. 
Resuspension of sedimented cells during washings was.” 
carried out as gently as possible, to minimize damage to © 
cells. The cells were finally transferred to another 
set of tubes and the radioactivity counted in. an Elron 
Model HL-5U-C scintillation counter. One experiment 





was performed in vivo as a check on the experiments 


in vitro. Labelled BSA (0-025 pg, 15x 107 e.p.m.) was 
injected intravenously into the tail vein of two mice. ‘The 
animals were killed 17 h later, and the spleens were res 
moved and counted. They contained 10° ¢.p.m. (0-0017 ug 
of BSA-iodine-125). Cell suspensions were prepared as 
described here, pooled and placed in tubes (25x 108 
cells in a tube). After three washings, 60 per cent of the 
original radioactivity remained attached to the. cells 
(15,000 ¢.p.m./tube). 

For autoradiography cells from several replicate tubes 
were pooled and smears were prepared on microscope 
slides*4, The slides were dipped in Ilford K5 nuclear 
emulsion and exposed for up to 105 days in the dark, 
They were developed with Kodak 19B developer, dried 
and stained very briefly with Giemsa for 10 min. This 
short period of staining enabled the rather small grains 
produced by the iodine-125 isotope to be seen and counted 
with greater ease. 

The result of a typical experiment, in which binding 
of BSA-iodine-125 by spleen cells was tested in vitro, iB 
shown in Table 1. Spleen cells (10 x 10° in a tube) and 
labelled antigen (0-07 ug, 7x 10° e.p.m./tube) were added 
to each of four tubes. Equal amounts of antigen but no 
cells were placed in four control tubes. After washing, 
0-67 per cent of the radioactivity added remained in the 
test-tubes and only 0-08 per cent in the control tubes. 

In this and many other experiments, the incubation 
of the cells with BSA~iodine-125 was done in the cold, to 
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Table 1. BINDING or BSAWIODINE-125. BY MOUSE SPLEEN: ‘CRIS. in pitie 


Radioactivity (p.m. : 
Control 


Tube number Teat 

1 36,340 

2 53,970 

3 60,560 

4 37,160 
Mean 47,000 
Percentage radioactivity 

nd 0-67 
Net percentage radioactivity 

bound 0-67 ~ 0-08 = 0-59 

ug of antigen bound 41x10 


To each tube were added 10 x 10° spleen cells and 0-07 ug (7,000,000 ¢.p.m.) 
of BSA-iodine-126. Incubation was carried out in the cold, 


prevent in so far as possible uptake of radioactivity by 
pinocytosis. Additional experiments were carried out in 
which the cells were incubated at 37° C with basically 
the same results. In similar conditions, erythrocytes and 
heat-killed spleen cells did not take up appreciable 
amounts of radioactivity, while peritoneal cells appeared 
to bind BSA~iodine-125 to a somewhat smaller extent 
than the spleen cells. 

The distribution of radioactivity in the cells was 
assessed by autoradiography. Grains were counted over 
5,000 cells, with the results shown in Table 2: some 4,900 
of the cells had very little radioactivity (four grains or 
less) and: most of these had rarely more than one grain. 
A few cells had an intermediate number of grains while a 
small number of cells—about one cell in 1,500—were 
‘labelled to an extent far exceeding the others (twenty 
grains or-more). The proportion of strongly labelled cells 
appeared to be similar in both in vitro and in vivo experi- 
ments. The background radioactivity in the slides used 
to obtain these data was practically negligible (six to 
nineteen grains in each field). Champs of cells were some- 
times labelled, and therefore clumps were exeluded from 
counting, as were cells in scattered areas with background 
higher than average. To guard against possible errors, 
cells -were considered labelled only if intact and healthy 
looking (as judged by staining appearance) and only if 
most of the grains were over the cell. As an additional 
control of the technique, the labelled BSA was precipitated 
with carrier BSA and an equivalent amount of rabbit 
anti-BSA. Thirty-five por cent of the initial radioactivity 
was left in the supernatant. Spleen cells incubated with 
either the original antigen or the supernate were examined 
by autoradiography. Out of more than 5,000 cells, sixty 
of the cells incubated with antigen had more than ten 
grains and five cells had more than twenty. The corre- 
sponding figures for the cells incubated with the supernate 
were five and nil respectively. This showed that the grains 
had indeed been produced by the radioactive BSA bound 
to cells. 

Fig. 1 shows several photographs of labelled cells. 
Although we were not able to identify with certainty 
many of them, they did not seem to belong to a single 
celltype. The majority of the cells appeared to be medium 
to large lymphocytes or macrophages, but labelled small 
lymphocytes were occasionally seen. 

‘The ‘present work shows, therefore, that (a) mouse 
spleen cells bind radioactivity after treatment with small 
‘amounts. of radioiodinated BSA in the cold (4° C) or at 
37° C, and (b) radioactivity is taken up only by very 
few cells, The significance of these findings cannot be 


Table 2. DISTRIBUTION OF GRAIN COUNTS IN SPLEEN CELLS, AFTER BINDING 
OF BSA-IODINK-125 in vivo OR in vitro 
No. of 
praine/ Total cells 
cell 0-4 5-0 10-14 15-19 > 20 counted 
Experi- 
ment 


cs eatried oin in in in in in in in in in in in 
p f vieo vitra vivo vitra vivo vitro vivo vitro vivo vitro vivo vitro 
0, 0 


spleen 
cella 4,041 4,863 55 124 1 8 — 2 3 3 5,000 5,000 
Smears covered with Iford K-5 nuclear emulsion were exposed for 55 
days, developed and stained with Giemsa before counting the grains, In the 
wn vitro experiment, to each tube were added 60 x 10° spleen cells (including 
erythrocytes). and 0-026 ug (1-5 x 108 cpm.) of BSA-iodine-125; 0-52 per 
cent of the radioactivity was bound to the cells, For data on the in vivo 
experiment, see text. 
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Fig. 1. 
vitro: (1) medium lymphocyte; (2) small lymphocyte; (3) large cell 


Various types of labelled cells (x 650). (a) Experiments in 


of uncertain identity. (6) Experiment in vivo: (4) macrophage and 

large lymphocyte, both labelled, apparently connected by cytoplasmic 

bridge, which is also labelled (cell to cell transfer?); (5) medium 

lymphocyte; (6) large lymphocyte; (7) typical unlabelled macrophage 
and lymphocytes, shown for comparison, 


ascertained without much additional work. The behaviour 
of other antigens will have to be tested, as well as the 
behaviour of autologous proteins. It will also be necessary: 
to investigate the binding of antigen in sensitized and. 
tolerant animals. With these reservations in mind, 
however, two explanations would seem particularly 
attractive: (a) the foreign proteins may be bound by 
cells producing small amounts of “natural” antibodies. 
Normal spleen cells secreting haemolysins for sheep 
erythrocytes without previous stimulation have been 
described by Jerne and Nordin’; (b) the cells involved 
may be endowed with antibody-like configurations on their 
surface, capable of capturing antigen as a first step in the 
initiation of antibody formation, as postulated by Burnet 
in the original version of this clonal selection theory?. 

This work forms part of an investigation carried out by 
one of us (D. N.) in partial fulfilment of the requirements 
for a Ph.D. degree. 
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_ LETTERS TO THE EDITOR 


ASTRONOMY 


Globular Cluster NGC 362 


‘Tue globular cluster NGC 362 (o59 = Olh 01-6m, 
81050 = —71° 07’) is situated about 1° north of the north 
end of the Bar of the Small Magellanic Cloud (SMC). Its 
integrated spectral typet, #8, and integrated colours’, 
B-V = 0-78m and U-B = 017m, would indicate that it 
_ probably belongs to the group of globular clusters typified 
-by 423 and M5. These clusters have colour magnitude 
(e+m) diagrams characterized by a horizontal branch with 
a fairly even distribution of stars across the RR Lyrae 
“gap, and a giant branch which, at (B-V), = 1-4m, rises 
toa height, AV, of approximately 2:6m above the hori- 
zontal branch*. NGC 362 has seven cluster type variables 
the mean period of which is 0:542d. This period is also 
characteristic of the variables in M3-typo globular 
clusters. 
~The e-m diagram of NGC 362 has now been obtained 
/ to V = 162m and B == 177m by means of photographic 
-photometry of five plates. taken with the 40 in. reflector 
at Siding Spring Observatory. The mean deviations 
were t 0-03m in V (three plates) and + 0-05 in B-V 
“(avo plates). Preliminary measurements for selected 
-<o stars on one ultra-violet plate have also been made. The 
¢-m diagram is shown in Fig. 1, where no corrections of 
“any kind have been applied. 
ne It can be seen that the horizontal branch is confined 
- essentially to the red of B-V = 0-47m. If we assume a 
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a ‘Fig. dc: The c-m diagram for 382 stars in NGC 362, No corrections have 
mate 5 been applied. 


















reddening of Es-v = 0-07m, we find that A 
(This value for the reddening brings the edge « 
zontal branch to B-V = 040m; also, Feast: et 
this value for the average foreground reddening 
SMC.) If any more blue horizontal branch. st 
V < 16-2m were present in the region of the. clus 
was photometered, they would have been found 
ultra-violet excess is approximately 0-20m. 
Thus while NGC 362 shares many characteris 
the metal deficient cluster M3, the horizontal 
its c-m diagram is similar tothose of 47 Tuc and 
which are both only slightly deficient in metals. 
In fact, no galactic globular cluster is known 
a c-m diagram similar to that of NGC 362, altho 
diagrams are not completely unknown. © Thi 
galactic globular clusters, Pal 3 and Pal 4, 
tially red horizontal branches and a AV of app: 
2-3m and 26m, respectively’, while the cluster 
(ref. 5) in the SMC also has a red horizontal: br: 
AV = 2-5m. NGC 362 is definitely a galacti 
cluster, however, because its distance modulus, 
absorption correction of Ay = 0-2lm, is 1479m, whicl 
corresponds to a distance of 9-1 kpe from ‘the Sun (i 
My (horizontal branch) = + 0-5m). Gs 
Tt would be of considerable interest to extend the e-m _ 
diagram of this cluster to the main sequence so that any 
possible age effects can be calibrated out. It would also 
be useful to have the luminosity function to faint magni- 
tudes. The turn-off point on the main sequence, however, 
is expected to be at V œ 19m, and a much larger telescope 
than is now available will be needed to make accurate 
measurements sufficiently far down the main sequence. 
J. W.. Menzies _ 
Mount Stromlo and Siding Spring Observatories, o 
Research School of Physical Sciences, 
Australian National University. 
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Brightness and Temporal Variation of | 
Emission from Galactic OH 


group at Berkeley claim to have detected‘... The 
constant for a variation of intensity may, in the ab 
of a rigorous solution of the equations of trar 
population densities for even a simple model, be « 
in two ways that lead to the same result. A. 
equation of transfer for any one of the four radii 
lines is i 





Olay 


Jr 7 yg Iy - 


where 7 denotes the upper level of the A-doublet as split 

by hyperfine interaction, j denotes the lower level, Xs; is 

the intensity of the radiation, vi; is the difference of the 

number of densities in the two levels, c is the velocity: 

of light and ; ee 
c 


= miiy AY 


Xij 
(Ay is the Einstein coefficient for spontaneous emission X a 
and ôv the width of the line.) This equation of transfer 
incorporates a number of approximations which seem = 








690. 





entirely justifiet i in view of the very: high intensity of the 
radiation, namely, that. the rates of spontaneous emission 


and of non-radiative creation and destruction of excited 


states can be ignored in comparison with the rate of 
stimulated emission, and that the radiation is propagating 
in one direction only. The four equations for the four 
radio frequency lines are coupled through four simul- 
taneous equations for the rates of change of the popula- 
tions... It has not so far been possible to solve the eight 
equations except for very artificial cases. If it can be 
assumed that there are circumstances in which @f4;/dx is 
dominated by the other two terms in the equation of 
transfer, the time constant + would be 


Lfeasves 
If, on the other hand, the third term is dominated by 
the other two, the characteristic length for gain by stimu- 
lated emission is 
L/ Aivis 
If E is the overall length of the column of gas in which 
stimulated'emission occurs, the total gain G is Loug and 
t= L/Ge 
The other way of obtaining the same result is to con- 
sider.a column of gas in which stimulated emission is 
suddenly switched on, that is to say, that «vi; considered 


as a function of time is a step function zero before t = 0 
and constant thereafter. The overall gain at time ¢ is then 


Xx 
Gt) = | cevada 


where X is the length of the region in which stimulated 
emission is occurring. At the time t, X is equal to ct and so 


Gt) = 
implying again a time constant of 


agvagee 


Leaves 


In ita simple form, this second argument applies to 
increasing intensity, whereas the former argument is 
more general. [t must be emphasized that both arguments 
really give estimates of rates of change that are not 
excluded by the fundamental equations; in the absence 
of a proper. solution of those equations it cannot be said 
that those rates would ever actually be attained; on the 
other hand, if such rates are observed they are not 
obviously inconsistent with the equations. 

Davies et al.* estimate the gain to be twenty. A reason- 
able value for L seems to be 10'* cm, a typical linear 
dimension of an H-II region. + would then be about 
107 see or just over 3 months. The variations reported 
by the Berkeley group are consistent with such time 
constants. Davies et al. do not say how they estimate the 
gain. One method is to compare the stimulated emission 
with the spontaneous emission; the latter appears to be 
less than 1°K and the implied gain is about seventeen. 
‘Such gains do not ae exceptional populations. 

“Taking L as before, to be 10'® em, and the values of the 
Einstein coefficients to be those given by Lide", the 
required. population differences for a gain of twenty in 
the four lines are the following 


Transition Frequency Asec) aiem?) vilem) 
Fes Tad 1,612 Me/s r 42 x 10° 37 x 10-4 §-4 10-5 

Ine 1,665 mee 18 x 10-9 bd 

Bad, 1,687 7 7-68 2-0 x 10-13 10 

re | 1,720 085 23 x 10° 8-5 
wy i calculated on the assumption that dy = 6 ke/s.) 


re i may be assumed that the concentration of OH in 
the neighbourhood of an H-II region is similar to that in 
the direction of the galactic centre, about 3 x 10 cm, 
then the differences between the populations of the 
various A doublet states need be only a few per cent of 
the concentration of OH. 


NATURE. VOL. 214, MAY 13. 1967 


The ar gument presented here inidientes that there i is mo 
reason to suppose that the Berkeley observations of > 
temporal variations are a priori improbable: in fact it is 
difficult to understand why so few sources have been 
found to vary. It is also difficult to understand why the 
weaker lines (1,612 and 1,720 Me/s) should have inten- 
sities comparable with those of the stronger ones (1,665, 
1,667 Mc/s), for with comparable differences of population, 
the gains in the weaker lines should be less than four 
when those in the stronger are about twenty. To under- 
stand these problems requires solutions of the coupled 
equations of transfer and population changes. 


A. H, Cook 
Division of Quantum Metrology, 
National Physical Laboratory, 
Teddington, Middlesex. 
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PLANETARY SCIENCE 


Rocket Electron Density Perturbations in 
the lonosphere 


Tw an experiment on radio propagation which is currently 
being flown in the British Skylark rocket, pulse signals 
on frequencies in the range 2-10 Me/s are radiated from 
a ground based transmitter T (Fig. 1) and the pulse. 
pattern received at the rocket R is telemetered back tò- 
ground. An additional very high frequency (104 Me/s) 
pulse is also radiated from the ground and received at the 
rocket so that both the true path and group path are 
measured simultaneously. Pulse patterns are recorded 
at 1/50 sec intervals throughout flight and provision is 
made for switching to different selected frequencies when 
required. Time base scans on coarse and fine scales 
enable the overall pattern to be studied and the time 
separation between the various pulses to be measured 
accurately. A typical pulse pattern is shown in Fig. 2a 





Fig. 1. 
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which for clarity is reproduced as a line tracing in Fig. 2b. 
Tn this example, pulse A is the VHF 104 Mc/s signal, 
pulse B the direct HF (3:6 Mc/s) signal and the broader 
‘pulse C is the indirect echo signal reflected from the 
F layer. 

Tn a recent flight an interesting set of multiple echoes 
was observed as a rocket descended over the height range 
150-109 km. These are shown in the set of sample 
pictures reproduced in Fig. 3a, and as line tracings in 
Fig. 3b. In (i) the rocket was just at the top of the ray 
path for the 3-6 Mc/s signal and the 104 Me/s VHF pulse 
and a very weak scattered 3-6 Mc/s echo were recorded; 
in (ii) the strong pulses B and C are respectively the direct 
and 1 F reflexions; echo D is probably a F+ Es echo 
(the rocket is here only slightly below reflexion level, and 
all the echoes show the considerable dispersion to be 
expected during the reflexion process); in (iii) the direct 
pulse signal B is followed by a remarkable series of 
closely spaced discrete echoes denoted b,, ba ba; and in 
(iv) and (v). as the rocket descends to lower levels, the 
number of echoes is fewer and the separation between 
them increases (the 104 Me/s pulse is missing in (v)); 
in (vi) the rocket is down to 108 km and the pattern has 
returned to normal. 

Careful measurements of the ranges of these “b” echoes 
show that their ranges progressively increase by constant 
amounts. 

Table 1 shows the differences in range between succes- 
sive echoes in this group for a few sample rocket heights. 


Table 1 
Rocket ht. Differences in ranges (km) 
(km) b-B b-bd, gba abe bsb 
147 ri 6 6 BS 65 
137 15 15 16-5 —_ ~~ 
131 B4 24 24 — — 
126 32 al ~ men od 


The constant incremental increase in the ranges of the 
b echoes at any given rocket height and the rate at which 
these increments increase as the rocket descends suggest 
that. these echoes could arise in one of two ways: (a) the 
& echoes could possibly be multiple reflexions, of some 
sort, between the level of the rocket and the main reflecting 
F layer; (b) the b echoes could represent independent 
reflexions from a series of equispaced perturbations in the 
ionosphere. 

Evidence for perturbations produced in the ionosphere 
by satellites and rockets has been reported by several 
workers. In a rocket experiment described by Knecht 

et alt and discussed by Warren®, multiple echoes were 
observed which could be explained as successive reflexions 
between a reflecting surface near the rocket and the 
“normal plasma level in the ionosphere. It was suggested 
that the rocket perturbed the electron density just ahead 
of it producing a steep gradient of ionization sufficient to 
give reflexions. 

In comparing the present observations with those of 

Knecht it is to be noted that whereas in his experiment 
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Pig. 2, a, Typical pulse pattern at rocket. b, Line tracing of photograph. 
A, 104 Mejs; B, 3-6 Mejs direct signal: C, 3-6 Me/s indirect signal, 
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Fig. 8. a, “Multiple” echoes observed between 148 and 132km. 5, Line 
tracing of photograph. 


both transmitter and receiver were rocket borne, in our 
ease the transmitter is ground based and only the receiver 
is carried by the rocket. This means that the geometry of 
possible transmission paths between transmitter and 
receiver is quite different in the two experiments. Secondly, 
the rocket velocity in the present experiment is signifi. 
cantly smaller—about 1 km/sec compared with 3 km/sec: 
Consideration of these two facts leads to the conclusion 
that in the present case it would be difficult to account 
for the b echoes (and certainly to account for as many as 
nine “multiple” reflexions) in terms of possibility (a) above. 
If, however, the moving rocket produced perturbations 
in the background electron density at regular intervals 
(such as might arise from an associated wave motion) then. 
possibility (6) may explain the present observations. 
Regularly spaced perturbations in electron density in the 
neighbourhood of the normal reflexion level could provide 
a series of temporary reflexion centres and. the b echoes 
would then arise as individual reflexions: from. such 
centres. eS 
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PHYSICS 


_ Effect of Vibrations on the Transition Regime 

ee in Pipe Flow 

“Waew a fluid flows through a circular pipe it is generally 

accepted that there is a lower critical Reynolds number 
“of approximately 2,000 below which the flow is laminar 
aven when strong disturbances are present’, although 
-a value of 1,600-1,700 has been quoted’. 

-o This communication describes an experimental investi- 
. gation into the effect of transverse vibrations on the flow of 
water through a small bore tube with particular reference 
to the transition region between the laminar and turbulent 
regimes. The experimental tests consisted of measuring 
the pressure loss along a given length L of horizontal pipe, 
as a function of flow rate. Table 1 gives details of the 
significant dimensions of the pipes on which tests were 
carried out. 


Table 1 


Entry length Entrylengthin Test section Diameter of 


-Test : (in. pipe diameters length D(in) pipe D (in,) 
mod 12-0 168 24-0 O-O7T14 
ME 36-5 510 40 0-0714 


‘The pipes were attached in turn to a horizontal piece of 
aluminium channel which was flexibly supported at its 
extremities and securely fixed at its centre to a vibrator 
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Fig. 2. 


such that the pipe was subject to vibrations in a plane” 
transverse to the flow of water passing through the pipe. 
The pressure drop along the test section was indicated» 
on water manometers which were connected by flexible. 
polythene tubing to the static pressure tappings in the | 
pipe wall. A valve was used to control the flow of water 
through the apparatus and the flow rate was determined 


by collecting a measured quantity of water over a period — 


of time. wes 
Experimental values of the dimensionless coefficient -of 


resistance à are presented as a function of Reynolds 


number Re in Figs. land 2. and Re are defined accord- 
ing to the equations : 


where AP is the pressure loss along a length L of pipe; 
having a diameter D, in which a fluid of density p and: 
viscosity p flows with a mean velocity a. 


Initial experiments were carried out without vibration me 


being applied to the apparatus. The experimental data 
followed the typical -Re relationship as shown by the 


lines ABC. On applying vibration to the apparatus’ a 


significant increases in the value of 4 were obtained in the 
region bounded by the curve ABC and the extrapolated. 
smooth pipe turbulent flow relationship CD. A vibration: 
frequency of 10 c/s and an amplitude of + 3/32 in. wer 
used for test 1 whereas for test 2 a frequency of 20c) 
and an amplitude of + 3/16 in. were employed. The test 
gave reproducible results which returned to the ABC curve. 
on removal of the vibration. es 


It is apparent that the flow in the transition region has ue 


been changed by the vibrations, the weaker vibration in - 


test 1 producing a lower critical Reynolds number of 
approximately 1,700 compared with a value of 1,800 in | _ 
test 2 for the more intense vibration. Furthermore; ino 
test 2 the results tended to follow the extrapolated smooth > 


pipe turbulent flow relationship CD. 


In general it was found that by subjecting the pipe ti ee 


weaker vibrations, stable values of A-were obtained which 
were intermediate between those values corresponding to 
maximum vibration and the curve ABC; the weaker 
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the applied vibration the nearer the data tended to the 

< ourve ABC: ee 
; D. D. JAMES 
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CHEMISTRY 


Paramagnetic Relaxation of Trapped Hydrogen 
Atoms in Irradiated Frozen Solutions 


Iw a recent paper! we showed how paramagnetic relaxation 
experiments can give new insights into the nature of the 
trapping sites of trapped radicals and ions. Trapped 
electrons in irradiated alkaline ices show no change in their 
relaxation time over a range of radiation dose from 0-2 
to 3 Mrads; this implies that the electrons are trapped 
in spurst. This communication reports relaxation time 
measurements on trapped hydrogen atoms which show 
just the opposite effect; the relaxation time decreases 
With dose in the range 0-5-5 Mrads. 

Hydrogen atoms were first trapped at 77° K in irradiated 
sulphuric, phosphoric and perchloric acids’. Later it 
was found that hydrogen atoms could be trapped at 7 TK 
in irradiated solutions of a variety of oxyanion salts such 
as sodium hydrogen sulphate?. Scavenging experiments 

“give good evidence that a mobile electron, €m“, is the 
precursor of trapped hydrogen atoms in many of the 
oxyanion systems (see equation (1)). It is postulated 
that the hydrogen atom 


em + [Hs0,-] ae [#80,- | H: +80,= (1) 


is trapped at the point at which em” reacts with the 

oxyanion. If so, the hydrogen atom should be the only 

paramagnetic species in the local region of the trapping 

site; that is, one expects the site trapping the hydrogen 
tom, not to be located in a “spur” produced by radiation. 
z This communication describes paramagnetic relaxation 
=» experiments which test this postulate. 

_ Frozen solutions of 8 molar sulphuric acid and deuterium 
‘sulphate were irradiated at 77° K with cobalt-60. The 
_ slow passage progressive power saturation was measured 
with an electron paramagnetic resonance spectrometer at 
-a modulation frequency of 40 c/s over a power range of 
» 40 dB. 

< The interpretation and analysis of power saturation 

urves due to homogeneous and inhomogeneous broaden- 

ing have been discussed by Portis’, Castner? and Noble 

and Markham’. Our experimental atom power saturation 

-@urves for hydrogen and deuterium are nearly homogene- 

ous in shape. Careful line shape and linewidth measure- 

ments in conjunction with power saturation do, however, 

show that homogeneous and inhomogeneous contributions 

to the linewidth are comparable’. We have determined 

the relaxation time, (7,7',)'2, from the saturation curves 

by the methods outlined by Portis‘ and by Castner’. T, 

is the spin-lattice relaxation time and T, the spin-spin 
“relaxation time. 

oo We find that (7,7,)?/* for hydrogen atoms decreases 

from 4-6 x 10-5 see at 0-5 Mrad to 1-4 x 10-* sec at 5 Mrad. 

<o (orim, e for deuterium atoms shows a similar decrease. 

'Fhis result shows that the spin-spin interaction of the 

trapped hydrogen atoms depends on dose at low doses. 

-I£ H; is trapped in a radiation produced “spur” (7',7,)'” 

would be independent of dose at low doses, as is found for 































trapped electrons in irradiated alkaline ices’. 
trapped in conjunction ‘with another spin 
local environment (that is, is not trapped in a ‘sp 
spin-spin interaction will involve all like spins 
samples. Thus (T.T)? will decrease with radi 
as formed here. We conclude that H is not tra) 
“spur”. This finding strongly supports mecha 
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IMMUNOLOGY 


Rejection of Skin Grafts from Tumour-bearing | 
Syngeneic Donors i 


Wuen skin from mice bearing certain transp! 
tumours was grafted to intact strietly syngeneic 
of the same sex, regular rejection of the skin graf s 
observed. We called this phenomenon heterogenization - 
or allogenization of skin under the effect of the tumour. 
C5TIBL/6J, BALB/c, C3HA and (C57BL/6J x BALB/c) 
F, mice from the AMS breeding farm in the Soviet Union — 
were used in the experiments. In C57BL/6J mice w 
transplanted K-237 sarcoma induced in our laborato: 
a female mouse with 7,12-dibenz(a)janthracen 
carried through between seven and nine syngeneic trans- 
plantations, We also transplanted K-238 sarcoma: in- 
duced with the same carcinogenic agent ina male | 
C57BL/6J mouse and carried through between two and 
three transplantations. SB-1 sarcoma induced by the 
same carcinogen in BALB/c mice was transplanted: in 
these mice. inte 


Tt had two to three syngeneic transpla 
tions. Also used were transplantable hepatoma 




























22 
C3HA mice and Ehrlich carcinoma passaged in Obd7B 
mice. eto 
Solid tumours in donor mice reached a size of 
1-5 em; they grew without gross invasion of the surroun 
ing tissues. Recipients, under ‘Nembutal’ anaesthesia, 
received full thickness skin grafts, 3 x 4 em in size, taken 
from beyond the zone of tumour growth. The condition 
of the skin graft was recorded until about day 150 of 
the experiment. a 
Syngeneic grafting of skin from C57BL/6J mice bearing 
K-237 tumour to intact recipients resulted in regular 
rejection of the transplants (Table 1). When the graft- 
fixing adhesive band fell off, usually 6-7 days after 
transplantation, the area of the grafts had shrunk: con- 
siderably and there were numerous foci of necrosis. By 
the fifteenth to twentieth day graft rejection was com- 
plete, and a small scar remained. The pattern of rejection | 
is similar. both. macroscopically and histologically to that 
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observed in allogeneic skin transplantation. In parallel 
control experiments as well as in our previous work with 
more than 230 transplantations among C57BL/6J mice 
of this breed we found no rejection. Transplantation of 
skin grafts from C57BL/6J mice bearing A-237 tumour 
to (C57 BL/6J x BALB/c) F, hybrids resulted in similar 
rejection of skin grafts. Another sarcoma, K-238, has the 
same capacity to heterogenize skin grafts in syngeneic 
transplantation in C57BL/6/ mice. In sixteen syngeneic 
graftings the skin was rejected in all cases. Transplanta- 
tion of skin from donors without tumours to recipients 
bearing K-237 tumour resulted in implantation of grafts 
in‘all cases with no signs of rejection. With transplanta- 
tion of skin grafts among C57BL/6J mice bearing K-237 
tumour rejection was observed typically beginning slightly 
later, however, that is 9-11 days after the start of the 
experiment. 


Table 1. HETEROGENIZATION OF SKIN INDUCED BY TUMOUR* 
Recipients of skin grafts 
Experi- C5TBL/§J raice-—donors Presence Rejec- 
ment of skin grafts (+) orab- tion of 
No, No. Characteristics Strain sence (—) skin 
of tumour grafts t 
1-6 24 With K-237 tumour COTBL/6bT ~~ 45/45 
1-6 16 Without tumour CST BLOT ~ 0/32 
2 4 With K-237 tumour FYACS7 BLS ~ 8/8 
i x BALBI) 
2, 4 Without tumour CBI BL/6S + 0/8 
: 8 With K-237 tumour C57 BLOF + 3/3 
4 With K-237 tumour PCBTBLIOS - 0/8 
x BALBic) 
14, 24 5 Mice with rejected syn- C57 BL/67 - IH 
geneleskin grafts taken 
from donors 
28 4 Recipients from experi- C57 BL/6/ ~ 8/8 


ments Nos. 14 and 24 
which rejected hetero- 
genized graft taken 
from the donor which 
had earlier rejected 
similar grafts 


* All experiments, except No. 6 were carried out on females (both donors 
and recipients). In experiment No. 6 donors and recipients were F,(C57BL/ 
67» BALB/c) hybrid males. 

+ Numerator, number of mice with grafts rejected; denominator, total 
number of recipients of skin grafts. 

In experiments with skin grafted from BALB/e mice 
with SB-1 sarcoma or from C3HA mice with hepatoma 22 
to the corresponding syngeneic mice without tumours no 
ease of skin rejection was observed. Similarly, there was 
no rejection in syngeneic skin grafting from C57BL/6J 
mice with Ehrlich carcinoma. 

The foregoing experiments demonstrate that the 
presence of tumour in the donor may result in its tissues 
becoming incompatible in the syngeneic system. It seems 
that in some way the tumour makes the skin heterogenic 
for mice of the given inbred strain—probably inducing in 
it a new antigen. Furthermore, autotransplantation of 
skin in mice bearing K-237 tumour results in partial 
rejection. Rejection of autotransplantates begins later 
and does not end completely. 

Some of the characteristics of the phenomenon of skin 
heterogenization caused by a tumour are shown in 
Table 1. Three generations of K-237 sarcoma and two of 
K-238. sarcoma used in the experiments regularly pro- 
duced ‘heterogenization of skin in all inoculated mice. 
Skin heterogenization becomes obvious beginning 9 days 
after tumour inoculation when the tumour is only just 
becoming detectable. 

Later we discovered that skin grafts taken from mice 
which had. rejected a skin graft derived from a tumour- 
bearing donor were also rejected in syngeneic transplanta- 
tion. Thus, heterogenization was induced not only by a 
tumour, but also by a skin graft derived from a tumour- 
bearing donor. We also demonstrated further repeated 
transfer ‘of heterogenization by means of a skin graft in 
the third and fourth passages. 

Tn. transplantations of a second graft from K-237 
tumour-bearing mice to recipients which had rejected the 
first graft from a tumour-bearing donor we observed no 
marked acceleration of the rejection reaction as compared 
with transplantation of skin graft from tumour-bearing 
donor to intact recipient, that is, the antigen developing 
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in the skin produced no secondary immunological response 
in these conditions. 

Transplantation of skin grafts from tumour-bearing 
mice to recipients irradiated with 400 r. (to the whole 
body) immediately before transplantation resulted in a 
marked suppression of graft rejection, half the cases 
showing no rejection at all. 

In F, hybrid mice (C57BL/6J x BALB/c) K-237 tumour 
always grows but does not induce heterogenization of the 
skin. On the other hand, as has already been mentioned, 
skin grafts from tumour-bearing C57BL/6J mice trans- 
planted to hybrids were always rejected. 

We tried to obtain skin heterogenization by 4-237 
tumour in BALB/c mice. In the first experiment, BALB/c 
mice were inoculated with large quantities of cell sus- 
pensions of K-237 tumour which is strictly syngeneic for 
C57 BL/6J mice. Nine days later skin from the inoculated 
mice was grafted syngeneically. In all cases the grafts 
survived. In the second experiment, A-237 tumour of 
C57BL/6J mice and SB-1 tumour of BALB/c mice were 
simultaneously inoculated into F, hybrids (C57BL/6J x 
BALB/c). When SB-1 tumour grew in hybrid mice, it 
was transplanted to mice of the initial parent strain 
BALB/c. When the tumour grew in these hosts, syn- 
geneic skin grafting was performed. In all cases of such 
transplantation the grafts survived, that is, there was no 
heterogenization of the skin. 

In the third experiment, skin from C57BL/6J mice with 
K-237 tumour was transplanted to BALB/e mice. Three 
weeks later, when grafts were completely rejected in these 
mice, skin was transplanted syngeneically to BALB/c 
mice of the same sex. In all these cases the grafts were 
rejected, that is, BALB/c skin was heterogenized. 

Inoculation of adult C57BL/6J mice with SE-polyoma 
virus or with adenovirus 16 induced no heterogenization 
of the skin. Heterogenization of the skin did occur when 
C57BL/6J mice were inoculated with cells of K-237 
tumour together with adenovirus type 16 in the dose 
producing complete oncolysis. 

The question arises as to what antigen develops in the 
skin when tumours K-237 and K-238 grow and what 
mechanism is involved in its induction in the skin. It is 
reasonable to assume that the antigen is transferred from 
the tumour into the skin by: (a) tumour cells; (b) lympho- 
cytes or other cells; (e) blood which may transfer the 
antigen itself or stable forms of nucleic acids; or (d) a 
virus. Wide distribution of tumour cells in mice with 
transplantable solid tumours is revealed, in particular, by 
the phenomenon of tumour transfer in syngeneic skin 
grafting from such mice (Mkheidze and Liozner, see p. 
730 of this issue). In about a third or a quarter of cases 
growth of tumour identical with the donor’s tumour 
began from the skin graft or the zone of rejection. Tumour 
transfer by a skin graft, however, is easily achieved when 
donors bear many tumours—hepatoma 22 and SB-1 sar- 
coma which induce no skin heterogenization. On the 
other hand, heterogenization may be passaged further 
many times by simple skin transplantation. 

Peculiar features of production of a new antigen in the 
skin in heterogenization are, on one hand, the lack 
of tolerance to it in the primary host and, on the other, 
the absence of secondary response in recipients of such a 
skin graft. 

Probably K-237 and K-238 tumours contain in their 
cells a virus inducing a new antigen, and this virus 
spreads to other cells by simple infection or transduction 
by cells. Even if it is a recognized virus, its heterogenizing 
effect is unusual and strong. Generally, heterogenization 
of cells infected with viruses in respect to other structures 
of the organism is one of the main features of viral 
infection!. 

Rejection of syngeneic skin was described by Breyere 
and Williams? on transplantation from mice infected at 


birth with Moloney leukaemic virus. In their experiments 


rejection was mostly observed in recipients previously 
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immunized with leukaemic cells. We intend to investigate 
_. the connexion. between these observations and our results. 
oan GEORGE J. Svet-MoL_pavsxy 

Demur: M. Meuerpze 
ALEXANDER L. LIOZNER 

‘Laboratory of Virology, 

The USSR AMS Institute of Experimental and 

Clinical Oncology, Moscow. 


! Svet-Moldavsky, G. J., Proc. Second Ali-Union Meeting of Oncologists, 
January 1958, 114 (Leningrad, Medgiz, 1959) (in Russian); Acta Virol., 5, 
167 (1981). 

? Breyere, E. J., and Williams, L. B., Seience, 146, 1055 (1964). 


Phytohaemagglutinin Unresponsiveness of 
Lymphocytes mm reie with Congenital 
ubella 


Since the rubella epidemic in the United States in the 
spring of 1964, numerous cases of congenital rubella have 
been reported. In addition to the characteristics described 
by Gregg! of congenital heart defects, central nervous 
system damage, deafness and eye defects, there have been 
manifestations of progressing infection including failure 
to thrive, hepatosplenomegaly, thromboeytopenic purpura 
and bony lesions?. Rubella virus has been isolated from 
the urine, throat washings and blood of babies with 
congenital rubella», and in addition from many organs 
including lymphoid tissues at post-mortem examina- 
tions*-. 

Investigation of the immunological competence of these 
babies has shown that in addition to the maternally 
derived IgG, they possess increased amounts of IgM and 
may possess IgA (ref. 4), which are immunoglobulins not 
derived from the maternal serum; their presence probably 
refleets the presence of an organized immune response. 
Neutralizing antibody to rubella virus occurring in the 
serum of these babies has been isolated by chromatography 
on columns of ‘Sephadex’ and found to be a 19S macro- 
globulin‘. Babies with congenital rubella have been 
immunized with Salmonella antigens, and six out of seven 
were found to respond with normal antibody production 
(South, M. A., unpublished results). 

This communication presents data which show that 
peripheral lymphocytes obtained from babies with the 
new congenital rubella syndrome do not undergo in vitro 
transformation to blast-type cells in the presence of phyto- 

_haemagglutinin-M. So far the failure of blast trans- 
formation. in the presence of phytohaemagglutinin is 
the first evidence of inadequacy of function of the lym- 
phoid cells in babies with the congenital rubella syndrome. 

Heparinized blood was obtained by jugular vein 
puncture from three normal babies, and four babies with 
the: congenital rubella syndrome all of whom had signs 
of progressing rubella infection. Leucocytes were removed 
from the plasma supernatant and washed with Hanks 
solution. Cells were centrifuged at 700 r.p.m. for 15 min 
and resuspended in Hanks solution. Final cell suspensions 
contain about 95 per cent mononuclear cells and these 
were cultured for 3 days in TC 199 with 20 per cent 
foetal calf serum, 100 units penicillin, and 100 ug strepto- 
mycin/ml. of media at cell concentrations of about 1-5 x 
10° cells/ml. Cultures were made with and without phyto- 
haemagglutinin (PHA), and each culture stimulated with 
PHA received 0:02 ml. of the Difco PHA preparation/ml. 
of culture media. 

After 70 h of incubation at 37° C 1 ue. tritiated thymi- 
dine (sp. act. 400 uc./mmole) was added per mililitre of 
culture. Three hours later, cultures were centrifuged, 
washed with Hanks solution and fixed with a mixture of 
methyl alcohol and glacial acetic acid’. Slide preparations 
of the cultures were made and coated with NTB-2 liquid 
emulsion. After exposure for 10 days the slides were 
developed and stained with Giemsa*, Five hundred cells 
from each slide were counted and expressed as the per- 
centage of transformation of small lymphocytes to blast- 








type cells and the: percentage of tritiated. thymidin 
labelling with the small lymphocyte and blast 
partments. ; ; 

The net percentage transformation was determi 
subtracting the percentage of transformation 
cultures without PHA from the transformation 
corresponding cultures that had been stimulat 
PHA. The transformed blast cell was determine 
logically by its increased size, basophilic i 
acidophilic granules, and presence of one or mor 













Table 1, PHA RESPONSE OF NORMAL BABIES AND BABIES wita 
RUBELLA SYNDROME z 
Nuclea 
Transformation transform 
(per cent) Be 
Control babies (3) aes 
PHA added T314£2-6F : 
‘Without PHA 9645-7 : ï 
Difference 63677 pe 
Rubella babies (4) ae 
PHA added 86+1-5 17-6 
Without PHA 4741-1 TA 
Difference 39208 Boat 


* Demonstrated with tritiated thymidine labelling’. 


+ Standard error, 

The results in Table 1 show 63:5 per cent net trans- 
formation in cultured lymphocytes from control subjects 
compared with 3-9 per cent from babies with the congenital 
rubella syndrome. When lymphocytes from the two groups 
were cultured in the absence of PHA, lymphocytes from 
the normal subjects showed slightly but not significantly 
greater transformation values. The uptake of tritiated 
thymidine by transformed cells was 47-5 per cent in 
normal lymphocytes cultured with PHA, compared with 
17:6 per cent in the lymphocytes of babies with rubella 
which were stimulated with PHA. Be 

All four babies with congenital rubella demonstrated 
delayed hypersensitivity to at least one antigen: Two 
babies showed positive responses to 2,4-dinitrofluoro- 
benzene (DNF'B) and a third to candida. The fourth baby 
showed positive reaction to DNFB, candida and strepto- 
kinase~streptodornase, and developed a typical primary 
reaction when vaccinated. Sera from babies: with con- 
genital rubella revealed high titres of neutralizing antibody 
to rubella virus. HEUER 

Since Nowell! first demonstrated that human lympho- 
cytes undergo transformation to blast-type cells when 
cultured in vitro with PHA, this phenomenon has become 
one of the means of studying the responsiveness ‘and 
reflecting the competence of lymphoid cells**. : Many 
workers have shown that small lymphocytes from the 
peripheral blood of normal persons will undergo. 60--80 
per cent transformation in vitro with PHA (refs. 5 and 10). 
Other investigations show that lymphocytes from patients 
with Hodgkin’s disease*™, sarcoidosis", chronic lympho- 
cytic leukaemia?™, primary acquired agammaglobulin- 
aemia!? and ataxia-telangiectasia* show varying degrees of 
reduced transformation in the presence of PHA. The 
mechanism by which PHA causes this transformation. 
in lymphoid cells has not, however, been established, 
Present hypotheses suggest that (i) PHA functions as 
an antigenit; (ii) that it acts non-specifically to de- 
crease the stability of the cell membranes and. thus 
leads to increased mitotic activity™; (iii) that it functions 
as a stimulator of intermediate metabolism within the 
cell leading to increased protein synthesis and mitotic 
activity’. 

Failure of lymphocytes from babies with congenital 
rubella to undergo positive PHA stimulation may furnish 
clues as to the mechanism of the transformation of lympho- 
cytes which is induced by PHA. Assuming that these 
babies have an abnormality based on the presence of 
virus rather than a virus-induced defect in the embryonic 
lymphoid system, the lymphoid cells may either have 
rubella virus on their cell surfaces or contain the virus- 
within the cells. In the former condition the adsorbed 
myxovirus may be covering specific chemical or physical 
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sites which PHA must reach to destabilize the cell mem- 


branes or enter the cell and cause transformation. In 


the latter condition the rubella virus, inside the cell, — 


might influence the cell metabolic processes in a manner 
inhibitory to the alteration of intermediary metabolism 
induced by PHA. . 
Hersh and Oppenheim’ have previously associated 
negative in vitro PHA transformation responses of peri- 
pheral lymphocytes with the anergic conditions of the 
individuals, Rieke!*, however, has presented data com- 
patible with the view that PHA transformation can be 
dissociated to some degree from the immunological 
functions of lymphoid cells. He found that thoracic duet 
lymphocytes from thymectomized Lewis rats did not 
‘produce runting in newborn brown Norway rats, but 
showed a positive but reduced PHA transformation 
response when compared with lymphocytes from non- 
thymectomized Lewis rats. f 
.. The failure of lymphocytes from babies with congenital 
rubella to produce a positive PHA response when they 
-are able to develop and express delayed hypersensitivity 
may be taken as additional evidence of a dissociation 
between the PHA response and certain immunological 
functions of lymphoid cells. Final conclusions are difficult 
because the PHA response involves peripheral blood 
lymphocytes whereas the delayed allergic responses are 
associated with lymphocytes present in organs and tissues. 

The magnitude of the defects apparent in these four 
babies suggests, however, that the abnormality may be 
significant in (a) understanding the inability of these 
infants. to eliminate the virus from their systems, and (b) 
gaining additional information on the mechanism of 
lymphoid transformation induced by PHA. It is possible 
that because the response to PHA involves dramatic 
changes in the synthesis of nucleic acid within the lym- 

¿phoid cells, the presence of any virus in the lymphoid 
cells. may prevent this and associated cellular transforma- 
tion. : 
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National Foundation, the U.S. Public Health Service, and 
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A “New” Allotypic Specificity (A9) of 
Rabbit Immunoglobulin 
THis communication describes a hitherto unknown 
allotypic specificity of rabbit immunoglobulin molecules. 
The designation of “A9” is proposed for this specificity. 
The designations Al-A6 were previously assigned? to the 


first six well established. specificities?~’, 
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The designations 
ATand AS havesinca been given to two other specificities’-*, 
The “new” specificity, A9, was found to be earried mainly 
by the IgG molecules and determined by a gene, allelic 
to other (44, A5 and A5) genes, belonging to the b allotypie 
locus. This close genetic association with other Ab 
specificities makes it very likely that A9, like A4, A5 and 
A6, is also localized on the L-chain of the immunoglobulin 
molecule, 

In 1964 a pregnant rabbit (Fig. 1, 1-2), purchased from a 
local breeder, gave birth to seven rabbits. Among these 
rabbits, all three possible Ab allotypic formulae (A4*5~), © 
A(4*5*) and A(4-5+) were found (see Fig. 1, II-3,7,8;. 
TI-1,2 and IT-5,10, respectively), (All rabbits involved in 
these investigations were A(6-). 
the presentation, therefore, the AG specificity and. Aj 
gene are omitted from discussion.) The rabbits of allo- 
typie formula A(4-5+) were then bred with males of 
known A*/A* genotype (see Fig. 1, gII-6 x ŞTI-5 and 
STI-9 x GIT-10). These matings resulted not only in 
A(4*5*) offspring, but also in three A(4*5~) rabbits (Fig. 1, 
ITI-7,11,12). When two such rabbits were mated with 
one another (Fig. 1, $ILI-11 x PITT-12), two A(4-5-) 
individuals were found among the resulting offspring 
(Fig. 1, IV-3,6). A rabbit of identical allotypic formula 


A(4-5-) (Fig. 1, ITI-14) was also born as a result of a oe 


mating between two rabbits with allotypic formula 
A(4-5+) (Fig. 1, 911-10 x gII-11). 

All these observations can be explained by assuming the 
involvement of a “new” allele, A®, in the b group. Fig. 1 
presents this interpretation. 

We next prepared antibody to the product of this 
new” gene. Animals of genotypes AJA" and AtA’ 
were immunized with immunoglobulins of the AJA? 
(Fig. 1, IIT-11) animal and made antibody specific to the 
A9 allotype (for the method of immunization see ref. 4). 
Serum samples of 439 North American and 84 European. 


ts 


rabbits were tested with this antiserum. (The European 


rabbits were representatives of the populations surveyed. ~ 
in 1962 (ref. 10).) Specificity A9 was found in 8/110 rabbits 
(7 per cent) in one population from a local Toronto breeder. 
Three more A(9*) animals were found among 62 rabbits 
from various small local populations. Individuals: of 
A(9*) allotype were not found among the remaining 267 
North American rabbits or among any of the European: 
rabbits. 

In order to determine the molecular species of immuno- 
globulins with which the “new” specificity is associated, 
the serum of an A°/A* rabbit was subjected to gel filtration 
on ‘Sephadex G-200" (ref. 11). Each of the resulting 
fractions was concentrated about six times and concentra, 
tion of A9 allotype was measured by the method of single. 
diffusion'* (Fig. 2). Both A5 and A9 allotypic activities 
were found to be associated with the second (78) peak, 





atat a- 1 
[B-a B-a 
A 
Fig. 1. Pedigree of the rabbit family in which the Ap’ gene was first 


found. The pedigree-controlied line derived from the I-2 individual me 
consists at present of more than one hundred individuals. The pedigree 


given here has been abridged, and repetitions as well as non-informativ Soe 


data have been omitted,- 








In order to simplify 
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No measurable quantities of either A5 or A9 were found in 
“the fractions from. the first. (macroglobulin) peak. All 


: -fractions belonging to this peak were then pooled and 


concentrated further (final concentration ~ 100 x ). In the 
resulting concentrate small quantities of A5 and A9 were 
“detected as judged by the formation of distinct precipita- 
tion lines in the double diffusion test. The concentrations 
of these allotypic specificities, however, could not be 
measured by the method of single diffusion. The simul- 
taneous elution of IgG, A5 and A9 (Fig. 2) justifies the 
-conclusion that A9 is associated with IgG. The relation 
between IgM and A9 must remain uncertain; if it exists it 
‘must be confined to a small proportion of the IgM mole- 
cules. Alternatively, the presence of small quantities of 
AQ in the 199 peak might arise from 79 impurities. 

The serum of the 45/A® rabbit was next subjected to 
immunoelectrophoretie analysis (Fig. 3). The patterns 
were developed by anti-A9 and anti-A5 sera. (Both 
these antisera were produced in A‘/A‘ rabbits.) The 





| vegults of this test confirm the gel-filtration experiment by 


showing that the molecules which carry A9 specificity 
have an electrophoretic mobility characteristic of IgG. 
The precipitation are developed by anti-A5 serum seems, 
however, to extend further towards the negative electrode 
than the precipitation arc developed by anti-A9 serum. 
Because of their good immunogenicity, allotypic speci- 
ficities of the b group are widely used in investigations on 
the structure and synthesis of antibodies. The interaction 
“between two anti-allotype sera often prevented the 
application of these specificities in certain types of 
“experiments. (Anti-A4 is usually made in A/A" rabbits 
-and anti-A5 in A*/A‘* animals; therefore, immunoglobulin 
“present in the first antiserum will react with antibodies 
present in the second antiserum and vice versa.) If both 
anti-A4 and anti-A5 antibodies are made in A‘/A® rabbits, 
this interaction can be avoided, but only at the expense of 
the potency of the resulting antiserum: it can be expected 
that the stimulation with A5 may be less effective in 
AJAS than in A‘/A‘ rabbits, because anti-A5 cross-reacts 
with A6. In our investigations no evidence of cross- 
reactivity between A9 and other allotypic specificities 
was observed. The 45/4? rabbits were found to be as good 
in the production of anti-A4 as were the A/A" rabbits. 
It is therefore likely that A*/A® individuals may be 
successfully used for the production of both anti-A4 and 
anti-A5 and that these antisera will not interact. Such non- 
‘interacting antisera should be of considerable value in 


o ‘detecting allotypes used as antigenic markers. 


Thus we have found a new allotypie specificity which is 
: probably carried by the L-chains of rabbit IgG molecules. 
~The gene controlling this specificity belongs to the b locus 
and thus is allelic to other gones of this group. This hypo- 

“thesis is based on the following evidence: (1) All heterozy- 


“gous rabbits in which A9 was detected possessed only one 


other b group specificity (A4 or A5). (2) Rabbits homozy- 
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Fig.2. Fractionation of serum from 4°/4* rabbit on ‘Sephadex G-200’. 

Optical density (280 my) and relative concentrations of Ab and A9 (single 

diffusion) were plotted against the additive volume of the effluent. 

Ararat cra Optical density; ©- .. O, relative concentration of AD; 
‘ @-—-®@, relative conventration of A9. 




























Fig. 3. Immunoeleetrophoretic analysis of serum from A? 
The paterni were developed by anti-AS serum (upper 
anti-A9 serum (lower trough). Both antisera were ob 
AAt animals. Note the lack of interaction between iw 


gous with respect to A9 do not have any other sp 
of the b group. (3) Rabbits (Fig. 1, TI-5; I-10 
only A5 and not A4 was detected gave birth to 
(Fig. 1, TII~7,11,12) in which only A4 and no 
detected. This would have been impossible if A* gi 
unrelated to the b locus. coe 
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Fc Fragment of Immunoglobulin G in No mal 
Human Plasma and Urine i 


Tr has been shown that immunoglobulins of low molecular 
weight (micro-immunoglobulins) in normal human urine 
(compare ref. 1) are predominantly composed of material 
which closely resembles light polypeptide chains®.. This 
is also true of the micro-immunoglobulins in 
exercise” urine? and in urine from patients with conne 
tissue disease’. Micro-immunoglobulins in normal hu 
plasma‘~? include material resembling light. chains?. 
Plasma and urine from patients with “heavy chain disease”’ 
contain large quantities of protein which is similar to the 
Fe fragment of IgG, a piece of heavy chains produced by 
papain digestion®. It has been reported that a small part 
of the micro-immunoglobulins in post-exercise urine? 
and in urine from patients! and normal individuals? is 
related to the heavy chain and Fe fragment of IgG. The 
material related to Fe was not characterized. in these 
reports. Recently, it was demonstrated that. protein in. 
normal urine includes material resembling the Fe’ fri D 
of IgG (ref. 10). Fe’ fragment released by digesti 
IgG with papain or trypsin has a smaller molecula 
than Fe and is antigenically deficient with respect. to this 
fragmentit. eee. 
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This communication describes the isolation and identifi- 
eation of a plasma and urinary protein closely: resembling 
the Fe fragment of IgG. 

Proteins from normal pooled urine with molecular 
weights greater than about 10,000 were concentrated 700- 
1,000 times by ultrafiltration in ‘Visking’ 23/32 in. dialysis 
tubing", The concentrates from 24-90 I. of urine and 
100-200 ml. samples of fresh plasma from three healthy 
individuals were subjected to zone electrophoresis on a 
cellulose column”? or on ‘Pevikon’ blocks}? in 0-1 molar 
barbital buffer, pH 8-6. Fractions corresponding to the 
B: globulin, the fast gamma-globulin and the remaining 
part of the gamma-globulin regions were pooled and con- 
centrated by ultrafiltration. The urinary 6, fraction also 
included the fast gamma-globulin region. The different 
fractions were separated on ‘Sephadex G-100’ columns 
equilibrated with 0-1 molar tris-hydrochloric acid + 1-0 
molar sodium chloride, pH 8-0. The distribution in the 
effuents of components related to IgG, IgA, Fe fragment, 
Fab fragment, x chains and > chains was determined by 
Ouchterlony gel-diffusion analysis! with rabbit antisera 
against these components. 

Fig. 1 shows the results of gel-filtration of the urinary 
8, fraction. The first peak contained protein antigenically 
related to IgG and IgA. The elution volume of the second 
peak coincided with that of dimers of free light chains’. 
Material antigenically related to Fe was eluted in the 
frontal part of this peak. The corresponding peak from 
the urinary gamma-globulin fraction contained only 
trace amounts of protein related to Fe. 

Gel-filtration patterns of the three electrophoretic 
plasma fractions revealed small peaks of low molecular 
weight material (compare ref. 7) which were eluted in a 
position similar to that of the second peak in Fig. 1. Low 
molecular weight components were present predomin- 
antly in the fast gamma-globulin fraction. All low mole- 
cular weight peaks contained protein related to Fe and 
Fab. Micro-immunoglobulin related to Fe was present 
mainly in the peaks obtained from 8, and fast gamma- 
globulin fractions; it was eluted somewhat earlier than 
the material related to Fab. 

Low molecular weight protein from one fast gamma- 
globulin fraction crystallized during concentration by 
ultrafiltration at +4° C. The crystalline material was 
dissolved in 0-15 molar sodium chloride at room tempera- 
ture and reacted antigenically similar to Fe. Ultra- 
centrifugal analysis of low molecular weight material 
from one fast gamma-globulin fraction gave a sedimenta- 
tion coefficient (sine) of 3-75 S in 0-01 molar tris-hydro- 
chloric acid + 0-1 molar sodium chloride, pH 8-0. 

The micro-immunoglobulins related to Fe fragment of 
IgG present in the 8, and fast y fractions of normal human 
plasma and urine were compared with each other, with the 
heavy chain and Fe fragment of IgG, and with intact IgG 
by Ouchterlony gel-diffusion analysis', immunoelectro- 
phoresis and urea starch-gel electrophoresis!?. y Chains 
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Fig.1. Gel-filtration on ‘Sephadex G-100" (2-4 x 117 cm) of the 2, fraction 

from normal urine (118 mg protein from 24 1). The distribution of 

material reacting with antisera against Fe fragment of IgG and Bence 

Jones proteins (light chains) of types K and L are indicated with 
horizontal lines. 
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Fig. 2. Double immunodiffusion analysis of micro-immunoglobulina 

related to Fe fragment of IgG: from normal plasma (PeP) and urine 

(FeU); and of IgG, y polypeptide chains (H) and Fe fragment of IgG 
(Fe). The central well contained a rabbit antiserum against y chains, 


were isolated from reduced and alkylated IgG". Fe 
fragment was isolated from a papain digest of IgG by 
gel-filtration and DEAE-chromatography on ‘Sephadex’. 

Ouchterlony gel-diffusion analysis using rabbit anti-y 
chain serum showed a complete fusion among the pre- 
cipitin lines given by plasma and urinary micro-immuno- 
globulins related to Fe, IgG, Fe fragment and y chains 
(Fig. 2). Immunoelectrophoretic analyses using rabbit 
anti-Fe-sera demonstrated that plasma and urine com- 
ponents had similar electrophoretic mobility, which was 
about the same as that of Fe fragment (Fig. 3). 

Low molecular weight components isolated from plasma. 
and urine were examined by starch-gel electrophoresis in 
urea-formate buffert? before and after reduction-alkyla- 
tion and compared with IgG and Fe fragment treated in a 
similar way. Reduction and alkylation were carried out 
at pH 8 in the presence of 8 molar urea’’, All or most of 
the plasma and urinary proteins treated by reduction- 
alkylation migrated faster than y chains but similar to 
reduced-alkylated Fe fragment of IgG and light chain 
monomers, In some experiments, small amounts of the 
reduced-alkylated material seemed to have the mobility 
of y chains. 

The starch-gel electrophoresis experiments suggested 
that at least part of the plasma and urinary proteins 
which were antigenically related to Fe could be split by 
reduction in the same way as Fe fragment!. Further 
evidence was obtained by gel-filtration in 0-5 molar 
propionic acid on ‘Sephadex G-100’ of a reduced and 
alkylated low molecular weight fraction isolated from 
plasma. This reduction was carried out in the absence of 
urea to obtain soluble products. Two protein peaks were 
obtained. Both contained material antigenically related 
to Fe as revealed by Ouchterlony gel diffusion analysis 
with rabbit anti-Fe-sera. The second peak was eluted 
somewhat earlier than that of light chain monomers. 

The results of the present investigation indicate that 
B: and fast y fractions of normal human plasma and urine 
contain small quantities of low molecular weight com- 
ponents which closely resemble Fe fragment of IgG in 
their antigenic and electrophoretic characteristics, in 
molecular size and in their properties after reduction. 
The fact that part of the protein related to Fe from one 
sample of plasma crystallized gives additional support 
for a very close relationship to Fe fragment. 

The “Fe fragment” present in normal human plasma 
and urine may arise from de novo synthesis, as seems to be 
true for its possible pathological counterpart the “heavy- 
chain disease” protein™ and for normally occurring free 
light chains®:1, Alternatively, it may derive from enzym- 
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Fig. 3. Immunoelectrophoretic comparison of micro-immunoglobulins 

from #,-fractions of normal plasma (el) and urine (PeU) with Fe frag- 

ment of IgG (Fe), using a rabbit en fragment serum, The anode is 
o the le 


atic degradation of IgG or from both de novo synthesis 
and enzymatic degradation. Several investigators have 
observed degradation of IgG on storage in solution (com- 
pare ref. 22). Components with Fe and Fab character- 
istics have been isolated from stored IgG (ref. 22). These 
components closely resembled fragments from IgG treated 
with plasmin. It was suggested that the degradation 
occasionally observed during storage may result from the 
presence of plasmin in the preparations. An investigation 
reported in a recent abstract® seems to indicate that 
micro-immunoglobulins related to the Fe fragment of 
IgG in normal human urine derive from catabolism of 
IgG. The material described therein, however, was not 
adequately characterized as regards its resemblance to 
Fe and Fe’ fragments. The study of Turner and Rowe’? 
has shown that normal urine contains protein similar 
to the Fc’ fragment of IgG, whereas the present investiga- 
tion demonstrates the normal occurrence of urinary and 
plasma protein closely resembling the Fe fragment of 
IgG. 
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Effect of Endotoxin on Resistance in the 
Early Period of Ontogenesis — 
ORGANISMS react to bacterial antigens in the earl; 
of ontogenesis, and it has been reported that. b 


pate raise the resistance of the pert whil a = 


a eaten the resistance of the chicks in npr 
weeks of life’. Our previous studies have shown t] 
best to perform the first stimulation on the twelft! 
incubation, and the second vaccination on the r 
after hatching“. 


EFFECT OF ENDOTOXINS AND OF BACTERIAL ANTIGENS 


Table 1, 
Number Died. 
Experi- Preparation* Doset ofinfected within. °-of 
ment chicks 21 days: 
I Bacterial antigen 1:2 x 108 35 19 
S. gallinarum 15-5 
Endotoxin 310 pe N 44 23 
S. gallinarum 15-8 510 ug P 
Control group 31 26 83-9 
If Endotoxin 375 pe N 92 20 81-5 
S. gallinarum 15-8 594 pe P {P< 0001} 
Endotoxin 200 ug N 105 5i 48:6 
E. coli OLL1B4: H2 361 pug P (P<0:05}) 
Endotoxin 192 ug N 84 32 88t 
E. coli ILMES 429 ug P {P 20:001) 
Control group 87 59 67-8 
IIT Bacterial antigen 6x 107 165 131 79:4: 
S. gallinarum 15-5 (P < 0001} 
Endotoxin 375 pg N 94 73 TET 
S. gallinarum 15-8 594 ug P {P < t001) 
Endotoxin 200 ug N 40 32 80-0 
E. coli Q1LI1B4: H2 361 ug P (P< 005} 
Endotoxin 192 ug N 101 79 78-2 
E. coli AMES 429 ug P (P < 0001} 
Control group 156 145 Dp 
Iv Pactorial antigen 4x10 172 120 69-8 
S. gallinarum 15-8 (P <0-001) 
Bacterial antigen 4x10 76 51 871 
i. coli OLLLB4 : H2 (P<0.001) 
Bacterial antigen 4x10? 73 55 TS 
E. coli AMES {P < 0-001) 
Control group 117 113 G8 





* Formalin killed bacterial suspensions (E. coli or S. galtinarinn) i OD per 
cent sodium chloride solution or the phenol isolated endotoxin in saline were.” 
used as a preparation. 

+ The dosage of vaccine used to inoculate the embryo is expressed by the 
number of injected bacteria/0-1 ml, of vaccine; for the endotoxin hy nitrogen 
(N) and phosphorus (P) content in yg/0-1 ml. of the preparation. The newly 
print chicks were inoculated by a double dose (0-2 ml.) of the ‘same: 
antigen. 

t he effect of the preparations was ascertained by the x* method, com 
paring vaccinated chicks with the unvaccinated controls, 


The object of the present investigation was to determine 
whether endotoxin exercises a stimulating effect on chick 
resistance in the early stages of ontogenesis similar to that- 
of bacterial antigen. The effects of the endotoxins 
isolated by phenol’ from both a smooth strain (0111 1B4: 
H?) and a rough strain (11 ME 5) of Escherichia coli as 
well as from a smooth strain of Salmonella gallinarum 
(15-8) were compared. At the first inoculation 0-1 ml. of 
endotoxin was injected into the egg air-chamber on the 
twelfth day of incubation. At the second inoculation 
0-2 ml. of endotoxin was injected on the first day after 
hatching out: On the day after revaccination, the chicks - 
were infected with a live culture of S. gallinarum by 
injecting 0-2 ml. of it (1-2 x 10° bacterial cells) subcutane- 
ously into the thigh region. Experiments were carried 
out on White Leghorns. Chick mortality was ohserved 
over a period of 21 days (see Table 1). It appears that 
all the preparations exercised a stimulating effect on 
the resistance of the chicks. On comparing the effect of 
the endotoxins of the rough and the smooth strain of 
Ẹ. coli, no statistically significant difference in the action 
of these preparations was found (in experiment» IT, 
38-1 and 48-6 per cent, 4°=1-88, P>0-05). Also there’ 
was no difference statistically between the effect of the 
endotoxins of E. coli and S. gallinarum (in experiment, m, 
31-5 and 48-6 per cent, y? = 2-35, P > 0-05). eee : 

It is clear that in the first 3 weeks of the life of a chick 
a noticeable increase in resistance to infection is brought 
about by preparations of S. gallinarum and Hy coli, 
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immune Surface of Eggs of a Parasitic Insect 


Armosr all foreign bodies introduced into the haemocoele 
of an. insect evoke a haemocytic reaction whereby they 
aré surrounded and encapsulated by blood cells. An 
exception is provided by certain parasites: the eggs and 
larvae of ichneumonid parasitoids develop in their usual 
hosts without causing any such reaction. The ability 
of eggs of Nemeritis canescens to avoid a defence reaction 
in caterpillars of Ephestia kuehniella was investigated by 
Salt+, who found that a property of the surface acquired 
by the egg during its passage through the genital ducts 
of the adult parasite enabled the egg to escape a haemo- 
cytic reaction. Salt traced the source of this protective 
property to a particular region of the genital tract, the 
calyx. 

Using the same strain of Nemeritis, I have been in- 
vestigating the surface of the egg and the cytology of the 
genital tract using an electron microscope. Sections 
through the calyx, but not elsewhere, show that the large 
nuclei of the cells are packed with many densely staining 
particles (Fig. 1). These particles are circular to oblong, 
surrounded by a unit membrane, and about 1300 A across. 
Itis not yet known what these particles are. 

Particles that seem to be identical are found in the 
cytoplasm of the calyx cells, usually at the periphery of the 





Transverse section through the calyx of an adult Nemeritis 
towards the outer edge of the calyx. The four nuclei included in this 
micrograph are packed with densely staining particles (= 5,880). 


Fig. 1. 
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Fig. 2. Transverse section through an oocyte in the duet, showing the 
outer coat of the egg and the particles (arrows). eh, Chorion; p, projec- 
tion; f, fibrillar material (x 26,600). 


cell bordering the lumen of the duct, and in the microvilli 
on that surface. Moreover, great numbers of particles are 
found outside the calyx cells, in the duct. These particles 
are similar to, though perhaps not identical with, those 
inside the cells. In size and electron density they are 
much the same; they are bounded by unit membranes, 
but their shape is sub-angular with three-, four-, or five- 
lobed profiles. These particles are found both free in the 
duct and on and in association with the outer coat of the 
egg. 

The surface of the egg has a structure which evidently 
allows a close and persistent association with the particles: 
The outer coat is composed of slender projections per- 
pendicular to the underlying chorion. These projections 
are continuous with each other at their bases, and they 
appear to be hollow. A finely fibrillar material is present 
on and between the projections, and it is in this material 
that the particles are found (Fig. 2). They remain on this 
outer coat of the egg as it passes down the oviduct and 
they are found on developing eggs dissected from the 
haemocoele of the host. 

Since the egg acquires these particles in the calyx, at 
that stage in its development when it becomes immune to 
the defence reactions of its host, the particles may well be 
concerned with the immunity of the parasite egg. Similar 
particles have been found on the surface of first-instar 
larvae of Nemeritis, which are also known! to elicit no 
reaction in Ephestia. Further work is in progress. 
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immunoglobulins and Transferrin in Marine 
Lamprey Sera 


GENERALLY, the immunoglobulins are considered to be 
the most basie proteins of all known animal sera and they 
have, at pH 8-6, the slowest electrophoretic mobility. 
While investigating the serum of the lamprey (Petromyzon 
marinus L.) we found in the gamma globulin region an iron 
(iron-59) binding proteint. 

To differentiate between transferrin and immuno- 
globulins we used different techniques, including the 
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evidence. for antibody activity in the gamma globulin 
of this animal. 
After the addition of ferric chloride labelled with iron-59 

to whole lamprey serum, radioactivity is found in paper 
_ electrophoresis at pH 8-6 in a narrow band of y2 mobility. 
Purified by chromatography, the lamprey’s transferrin? 
behaves as a single component in the ultracentrifuge with 
¿a sedimentation constant of 5-1 5. This transferrin has an 
isoelectric point of 9-1-9-2 and, after electrophoresis on 
starch gel, five distinct bands, each binding iron-59, are 
observed on the cathodic side of the insertion slit (Fig. 1). 
‘The electrophoretic mobilities of the five components 
© (Tf1, T£2, Tf3, Tf4, T£5) are not modified by the action 
of sialidase. Complete immunological identity of these 
five components is observed, however, in double diffusion 
with rabbit anti-whole-lamprey-serum. 
; Heteroagglutinins against human red cells have been 
found in eel sera and we investigated whether there is 
similar interaction between lamprey serum and human 
; erythrocytes. When sera of eighteen different lampreys 
were tested with human erythrocytes Al, A2, A1B, A2B, 
¿B and O half of these sera showed the presence of an 
anti-H agglutinin. 


TEI 23 45 
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TE2 TFS Tr 
Fig. 1. (A) Starch gel electrophoresis. (1) Isolated transferrin of 


lamprey showing five distinct components; (2) lamprey serum. (B) 

Immunological analysis of lamprey transferrin with rabbit anti-lamprey 

serum. The starch gel segment corresponding to transferrin (1) whole 

serum, (2) isolated transferrin, has been applied to agarose, This step is 
followed by diffusion of the immune serum, 


To prove the antibody character of this agglutinin we 
injected intramuscularly 1 ml. of human O blood into 
each of eleven lampreys, twice weekly for 8 weeks. 
‘Table 1 shows that the anti-H titre of these sera were much 
higher than the anti-H activity of the non-immunized 
animals. No precipitating antibodies against human 
serum proteins have been observed, however. 

When lamprey serum is submitted to analytical ultra- 
centrifugation four different components are observed 
~ {Table 2, information supplied by Professor J. Tonnelat). 
When serum from immunized animals is submitted to gel 
filtration on ‘Sephadex G-200’, four fractions are separated 
aswell. The anti-H agglutinin is only found in the first 


two fractions which correspond to the heaviest components 
S3 and S4. The isolation of the y globulins cont P 
anti-H has been achieved by ion-exchange ‘chromato 
graphy*. In the experimental conditions most of 
serum proteins are adsorbed on DEAE cellulose at pH 
with 0-01 molar sodium phosphate buffer with the excep- 
tion of a fraction containing immunoglobulins: and 
ferrin. The non-adsorbed fraction is then. subm 
chromatography on CM-cellulose with the same’ 
pH 6-5 leaving the fraction containing the anti. 
adsorbed at 0-005 molar, whereas transferrin is. 
by the ion-exchanger. The latter protein can be 
0-2 molar of the same buffer pH 6-5 and shows no 
tinating activity when tested with human red cell 
The fraction containing the anti-H. activity’ sh 
mobility of yl globulin after paper electropho 
pH 86. In starch gel‘ using the discontinued 
system? the anti-H is migrating on the anodic sid 
insertion slit, whereas the transferrin moves to the cat: 
side. After immunoelectrophoresis the anti-H’ immi ; 
globulins show a single precipitation line with rabbit: 
anti-lamprey serum’. The line can be identified: in’ the 
pattern of whole lamprey serum on the anodi¢ side of 
transferrin and shows no immunological connexion with. 
the former. The immunoglobulin fraction iş hetero- 
geneous after gel filtration on ‘Sephadex G-200. Two © 
molecular populations with different diameters are 
separated, both of them with anti-H activity. oe 




















Table 1 


Number of sera containing anti-H 





Number of activity in slide test at 87°C =—- No-anti-H. 
individual Undiluted Diluted serum activity 
sera tested serum 1/5 1/10 Par Rean 
Non-immunized 18 8 1 0 9 
lampreys 
Immunized 1 1 5 5 a i 
lampreys us 
Table 2 : 
S; Be Bs M 





Lamprey serum 109. 22%. 


n.10 = 1-04 Ee 
Analytical ultracentrifugation of lamprey serum for 73 min at 67,770 rpm. *. 
and 20° C and pH 7:3. Ces 


29 64% 48 6% 66 8% 


The synthesis of antibodies has been investigated by. 
Papermaster et al.’ in the lamprey after immunization. by 
bacteriophage T2 or haemocyanin. Only weak immuno-: 
logical reactivity has been found. The isolation ‘of the 
protein rich in anti-H activity from lamprey serum is 
evidence for the immunological competence of the lower 
vertebrates. The follow-up investigations of the animals: 
kept at 16°-18° C during the period of immunization 
showed increasing anti-H titres. Sugishita® has shown the 
presence of natural anti-H agglutinating in eel serum with. 
a sufficiently high titre to allow its use as a test serum for 
the differentiation of human sub-groups A. It is interest- 
ing to state the presence of an anti-H agglutinin in an 
even more primitive fish than the eel, although the natural. 
activity found in the latter is as high as the titres observed 
in the immunized lampreys. The presence of anti-H 
agglutinin in two populations of immunoglobulins with 
different molecular parameters shows a surprising parallel 
with the distribution of blood group antibodies in human 
Sera. 

The presence of transferrin has been shown in sera of 
numerous fishes. The present investigation shows the 
existence of this protein in fish as primitive as eyclo- 
stomes. Furthermore, the lamprey’s transferrin has cer- 
tain structural particularities. The microheterogeneity of 
transferrin observed after starch gel electrophoresis is- 
unrelated to the molecular parameter of the. different. 
components as they behave as a single fraction 
filtration and analytical ultracentrifugation. The 
electric point of this transferrin might be the 
least partially, the absence of sialic acid in the p 
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charidie- chains, an absence. which. has already been 
demonstrated in the transferrin of the dogfish®#*. 
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BIOCHEMISTRY 


Optical Rotatory Dispersion of Double- 
stranded RNA 


A ROLE in replication’ has been proposed for the double- 
stranded RNA isolated after infection of cells with single- 
stranded RNA virusest. It is therefore interesting to 
investigate the structure of this unusual complex in 
solution. 

‘Single-stranded RNA was isolated from purified MS2 
bacteriophage using the method of Strauss and Sins- 
heimer®. Double-stranded MS2 RNA was isolated by the 
method of Franklin®. The existence of the double-stranded 
structure was determined by ribonuclease resistance and 
sharpness of the thermal “melting” eurve*?, 

The optical rotatory dispersion of single- and double- 

stranded MS2 RNA is shown in Fig. 1. A marked simi- 
larity in Cotton effects is apparent. This suggests that the 
long intermolecular helices of the double strands and the 
short intramolecular helices of the single strands? have the 


+ 20,000 
+ 16,000 
+ 10,000 


+ 5,000 





200 220 240 260 280 300 320 340 
Wavelength (my) 
Fig.1. Optical rotatory dispersion of M82 RNA. , Double-stranded 





RNA in 0-1 molar sodium chloride, 0-05 molar tris, 1 mmolar EDTA, 
pH 7-0, —~~, Single-stranded RNA in 0-1 molar sodium chloride, 0-06 
molar sodium phosphate buffer, pH 7-0. Use right ordinate below 215 my. 
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same geometry. This is probably the CA” helical form of 
DNA foundin RNA fibresexamined by X-ray diffraction?” 
In addition, the double-strand curve shows a new peak at 
276 my and a more laevorotatory peak at 228 mu relative 
to the single-strand curve. Sarkar and Yang have shown 
that, unlike helices formed by polyadenylie acid complexed 


with polyuridylic acid", helices formed by polyguanylie ee 


with polycytidylic acid have a peak at 276 my and a 
laevorotatory peak near 230 mu ([a]m — 7,000), Al- 
though rotational influences caused by non-complementary 


base interactions cannot be ruled out, the main differences. = 


between the curves are consistent with those expected 
from inereased guanine-cytosine base pairing. 
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Inhibition of Protein Synthesis in Rat 
Intestinal Slices by Tetracycline 


THE tetracycline group of drugs have been found to inhibit 
protein synthesis in in vitro systems composed of ribosome 
and supernatant fractions derived from microbial as well 
as mammalian cells‘. It has also been reported that 
chlortetracycline reduces the in vivo incorporation. of 
%8-methionine into liver, spleen, kidney, and gastric 
mucosa proteins in the rabbit‘. In this report tetracycline 
was administered to rats and intestinal slices were later 
tested in vitro for incorporation of MC-1-leucine into 
protein. Tetracycline clearly inhibited protein synthesis 
by rat jejunal slices. 

Female Wistar rats weighing 140-160 g were fasted for 
16 h and given either saline (controls) or tetracycline 
(400 mg/kg body weight) intraperitoneally. After 4 h 
the animals were killed and the small bowel rinsed in situ 
with 50 ml. of ice cold 0-85 per cent sodium chloride. The 
upper half of the intestine was everted over a glass rod and 
intestinal slices prepared from the proximal 25 em of 
small bowel. Six jejunal slices weighing between 0-40 
and 0-50 g were added to each incubation flask, which 
contained the following: 0-5 ml. of five-fold concentrated 
low calcium Krebs-Ringer bicarbonate buffer, pH. 7-4, 
1:0 ml. of 0-15 molar sodium bicarbonate, 7-5 moles 
glucose in 1-0 ml, water, and 0-1 ue. of “C-1-leucine 
(275 me./mmole) in 0-5 ml. water. The incubations were 
earried out at 37° C with continuous shaking and gassing 
with 95 per cent oxygen -5 per cent carbon dioxide for 1 h. 
The reaction was stopped by adding 4 ml. of 10 per cent 
trichloroacetic acid (containing 10 mg of carrier leucine) 
and the contents of each flask were homogenized. The 
protein precipitates were washed 3 times with 4 ml. of 
cold trichloroacetic acid and dissolved in 2-0 ml. of ‘NOS: 
solubilizer. Triplicate aliquots of the dissolved precipitates 
were added to a counting solution deseribed by Tye and 
Engel’, and assayed for radioactivity in a liquid seintil- 
lation spectrometer. Quenching was corrected for by using 
4C-toluene as an internal standard. i 
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Salle t. EFFECT OF TETRACYCLINE ON INCORPORATION OF “C-L-LEUCINE 
; INTO PROTEIN BY RAT JEIUNAL SLICES in vitro 


Experimental No. of 
group studies 


Per cent 
inhibition 


Incorporation of “C-L-leucine into 
protein 


(c.p.m. x 109/0-5 g (upmoles/0-5 g 
x jejunal slices*) jejunal slices) 
os Control 12 62-92 14-54 155-2 + 36-6 
Tetracycline 10 4444104 109-5 + 21-6 29 
P value <O-01 <0-01 


. * Intestinal slices were prepared from the proximal 25 em of rat small 
intestine. The dose of tetracycline was 400 mg/kg body weight given intra- 
peritoneally. 


+ Meant 1 SD, 


The effect of tetracycline on protein synthesis by rat 
intestinal slices is shown in Table 1. There was a sig- 
nificantly decreased incorporation of “C-leucine into 
protein by jejunal slices obtained from tetracycline 
treated rats as compared with controls (109-5 versus 
155-2 uumoles/0°5 g slices, P< 0-01). 

The data obtained clearly indicate that tetracycline 
treatment may result in inhibition of protein synthesis in 
the intestinal mucosa. Present evidence suggests that this 
effect of tetracycline may be caused by inhibition of amino 
acyl-sRNA binding to ribosomes? *. It is of interest that 
tetracycline and cycloheximide, an antibiotic which also 
blocks the incorporation of amino acyl-sRNA into ribo- 
somal protein, have both been found to inhibit the in- 
testinal absorption of iron? *. The blockade of iron trans- 
port resulting from treatment with these antibiotics 
might be caused by impaired synthesis of a carrier protein 
or polypeptide which is important in regulating iron 
absorption. 

This work was supported by a grant from the U.S. 
Public Health Service. 
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Nerve Growth Factors and a Thymus 
Inhibitor, Separation by Tissue Culture on 
Acrylamide Gel 


Exrracts of the submaxillary gland of male mice induce 
hyperplasia of sensory and sympathetic ganglia in chick 
“embryos; the effect can be duplicated on explants of 
sensory ganglia in vitrol?, When injected into newborn 
mice, the same extracts lead also to runting, retardation 
of coat development and sundry abnormalities of growth’ *. 
Because such varied effects are unlikely to be caused by a 





























Fig. 1, Glass cell used for cultivating tissues on slices of acrylamide gels. 
A strip of gel is placed in the cell cf, then spacer s and coverslip ¢ are 
sealed in place with 50° C melting-point paraffin wax. 





Fig. 2. 


Photomicrographs of sections of female (F') and male (H) mouse 

submaxillary glands. In the male gland the granular ducts d predominate 

over the acinar elements a, while the ducts in the female are less 
conspicuous and possess few granules. Mallory stain, x 330, - 


single substance, we sought to isolate and to assay 
separately the effective components of salivary glands. To 
this end the extracts were stacked and run on acrylamide: 
gels (L. Ornstein and B. J. Davies, personal communica- 
tion), and a method was developed whereby target cells 
could be cultured directly on these gels. The presence of 
several growth regulating substances has thus. been 
recognized: two distinct bands of “nerve growth factor’, 
one band containing an inhibitor of nerve growth, and one 
band causing inhibition and lysis of thymie cells. , 

About 0-02 ml. of an aqueous tissue extract was applied 
to 50 mm x 5 mm columns of 7-5 per cent acrylamide 
gel using the buffer systems of Jovin, Chrambach and 
Naughton‘. After 90 min running at a potential gradient 
of 30-40 V/cm at room temperature the gels were removed, 
sliced lengthwise’ and soaked for 10 min in an isotonic 
saline containing 50 ug terramycin/ml. Of the 0-5 mm 
thick slices one was stained with amido black to locate 
the various bands, the rest were drained and laid out. in 
culture cells (Fig. 1). Contiguous explants-—sensory 
ganglia from 8-12 day chick embryos or fragments of 
thymus from newborn mice-—-were placed along the length 
of the gel and covered with a thin layer of chick plasma. 
The cell, sealed with a large coverslip resting on a spacer 
frame, was incubated at 38-5° C for 2 days. At the end of 
this period the spacer was discarded, the outgrowth over- 
laid with clotted plasma, the coverslip replaced and the 
preparation examined under phase contrast (Figs. 4-6). 
It was found that cells spread out rapidly from the ex- 
plants and formed well spaced monolayers on acrylamide 
gels. This holds even for ganglion cells which show little 
tendency to migrate on glass. 

Crude extracts of submaxillary glands yielded four major 
bands on electrophoretic separation; three of these 
markedly stimulated nerve growth. The first two are 
grouped together as N1 in Fig. 3 because activity stimulat- 
ing nerve growth occurs consistently over this region in all 
the gels we have prepared from whole or fractionated 
submaxillary glands (see Fig. 3). The third band is regis- 
tered as N2, and shows less constancy in the fractionation 
of this gland. Over these two main regions N1 and N2 
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the cells migrated extensively, many of them enlarged and 
differentiated into typical neuroblasts. Most of these cells 
displayed a single process (neurite) which wandered over 
the surface of the gel (compare Fig. 5a). A few cells were 
seen to put forth two or three neurites. Over the rest of 
the gel ganglionic growth was not enhanced, and in one 
region (I in Fig. 3) there was clear inhibition of migration, 
and lysis of the cells. 

Mouse submaxillary glands show sexual dimorphism®. 
The cuboidal epithelium of the short intercalary ducts is 
packed with large dense granules in the male (M in Fig. 2); 
in the female scarcely any granules can be seen (F in Fig. 
2). Levi-Montalcini and Angeletti? have shown that a 
fluorescent antibody against the nerve growth factor 
specifically stained the cuboidal epithelium. Male glands 
contain about ten times as much nerve growth factor as 
female glands*. Testosterone treatment. raises the growth 


N2 





a b o 


Fig. 3. Stained acrylamide gels after electrophoresis of extracts of 
male mouse submaxillary glands. The ‘‘pherogram” of whole gland is 
shownin a, that of isolated granules in b and solution of the granules in e. 





Fig. 4. Differentiating neuroblasts spreading from the edge of a sensory 
ganglion from a 10 day old chick embryo, explanted on to a slice of 
acrylamide gel. Water immersion, phase contrast, x 660. 
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Fig. 5. Differentiation and neurite formation in neuroblasts migrated 

over a band rich in nerve growth factor (N1 in gele, Fig. 3). A cell with 

well developed neurite (line) is shown in e, while b represents a field of 

greater growth stimulation, where almost every cell has put out at least 
one process (lines), Water immersion, phase contrast, x 660. 





factor content and the concentration of granules in 
female glands, while castration leads to a loss of both in 
male glands. This impressive correlation between nerve 
growth factor and granules prompted us to isolate the 
granules and test their active components. 

Glands from adult male mice were taken up in 0-25 
molar sucrose, treated in a Potter homogenizer for 90 sec, 
filtered through muslin and centrifuged at 3,000g for 20 
min. The white upper layer of the pellet was removed, 
suspended in the supernate and washed by twice deposit- 
ing it from twenty times its packed volume of isotonic 
sucrose. On microscopic examination, the final preparation 
was seen to consist almost exclusively of granules. These 
granules are stable at pH 7 or above, and are not affected 
by the common oxidizing agents, detergents, thiol re- 
agents and urea. At pH 5 or below they disintegrated and 
dissolved on stirring. 

When whole granules or solutions of granules were 
electrophoresed, they gave rise to two major bands (N1 
and T in Fig. 3b and ¢). Ganglia grown over the slower 
moving band (that corresponding to N1 of the crude 
gland extracts) proliferated extensively, the outgrowth 
consisting of differentiated neuroblasts, nearly all sending 
out meandering neurites (Fig. 5b). When ganglia were 
grown on gels prepared from very concentrated granule 
solutions, neuroblastic development was accompanied by 
considerable abnormalities. Clubbing and ballooning 
of the neuroplasm were common, with some cells sending 
out multiple processes and lysing. Gels of purified granule 
preparations did not possess zones where inhibition of 
neural growth could be observed. 

These tests show that only one of the nerve growth 
factors, N1, is located in the granules. Whether N2, 
the other nerve growth factor, is a different chemical entity’ 
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- Fig.8. Thymocytes from newborn mouse thymus ex lanted on to acryl- 
amide gel of mouse submaxillary granules. Normal thymocytes in an 
indifferent region of the gel are shown in a, while in b, which was photo- 
graphed over band T (compare Fig. 3), most of the cells are lysed. Water 

immersion, phase contrast, x 660. 


or merely a dissociation product of N1 cannot be decided 
on the evidence available. Nor is it known whether N2 
and I, the neural growth inhibitor, oceur in the cytoplasm 
of the same cells which also contain the granules. 

When fragments of the thymus of newborn mice were 
explanted over electropherograms of crude salivary gland 
extracts, a good spread of cells could be observed over all 
regions which either promoted or inhibited neural growth. 
The outgrowth was made up of a few large, granular 
epithelioid cells and many mature lymphoid elements 
(Fig. 6a). In one region (T in Fig. 3), however, little or no 
imigration occurred, and in due course even the few cells 

© that left the explant in this area were completely lysed 
(Fig. 6b). The explant itself was yellowish, opaque and 

necrotic in this region. Both the purified granule prepara- 


‘tions yielded a band corresponding to T, giving rise to 


similar inhibition and lysis of thymic cells found. 
When solutions of purified granules were injected into 


newborn mice (about 0-2 mg/day), the syndrome of runting 


and developmental abnormalities found after administra- 
tion of crude salivary extracts could be observed. Because 
isolated nerve growth factor does not cause such effects, 
‘awe suggest that the runting syndrome is related to the 
thymus-destroying properties of protein in band T 
-extracted from the granules. 
“" Thus the granules from the intercalary ducts of the sub- 
maxillary glands of male mice contain two major active 
components. One of these is the specific stimulator of 
nerve growth, the other is an inhibitor of thymie develop- 
ment. Two further factors, one enhancing and the other 
inhibiting neural development, can be isolated from 
extracts of whole salivary glands but must be located 
outside the granules. The success of the isolation and 
assay of these components rests on two special features 
of the method described. First, the surface of acrylamide 
gels favours active spread of cell and this allows close 
study of selected populations. Second, electrophoresis in 
discontinuous buffers yields well separated, thin bands of 
active substances and the target cells growing directly 
over these bands are exposed to very high local concentra- 
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tions of the potential regulatory factors. For these reasons : 
the method should find ready application in detecting an: 
analysing biologically active agents in other situati 
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Variation with Age of N-Acetyl-2-glucos- 
aminidase Activity in Rat Liver 


N-AcErv-6-ghicosaminidase is a lysosomal enzyme found 
in a variety of mammalian tissues. Its distribution and 
localization have been described by several workers'~‘, 
Like many of the recently described lysosomal enzymes, 
its biological function is not yet known. During attempts 
in our laboratory to induce this enzyme in rat liver, a 
marked variation in the amount of enzyme in normal rat 
livers was found. This variation seemed to have a constant 
relationship with the age of the animal and liver weight, 
higher levels of enzyme being obtained in the younger 
animals and smaller livers. i 
Because a similar relationship was suggested by Conehie. 
et al.2, who found that infant tissues contained equal or 
higher values than adult tissues for various glucosidases, _ 
further work was carried out in an attempt to clarify the- 
nature of the difference. Sprague-Dawley male albino — 
rats, weight 100 g, were used. After receiving an intra- > 
peritoneal injection of 2 ml. of sterile pyrogen-free 0:9 
per cent sodium chloride solution, two or three animals 
were killed at various times thereafter. The livers were 
weighed, suspended at 5 per cent w/v of 0-34 molar sucrose. 
and homogenized in a Waring blender for 1 min. Portions. 
of the homogenates were then frozen and thawed. six 
times. Samples of the homogenates, before freezing and 
thawing and after freezing and thawing, in duplicate and’ 
at proper dilutions, were assayed for N-acotyl-B-glucosa- 
minidase activity. The residual portions of the homogenate 
were stored at — 15° C. One week after the last animals 
had been killed, samples of the stored homogenates were 
reassayed simultaneously. N-Acetyl-6-glucosaminidase: 
activity was determined by the method of Walker et al.’ 
using p-nitrophenyl N-acetyl-8-glucosaminide as the 
substrate. a 
The results of the experiments are shown graphically in: 
Figs. 1 and 2. A significant decrease in level of enzyme 
activity in unit weight of liver tissue oceurs throughout 
the experimental period when samples are assayed before 
storage. The rate of this decrease is more pronounced 
during the initial 3 days and is less striking thereafter. 
This initial drop is paralleled by a fall in the total activity 
of the enzyme in the liver. The total activity in the liver 
levels off after the first three days, however. Reassay of the 
samples after storage at — 15° C shows that the initial 
steep decrease tends to disappear and the rate of drop to . 
become more gradual. When the total liver activity: i 
calculated, the levels obtained on the animals killed | i 
ninth and twelfth days are about equal to: t 
obtained on the first day. Table 1 shows the per 
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increase. in assayable. enzyme ‘after. storage at 16° 0o 
As can be seen, the first samples show no appreciable 


difference in assayable enzyme. A moderate increase 
occurs on the second day followed by a marked increase 
on the fourth, ninth and eleventh days. 


Table 1. PERCENTAGE INCREASE IN ENZYME AFTER STORAGE 
Units per gram tissue Units per total liver 


Animal 
illed Before After Increase Before After Tnerease 
on day storage storage (percent) storage storage (per cent) 
1 274 30-0 5 170 176 3 
2 24-3 316 30 123 155 26 
4 148 27-4 85 81 145 79 
9 Ls 22-0 86 92 179 95 
12 pl 17-0 85 83 151 82 


Although the initial findings on the samples assayed 
before storage at ~ 15° C suggested a drop in enzyme 
activity associated with age, the levels found eventually 
after storage suggest a different interpretation. That the 
enzyme activity on reassay after storage rises to approxi- 
mately equivalent levels in all samples implies that a 
portion of the enzyme is produced in older animals in an 
“inactive” form. Several causes are possible for this 
“inactive” form. The first possibility relates to the degree 
of latency associated with particle or lysosomal binding of 
the enzyme as suggested by Conchie and Hay*. To invoke 
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Fig. 1. Levels of N-acety!-8-glucosaminidase in homogenates of rat liver 
tissue, Values in this figure were obtained on samples assayed on the 
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day the animals were killed. ~~~, Assay after freezing and thawing 
(units/g of tissue); —-—----, assay without freezing and thawing (unite/g 
oof tissue); ~, total liver activity computed on the basis of liver 
weight. 
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Fig. 2. Levels of N-acetyl-6-ghicosaminidase in homogenates of rat liver 
tissue. The values represent the enzyme levels obtained after storage of 
the homogenates shown in Fig. 1 at —15° C for periods of 1-2 weeks, 


==, Assay after freezing and thawing: , Assay without 
freezing and thawing; ~~~, total liver activity, 
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this possibility, oe has to assume that the enzyme is- ae 


initially produced inthe soluble form and. becomes 
associated with lysosome later in life. The objection to this 
possibility lies in our finding that freezing and thawing 
consistently made no difference to the levels of enzyme 
obtained before and after storage. The alternative possi- 
bility would be to propose that the lysosome produced in 


the younger animal is more susceptible to lysis by freezing 


and thawing than the lysosome produced in the older 
animal. Other possibilities are that an inhibitor is pro- 
duced or accumulated in the liver of older animals or 


that the enzyme is produced in the form of a precursor. 2 


Further experiments are needed to determine which of 
these possibilities applies here. ee 
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Antidotes in Anticholinesterase Poisoning 


CERTAIN alkyl phosphates, including a number of widely 
used insecticides, are toxic to animals, because they 
irreversibly inhibit acetylcholinesterase’. Acetyleholin- 
esterase (AChE) is reputed to possess an anionic site, 
which promotes the catalytic activity by binding and 
orienting substrates containing a cationic group, and an 
esteratic site where the hydrolytic process takes place. 
The interaction between alkyl phosphates and AChE 
yields phosphorylated AChE which is devoid of esterase 
activity. The inhibited enzyme can be reactivated. by 
nucleophilic substances which displace the phosphoryl 
group from the enzyme. The high reactivating potency of 
pyridine-2-aldoxime methiodide (2~PAM) was first re- 
ported by Childs et al.* and Wilson et al.*. The latter 
authors! attributed the outstanding activity of 2-PAM to 
binding of its quaternary ammonium group to the anionic 
site of phosphorylated AChE, and to a suitable orientation 
of the reactive oximino group for displacement of the 
phosphoryl group from the esteratic site. 

Poziomek et alë and independently Hobbiger et al. 
have described trimethylene bis(4-hydroxyiminomethyl- 
pyridinium) dibromide (TMB-4) and this is said to be the 
most effective reactivator so far discovered. To explain 
the notable activity of TMB--4, Hobbiger et al.’ postulated 
the existence of a second site on the enzyme surface to 
which one of the quaternary pyridinium groups of the 
dioxime would be attached. According to the Hobbiger’s 
postulate, it appears that the second 4-hydroxyimino- 
methylpyridinium moiety in TMB-4 is not necessary and. 
can be replaced by various quaternary ammonium groups, 
Thus we have examined fifteen compounds with the 
general structure shown below in which we have varied 
the nature of the second charged group A+. These com: 


HON=CH—/ SSN*—CH,CH,CH,—4* » 2Br- 


pounds are 1-(quaternary ammonium)-3-(4-hydroxy- 
iminomethylpyridinimium) propane dibromides and they 
have been tested for their effectiveness in restoring the 
activity of AChE inhibited with tetraethyl pyrophosphate 
(TEPP), for their acute toxicity and for their ability to 
save the lives of poisoned mice. eega 
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5 Table A _REAOTIVATING POTENCY AND TOXICITY OF 











C HONK DR COLCHCH, A -2Br- 
Roy LDav 
A* {x10 molar) (mmoles/kg)  LiDiyo/ R Can 
S 
ï (CH,),N = 35l 2-05 0-584 
+ 
(CHIN(C,H;)s 2-07 1-16 0-560 
CHAN(C\H,OH); 3-16 74 0-551 
(CH) N — 200 0-630 0315 
: 
(OHN CHOH 2-48 0-782 0315 
+ 
CHEN CHOWD, 207 146 0-704 
; C 
VII S ae 140 0-887 0-634 
/ 4 MCH 
VIEL i 1-13 621 -55 
aed 0-8 0-550 
an CH, 
F 
Ix 2 1-87 0-858 0-459 
a 
“ + “OHO 
x Se 145 0-468 0-323 
N 
“+ CH, 
@ 
XI 2 110 0-613 0-587 
N 
74 CH, 
a 
xn a, 2-00 0-768 0-384 
N 
4 4 CHOW 
o 
Z N 
XIN > A 257 3-13 r2 
s< 
TOH, 
o 
eo Ss 
| | 
XIV a 170 186 109 
>< 
a+, 
CH 
0 
: ( `x 
Xy 4 310 220 0-709 
Sx 
+ C\H,OH 
TMB-4 0-098 0-206* 2-10 
2-PAM 2-70 0-918* 0-389 


* See ref. No. B. 


«os Washed human red cells were used as ACHE. ACh and intact, inhibited or 
“reactivated AChE were allowed to react in a phosphate buffer, pH 7:3~-7-4 
for 30 min ‘at 37°C, and the remaining ACh was determined by the method 
of Hestrin, Percentage reactivation was calculated from the equation 


percentage reactivation = 100 (B-4)/(B-C) 


coo Wwhere A, B and O represent respective amounts of remaining ACh when 

TEPP and AChE were allowed to react for 5 min at 37° C, oxime solution 

added and the mixture allowed to stand for 5 min at 37° ©, followed by the 

addition of ACh, when phosphate buffer was replaced for the oxime solution 

in the above procedure, and when water was used in place of TEPP in the 

“second proconure The degree of dilution of erythrocyte suspension was that 

ät which about 90 per cent of ACh is hydrolysed and the concentration of 

O SEPP {1x107 molar) was that at which about 100 per cent of AChE activity 

ois-inhibited. Each figure was derived from the mean of two independent 
experiments. 








For toxicity tests the oximes were dissolved in distilled water and given 
intraperitonealty ; six mico were given each dose. A geometrical progression 
of oxime concentrations was used with a difference of 1-5 between. any given 
dose and the next higher dose. The L.D.4, was caleulated according to the 
method of Behrens-Kiarber. 













Concentrations of various oximes required for 5 
cent reactivation (R.C.9) (Table 1) were determined fro 
curves obtained by plotting percentage reactivation aga 
concentrations of each oxime. As is obvious. from a 
parison between compounds I and II, the reactivating 
activity is enhanced by increasing the number of car 
atoms in the alkyl chain attached to the nitrogen atom o 
the quaternary ammonium group. The same applies to 
the following pairs of compounds VII and VIII, X and 
and XIII and XIV. The introduction of a hydr 
group into the alkyl chain reduces the reactivating po! 
as shown by the following pairs of compounds, IL an 
IV and V, VIII and IX, XI and XII, and XIV 
Furthermore, comparison of X with XII, XI w 
and XII with XV reveals that the introduction 
ether linkage into the heterocyclic ring also diminishes 
reactivating activity of oximes. i 

Table 1 also shows the acute toxicity (L. Dao) of. ; 
oximes. As can be seen from this table, the relation 
between Z.D.;, and chemical structure is with the ẹex- < 
ception the same as that between the reactivating activity 
and chemical structure. An increase in the number of | 
carbon atoms of the alkyl chain raises the acute toxicity — 
(compound XI being an exception) and the introduction 
of a hydroxyl group into the alkyl chain or of an ether 
linkage into the heterocyclic ring lowers the toxicity, 

Compound XITIT showed the highest ratio. of L.Dese ; 
to R.C. Thus, we tried to treat poisoned mice with this 
oxime. It was found that compound XII was more 
effective than 2~-PAM or TMB-4 in protecting mice against 
lethal poisoning with methyl parathion (Figs. 1 a-c and 
Table 2) and dimetilan (Table 2), and showed. almost 
the same efficacy as TMB-4 and 2-PAM against lethal 
poisoning with parathion (Table 2). Compound XIM 
and TMB--4 were equally effective against lethal poisoning. 
with 2,2-dichlorovinyl dimethyl phosphate (DDVP) 
(Fig. ld) but both failed to protect against lethal poisoning = 
with ethyl 4-nitrophenyl phenylphosphonothionate (BFN). 

When 66-6 mg/kg (2 x L.D.,9) of methyl parathion were __ 
injected, it was not possible to get complete protection 
with 2~-PAM whereas a 100 per cent survival was obtained E 
with 13-2-44-4 mg of TMB-4/kg and 115-583 mg of 
compound XIH/kg (Fig. Ia). When 99-9 mg/kg 3x 

D.59) of methyl parathion were given, TMB-4 and- 
compound XIII showed 100 per cent protection in the > 
dose range of 30-40 mg/kg and 259-583 mg/kg, respec- 
tively (Fig. 1b). When 133 mg/kg (4x D.D.59) of methyl 
parathion were given, TMB-4 and compound XIII also 
failed to give complete protection, but 389-1,010 mg of 
compound XIII/kg protected at least half the mice 
whereas TMB-—4 failed so to do (Fig. le). 

When 30-6 mg/kg (2x £.D.5,) of DDVP were injected, 
2~PAM could protect less than 50 per cent of the injected 
mice whereas this degree of protection was obtained with- 
10-1-49-5 mg of TMB~4/kg and 265-1,070 mg of com- 
pound XTIT/kg (Fig. 1d). The figure also shows that the 
effectiveness of TMB-4 and compound xT against i 
lethal DDVP poisoning in mice is comparable. The | 
effectiveness of the oximes against lethal DDVP poisoning 
however, was inferior to that against lethal methy 
parathion poisoning. This is in accordance with’ t 
finding that the maximum reactivation of DDVP- 
inhibited AChE obtainable with TMB—4 amounts to only 
10 per cent. 2~-PAM, TMB~4 and compound XTIT showed 
no antidotal effect against 86-6 mg/kg (2 x L.D.55) of EPN 































Table 2, EFFECT OF OXIMES ON LETHAL POISONING BY PARATHION, METHYL 
PARATHION AND DIMETIDAN 


Methyl 
Oxime Dose Parathion parathion Dimetilan 
(mg/kg) 28:5 mg/kg 133-2 mg/kg 12 mg/kg 
None - 0/20 0/20 0/20... 
2-PAM 120 12/20 ~ 8/20 
TMB-4 46 15/20 4/20 DRO: 
XINH 65 17/20 13/20 20/20. 


Method as described in Table 1. Results are number of mice surviving for K 
7 days/number of mice used. 
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when. the oximes were gi 
administered immediately, 
of EPN. ' 
“Additional experiments in which a half the Es D. of 
the oximes was used were performed with methyl para- 
thion. (4x L.D.50), parathion (3x L.D.59), and dimetilan 
(3 x L.D.59) in order to know whether there is any statis- 
tically. significant difference among them. Difference in 
effectiveness was significant at the 2 per cent level be- 
tween. compound XIII and TMB-4 against lethal methyl 
parathion poisoning and at less than the 0-1 per cent level 
between compound XIIL and TMB-4 and between com- 
ost Di and 2-PAM against lethal dimetilan poisoning 
e ) 
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Fig. 1. Male white mice (dd) weighing between 18 and 22 g were inject ted 
‘subcutaneously with methyl parathion or DDVP and emulsifier in dis- 
‘tilled water.: Immediately after this, the oxime dissolved in distilled 
water was injected intraperitoneally. The volume of each injection was 
about 0-2 ml, The number of deaths in grow ipso of aie mice aring x daya 
after the injection of the oxime was recorde 

x, AII. Treatment against, lethal poisoning reg pee Conte 
2x D.D. asa (a); 3X LDisy (b); „se (c), ‘Treatment A nst lethal 

poisoning i DDVP: 2x L.D (2). 


nin four equal small doses. : 


1 b, 2 h, and 3 h after injection = University, and Dr. Kiichi Ueda, Tokyo Dental College, : 
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Cesticidal Action of Dipheny!l Sulphone 
4 : 4’-Di-isothiocyanate 


In a search for an easily administrable cesticidal drug 
with a high therapeutic index, many compounds ‘have — 
been screened in this laboratory against the tapeworm 
Hymenolepis nana. One of the compounds thus screened, 
diphenyl sulphone 4: 4’-di-isothiocyanate, seems to. be 
very promising. This communication reports the cesti- 
cidal activity of this compound. 

Diphenyl sulphone 4 : 4’-di-isothiocyanate was supplied 
by Dr. R. N. Iyer, of the Medicinal Chemistry Division. of. 
this Institute. The compound is insoluble in water, acid -> 
or alkali. i 
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The strain of Hymenolepis nana used in these investie 
gations was obtained from the Wellcome Laboratories of 
Tropical Medicine, London. The infection is being main- 
tained in our laboratory both in mice and rats, though 
the newly weaned rats of the University of Freiburg > 
strain are more susceptible’. As a routine all compounds 
were initially sereened in vitro by the method of Sen and 
Hawking?. Those compounds found to be active were then — 
tested in vivo by the technique of Steward?. Results of _ 
in vitro screening could not always be relied on, partions = 
larly when the compounds did not go into solution with 
the broth. In such cases the compounds were screcned- 
in vivo using an arbitrary dose of 250 mg/kg which gave 
a rough idea about the toxicity and therapeutic efficacy: 
of the compound. A compound which was not effective 
in 250 mg/kg was considered unlikely to be effective in’ 5. 
a larger dose. Further experiments were carried out to. 
find the maximum tolerated dose and the minimum — 
effective dose of compounds which were effective. The | 
dose which reduced the average score in the treated — 
animals to one tenth or less of the average score in the, 
untreated controls was taken as the minimum effectiv 
dose. 

This isothiocyanate compound, when screened in vitr 
against H. nana, was found active only at a dilution e 
10-*, but it was very effective in vivo both in rats and 
mice (Table 1). The minimum effective dose was 100: 
mg/kg in rats and 10 mg/kg in mice. The maximum _ 
tolerated oral dose in mice was more than 2-7 g/kg. As: 
such the therapeutic index of this compound compares 
favourably with other cesticidal compounds known so- 
farit, In another experiment when the compound wasi 
administered in two or three divided doses it cleared all. | 
the worms from treated rats, even those given a dose of > 
25 mg/kg. ay 

To determine whether this compound was active against ee 
larval tapeworms, the following experiment was carried 
out in rats. The compound was given to the rats orally. 
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Mable 1. SUMMARY OF THE in vivo TESTS 














i: Dose WER p Average 
(mg/kg) ‘Response score Remarks 
Rats. 
8/3 0-0 Active 
0/3 106-0 
4/5 67 Active 
0/5 109-0 
9/10 2-0 Active 
0/5 176-0 
5/5 0-0 Active 
0/3 77-0 
3/3 0-0 Active 
0/5 99-0 
4/8 6-8 Active 
0/5 176-0 
5/5 00 Active 
0/3 770 
5/5 0-0 Active 
0/3 175-0 
3/8 38-0 Incompletely active 
Mio TIS Tneompletely actt 
E neompletely active 
Control 0/5 91-1 Peay 
<25 {in two divided doses) 4/4 0-0 Active 
“Contro _ 0/4 716 
25 (in three divided doses) 5/5 0-0 Active 
Control 0/4 71-6 
h Mice 
e100 afd 0-0 Active 
2) Control 2/5 38-0 
pO 5/5 00 Active 
Control 2/5 38-0 
50 5/5 00 Active 
Control 1/5 43-0 
LO 6/6 0-0 Active 
Control 0/5 58-0 
$0 4/5 O-1 Active 
Control 0/5 752 
: 5/6 0-0 Active 
Control 2/5 88-0 
25 5/5 0o Active 
Control 1/5 43-0 i 
5/5 0-0 Active 
Control 1/5 60-5 
‘ 5/5 0-0 Active 
Control 1/5 43-0 
ees 0/6 83-5 Not active 
Control 0/5 103-5 
Table 2. EFPECT OF DIPHENYL SULPHONE 4 : 4-DI-ISOTHIOCYANATE ON OVA, 


CYSTICERCOID STAGE AND IMMATURE WORMS IN RATS 


A, Single dose: One day before intubation of viable ova 
250 0/5 103-3 Not active 


Control 0/5 181-2 
“Bs Five doses, one day before to fourth day after intubation of viable ova 
oe 260 (daily) 0/5 290 Ineompletely active 
Control 0/5 181-2 
C, Two doses, on eighth day and tenth day, after intubation of viable ova 
260:(daily) 5/5 oo Active 
Control 0/5 181-2 


co The first group received a single dose on the day before 
the intubation of 200 viable ova; the second group 
< received a dose once daily for 5 days beginning on the 
day before the introduction of 200 viable ova (the cysti- 
—eercoid stage lasts for 96 h); the third group on the 
eighth and tenth day after introduction of 200 viable 
Ova (to assess its action on immature worms). The fourth 
© group did not receive any of the compound, but only 200 
Mable öva. 

- According to Table 2 the compound had no effect on 
‘the ova or cysticercoid stage, but it was very active 
‘against immature worms. The results of these preliminary 
nvestigations suggest that this compound, with its 
emarkable cesticidal action against both immature and 
dult Hymenolepis nana in rats and mice, low toxicity 
and high therapeutic index, promises to be an effective 
drug against tapeworm infections both for medical and 
veterinary use. 
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= CYTOLOGY = 
Autoradiography of Leucocytes cultured 
Tritiated Bean Extract - 


PHYTOHABMAGGLUTININ (PHA) has been widely 
a mitogenic agent in leucocyte cultures since ita 
as a mitogenic agent was discovered several year 
Little is known about the chemical structure 
anism of action of the extract, however. Tho 
is generally thought to act as an antigenic ag 
bringing about lymphocyte transformation and. 
the exact mechanism of action is unknown. | 
Razavi? reported cytoplasmic localization of flu 
labelled PHA in cultured leucocytes. 

In the present experiments, tritiated bean extra 
made by growing red kidney bean plants {Pi 
vulgaris) in nutrient solution containing tritiat 
(specific activity about 1-5 ¢./l.). The tritium“ 
to the medium at the time of budding befo: 
were formed and left until the mature beans: 
lected. The beans were extracted by a modified | 
of Li and Osgood’. The dried extract was reconsti 
with distilled water to an activity of about 5 u 
Human blood leucocytes were grown in standard medit 
containing 0-5-1-0 ue. of the extract in 10 ml. of ¢ 
Smears of centrifuged samples were mado at 6, 24, 
72 h and fixed with 1 per cont osmic acid. -The slides 
were dipped in Kodak nuclear tract emulsion, type 
NTB, for autoradiography and developed at about 46 
days. The slides were stained with Giemsa. : 

The preliminary results showed that most leucocytes 
(neutrophils, lymphocytes and monocytes) were labelled: 
after 4-6 h. At first the label appeared to be mainly in. 
the cytoplasm. Later the nuclear labelling became mo 
intense. After 2-3 days, labelling in large blasts was pre 
dominantly nuclear (see Fig. 1). During the first 24 h 
normal neutrophils almost disappeared. At this time 
many labelled degenerated cells, particularly neutrophils, 
were present. Labelled amorphous basophilic 
was noted early, and the material enmeshed. ch ol 
white cells which apparently resulted in the dissolution 
of many of these cells. These clumps were character! : 
by an increased basophilic reaction with peripher 
like projections. By 48 h the basophilic. clumps had 
increased in size and became more intensely basophilic 
Labelled blast cells were noted in many clumps, alt 
the distinction between nucleus and cytoplasm w. 
usually not possible. Large free blast cells with pr 
dominantly nuclear labelling, however, became. n 
apparent by 3 days. One gains the impression tha 
alteration of the lymphocytes toward blast cell forma: 
is induced in some way during the period of intimate. 
association of the cells in clumps. A few chromosome’ 
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preparations. from labelled. cultures: suggest that. chromo- 


somes are labelled. : : 

Further work is in progress to record more precisely 
the chronological sequence of the changes in the label. of 
the culture cells. Attempts will be made to fractionate 
the extract, By cell fractionation and enzyme degradation 
procedures it is hoped to localize further the site of 
binding of the labelled material. 

R. A. Conarp 

Medical Research Center, 
Brookhaven National Laboratory, 
Upton, Long Island. 
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Replicative Behaviour of Bovine X-chromo- 
somes during Early DNA Synthesis 
Tue patterns of DNA replication in several mam- 
malian chromosome complements have been investi- 
gated by the use of labelled DNA precursors and auto- 
radiography'*, Such work has established that replication 
of the sex chromosomes is asynchronous during the term- 
inal stages of DNA synthesis. Several investigations have 
attempted to elucidate whether or not the chromosomes 
` which terminate their replication later than all other 
chromosomes in a mammalian complement also start their 
synthesis late. In cultured cells from male and female 
Chinese hamsters Taylor! observed that the late-repli- 
eating sex chromosomes duplicate only during the last 
half of the 6 h synthetic period. Using 5-fluorodeoxy- 
uridine (FUdR) to synchronize cultures of diploid Chinese 
hamster cells, Hsu’ obtained evidence which suggested 
that the late-replicating Y and long arm of the X-chromo- 
some begin DNA synthesis approximately 4:5 h after 
DNA synthesis has commenced in the rest of the comple- 
ment. Using a comparable technique, Petersen’ inde- 
pendently identified a “‘late-starting’’ chromosome in 
cultured leucocytes from a human female, which he 
presumed to be the late-replicating X-chromosome. In 
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cultured celis from bovine males, Gartler and Burt? 
observed that the “‘late-synthesizing Y-chromosome” 
begins replication later than the rest of the chromosomes 
in the complement. These observations suggest that 
“late-replicating chromosomes” or chromosome segments 
are correspondingly late in beginning DNA synthesis. 
Stubblefield’, however, using a modified autoradiographic 
technique, came to the conclusion that the “‘late-repli- 
cating Y” and the long arm of the X in the male Chinese 
hamster complement do ‘‘incorporate a significant amount 
of isotope during the first 15 min of synthesis”. Making 
use of a continuous labelling technique and a human 
complement with X/iso-X sex chromosome constitution, 
where the iso-X is known to be “late-replicating”’, it has 
been shown! that the iso-X chromosome begins its 
replication along with autosomes of comparable length 
and is therefore not the last chromosome in the com- 
plement to initiate replication. 

The evidence in this communication strongly supports 
our observations on the human X/iso-X complements by 
showing that although one X-chromosome in the bovine 
female complement finishes DNA synthesis later than all 
other chromosomes in the complement! both X-chromo- 
somes begin replication earlier than a number of auto- 
somes. 

Leucocytes from peripheral blood of four domestic cows 
(Bos taurus) were cultured by the standard technique™ 
with minor modifications. The chromosome complement 
of domestic cattle has the special advantage that the sex 
chromosomes are the only sub-metacentric chromosomes 
in the entire complement, all the autosomes being acro- 
centric’. The autoradiographic technique used in this 
experiment has been described in a previous paper. It 
was first determined through an autoradiographic study 
(unpublished work of Mukherjee and Sinha) that DNA 
synthesis in cultured mammalian leucocytes did not begin 
until after at least 28-30 h of culture. This agreed with 
the time reported by Lima-de-Faria et al.* and Mueller 
and Le Mahieu'*. Tritiated thymidine (specifice activity 
0-36 c./mmole) was therefore added to cultures from 
each of the four animals 0-16 h after initial incubation at 
37° C in a final concentration of 1 ye./ml. After 52—68 h 
of incubation the cells were washed and suspended in 





Fig. 1. 
somes. 


Autoradiogram of a metaphase figure from a bovine female shows the pattern of initiation of DNA replication in the two XY-chromo- 
The X-chromosomes are the only sub-metacentrie chromosomes (indicated by arrows), all the autosomes being acrocentric. 


Both 


X-chromosomes in this figure are clearly labelled whereas at least eleven autosomes remain unlabelled, which suggests that both X¥-chromosomes 
in this complement begin replication earlier than several autosomes. 
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Fig. 2. A comparatively heavily labelled metaphase figure. 


Even in this figure where both X-chromosomes and a majority of the autosomes 


are heavily labelled at least one autosome still remains unlabelled (indicated by an arrow), which shows very clearly that the “late X” is 
not the last chromosome in this complement to begin replication. 


tracer-free medium, prepared with isologous plasma and 
containing unlabelled thymidine. Colchicine (5 x 10-5 
molar) was added 1 h after the washing. After a total 
of 70-75 h of incubation, the cells were collected, treated 
with hypotonic solution, fixed, flame-dried on slides, and 
stained with acetic orcein. 

Well-spread metaphase figures were photographed and 
their locations on the slides were recorded. Kodak NTB, 
emulsion was then applied to each slide and exposed for 
7 days before being developed. Each mapped metaphase 
figure was rephotographed at the focal plane of the over- 
lying silver grains. The photograph of a metaphase figure 
taken before application of the film was used as a guide 
in karyotyping the autoradiogram of the same cell. The 
relative positions of such cells in the DNA synthetic 
period at the time the isotope was removed from the 
medium were determined by arranging them in a sequence 
of increasing grain densities. Since tritiated thymidine was 
available to the cells from the beginning of their synthetic 
period and was removed from the medium after 52-68 h 
of culture, any labelled chromosome or chromosome 
segment must have synthesized DNA in the presence 
of the isotope and any unlabelled chromosome or chromo- 
some segment must have replicated after the removal of 
the tracer. Furthermore, the total grain count would be 
heaviest. in cells that were nearest to the end of the 
synthetic period at the time the isotope was removed 
from the medium. 

Mukherjee and Sinha" have pointed out why the 
demonstrations by others of DNA synthesis in the 
absence of a mitogenic agent!’ or early in the incubation 
period!# do not invalidate the present experiment. 

Metaphase figures with varying grain densities were 
obtained from cultures of the four cows and forty karyo- 
types were prepared and analysed. Although the intensity 
of labelling varied greatly among metaphase figures, 
whether from the same animal or from different animals, 
labelling patterns were similar in figures with approx- 
imately equal grain densities. It was therefore con- 
sidered appropriate to combine the results of all four cases 
referred to as A, B, C and D in Table 1, so that the 
sequential pattern of initiation of DNA replication would 
be more representative. 

Table 1 summarizes the observations of the initiation 
of DNA replication in the X-chromosomes of the female 
bovine complements. In metaphase figures with a total 
grain density ranging from thirteen to sixteen grains, 
neither of the two X-chromosones is labelled; and in 
figures containing fifty-eight to seventy-eight grains, only 


one X-chromosome is found to have started replication. 
Both X-chromosomes are labelled in cells containing 104 
grains or more except for one with a total grain density 
of 129 grains. Both X-chromosomes also remained un- 
labelled in a cell containing eighty-five grains. These 
two cells probably represent random variation. Tt is 
unquestionably clear from the data that at least twelve 
autosomes still remain unlabelled in a cell where both 
X-ehromosomes have started replication. As the total 
number of grains in a cell increases, the number of un- 
labelled autosomes gradually decreases, as would be: 
expected. fs 

Although one of the X-chromosomes in cells from 
bovine females continues its replication later than all the: 
other chromosomes in the complement, the evidence 
presented in this report strongly suggests that it is not 
correspondingly late in beginning DNA synthesis. A 
number of autosomes begin replication later than the 
late-terminating X-chromosome (Figs. 1 and 2). Both 
X-chromosomes start replication within a very short time 
(Table 1), but one of them replicates asynchronously 
during the terminal stages of the synthetic period. This 
indicates that the rate of DNA synthesis varies in. the 
two X-chromosomes of this complement and perhaps 
DNA replication also follows an intermittent pattern 
specific to individual chromosomes. It has been observed 
in cells from both the human female with X/iso-X sex- 
chromosome constitution and the domestic cow that the 
“late X” does not replicate entirely within the later part 
of the DNA synthetic period, but that a part of it replicates 
simultaneously with the autosomes and the “early X”, 
It can be argued, therefore, that the relatively early 
replicating portion of the “late X” begins synthesis 
simultaneously with the “early X” and only the late 
synthesizing part initiates replication later than all other 
chromosomes in the complement. 

A pulse experiment, designed to investigate the repli- 
cative behaviour of the X-chromosomes at various times 
during the synthetic period (unpublished work of Muk- 
herjee, Wright, Ghosal, Burkholder and Mann), suggests 
strongly that the pattern of DNA synthesis in the “late X” 
in bovine female complement is, indeed, intermittent; 
that is, both X-chromosomes begin replication within a 
very short interval, but after a little progression, one of 
the X-chromosomes undergoes a total cessation of syn- 
thesis followed by a great burst in DNA synthesis during 
the last part of the S phase. This finding would, at least 
in part, account for the discrepancies between the reports 
of various workers discussed previously. 
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Table bo. : ae Cees 

E SUSU SSS CN GCQE a ae : 

Culture Total-No. unlabelled Graingon Grains on: 

set of grains auitogomes one x other 4 
1 A 13 49 0 D 
2 A 16 7 0 0 
3 A 16 47 0 0 
4 A 58 24 1 0 
5 Cc 58 20 1 0 
6 Cc 78 18 3 0 
v4 A 85 12 0 0 
E € 104 12 4 4 
9 B 104 9 3 4 
40 SA 105 9 4 2 
MW B 118 1l 4 4 
Age ÄB 115 8 5 5 
go B 115 7 2 2 
a piad, 116 8 2 2 
B 127 8 6 5 
B 127 7 4 4 
B 128 7 6 5 
C 129 6 5 0 
B 185 2 8 6 
20. B 200 2 5 4 
a <O 218 2 3 3 
cD 219 2 8 5 
BB ERB 225 2 5 5 
Rd A 231 2 1 1 
LBB oo B 244 2 6 2 
: T SSR 247 2 9 8 
ae tee Q 257 i 6 4 
28 B 260 1 13 8 
Be Q 314 Q 12 12 
BO D 815 1 18 12 
ooh R Si 323 1 9 7 
BQ: OD 327 1 1i 9 
83 co D 352 1 13 8 
Mo g 354 1 11 9 
Bh Dp 372 1 14 12 
a6 D 8380 0 12 11 
SB SD 383 0 10 9 
ee D 408 0 10 10 
39 B 431 1 15 12 
40 D 490 0 12 9 


-The relative positions of forty metaphase figures in the DNA synthetic 
riod at the time the isotope was removed from the medium were determ- 
ned by arranging them in a sequence of Increasing grain densities. The 
figures with coniparatively more grains, such as metaphase figure No. 40, 
were closer io the end of the synthetic period at the time of removal of the 
isotope than those with fewer grains, such as No. 1. A chromosome that 
“showed one or more overlying silver grains was considered to be labelled. 
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Degradation of the Filamentous Phage ZJ2 
by Sodium Dodecylsulphate z 
We have observed that the filamentous male-specific 
coliphage ZJ/2 (ref. 1) is particularly susceptible to attack. 
by sodium dodecylsulphate (SDS) in the presence of sodium 
chloride. The protein coat of the virus is stripped off 
and DNA is released. aes 
Detergents characteristically form large aggregates or _ 
micelles of ions (anions in the case of SDS) as their con- 
centration is increased through the “critical micell 
concentration”. Raising the concentration of. small 
oppositely charged ions in solution inereasés this tendenc: 
to aggregate and so lowers the critical micelle concentra, 
tion. The critical micelle concentration of SDS is about 
0-2 per cent w/v in the absence of added salt, 0-043 per 
cent in 0-1 molar?-4, and about 0-001 per cent in 1:0: 
molar sodium chloride (extrapolated value*:5). SE 
The effects on phage infectivity of varying the concen: 
tration of SDS and sodium chloride were examined using 
a crude suspension of phage in nutrient broth from which : 
host cells (Escherichia coli K12, strain Hfr, (ref. 6)) and 
debris had been removed by brief centrifugation. SDS 
was obtained from British Drug Houses; a 10 per cent. 
w/v solution was stored at 4° C. As shown in Fig. 1, there 
is a sharp increase in the effect above a certain SDS — 
concentration and the inactivation is much greater in” 
molar sodium chloride than in 0-1 molar sodium chloride. 
In the absence of added sodium chloride SDS was rela- 
tively inactive against ZJ/2, which probably explains an 
earlier report’ that the phage is resistant to SDS. At 
concentrations of SDS between 0-1 per cent and 1-5 per 
cent we observed variable losses of infectivity of 50-90 
per cent. cee 
There is thus a suggestion of a relationship between 
micelle formation and antiviral activity although. the 
correlation, particularly at zero salt concentration, is : 
rather poor. Furthermore, in some experiments with = 
the closely similar phage fd (ref. 7), kindly provided by 
Dr. D. A. Marvin, 0-1 per cent SDS in 0-1 molar sodium 
chloride, well above the critical micelle concentration, ~~ 
had no effect although 0-5 per cent SDS in 0-5 molar — 
sodium chloride was active against fd. It is possible that 
while micelle formation may be necessary (as suggested 
by the sharp shoulders in Fig. 1) sodium chloride is also 
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Fig. 1. Effect of increasing concentrations of SDS on infectivity in (a) 
0-1 molar sodium chloride and in (2) 1-0 molar sodium chloride.” Phage ; 
4d /2 (5 x 10" P.¥.0./ml,) was diluted 1/100 in 0-005 molar tris (pH 7:3), 
sodium chloride, and various concentrations of SDS at 26°C: Sminiater o 

each sample was further diluted for plaque assay, o 0 n 
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required, at a concentration characteristic of the virus, 
to promote the interaction between detergent and virus. 
The kinetics of phage inactivation appeared to be of the 
single hit type, that is, without measurable time lag after 
mixing phage and SD§. 

The colony-forming ability of growing bacteria was 
uniunpaired by exposure for 5 min to SDS at concentra- 
tions of up to 1 per cent in 0:1 molar sodium chloride. 
Treatment of infected cells with SDS (0-1 per cent in 0-1 
molar sodium chloride/0-005 molar tris (pH 7:3) for 5 
min at 25° C) can therefore be used to stop penetration 
at & given time or to prevent the spread of virus from one 
cell to another by destroying extracellular virus. In one 
experiment the proportion of SDS§S-resistant imfective 
centres, after adsorption of phage at 0°C, rose from 
2 per cent at 30 sec to 20 per cent at 2 min and 55 per cent 
at 10 min after warming to 37° ©. 

To determine whether the particles were degraded by 
SDS the phage was purified and concentrated until it 
could be detected by its optical density. Purification 
involved precipitation of the phage from broth suspension 
with ammonium sulphate?! (400 g/l.) followed by two cycles 
of differential centrifugation at 10,000 r.p.m. for 15 mm 
and 40,000 r.p.m. for 4 h. The final suspension, in 0-005 
molar iris (pH 7-3), had a titre of about 4x 10 plaque 
forming unite/ml. and a specific infectivity of 4-8 x 10 
P.E.U./ml./optical density at 270 my. When diluted in 
water it showed an absorption maximum at 271 myu and 
minimum at 245 my, with a ratio ODs7o/OD yy of 1-39. 

Higher concentrations of SD8 than in previous experi- 
ments were required to cause measurable inactivitation 
of this high titre phage. Infectivity was unaffected by 
SDS concentrations up to 0-04 per cent in 1 molar sodium 
chloride, but 0-1 per cent in 1 molar sodium chloride caused 
a substantial inactivation. Treated samples were centri- 
fuged through sucrose gradients and the effect of 0-3 
per cont SDS is shown in Fig. 2. The viral peak, with a 
ratio ODa—o/OD yy of 1-05 (Fig. 2a), was replaced (Fig. 2b) 
by two slower moving peaks with ratios of 1:8 and 0-5. 
The absorption curves of the materials in these two peaks 
(Fig. 2c) are characteristic of nucleic acid and protein, 
respectively. The nucleic acid peak is in the approximate 
position expected for the free DNA of ZJ/2, which in 
other experiments was found to have a sedimentation 


a b 6 





1 10 20 1 10 20 240 260 280 

Fraction No. ‘Wavelength (mu) 
Fig. 2 oi of ae on sedimontation properties ofp ZJ/2. To 
0-1 ml. “of purified phage suspended ın 0 OL molar tris (pe was added 
0-05 ml 4 molar am. chioride followed by 0 05 ml. ae '4 bor ¢ cont 

SD8 with rapid After 5 min at 20° O 0-2 ml. of water was ad 

and the whole layered on a 4 ml. ent of 20-7 per oent sucrose st 
mong es molar sodium chloride 0-005 molar tris (pH 7 8) and 
ceni -39 at a tom- 


for 2 h at 87,500 r.p.m. in a Spinco rotor S 
ture setting of 65° F. Equal volume fractions were collected and 
uted for measurement of optical density. {a) Control without SD8 

(b) SD8-treated. ( . OD. Dammy ) (¢) Absorption 
curves of fractions 11 and ‘20 from (b) and of the original sodium enorde 
SDS/tris mixture diluted y as a control for fraction 20. 





713 


coefficient of about 24S in 0-1 molar sodium chlonde 
(that of the intact virus is 408). 

The effects on ZJ/2 of a few other surface-active agents, 
as well as ether and chloroform, were tested. Neither 
sodium deoxycholate nor ‘Tween 80’ (a non-ionic agent) 
had any effect on infectivity at concentrations up to 
l per cent in 0:1 molar sodium chloride. The cationic 
detergent cetyl trimethylammonium bromide (CTAB) 
was very active at a concentration of 0-001 per cent in 
0-1 molar sodium chloride, but mactivation of phage 
was suppressed rather than enhanced by increasing 
sodium chloride or sodium bromide concentrations. 
Therefore micelles are probably not involved in this 
effect, and experiments with high titre purified phage 
ZJ/2 indicated that CTAB caused precipitation of the 
virus. Sh with ether had only a small effect on 
infectivity but chloroform caused a substantial inactiva- 
tion: crude p diluted 1/100 in 0-1 molar sodium 
ohloride/0-005 molar tris (pH. 7-3) and shaken with chloro- 
form (1/2 volume) for 2 min at 20° C lost more than 6 log 
units of infectivity. : 

Finally, some comparisons were made with the RNA- 
containing male-specific coliphage R17 (ref. 9). The 
infectivity of R17 was unaffected by 1 per cent SDS in 
0-5 molar sodium chloride (5 min at 25° C) and by ether. 
Chloroform inactivated R17 although less rapidly than 
ZJ/2 (2 log units under the same conditions). Thus the 
spherical phage was in general more stable than the 
filamentous one. The reverse is, however, true of their 
responses to thermal inactivation, to which ZJ/2 is un- 
usually resistant?. 

Many viruses not containing lipid can be degraded by 
SDS at elevated temperature or pH (refs. 10-14), but only 
adenovirus! has been reported susceptible to such mild 
treatments with SDS as those described here. With the 
help of Dr. D. Kay we have looked briefly and unsuccess- 
fully for particles in an intermediate stage of degradation, 
such as partially stripped rods analogous to those of 
tobacco mosaic virus! or ring structures’*. 


P. G. Worums 
M. L. Fenwick 


Virus Research Unit, 
Medical Research Council Laboratories, 
Carshalton, Surrey. 
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Buoyant Density of Herpes Simplex Virus 
in Solutions of Caesium Chloride 


Previous reports have shown that the buoyant density of 
herpes simplex virus in a solution of caesium chloride is 
genetically determined by the virusi. Thus plaque- 
purified mutants obtained from a single parent and grown 
in the same host differ with respect to buoyant density in 
caesium chloride!*. Mutants differing in buoyant density 
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also differ, in a predictable fashion, with respect to patterns 
of elution from calcium phosphate gel, surface antigenic 
structure, stability on heating at 40° C, and plaque size, 
These findings led to the conclusion that all these proper- 
ties of the herpes virus virion are covariant and may reflect 
the structure of the capsid or of the envelope of the 
virus*, 

The purpose of this communication is to report that 
the buoyant density of infectious herpes simplex virus in 
solutions of caesium chloride is determined not only by 
the virus but also by the host ın which the virus is pro- 
duced. This conclusion emerged from comparisons of 
virus prepared initially in HEp-2 cells and cycled serially 
first in chick embryo cell cultures and then back in 
HEp-2 cells. The experiments were performed as follows: 
Monolayer cultures of chick embryo cells were infected 
with the MP strain of herpes simplex virus and overlaid 
with a medium consisting of amino-acids and vitamuns 
according to Eaglet and 1 per cent calf serum. After 48 h 
virus was prepared by collecting, freezing and thawing, 
and finally, sonicating the infected cells. The virus was 
mixed with caesium chloride to yield a solution with a 
density of 1-28 g/em? and centrifuged to equilibrium for 
44 h at 35,000 r.p.m. and 5° C in a Spinco SW-39 rotor. 
Five-drop and two-drop fractions were then collected 
from the bottom of the tube. The caesium chloride 
density gradient obtained during the centrifugation was 
determined by reading the refractive index of the two- 
drop fractions in a Zeiss refractometer. The distribution 
of infectious virus was obtained by counting plaques 
produced by 252 portions of the five-drop fractions in 
HEp-2 cell monolayer cultures. On the basis of plaque 
counts, the remainder of the five-drop fractions containing 
the bulk of the infectious virus was diluted two hundred 
times and used to infect HEp-2 cells. This procedure 
was repeated for the virus produced in the HEp-2 cells, 
and the bulk of the infectious virus from the caesium 
chloride gradient was used to infect more chick embryo 
cells for another equilibrium centrifugation of the virus 
produced in this host. 

The results of the centrifugation analyses are given in 
Table 1 and show that the buoyant density of infectious 
virus in solutions of caesium chloride depends on the 
host in which it is produced. For each host, the density 
is a constant characteristic for that host. An interesting 
feature of the results is that the buoyant density of infec- 
tious virus made in HE p-2 cells is lower than that of the 
virus made in chick embryo cells. 


Table 1. HFFHOT OF THE HOST ON THE BUOYANT DHNBITY OF HERPRS SIMPLEX 
VIRUS (STRAIN MP) OBNTRIFUGHD TO EQUILIBRIUM IN OABSIUM OMLORIDH 
DENSITY GRADIANT 


Host in which the Buoyant density 


virus was grown (g/om?) 
HEp-2 cells 1-288 
Chick embryo cella 1 280 
HEp-2 cells 1-270 
Chick embryo celle 1-281 


Our findings raise a question stemming from the fact 
that the buoyant density of the virus must necessarily 
reflect its structure. The question, then, is what structural 
components of the virus are determined by the host and 
virus respectively, and how does each affect the buoyancy 
of the virus in solutions of caesium chloride? The 
infectious herpes virion is an icosahedron surrounded by 
an envelope and containing a DNA core’. Of these 
structural elements, the host probably determines the 
composition of the envelope. This conclusion is based on 
two considerations. First, electron microscope studies 
have established that the virion acquires its envelope on 
passage through a cellular membrane and that, at least 
under the electron microscope, the structures of the 
envelope and of the cellular membrane are similar*. 
The presence of host components in the envelope can be 
deduced because antiserum against uninfected cells agglu- 
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tinates enveloped virions’. The second consideration 
stems from observations recorded for a number of envel- 
oped and lipid-containing viruses to the effect that the 
structure of the lipid constituents of the virions resembles 
that of the cellular membranes and, moreover, may in 
part be synthesized before infection®:*. Modifications of 
the buoyant density of lipid-containing viruses, in caesium 
chloride, which are induced by the host are not uncom- 
mon’, These considerations indicate that the modifica- 
taon of herpes simplex virus induced by the host is likely 
to be a reflexion of the structural components of the 
envelope contributed by the host. Less well established 
are the structural components of the virion, determined 
genetically by the virus, which affect the buoyant density 
of the virus ın solutions of caesium chloride. The observa- 
tions that the buoyant density and surface characteristics 
are covariant properties of the herpes virion’? suggest 
that they may well reflect the structure and composition 
of viral protein contained in the envelope or in the capsid 
of the virus. 
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Isolation of Mutants with Altered DNA 
Base Composition in Bacillus subtilis 168 


WEED! exposed Bacillus subtilis strain 168 to copper 
sulphate at 43° C and induced a mutant with small colonies 
(sc-22) and altered DNA base composition. Gause et 
al% induced other somewhat similar mutants in this 
strain by exposing it to 5-fluorouracil. In these experi- 
ments the parent culture was oultivated at 43° C for 3 
days in nutrient broth containing 1 per cent of glucose 
and 100-250 ug/ml. of 5-fluorouracil. Twenty tubes were 
usually prepared for each concentration of 6-fluorouracil. 
When samples from these tubes were plated on nutrient 
agar containing l per cent glucose and then incubated 
at 37° C, mutants with small colonies were isolated. The 
DNA base composition in most of these mutants does not 
differ from that of the parent culture, B. subtilis 168. 
Mutation with altered DNA base composition represents 
an extremely rare event, and this communication describes 
a technique which can be used to detect these mutants. 

The principle of this technique 1s based on the selective 
sensitivity of mutants of B. subtilis with altered DNA 
base composition to some inhibitors of protein synthesis 
in the bacterial cell. In order to evaluate the vulner- 
ability of these mutants to the effect of various inhibitors 
the following cultures were used: (1) Parent culture 
B. subtilis 168 with 43-6 per cent guanine-cytosine (GC) 
in its DNA; (2) mutant sc-22, with 65:1 per cent GC, 
kindly provided by Weed!; (3) mutant 633/8, with 37-8 
per cent GO, induced by fluorouracil and isolated by Gause 
etal.4. The effect of antibiotics with various mechanisms 
of action on these cultures is shown in Table 1. 

It ıs of interest that these mutants are very vulnerable 
to the action of tetracycline, rifamycin and lincomycn— 
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three antibiotics selectively inhibiting the synthesis of 
protein in the bacterial cell. The current evidence mdi- 
cates that tetracycline interferes with the interaction of 
transfer RNA with ribosomes’, Tincomycin inhibits 
the binding of transfer RNA to ribosomes®, and the site 
of inhibition, of rifamyecin is also the ribosome’. A number 
of other antibiotics with different mechanisms of action 
inhibit the growth of the mutants and the parent culture 
to the same extent. Two conclusions can be drawn from 
the data presented in Table 1. First, that the selective 
vulnerability of the mutanta, which may be 50-100 times 
more sensitive than their parents, extends only to a limited 
group of inhibitors with a specfic mechanism of action. 
These inhibitors primarily affect the interaction of trans- 
fer RNA with ribosomes. Second, that this specific 
spectrum of vulnerability, which may reflect the sensitivity 
of ribosomes in the mutants, is the same in the mutant 
with the increased, (sc-22) as well as with the decreased 
(8633/8) content of GC in DNA. 

The greater sensitivity to tetracycline of mutants with 
altered DNA base composition was exploited by us in the 
development of the technique for detecting these mutants. 
Table 2 shows that small colony mutants with normal 
GC content do not differ from parents in their sensitivity 
to tetracycline, whereas mutants with altered GC content 
are about thirty-two times more sensitive than the parent 
culture on gradient agar plates with tetracycline. As a 
standard procedure for the detection of these mutants it 
is useful to use dishes containing 4 ug/ml. of tetracycline 
in the upper layer of gradient agar. 

By means of this technique we identified a number of 
new mutants with altered GC content in B. subtilis 168, 
which were induced by 5-fluorouracil. Information on 
the GC content in the DNA of these mutants 1s given in 
Table 3. It is of interest that in this series of mutants 
` this content is decreased from 43-6 to 37-:8-39-5 per cent. 
In the selective vulnerability to the action of some 
inhibitors of protein synthesis, however, these mutants 
are similar to mutant sc-22 contaming 68-1 per cent of 
GC in its DNA®. The guanine+ cytosine percentages of 


Table 1. MINIMAL INHTBITORY 
GROWTH IN NUTERITIVR BROTH 
OULTURA B. subtilis 1 


OONOBNTRATIONS (Omin, IN ug/ml, FOR 
OV VARIOUS ANTIBIOTICS FOR THE PARENT 
AND TS MUTANTS, 80-22% AND 633/8 


Parent 
Inhibitor culture Mutant sc-22 Mutant 633/8 
Omn * Omin * 
Penieilın 08 04 — 0-8 — 
Actinomycin O 0-08 0 04 — 0-04 ~ 
Neomycin 0-9 0-9 — 09 — 
Actinospectacin 48 0 46-0 — 46-0 — 
Tetracycline 2-0 0 04 x 50 0 02 x100 
Bifamycın 500 03 x 167 16 x 876 
Lincomycin 620 30 x21 40 x155 
Staphylomyoin 1-9 0 24 x8 024 x8 
Puromyoin 220 cos) x5 45 x6 


* S indicates increase of sensitivity. 


Table 2. GROWTH OF SMALL COLONY MUTANTS OF B. subtilis 168 WITH 
NORMAL AND ALTERED GO OONTENT ON GRADIENT AGAR PLATRS WITH 























TATRAOCYOLING 
Concentrations of tetracycline in the upper 
Strains layer of gradient agar plate (ug/ml. 
16 8 1 0-5 
Parent xx xx xx xx x x 
Small colony mutants with 
normal GO content: 
§1 x xx xx x x xx x x 
42-1 x xx xx xXx xx xx 
66-1 x xx xx xx xx xx 
254-2 x xx xx xx xx xx 
820-8 x xx xx xx xx x x 
873-2 x xx xXx xx xx xx 
680-2 x xx xx xx xx xx 
Small colony mutants with 
tered GO content: 
arte —_ — — — — x 
102-1 x 
104-1 x 
108-1 —_ _ — — — x 
108-1 e _ —_ — — x 
114-1 _ x 
121-1 ~— x 
126 — x 
222-1 _ x 
886-2 x 
633-8 —_ =e _- — — x 
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Table 3. GO CONTENT IN DNA OF BONE MUTANTS OF B. subitis 168 INDUOHD 
BY 5-FLUOROURAGIL AS DETERMINED FROM THE MELTING THMP. 


Concentration of 


Strains the inducer -FU Tam 
(e (per cent) 
Parent — 872 43-6 
Mutant 101-1 100 85-3 890 
Mutant 102-1 100 855 39 6 
Mutant 104-1 100 85 8 390 
Mutant 108-1 100 853 890 
Mutant 100-1 100 85:2 388 
Mutant 114-1 100 85 8 39 0 
Mutant 121-1 200 85-1 885 
Mutant 126 200 85-8 89 0 
Mutant 222-1 100 85°8 39 0 
Mutant 386-2 100 85 2 88 8 
Mutant 638-8 250 84:8 87'8 


the DNAs of the mutante listed in Table 3 have been 
estimated on the basis of the meltuig point (Tm) of the 
DNA extracted from each mutant. As the temperature 
differences are in many cases of the order of 0-1° C, the 
differences in the percentages of GC between verious 
mutants are not significant. The essential point is that 
the Tw of the DNA of the parent strain is about 87° C, 
and that of the mutants about 85° C, giving GC percentages 
of 43-6 and 39, respectively. 

We thank Dr. G. G. Gause for several helpful sug- 
gestions. 
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A High-temperature, Hydrogen-oxidizing 
Bacterium—Hydrogenomonas thermophilus, n.sp. 


Ws have succeeded in isolating in pure culture from 
petroliferous soil a thermophile bacterrwm which utilizes 
hydrogen. The isolation was accomplished by streaking 
material from a soil enrichment culture on to Repaske’s 
mineral salts medium prepared by mimng equal volumes 
of a sterile 4 per cent agar solution in water and a sterile, 
double-strength solution of mineral salts containing 
ammonium chloride, MgSO,:7H,0, CaCl, 2,0, potassium. 
dihydrogen phosphate, sodium monohydrogen phosphate, 
and several trace elements. On cooling to about 50° C, 
1 ml. of a solution of ferrous ammonium sulphate waa 
added, the plates poured, allowed to solidify and immed- 
iately streaked. The plates were incubated in an atmo- 
sphere containing 70 per cent hydrogen, 20 per cent 
oxygen, and 10 per cent carbon diomde at 50°C. By 
picking the minute, flat, smooth, translucent colonies into 
liquid mineral salts medium and incubating im the 
70-20-10 gas mixture, a pure culture was obtained. 

It seems that early attempts to obtain colonies of this 
organism by streaking failed because of the method 
used to prepare the Repaske’s agar plates. This organism 
apparently does not grow on Repaske’s medium when all 
the ingredients are autoclaved together, or if the plates 
are held for 24 h before streaking. 
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The organism has been characterized as follows. It is 
a Gram-negative rod about 1-3p by 0-6, which occurs mn 
pairs, or occasionally singly, or in short chams. It does 
not form spores, does not possess a capsule, nor 18 it 
acid-fast. It propels itself by means of a single polar 
flagellum. 

The organism produces an alkaline reaction when it is 
grown in glucose, lactose, or sucrose broths with peptone 
as a nitrogen source. No growth was observed on gelatine 
medium, glucose~phosphate-peptone water, or citrate 
broth; no nitrites were detected ın heterotrophic nitrate 
broth. The bacterium grow in tryptophan broth but no 
indole was produced. We have not detected the production 
of any hydrogen sulphide by the organism. These studies 
in heterotrophic media were conducted at both 30° C and 
He Growth at 30° C was always much slower than at 


Table 1. ME¥KCT OF TEMPHRATURA ON GAS CONSUMPTION BY A HIGH THM- 
PREATURE HYDROGRN-UTIMIZING BACTERIUM (STATIO CONDITIONS) 


Incubation Percentage of gas in Sobngen unit consumed at 
time 20° 0 30° 40° T 50° © 60° C 
3 days 0 Trace 83 100 0 
7 days 0 60 100 - 0 
14 days 0 75 - - 0 


It can be seen from Table 1 that the optimum tempera- 
ture for growth of this organism under autotrophic con- 
ditions ig about 50°C. This experiment was carried out 
with modified Sohngen units; static conditions were used. 
Like certain other members of the genus Hydrogenomonas, 
the new isolate appears to be sensitive to oxygen. Under 
stationary conditions of incubation, the organism will 
grow ın an atmosphere containing 10, 20, 30 or 40 per cent 
oxygen. When the medium ıs incubated with constant 
shaking, no growth occurs at either 30 or 40 per cent 
oxygen, but good growth is obtained at 10 per cent oxygen. 
The results obtained at 20 per cent oxygen are question- 
able, and more definitive investigations in this region are 
being carried out at present. 

The organism described here has been tentatively olas- 
sified as a species of Hydrogenomonas. It does not fit any 
of the descriptions for species listed in Bergey’s Manual 
nor does it agree with all the characteristics of H. eutropha. 
Ai the present time, we regard it ag a new species of 
Hydrogenomonas, and suggest the name Hydrogenomonas 
thermophilus n.sp. 

The newly isolated hydrogenomonad, besides being 
something of a biological oddity and having potential 
value in fixing hydrogen gas in a closed ecological system 
such as would exist in long space flights, is of interest for 
several other reasons. First, the bacterium, as well as 
other hydrogen bacteria, may be a mussing link in the chain 
of events that led to the evolution of aerobic forms of life 
from anaerobes, which by ourrent theory are placed as 
the first living organisms on Earth, It is thought that 
anaerobes evolved first because there is evidence that the 
Earth had a reducing atmosphere rather than the oxidizing 
atmosphere which we know today. According to Oparin‘, 
the Earth lost most of its free hydrogen at the time the 
planet was formed. A number of processes, including 
radioactive decay, could have liberated free hydrogen gas 
into warm bodies of water at a time when the atmosphere 
was becoming oxidized, however, thus providing an 
environment suitable for the development of an organism 
identical with, or at least similar to, our H. thermophilus 
n.sp. The fact that hydrogen gas is usually included (and 
is therefore apparently necessary) in the reaction mixture 
for the abiogenic synthesis of biological compounds! 
seems to indicate that hydrogen in the free state may have 
played an important part in the earliest stages of the 
evolution of life. Furthermore, it ia possible that thermo- 
philic organisms utilizing hydrogen (or hydrocarbon) may 
exist on other planets in the Solar System. This possibility 
should not be overlooked when samples from such planeta 
are analysed for life. 
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Polycation Effect on Virulence of 
Nonpathogenic r+ Variant of the 
Encephalomyocarditis Virus 


Takemoto and Liebhaber described two variants (r and 
r+) of encephalomyocarditis (EMC) virus which differ in 
the size of plaques formed in cultures of L cells!. Plaques 
of r+ are 1 mm or less in diameter; those of r, 8 mm or 
greater. The small size of the r+ plaques is thought to be 
caused by sulphated acid polysaccharides in the agar 
overlay which bind the virus electrostatically and prevent 
attachment to neighbourmg susceptible cells*. Revertants 
appear when rt 1s grown under liquid medium. Approx- 
imately 0-5 per cent to 2 per cent of the plaque-forming 
particles (PFP) in our pools either resemble r variant or 
form plaques intermediate in size between r+ and r. 
Growth of this latter revertant (r') after plaque purifica- 
tion is not inhibited by sulphated acid polysaccharides. 
Thus, inhibitor-insensitive plaque-forming particles in- 
variably contaminate r+ pools at low dilutions but are not 
present at high dilutions. 

The r! and r variants are highly pathogenic for 3 week 
old mice. Infectious titres (determmed by mortality) after 
subcutaneous and intracranial inoculation are equal to 
titres in cell cultures. In contrast, r+ is non-pathogenic 
when introduced by peripheral routes. Mice inoculated 
subcutaneously with five to seventy-five plaque-forming 
particles fail to develop signs of illness and with few 
exceptions survive. The same number of rt particles 
regularly cause death when inoculated intracranially. On 
the other hand, pools of r+ are pathogenic when tested 
subcutaneously at low dilutions. The infectivity of the 
concentrated preparations (104-10° plaque-forming par- 
ticles/ml.) appears to be caused by contaminating r and 
r revertants since they are recovered from the blood 24 h 
after inoculation and from the brain after death’. 

Plaques of the r+ variant increase in diameter and 
resemble those of r when the polycation DEAE dextran 
(hydrochloric acid) is added to the agar overlay‘. Pre- 
sumably, this basic substance prevents binding of virus 
particles by the inhibitor and permits spread of the virus 
in the overlay. During experiments to be reported else- 
where, it was noted that the polycations, DEAE dextran 
and hexadimethrine, enhanced pathogenicity of r+ variant 
for mice when the substances were mixed with the virus 
and introduced subcutaneously. 

Decimal dilutions of r+ were added to equal volumes of 
DEAE dextran (10 mg/ml.) prepared in balanced salt 
solution. Aliquots (0-1 ml.) of the mixtures were then 
inoculated subcutaneously into groups of 3 week old mice. 
Parallel titrations of the virus were carried out in animals 
and tube cultures of L cells. The infectious titre of the 
virus mixed with DEAE dextran was equivalent to the 
titre in cell cultures and was 107 to 107° ID,, greater 
than the titre in animals receiving virus diluted only in 
balanced salt solution. Additional investigations were 
carried out in groups of twenty mice using inocula of from 
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Table 1. MORTALITY AFTER SUBOUTANEOUS INOOULATION OF 8 WHER OLD 
MIOR WITH FIFTY PLAQUB-FORMING PARTIOLES OF THE R+ VARIANT OF RMO 
VIRUS MIXED WITH DAE DAXTRAN OR HAXADIMETHRINE BROMIDE 


Concentration No. dead 
Compound (mg/mL)}* No. tested t 
Balanced salt 
solution 1/19 
10 20/20 
6 20/20 
DRAE 1 18/20 
dextran 0-5 16/20 
hydrochloride 0-25 18/20 
0-125 8/20 
10 16/20 
Hexadmethrine 5 18/20 
bromide 1 2 
05 18/20 
0 25 12) 


cation mixture (0-1 ml.) imoculated subcutaneously unto 
lateral ab ommal wall, 
t Non-specaflo “toxo” deaths did not occur in mice inoculated siumul- 
taneously with mixtures of polycations and virus diluent. 


26 to 50 plaque-forming particles of r+. Mortality was 
consistently greater m animals receiving combinations of 
virus and either DEAE dextran or hexadimethrine than 
in those given virus diluted only in balanced salt solution 
(Table 1). Death of the affected mice followed the develop- 
ment of encephalitis, 4-7 days after inoculation. Both 
DEAE dextran and hexadimethrine enhanced patho- 
genicity throughout a wide range of dosages. Dextran 
in various concentrations had no effect. In these investi- 
gations animals were injected routinely 5-10 min after 
addition of the polycation solution to virus. Results were 
not changed by incubation of the mixtures for 24 h at 
4° O before inoculation. 

Fig. 1 summarizes investigations of growth of r+ variant 
in tissues at the injection site and the occurrence of 
viraemia, Approximately fifty plaque-forming particles, 
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Fig. 1. Virus recovered from tissues and sera of 8 week old mice 
inoculated subcutaneously mis 60 plaque-fi cles of r+ variant, 
Members of one poup reo zool vod virus mixed DEAE dextran (10 
mg/ml.); those o virus mixed with balanced salt solution. 
Each polnt ant, near of determination on material from three ant~ 
mals. Plagve-forming propetties of virus and source are indicated as 
follows: ——-O——, r+ from tissue: —— A——, r and r! from tissue; 
=-~ O = , r*+ from seram; --- A~--—,rlandr from serum, 
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diluted in balanced salt solution, either pure or containing 
DEAE dextran (10 mg/ml.), were inoculated subcutane- 
ously into the lateral abdominal wall. At intervals there- 
after the animals were bled from the retro-orbital sinus. 
The skin, subcutaneous tissue and abdominal musculature 
were then excised in a block and homogenized in balanced 
salt solution. After centrifugation, supernates of the 
homogenates and sera were titred in L cells by the plaque 
technique’. Evidence of local virus replication was found 
in both groups of mice at 24 h. The tissues of animals 
receiving only the virus yielded 107-10" plaque-forming 
particles of r+ for as long as 10 days. Viraemia did not 
occur and the mice failed to exhibit signs of illness. In 
contrast, after 24 h virus was recovered not only from 
tissues but also from the blood of animals inoculated with 
the rt-DHEAE dextran mixture. Theo tissues later yielded a 
heterogeneous population of r+, r' and r in high titre. The 
r+ variant was found in the blood of most DEAE dextran- 
inoculated mice after 24 h. A mixed population, however, 
occasionally was present and by 48 h r' and r particles 
predominated. Dextran had no detectable effect on viral 
growth. 

It is not known why rt is non-pathogenic when in- 
oculated subcutaneously into mice. The variant possesses 
the ability to cause encephalitis when injected intra- 
oranially and to grow locally when introduced by the 
subcutaneous route, yet in the latter circumstance it does 
not enter the systemic circulation. The mechanism by 
which the polycations affect pathogenicity of r+ is unclear. 
The data show that they enhance viral growth ın tissues 
and the emergence of pathogenic revertants. The sub- 
stances may affect incorporation of virus by muscle and 
cells of connective tissue’. Polycations in appropriate 
concentrations increase uptake of albumin by sarcoma 
180 cells in vitro’, stimulate phagocytosis by leucocytes*® 
and enhance adsorption of foreign RNA to cultured 
cell*1°, Thus far, our attempts to improve plaquing 
efficiency of rt or release of virus from infected L cells by 

ing DEAE dextran and hexadimethrine to culture 
medium have been unsuccessful. 

This work was supported by U.S. Public Health Bervice 
grante from the National Institutes of Health. 
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RADIOBIOLOGY 


Adult Life Span in Habrobracon serinopae 
after X-irradiation during Early Development 


Wuaw adults of the wasp, Habrobracon serinopae, were 
exposed to ionizing radiation, there was a decrease in 
life span with increasing dose. In addition, diploid males 
‘were more resistant than haploid males. This same pattern 
for adult life span and ploidy was found after irradiation 
of larval and pupal stages’. We have asked whether this 
pattern exists for all stages of development and therefore 
have determined the adult life span of ploidy types after 
X-irradiation of early embryos during the cleavage stage. 
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During the adult stage in holometabolous insects, somatic 
cell division is absent. During the cleavage stage, how- 
ever, nuclei are rapidly dividing. These differences have 
allowed us to compare the radiation sensitivity of a stage 
in which there is active nuclear mitosis with one in 
which there is no somatic cell mitosis. The pattern of 
radiation sensitivity was different for the cleavage stage 
of development than for the post-embryonic and adult 
stages in Habrobracon juglandis*. 

H. serinopae females, homozygous for the recessive 
mutant veinless wings (vl), were mated to veined (+) 
males. From the fertilized eggs, diploid progeny (+ /vi, 
male and female), and from the unfertilized eggs, haploid 
males (vl) were obtained. A comparison of development 
and adult life span for these three types was made after 
X-irradiation during cleavage. The number of oggs, 
larvae, pupae and adults was scored. Adult wasps were 
fed daily on a 10 per cent solution of sucrose until death. 
X-rays were administered with the General Electric 
‘Maximar’ 100 X-ray umt operated at 75 kVp. and 
5 m.amp without additional filtration. The dose rate 
was 300 r./min. The wasps were reared at 30° C. 

There was a decrease in egg hatchability with increasing 
dose as shown by the larva/egg ratios (Table 1). Those 
embryos that became larvae showed no further injurious 
effects as shown by the pupa/larva and adult/pupa ratios 
between the control and irradiated groups. Adults showed 
no structural abnormalities. Cytological examination of 
whole mounts from older embryos showed that the pro- 
portion that were arrested at cleavage was equal to the 
proportion of embryos that did not hatch. 

- The diploids (male and female) were equal in radiation 
sensitivity, but were more sensitive than the haploids as 
shown by the relative decrease in the diploid to haploid 
adult types with increasing dose (Table 1) and by the 
adult ploidy ratios (Table 2). There was no consistent 
decrease in adult life span with increasing dose (Table 3). 
Injury from irradiation was manifested at cleavage or 
not at all and haploid types were more radio-resistant than 
diploids. The radiation sensitivity during cleavage prob- 
ably results from an arrestment of mitosis in contrast to 
post-embryonic and adult stages where an upset in genic 
balance relations or loss of gene function may obtain. 


Table 1. ARRESTED DHVELOPMENT OF Habrobracon seri 
AS EMBRYOS DURING THE OLHAVAGH STAGH 


X-IRRADIATED 


Dose (r ) 0 50 100 150 200 
Sta 

Tegs 499 748 1,278 2,125 8,040 
Larvae 456 514 4 445 848 
Pupae 446 502 884 417 880 
Adults 432 460 857 886 268 

Ratios 
Larv 0-01 0 69 081 O21 011l 
Pupa/larva 0 98 0-98 0 95 0 04 0-99 
‘Adult/pupa 097 0-92 0-98 0 98 0-81 
Adult/ege 0 86 0-61 0 28 018 0 08 

Adult t; 
+/ol 119 84 19 18 28 
+f ds 105 77 24 20 17 
208 299 $14 358 228 


Table 2. ADULT PLOIDY RATIOS FOR Habrobracon serinopas 
48 EMBRYOS DURING THE OLEAVAGH STAGR* 


Dose (r) +9 +/olð old 2NYIINS Q2NS/LNS 2NQ/2NS AN/LN 


X-IRRADIATED 


0 222 214 446 0-50 0 48 1-04 0-98 
50 196 242 688 0-29 0-36 0:89 0-64 
100 85 84 649 0-18 0-15 1-01 0-38 
150 27 50 518 0 05 0-10 0'54 0-15 
200 65 59 477 0-14 0-12 1-12 0 26 


* Summary of three experiments. 


Table 3. AHAN ADULT LIFE SPAN FOR Habrobracon sersnopas X-IRRADIATHD 
AS EMBRYOS DURING THA OLHAVAGH STAGE 


+ fol? + fold os 

© Bpa. Life span Life span 

Dos (r) N (days) N (days) N (days) 
0 100 8474186 100 41-913 100 512409 
50 84 7002-1 77 288+18 100 494+18 
100 19 70640 24 848429 100 80-441-5 
160 13 91457 20 444+31 100 47117 
200 2B 7456+52 17 3868+40 100 47809 
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The present data may be relevant in showing that stage 
of development and ploidy type are useful variables in 
assessing the effects of ionizing irradiation on adult life 
span. It also shows differences between actively dividing 
nuclei and somatic cells in which mitosis is absent. 
Although in mammals embryonic stages are known to be 
more sensitive to ionizing irradiation than post-natal 
stages, it 13 possible that there is no decrease in adult life 
span among survivors from irradiated early embryos. In 
attempting to understand the nature of radiation effects 
on adult life span, work dealing with embryonic develop- 
ment seems to be highly relevant. 
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X-ray Induction of Autosomal Translocations 
in Mature Oocytes of Drosophila melanogaster 


Ir seems to be well established that even at high doses 
X-rays induce practically no translocations in oocytes of 
Drosophila melanogaster, although they do produce detach- 
ments of the attached X-chromosome. Glass! and Thomas 
and Roberts? discuss possible reasons for this peculiar 
phenomenon. So far only relatively high doses (for 
example, 4,500 r. in the work of Kanellis and Radu?) have 
been used, a procedure which appears to be most promising 
at first sight because translocations are ordinarily pro- 
duced by two hits. 

If, however, only immature oocytes (mainly the so- 
called. stage 7 oocytes, irradiated in prophase I) were 
resistant to the induction of translocations and if in 
mature oocytes (that is, the so-called stage 14 oocytes, 
probably in metaphase I when irradiated) translocations 
were readily inducible, low rather than high radiation 
doses should be chosen. The reason for this seemingly 
paradoxical proposal is that mature oocytes are extra- 
ordinarily sensitive as regards the induction of dominant 
lethal factors (see, for example, Parker‘), Thus the stage 
14 oocytes might be eliminated almost completely from 
the irradiated oocyte sample by doses of a few kr., leaving 
prophase oocytes which are resistant to the induction of 
dominant lethals and translocations. 

We therefore decided to use the relatively low dose 
of 500 r. X-rays (150 kV; half value layer, 6 mm alumin- 
jum). In order to prevent the “dilution” of possible 
induced translocations by resistant prophase I oocytes, 
the egg laying period was restricted to 24+0-5 h after 
irradiation. The females (Berlin wild) were 5-7 days 
old in order to ensure the presence of metaphase I 
oocytes. They were crossed to males of the genotype 
y seS! In49 sc®; bw; st. II-III translocations were 
scored genetically with the aid of the markers bw and 
st in the usual way. The control experiments were 
performed under exactly the same biological conditions. 

Although our results have still to be extended to other 
parameters, they demonstrate that the low dose of 500 r. 
X-rays does induce a relatively high frequency of auto- 
somal translocations in mature oo (Table 1). The 
difference between the irradiated (12/2653) and the control 
series (0/3283) is highly significant (P=0-001, calculated 
by the y?-method with Yates’s correction for continuity). 

The same dose (500 r.), applied under similar physical 
conditions, induces a JJ—H1-translocation frequency of 
0-55 per cent in mature sperm (Traut*). This sperm value 
can be directly compared with the oocyte value of 0-45 per 
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Table 1. X-RAY INDUCTION OF AUTOSOMAL TRANSLOOATIONS IN MATURE 
OOCYTES OF Drosophila melanogaster 
Dose Rxperment TI-TIT translocation frequency 
(per cent) 
500 r. 1 O22 (1/454 
2 0°69 (8/482 
38 027 (2/781 
4 060 (2/881 
5 O67 (4/705 
average 045 (12/2058) 
P (22 tosi for homogeneity) 074 
or. 1 0-00 (0/744) 
£ 000 (0/1168 
8 000 (0/1878, 
average 0-00 (0/3283 


cent, because the corrections for the diploid nature of 
oocytes as compared with the haploidy of sperm and the 
loss of symmetrical translocations by meiotic segregation 
at least roughly compensate each other (see also Auerbach 
and Shzynska‘). 

A comparison with our stage 7 experiments shows that 
in stage 14 oocytes about 100 times as many autosomal 
translocations are induced by 500 r. as in stage 7 oocytes. 

I thank Mrs. A. Traut and Miss R. Mertens for their 
careful technical assistance. 
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Cytological Analysis of Radiation Damage 
and Recovery of Bone Marrow in Mammals 


CrrotogicaL damage to the haematopoietic system in 
mammals induced by radiation is manifested by cellular 
interphase death, chromosome aberrations, reproduction 
killing, and a decrease in cell number. In this communica- 
tion an attempt has been made to estimate the role of 
these changes in the development of the acute radiation 
syndrome. Some results have already been published!. 
The experiments were carried out on male mice weighing 
20-24 g obtained from the Animal Farm of the U.S.8.R. 
Academy of Medical Sciences. Animals were exposed to 
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whole body X-irradiation (RUM-ID X-ray machine 
operated at 180 kV, filtration 0-5 mm of copper and 1 mm 
of aluminium, dose-rate 39 r./min), or to 660 MeV protons 
on synchrocyclotron of the Joint Institute of Nuclear 
Research, in Dubna. Some animals received intraperitoneal 
injections of §&,B-aminoethylsothiuroniumbromidhydro- 
bromide (AET) 15 min before irradiation (150 mg of base/kg 
in 0-2 ml. of saline solution). The percentage of bone marrow 
cells with chromosome aberrations (anaphases with 
bridges and acentric fragmente) was counted in 100 cells; 
the percentage of degenerating cells and the mitotic 
index were calculated from the counts of 1,000 and 3,000 
celis on squash preparations in each animal. Each point 
is the result of counts performed on five animals. To measure 
the number of nucleated cella in bone marrow, the femur 
was thoroughly minced with scissors in 3 per cent acetic 
acid and agitated on a shaker for 30 min. The resulting 
cell suspension was counted in a haemocytometer. Each 
point represents the resulta of counts carried out on ten 
mice. In the control (twenty animals) 3x 10’ nucleated 
cells were found. The average number of karyooytes 
recovered from the femur of the same animals with another 
method? * was about half this value. 

The total number of nucleated bone 
marrow cells did not differ significantly, 
irrespective of the dose of radiation and 
protection during 12~24 h after irradiation 
(Fig. 1). These data could be arranged in 
one curve to describe the effecta of different 
doses as a function of time after irradiation. 
A. deviation from the exponential function 
occurs earlier if the radiation dose is lower. 
The absence of the influence of radiation 

* dose on the rate of cell disappearance from 
bone marrow, thymus and spleen has been 
è observed by Puck". 

The reproduction of bone marrow cells 
was strongly inhibited during this period of 
time after irradiation within the dose range 
investigated, despite the abortive recovery 

72 of the mitotic index. This was due, first, to 
the decrease in mitotic index (Fig. 2), and 
secondly, to the induction of chromosome 
aberrations, such as asymmetrical exchanges 
and deletions. There are reasons for con- 
sidering these rearrangements to be lethal 
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for the cell*-?, The number of cells which divided during 
the first day was calculated from the data on total cell 
number (Fig. 1), mitotic index (Fig. 2), and the percentage 
of cells with chromosome aberrations (Fig. 3) (the duration 
of mitosis was taken to be equal to 30 min’). These values 
varied from 36 per cent to 12 per cent of the control after 
exposure to 270 r. and 700 r. of X-radiation respectively. 
If the offspring of cells with chromosome aberrations is 
assumed to be non-viable, then the increase of the number 
of cells would be 9 per cent and 2 per cent of the normal 
value respectively. 

The percentage of degenerating cells increased in pro- 
portion to the dose and diminished under the influence of 
protection (Fig. 4). The rate of cell depletion in bone 
marrow, however, as mentioned above, did not depend on 
the radiation doses used. This rate remained constant 
during 3 days after treatment with 700 r. of X-rays 
(Fig. 1) although acute cell destruction occurred during 
the first day (Fig. 4). 

These data suggest that the interphase death has no 
significant effect on the rate of cell disappearance im 
irradiated bone marrow; this parameter is determined by 
the rate of cell movement from bone marrow to the peri- 
pheral blood. 

The total number of cells which divided during 2-4 
days after treatment with 270 r. is about three times that 
after X-irradiation with 400r. The proportion of these 
cells with chromosomal aberrations in both cases was, 
however, almost equal (0-3 and 0-265). Cells with ohromo- 
somal aberrations which remain up to the beginning of 
bone marrow recovery, therefore, have only a limited 
influence on the rate of this procesa, which is determined 
mainly by the mitotic activity. The number of bone 
marrow cella which escape reproduction death after 
exposure to a given radiation dose depends on the level 
of mitotic activity, because in conditions of strong in- 
hibition of mitotic activity the proliferation pool of 
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stem-cells is gradually exhausted because of maturation 
and subsequent movement of cells into the blood stream. 
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PHYSIOLOGY 


Transfer Effects of Intraperitoneal Injection 
of Brain Homogenates 


SHVERAL experiments have reported transfer of be- 
havioural modification from one animal to another by 
injection of brain material'-’, but numerous attempts to 
replicate the phenomenon have yielded negative results*—. 
The present experiments provide a further test of the 
reliability of the phenomenon. The apparatus was a 
Grason-Stadler Model Æ 3125 Skinner box modified by 
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moving the bar to the opposite ade uf the box and by 
passing a photoelectric beam across the entrance to the 
food. ine. 

The subjects were thirty-six young male Sprague- 
Dawley rats, between 100 and 150 days old. Twenty-four 
of them were rendomly assigned to three donor groups for 
treatment; the remaining twelve subjects received three 
treatments as recipients. Group A was given 10 days of a 
continuously reinforced (CRF) bar press training. When a 
rat pressed the bar a Noyes food pellet, weighing 45 mg, 
was delivered into the food magazine with an attendant 
“oliok” of the food delivery mechanism and an instanta- 
neous diminution of the photoelectric circuit light source. 
Group 4~YC was used to control for the effects of ex- 
perience in the Skinner box and the click-hght stimulation. 
These rats were yoked to group A in such a way that 
when the experimental subject pressed its bar, the food 
delivery mechanism in the control box was also activated 
but the food pellet fell into a Petri dish located outside 
the Skinner box. The attendant chek-light stimulus was 
also presented in the control box. When a control subject 
pressed the bar, the event was recorded on a counter but 
the bar did not activate the food delivery mechanism. 
Group AHR received 10 days of continuously reinforced 
traming followed by 3 days of extinction; this was followed 
by 3 days of response reacquisition on a continuously 
reinforced schedule. All subjects were trained for 30 min 
each day. 

Within 1 h after the completion of training on the last 
day of treatment, the donors were killed with ether. The 
brain, excluding the olfactory bulbs and the cerebellum, 
was removed within 2 min of death. The brains of the 
eight donor rats in each group were collected in tissue 
grinders and stored during collection at 0° F. Physio- 
logical saline was added in the amount of 1 ml. /brain and 
the brains were then homogenized. Recipienta were 
lightly etherzed and injected intraperitoneally with 
3-2 ml. of the homogenate through a 1 in. 20 gauge needle. 

The recipients were tested 24 h after injection. They 
had been deprived of food for 23 h beginning 5 days before 
the test and they were 48-56 h deprived at the tıme of the 
test. The testing was conducted in two successive 30 min 
sessions. During the first 30 min the bar was removed 
from the box and the subject was presented with tho 
light-olick of the food delivery mechanism every 60 sec. 
The total number of magazine entries which occurred 
during this test session was recorded. The subject was 
then removed from the Skinner box, the bar was replaced 
and activated and the subject was tested under a CRF 
reinforcement schedule for 30 min. The mean numbers of 
magazine entries made by each of the recipient groups 
during the first 30 mm were 63, 69, and 134 for subjects 
receiving homogenates from groups A, A-YO, and AHR 
respectively. Application of Kruskal-Wallis one way 
analysis of variance to the ranked data resulted in H= 
7-58; P<0-01. Sub-group comparisons by Mann-Whitney 
U-tests revealed that the AER group made significantly 
more magazine entries than groups 4 or A-YO (U=0; 
P=0-014). Group A was not reliably different from group 
A-YC. We can thus conclude that, with regard to this 
response measuro, a significant transfer effect was de- 
monstrated in group AER but not in group A. Neither of 
the other two dependent variable (magazine entries 
during the second 30 min and bar presses during the 
second 30 min) resulted in significant effects. 

A second experiment was performed in order to test 
the replicability of the transfer effect obtained in group 
AER in the first experiment. The procedure was essentially 
the same as in the first experiment except that only an 
AER group and its yoked control (AHR-Y) were run. 
Twelve donor and six recipients were run in each experi- 
mental condition. 

The mean number of magazine entries made by the 
AER group during the first 30 min test was 108, 
whereas the mean of the AER-Y control group was 58 
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(U=5; P=0-041). The mean number of bar presses 
made by the AER group during the second 30 min test 
was 15-8; the comparable value for the control group was 
7:8 (U=5; P=0-041). The difference between AER and 
AHR-Y treatments on number of magazine entries during 
the second 30 min test was not statistically reliable 
(U=11; P=0-27) although the difference in the means 
was in the appropriate direction (Xagr= 150; XAER Y= 
88). 

In both experments, statistically rehable transfer 
effects have been demonstrated. Yet because of the 
history of failure to replicate previous positive results, it 
would seem appropriate to note that statistical reliability 
is different from experimental reproduabulity. In an 
unexplored area of research, such as this one, where many 
critical parameters remain to be determined, it is quite 
possible that future attempted replications will inad- 
vertently differ from the previous positive investigations 
with respect to one or more of these parameters and 
negative results will be obtamed. 

It should be pointed out that the present transfer 
effects could result from either specific transfer of response 
bias (learning ?) or from differential transfer of some 
general activity factor. In fact, further research in our 
laboratory, to be reported in more detail later, suggests 
that positive transfer effects are not obtained unless the 
recipients also demonstrate an increase in magazine 
entries over pre-injection base rates. The differential 
transfer effects obtained by other investigators!*-™, 
however, cannot be explained solely on the basia of 
differential transfer of general activity. When the effects 
obtained by these experimenters are taken together with 
the later experiments from our laboratory, they suggest 
that transfer of specific response bias and transfer of 
differential increase in activity are both present whenever 
a significant “transfer through injection” effect is obtained. 

This research was supported by a grant from the TCU 
Research Foundation. We thank Hugh Angle, James 
Cranfill, Joe Hodgkins, Steve Larson, and John Massingill 
for their help. The listing of the authors is alphabetical 
indicating equal contributions to the research effort. 
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Protein Synthesis in Peripheral! Nerve and 
Susceptibility to Diphtheritic Neuropathy 


INHIBITION of protein synthesis seems to be the mechanism 
of action of diphtheria toxin’? at least in cell cultures and 
in cell free systems. Whether this is the mode of action of 
the toxin in producing selective damage to Schwann cells 
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is not known’. To clarify this relationship wo have in- 
vestigated the incorporation of “C-glycine into protein of 
the normal peripheral nerve of the chicken (Silver Link x 
Rhode Island Red) and the rat (WAG/C strain) during 
maturation. The rat shows approximately a 1,000-fold 
greater resistance to the toxin than the chicken, as assessed 
by intraneural inoculation of toxin®*, and in both species 
the delay period before the onset of paralysis is consider- 
ably shorter in immature than in adult animals. It 
was considered that these differences could well be 
explained by differences in rates of protem synthetic 
activity in the two species and by the maturation states 
of the nerves. 

The sciatic nerves were rapidly excised after killing the 
animals and lengths were incubated in 2-0 ml. of Parker 
and Morton 199 medium containing 1:5 po. “O-glycine 
for 3 h at 37° C. The protein residues were subsequently 
separated by the method of Vrba et al." and their specific 
activities were determined by scintillation counting. 
During the incubation period the incorporation of 10- 
glycine proceeds at a constant rate and s sensitive to 
lack of oxygen and to potassium cyanide (1 x 10- molar 
concentration). RNA and DNA determinations were also 
made on the tissue by the method of Logan et al.’. 

The specific activities of the residual protein from adult 
nerves were as follows: rat 25,000 o.p.s./g; chicken 30,000 
¢.p.s./g. In both species the rate of amino-acid incorpora- 
tion is considerably greater in immature animals (Figs. 1, 2), 
and is about four-fold in the chicken and more than ten- 
fold in the rat. It is at its maximum at or shortly after 
birth in the rat and deolines steadily towards the adult 
levels. There is a parallel change in RNA content. DNA 
content, however, remains constant or declines very slightly 
during this period. In the chicken the peak activity 18 at 
about 400 g weight (4 weeks) and adult levels are reached 
at 1-5 kg (15 weeks). The decline in the amino-acid in- 
corporation rate appears to be directly related to growth 
in both species which has virtually ceased in the chicken 
at 1-5 kg and in the rat at 3 months. 

Internodal lengths in peripheral nerve have been clearly 
shown to be related to fibre diameter and to growth in 
length of the part®’, and the ultimate external diameter of 
each fibre ia for the most part dependent on the time of its 
start of myelination. During the maturation period most 
of the protein synthesis in Schwann cells must be related 
to myelin formation and is clearly directed more towards 
growth in length of the internodes than towards increase in 
thickness. When growth stops, increase in the thickness 
of the myelin sheath proceeds at a slow rate, at least in 
tho rabbit (P. L. Williams, personal communication). 
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Fig. 1. Chicken peripheral nerve. “O-glycine uptake (open circles) and 
RNA content durmg maturation. Ordinates- right, specific activity In 
c.p.8./g x 1,000 of dry protein extract, loft, WAjmg wet weight of 
nerve 4 bsolssa, age of birds ın weeks from hatching (4 =adult > 10/52). 
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Fig. 2. Rat peripheral nerve. “C-glycine nptake (opon circles) and RNA 
content during maturation. Ordinates, as ior Fig. 1, but note difference 
in goales, Abscissa, age of rata in days from birth. 


If the action of diphtheria toxim on peripheral nerves 
is to block protein synthesis, then its effects will tend to be 
produced more rapidly when growth is most active and it 
is therefore of interest that the most sensitive regions of 
the Schwann cell are paranodal’, where presumably most 
of the growth in length is taking place. The more rapid 
onset of thé damage in younger animals can thus be 
satisfactorily explained. It is less easy to see why the rat 
nerve should be approximately 1,000 times less susceptible 
to the toxin than the chicken nerve, although the far 
greater amino-acid incorporation rate of the immature 
rat, which is more than twice that of the immature chicken, 
may account for this rather striking difference. 
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Choline and Phospholipid-choline in a 
Sympathetic Ganglion and their Relationship 
to Acetylcholine Synthesis 


Inprrror evidence suggests that the preganglionic nerve 
terminals of the superior cervical ganglion of the cat can 
store appreciable quantities of choline for the synthesis of 
acetylcholine. Choline could be stored either as choline 
and/or as choline esterified to phospholipids (PL-choline). 

Birks and MacIntosh! have observed that when the 
cat’s superior cervical ganglion is perfused with choline- 
free Looke’s solution, the acetylcholine released on pre- 
ganglionic stimulation declines rapidly to a small quantity. 
After stimulation the amount of acetylcholine remaining 
in the ganglion is also reduced, but the quantity of the 
acetylcholine released during 60 min of stimulation exceeds 
the amount by which the ganglionic stores of this substance 
are depleted, which suggests that the preganglionic nerve 
fibres can store appreciable quantities of choline. Addi- 
tional evidence to support this concept has been provided 
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by Perry, who has observed that the venous effluent from 
resting ganglia contams choline when perfused with 
choline-free Locke’s solution. Although the perfusate 
passes through adjacent tissues, it ıs conceivable that 
some of this choline may have been derived from the 
superior cervical ganglion. 

This investigation was intended to give more informa- 
tion about the content and localization of choline and 
PL-choline in sympathetic gangha and their relationship 
to the synthesis of acetylcholine. The extraction and 
assay procedures which we used are described briefly 
below. Each superior ganglion of the cat was rapidly 
removed and immediately ummersed ın 4 ml. of 95 per 
cent ethanol containing 0:2 per cent acetic acid’ at 80° C 
and maintamed at this temperature for 10 min. The 
ganglion was minced and kept for an additional 5 min at 
80° ©. Aliquots of the ethanol extract were removed and 
the content of acetylcholine, chohne, and PL-choline was 
determined. All cats ın these experiments were anaes- 
thetized with «-chloralose—80 mg/kg was administered 
intraperitoneally. 

The cat's blood pressure method was used to bioassay 
the ACh present in these extracts‘. Choline in the extracts 
was first acetylated and then bioassayed as acetylcholine”. 
Other aliquots of the extracts were evaporated and the 
residues hydrolysed at 100° C for 1 h with 6 normal 
hydrochloric acid in sealed ampoules to liberate the choline 
esterified to phospholipids’. The hydrolysates were then 
assayed for choline according to the procedure described 
above. 

A number of tests were performed to verify that the 
biological activity exhibited by ganglonic extracts and 
their acetylated residues was probably caused by the 
presence of acetylcholine‘. The administration of 0-2 
mg/kg of atropine sulphate blocked the vasodepressor 
activity of all samples. Incubation of the latter in whole 
blood at room temperature for 2 min destroyed the acetyl- 
choline-hke activity. Similarly, when the samples were 
heated in alkaline solution of pH 11-0 for 1 min at 100° C, 
their acetylcholine-like activity was lost. In contrast, no 
appreciable reduction in the vascdepressor activity was 
obtained by heating the samples for 1 min at 100° Cina 
solution of pH 4:0. 

We found a mean of 0-257 ug (n=19) of acetylcholine 
chloride/ganglion. This value compares favourably with 
those reported by other investigators who have used the 
10 per cent trichloroacetic acid extraction procedure’ ’, 
and indicates that the hot-ethanol extraction procedure is 
a reliable method for extracting acetylcholine from sym- 
pathetic ganglia. 

We also obtained a mean of 0-181 ug of choline chlornide/ 
ganghon (n==19). Earlier nvestigators*, using the 10 per 
cent trichloroacetic acid extraction procedure, have 
reported values for the choline content of the cat’s 
superior cervical ganglion that are twenty to twenty-five 
times greater than those obtaimed by us. In our investiga- 
tion the 10 per cent trichloroacetic acid method yielded 
values for choline similar to those obtained with the hot- 
ethanol procedure. In two such experiments, the 10 per 
cent trichloroacetic acid extracts contained only about 
20 per cont more choline than the ethanol extracts when 
ganglia of the same cat were compared. In our experiments 
the following precautions were taken to minunize the 
hydrolysis of phospholipids. The trichloroacetic acid 
extracts were shaken six times with equal volumes of 
ether to remove most of the acid before the evaporation 
and acetylation procedures. Particular care also was taken, 
to evaporate the acid extracts in mild conditions (40° C). 

It should be emphasized that there is sufficient PL- 
choline in a trichloroacetic acid extract which if completely 
hydrolysed would yield choline values similar to those 
reported previously by others’. The acid extracts con- 
tained 7:5 ug of PL-choline/ganglion before ether extrac- 
tion, and 3-6 ug/ganglion after ether extraction (these 
values are averages of two experiments). 
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The ethanol extracts contained a mean of 20-8 ug of 
PL-cholne chloride/ganglion (n= 19). Further extraction 
of the minced tissue with a chloroform—methanol (2 : 1 v/v) 
solution? at room temperature for 2 h did not result in the 
recovery of significant additional amounts of PL-choline, 
indicating that the ethanol extraction procedure had 
already removed the major portion of the choline con- 
taming phospholipids. This amount (approximately 1-3 
mg/g wet weight) of PL-choline represents a substantial 
potential source of choline for synthesis of acetylcholine. 

In comparison with the 10 per cent trichloroacetic acid 
method the hot-ethanol extraction procedure used in this 
investigation appears to have a number of advantages for 
extracting choline from nervous tassue. The latter method 
18 rapid, minimizes the possibility ot evaporative losses of 
choline, and reduces the likelihood of phospholipid hydro- 
lysis. In addition, the extraction of acetylcholine, choline, 
and choline containing phospholipids is possible with the 
use of only one solvent. 

Chronic denervation experiments also were carried out 
in order to determine the localization of choline and PL- 
choline in the superior cervical ganglion of the cat. With 
the use of aseptic techniques a section of one preganglionic 
trunk of the cat was removed. Fourteen days later the 
content of acetylcholine, choline, and PL-choline was 
determined in both the denervated and control ganglion. 
The data summarized in Table 1 indicate that the major 
portion of the acetylcholine is localized ın preganglonic 
nerve fibres, and confirm the results reported earher by 
others!®11. In contrast, only about 30 per cent of the 
choline and 18 per cent of the PL-choline appear to be 
associated with preganglionic nerve fibres. 


Table 1. EFFECT OF OHRONIO PREGANGLIONIO DENERVATION ON THA CONTENT 
OF AGETYLOHOLING, CHOLINE, AND PI-CHOLIVE IN THA SUPERIOR ORRVIOAL 
GANGLION OF THE QAT 


Acetylchohne Choline PI-cholne 

Ganga chloride ebloride chloride 
Control 0 258 + 0-085 0178 +0-018 17-9 +09 
Denervated* <0-020+ 0118 $+40-014 147¢+08 


* Qangila were denervated pregangllonically 14 days before these experi- 
ments. 


+ The acetylcholine like activity could not be assayed acoura because 
the quantaties present were below the sensitivity of the bioassay method. 
+t P<0-05 (paired ¢ test). 


Birks and MacIntosh? have estimated that synthesis of 
acetylcholine within the ganglion is increased seven-fold 
during maximal preganghonic stimulation. Consequently, 
the demand for choline must also be increased to ensure an 
adequate rate of synthesis of acetylcholine. The pre- 
ganglionic nerve terminals may store only limited quan- 
tities of choline, and so it is likely that during intense 
stimulation these nerve terminals are largely dependent 
on the surrounding extracellular fluid for their supply of 
choline. Direct evidence for the ability of the superior 
cervical ganghon to obtain choline from the extracellular 
fluid has been obtained recently with the use of “C- 
choline**. Whether or not this uptake of choline is as- 
celerated during preganghonic stimulation remains to be 
established. 

Although stimulation of the preganglionic trunk does 
not increase the turnover rate of phosphatidylcholine™, 
some choline may be derived through the catabolism of 
choline contaming phospholipids within these nerve 
terminals. Most of the PL-choline of the ganglion is 
associated with post-synaptic structures, and so it is 
doubtful whether the phospholipids in the presynaptic 
nerve terminals are an important source of choline during 
preganglionic stimulation. 

Ganglia perfused with Locke’s solution containing 
choline release a greater quantity of acetylcholine and 
maintain their stores of this compound better than gangha 
perfused with choline-free Locke’s solution’. These 
observations lend additional support to the concept that 
stimulated preganglionic nerve i cannot obtain 


sufficient choline from previously stored choline or 
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PL-choline to maintain adequate rates of synthesis of 
acetylcholine. 
This work was supported by grants from the Medical 
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Heterosynaptic Facilitation as a Distinct 
Mechanism in Aplysia 
HETAROSYNAPTIO facilitation of unitary excitatory post- 
synaptic potentials (EPSPs) has been demonstrated by 
Kandel and Tauc! in some neurones of the Aplysia, 
especially in the so-called right giant cell. It consists of a 
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Tis loftand ight g aaile CoC and BEC) are shown at then reapaserrs 
The left an giant cells an are shown eIT ve 
see the le! leural and the abdominal gani The interneurone 
E A branches to those celis has been ntatively placed in the 
Toft see roid ganglion. Also indicated are the fibres in the left anterior 
tentasular nerve which synaptically activates thisinterneurone. After 
cutting the right connective and blocking the left ponnective it is poasfble 
to facihtate selectively the EPSP In the right t cell by stimulating 
one of the nerves converging on the ganglia. 
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~ Fig. 2. Heterosynaptic facilitation of the BPSP in the right giant coll 
caused by stumulation of a piece of akin during block of the left connective, 


Responses in the right and left giant oallg 
tion of the left tentacular poroa aro shown before (Al 1) and during (42) the 
block. Before remo’ k the priming stimulation was nis- 
tered. Records 43-46 soe thet he iarosynapko factitation thus produced 
oe aaa e a iao A giant cell reaching lts peak 2-5 min after the 
priming stimulation ) effect 18 seen peters oe block is apphed without, 
oe priming stimulation. In records A1, 48 and B1, because of 
a partial sucrose block causing a decreased conduction velocity, the 
latency of the HPSP in t the Hight. t cell is increased, thus lengthening 
the normally constant in al between the two EPSPs. 


Cand LGC) to the stimula- 


long lasting enhancement of the amplitude of test EPSPs 
caused by the previous stimulation (the priming stimula- 
tion) of an input different from that used for the test 
pathway. The change in amplitude of the test EPSPs 
does not result from a modification of physical properties 
of the membrane of the postsynaptic neurone. It was 

d? that ıt represents a presynaptic phenomenon by 
which the efficacy of the test input is increased through an 
action of the priming pathway on the terminals of the 
test pathway. 

These authors, however, did not completely exclude the 
possibility of a mechanism based on post-tetanic poten- 
tiation (that is, the increase of the efficacy of a synapse 
which follows repetitive activation) because they were 
unable to demonstrate the absence of repetitive activity 
in the test pathway during the priming stimulation; this 
latter affects the postsynaptic cell by strong direct 
synaptic input. Such activation of the test pathway 
could oceur if (a) the cell body of the presynaptic test 
neurone was in the same ganglion as the postsynaptic cell 
and could consequently be activated synaptically by the 
priming stimulation, and/or (b) an axonal branch of the 
test neurone was present im the nerve used for priming 
stimulation. 

The discovery of an interneurone which, in the isolated 
whole nervous system (Fig. 1), can be selectively activated 
by stimulation of one of the tentacular nerves, and which 
innervates both the giant cell in the left pleural ganglion 
and the right giant cell in the abdominal ganglion, per- 
mitted us to produce heterosynaptic facilitation in con- 
ditions which excluded the aforementioned possibility of 
activation of the test pathway. 

When. both the left and right giant cells are penetrated 
with intracellular microelectrodes the threshold stimula- 
tion of the left anterior tentacular nerve produced an 
EPSP in both cells. The unitary character of these EPSPs 
is evident from their all or nothing appearance, and 
because these EPSPs invariably appear together and are 
always separated by a constant mterval, it is evident that 
they originate from a common interneurone. Their latency 
with respect to the stimulus, however, changes, indicating 
that this common interneurone is activated synaptically 
and not antidromically. Cutting both pleurovisceral 
connectives did not affect the appearance of the EPSP in 
the left giant cell, and so we concluded that the sub. 
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otereeraaptie facilitation qa) and post-tetanic depression (B) 

BE dn tho right man PHAGE AE preparation Cooled to TO. 

e Eat iait connective, priming stımulation-branchial nerve). 

heterosynaptie facilitation ts qu tute similar in magnitude and duration 

to that seen at the normal room mnporaiure, In contrast, stamulation 

which at room temperature would produce t-tetaniıo "potentiation 
caused, at 7° C, a post tetanio lepresaion. 


synaptic region in the interneurons, and consequently its 
cell body’, is located in one of the peri-oesophageal ganglia. 
The axonal branch to the right giant cell runs in the left 
pleurovisceral connective. 

Throughout all the experiments, the test stimulus was 
applied every 10 sec. The degree of heterosynaptic facilita- 
tion observed was different for the two EPSPs, and 
depended on which nerve received the priming stimula- 
tion (1-4 traing at 10 sec intervals, 1 sec duration and 
frequency of 5-10 sec). 

By cutting the right pleurovisceral connective and by 
blocking temporarily the conduction in the left one by 
local application of an isotonic sucrose solution, it was 
possible to isolate functionally the synapse on the right 
giant cell from that on the left giant cell. In these con- 
ditions the priming stimulation reached the abdominal 
ganglion without affecting the upper ganglia, thus elimi- 
nating the possibility (a) of the synaptic activation of the 
test interneurone, the cell body of which was shown to 
be located in one of the peri-oesophageal ganglia. The 
absence of activity in this interneurone after the priming 
stimulation was controlled by continuous recording from 
the left giant cell. When all activity induced by the 
priming stimulation subsided in the right giant cell, the 
block was removed and the test EPSP was again recorded 
in the right giant cell. Control tests were carried out to 
evaluate the effects of the sucrose block by itself on the 
EPSP in the nght giant cell*. 

To avoid antidromic activation, physiological stimula- 
tion was used as a priming stimulus. A piece of skin 
innervated by the anal nerve which leads to the abdominal 
ganglion was dissected with the whole nervous system, 
and was stimulated with a water jet. 

In these conditions in which situations (a) and (b) 
mentioned above were eliminated, thus avoiding repeti- 
tive activation of the test interneurone, a strong hetero- 
synaptic facilitation of the EPSP in the right giant cell 
was observed (Fig. 2). This increase in amplitude often 
lasted for several tens of minutes. No change in amplitude 
of the EPSP in the left giant cell occurred when the 
priming stimulation was applied during blockage of the 
left connective. 

In addition, the characteristics of the heterosynaptio 
facilitation of the EPSP in the right giant cell were shown 
to be different from those of post-tetanio potentiation, 
which reached its peak more rapidly (after 10-30 sec) 
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than did heterosynaptic facilitation (after 1-4 min) and 
lasted only 1-5 min, in contrast with the long lasting 
facilitation (10-30 min) caused by the heterosynaptic 
stimulation. 

We were also able to show the usual heterosynaptic 
facilitation in conditions in which post-tetanic potentiation 
had been abolished or even reversed to a post-tetanic 
depression by cooling the preparation to 6°-9° © or 
by completely replacing the sodium in the medium by 
lithium! (Fig. 3). 

Heterosynaptic facilitation represents, consequently, a 
phenomenon distinct from post-tetanic potentiation. The 
data gathered in these experiments suggest that hetero- 
synaptic facilitation is not caused by a reduction in a given 
level of tonic presynaptic inhibition (compare with spinal 
cord®). The fact that the facilitation can be observed when 
the posmbility of a post-tetanic potentiation has been 
eliminated supports the suggestion of one of us* that 
heterosynaptic facilitation is a counterpart to presynaptic 
inhibition. 

This work was supported in part by a grant of the 
Direction des Recherches et Moyens d’Essais, France. 
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Electrogenic Potassium Pump related to 
Generation of End-plate Potentials in Muscle 


Tam active transport of sodium and potassium ions by 
sodium-rich extensor muscles of rat was much greater 
when these muscles were still connected to the central 
nervous system! than when they were denervated during 
immersion in recovery fluid. Furthermore, while the 
sodium pump in denervated muscles was electrogenic, 
raising the membrane potential by as much as 12 mV 
above the potassium equilibrium potential during exore- 
tion of sodium ions*~, the sodium—potassium pump was 
almost electrically neutral in innervated frog and rat* 
muscles, suggesting a stimulation of uptake of potassium 
ions in the innervated preparation. In view of the depolar- 
izing action of active uptake of potassium ions and of its 
possible relation to the generation of end-plate potentials, 
we examined the action of some cholinergic agents on 
active transport in sodium-rich extensor muscles. While 
acetylcholine was found to stimulate greatly the trans- 
port of sodium and potassium ions, eserine and deos- 
methonium both appeared to inhibit active transport of 
these ions’. Eserine by inhibiting choline esterase activity’ 
and possibly by causing its release from nerve endings* 
augments acetylcholine activity at the end plate. Deca- 
moethonium mimics the depolarizing action of acetyl- 
choline at the end plate but cannot be broken down by 
choline esterase’. We considered it possible that these 
two substances might depolarize the membrane to the 
point where increased entrance of sodium ions, associated 
with the action potential, would mask any stimulating 
effect they might have on the active transport of potas- 
sium and sodium ions. We therefore placed four sets of 
sodium-rich extensor musoles in recovery fluid containing 
tetrodotoxin (10-* g/ml.). This substance blocks the rapid 
inward movement of sodium ions, which produces the 
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action potential in nerve and muscle, but does not 
eliminate miniature end-plate potentials'4*. One set 
of muscles in each case was used as a control, while either 
eserine (60 ug/ml.) or decamethonium iodide (0-1 pg/ml.) 
was added to the recovery flud containing ther oom- 
panion muscles. Both substances greatly stimulated the 
uptake of potassium ions in the presence of tetrodotomn 
without having as significant an effect on active excretion 
of sodium ions. The muscles treated with eserine took up 
16-5 m.equiv. more potassium ions, and excreted 6-7 
m.equiv. more sodium ions/kg of muscle than their 
untreated companions. The difference in the case of 
potassium ions was very significant (P <0:01), but in the 
case of sodium ions was only slightly significant (0-05 < P < 
0-1). Muscles treated with decamethonium during 
recovery contained 9-0 m.equiv. more potassium ions 
(P<0-01) on the average than their untreated com- 
panions. There was no significant difference in the 
excretion of sodium ions here. 

In keeping with the earlier finding with innervated 
muscles!, these observations suggest that cholinergic 
agents exert a strong stimulating action on active accumu- 
lation of potassium ions by mammalian muscles—a 
process which would be expected to depolarize the 
membrane in the end-plate region. It 1s suggested, there- 
fore, that the reason why tetrodotoxin had no effect on 
the generation of end-plate potentials was that they were 
not produced by the entrance of sodium ions here, but 
rather by the activity of an electrogenic potassium pump 
activated by acetylcholine. 

It has been pointed out by Elmqvist and otherst 
that decreasing the concentration of sodium ions in the 
medium causes a reduction in the size of the miniature 
end-plate potentials and this has been quoted as evidence 
for participation of the entrance of sodium ions in the 
production of the potentials. It should be remembered, 
however, that there is some evidence that absence of 
external sodium ions inhibits the potassium pump in 
muscle'15 and in nerve’. The suppression of miniature 
end-plate potentials by hypoxia!’ also suggests that they 
are produced by an active process rather than by change 
in membrane permeability. 
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Insulin and the Sodium Pump of the Mala 
Muscle Fibre 


A DESORPTION of the response of the sodium pump of 
single muscle fibres of the crab Mata squinado to 8-lysine 
vasopressin! has shown that the natriferic action of the hor- 
mone was governed by the pH differential across the 
fibre membrane. In an attempt to elucidate further the 
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nature of hormonal actions, these investigations have 
been extended to include insulin. The results reported 
here support the view*~ that insulin when applied ex- 
ternally leads to an increase in the efflux of sodium from 
skeletal muscle, and they provide evidence that phleo- 
mycin, a DNA-polymerase whibitor, is somehow able, in 
fibres previously exposed to the hormone in vivo, to 
prevent the reduction of sodium efflux by injected insulin. 

Single fibres were isolated from the flexor muscle of the 
leg or claw of male crabs and cannulated according to the 
method of Caldwell and Walster®. The microsyringe 
devised by Hodgkin and Keynes? was used for the in- 
jection of sodium-22, insulin and phleomycin. The resting 
potential of these fibres was measured with a Ling and 
Gerard glass micro-clectrode and with a Vibron electro- 
meter model 338. Fibres with resting potentials greater 
than ~45 mV were used. The procedure for collecting 
and counting isotopic sodium has been described in detail 
elsewhere’. 

Although insulin when externally applied was without 
effect on the sodium pump of Mata fibres, the internal 
application of the hormone was found to cause a rapid and 
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Fig. 1. Effect of a partial suspension of 100 u/ml. of regular insulin in 
distilled water the oH of which was 7-0 afteritsinternal applirationinto o 
Mata fibre. Volumeinjected was about 015 ul. (injected distilled water has 
no effect on sodium effux). w indicates tıme at which insulln was 
injecved. The resting potential of the fibre at the start and end of the 

riment was 66 mV and 52 mV respectively. Temperature 19° O; 
pH of crab saline 7:4. (Crab Ringer solutions do not contain glucose or 

amino-acids.) 
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exposure of the crab ın vivo to tnsulin for 
15 h. When Prey in a concentration of 100 U/ml. insulin caused a 


Fig. 2. Effect of insulin after 


slowing down of sodium loss but, after this, external application ofinsulin 
in a concentration of 1 Ufml. produced a sustalned in efflux. The 
resting potential of the fibre at the beginning and end of the 
was 58 mV and 58 mV respectively. Temperature 20° C; p 
saline 7:5. (The horizontal arrows indicate the interval d 
insulin was applied externally to the fibre.) 
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temporary rise in efflux in four of the six fibres tested. This 
effect of insulin is illustrated by Fig. 1. When insulin was 
applied externally, after the development of the transitory 
stimulatory phase, a gradual reduction in efflux occurred 
(two experiments). By contrast, when 40 u of regular 
insulin was injected into a crab tn vivo, and when 15 h 
later the hormone was again injected directly into single 
fibres, the result was a decrease in efflux. This action of 
insulin, as indicated in Fig. 2, could be reversed by adding 
the hormone to the external medium about 30 min after 
the onset of inhibition. When insulin was applied both 
internally and externally at the same time, the sodium 
pump responded by exhibiting a prompt but transitory 
rise in efflux (three experiments). A simple explanation 
for the inhibitory effect of injected insulin on sodium 
efflux is that the hormone causes mitochondrial swelling’, 
thus leading to an uptake of sodium from the sarcoplasm, 
and, in turn, to a reduction of the sodium pool in the 
vicinity of the inner side of the sarcolemma. On this 
hypothesis, the stimulation of the sodium pump by ex- 
ternal application of insulin is explained as being directly 
related to the presumed rise in the internal concentration 
of sodium in these fibres. This is in agreement with the 
findings by Kernan‘ that sodium excretion in frog muscle 
can be stimulated by insulin after allowing the tissue to 
soak overnight in a cold potassium-free Ringer-Conway 
solution. 

If insulin induces de novo synthesis of protein in skeletal 
muscle, and if this process is independent of RNA forma- 
tion®1°, it follows that the use of an RNA-polymerase 
inhibitor, such as actinomycin D, should not influence the 
response pattern of the sodium pump to insulin. Fig. 3 is 
based on an experiment performed in triplicate in which 
the crab received 5 mg of actinomycin D and 40 u of 
crystalline insulin 15 h previously. The salient features of 
first applying insulin internally and then externally are 
those of gradual inhibition followed by sustained stimula- 
tion of sodium efflux. The significance of this result, 
however, remains uncertain, first, because actinomycin D 
may bind poorly to crab DNA (private communication 
from I. H. Goldberg) and, secondly, because actinomycin D 
may fail to penetrate into Maia fibres. The finding of a 
substantial rise in the resting potential of several of the 
fibres tested with insulin, as in this experiment, agrees 
with the results obtained by Zierler’! and by Moore 
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Fig. 8. Persistence of the responso peron to insulin despite the use of 
actinomycin. Insulin was first appled internally m a concentration of 


100 u/ml.; this caused moderate inhibition of sodium effiax. When the 
hormone was applied externally (1 U/ml.) stimulation of the sodium 
ump became noticeable. The resting porenoal of the fibre at the 
nning and end of the experiment was 56 mV and 71 mV res ively. 
Temperature 21° C; pH of crab saline 7 4. (Horizontal arrows indicate the 
duration of treatment of the fibre with Insulin externally.) 
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Fig. 4. Abolition of the response pattern of the sodium pump to insulin by 
mi{crol ting phleomycin. A solution of 6 mg/ml- of phieomyoln in 
distilled water was frst injected into the fibre before loading it with 
sodium-22, A dilution factor of about 100 should be taken into secount 
in this case (and in any of these fibres injected with test solutions). 
Insulin (100 U/ml.) was Injected Into this fibre about 80 min later, 
insulin was then ie externally (1 U/mL.) for a period of 25 mim. The 
reating potential of the fibre at the start and end of the experiment was 
65 mV and 59 mV respectively. Temperature 24° O; pH oforab saline 7 5 


(quoted by Zierler et al.*) in an investigation of rat skeletal 
muscle. 

Phleomycin*+#* was injected into three fibres previously 
exposed to insulin shortly before loadmg them with 
isotopic sodium. The result obtained by applying insulin 
internally and externally, as illustrated by Fig. 4, suggests 
that phleomycin interferes with the pharmacological 
action of injected insulin, thereby preventing a fall-off in 
the efflux of sodium. The observation that there was no 
change in sodium efflux when these fibres were treated 
with insulin externally is in keeping with the concept that 
the hormone acts on the external surface of the sarcolemma 
when the sodium pump is depressed. Whether these 
various induced effects on sodium efflux are attributable 
to control by insulin of mitochondrial swelling, DNA 
template efficiency!‘ or co-ordination of translation’ is, 
however, unknown. 

I thank Dr. J. E. Hall of Boots Pure Drug Co., Lid., 
Nottingham, for crystalline insulin, Mr. H. Brown of 
Merck, Sharp and Dohme, Rahway, New Jersey, U.8.A., 
for actinomycin D, and Dr. J. Lein of the Bristol Labor- 
atories, Syracuse, New York, U.S.A., for phleomycin. 
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Effect of Intravenous Infusion of Fructose 
in Newborn Calves 


WHEN fructose is infused intravenously in adult animals, 
the tolerance to glucose 1s enhanced!-*, but the blood 
glucose concentration is maintained, presumably as a 
result of the rapid conversion of fructose to glucose in 
adult liver‘. 

In the present experiments the effects of intravenous 
infusions of fructose have been examined in newborn 
calves because the capacity to metabolize this hexose 
develops only slowly during the first week of life in other 
ungulate species*~’. Solutions of fructose in 0-9 per cent 
sodium chloride were infused mtravenously during a 5 h 
period in six Jersey calves 24 h after birth and the effects 
compared with those of simular infusions in six 7 day old 
calves. Samples of jugular blood were collected at inter- 
vals and aliquots of plasma were analysed in duplicate 
for glucose’, fructose®-?°, lactic acid! and in several experi- 
ments assayed immunologically for insulin?*. 

In 24 h old calves, the plasma glucose concentration 
invariably fell to low levels when the concentration of 
fructose in the plasma was raised to about 100 mg/100 ml. 
The results of a typical experiment are shown in Fig. 14. 
In one animal (Fig. 1B), the fall in the plasma glucose con- 
centration to values less than 10 mg/100 ml. was sufficient 
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Fig. 2. The effect of intravenous infusions of fructose on the concentra- 

tion of glucose , finctose (O), and lactic acid (A) in the pema of 

two 7 day old ves. ‘The values from one Individual are mdicated by 
open symbols and those from the other by closed symbols, 


to induce a rise in the concentration of plasma lactic acid, 
which is a characteristic sign of severe hypoglycaemia 
in the newborn calf’, In other individuals in this group, 
the fall in the concentration of plasma glucose was less 
pronounced. The relatively slow disappearance of fruc- 
tose when the infusions were terminated indicates that it 
18 not rapidly metabolized at this age. 

In 7 day old calves the rate at which fructose was 
infused had to be increased in order to raise the plasma 
concentration to comparable levels (Fig. 2). The hypo- 
glycaemic effect was considerably reduced at this age; 
in some individuals the concentration of plasma glucose 
fell by as much as 30 per cent, but in others it was main- 
tained within the normal range (Fig. 2). Fructose also 
disappeared from the circulating plasma more rapidly. 


1. INSULIN AOrivrry (myg/mL) AND GLUOOSE CONOHRTRATION 
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1 (Pig. 14) g. 1B) mH, (i 
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+420 1-7 880 <10 18 20 95 0 116 87-0 

* Infusions commenced. 

+ Infusions terminated, 


There was no rise in immunologically reactive msulin 
in the plasma during fructose infusions at either age; 
in the 24 h old calves in which plasma insulin activity 
was measured, it fell during hypoglycaemia (Table 1). 
These findings agree with those of Corvilain and Tagnon, 
who reported that the increase in the peripheral uptake of 
glucose during fructose infusions in man was not associ- 
ated with an increased serum insulin activity?. Further- 
more, fructose exerts a similar effect in the pancreatectom- 
ized dog? and does not stimulate the secretion of msulin 
when infused directly into the pancreatico—duodenal 
artery". 

Removal of either the pituitary or the adrenal glands 
in the young calf results in a fatal hypoglycaemia within 
24h'*. The hypoglycaemic effect of fructose in the new- 
born calf does not appear, however, to depend on inhibi- 
tion of hypophyseal or adrenal cortical secretion. It 
cannot be prevented by the administration of adreno- 
corticotrophio hormone and persists in 24 h old calves 


NATURE, VOL. 214, MAY 13, 1967 


which have been adrenalectomized and are maintained 
with cortisol. 

The results of these experiments indicate that fructose 
possesses a marked hypoglycaemic effect in the newborn 
calf when it 1s present in the plasma at concentrations 
comparable with those which occur in the foetus. The 
rate at which the blood glucose falls in response to insulin 
in the spinal eviscerated cat is increased by the administra- 
tion of fructose*, but no such effect on the peripheral 
uptake of glucose has so far been described in the new- 
born animal. It is possible that the hypoglycaemic effect 
of fructose is related to the characteristically low con- 
centration of glucose in the blood of- foetal ateg!" 
because the rise in blood glucose concentration after birth 
is accompanied by the steady disappearance of circulating 
fructose in these species’. 

A. V. EDWARDS 
Physiological Laboratory. 
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Department of Biochemistry, 
University of Cambridge. 
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Effect of Pancreozymin Preparations on 
Gastric Secretion 


Magee and Nakamura have reported! that a pancreozymin 
and cholecystokinin (PZ/CCK) preparation increased 
gastric secretion in dogs with a simple gastric fistula. The 
authors, I am sure, have overlooked previous reports of 
this finding’*. Using a commmercial and highly purified 
preparation of PZ/CCK, ‘Cecekin’ (Vitrum), 1t was found 
that doses ranging from 18-75 to 600 U/h increased gastric 
acid output in dogs with a simple gastric fistula’. Theso 
investigations were confirmed im later experiments in 
which bethanechol (‘Urecholine’) was combined with 
‘Cecekin’. In those experiments’, bethanechol plus 
‘Cecekin’ produced a greater acid response than bethane- 
chol alone. 

Recently, 1t has been shown that ‘Cecekin’ stimulates 
the secretion of Brunner’s glands, whereas pure poly- 
peptide gastrin has no effect‘. Until a pure polypeptide 
is available ıt 18 not justifiable to conclude that the 
currently available preparations of PZ/CCK contain 
duodenal gastrin. 
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PATHOLOGY 


ßB-Aminopropionitrile and the Mucopoly- 
saccharides of Embryonic Chick Aortae 


THERE is some evidence to suggest that mucopolysac- 
charides are involved in the connective tissue disorder of 
lathyrism, which is produced when certam experimental 
animals are exposed to the toxic effect of B-aminopropio- 
nitrile (BAPN) and related compounds. Thus, Menzies 
and Mills? found that the metachromatic material of the 
ground substance was increased in lathyritio rat aortas, 
and Grant, Hathorn and Gillman’ found an increased. 
content of hexosamine in the aortae of lathyritic rats. 
Levene and Gross? showed that an abnormality of collagen 
can be demonstrated very soon after the injection of 
BAPN into chick embryos. We have investigated the 
aortic moucopolysaccharides in this experimental model, 
to see if changes in the mucopolysaccharides occurred in. 
parallel with the changes in collagen. 

Fertile eggs of the White Leghorn variety were divided 
into two groups, normal and lathymtic. Embryos of the 
normal group were killed on the fourteenth, sixteenth and 
seventeenth days of incubation, and the aortae were care- 
fully removed, a minimum of twenty aortae being pooled 
from each group. Lathyrism was induced in the lathyritic 
group on the fourteenth day of incubation by injection 
of BAPN (10 mg in 0:1 ml. of water) on to the chorio- 
allantoic membrane. Aortae were collected on the fifteenth, 
sixteenth and seventeenth days of incubation. Pooled 
samples of aorta, were freeze-dried and ground to a 
powder. For “extractable collagen” assays, the hydroxy- 
proline content of cold (4° C) 1 molar sodium chloride 
extracts of fresh aortic tissue was measured as described 
by Levene’. Mucopolysaccharides were isolated from 
aortic powder by papain digestion, dialysis and lyophiliza- 
tion; separated by electrophoresis on cellulose acetate, 
and stained with alcian blue, as described by Manley. 
The relative proportions of the alcian blue-positive bands 
were measured in a recording densitometer. Total hexos- 
amine was measured by the method of Boas’ in acid 
hydrolysates of aortic powder. Glucosamine and galactos- 
amine were separated by the column chromatographic 
method of Gardell’. Samples of aorta from each group 
were also examined histologically after fixation in formal 
saline and 90 per cent methanol. 

Cold 1 molar sodium chloride-extractable collagen in- 
creased sharply after injection of BAPN, but remained 
unchanged in the control aortae. Electrophoresis of 
1olated aortic mucopolysaccharides produced three alcian 
blue-positive bands in every case, corresponding in 
mobility, staining reactions, and hyaluronidase-suscept- 
ibility® to hyaluronic acid, heparitin sulphate and chon- 
droitin sulphate. The electrophoretic pattern showed no 
significant difference between the normal and lathyritic 
groups, though both groups did exhibit a maturation 
phenomenon characterized by an increase in the propor- 
tions of hyaluronic acid and heparitin sulphate, relative 
to chondroitin sulphate, with increasing tıme (Table 1). 
Total aortic hexosamine did not change significantly in 
either group, remaining within the range l'l + 0-1 mg/ 
100 mg of dry aorta. The glucosamine : galactosamine 
ratio, measured in both control and BAPN-injected groups 
on the sixteenth day, was 1: 1-2 and 1: 1-3, respectively, 
a difference which was not considered to be significant. 


Table 1, RELATIVE PROPORTIONS OF THB THRHE ALOIAN BLUE-POSITIVE 
FRACTIONS OBTAINED BY HLBOTROPHORESIS OF AORTIO MUOOPOLYSACOHARIDES 
3 NORMAL AND O OHIOK EMBRYOS 


Percentage total alcian blue-positive material 
Frac! Frac 


Fraction 1, tion 2, fion 3, 
Sample hyaluronic acid heparitin sulphate chondroitin sulphate 
Normal BAPN Normal BAPN Normal BAPN 
14 days 47 _ 18 — 94-0 — 
15 days — 70 — 38 — 89-2 
16 days %8 87 56 63 846 84-0 
17 days 11-4 101 82 96 80-4 80 4 
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Histologically, no convincing increase in azur A-meta- 
chromasia could be demonstrated in the aortae of the 
BAPN-treated group. 

These results indicate that a change in aortic muco- 
polysaccharides does not accompany the immediate 
change in aortic collagen that can be demonstrated in 
the chick embryo following injection of BAPN. Possibly 
the changes demonstrated in more chronic forms of 
lathyrism are related to repair processes in weakened, 
tearing vessels. 
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Phenomenon of Tumour Transfer by Skin 
Grafting 


Breyere and Williams found that solid lymphomata grew 
from a skin transplanted syngeneically from mice 
with Moloney leukaemia in twenty-two cases out of fifty. 
In syngeneic transplantation of skin from donors with 
solid transplantable tumours we have casually observed 
a similar phenomenon. 

Experiments were performed on O57BL/6g, BALB/c, 
O3HA mice from the AMS breeding farm ‘“‘Stolbovaya”’, 
in the Soviet Union. Both sexes were used, and they 
weighed 16-18 g. The following strains of tumours and 
leukaemias were used: sarcoma K-237 of O57BL/6g mice 
and SB-1 of BALB/ce mice were induced in our laboratory 
by 17,12-dibenz(a)anthracene and were carried through 
eight and one to two passages, respectively. Hepatoma 22 
of C3HA mice was passaged many times in this line of 
mice. We also used transplantable haemocytoblastosia La 
in O57BL/6g mice originally induced by roentgen irradia- 
tion and Moloney leukaemia passaged by ascitio cells in 
BALB/c mice. When tumours passaged in solid forma 
reached sizes of about 3 x 2 x 1-5 om, skin grafting was 
carried out, the graft being taken from the area not in 
contact with the tumour. The tumours grew separately 
from the surrounding tissues and usually produced no 
metastases. Skin grafts of full thickness and a width of 
3-5 x 2 cm were taken from donors beyond the zone of 
tumour growth. The grafts were freed from subcutaneous 
cellular tissue. Recipients were given hexenal anaesthesia. 
Grafts were fixed in them with BJ'-6 glue plus antibiotics. 
Until the tenth to fifteenth day of the experiments mice 
were kept in individual cages. They were observed for 
1-5 months. 

As will be seen in Table 1, syngeneic skin grafting from 
mice with K-237 and SB-1 tumours as well as from mice 
with transplantable solid hepatoma 22 was accompanied 
in about one third of the cases by the development of 


Table 1 
Tumour Line of Development of tumours 
Tumour passage mice rate* Tome (days) 
K-237 YHA CSTBLIOg 8/24 28-30 
SB-1 I BALB}s 1/4 16 
SB-1 u BALBJo 2/4 16, 26 
Hepatoma 22 Long passaged OSHA af 8 
Leukaemia La Long passaged bathed 8/8 TB 
Leukaemia Moloney Long passaged BALB/c 2/2 15 


* Numerator, number of animals developing tumours; denominator, 
number of anumals receiving skin grafts. 
+t Death by leukaemia occurred at 7-8 days. 
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tumours originating from skin grafts. The histological 
atructure of the tumour in recipients corresponded to that 
in donors. These tumours appeared at intervals corre- 
sponding to the time of their development when pieces of 
tumour were transplanted through a trocar. It should be 
mentioned that in one case a skin graft was taken from 
a C3HA mouse which did not develop a tumour after 
inoculation with hepatoma 22 cells. Nevertheless, after 
9 days the recipient of the skin graft developed a tumour 
from 1t. In the case of haemocytoblastosis La, all mice 
receiving skin isotransplantate died of leukaemia after 
7-8 days of the experiment, which corresponded to the 
time of death on- moculation of 107-10* cells. Trans- 
plantation of skin from a BALB/c mouse with the trans- 
plantable form of Moloney leukaemia resulted, in two 
recipients of skin grafts, in the formation of solid lympho- 
mata like those observed casually by Breyere and 
Williamsi. Cells from these lymphomata could be pas- 
gaged both in ascitic and solid forms. It is interesting that 
tumour growth did not depend on the fate of the skin graft, 
that is, on whether it was taken or gradually rejected. 

In our experiments the possibility of contamination of 
the transplantate surface with tumour cell seems to be 
excluded, because during the removal of the graft the 
bordering ‘‘capsule”’ of the tumour remained intact in the 
donor, and the graft was carefully cleaned from sub- 
cutaneous cellular tissue which was completely scraped 
off into a Petri dish. : 

The tıme of tumour development corresponded to that 
after the moculation of large numbers of cells, which can 
be explained entirely by the growth of cells already 
present in the skin. In one experiment there was growth of 
hepatoma from a skin graft although the donor did not 
develop a tumour after inoculation with tumour cells. 


. This is evidently determined by the presence of tumour 


cells in the blood and tissues, in particular in the skin. 
When skin is grafted the initial host loses its control over 
tumour cells in the skin and this 1s the basis for the pro- 
gressive growth of tumours in skin grafts. It seems that 
not only are there many tumour cells in the entire body, 
but there are also particularly favourable conditions for 
tumour growth when skin is grefted. For example, 
increased proliferation of young connective tissue in the 
area of the transplantate may be conducive to it. The 
role of such proliferation in tumour growth has been 
much investigated. 

It seems that in replacement surgery great care should 
be taken in the use of materials from living or dead 
donors suspected of having a malignant disease’, and that 
the use of immuno-depressive drugs should be particularly 
taken into consideration. 

We thank G. J. Svet-Moldavsaky and Dr. Vera P. 
Hamburg for their help. 
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Reciprocal Interference between Mouse 
Mammary Tumour Virus and Leukaemia 
Virus š 

Tue possibilty that mammary tumour virus (MTV) 
and lymphatic leukaemia virus (LLV) may mterfere with 
each other m mice was suggested by the findings that: 
(1) RIN mice, a strain carrying MTV m which there is a 
high incidence of mammary tumours, also carry “in- 
hibitors” of MTV in their milki, show a spontaneous 
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tendency to lose MT'V?, and develop a number of lymphoid 
tumours when free from MTV». 

(2) Factors are present m the ROI stram which delay 
the progression of mammary tumours. Tumours of this 
strain show long periods of “pregnancy dependence”, 
that is, a very slow progression towards autonomous 
growth‘-*. In this respect RIII mice differ significantly 
from MTV-carrying 03H stram, the tumours of which 
rapidly progress’'’, 

(3) Factors which delay progression of mammary 
tumours in the RIII strain are extrachromosomal and are 
transmitted through the milk together with MTV. When 
low-tumour BALB/c mice, supposedly free from virus, are 
foster-nursed by RIII and then maintained as an inbred 
line for generations, this line (BALB/ef(RILM)) shows in 
breeding females a high incidence of mammary tumours 
the behaviour of which closely resembles that of RIII 
tumours’°, Conversely, the behaviour of mammary 
tumours in BALB/c mice foster-nursed by O38 (BALB/ef 
(O3H)) closely approaches that of O3H tumours”, 

(4) A high moidence of lymphatic leukaemia has un- 
expectedly been observed in BALB/ef(RIM) mice, es- 
pecially in males and virgin females!?“. In contrast, 
however, the incidence of leukaemia in BALB/c, C3H and 
BALB/e¢f(03H) mice is low, 

(5) In BALB/cf(RIM) females there is repulsion be- 
tween. tumours and leukaemiat!1*, 

(6) A cell-free leukaemogenic agent has been demon- 
strated in BALB/of(RUI) mice. 

These findings suggested that (a) LLY should be present, 
though inactive, in the RIN strain; (b) activation of this 
ROI LLV should have occurred after transfer into 
BALB/c mice by foster-nursing; (c) reciprocal interference 
should exist between MTV and LLV15. The last hypothesis 
has been submitted to experiment. This report covers the 
first year of investigation. 

A known strain of LLY, the Moloney leukaemia virus 
(MLY), was used. From the leukaemic organs of Osborne— 
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Fig. 1. Weight of the spleen, thymus and mesenteric lymph node from 
birth to the twenty-fourth week in MTV-free BALB/c and 


BALB/ef(O3H) female mice, normal (A) and treated with LOR fess 
or MLV (@) when 4 weeks old. 
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Mendel rats inoculated at birth with MLV a large amount 
of virus was prepared according to the method of Moloney?’ 
and stored at —70° C. An extract of normal lymphatic 
organs from non-inoculated rats (LOR) was also prepared 
by the same method and stored at —70° C, Genetically 
identical inbred virgm female mice of strains BALB/c, 
supposed virus-free, and BALB/¢f(O3H), carrying MTV, 
were used as recipients. The following experiments were 
one. 

Lymphatic organ weights. A total of 324 untreated 
virgin female mice, 162 BALB/c and 162 BALB/ef(O3B), 
were killed in ether, three per strain each time, at daily 
intervals from 1 to 34 days of age or at weekly intervals 
from 35-168 days (5th-24th week), and their spleens, 
thymuses and mesenteric lymph nodes were immediately 
weighed in a Mettler semimuicro balance. The behaviour 
of normal organ weights/g of body weight is shown in 
Fig. 1. No differences have so far been detected between 
the normal weights of the thymus and mesenteric lymph 
node of BALB/c mice free of MTV and those carrying 
MTV. A significant difference in the weight of the spleen 
occurred, however, during the first few weeks of life. 
The spleen was found to be heavier in mice carrying MTV. 
The difference between the two groups was greatest at 3 
weeks and disappeared at about the third month. It 
would seem possible that MTV raises the spleen weight in 
BALB/ef(O3H) mice dunng the period of suckling. 

A total of 360 females—180 BALB/c and 180 BALB/cf 
(C3H)—received intraperitoneal injections of LOR (sixty 
animals/strain) or MLV (120 animals/strain), in the form 
of 0-2 ml. equivalent/100 mg of tissue at 28 days of age. 
They were then killed at weekly intervals (3 LOR- 
treated + 6 MLV-treated/strain/week) from 1 to 20 weeks 
after treatment, and their spleens, thymuses and mesenteric 
lymph nodes were weighed as before. The organ weights 
in mice treated with LOR (Fig. 1) did not differ greatly 
from the normal ones of corresponding strain and age. 
The same apphes to the organ weights of BALB/¢f(03B) 
mice treated with MLV, whereas in BALB/c mice treated 
with MLV there was a consistent increase in the weights 
of the spleen, thymus and mesenteric lymph node from 16 
to 20 weeks after MLV treatment (Fig. 1). The increase 
in weight of the organs resulted from the development of 
leukaemias. The results suggest that MTV hampers the 
activity of MLV in the lymphatic organs of BALB/¢f(C3H) 
mice. 

Leukaemogenests. Two groups of female mice, twenty- 
five BALB/c and twenty-nine BALB/ef(C3H), were 
treated with MLV at 28 days (as before) and kept under 
observation for the development of leukaemia. Comparable 
groups of BALB/c and BALB/qf(03H) females, untreated 
or treated with LOR (as before), were used as controls. 
None of the controls has developed leukaemia after 300 
days. Of the BALB/c mice treated with MLV, nine 
(36 per cent) developed leukaemia, whereas only two of 
the treated BALB/cf(03H) mice developed leukaemia 
(6-9 per cent) during the same period of observation 
(Fig. 2). The difference in the earhest time that leukaemia 
was observed was 132 days; the difference in leukaemia 
incidence was 29:1 per cent (P<0-01). The results in- 
dicate that MTV prevents or delays leukaemogenesis by 
MLV in BALB/ef(C3H) mice. 

Breast noduligenesis. The noduligenic test suggested 
by Nandi??* for detection of MTY has been used, with 
few changes, to determine whether MLV interferes with 
the activity of MTV in mouse mammary glands. MTV was 
prepared from the lactating mammary glands of BALB/ef 
(C3H) females by the routine method" and stored at — 70° 
C. Five groups of twelve BALB/c females have been sub- 
mitted to the following mtraperitoneal injections: (1) 
MLY when 1 day old (0-1 ml. equivalent/50 mg of tissue); 
(2) MTV when 21 days old (0:1 ml. equivalent/25 mg of 
tissue); (3) MLV when 1 day old plus MTV when 21 days 
old; (4) LOR (0-1 ml. equivalent/50 mg) when 1 day old; 
(5) physiological saline (0-1 ml.) at 21 days. Starting at 
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the thirty-sixth day of life the animals were subjected for 
60 days to the noduligenic treatment (daily subcutaneous 
injections of 1 pg of oestradiol 17-8 together with 500 ug 
of deoxycorticosterone acetate in 0-025 ml. of olive oil) 
and killed 31 days after the final injection. At autopsy 
the thoracic and abdominal breasts were removed and 
prepared as ‘‘whole mounts” under e dissecting micro- 
scope. The results of the nodule count are shown in Table 1. 
The average number of hyperplastic alveolar nodules 
counted per breast examined was 1:5 in mice receiving 
MTY alone and 0-3 in mice which received MLV together 
with MTY (P <0-05). No nodules have been found in the 
breasts of mice receiving MLV alone, LOR or physio- 
logical solution. These results indicate that pretreatment 
with MLV hampers breast noduligenesis by MTV in 
BALB/c mice. 


Table 1. NODULIGENIO PRST In BALB/c MIOR INJECTED WITH MLV, MTY, 
MLV+MTV, LOR, OR PHYSIOLOGICAL BALINE AT THR AGES INDICATED 


Ave No, 
No. of Treatments at Breasts Nodules ofn ules/ 
muce* lday 21days examined counted 
8 MLV - 48 - - 
10 - MTY 60 80 15 
9 MLY + MTV 54 15 Ost 
8 LOR ~ 48 - ~ 
8 - Diluent 48 - 
+ Pea to iae the end of the expor:ment, 
té=2 63; 


Mammary tumorigenesis. Two groups of BALB/ef(03H) 
females, seventy-three untreated and twenty-seven given 
intraperitoneal injections of MLV at 28 days (0-2 ml. 
equivalent/100 mg of tissue), were observed for the 
occurrence of mammary tumours (Table 2). After 12 
months, twenty-two of the untreated females (30:1 per 
cent) have already developed mammary tumours. (Ap- 
proximately the same tumour incidence (29-2 per cent) 
has been observed in a group of twenty-four BALB/ef(C3H) 
females treated with LOR (0-2 ml. equivalent/100 mg of 
tissue) at 28 days.) By contrast, of the females which 
received MLV, only two (7:4 per cent) have developed 
tumours. This difference is significant (P<0-02) and 
suggests that MLV administered to BALB/cf(O3H) mice 
after these have received MTY by suckling prevents or 
delays mammary tumorigenosis. 


Table 2. MAMMARY TUMOURS IN MTV CARRYING BALB/ef(C8H) WON, UN- 
WITH 


TREATAD AND TRRATHD MLV WHEN 4 WREKS OLD, DURING THE FIRST 
YHAR OF OBSERVATION 
Age in months: 7 8 9 10 11 12 Total 
Untreated mioe develoning, = 
mammary tumours: 2 5 3 8 7 22/78 
Cumulative percentage: 27 64 122 163 20-4 301 1 
MLV-treated mice de- 
veloping mammary 
tumours: - - = -= - 2 2/27t 
Cumulative percentage: - - - - ~ T4 GA 


txt =5-575; P <0 02. 
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Experiments are m progress to establish the range, 
site and type of the interference between MTV and LLY. 

This work was supported by grants from the Lady 
Tata Memorial Trust, the Damon Runyon Memorial Fund 
for Cancer Research, the Anna Fuller Fund and the Jane 
Coffin Childs Memorial Fund for Medical Research. 
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Chemical Carcinogen-induced Alterations in 
the Potentials of Cultured Animal Cells 


Tux principal biological parameters which have been used 
ın defining neoplastic transformation induced tn vitro are 
growth with a loss of contact mhibition'; continuous 
growth in oulture; growth in semi-solid agar*; and the 
capacity of transformed progeny to form tumours in 
isogenic hosts. Several of these characteristics have been 
correlated with the capacity of cells transformed by 
chemical? and by viral‘ carcinogens to produce tumours. 
The findings reported here lend support to the original 
observations of Berwald and Sachs?:* who presented 
evidence for a hydrocarbon carcinogen directed conversion 
of normal hamster cells in culture to a neoplastic state. 

In the present experiments secondary monolayer cul- 
tures were prepared from 5 day old primary cultures 
which had been derived from trypsimized (0°25 per cent) 
whole 10 day old BALB/c mouse embryos. Secondary 
cultures were grown in Hagle’s medium containing 10 per 
cent calf serum (complete medium) at a cell density of 
3-5 x 10*/100 x 20 mm plastio Petri dish and incubated in 
a humidified carbon dioxide (10 per cent) incubator for a 
24h period. Samples (10 mg) of the carcinogens, benzo(a)- 
pyrene (BP) or 7,12-dimethylbenz(a)anthracene (DMBA), 
were dissolved in acetone. An aliquot which contained 
0-100 mg of this was dispersed in calf serum, and Eagle’s 
medium was added to give the final concentration of 
complete medium. After this the mixture was shaken 
overnight in the dark at 37° C and was then passed through 
a Seitz filter (porosity=0-lu) for removal of insoluble 
particles and for sterilization. The concentration of hydro- 
carbon ın “solution” was measured with a ‘DU’ spectro- 
meter at 288 mu for BP and at 366 mu for DMBA using 
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BP or DMBA dissolved in benzene as a standard. The 
recovery of hydrocarbon after filtration was compared 
with the recovery of 7H-BP or *H-DMBA from filtered 
medium treated as above and measured by liquid scintilla- 
tion counting. The experimental system employed in 
these studies consisted of treating 24 h old secondary 
monolayer cultures with one of the following media: 
complete medium containing acetonel (control) equivalent 





eae 


Fig. 1D. Cells from untreated (control) embryo monolayer culture, 
growing in 0-83 per cent agar. Living culture{ x 20), 14 days in culture. 





Fig. 14. Clone from untreated mouse embryo cell culture control). 
Stained with Giemsa (x 7-5). 12 days in culture. 





Fig. 1E. DMBA treated embryo cells growing in 0:33 per cent agar, 
Living culture (x 82-5). 14 days in culture, 


to that in hydrocarbon medium; complete medium-BP 
(20 ug BP/ml.); or complete medium-DMBA (0-1 pg 
DMBA/ml.). The cultures were reincubated, and after 
24 h of treatment the media were removed, the monolayers 
washed twice with fresh medium by aspiration and re-fed 
: cen us with complete medium alone. The cells from control 
Fig. 1B. Clone from BP (2-0 ug/ml.) treated cell cultures, Stained with and treated cultures were passed every 5-7 days thereafter 
Giemsa (x 7:5). 12 days in culture. at a density of 3x 10*/dish in complete medium alone. 
Cells for cloning were treated with warm 0-25 per cent 
trypsin and agitated in a magnetic stirrer. A single cell 
suspension was obtained, the trypsin was removed by two 
washes in complete medium and the cell pellets were 
resuspended in the same medium containing 20 per cent 
tryptose phosphate. Samples were mixed 1 : 2 with condi- 
tioned medium (collected from previous passages) and 
plated at 10%, 10 or 10°/dish without feeder layers. 
Duplicate samples were diluted 1:4 with warm (42° C) 
1-32 per cent agar, poured over a hardened 5 per cent 
agar layer in 60 mm dishes and incubated as above for 
10-14 days. 

Both DMBA and BP-treated cells showed an increase 
in cloning efficiency as compared with the controls, Clones 
with transformed properties were present in both liquid 
medium cultures and in semi-solid agar, and a significantly 
higher percentage (16 per cent) of converted clones was 
obtained from DMBA treatment than from BP or control 
cultures (Table 1). vee 
: : : When compared with clones from controls (Fig. 14), the 

s , f RER clones in liquid medium cultures derived from BP (Fig. 
Pig: 10: Giane froti Doa OL Agin trentea oel colte Stained 1B) or DMBA (Fig. 1C) treatment. were greater in aa 
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Table 1. COLONY FORMATION IN Liquip AND SEMI-SOLID AGAR MEDIA BY 
MOUSE EMBRYO CELLS WHICH HAD BEEN TREATED WITH BP OR DMBA FOR 
24,8 AND SUBOULTURED IN CARCINOGEN FREE MEDIUM 


Cloning 
Cloning Pereentage 
Treatment No. clones/No. efficiency clones Colonies 
cells plated (per cent) non ¢ci* in agar 
None 180/104 18 0 oe 
Bet 484/104 48 1-0 b 
None 120/104 12 0 ~_ 
DMBAt 55/10" 55 16-0 a 


*ci: Colonies which grew out on the dish surface in liquid medium in a 
three-dimensional heaped-up fashion as compared with control clones which 
grew in a two-dimensional orientation. 

+ BP: Subcultured (along with controls) for a total period of 70 days 
before cloning. 

+ DMBA: Subcultured (along with controls) for a total period of 42 days 
before cloning. 

a: Agar colonies grew as multicell aggregates (100-300 cells/clump) as 
compared with b representing about 20--40 cells/champ. 
and showed the property of piling up in a three-dimen- 
sional pattern with an unorganized whorl-like orientation 
of growth. The capacity to form aggregates in soft agar 
was exhibited by BP cells after 60-70 days of subculture 
(passage No. 9), but these colonies appeared to be limited 
either by the environment or by some inherent cellular 
property. DMBA cells, on the other hand, formed 
aggregates in agar which grew progressively, reaching 
stable size in 10-14 days. Examples of colony formation 
in the agar matrix are illustrated in Fig. 1D-F and some 
of these aggregates were picked, trypsinized and counted. 
The cells were shown to be viable by their ability to form 
clones at a high efficiency on subculture in liquid medium. 

To date no tumours have arisen in isogenic mice which 
were injected with cells from control and carcinogen- 
treated cultures. Studies on the alterations in the rates 
of DNA synthesis induced in mouse cell cultures by BP 
and DMBA (ref. 6) treatment are in progress. Attempts 





Fig. 1F, G. DMBA treated embryo cella growing in 0-33 per cent agar. 


Living cultures ( x 50). 14 days in culture, 
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are being made to establish some. correlation between. 
probable. specific molecular change and the biological _ 
phenomena observed in the present experiments. a 

This investigation was supported by a grant from the 
Cancer Research Co-ordinating Committee, University 
of California. 
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Potentiation of Carbon Tetrachloride Toxicity 
by Dimethyl! Sulphoxide 


Dimeruy. sulphoxide (DMSO) has received considerable 
attention because of its remarkable biological properties!:?.. 
It passes rapidly through many animal membranes, | 
enhances absorption of a wide variety of substances and is 
also a versatile solvent with little systemic toxicity when 
given to animals*-*, These properties suggest that DMSO 
may be used to achieve high tissue concentrations of 
certain drugs, such as cytotoxic agents, antibiotics and 
antihistamines. During the investigation of the anti- 
histamines as protective agents against liver necrosis 
induced by carbon tetrachloride, we found that DMSO in 
small doses significantly exacerbated carbon tetrachloride 
toxicity. The present report describes the nature of this 
unusual property. aoe 

Fasting, unanaesthetized female Sprague-Dawley rats | 
were given carbon tetrachloride with equal amounts of 
liquid paraffin by gastric tube. Simultaneously, pharma- 
ceutical grade DMSO was administered intraperitoneally 
(2-0 ml./kg of a DMSO: water, 9:1 solution). Control 
rats received either oral paraffin and DMSO, carbon tetra- 
chloride and intraperitoneal normal saline (2-0 ml./kg), 
or oral paraffin and intraperitoneal saline. 

The LD of carbon tetrachloride was 4:26 ml/kg 
(95 per cent confidence limits: 3-13-5-78 ml./kg) (ref. 6). 
When given with DMSO the LD,, of carbon tetrachloride 
was reduced to 2-22 ml./kg (1-82-2-71 ml./kg). The LD,, of 
DMSO after intraperitoneal*injection is 13-6 ml./kg (ref. 5). 

The dose of carbon tetrachloride was reduced to 1 ml/kg 
to allow survival of all animals for more than 24 h, by 
which time the hepatic response to the injury was well 
developed. After exsanguination from the abdominal 
aorta, serum aspartate transaminase? and liver total 
lipid concentration? were measured, and liver sections 
were stained with Sudan IV and haematoxylin and eosin. 
When carbon tetrachloride was given with DMSO the 
liver lipid content was significantly greater (P<0-01) 
than when given without DMSO (Table 1). In addition 
the mean and range of enzyme values were higher in rats 


Table 1. INFLUENCE OF DMSO AND CARBON TETRACHLORIDE ON LIVER LIPID 
AND SERUM ASPARTATE TRANSAMINASE 


Serum aspartate 


Treatment Total liver lipid transaminase 
Oral Intraperitoneal No, mg/gt No.* rel. 

Paraffin Saline 7 38-1416 7 8714 71 
Paraffin DMSO 7 85-0 + 2:0 7 LOr OO 
Carbon tetra- 

chloride- 

paraffin Saline 12 SB5t41 13 1,278 + 354 
Carbon tetra- 

chloride- 

paraffin DMSO 12 TTAŁST 13 1,034 + 499 


* No. of rats in each group. 
+ Wet liver weight. 
Values are means + standard error. 
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Table 2. INFLUENCE OF DMSO ON CARBON THTRACHLORIDE-INDUCED LIVER 
ay i HISTOLOGICAL CHANGES 


Treatment Histological findings* 
Oral Intraperitoneal No. Necrosis Fatty change 
Paraffin 3 DMSO 8 0 0 
«Carbon tetrachloride-paraffin saline 8 24 (1-4) 26 (1-4) 
Carbon tetrachloride-paraffin DMSO R 386 (8-4) 3-8 (8-4) 
Carbon tetrachloride-paraffin Promethazine, 
; saline 6 OF (0-2) 22 (1-4) 
Carbon tetrachloride-paraffiin Promethazine, 
DMSO 6 30 (2-4) 37 (3-4) 


oo Me Graded on a scale of 0-4, 
Values are mean grades, Sample ranges are shown in parentheses, 


reated. with both drugs. Evaluation of liver sections by 
t microscopy was done without. prior knowledge of 
reatment. Sections were graded 0-4, according to the 
amount of fat and parenchymal damage present’. The 
haracteristic histological findings of carbon tetrachloride 
oisoning—fatty infiltration and centrizonal necrosis 
were exaggerated in animals treated with DMSO and 
carbon tetrachloride (Table 2); necrosis and stainable 
- lipid usually involved the entire liver lobule. Histological 
_ changes were also investigated in two groups of animals 
. given. promethazine, 25 mg/kg intraperitoneally initially, 
and 12-5 mg/kg after 6 h, in addition to either DM8O alone 
or DMSO with carbon tetrachloride. As expected’, 
“promethazine caused a reduction of necrosis in both 
groups of rats but did not influence lipid accumulation. 
Potentiation of carbon tetrachloride hepatotoxicity 
might result from either enhanced gastro-intestinal 
absorption or hepatic uptake of the toxin in the presence of 
DMSO. To investigate these possibilities “C-carbon tetra- 
“chloride was given orally and the isotope was counted in 
‘both liver and blood at various times up to 27 h after 
“poisoning. One group of rats received “C-carbon tetra- 
chloride and intraperitoneal DMSO; a control group 
received #C-carbon tetrachloride and intraperitoneal 
saline. 4C-carbon tetrachloride was extracted and counted 
by the Dawkins method!!. Blood isotope concentrations 
in both groups reached a maximum 1 h after poisoning and. 
the disappearance of the label from the blood was similar 
in both (Fig. 1). The similarity of the curves suggested 
that. gastro-intestinal absorption of carbon tetrachloride 
‘was not enhanced by DMSO. Maximal hepatic concentra- 
tion did not differ in the two groups, but the isotope 
disappeared much more slowly in the group treated with 
both DMSO and carbon tetrachloride (Fig. 2). Concentra- 
tions in the two groups differed by approximately 100 per 
“cent between 2 and 6 h after poisoning. The results did 
ojot’ show enhancement of gastrointestinal absorption or 
hepatic uptake of carbon tetrachloride by DMSO, but the 
“exacerbation of hepatotoxicity may have resulted from 
the hepatic retention of carbon tetrachloride. Because 
‘only minute amounts of intrahepatic carbon tetrachloride 
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Fig. 1. Concentration of carbon-14 in blood at various times after oral 

administration of “C-carbon tetrachloride. Rats in the test group were 

given “C-carbon tetrachloride, 1 ml/kg, specific activity 7:5 x 10° 

d.p.m.jml,, via a gastric tube and DMSO, 2 ml/kg intraperitoneally. 

Control rats received oral “C-carbon tetrachloride and intraperitoneal 

normal saline. , MC-carbon tetrachloride and DMSO; 
On, NC-earbon tetrachloride and saline. 
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Fig. 2. Concentration of carbon-14 in liver at various times. after. oral 
administration of “C-carbon tetrachloride. The animals were. those 


described in Fig. 1. i 
© O, “C-earbon tetrachloride and saline. ; 





cause necrosis it is likely that prolongation of tissue 
exposure to the toxin would aggravate the injury. Only 
2-0 per cent of the carbon tetrachloride dose was found in 
the liver at the time of peak concentration, in keeping with 
the results of others'*, This represents a maximal 
carbon tetrachloride concentration of 0-67 pl/g. Carbon 
tetrachloride may be inactivated in the liver, in which ease 
retention of a carbon-14 labelled metabolite would: not 
necessarily imply persistence of a toxie agent. It is 
probable, however, that carbon tetrachloride is meta- 
bolized in the liver to a more toxic substance. 

DMSO was reported to increase acute toxicity of several 
quaternary ammonium salts™, but the nature and mech: 
anism of toxicity at the organ level was not deseribed. - 
Investigation of DMSO toxicity should include» more — 
investigations of the drug in combination with therapeutic 


agents. Furthermore, the role of DMSO as a solvent. in ae 


drug toxicity investigations should be re-evaluated. 

We thank Dr. K, R. Rees and Dr. A. E. M. McLean for 
their advice. and interest. The DMSO. was supplied by _. 
E. R. Squibb and Sons, Liverpool. This investigation was - 
supported in part by a U.8. Public Health Service fellow- 
ship from the Institute of Arthritis and Metabolic Diseases. 
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BIOLOGY 


Contraceptive Action of Intra-uterine Devices 
in the Rhesus Monkey 
Tue contraceptive efficiency of intra-uterine devices: 
(IUDs) in women is fully established, but their mode of: 
action remains unknown. ; 
The earliest opinion as to the contraceptive action of 
IUDs was expressed almost forty years ago by -Griifen- 


“C-carbon tetrachloride and DMSO; 0 
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berg?, who. believed that they acted in the uterus to disturb: 
the process. of implantation. A currently more popular 
theory was advanced in 1962 by Tietze? and Margulies‘ 
on the basis of statistical and clinical evidence. Tietze?" 
pointed out that, in the presence of an TUD, the incidence 
of ectopic pregnancy is far lower than would be expected 
if the devices acted solely by preventing uterine im- 
plantation. He concluded that IUDs exert their effect 
not at the uterine level but at the Fallopian tube. Mar- 
gulies suggested, more specifically, that the rato of trans- 
port of eggs through the Fallopian tube might be acceler- 
ated in the presence of an TUD and that, eonsequently, 
the egg would not be sufficiently developed to become 
implanted after arriving in the uterus; it was recognized 
that other factors such as sperm transport and fertilization 
might also be disturbed. 

Experimental evidence that seemed to support this 
hypothesis was provided by Mastroianni and Rosseau?. 
They studied the rate of tubal transport of eggs in arti- 
ficially inseminated, super-ovulated rhesus monkeys 
whieh were examined within 5 h of the estimated time 
of ovulation. They were able to recover eggs by flushing 
the Fallopian tubes of monkeys which had not been 
fitted. with IUDs, and some of the eggs were considered 
- to have been fertilized. In monkeys treated in an identical 

fashion which have been fitted with an IUD, however, 
eggs could only be recovered from the uterus, and none 
was. fertilized. 

"The correct interpretation of these experimental results 
is uneertain because the monkeys were intensively stimu- 
lated with exogenous gonadotrophin, and cannot necessari- 
ly be. compared with untreated females undergoing natural 
menstrual cycles. In addition, it was not established that 
IUDs are contraceptive in such normal monkeys. 

We have studied the action of TUDs in a colony of 
parous, regularly cyclic rhesus monkeys which were 
allocated to “control” and “IUD” groups. The “IUD? 
monkeys. were fitted surgically with a small plastic TUD 
lying wholly within the uterine lumen, as judged by exam- 

“Gnation at autopsy or by radiography after laparotomy. 

During the period from January 1966 to January 1967, 
monkeys were regularly mated with males of proved 
fertility. The results of these matings (Table 1) indicate 
that an IUD exerts a contraceptive effect in the rhesus 
monkey. 

Additional information to explain this contraceptive 
action was obtained by examining a series of monkeys at 
atitopsy or laparotomy after they had been mated with 
fertile males. Table 2 summarizes the results of attempts 
to: recover eggs from the Fallopian tube and uterus, using 
either an in vitro or an in vivo technique. 

The results indicate that there was no significant differ- 
ence between the “control” and “IUD” populations in 


Table 1. BREECT OF AN “IUD” ON CONCEPTION IN THE RHESUS MONKEY 
Rhesus monkeys ‘“Matings’* 
Total Conceiving Total Compatiblet Conceptions 
“Control” 24 15 78 68 18% 
“TOD” 21 0 92 T7 0 


* Mating: female caged with male from menstrual day 12 to day 16. 
+ Compatible matings established by detection of vaginal sperm, 
t+ Three monkeys each conceived twice. 
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Figs. 1-4. Fertilized eggs at the two, four and five cell stage recovered 
from rhesus monkeys fitted with TU Ds. 


(a) the incidence of ovulation, (b) the recovery of eggs 
from the genital tract, and (c) the occurrence of fertiliza- 
tion. Figs, 1-4 illustrate the appearance of four fertilized 
eggs recovered from “IUD” monkeys. In contrast with 
the findings of Mastroianni and Rosseau®, all the eggs: 
from “IUD” monkeys were recovered from the Fallopian _ 
tube, whereas five (33 per cent) of those from the “eontro” 
series were found in the uterus. This difference in the 
site of egg recovery in the “control” and “TUD” animals- 
can be explained by relating the site of recovery to the 
morphological age of the corpus luteum (Table 3). The 
data were obtained from monkeys (included in Table 2) 
in which the ovulating ovary had been removed and the 
morphological age of the corpus luteum estimated 
according to Corner’s histological criteria’. ue 

This evidence contradicts the findings of Mastroianni 
and Bosseau* and shows that the presence of an IUD does 
not markedly disturb the pattern of tubal transport in 
the naturally cyclic rhesus monkey. Further, it suggests. 
that fertilized eggs enter the uterus normally and that, 
once in the uterine lumen, they undergo either rapid 
degeneration and/or premature expulsion, The exact 
mechanism of this action of the IUD remains unknown, 
but it might be mediated by alteration of the uterine 
milieu, and/or the pattern of uterine motility. 

These observations and conclusions accord with evidence 
from numerous attempts to recover eggs from the Fallo- 
pian tubes of women subjected to elective salpingectomy _ 
at the time of expected ovulation’. Eleven eggs, one of. 
them fertilized, were recovered from the tubes of ninety- 


RGO RECOVERY FROM MATED RHESUS MONKEYS EXAMINED ON MENSTRUAL DAYS 11 ro 18 


Eggs recovered 
Total Fertilized 


5 15 6 


Details of fertilized eggs 


1x Barly spermatozoon penetra- 
tion 

1x Pro-nuclear 

2x Two-vell 

1» Four-cell 

1x Seven-cel 


Table 2. 
Ovarian condition 
Total oan nanan 
monkeys Total With Pre- 
examined observations ovulation ovulatory 
“Control” 25 47 37 5 
“TED” 25 53 39 12 


1 r Tany spermatozoon penetra 
Jon : 

1x Pronuclear 

1x Twoceli 

2x Four-cell 

1x Five-cell 
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‘fable Be “Bag ‘RECOVERY FROM RHESUS. MONKEYS IN RELATION TO) THE 
ere ae MORPHOLOGY OF THE CORPUS LUTEUM 

Morphological age of corpia luteum 

Day Day 2-3 > Day 3 

* toners yielding eggs from 

Fallopian Fallopian Fallopian Uterus 
“ds tube tube tube 

“Control” 2/4* 4/4 0/8 3/3 
“IUD” 1/1 3/3 0/7 0/7 


* Monkeys with eggs/total monkeys examined. 


t o. , patients fitted with IUDs, and only twelve (four 
fer ized) from 161 women without IUDs. The difference 
een these egg recoveries from “control” and “IUD” 
nts is not significant on chi-square analysis, and it 
d appear that the tubal transport. of eggs in women 
ot noticeably affected by the presence of an IUD. 
2 Itis possible that in women,’ as in the rhesus monkey, 
an IUD exercises its contraceptive action in the uterus 
and not in the Fallopian tube. Whether, in fact, this site 
_ of action can be established will depend on the results of 
extensiv e, well planned, clinical research. 
A complete report of this study will be published else- 
; where; This work was carried out with the help of a grant 
to Dr. P. Eckstein from the Ford Foundation, New York, 
the e support of which is gratefully acknowledged. 
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“Endocrine Basis for Ecdysis in a Parasitic 
Nematode 


MouLTING in nematodes can be separated into two distinet 
processes: the deposition of the new cuticle and ecdysis, 
cor the.shedding of the old. This notion that the two 
events are distinct is supported by the work of Rogers 
‘and his colleagues!~* on exsheathment in trichostrongyles. 
In Trichostrongylus and Haemonchus, the free-living 
second-stage larva deposits a new cuticle but fails to 
-eedyse in the absence of stimuli from the host. Thus the 
infective third stage larva remains ensheathed within the 
unshed second stage cuticle. Exsheathment, or ecdysia, is 
_ brought about by the release of an “exsheathing fluid” 
“into the space between the new and old cuticles in response 
to a stimulus from the host. The exsheathing fluid is a 
omplex system, but the component which appears to be 
sponsible for digesting the old cuticle is the enzyme 
leucine aminopeptidase’. The suggestion that an endocrine 
link connects the reception of the stimulus from the host 
and the release of the exsheathing fluid by the parasite 
‘has been widely canvassed in the literature!34-?, but 
‘there has been no evidence to support this attractive 
hypothesis. 
-= Phocanema (synonyms: Porrocaecum, Terranova) de- 
_cipiens occurs as a last-stage larva in the muscles of the 
cod and moults once to the adult stage in the digestive 
“tract of the seal*. It is possible to duplicate this moult 
“in vitro’. In Phocanema, the new cuticle begins to form 
within 12 h and ecdysis occurs between 3-5 and 6 days 
in culture’, 
“Neurosecretory cells have only recently been described 
in nematodes, In the dorsal and ventral ganglia of 
Phocanema there are neurosecretory cells whieh are 
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Table 1. LAP: ACTIVITY, AS MEASURED HISTOCHEMICALLY, IN EXÜRETORY | 
GLANDS OF Phocanema GROWN IN CULTURE MEDIUM OR IN 0-9 PER: CENT 
SODIUM CHLORIDE 





Time in culture LAP activity 
(daya Culture medium 0-9 per cent. Nach’ 
0 ++ ++ 
1 +++ +t 
2 tht + 
3 + + 
4 ++ + 
5 ++ + 


The number of plus signs represents the observer's estimate of the inten 
of staining. Each estimate represents at least six worms, 


revealed by the paraldehyde-fuchsin technique of Camero 
and Steele's and which undergo a cycle of secretion cor 
related with moulting. The peak of activity is reach 
at 25 to 5:5 days in culture’. Ligature experiments 
demonstrate that the neurosecretion is not involved in 
the burst of protein synthesis which produces the new. 


cuticle’*, The experiments described here are. designed tọ a 


investigate the possibility that the neurosecretory cel. so 
control the process of ecdysis. ee 
The activity of leucine aminopeptidase in the excretory 
glands of worms after various lengths of time in culture. 
was assayed histochemically", using either L-leucyl-B- 


naphthylamide or i-leucyl-4-methoxy-6-naphthylamide as 


a substrate. The excretory glands of fourth stage larvae 
doniad only small amounts of leucine aminopeptidase. 
The intensity of staining increases sharply after 1 to 2° 
days in culture but virtually disappears on the third day. 
Leucine aminopeptidase activity reappears gradually 
after 4 to 5 days (Table 1). After 3 days in culture, 
leucine aminopeptidase activity is obvious in the space 
between the old and the new cuticles. We interpret these 
results as indicating a cycle of synthesis and release of the 
enzyme. 

Because the excretory system and the ventral ganglion 
are intimately associated, ligatures and other direct. sur. 
gical interventions are not applicable. When the worms 
are cultured at 35° C in 0-9 per cent sodium chloride: con- 


taining the antibiotics normally present in the culture 


medium, the nematodes produce a new cuticle but fail to 


eedyse. The new cuticle is identical in every respect. to. > 


that produced in normal conditions. In those animals in 
which ecdysis has been prevented by the unfavourable 
culture medium, the neurosecretory cells fail to stain with 
paraldehyde fuchsin and the cycle of synthesis of leucine 
aminopeptidase i is abolished (Table 1). From Table Lit 
is evident that worms growing in culture medium. first 
synthesize leucine aminopeptidase until day 3, when the” 
enzyme appears to be released, presumably through the 


excretory pore. After day 3, synthesis either proceeds 


more rapidly or the release is inhibited. In worms cul- 
tured in saline, however, there appears to be only. a 
release of the enzyme at day 3 with little or no synthesis 
either before or after day 3. 

It is possible to demonstrate the direct effect of extracts 
of the anterior ends of worms on the ability of the exere- 
tory gland to synthesize leucine aminopeptidase. Fourth 
stage larvae which had not been put into culture were 
slit open dorsally and the gut was removed to expose the 
excretory gland, which is a prominent structure lying 
along the right lateral cord. These preparations were 
pinned out on a wax block under the culture medium. 
When such preparations were incubated at 37° C for 3-h 
together with saline extracts of the anterior 5 mm of 
worms cultured for 3 days (that is, when the neuro- 
secretory cells are most active), the gland gave a strong 
positive reaction for leucine aminopeptidase. 

On the other hand, the addition of extracts of heads 
from worms cultured for 1, 2, 4 or 5 days, extracts of 
nematode muscle tissue, or ‘saline alone, resulted. in. 0: 
a slightly positive reaction for leucine aminopeptidase 
the excretory gland. In these experiments, the ineubatin, 
medium contained extracts from four heads in 2 mil. 
Although the results shown in Table 1 clearly indicate a 
active synthesis of leucine. aminopeptidase both before 
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and after day 3, it is likely that the concentration of the 
neurosecretory material in the in vitro experiments was 
great enough only on day 3 to give a marked result. It 
is clear that maximum synthesis and maximum release 
of leucine aminopeptidase occur at the same time. 

We are therefore persuaded that ecdysis in the larval- 
adult moult of Phocanema directly parallels exsheathment 
in the infective larvae of trichostrongyles, and that the 
process in Phocanema is under neurosecretory control. 
Our standard culture medium, and presumably the 
intestine of seals, contain the necessary elements in 
the stimulus leading to the release of neurosecre- 
tion, the consequent synthesis of leucine aminopeptidase, 
and the eventual emergence of the adult worm from the 
fourth stage cuticle. Withholding this stimulus by 
culturing the worms in saline prevents the activity of the 
neurosecretory cells, the synthesis of leucine amino- 
peptidase by the excretory gland is abolished, and the 
worms fail to ecdyse. 

This work was supported by a grant from the National 
Research Council of Canada. 
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Heterotrophic Nitrogen Fixation by the 
Blue-Green Alga Anabaenopsis circularis 


Ir has been shown that the blue-green alga Tolypothrix 
tenuis can be grown heterotrophically in complete dark- 
ness if, as well as mineral nutrients, appropriate organic 
substances such as casamino-acid are supplied as sources 
of nitrogen and carbon!. The maximum values for the 
growth rate and final growth yield obtained in hetero- 
trophie conditions, however, were found to be far less 
than those attained in the usual autotrophic cultures. 

Fay? has found that a blue-green alga, Chlorogloea 
fritschit, can fix molecular nitrogen in the dark in a nitro- 
gen-free medium at the expense of organic nutrients. 
Best growth occurred on sucrose, and in the dark nitrogen 
fixation was greatest when this substrate was supplied. 
‘Some growth occurred on maltose, whereas no growth took 
place with, for example, glucose, fructose, mannitol, 
acetate, pyruvate or «-ketoglutarate. 

We have found that another blue-green alga, Anabaenop- 
sis circularis®:4, has the same ability to grow in the dark. 
Greatest growth and greatest nitrogen fixation in the dark 
oecurred on glucose in the absence of combined nitrogen. 
Next to glucose, fructose, sucrose and maltose were most 
effective, whereas no growth or nitrogen fixation occurred 
on the following compounds: xylose, ribose, arabinose, 
rhamnose, mannose, galactose, sorbose, glucose-1-phos- 
phate, trehalose, cellobiose, lactose, melibiose, raffinose, 
stachyose, inulin, dextrin, glycogen, ethanol, glycerol, 
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erythritol, mannitol, formate, acetate, propionate, buty 
rate, lactate, pyruvate, caproate, laurate, myristate, 
oxalate, malonate, succinate, malate, -tartarate, citrate, 
fumarate, gluconate, oxalacetate, acetoacetate, aconitate 
or glutarate. 

It is noteworthy that the two species of algae mentioned 
here can utilize, so far as is known, no organic substance 
other than sugar in nitrogen-free medium in the dark, |. 
and that they utilize different kinds of sugars. For the — 
growth of Anabaenopsis in the dark, the optimum concen-: 
tration was 0-5 per cent for glucose and 0-3 per cent for 
fructose and sucrose (Table 1). 


etrenlaria 


Table 1. EFFECTS OF SUGARS ON THE GROWTH OF A 
IN THE DARK IN A NITROGEN-FREE MEDIUM* 
Concentrations Dry weight of algal cells (mg) i 
(per cent) Glucose Fructose Sucrose 
01 42 23 19 
03 53 74 45 
Ob 90 63 35 
07 46 52 13 


* Nitrogen-free media contained, in 1,000 ml., 0-25 g of K,HPO,, 0:25 gii 
of MgSO,.7H,0, 0-06 g of calcium chloride, 0-05 g of sodium chloride, 2 mg 
of F'eS0,, 1 ml. of Arnon’s Apsolution and the amounts indicated of sugars, 


t The weight of cells obtained from 100 ml. culture which were grown 
(without shaking) in the dark for 2 months at 32°C, 


Table 2. BFFEOT OF LIGHT ON THE GROWTH OF Anabaenopsis tireularia 


IN NITROGEN-FREE MEDIUM* 


Light Dark 
No sugar Fructose Nosugar Fructose 


0-13 0-24 0 0-10 
* Figures refer to relative growth constant (Ky) estimated from the 
increase of packed cell volumes and expressed in log, day units. 


The effect of light on the growth of this alga was exam- 
ined using 0-3 per cent fructose as the source of carbon 
(Table 2). The heterotrophic growth of the alga is acceler- 
ated by light. Microscopic observations showed that a 
fairly large number of akinetes were formed in the hetero- 
trophic culture in the dark. 

The fact that these nitrogen-fixing algae can be grown 
heterotrophically in the dark may be of practical interest, 
because it suggests the feasibility of growing them on a 
large scale in tanks to produce large quantities of algal 
materials to be used for agricultural purposes’. 
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Varietal Differences of Groundnut in the 
Production of Aflatoxin 


Toxic substances, known as aflatoxins, shown to cause 
acute liver damage in different species of animals, have 
been demonstrated in mouldy groundnuts and groundnut 
meals!*, These toxie metabolites are elaborated by certain 
strains of Aspergillus flavus which infest the groundnut 
crop in unfavourable conditions of collection, storage and 
transport. There have been several reports*-* of the 
conditions of growth of the fungus and production of 
aflatoxin in relation to agricultural practices involved. in 
growing the groundnut crop. Surveys conducted in. the 
coastal districts of Andhra Pradesh, India*, and. in the 
Riverain Provinces of Northern Nigeria’ have indicated 
that, with the agricultural practices prevalent in the 
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developing countries, it is difficult to adopt various control 
Measures that might appear necessary in improving agri- 
ultural conditions liable to influence the development of 
wflatoxin on groundnuts. It was therefore felt that a 
wareful investigation of the relative production of aflatoxin 
Why different varieties would be valuable. The present 
scommunication outlines the findings of the screening trials 
son a large number of varieties of groundnut. 

‘ Sixty different varieties of groundnut were obtained from 
‘the collection maintained at the PIRRCOM Centre at 
‘Rajendranagar, Hyderabad. These varieties originally 
‘belonged to fifteen countries and the distribution was as 
follows: Argentina five, Bolivia five, Brazil five, China 
one, France three, India twenty-two, Indonesia two, 
Israel. one, Nigeria four, Peru one, Philippines one, 
‘Paraguay one, Tanganyika three, Uganda two, Venezuela 
three, and three miscellaneous exotic varieties. 

_ neach trial a spore suspension of a toxigenic strain of 
A. flavus (1 ml., 10 per cent) was grown in aseptic con- 
ditions on. 40 g of healthy kernels for 10 days. The fungus 
was then destroyed by spraying with ethanol and the 
material was tested for the presence of aflatoxin using 
‘thin-layer chromatography® as well as the duckling test’. 

A profuse and fairly uniform growth of the fungus was 
observed on all the varieties of groundnut and there was 
no visible difference in infestation between varieties. A 
toxigenic strain of A. flavus, however, produced the 
toxin. only on all varieties of groundnut except one, 
namely U.8.26. This variety was received from the Plant 
Industry Station, Agricultural Research Center, Maryland, 
U.S.A. and probably originally came from Tanganyika. 
The observation was repeated several times and confirmed. 
AW the other varieties of groundnut contained positively 
detectable amounts of aflatoxin when the same strain of 
A. flavus was grown on them. 

The resistance of one particular variety of groundnut 
to toxin production is difficult to explam, but it is im- 
portant from the point of view of controlling the incidence 
of aflatoxin toxicity. Toxigenic strains of A. flavus 
require trace elements such as zinc, iron and manganese 
for the synthesis of toxin’. Lee et al? have shown that 
barium ions inhibited and cadmium ions stimulated the 
production of aflatoxin in submerged cultures. In the light 
of these observations it is hoped that a comprehensive 
investigation of the chemical composition of U.S.26 and 
the other varieties of groundnut would give some valuable 
information. 

“We thank Dr. L. G. Kulkarni, Mr. Yousuf Shariff and 
Mr. B. Appaji Rao of the PIRRCOM Centre for groundnut 
samples and Dr. C, Gopalan for his interest in the work. 
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Quiescent Centre in Excised Tomato Roots 


A QUIESCENT centre in root meristems was first reported 
by. Clowes!, who fed radioactive nucleic acid precursors 
and radioactive amino-acids to root tips. From auto- 
radiographs of median longitudinal sections he demon- 
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strated the presence of a patch of cells in the meristem. 
which did not incorporate so much radioactivity as cells. 
in other regions of the meristem!-. During the course of 
experiments with excised tomato roots, grown in a White's | 
medium as modified by Boll and Street, it was necessary’ 
to prepare autoradiographs of longitudinal sections: of 
roots which had been in contact with sucrose-U-"G_ or 
glucose-U-#C, 

Six-day-old tip cultures 110 + 10 mm long and bearing 


numerous laterals were depleted of soluble sugars during oe i 


a period of 24 h in minus sugar medium‘. Six roots were. 
supplied with radioactive sugars in 50 ml. glass-stoppered: 
conical flasks, agitated gently for the duration of the 
experiment and then washed in running water for 10 min 
(ref. 6), The apical 5 mm of the root was excised, fixed in 
acetic acid ; alcohol (1 : 3 v/v), dehydrated in the aleohol: 

xylol series, Sad in paraffin wax and 15 my serial 
longitudinal sections cut on a Cambridge ‘Rocker’ micro- 
tome. The sections were floated in water on slides pre- 
viously coated with a gelatine adhesive’ and dried. Auto- 
radiographs were prepared with Kodak ‘AR 10’ stripping 
film by the technique of Doniach and Pelc*. The film was 
exposed for 7 days at — 20° C. Because of the fixation 
and dehydration of the tissues and also the deparaffin- 
ization of the sections, the distribution of graining in the 
autoradiographs would indicate only the distribution. of 
activity in the insoluble material of the sections. 


ee 





Fig, 1. Autoradiograph of a median longitudinal section of a tomato 


root previously fed 0-05 molar ghicose-U-"C for 24 h. 


The autoradiograph of a median longitudinal section 
of a root fed glacose-U-C for 24 h (Fig. 1) shows that 
while there is dense graining in the autoradiograph above 
most regions of the meristem, there is a lighter area above 
the region of the quiescent centre. The presence of a 
quiescent centre in tomato root meristems has been 
observed in all median longitudinal sections prepared 
from roots previously treated with either sucrose-U-C or 
glucose-U-¥C. Thus the quiescent centre seems to be 
quiescent not only in the sense that cell division proceeds 
at a low rate? but also in the sense that synthesis of 
insoluble polymer from sugar substrate does not occur as 
rapidly as in other regions of the meristem. 

D. R. THOMAS 
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Apical Pore in Fungal Hyphae 


STRUNK! recently published electron micrographs pur- 
porting to show the presence of an apical pore at the tips 
of hyphae of Polystictus versicolor L. ex Fr. The pores 
were surrounded by circularly arranged microfibrils. 
Specimen preparation involved a replica technique. The 
hyphae were broken up by ultrasonic treatment or were 
macerated with 5-10 per cent potassium hydroxide before 
examination. 

During the present investigation of the fine structure 
and chemical composition of the cell walls of wood 
rotting and other fungi, evidence was obtained which 
suggested an alternative explanation of Strunk’s observa- 
tions. 

Polyporus myllitae Cke. et Mass. was grown on solid 
media and in liquid culture. Mycelia were isolated, 
washed free of the medium, and blended in a glass homo- 
genizer with distilled water. The material was then sub- 
jected to a number of alternative chemical treatments?-* 
designed to remove encrusting materials from the hyphal 
surfaces so that the underlying microfibrillar structure of 
the walls could be examined. A modification of the 
method of Aronson and Preston? was found to be adequate 
for the purpose. It involved treating the mycelia with 
hot 2 per cent potassium hydroxide (3 
extractions each of 0-5 h) and then with 1: 1 
(v/v) glacial acetic acid and 30 vol. hydrogen 
peroxide at 70° C for 1h. Drops of aqueous 
suspensions of residues remaining after 
extraction were evaporated on ‘Formvar’ 
coated grids. Grids were shadowed with a 
platinum—palladium alloy and examined 
with a ‘Siemens Elmiskop I’ electron miero- 
scope. 

Undistorted hyphal tips showed no indica- 
tion of an apical pore (Fig. 1). Microfibril 
orientation at the tips was distorted and not 
cireular. Cross walls, or septa, occurred 
at intervals along the hyphae. Occasionally, 
eross walls could be viewed from above 
(Fig. 2). They were then seen to consist of 
microfibrils embedded in, or encrusted with, 
amorphous material. The microfibrils were 
circularly arranged around a single central 
pore 370-650 mu in diameter. The edge of 
the pore (called a septal swelling by Bracker 
and Butler) appeared to be somewhat 
thickened, width 420-630 my. This struc- 
ture was consistent with that of cross walls 
in the hyphae of other Basidiomycetes as 
determined by ultra-thin sectioning®*, Fig. 
26 of Bracker and Butler’, for example, was 
comparable with Fig. 2 here, except that the 
concentric lines observed by them did not 
extend into the thickened rim. They were 
inclined to regard this rim as amorphous and 
chemically different from the rest of the 
cross wall. Moore? pointed out, however, 
that Bracker and Butler.were dealing with 
an imperfect strain of Corticiwm solani 
which was non-dikaryotic. The electron 
density of the rim was no different from 


that of the rest of the cross wall in ultra- Fig. 1. 
thin sections of dikaryotic hyphae of other 
species. It was uncertain as to what extent Fig, 2. 


difference in thickness contributed to the 
difference in electron density between the 
rim and the rest of the cross wall in Fig. 2. 
To the extent that microfibrils occurred in 
both, the rim and the rest of the cross wall 
were similar. 

The foregoing procedure was repeated 
using mycelia of Alternaria solani Sorauer 
and a species of Epicoccum, and the muriform 


Fig. 4. 


Polyporus myllitae. Detached cross wall viewed from above. 


Alternaria solani, 


Fig. 5. Alternaria solani. 
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conidia of Pithomyces chartarum M. B. Ellis. These were 
kindly provided by Dr. Eileen Fisher. 

Cross walls in the hyphae of the first two species, and 
in the conidia of P. chartarum, had each a single central 
pore (Figs. 3-6). Dickson!, using ultra-thin sectioning, < 
previously showed such pores to occur in the cross walls 
partitioning the conidia of P. chartarum. The essential 
point here, however, was that pores in cross walls which 
had been folded or flattened within hyphae or conidia 
during preparation could easily be mistaken for surface 
pores in the walls of the hyphae or conidia. 

The circular arrangement of microfibrils which occurred 
in the cross walls of Polyporus myllitae was not detected 
in the cross walls in Epicoccum hyphae or Pithomyces 
conidia. In the case of Alternaria solani, however, the 
impression conveyed by Fig. 4 was of a cross wall having 
circularly arranged microfibrils underlying the hyphal 
wall. Fig. 4 was almost identical with a figure given by ` 
Strunk! which purported to depict a hyphal tip with an. 
apical pore surrounded by circularly arranged microfibrils. 

The method of preparation often resulted in hyphae’: 
breaking at cross walls. A cross wall could sometimes be 
seen folded at the broken end of a hypha in a way sug- 
gesting a hyphal tip. This was especially true where the 
electron-dense outer rim of the cross wall was not prom- 












Polyporus myllitae. A hyphal tip showing no evidence of a pore or of circularly 


arranged microfibrils. (x ¢. 30,650.) 


{ x 40,000.) 


Fig. 3. Epicoccum sp, Cross wall folded in a way which might suggest a perforate hyphal 


tip. (x 20,000.) 


A perforate cross wall is here believed to be lying beneath a 
distorted hyphal tip. (xe. 29,350.) 


Cross wall lying within distorted hyphae. (xe. 28,850.) 


Fig. 6. Pithomyces chartarum. A cross wall with a central pore H lying beneath the outer 


surface of the conidium. (x 36, 
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ment (compare Figs. 3 and 5). The rather blunt tip shown 
in Strunk’s Fig. 3 could have been of this kind. It also 
appeared that the tip of an entire hypha could become 
distorted and dry down on to a cross wall to give the 
in hr that the cross wall was at or near the tip 
(Fig. 4). 

It follows from the foregoing account that the perforate 
hyphal tips observed by Strunk? could well have been 
eross walls located at the tips of fragmented hyphae or 
lying within entire hyphae which had become distorted 
during preparation. 


G. Scurrmmp 


C.S.LR.O. Division of Forest Producte, 
69 Yarra Bank Road, 
South Melbourne, Australia., 
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Phytochrome and the Photoinhibition of 
Germination 
Tax inhibition of seed germination by light in Nemophila 
insignis and Phacelia tanacetifolia depends on the far red 
part of the visible spectrum!. Red light has little or 
no activity. 

Maximum inhibition in Nemophila insignis (collected in 
1965) is observed using far red at 713 nm with an intensity 
of 120 pW cm sec" for 16 h; an increase in intensity 
does not reduce the time needed to induce the inhibition 
of germination. 

We have already demonstrated that the seeds are not 
sensitive to light at the begi of inhibition; photo- 
sensitivity occurs between the twentieth and the thirty- 
sixth hour after moistening the seeds‘, 


Table 1. BFFBOT OV A PRE-IRRADIATION BY RED LIGHT (670 NM, 110 uW 
ou SEO?) ON THE SENSITIVITY OF Nemophila + 18 SEHDS TOWARDS 
FAR RBD LIGHT (718 NM, 120 uW OM 


BBO~) 
Treatment Percentage 
(from the beginning of moistening) germination 
Continuous darkness 800420 
20 h red + contınuous darkness 82-043 5 
20 h darkness +16 h far red + continuous 
darkness 145410 
20 h red +16 h far red + continuous 
darkness 675+80 


In some experiments the moist seeds have been kept 
in darkness or in red light (670 nm) for 20 h and have then 
been irradiated with far red (713 nm) for 16 h. The data 
(Table 1) demonstrate that red light alone has little 
effect, whereas far red light is very active; a pre-irradiation 
with red light decreases the effect of further far red irradia- 
tion. These results are reminiscent of the experiments of 
the light- -dependent synthesis of anthocyanin i in mustard 
seedlings’ and in turnip 

In other experiments the seeds were pre-irradiated 
with far red light for 20 h before transfer to continuous 
red light. The data (Table 2) demonstrate that red light is 
more effective in inhibiting ination of Nemophila 
insignis after a pro-irradiation with far red light than when 
given alone. Further experiments (Table 3) showed that a 
shorter pre-irradiation can produce the same effect. The 
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action of red light is also increased by prior exposure to 
far red light in the cases of anthocyanin synthesis in 
turnips’ and m mustard seedlings* and the inhibition of 
hypocotyl elongation in gherkin’. 


Table 2. CXFLUMNOR OF A PRE-IRRADIATION WITH FAR RAD LIGHT (718 NM, 
120 uW Oo" SBO) ON THH ACTION OF CONTINUOUS RHD IRRADIATION (670 NM 
110uw oM SEC): Nemophila insignis 


Treatment Percentage 
(from the beginning of moistening) germmation 
20 h darkness + continuous red light 720416 
20 h far red + continuous darkness 89-0+20 
20 h far red + continuous red light 24-541-5 


Table 3. INFLUBNOH OF VARIOUS DURATIONS OF PRE-IRBADIATION WITH FAR 
RED LIGHT (718 NM, 120 uW OM- SHO) ON THE ACTION OF CONTINUOUS RED 
(870 Wx, 110 pW OM" B 8BO™) IRRADIATION ON THE GRRMINATION OF NemopAua 


vungms BERDA” 

Percentage 

Treatment germination 

20 h darkness 68-0 + 2-5 
20 h far red 25-0420 
10 h darkness + 10 h far red 28°56 + 2-0 
16 h darkness + 6h far red 26-5 + 1-0 

16 h darkness + 4h far red 22°76 + 2-5 
18 h darkness + 2h far red 37-0 + 2-0 
10 h darkness + 1h farred 52-5410 
19 6 h darkness + 05 h far red 645420 


* Seods wore transferred to continuous red light after the 20 h pretreatment. 


Seeds of Phacelia tanacetifolia germinate in darkness 
(84 per cent) whereas the percentage of germination is 
very low in white light (10 per cent). This inhibition of 
germination by light is largely caused by far red radiation 
above 700 nm (ref. 4). Low intensities (35 uW cm-* et 
and very long durations of irradiation are n 
order to maintain the inhibition (Table 4). The failure of 
germination after prolonged irradiation is perhaps 
caused by a secondary dormancy according to the observa- 
tions of Chen and Thimann*. Thus in Phacelia as in 
Nemophila the inhibition of germination is induced by 
far red light of low intensity, but requires a longer duration. 


Table 4. WYFEOT OF VARIOUS DURATIONS OF IRRADIATION WITH FAR RED LIGHT 
(712 KM, 35 WW OM-* BEO!) ON SUBSAQUENT GERMINATION IN DARENESS OF 
Phacelia tanacetifolia SERDS 


Percentage 
Hours of irradiation germination 

0 84-0 + 2-0 

16 76-0420 

24 62-0415 

86 585 + 2°5 

40-0 + 2-0 

72 28-O4+1-5 
10-0410 

144 10-0415 


In Phacelia the sensitivity of seeds towards far red 
light occurred between the eighth and the fifteenth hour 
after moistening. Red light (670 nm) slightly inhibits 
gormination (68 per cent of germination) and aleo delays it. 
Tf seeds are subjected first to red and then to far red light, 
there is no decrease in inhibition as found in Nemophila. 
The seeds keep their sensitivity to far red light for a longer 
time, and it seems that red light may delay germination 
so that the far red sensitive phase occurs later. 

On the other hand, a pre-irradiation with far red light 
produced a marked inhibition of germination by red light 
as for the seeds of Nemophilainsignts (Table 5). In Phacelia, 


Table 6. IX¥LUHNOR = A ees WITH FAR RMD LIGHT (712 NM, 
35 pW on go~) O HEFEOT OF A Pita bee RED IRRADIATION 
(670 NX, 110 aw oM suo“); 


'hacelia tanacetifolia 
tment Peroen 

(from the eesti of moistening) germination 

Continuous darkness 84-0420 

Continuous red hght 850+1-0 
7 h darkness + continuous ght 83 7541-5 
7h far red + darkness 845 +10 
7h far red + continuous red light 62:0 +20 
15 h darkness + continuous red t 83 75415 
15 h far red + darkness 85 25+ 2-0 
16 h far red + continuous red light 29 60+ 2-0 
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however, the seeds must be irradiated with far red hght 
during the photosensitive phase whereas in Nemophila 
the pre-irradiation by far red light can occur before the 
photosensitive phase. 

The inhibition of germination by far red light can be 
explained by the two following hypotheses. 

Enough Pyr to ensure germination is present in the seeds 
for several hours after their moistening. A single short 
exposure to far red light is not sufficient to inhibit the 
germination because Pyr continues to arise from a pre- 
cursor and must be removed by far red light according to 
the concept of Mancinelli and Borthwick’. We feel that, 
although this hypothesis adequately explains our data 
on the inhibition of Lactuca sativa seeds”, it cannot account 
for the behaviour in Nemophila and Phacelia, whore red 
light inhibits and delays germination, even with short 
irradiations. 

The inhibition is caused by the formation of Pyr in 
far red light. This assumes that the influence of light on 
the germination of Nemophila and Phacelia is an example 
of a real negative response to Pyr, as in the inhibition of 
hypocotyl lengthening". We assume that the action of 
Py, depends on the formation of a complex PyrM, between 
Pye and M, a molecular acceptor. The relatively low 
inhibition by red light would result because phytochrome 
destruction occurs quickly and M is in short supply and 
rate limiting. Far red light is very active because a small 
amount of Pyr is formed during the whole sensitive phase. 
This condition is the best for the formation of the complex 
PrM. In Nemophila, the loss of far red action after a 
pretreatment by red light can be explained by an enzymatic 
destruction of Prr. Irradiation with red light transforms 
phytochrome Pr into its Py, form, which is destroyed: 
thus the pool size of phytochrome has reached a very low 
level at the beginning of the photosensitive phase and far 
red light is then inactive. We assume these data are not 
obtained with Phacelia because there is a rapid de novo 
synthesis of Ps, from a precursor during the first hours of 
germination. 

We think that long exposures to far red increase the 
sensitivity to red light because, when Pyr is linked to M, 
the destruction cannot occur. If, however, irradiation 
stops, Py, returns to the Pr form. Therefore, red light, 
after a pre-irradiation by far red, would act by maintaining 
the Py,M active form because Pyr absorbs red light 
also, 

In the inhibition of germination of Nemophila and 
Phacelia there is some evidence that the action of far red 
and red light involves only phytochrome and not another 
photoreceptor as has previously been supposed’, A 
similar conclusion was reached for anthocyanin synthesis 
by Vince and Grill? and by Wagner and Mohr"), 

We thank Dr. D. Vince for valuable help in translating 
this manuscript and for the discussion of the data. 
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PSYCHOLOGY 


Laterality Effects in Dichotic Listening 
In tasks involving dichotic listening (simultaneous 
- presentation of different material to the two ears) to» 
verbal material, right-handed subjects may, ın certain 
circumstances, ‘recall more of the material presented to 
the right ear than of that presented to the left}. Kimura? 
has suggested that this indicates better perception of 
material presented to the right ear because of its pre- 
dominant connexion to the left cerebral hemisphere which 
is dominant for speech in these subjects. Such an inter- 
pretation has not been universally accepted’. This com- 
munication presents preliminary findings relevant to this 
question. 

In the first experiment two groups of thirteen subjects 
each listened to ten series of digits presented dichotically. 
Each series consisted of three digits presented to one ear 
with three different digits presented simultaneously to the 
other ear. After each series the subjects were required to 
state, in order, the three digits presented to one ear (chan- 
nel 1) followed by the three digits (in order) presented to 
the other ear (channel 2). The ear to be reported first(chan- 
nel 1) was indicated to the subject after the series had been 
presented and varied randomly from series to series, except 
that the right and left ears each had to be reported first 
on five occasions. A correct response consisted of the 
correct digit stated in its correct position in the series. 
For one (‘‘fast”) group the digits were presented at a rate 
of 90/min, and for the other (“slow”) group at a rate of 
30/min. The groups were matched for age (mean ages: 
fast group = 30-8 yr, slow group = 29-4 yr) and intelligence. 
All the subjects were right-handed. 

Table 1 shows the average error scores for each group 
broken down according to channel and ear laterality. 
Analysis of variance of the data showed that there was 
no significant difference between performance on the 
right ear and that on the left ear. It just failed to show a 
significant difference between the groups, but did show a 
significant difference between the channels (P<0-01) 
and suggested that this depends on whether the right or 
left ear was being considered. A second analysis of vari- 
ance was carried out on the two groups for four scores: 
right channel 1 (R,), right channel 2 (R,), left channel 1 
(Lı) and left channel 2 (£,). This showed a difference 
between scores (P<0-01) which was attributable to a 
difference between R, and R, (P<0-01). No differences 
emerged in the comparisons L, versus La, R, versus L, or 
R, versus L,. These findings are not consistent with any 
simple interpretation suggesting that material from the 
right ear is perceived better than that from the left. 
They indicate that performance on the right ear is depen- 
dent on the recall conditions to a considerably greater 
extent than in the case of the left ear. 


Table 1. AVERAGE ERRORS 


Group Rar i Channel A 
Fast R 1-46 3-60 
L 2°38 2-69 
Slow R 2°02 4-69 
L 385 4°15 
Table 2. OVHRALL ERRORS 
50 percent 25 percent Total 
Irrelevant on R 28 19 47 
Irrelevant on E 19 10 29 


If the results are considered within the framework of 
Broadbent’s‘ p- and s-systems they are consistent with the 
view that the right ear input tends to pass directly into 
the p-system, This could be advantageous for material 
that is to be reported first, but if the left ear material is 
required first then the p-system must be cleared to allow 
it to pass in from the s-system; in that case the right ear 
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material must be recycled and this could presumably 
produce a considerable recall decrement on R, as com- 
pared with R. On the other hand, the left ear material 
passes directly into the s-system and thence to the p- 
system at the appropriate time, the only difference between 
L, and L, being in the length of time for which they must 
be stored. In situations where free recall is allowed it 18 
possible that the bias towards the right ear material 
entering the p-system first will result in its being reported 
first, and, as Broadbent‘ has pointed out, in the free recall 
situation subjecta perform best on the ear recalled first. 

In a second experiment twenty-two subjects had to 
repeat a continuous stream of approximately 100 digits 
as they arrived at one ear (at the rate of one digit/1-5 sec). 
They were instructed to ignore any (irrelevant) digits 
arriving at the other ear. There were two conditions: in 
one 50 per cent of the digits to be reported were accom- 
panied by a simultaneous irrelevant digit, and m the 
other 25 per cent—in each case these were randomly 
distributed. Each subject performed each condition twice 
(balanced order), once with the relevant stimuli entering 
the right ear and once the left ear. Table 2 shows the 
overall errors on the four conditions. A t test (correlated 
means) showed that the errors on the 26 per cent condition 
(P<0-05) and the total errors (P<0-05) were greater 
when irrelevant material was entering the right ear. This 
is consistent with the view that in a situation of rivalry 
material from the right ear is more likely to “grab” the 
p-system. 

In the past little consideration has been given to 
attention as a factor determining the superior recall of 
verbal material entering the right ear when different 
material is presented to the two ears simultaneously. 
Our results suggest that an attentional bias towards the 
right ear may explain the apparent right ear superiority 
when free-recall is allowed. 

The work was supported in part by a grant from the 
Mental Health Research Fund to J. O. We thank Dr. 
Fergus Craik for the tape used in the first experiment. 
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AGRICULTURE 


Effect of Time of Shearing on the Onset of 
Breeding Activity in the Ewe 


In the Clun Forest flock on the College Farm at Aberyst- 
wyth, a significant association has been noted! between the 
mean ambient temperature in late summer and the onset 
of oestrous activity in the ewe. The greater the mean 
temperature from mid-July to early August, the later the 
start of the breeding season. The period of susceptibility 
has appeared to be quite restricted and would seem to 
coincide with the period of transition from anoestrum into 
oestrous activity. A fifth year’s results are in very close 
agreement with the data already reported (my unpublished 
results). 

The seasonal differences in mean temperature which are 
experienced at Aberystwyth are relatively small and not 
related to certain experimental treatments reported in the 
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literature’? nor to some of the much more extreme con- 
ditions found overseas. Nevertheless, these ewes seemed 
very sensitive to the natural temperature effects for, 
durmg a 5 yr period, a mean temperature range of only 
3°83° F has been associated with a range for the mean 
day of onset of breeding activity of about 20 days. 

It seemed likely, therefore, that whether a ewe was 
shorn or unshorn could also influence the commencement 
of cyclic activity. In order to investigate this possibility 
sixty-four ewes, with fleeces m good condition, were 
separated from the flock in May 1966. They were ran- 
domized between four groups in a stratified manner which 
ensured a proportional distribution of previous lambing 
dates. This was to exclude any bias which could result 
from the variable effect of time of lambing on the resump- 
tion of breeding activity}. The lambs were weaned from 
all ewes immediately before the first group being shorn on 
June 16, which is about the conventional time of shearing 
for lowland flocks in the area. The remaining three groups 
were shorn on July 16, August 6 and August 25, respec- 
tively. The dates for the second and third groups were 
chosen. so that they straddled the apparent period of 
greatest susceptibility to temperature effects. 

Rams are run continuously with the ewes in the college 
farm flock and three of them, each wearing a crayon 
harness, were separated out with the sixty-four ewes. 
Daily inspections were made to record services, and each 
fortnight any marked ewes were washed clean to ensure 
a reliable record of returns to service. The results are 
summarized in Table 1. 


Table 1 
Group Shearing date Mean day of first service 
I June 16 282-69 + 2'48 days 
n July 16 283 08 +311 days 
wa August 5 238-88 + 2 66 days 
Iv August 25 230 68 + 2-15 days 


These results suggest that retention of the fleece delays 
the onset of first oestrus. It is, however, only effective in 
doing so if it ig retained during the interval between 
treatments I and ITI, that is between July 16 and August 
5. Retaining it before this interval makes little difference, 
and retaining it afterwards makes little further difference. 
Each pair of treatments thus falls into two separate 
“periods” between which the time of onset of breeding 
activity is significantly different (P<0-05). It is these 
periods which are referred to in the analysis of variance 
in Table 2. 


Table 2. ANALYSIS OF VARIANOK 


Source ae. df. Y P P 
Total 6929 68 
Between periods 546 1 646-00 5615 <0-05 
Within periods 20 2 10:00 0-09 N.S. 
Error 6863 80 106 05 


There were no significant differences between. the four 
groups in fleece weights nor in body weights either at the 
beginning or the end of the investigation. No relation- 
ships were found between either individual fleece weight 
or individual body weight and the time of onset of breeding 
activity. Nor were there any significant differences in 
conception rates between groups. The continuous presence 
of the rams with all ewes precluded the operation of any 
differential ‘presence of the ram” effect, and the effect 
of any variation in previous lambing dates was also 
eliminated. 

This experiment thus seems to provide further evidence 
of a simple natural temperature effect on the renewal of 
oyclic activity in the ewe. Furthermore, 1t would seem to 
confirm that, for Clun Forest ewes at least, the period of 
susceptibility lies between mid July and early August. 

If this effect is associated with a possible period of 
instability in the ewe as it emerges from anoestrum, then in 
other breeds of sheep with a seasonal breeding pattern 


744 


dissimilar to that of the Clun, this period of susceptibility 
may be at a different time. 
J. L, Lass 
Department of Agriculture 
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Separating the Effects of Digestibility and 
Palatability on Food Intake in Ruminant 
Animals 


Ix ruminant animals fed exclusively on roughages there is 
a close positive association between. voluntary food intake 
and the digestibility of the diet. It has been suggested 
that this association occurs because foods of high digesti- 
bility are cleared from the digestive tract—by absorption 
and the expulsion of undigested residues—at a faster rate 
than are foods of low digestibility’. Foods which differ 
from one another in digestibility also differ in such other 
respects as chemical composition and physical structure, 
and the association between intake and digestibility (or 
rate of digestion) may not be entirely a causative one. In 
particular, differences in ehemical and physical com- 
position may affect the taste and texture of the food and 
thus its palatability. A ruminant may therefore eat 
more dried gress than straw, for example, not just because 
the former is more digestible but because it is also more 
palatable. 

In order to test this hypothesis, one needs to allow 
animals to eat foods which are likely to differ in palata- 
bility, but at the same time to keep the digestibility of the 
diet constant. We decided that these conditions could be 
satisfied by giving animals a part of their diet through a 
rumen fistula. Bailey and Baloh? had shown that cows 
could be fed entirely through the fistula without affecting 
the digestibility of their diet of hay (although the pro- 
cedure increased the quantity of dry matter present 
in the rumen 7 h after feeding, and increased the potassium 
content of rumen liquor), We therefore carried out the 
following experiment. 

Dried $24 ryegrass and oat straw were each comminuted 
to an extent which prevented sheep selecting some particles 
in preference to others. For the grass, chopping into 
0-5 in. lengths was sufficient, but the straw first had to be 
chopped and then coarsely milled through a 0-6 in. soreen. 
The sheep used were four ‘Greyface’ wethers weighing 
initially between 41 and 64 kg and each fitted with a 
rumen cannula with an internal diameter of 58 mm. For 
the two main treatments (Nos. 2 and 3) the diet consisted 
of equal parte of the two foods. For treatment 2, the sheep 
had the grass put through the cannule and ate the straw, 
and for treatment 3 the routes of administration of the 
foods were reversed. With these treatments, therefore, 
the sheep digested the same diet but ate different com- 
ponents of it. There were two additional treatments in 
which the diets were either straw alone (1) or grass alone 
(4), and in each case half the intake was made through the 
fistula. Each sheep was subjected to each treatment, in 
an order determined by a Latin square design. 

The feeding routine was as follows. At 0900 h the 
food given through the fistula was weighed out in 
an amount equal to half the previous day’s total intake 
of food, that is intake of food actually eaten plus 
intake through the fistula. Four times its weight 
of warm water was added and the mixture was put 
through the cannula by hand. This took up to 10 min. 
The sheep were then offered food to eat, in amounts at 
least 15 per cent greater than anticipated consumption, 
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until 1700 h. No food was given between 1700 h and 
0900 h the next day, and so the rumen became sufficiently 
empty to receive the next meal of food given through the 
fistula. After some initial oscillations, the ratio of food 
eaten to food taken through the fistula could be kept at 
l: 1 easily. The sheep were also given a daily supplement 
of minerals and vitamins A and D through the cannula. 
After at least 12 days of each treatment the sheep were 
fitted with faeces collection bags, and food intake and 
digestibility were measured for periods of 9 days. 

Although the sheep ate satisfactory quantities of straw 
in a period preceding the experiment, they became in- 
creasingly reluctant to eat it as the experiment progressed. 
In period 2 the sheep on treatment 1 ate no more than 
100 g/day, and the treatment had to be discontinued before 
measurements of intake and digestibility could be made. 
In the last two periods of the experiment the decline in the 
acceptability of straw was arrested by mixing 10 per cent of 
dried grass into straw used as food for eating. 

Mean values for food intake, expressed as g of organic 
matter consumed/kg of liveweight raised to the power 
0-73 (metabolic liveweight), and for digestibility are shown 
in Table 1. There were considerable variations between 
sheep in their response to the different diets; one sheep, for 
example, ate only 27 per cent leas on treatment 2 than on 3 
(after adjustment for differences between periods), 
whereas for a second the comparable difference was 73 per 
cent. The standard errors are therefore large, but the 
mean differences between treatments were sufficiently 
large to make this unimportant. The differences between 
treatments in intake were significant at the 0-1 per cent 
level of probability. 


Table 1. MAAN VALUES FOR FOOD INTAKE AND DIGHSTIBILITY 


Intake of Digestibility of 
Treatment organic matter organte matter 
(g/kg weight"7*/day) er oent) 
R Straw 13-8 41-2 
2) Straw eaten and grass through 
28:5 56:7 
(8) Grass eaten and straw through 
fistula 48 8 55-4 
4) Dried grass 59 4 73:5 
tandard error of difference (5 d.f.) +43 +1-85 


The general level of intake was appreciably lower than 
that found by Blaxter, Wainman and Wilson’; this was 
probably partly because our sheep had access to food for 
only 8 h each day. The combined effects of digestibility 
and palatability on intake (compare treatments 1 and 4) 
were very large. The sheep fed on dried grass alone ate 
more than four times as much as those fed on straw alone; 
this difference is much greater than that found by Blaxter 
et al. for similar foods. The effects of changes in digesti- 
bility when the food eaten, and thus palatability, remained 
the same are shown by comparisons of treatments 1 with 2 
and 3 with 4, and are again large; but changing the nature 
of the food eaten (palatability) without changing digest1- 
bility to any great extent (treatment 2 versus treatment 3) 
had an equally dramatic effect on intake. The relative 
intakes suggest that with the foods used the effects of 
digestibility and palatability were of approximately 
equal magnitude. 

The technique of partial feeding through a fistula is 
perhaps rather a crude one, and its effects in raminants on 
food intake and on the processes of digestion need further 
investigation. The results obtained in this experiment, 
however, are sufficiently interesting to justify the use of 
the technique in further investigations of appetite in 
ruminants. 

J. F. D. GREENHALGH 
G. W. RED 
Rowett Research Institute, 
Bucksburn, 
Aberdeen. 
x Darn E. L., Wainman, F. W., and Wilson, R. S., Anim. Prod., 8, 51 
3 Bailey, C. B., and Baloh, O. O., Brit. J. Nutrit., 15, 183 (1961). 
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BOOK REVIEWS 


REPRODUCTIVE STIMULI 


Effects of External Stimuli on Reproduction 

Edited by G. E. W. Wolstenholme and Maeve O’Connor. 
Pp. x+107, (Ciba Foundation Study Group, No. 26.) 
(London: J. and A. Churchill, Ltd., 1967.) 18s. 


In this small book, containing the seven papers read at a 
one day meeting held in honour of Professor B. Zondek, 
we are confronted with important physiological and 
ecological problems. The identification of the external 
stimuli which have an effect on the reproductive system 
will suggest the internal pathways and interrelationships 
involved in the arousal or suppression of activity in the 
endocrine organs concerned with reproduction. Thus 
day-length appears to control the onset and cessation of 
breeding in some mammals, implying that a physio- 
logical link exists between the eye and the adenohypo- 
physis, although the anatomical pathway remains to be 
discovered. 

The recognition of those features of the external 
environment which influence reproduction is also basic 
to any understanding of population dynamics. There 
has been for some years evidence that in certain species 
reproductive potential is related inversely to population 
size, although no convincing physiological explanation 
of this phenomenon has yet been offered. 

It is clear from the first five papers that the three 
distance receptors (eye, ear, nose) are involved ın 
reproductive processes. In Professor Zondek and I. 
Tamari’s paper it is shown that noise frequently 
repeated over some days can enhance gonadotrophin 
secretion in the rabbit and rat, although the noise 
was probably a stressful stimulus. Furthermore, the 
rabbits submitted to such noise may have fresh corpora 
lutea in their ovaries. 

A. Arvay reports similar effects in rats exposed to noise 
and imtense light (“neural traumatization”). These 
stimuli also caused marked adverse effects (stillbirths, 
post-natal mortality, abnormalities of development) when 
applied before or during pairing of males and females 
or during pregnancy. 

It has long been known that the onset of heat in the 
ferret, occurring naturally in the spring, can be brought 
forward by exposing animals during autumn or winter to 
additional light. But B. T. Donovan suggests that such 
treatment when continued for a long time may prevent 
the onset of heat. He has some evidence which suggests 
that exposing such animals to short days for eight weeks 
can remove this inhibition induced by long days. 

There has been a persistent belief among some biologista 
that ferrets possess an internal clock which can regulate 
the annual occurrence of heat. Little really conclusive 
evidence in support of such a view is available. On the 
contrary, D. H. Thorpe here illustrates convincingly 
that ferrets behave as if they cartainly lack such an 
inherent timepiece. For example, in conditions of con- 
tinuous illumination, maintained for up to six years, 
oestrus ocourred frequently but showed no regularity. 

H. M. Bruce has provided an excellent review of the 
effecte of olfactory stimuli on reproduction in mammals. 
Her own contribution to this subject, with A. 8. Parkes, 
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has been of great interest and mmportance, but she has 
lucidly brought together a much wider range of effects, 
organizing them under three headings: immediate reac- 
tion; delayed nse; and permanent effect. 

The paper by R. Deanesly and M. Allanson on the 
breeding season of the mole has a distinct ecological 
flavour. They are concerned with the causation of 
observed regional differences (North Wales compared with 
Southern England) in the date of onset of breeding. These 
observations, for which the authors suggest several 
alternative explanations, inevitably raise the problem of 
the external factor(s) which determimes the onset or 
cessation of breeding in moles wherever they may live in 
Britain. Some ecological aspects of reproduction in 
mammals are dealt with also by H. G. Lloyd, who has 
found that in the rabbit reproductive potential appears 
to change with population density. 

Donovan makes the umportant point that in neuro- 
endocrine processes, as exemplified by the photoperiodism 
of, say, the ferret, the stimulation and the response 
thereto are processes extending over weeks. This dis- 
tinguishes them from what is ordinarily regarded as a 
reflex, and he asks “what time consuming processes 
intervene ?” Clearly the slow response of gonads and 
reproductive tract to pituitary changes, once these have 
begun, is part of the answer. But there appears also to be 
central nervous system inertia. The observation of the 
response of individual neurones to external stimuli (for 
example, a neurone in the supraoptic nucleus responding 
to light, cited by B. A. Cross, page 102) has value in reveal- 
ing a pathway from the receptor to the effector organ. 
But understanding the slow response of the reproductive 
system to changing external conditions must involve as 
well the analysis of the behaviour of populations of 
neurones. It would seem necessary accompaniment to 
such studies to define accurately the external stimuli 
which arouse or suppress this neuroendocrine system. 
Certainly, as Donovan comments on page 70, we need to 
know more about the changes in the eyes, brain and 
pituitary gland of, say, the ferret, but his statement that 
investigations of day length effects necessarily “ . . . will 
introduce complications rather than simplifying matters” 
seems disputable. Indeed, in this book Thorpe has shown 
how with patience the manipulation of the light environ- 
ment can in fact simplify explanations by (in this case) 
making an internal clock an unnecessary postulate for 
any explanation of the annual onset of oestrus in ferrets. 

J. R. CLARKE 


CHALLENGE OF ECHINODERMS 


Physlology of Echinodermata 

Edited by Richard A. Boolootian. Pp. xvin+822. (New 
York and London: Interscience Publishers, a Division 
of John Wiley and Sons, 1966.) 360s. 


In some respects the echinoderms have simpler physio- 
logical mechanisms than those of other coelomate animals. 
They have little power of ionic or osmotic regulation and 
are largely confined to the marine habitat; they use the 
coelomic fluid as a transport medium more directly than 
do other coelomates. Yet anatomically they have departed 
very radically from the main coelomate evolutionary 
trends; the secondary pentamerous symmetry, involving 
external and internal structures, the unique water- 
vascular system and other peculiar systems set them 
apart from all other coelomate groups. The functions of 
these unusual structures excited the interest of many 
earlier workers, and by the turn of the century Cuénot, 
Hamann, Romanes, von Uexküll and others had investi- 
gated many organs and systems. Some of this work was 
inferential, but much has been confirmed by later re- 
searches. While there appears to have been less interest in 
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the group during the first half of this century, since 1950 a 
very wide range of physiological and biochemical investi- 
gations have been made. Standard texts on the group 
are, however, largely morphological and anatomical, and 
apart from sections in Invertebrates, Vol. 5, by Hyman 
(1955), and Echinoderme, by Nichols (1962), little informa- 
tion on physiology is available except in original papers. 

This gap in the literature has been filled by the pub- 
lication of Physiology of Echinodermata, edited by Booloo- 
tian. It is based on a symposium at the International 
Congress in Washington of 1963, but it is more than a 
symposium report. Co-operation between authors has 
achieved a considerable degree of coherence, individual 
authors have expanded their contributions beyond their 
immediate research flelds into review articles, and addi- 
tional workers have covered other topics. In all, thirty- 
one authors have contributed thirty articles covering 
most aspects of echinoderm physiology, and thus the book 
is far more valuable than the majority of reports of 
symposia. 

It is impossible to deal with all these articles indivi- 
dually. The opening chapters on general biology and 
ecology, by Fell, Pawson, Moore, Feder and Christensen, 
give a good general background to the more detailed 
physiology of the later articles, while Boolootian con- 
tributes a body of information and figures on reproductive 
physiology which is essential for any worker on the group. 
Anderson on nutrition, Nichols on the water-vascular 
system, F'armanfarmaian on respiration, and Binyon on 
ionic regulation give well expanded reviews over these 
wide fields. Most other authors have abstracted and 
collated records of work in their particular areas to produce 
valuable summaries, but the drawback of the symposium 
origin is evident in that these topics are somewhat circum- 
scribed; there could with advantage have been more 
integration between, for example, pigments and bio- 
chemistry, between nervous system and nerohumours, 
between the chapters on reproduction. Delavault on sex 
determination, Millott on co-ordination of spine move- 
ments, Tyler and Tyler on gametes, and Yoshida on 
photosensitivity give useful accounts of experimental 
techniques in addition to summarizing earlier work. 
Davenport on behaviour and Swan on growth bring out 
the range of variation in the group, which is recorded in 
the conflicting accounts of such apparently simple 
activities as righting reactions and autotomy. Most 
importantly, all the authors have taken great pains 
to make their bibliographies really extensive and com- 
mendably up to date. The sections on early development 
might have been expanded to include more of the expert- 
mental embryological work carried out on echinoderms, 
for there is need of a review of this. 

A point which emerges very clearly is that there still 
remain many fruitful areas of research in this field. Very 
little is recorded on the physiology of crinoids and 
ophiuroids, and the sections on these groups are, in all 
articles, very cursory. There are large gaps in the informa- 
tion on such fundamental topics as digestion and absorp- 
tion; even the mechanism by which asteroids open 
bivalves is still a subject of controversy. The perihaemal 
system remains untouched. While much has been estab- 
lished about the concentration of metabolites in the body, 
several authors emphasize how little is known of the 
mechanism of transport which in other animals is the 
function of the blood vascular system. Almost every 
article contains a list of fundamental problems which 
still await investigation. 

The editor indicates that the volume is intended mainly 
for physiologists and postgraduate students of echino- 
derms, for whom it will be invaluable. Non-specialist 
readers, expecting a general account of echinoderm 
physiology, which the title suggests, will find the extent 
and detail of the information presented more satisfying 
than any generalizations. The book is an essential accession 
for any zoological library. D. ETHERINGTON 
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RADIOBIOLOGY 


Current Topics In Radiation Research 

Vol. 3. Edited by Michael Ebert and Alma Howard. 
Pp. x+226. (Amsterdam: North-Holland Publishing 
Company, 1967.) 30 guilders; 60s. 


Huns are five useful reviews. As a radiobiologist I agree 
heartily with G. E. Adams (‘General Applications of 
Pulse Radiolysis to Current Problems in Radiobiology”) 
that radiation chemistry and radiobiology have diverged 
—so how wrong is the short title “Pulse Radiolysis in 
Radiobiology”. His admirable review must help biolog- 
ists to appreciate the excitement of the radiation chemist 
with new instruments which help to reveal the nature of 
transient chemical species, some well known such as the 
OH radical, others newly found such as the solvated 
electron, which is the subject of the preceding article, 
“Electrons in Solution”, by J. H. Baxendale. These 
two articles exemplify and quantify reactions in chemicals 
of biological interest from water to DNA, but not in the 
organization of the living cell. 

The complexities of biological systems are exposed by 
C. K. Levy in “Immediate, Transient Responses to Ioniz- 
ing Radiation”. The author deals with systems well 
known only to those initiated in the special fields of 
neurophysiology, both general and special, for example 
photoreceptive and olfactory, where direct and indirect 
effects are hard to disentangle. 

From special systems the book goes on to whole mam- 
mals in the article entitled “Biological Mechanisms of 
Delayed Radiation Damage”, by H. J. Curtis, who deals 
mainly with the premature death of sub-lethally irradiated 
animals. The new growths and degenerative conditions 
are explained largely in terms of basic cellular aberra- 
tions (in which mutation is usually equated with visible 
chromosomal damage, which is not classical dogma). 
Recovery of cellular damage is clearly differentiated from 
tissue repair by division of unaffected cells, but to the 
pathologist the other equation of natural and radiation- 
induced “‘ageing’’ causes the eyebrow to be raised. E. C. 
Easson outlines the philosophy and radiobiological aspects 
of radiotherapy and in this context discusses the past 
and present in a ‘‘Clinical Approach to Neutron Therapy”. 

Jons F. Lour 


PERSONALITY AND SOCIAL CHANGE 


Social Theory and Economic Change 

By Michael Argyle, Reinhard Bendix, M. W. Flinn and 
Everett E. Hagen. Edited by Tom Burns and 8. B. Saul. 
Pp. vi+104. (London: Tavistock Publications, 1967.) 
258. net. 


Tus useful and interesting little volume consists of four 
papers read at the University of Edinburgh social sciences 
seminar in 1965. The main theme of the discussions was 
Professor Hagen’s wide-ranging but controversial thems 
concerning the psychological dynamics of all economic 
and social change. In his paper, Hagen advanced the 
particular thesis that personality differences and not 
objective factors accounted for Britain’s primacy in the 
industrial revolution. The paper does not differ sg- 
nificantly in content or emphasis from the more general 
argument advanced in Hagen’s book On the Theory of 
Social Change. Like the book, it does not distinguish 
clearly between technological and other kinds of innova- 
tion and it scarcely does justice to alternative growth 
models stressing the role not of personality but of 
resources. Yet the presence of Hagen in Edinburgh 
must have been stimulating, and the nature of his argu- 
ment obviously encouraged Professor Flinn to write the 
most valuable and original paper in the volume on 
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“Social Theory and the Industrial Revolution”. In it he 
examines carefully within the limited time at his disposal 
very specific questions about eighteenth-century per- 
sonality formation, laying particular emphasis on religious 
upbringing and education. His paper breaks much new 
ground, unlike the other papers, and deserves to be 
followed up, even if his conclusion is a modest one—that 
in the study of processes of economic growth “non- 
economic factors continue stubbornly and vigorously to 
assert their existence”. 

The volume is introduced by an excellent and well 
balanced introduction by Professora Burns and Saul 
which sets out neatly a number of points concerning the 
Hagen debate and admits fairly that despite the fascina- 
tion of cross-disciplinary argument “a good deal of time 
was spent during the conference in establishing a mutual 
discourse rather than in carrying it on”. 

Asa Barieas 


LUNAR INTRODUCTION 


An Introduction to the Study of the Moon 

By Z. Kopal. (Astrophysics and Space Science Library, 
Vol. 4.) Pp. xii+ 464. (Dordrecht: D. Reidel Publishing 
Company, 1966.) 72 D.florins. 


THis new volume, which deals with the Moon’s internor, 
exterior, and environment, is one of the most extensive 
books on the Moon that I have seen. The twenty-four 
chapters cover four main topics. The first is the motion 
of the Moon and dynamics of the Earth-Moon system; 
the second is a detailed treatment of the internal con- 
stitution of the lunar globe; the third topic is the typo- 
graphy of the Moon; and the fourth—and most contro- 
versial—is an analysis of the problem of lunar radiation 
and surfaco structure. The detailed bibliographical 
notes accompanying each section forms an invaluable 
reservoir of research ideas and useful data. 

The first part of the book deals with such basic facta as 
distance, size, mass, and the motion of the Moon in space. 
There follows a discussion of the problems of the rotation 
of the Moon and its optical librations. Such details as the 
motion of the Moon about its centre of gravity and its 
physical lbrations make interesting reading. Other 
consequences of the lunar orbit, such as phases and 
eclipses, are examined in detail. The last chapter of this 
section deals with dynamics of the Harth-Moon system, 
including tidal problems. Kopal concludes that tho 
Moon originated outside of the Earth’s orbit. Later the 
Earth captured it and, through tidal evolution, reduced 
the orbit to its present characteristics. 

The second section, dealing with the Moon’s interior, 
is somewhat less exact. Kopal argues that small but 
unmistakable departures from hydrostatic equilibrium 
must exist, because of the Moon’s peculiar rotational 
motion around its centre of gravity. It seems not to be 
quite spherical. The author next discusses the thermal 
history of the Moon, including the effects of radioactivity 
on the temperature of the interior. He goes on to discuss 
the stresses that may exist inside the Moon, the Moon’s 
chemical composition, the possible convection in the 
lunar interior, and finally the character of any residual 
the Moon may possess. 

The third section deals with problems of lunar measure- 
ment, mapping of the Moon, and finally a detailed descrip- 
tion of formations on the lunar surface. Most of the 
craters, Kopal argues, are of impact origin. Many of the 
smaller craters result from secondary impacts of the 
splash material, but he does concede that certain craters, 
like Ptolemy and Alphonsos and the filled crater Wargentin, 
must represent some sort of volcanic origin. With refer- 
ence to dust on the lunar surface, Kopal points out that 
the Ranger photograph, which exhibits a vertical differen- 
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tiation on a meter scale, scarcely supports Gold’s argument 
that large reservoirs of fine dust could have drifted to the 
lowlands from the plateaux. Kopal concludes the section 
with a discussion of the lunar surface as an impact 
counter. 

The last part starts out with problems of lunar albedo 
and photometry of scattered moonlight. The author 
deals next with problems of a lunar temperature and 
thermal emission of the lunar surface. He next considers 
the electromagnetic properties of the lunar surface. His 
discussion of the luminescence of the lunar surface is 
probably the most controversial. The evidence for such 
“lunar events”, bright areas reported from time to time 
on the dark side of the Moon, is not well substantiated. 
On pages 396-7, Kopal shows two photographs taken by 
himself and Rackham on November 2, 1963, within the 
same short period of time. He notes that there appears 
to be a transient red enhancement of the area around 
Kepler in one of the pictures. In lieu of the possibility 
that some photographio defects may be responsible, the 
discussion based on this single picture is not convincing. 
Future research may indeed bear out Kopal’s conclusions 
concerning the existence of “lunar flares’. The case for 
their existence, however, 1s far from definite. The last 
two chapters are essential addenda, to introduce the 
recent lunar photographs taken by Rangers 7, 8 and 9. 

Although the book has a few weaknesses, as noted 
here, An Introduction to the Study of the Moon is a valuable 
contribution to astronomical literature. It is far more than 
just an introduction. In view of the fact that the author 
has had substantial contact with still more recent photo- 
graphs, from the lunar Orbiter series, we may hope for 
additional analytic volumes concerning the nature of the 
lunar surface end the origin and history of the various 
kinds of formations detected on both the near and far 
sides of the Moon. D. H. MENZEL 


FULL OF APPROXIMATIONS 


Methods of Numerical Approximation 
Edited by D. C. Handscomb. (Lectures delivered at a 
Summer School held at Oxford University, September 
1965.) Pp. ix+218. (Oxford, London and New York: 
Pergamon Press, Ltd., 1966.) 63s. net. 


Tas book, with chapters by J. D. P. Donnelly, L. Fox, 
D. ©. Handscomb and D. F. Mayers of the Oxford Univer- 
sity Computing Laboratory and A. R. Curtis and M. J. D. 
Powell of the Atomic Energy Research Establishment, 
Harwell, is to be welcomed for the range of material 
presented, some of it not conveniently avaiable elsewhere. 
Ita subject is “the approximation of functions by means 
of more elementary functions, regarded as a tool im 
numerical computation”. After an introductory chapter 
devoted to functional analysis, the book is divided into 
three sections, “Linear Approximation”, ‘Rational 
Approximation” and ‘‘Miscellaneous”’. 

The first opens with Weierstrass’s theorem on poly- 
nomial approximations followed by Lagrangian inter- 
polation. Because the book is directed at the user of digital 
computers, appropriately finite differences are not 
introduced; instead the authors continue with least 
squares approximations, showing the advantages of ortho- 
gonal functions. This leads naturally to Chebyshev 
series and various methods for their determination such 
as economization of power series. The next chapter 
considers the general problem of best linear approximation. 
Best uniform (minimax) approximation is shown to be 
characterized by equi-oscillation of the error and this is 
followed by a very full description of the important 
exchange algorithm for constructing such approximations. 

The next section introduces continued fractions and 
interpolation by rational functions. Rational functions 
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may, of course, approximate functions with singularities 
or alternatively an infinite range. Economization of 
continued fractions is considered and Padé approximations 
are linked with the quotient-difference and e-algorithms 
which have applications elsewhere. Existence and 
characterization theorems for rational approximations are 
merely quoted, but the corresponding use of the exchange 
algorithm is described in considerable detail from the 
practical standpoint. 

The last section is concerned with non-linear minimax 
approximations, the approximation of linear functionals 
(in particular, the construction of quadrature formulae) 
and functions of many variables. Two chapters are 
devoted to spline functions which may more easily 
approximate non-analytic functions than polynomials 
or rational functions. A chapter with the intriguing title 
“An Introduction to s-Entropy” introduces a measure of 
the minimum number of binary digits needed to furnish 
an approximation to an accuracy g, and finally some 
practical advice is offered on the choice of approximating 
functions and method. 

The book is well produced, although I noticed a few 
minor errors such as the occasional omission of modulus 
signs. There is an extensive and excellent list of references 
to books and articles. K. E. PITMAN 


VISIBLE WATER 


Open Channel Flow 

By F. M. Henderson. (Macmillan Series in Civil Engineer- 
ing.) Pp. xxii+ 522. (New York: The Macmillan 
Company; London: Collier-Macmillan, Ltd., 1966.) 115s. 


Tm flood of works on fluid mechanics continues unabated. 
This book, however, is to some extent unusual in that 
attention is concentrated on water that one can see, as 
distinct from water concealed in pipes, turbines and pumps. 
The field covered is exceptionally wide, for together with 
the common basic topics there are long chapters on flood 
routing and sediment transport. Yet we are told that 
the book is designed for a one year college course. Pro- 
fessor Henderson must indeed be blessed with a class of 
remarkably zealous and talented students. The wide 
range of the book exacts its price, and some important 
matters are mentioned only in a misleading and slipshod 
manner. Thus Fig. 1-92 which indicates boundary- 
layer formation on an infinite flat plate is followed by a 
collection of formulae for such quantities as thickness 
and shear stress with no indication how these were derived, 
and the viscous sub-leyer and the buffer layer escape 
notice altogether. Fig. 1-86 shows a side view of water 
passing from a lake into a horizontal channel, and it 
seems to be implied that the above formulae hold good 
without modification. But now the equation of con- 
tinuity must be satisfied; and if the Froude number 
exceeds about 0-5, waves fixed in space appear on the free 
surface. 

There are a number of worked examples, and a valuable 
feature is the list of references to be found in most of the 
chapters. There are said to be more than 400 problems, 
but except where the answer is embedded in the question 
itself, no answers are provided; thus a trap is set for the 
unwary purchaser. In some walks of life, harsh terms 
such as obtaining money by false pretences might be 
used. Here it is more charitable to remark that the 
publisher must have been careless in his supervisory 
duties and the author prematurely exhausted by his 
labours. A consequence of this omission can be seen in 
the account of the momentum principle (pages 10-11), 
which many find difficult. The ‘author propounds the 
problem of an obstacle fixed in a contraction, and blandly 
adds that “‘the details are left as an exercise for the reader 
(Prob. 1.5)”. This problem, however, turns out to be 
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numerical with no answer given, and ao the eager student 
1s baffled in his attempt to master the fundamental 
principle. The book gives glumpses of really difficult topics 
such as cnoidal waves, but ita chief value will be 
as a work of reference for civil engineers seeking help on 
advanced matters, although inevitably it cannot carry 
the authority of a work compiled by specialists each 
describing his principal field of interest. It cannot be 
recommended to a student working on his own. 
A. M. BINNE 


SIDGWICK RETURNS 


The Organic al tla? be Nitrogen 

By N. V. Sidgwick. Third edition newly revised and re- 
written by Ian T. Millar and H. D. Springall. Pp. xii -+ 
909. (Oxford: Clarendon Press; London: Oxford 
University Press, 1966.) 1688. net. 


Tem authors of this new edition of Sidgwick’s Organte 
Ohemtstry of Nitrogen faced a formidable task. The first 
edition (1910; 415 pages), which became « classic, was 
based on lectures given to undergraduates at Oxford, 
and Taylor and Baker’s edition (1937; 590 pages), long 
out of print, contained more facts and less critical ap- 
praisal. Now this long-awaited, impressive, beautifully 
produced, third “Sidgwick” is published but, alas, at a 
price which virtually no undergraduates and. few of their 
tutors can afford. 

In a preface, to which Millar and Springall refer in their 
own preface, Sir Cyril Hinshelwood wrote “in some ways 
the ideal would be that successive editions of a book 
should get smaller and smaller”. There is much to be 
said for this view and one is forced to ask whether the 
Clarendon Press was right to publish so expensive an 
edition of “Sidgwick” at all, or whether the authors 
should have been asked to write a modern text-book, 
comparable in size and scope to the original ‘‘Sidgwick”, 
which students will buy and use from cover to cover. 

In the present work the functional-group chemistry is 
much more comprehensive and detailed than is necessary 
for the honours student, though the heterocyclic section is 
tailored rather more nearly to his requirements. On 
natural products he will find excellent chapters on protems 
and peptides and on nucleic acids, but little on the vita- 
mins B, nothmg on porphyrins and very little on 
alkaloids. Certainly the topics included are of major 
interest today, but this makes it likely that accounts of 
these rapidly developing subjects will need revision more 
frequently than anyone can afford to replace this costly 
book. 

It is appropriate that Dr. L. E. Sutton’s delightful 
appreciation of Sidgwick is reprinted here. The author 
index, which the authors say is not fully representative, 
could have been dispensed with. M. L. TOMLINSON 


SOLVENT SYSTEMS 


The Chemistry of Non-Aqueous Solvents 

Edited by J. J. Lagowski. Vol. 1: Principles and Tech- 
niques. Pp. xi+403. (New York: Academic Press, 
Inc.; London: Academic Press, Inc. (London), Ltd., 
1966.) 1328. 


Tas book is intended to be the first volume of a multi- 
volume treatise, but go far only one more volume has been 
announced. It contains seven chapters on various 
general aspects of non-aqueous solvents, each by a different 
author, and with no obvious co-ordination between them. 
The first chapter, by Devon W. Meek, describes Lewis 
acid-base interactions with the solvent and between solute 
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species in @ wide variety of polar solvents. The second 
chapter, by Elton Price, deals with the solvation and 
association of ions, and the third, by Roger G. Bates, is a 
critical review of acidity functions in amphiprotic media, 
particularly aqueous alcohols and deuterium oxide. 
Chapter 4, by H. 8trehlow, concerns electrode and redox 
potentials in non-aqueous solvents and their interpretation 
m terms of solvation: it necessarily overlaps to some 
extent with the two preceding chapters. Chapter 5, by 
Leonard J. Katzin, is a detailed account of solvent 
extraction of inorganic species, containing a useful collec- 
tion of facts and 296 references. The last two chapters 
describe experimental techniques for the study of low- 
boiling solvente (Jindrich Nassler) and fused salts (R. A. 
Bailey and G. J. Janz). Both chapters contain a wealth 
of detailed desorption and diagrams, much of it of 
standard techniques for work at low or high temperatures, 
and between them they contain 661 references. 

There is much of interest in this volume, but there is a 
good deal of overlap between the separate chapters and 
with other books and reviews, which raises the whole 
question of the function of a compilation of this kind. 
The second volume of the series will contain chapters on 
individual acidic or basic solvents or classes of solvent, 
and must inevitably repeat much which has already 
appeared in the first volume. Furthermore, it is alarming 
to see on the dust-jacket of this volume an advertisement 
for Non-Aqueous Solvent Systems (Academic Press, 1965) 
which contains chapters by yet another set of authors on 
nine different solvents, four of which coincide with those 
to be treated in the second volume of the present series. 
This kind of multiple publication must be the despair of 
librarians, not to mention individual scientists. 

R. P. BELL 


IGNEOUS LIMESTONES 


Carbonatites 

Edited by O. F. Tuttle and J. Gittins. Pp. xix+ 591. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1966.) 180s. 


In 1895 the Swedish geologist Hégbom published the first 
account of caloite-rich rocks occurring in the form of 
igneous intrusions at Alnö Island on the Baltic coast of 
Sweden, and since then similar rocks have been discovered 
throughout most of the major land-masses of the world 
with the exception of Australia and Antarctica. These 
rocks, which are now known as carbonatites, have received 
considerable attention, particularly in the past two 
decades, partly on account of their unusual mineralogy 
and geochemustry and also because of the intriguing 
problems raised when considering the genesis and emplace- 
ment of carbonate “magmas”. Until now, these unusual 
carbonate intrusives have received only scant mention 
in most petrological text-books, so it is of considerable 
value that a treatise devoted entirely to the carbonatites 
has now been published. It should be mentioned that 
the discussions also cover the alkalio ring-complexes with 
which the carbonatites are associated. The book contains 
seventeen chapters by twenty-two authors, who were 
selected on the basis of recent contributions in the fleld of 
cerbonatites and their familiarity with a specific aspect 
of carbonatite geology. 

The introduction, contributed by the editors, contains 
a valuable review of the historical development of carbon- 
atite studies and concepts, including an interesting account 
of the controversy in the period 1920-50 between the 
champions of the Daly-Shand limestone assimilation 
hypothesis and the Bowen “hydrothermal” hypothesis, 
and their opponente—a group of geologists and 
mineralogists who were becoming increasingly convinced 
of the magmatic nature of carbonatites. 
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The first 250 pages of the text consist of desoriptions of 
individual occurrences of carbonatite in Africa, Bouth 
America and Europe. Accounts are given of deeply 
eroded sub-voleanic rung complexes and sills; of sub- 
volcanic complexes associated with eroded remnants of 
the volcanic pile which originally overlay the complexes; 
and of a non-di carbonatite volcano which has 
recently erupted carbonatite lava and ash. These accounts 
are particularly valuable in that they are mainly syntheses 
of papers or memoirs not readily accessible to the general 
reader. This is particularly so in the case of the chapters 
on the Jacupiranga complex in Brazil, which is here 
described in English for the first time, and the Kaiserstuhl 
carbonatite in Germany, which has previously been de- 
scribed in English only in a Euratom report which is 
not easily available. 

Part 2 of the book deals with the process of fenitization 
—the mineralogical, chemical and textural changes 
resulting from metasomatism of the country-rock around 
carbonatite intrusions. The two chapters describe 
fenitization of contrasting rock types: (a) fenitization of 
biotite gneisses by the Oldinoyo Dili carbonatite, 
Tanzania; and (b) fenitization of basic igneous rocks, 
particular attention being given to metagomatic changes 
in Bushveld norite in the aureole of the Goudini carbona- 
tite, Transvaal. 

The third part of the book 13 mainly devoted to reports 
of laboratory studies of carbonatites. There are two 
chapters describing work on synthetic carbonatite melts 
and on mixed silicate-carbonate melts. Interesting 
points arising from this work are the unlikelihood of 
carbonatites being differentiates from normal peridotite 
magmas, and that liquid immiscibility exists between 
some silicate magmas and alkali carbonate magmas. The 
experimental results also provide additional verification 
of the magmatic origin of carbonatites. Also in Part 3 
18 & paper presenting results of strontium-87 : strontium-86 
ratio determinations on carbonatites; the results show 
that this ratio is quite unlike that of sedunentary lime- 
stone, and is interpreted as being caused by carbonatite 
originating in the Earth’s upper mantle. This part of the 
book concludes with a brief résumé of Russian views on 
the origin of carbonatite complexes, but no mention 15 
made of the large number of new mineral species found 
im the Russian carbonatites in recent years. 

The economic mineralogy of African carbonatites is 
discussed in Part 4 and attention is drawn to the high 
concentration of phosphorus, copper, niobium, barium. 
strontium, the rare earths, thorium and uranium im the 
minerals of certain carbonatites. Smaller, but none the less 
significant, concentrations of zirconium, titanium and 
molybdenum all serve to emphasize the unusual chemistry 
of carbonatites. While most of these elements can be 
obtained more economically from deposits other than 
carbonatites, the phosphorus from carbonatite apatites 
is an important source of fertilizer in several countries 
and, on a somewhat more basic level, the carbonatite 
itself at Tororo, Uganda, is the basis of a flourishing coment 
industry. The economic potential of carbonatites 18 
underlined by the fact that one of the biggest new develop- 
ments in the South African mineral industry in recent 
years has been the copper~apatite—vermiculite mining 
at the Phalaborwa carbonatite, Transvaal. 

The book is concluded by an extremely valuable con- 
tribution in the form of an extensive 153 page summary 
of all known carbonatites and a comprehensive biblio- 
graphy of carbonatite literature. Each occurrence 18 
briefly described and is illustrated by a clear map when 
available. An important point arising from the summary 
is the presence of carbonatite complexes in fold mountams 
in Morocco, Bolivia, Canada and Norway, which would 
appear to neceasitate revision of the old concept that 
carbonatites are confined to stable shield areas. 

Although more than seventy years have passed since 
Hogbom’s first account, the genesis of carbonatites is still 
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a matter for considerable dispute. Most of the currently 
held hypotheses of carbonatite genesis are presented 
in several chapters in the book, so that it 18 perhaps only 
a minor disappomtment that this extensive treatise is not 
concluded with a chapter summing up these hypotheses 
and an assessment of the views that carbonatites may be 
either primary magma or the differentiate of a parental 
ultrabasic alkalic silicate magma. Although much of the 
material presented in the book deals with the aspect of 
carbonatites in the crust, it is now generally agreed that 
the ultimate source of carbonatites is in the Earth’s 
Upper Mantle. 

The book is well produced (apart from a number of the 
almost inevitable misprints) although the photographic 
reproductions do not quite measure up to the same high 
standard as the line drawings. Although the volume 
contains much of interest to petrologists and geochemista in 
general, ıt is a matter for regret that its nigh price will 
almost inevitably confine its sale to libraries and to 
specialists in the subject. J. B. Dawson 


CONVECTIVE SELF-PROPULSION OF CONTINENTS 

(continued from page 660) 
probably of order at least 10*-10? that of ultrabasic rocks. 
If, however, we consider processes of time scales, say 
10° yr, it ig more appropriate to consider the continental 
material also as viscous. We then have the intriguing 
possibility of a further interaction between the continental 
mass and the upper mantle. Consider a localized shear 
stress distribution on a portion of the continental base 
which is tending to thicken the continent locally. If the 
continental viscosity is rather small the hump of continen- 
tal material will flow away mto the surrounding areas 
nearly as quickly as it is produced. But if the continental 
viscosity is rather large the shape of the hump will 
closely follow the shear stress. Such a local thickening 
augmente the local thermal resistance and thus alters the 
local convection in the upper mantle. In such an event 
there would be an intimate connexion between large 
scale tectonic processes and continental migration. 

The essential feature of our model is the vanation of 
temperature over the continental base. As has already 
been noted (our definition of thermal resistance includes 
the effect of heat sources in the continental maas), this 
could arise not only from variations of thickness or thermal 
conductivity but also from variations of radiogenic heating 
within the continental mass. Somewhat similar sugges- 
tions have been made by other workers!*", We would then 
have a very unusual heat engine! But with this model 
we cannot escape the conclusion that the Rayleigh 
number of the upper mantle is at least of the order of 
107. If this is indeed the case the existence of continental 
migration tells us nothing about possible convection im 
the mantle below a depth of a few hundred kilometres. 

This model should now be investigated m more detail 
with respect to each continental mass by assessing the 
contribution to the motion of each of the factors: (i) 
outline of the continent; (ii) distribution of thickness; 
(iii) distribution of radiogenic heating in the slab; (iv) 
effects of spatial variations of thermal conductivity. The 
essential idea is that asymmetry implies motion, so we 
should look for correlation between migration and spatial 
sequences of large scale geological processes along the 
lines suggested by the labels of Fig. 6. The American 
continent is an obvious example. On the other hand, a 
lack of asymmetry (the African continent is an example) 
implies negligible migration. Further, these assessments 
might be possible to some degree for the continents at 
previous epochs when these factors will have perhaps been 
different. Can we correlate the directions of movement 
thereby predicted with palaeomagnetic data, for example ? 

This work was supported by the British Admiralty. 
The numerical work, which was supported by a grant from 
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IBM (United Kingdom), was carried out on the Tian 
computer at the Mathematical Laboratory, University 
of Cambridge. The apparatus was constructed by Mr. 
David Cheesley. 


1 Runcorn, 8. K., Continental Drift (Academio Press, New York, 1964). 
* Blackett, P. M. 8 , Bullard, E. C., and Runcorn, 8. K , Phil. Trans. Roy. 
Soo., A, 258, 1 (1065). 
3 Heirtzlor, J. R., and Pitman, W. O., Science, 154, 1164 (1066). 
‘Elder, J. W ‚in Amer. Geophys. Union Monograph No. 8, 211 (1965). 
* Elder, J. W., Bull, Volean., 29, 82 (1966). 
: lane 8, Hydrodynamo Stahiuy (Oxford University Prom, 
! Eldor, J. W., Mantles of the Earth and Terrestrial Planets (odit. by Runcorn, 
8. K.), 525 (1967). 
* Elder, J. W., J. Find Mesh., 27, 600 (1967). 
* Balousaov, V. V., Scienoe J., 8, 56 (1967) 
10 Bott, M. H P., Nature, 202, 583 (1956) 





University News: Aston In Birmingham 


Dr. E. J. Davies, at present reader in heavy current 
electrical engineering in the university, has been appointed 
professor of electrical engineering. 

London 


Dr. J. A. Lucy, a member of the staff of the Medical 
Research Council at the Strangeways Research Labora- 
tory, Cambridge, has been appointed to the chair of 
biochemistry tenable at the Royal Free Hospital School of 
Medicine. The title of professor has been conferred on the 
following: Dr. E. A. Ash (electrical engineering, in respect 
of his post at University College); Dr. R. A. M. Case 
(social medicine, ın respect of his post at the Institute of 
Cancer Research: Royal Cancer Hospital); Dr. E. G. 
Gray (anatomy, m respect of his post at University 
College). 

Newcastle upon Tyne 
Dr. E. A. COOPER, at present consultant anaesthetist 
in the Teaching Hospital, and a clinical teacher in the 
university, has been appointed to the chair of anaesthesia. 
Dr. R. I. Lewis, at present head of the English Electric 
Company's Design and Analysis of Turbo-Machines 
Section, Mechanical Engineering Laboratory, has been 
appointed to the second chair in the Department of 
Mechanical Engineering. 

Reading 

Mr. J. E. Gorpon, at present superintendent of M.2 
Branch of the Explosives Research and Development 
Establishment, Waltham Abbey, has been appointcd 
professor of materials technology in the Department of 
Applied Physical Sciences. 


Appointments 


Two deputy chief scientific officers have been appointed 
at the Road Research Laboratory. Dr. A. Hitchcock has 
been appointed head of the Traffic Division, and Mr. H. 
Taylor head of the Safety Division. 


Announcements 


Dr. MEBLE A. Tuve, distinguished service member of the 
Carnegie Institution of Washington, has been elected 
to a four-year term as home secretary of the U.S. National 
Academy of Sciences, a position which he has filled since 
the death of Dr. Hugh L. Dryden in 1966. 


Tum» Australian Academy of Science has made the follow- 
ing awards: Professor F. J. Fenner, professor of micro- 
biology in the John Curtin School of Medical Research, 
Australian National University, has been appointed 
Matthew Flinders lecturer for 1967; Professor 8. T. 
Butler, professor of physics in the University of Sydney, 
has been awarded the Thomas Ranken Lyle Medal for 
1966; Dr. R. M. May, a reader in the School of Physics 
in the University of Sydney, has been awarded the first 
Pawsey Medal. 


1967 


FORTHCOMING EVENTS 


(Afestings marked with an asterisk are open to the public) 
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Monday, May 15 


ROYAL SoclEry or EDINBURGH (at 22 George Street, t, Edinburgh 2), from 
2.80 p.m. to 8.80 p.m.—Symposium on “The Biola Effects of Ionisıng 
Radiation”. Speakers will include Dr. L. A. Dr. Margery Ord, 


Dr.H H.J. Evans Dr W. AL Court Brown and Dr kb Mow 


INSTITUTION OF ELHOTRIOAL ENGINHERS (at Savoy Place, London, W.C.2), 
at 5.80 p.m.—Discusaion sage on. on een opments in Transformer Ratio 
Arm Bridges” opened by Mr. A 


INSTITUTION OF ELROTRIOAL rene (at Savoy Place, London, W.C. 2), 

K 5.80 eee ™m.—Discussion Meeting on “Development of Electrical Accessoris es 
ii e ae ioe and a Review of Continental Winng Practice”, opened by Mr. 

n. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 6.30 p.m.— 
Sir Lawrence Bragg, F “Magnetism”. (Lecture for Fourth Form Boys 
and Girls from Schoola in London and the Home Counties. To be repeated 
on sect 16, 17 and 18.) 


secerre RY. ere (at 21 Albemarle Street, London 


AL INSTITUTION 
Wins at obs 30 p.m.— man: ‘Illustrating the History of 


Tuesday, May 16 


UNIVERSITY OF LONDON (at the London School of Economics and Political 
Balenco, Houghton Street, London, W.0.2), at 5 p.m.—Dr, J. R. Fox: “In 
the Beginning” (Malinowski Memorial Lecture).* 


INSTITUTION OF CIVIL ENGINEERS (at Great Geo! 
at 5.80 p.m.—Bymposium on ‘Developments in 


INSTITUTION OF BLEOTRICAL ENGDYEURS (at Savoy Place, London, W.O.. 2), 
at 5.30 p.m.—Discussion Meeting on “E.H.D.” opened by Dr. W. D. Allen 


UNIVERSITY COLLEGE LONDON (in the arated Theatre, Gower Street 
London, W.C.1), meee 6.30 p.m.—Prof. B. J. Audley: “Choice and Chance’ 


leorge Street, London, 8.W.1), 
Way Traffio Engineering”. 


Wednesday, May !7 
SOCIETY FOR ANALYTIOAL CHEMISTRY, RADIOCHEMIOAL METHODS GROUP 


t the Pep: ent of ed and Minerali , The Unversity, South Parks 

rd at 5 ——Dr. J P. Bilez ochemical Techniques for 
the Determi: mation o: race Elements and Organic Compoundsin Sea Water”; 
Dr. D. Mapper: “Neutron Activation Applied to mistry”. 


ROYAL STATISTICAL Soorery (in tiie Howarth Lecture Theatre, University 


of Birmin; apes at 6.15 p.m.—Dr. J. W. B. Douglas, Miss J J. M, Ross and 

Mr. H. R. . “The Ability and Attainment of Short-sighted Pupus”. 
Paor oF peas ENGINEERS (at Savoy Place London, W.0.2), 

s i030 m.—Mr. P, F. Ganatie and Mr. H. E. Pulsford ‘Developments in 


ystam Control”, 


eeni OF ELECTRICAL ENGINEERS and the I.B.B.E, MEDICAL AND 
BIOLOGICAL GROUP {at the I.E.R.E., 9 Bedford Square, London, W.0.1), ab 
6 p.m.— m Meeting on “Becent Deve! ents ın Medical Thermo- 
graphy” ee by Dr. K. yd Willams, Dr. D. Shawe and Dr. M, Gross. 


E ANALYTICAL CHRAISTRY, MICROCHEMICAL METHODS GROUP 
(at Tho $ Feathers” Tudor Street, London, E.0.4), at 6.30 p.m.—Disoussion 
fang on ‘Blectrometric Titrations on the Micro Scale”. 


Thursday, May [8 


COLOUR GROUP (GREAT PETAN) G the Physics Department, Tmperlal 
College of Science and Technolo ce Consort Road, London, 8.W 7), 
atg p.m.—Annual General Mee ng, followed by the forty-fourth Science 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W.1), ab 
a 1 Ov ee ery General Meeting, followed by the Presidential Address by 
i 18. 


INSTITUTION OF MINING AND METALLURGY (at the Geological Somety of 
London, Burlington House, Pie. London, W.1), at P.m.—Annw ual 
General Meeting, followed. by Mr. J. B. Denyer: “Tin” (Presidential 


ROYAL BOOTY (at Burlington House, Piccadilly, London, W.1), at 4.30 
.m.—Mr, P. A, ‘Bigio: gorio zn Quasgi- One-Dimensional Flow 
e-Hixcitation Shocks”; M. A. Nettleton and Mr, R . Stirling: “The 

Ignition of Clouds of Particles in Bhook-Heated Oxygen’ 


LONDON Lae oer Soormry (at the Royal Astronomical Bootes?) 
Burln, Piccadilly re W.1), at 5 p.m.—Prof. L. 
“Quasiconfo: ral eppings, Modal of Riemann Sarfaces and raK 
Groups” (First Hardy 
UNIVERSITY COLLEGE LONDON (in 
London, W.0.1), at 5 p.m —Prof. 
of the Respiratory Chain” (first of two leoturesa in biochemistry).* 


INSTITUTION OF CIVIL EXGINEARS, ENGINHERING MANAGEMENT GROUP 
(at Great George Street, London, 8. mW. 1), at 5.80 p.m. —Informal Discussion 
on “Further Study in the Use of Critical Path T ques”, 


INSTITUTION OF ELEOTRIOAL ENGINAHRS (at Savoy Place, London, W.C.2), 
at 5.80 p.m.—Annual General Meeting, followed by a technical film show. 


ROYAL SOCrmeTY OF TROPIOAL MEDIONA AND HYGIENE (at Manson eae 
28 Portland Place, London, W.1), at 7.80 ies .m.—Prof, A. G. icon 
Nature of Some Tropical Cardiomyopath! followed by a di: on. 


SOOIETY OF INSTRUMHNT TECHNOLOGY, Ragt MIDLAND SBOTION (in the 
Science Building, Loughborough University of Technology, Ashby Road, 
Toughborough), at 7.30 p.m.—Mr. . Golder, ‘“Transducers "ror the 


the Physlology Theatre, Gower Street, 
Kilngonbert: “Structure and Function 


Friday, May 19 


INSTITUTION OF ELECTRICAL ENGINEHRS (at Savoy Place, London, W.C.2 ), 
at 9.80 a.m.—Colloquium on “Advances in Measurements brought about by 
recently introduced Semloonductor Devices”. 
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ROYAL INSTITUTION, OCHNMISTEY DISOUSSION GRovr at 21 Albe- 
marle Street, London, a iy at 1 p.m.—Prof. H. M, Frey: hotolysls of 


Oyclopentanones”’, 


Saturday, May 20 


BIOOHEUTOAL Soormry (at oe OTBA, Laboratories, Ltd., Horsham, n, Resse) 
—Scientific Papers, and Prof. R. R. Porter, P.R.S.” "The Structures and 
Biological Activities of Antibodies” (OLBA. Medal Lecture for 1966). 


Monday, May 22 


UNIVERSITY COLLEGE LONDON (n tho Physiology Theatre, Gower Street, 

London, W.0.1), at 6 p.m.—Prof, M, Klngenbe “Pathways of Phosphate 

Transfer 1m Mitocho ndrial Phosphorylations’’ second of two lectures m 
em) 


ROYAL INSTITUTION (at 21 Albemarle Street, London ER 4 5.30 p m 
Dr. T. F. Gaskell: “Eaplortng for Oil and Gas”. (Lecture Fourth ao 
Boys and Girls fro chools in London and the Hame Counties. To be 
repeated on May 28, 24 and 26 ) 


ROYAL GEOGRAPHICAL ences (at 1 Kensington Gore, Fondon, 8.W, eN at 
8.15 p.m.—Alr, Peter A, Furley and Mr. A. J. Crosbie: ‘An Exped 
Yucatan and British Honduras”, 


Monday, May 22—-Wednesday, May 24 


INSTITUTION OF ELEOTRIOAL ENGINKHRS (at Savoy Place, London, W,0.2) 
—Conforence on “Frequency Generation and Control for Badio Systems 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned s ee 


LROTURER IX PHYSICAL ORGANIO CHEMISTRY IN ST. BALVATOR'S COLLEGE 
~The Secretary, University of St. Andrews, College Gate, St. Andrews, Fife, 
Scotland (May 17). 

ASSISTANT LROTURER or LHOTURER LER (preferab with an interest in general 
zoology) IN ZooLoGy—The Registrar, Queen College (University of 
London), Mile End Road, Tonden, E.i fay 19). 

Era Rape (graduate with industrial experience in tional 
Papaano, Wallagtn Sct London, BBLS Oday fe aa NOES 

6, n ndon 

ÅBSISTANT LEOTURER (man or woman graduate with interests In aronomio 

geography wi mi A ecial reference to agriculture) in the DEPARTMENT 0 
trar, The ‘University, Leleaster (May 20). 

READER or ra LEOTURER IN THEORNTIOAL Payatoe’—The Secretary, 
Unrveraty of St. Andrews, College. Gate, St. Tanewe, Fife, Scotland (May 

ee or Assistant LEOTURER Cith interests in any branch of 
applied mathematics) in tbe DEPARTIENT OF MATHEMATIOS-——The Deputy 

tary, The University, Southampton May i 25). 
ANT LEOTURERS and DREHONSTRATORS in tho DEPARTMENT OF 
Bipccaerey<oThe poarstary, Unrversity of Edinburgh, Old College, South 


Bridge, Edinb: (May 27 
UNIVERSITY Moni OR ih VETERINARY ANATOMY in the DEPART- 
iant OF Erie! ts or guis which will include teaching and research- 
G. B. Anderson, The chools, The University, Cambri ne 27). 
“Leorvnsn or ee Toornea interested in exper psychology) 


in PsycHoLoGy—The Registrar, The eted ivergoal: 8, quoting Ref, 
BY/497 (May 80). 

LEOTURER (with a particular interest In experrmoental work relati undations 
behaviour of Sealand structural oe and materials or fo’ tione) 
in ENGINSERING, ın the general field of structures--Ihe Regis 
Vait vsraity Telcester (May 30). 

SENIOR LEOTURER( (inorganic, theoretical or physical chemist) in OREMISTR 
at The University of Cape Town—The ates -General Apeoclation of 
London BW T; and gales (Branch O Anenite of cape Mons, Pell te Bag, 
i, ; an strar, Unive: of Cape Town, Priva ' 
Rondebosch, Cape Town, South th Africa (Ma ra) 

LBOTURER (with an honours degree a OF ng or physics, princes indust- 
rial or research h experience, ey an cae efther heat Prensfer or thermo- 
dynamics) IX ENGINEERING e Secretary, University of Edin- 
burgh, (€ 2 College, Bou South Bridge, a ie yi 1). 

PEARMADOLOGY n the Faculty of Mediome, University of 
Association of Commonwealth Univernties 
(Branch eo Saciboroagh House, Pall Mall, London, S.W.1 (Australia 


and d London, pole $1). 
AssistanTs (honours graduates in biology, zoology or Pie: 
e m CYTOLOGICAL aaa ag MIGRORGORT 1n the DEPARTMENT O: 


VETERINARY ANATOMY-——Prof, ent of Voternnary 
Anatomy inure, 0 (Disk) 8chool Poe Brett Pe tudies, The University, 


Ay ioe seronaay non-clinical)—-The Secretary, The Queen’s 
wilvonitye ‘Belfast, a orthern D Telang ad (May 31). 

SENIOR th a good honours degree and industrial 
or resento experiene la compu sIn computers héh control) i RLHOTRIOAL ENGINKURING 
at the Univermty of Canter! ary arch, New Zealand—The Associa- 
tion of Commonwealth Univerarties (Branch Office) ) Mariborough Houso, Pall 
Mal, all, London B.W.1 (New Zealand and London, May 81). 

or Leorurnar in the DEPARTHANT OF MICROBIOLOGY 
The agit, University (goues. of Roath Wales and Monmouthshire, 
Cathay’s Par 


k, Cardaff (June 1). 
(with a special interest In Inorganic 
yin CHawisrry—The Remastrar, The University of Manchester, 
1 ie 3, qpotin Ref. 82/67 (June 3). 
onours degres in physlology oria a i in e ao related 
sais. oF or Seay q ) in PayBsioLogy-— tary, Queen’s 


College, Dundee (June pan 

CHAIR IN Prystoa— Registrar, Univeralty of Salford, Salford 5, 
Lancashire (June 5). 

JUNIOR FELLOW (with a universal: 
INaRy MEDIOINB, to assist in the 


ehom t 
Aanicheswer, 


degree) in the DEPARTMENT OF VETHR- 
mical Section which includes the Farm 
Practice Teachıng Unit—Tho A 


University of Bristol, Senate 
House, Tyndall Avenue, Bristol, 2 (June 5), 
Lrororsn/Sanion LECTURER ‘(with an interest and experience in the uso 
of computers in one or more of the jonowa felda. non-numerical a apples 
tions, operations research, numerical applica: one, or control) ın the 


CompuriG DEPARTMANT, School of te niversity of Sydney. girs 
traha—The Association of Commonwealth Univeraities (Branch fice), 
cree aa House, Pall Mall, London, 8.W.1 (Australia and London, 
June 9 
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LEOTURER (with a 
at the University 
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TSOTURBE IN BIOCOHBMIBTRY at the University of Australia— 
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(UMUELELETROMES 
9656 with Super S.11. Cathode 


The new type 9656, with Super $11. Cathode, marks another 
advance in photomultiplier development The modified spectral 
response of this photo-cathode enables users to achieve far better 
results than those obtainable with the standard $.11. Cathode. 
The increased quantum efficiency ts important when the 9666 ıs 
used for the resolution of low energy radiation For example, when 
used with a thin beryllium window Nal-Tl crystal a peak to valley 
ratio of 23 1 1s obtained with a Fe 5.9 keV X-ray source The 9656 
can be used to advantage in other applications including photo- 
metry, spectrophotometty, astronomy, and flying spot transducers, 
where a significant improvement in signal-to-noise ratio 1s obtained. 
Write for details of Type 9656 with Super S11 response. 


E EMIELECTRONICS LTD - VALVE DIVISION - BAYES 
[EMI | HIDDLESEX - FHOLAND - TELEPHORE: HAYES 3088 - EXT: 2542 
CABLES: EMIDATA LONDON - TELEX: 22417 EE 4800 






Albertus Magnus : 


Book of Minerals 


Translated by DOROTHY WYCKOFF 


This book affords a fascinating glimpse of science 
in the making. Albertus Magnus, a great 
Dominican commentator on Aristotle, here tried 
to fit into the framework of Aristotelian thought 
all that was known in the thirteenth century about 
stonesand metals. 2plates 84snet 


Essays 
in Mathematical 


Economics 


in Honor of Oskar Morgenstern 
Edited by MARTIN SHUBIK 


This book, stressing the richness of the applications 
of mathematical and statistical methods to a broad 
range of economic problems, is a tribute to the 
depth and breadth of Oskar Morgenstern’s 
contributions as an economist. There are articles 
on economic time series, problems of measurement, 
and the theory of games. 1 plate, numerous text 
Figures £5 net 


Princeton University Press 


Size and Cycle 


An Essay on the Structure of Biology 
JOHN TYLER BONNER 
Illustrated by PATRICIA COLLINS 


In this ambitious book Professor Bonner attempts 
to bring the whole science of biology into a new 
set of ordering concepts, taking the life cycle as the 
essential unit and emphasizing the importance of 
size in evolutionary adaptation. 15 plates, 

24 drawings 60s net 

Princeton University Press 
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APPOINTMENTS VACANT 





MEDWAY AND GRAVESEND 

HOSPITAL MANAGEMENT 

COMMITTEE 
CENTRE, ST, WILLIAM’S 

HOSPITAL, ROCHESTER, KENT 

Applications are invited for the post of 
PRINCIPAL PHYSICIST to take charge of the 
Physics Department at the above Regional Centre. 
Facilues available for research and development 
of new techniques in association with the Con 
sultant Staff of the group; Cobalt Unit and usual 
therapy equipment in operation, The successful 

required to undertake duties 
of Radiological Protection Advisor in this and 
R neighbouring Group. Senior and Junior Tech- 
mcians employed. Salary scale £2,323 to £2,987 
per annum according to experience, post vacant 
now. 

Please apply to the undersigned, with full par- 
ticulars of age, qualificaions, experience, etc. 
and names of two referees. 

Group Secretary, 
Medway and Gravesend HMC., 
Medway Hospital, 
Gillingham, 
Kent. , 994) 


NORTH STAFFORDSHIRE 
COLLEGE OF TECHNOLOGY 
STOKE-ON-TRENT 
(PROPOSED POLYTECHNIC) 
COLLEGE OF CERAMICS 
Applications are iyited for the following 

DOSE" 
PRINCIPAL LECTURER and SENIOR 
LECTURER 





Candidates should have a degree im ceramics, 
science, glass technology, or chemical engineering, 


ence in some branch of the 
cerame industry or in research connected with it 
are desirable, but an otherwise suitable candidate 
with no ceramic experience will be conndered 
and, if appourted, will be seconded to the ceramic 
industry to gam experience. The work of the 
Department includes C N.A.A. degree and higher 
degree courses 

The salary scales are as follows: Prmcipal Lec- 
turer, £2,380 to £2,600; Semor Lecturer, £2,140 
to £2,380 The exact startmg point on the scales 
will depend on qualifications and expenence. 

RESRARCH ASSISTANT 

Candidates should poses a degree in 
ceramics, or in pure or applied science, or an 
equivalent professional qualification, The person 
appointed will work under the direction of a 
senior member of staff, and if suitably qualified 
can be registered for a higher degree, 

Salary £750 per annum. 

Further details and application forms for the 
above posts can be obtamed from the Pnncipal, 
North Staffordshire College of Technology, Col 
lege Road, Stoke-on-Trent, to whom they should 
be returned ax soon as posable. (2066) 


UNIVERSITY OF BRISTOL 
Bree are invited for the post of 





EP. . 
scales : £1,470 to £1,830 (medically qualified), 
£1,105 to £1,340 (nommedical), together with 
superannuation, 

Applications (six copies) with the names of 
three referees should be forwarded so as to reach 
the undersigned, from whom further 
may bo See nor later than June 26, 1967. 

UTTERFIELD, 


“Registrar and Secretary 
(2026) 


(ud Scientific Civil Service 
Era 





MATHEMATICIANS AND MATHEMATICAL PHYSICISTS 


Scientists are required for work of a fundamental or innovating nature in computing 
science, mathematical physics, and computer-aided design in the Basic Techniques 
Division of the Royal Armament Research sad Development Establishment which is 
expanding its mathematical branch. Publication of results and the gaining of advanced 
degrees is encouraged 
This large establishment provides rich interplay among basic sclences, engineering, and 
environmental studies, and has ploneered many important phases of technology having 
a strong influence on the civil economy. A digital computer has been used since 
1954 and the Establishment has developed ite own compatble second generation 
machine plus computer languages and appropriate techniques 
Posts available include : 
Mathematlclan/Computer for language studies and techniques of manipulation for 
operational problems myolving massive data complexes such as terrain and movement 
studies and information retrieval. 
Mathematlen! Physicist with a good understanding of materials sciences or the dynamics 
of media and structures, particularly under tmpulsive loading Techniques of direct 
simulation on analogue and digital machines will be as important as those of classical 
mathematical physics. 
Mathematician with engmecring interests for the computer-aided demgn of weapons, 
machines and mstruments, with advanced technological content, for use m a wide 
range of environments. 
Appointments are in the grades of Semlor Selentific Officer and Scientific Officer, 
depending on age and experience. Salary scales are £1,744 to £2,155 for SS Ow and 
£926 to £1,574 for S.Os, and there are good prospects of promotion to Pnncipal 
Scientific Officer (£2,250 to £3,107), Superannuation initially under F SS U with oppor- 
tumities for permanent Civil Service apporntments with non-contributory pension scheme, 
For further Information please write to- 
The Director, 
Royal Armament Research and Development Establishment, 
Fort Halstead, 
Near Sevenoaks, Kent 


MINISTRY OF TECHNOLOGY 


LABORATORY OF THE GOVERNMENT 
Stamford Street, London, 8.E.1. 

BACTERIOLOGIST (graded SCTENTIFIC OFPICER/SENIOR SCIENTIFIC OFFI- 
CER) in the Food, Drugs and Agricultural Division for organization and supervision 
of bacteriological examination of foods (spoilage, etc), water and medical supplies, 
Opportunities for research in fields of interest of the laboratory, 
QUALIFICATIONS. lst- or 2nd-class honours degree, Dip Tech, or equivalent or 
higher qualfication in appropriate subject, and for SS.O at least three years’ post- 
graduate experience, 
SALARY: SO, £996 to £1,659; SSO. (minimum age 26), £1,829 to £2,240 
(Reference , B/AR/0/33) ‘Closing date June 15, 1967, 


FOREST PRODUCTS RESEARCH LABORATORY 
Princes Risborough, Ayleshery, Bucks. 

ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER IN Mycology 
Section for duties including experimental work relating to decay prevention and 
studies of growth and identification of the fungi which cause umber deterioration 
Qualificanons in Biology and Chemistry preferred (Reference. E/AK/033) Closing 
date May 31, 1967. 
QUALIFICATIONS : Degree, Dip.Tech, H.NC, or equivalent in appropnate mub- 
ject Under 22, minimmm quallficauon is G.C B., in five subjects, including two 
Sctentific/Mathematical subjects at “A level or equivalent level 
SALARY: A,E.O., £568 (at 18) to £803 (at 22) to £1,017 (at 26 or over) to £1,243; 
E.O. (minimum age 26), £1,365 to £1,734. 


Prospects of permanent pensionable appointments, 
APPLICATION FORMS from the Directors at the above addresses, 


MINISTRY OF LABOUR 


H.M. FACTORY INSPECTORATE 
SENIOR SCIENTIFIC ASSISTANT 
Ta for man or woman in the Medical Laboratory of the Factory Inspectorate in 
ndon 
DUTIES inclnde colection of blood and urine samples from factory workers for 
examination (involving the employment of complex electronic apparatus), preparation 
of analytical reagents and pathological stains, together with very high-grade microscopy 
QUALIFICATIONS AND EXPERIENCE: Preferably (Ð Final Certificate of the 
Institute of Medical Laboratory Technology in Haematology together with (u) pastes 
m the General Certificate of Education at Ordmary or Advanced level in English 
Language and Chemistry, and (li) at least five years’ experience of laboratory work 
in a field relevant to the dutles of this post, preferably including not less than three 
years’ continuous serwce in the Haematological Department of a hospital sad 
dv) ability to perform simple routine biochemical tests without supervision and to 
operate and maintain a spectrophotometer. Bot candidates who cannot comply with 
one or more of the foregoing requirements (D to (lv) may be accepted as eligible 
if they can offer a combination of qualifications and experience which, in the opinion 
of the Commussfonem, is of equivalent or greater value. 
The main field of selection Is expected to be from candidates aged 27 or over, but 
candidates between the ages of 25 and 27 on December 31, 1967, who are excep- 
tionally well qualified may also be considered. 
SALARY (Inner London): £1,106 to £1,434 WNon-contributory pension. 
WRITE to Civil Service Comnussion, Savile one London, W 1, for application form, 
quoting §$/6683/67. Closing date June 2, 1 (2013) 
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TREATY NOT FOR SIGNING 


Tas long adjournment of the meeting of the Disarma- 
ment Sub-Committee of the United Nations has done 
nothing—or almost nothing—to show how a treaty to 
limit the spread of nuclear weapons could be negotiated 
in the near future. By now, the first and unreasonable 
optimism of the nuclear powers has almost evaporated 
(see Nature, 218, 641; 1967). For two months now, the 
great powers and particularly the United States have 
been trying to win approval in Europe for the provi- 
sions in the treaty about inspection. By all accounts, 
they have not been particularly successful. At 
Geneva, it is only to be expected that the non-nuclear 
powers will raise still greater difficulties than the 
Europeans have done. 

The difficulties in Europe have centred around the 
issue of whether Euratom can shoulder the responsi- 
bilities for safeguards and inspection which a non- 
proliferation treaty would, in the normal course of 
events, put with the International Atomic Energy 
Agenoy at Vienna. This at least is how the United 
States has sought to reassure those in Europe, and 
particularly in West Germany, that signature of an 
international treaty would not automatically throw 
open advanced types of nuclear reactors to industrial 
espionage agents from abroad. And it is true, of course, 
that Euratom has more experience of operating safe- 
guards procedures than the Vienna agency—indeed, 
there are some cruel sports who say that this is the only 
worthwhile achievement of which Euratom car ~oast. 
Unfortunately for the United States, th „oposa 
that Euratom should act for Vienna in the mspection. 
of nuclear reactors in Italy, Germany, Holland, Bel. 
gium and Luxembourg has not by any means satisfied 
all fears, unreasonable though they may be, on the 
mainland of Europe. In the most recent version of 
the safeguards clause in the draft treaty, there is a 
scheme for using a transitional period of three years 
to design a means by which Euratom procedures could 
be adapted to international use, but to many European 
countries this is only a recipe for postponing the evil 
day. Understandably, the Soviet Union has also 
reacted fiercely against the proposed compromise and, 
indeed, it is almost impossible to understand how the 
enforcement of safeguards can consistently be delegated 
to arbitrary organizations created at the behest of 
groups of nations and which have no supranational 
authority. It is a little like expecting that the police 
could delegate responsibility for enforcing speed 
limits on roads to motorists’ organizations. The issue 
is not whether the delegation of responsibility would be 
more efficient, but that the organization has no obvious 
vested interest to act impartially. In all the circum- 
stances, it is not surprising that the United States 
has had to go to Geneva without a serious proposal on 
inspection. 


What the non-nuclear powers at Geneva will have to 
say is easy to guess at and not really encouraging. 
Nothing in the past few months has suggested that the 
nuclear powers are ready for a treaty which does not 
perpetuate their monopoly of nuclear explosives. 
From the beginning of international negotiations on 
atomic energy, and particularly during the earliest 
discussions at Vienna on reactor safeguards, it was 
made plain by the smaller nations that even the most 
pacific of them would not readily make concessions 
unless the nuclear powers did something to trim their 
own sails. Yet the principal clauses of the draft 
treaty tabled at Vienna rest on the assumption that 
non-nuclear powers will give up all military nuclear 
pretensions and then indefinitely accept inspection as 
a proof of good behaviour. The nuclear powers, on 
the other hand, would merely declare their intention 
not to give help to those with nuclear ambitions, and 
nobody would inspect them. It would, of course, be a 
great surprise if this arrangement seemed palatable 
even to those assembled at Geneva. Elsewhere in the 
United Nations, the chances are high that many 
countries would decline to sign. But there is, unfor- 
tunately, little room in which the nuclear powers can 
manoeuvre towards a more equitable arrangement. 
To offer inspection of all nuclear installations intended, 
for civil uses would be dangerous because there is no 
reason to think that France and China would be com- 
pliant. To offer a cut-off of production of nuclear 
explosives would carry more weight, but would need a 
separate negotiation so far-reaching as to make a non- 
proliferation treaty almost an irrelevancy. In the 
weeks past, opportunities for altering the draft treaty 
have been eroded partly by the Russian insistence 
that safeguards, whether or not they include on-site 
inspection, must be a part of any treaty and, para- 
doxically, by the British application to join the EEC 
and by the consequential anxiety of the United King- 
dom to behave like a good European. 

So does it follow that the non-proliferation treaty is 
a dead duck? Although the prospects are not bright, 
it would be wrong at this stage to throw away the 
treaty and start again. For one thing, the discussions 
so far have been useful in themselves and have served 
to olarify the nature of the problem. It should now be 
much easier to work out ways in which the interests 
of the nuclear and non-nuclear powers can be recon- 
ciled. It is also much clearer how the procedures of 
the Vienna agency must be modified and strengthened 
so as to operate effectively a comprehensive safeguard 
network. The agency has begun well, but its safe- 
guards procedure will take some years to develop, and 
the conference at Geneva could do a lot to help, 
possibly by mounting much larger experiments than 
have been carried out so far. But then, of course, 
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there is the problem of how the nuclear powers are to 
demonstrate to the others their willingness to see their 
own pre-eminence in some way checked. It is unreal 
to hope there can ever be a non-proliferation treaty 
until this question is squarely faced. 


WHERE TO PUT AIRPORTS 


THERE may be very little reason to expect that that 
British Government which has stuck stubbornly to a 
strange compromise between vulgar fractions and a 
decimal currency will be diverted by howls of public 
protest from ita decision to build a third international 
airport for London at Stansted in Essex, but there is 
no harm in trying. For although at first it may appear 
that a mere 10,000 acres of farmland—admittedly 
some of the best in England—will be concerned, 
there are also several important issues of principle to 
be hammered out. Thus it seems quite openly to be 
acknowledged that the choice of Stansted flies in the 
face of respectable regional planning. Even the White 
Paper on the subjeot published a week ago (The Third 
London Airport, Cmnd 3259, HMSO, 3s.) says that 
“the strongest of the objections to Stansted lies on 
regional planning grounds’. But, in the row there 
has been about Stansted ever since it was first men- 
tioned seriously ag an international airport three years 
ago, there has been far too much emphasis on the new 
airport in isolation, and far too little concern for its 
place in what should be a closely co-ordinated transport 
system. Since the need to build airports will pre- 
sumably recur—and not merely in the neighbourhood 
of London—the details of this impetuous and arbitrary 
decision are well worth looking at with close attention. 

That something needs to be done is not, of course, in 
dispute. The flow of passengers into the two principal 
airports around London doubled in the first five years 
of this decade, and the Board of Trade (now responsible 
for policy on airports) is plainly being cautious with its 
estimate that it will take from 1967 to 1975 for passen- 
ger traffic to double again, even with a third airport. 
The movement of aircraft will naturally increase less 
quickly, chiefly because aircraft will tend to carry more 
passengers, but here again the Board of Trade has 
taken a sober view, and has calculated that it will take 
until 1975 for movements of aircraft in and out of the 
three international airports at London to increase by 
a half from just under 250,000 a year in 1966. So on 
the face of things, at least, a third airport will be even 
more necessary in the seventies than the Government 
has been claiming. The only question is—and has 
been—that of finding somewhere for it to be. For 
several months now the alternatives have been the site 
at Stansted and three stretches of marshland in the 
estuary of the Thames. None of these sites is in any 
way ideal—Britain is too small for that. But Stansted 
is about as bad a choice as anybody could have made. 

The fact that the airport as such will be defective in 
many ways is perhaps the least important reason for 
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being alarmed. Good agricultural land is scarce 
but not irreplaceable. It is more serious that the 
journey time by road will always be more than an 
hour (and often more like 100 minutes) and that, 
even when there is a rail link, an hour to an incon- 
venient city terminus is a depressing possibility. No 
doubt the British Airports Authority (which will have 
to manage Stansted but which was not as such consulted 
about the choice) must already be alarmed at the way 
in which operators and passengers will do everything 
they can to avoid landing at Dulles International 
Airport in Washington, equally far from where most 
people want to go. But noise and the nuisance which 
it causes is a real cause for alarm. One of the cheerful 
tendencies in the past few years is the increasing 
determination of urban populations not to put up with 
intolerable noises. The way things are going, noise 
(and a great many other social nuisances) will soon be 
as unfashionable as insanitary water supplies and the 
employment of young children in coal mines. The 
British Government is also being more than a little 
unconvincing in its assumption that supersonic air- 
craft will not be noticeably more noisy than those 
now in service. In circumstances like these, to build 
a new airport for the largest and noisiest aircraft so 
that it is entirely surrounded by dry land is curiously 
shortsighted. A great many people, not all of them 
living in Essex, will live to regret it. 

These, however, are detailed objections, and the 
inspector appointed by the British Government to 
conduct a public inquiry and to recommend what 
should be done now knows what weight to give to 
them. In the event, the Government appointed what 
it calls a working party, and the inspector’s hostile 
report (dutifully published, HMSO, 5s. 6d.) will no 
doubt become yet another proof that the advice which 
governments listen to is the advice they want to hear. 

At no point does it seem that the third airport has 
been considered as a part of the British air transport 
system as a whole. So much is clear from the way in 
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which the Government has allowed itself to be unduly 
influenced by the comparative cheapness of building at 
Stansted. The signs are that it will cost £47 million to 
provide the airport with a second runway and the 
terminal buildings to go with it, as well as to provide a 
link with the railway nearby. With a close approxima- 
tion to glee, the White Paper seizes on the fact that the 
marshy sites in the Thames estuary would be much 
more expensive to develop. Indeed, the best of them, 
at Sheppey, would require something like £15 million 
extra because of the terrain, while the White Paper 
makes much of the fact that building at Sheppey would 
put a military firing range out of action, at a notional 
cost of £25 million, and that it would be necessary to 
provide an entirely new rail link at a cost of £40 
million. This is largely special pleading. For one 
thing, there may well be good economic reasons why 
the third London airport would be more valuable— 
and more widely used by passengers and airlines alike— 
if it were provided with a brand-new rail link even 
at a cost of £40 million than Stansted will be with its 
makeshift arrangements for getting passengers to their 
aircraft. Indeed, the most depressing feature of this 
new decision is that the design of the third airport 
seems destined to be entirely unmodern. Nobody 
seems seriously to have considered whether passengers 
will be prepared, in the mid-seventies, to spend as 
much time getting to the airport as crossing the 
Atlantic, and nobody seems to have asked how much 
they would be prepared to pay for a reasonably quick 
means of access. 

These, however, are only obvious defects in the think- 
ing behind the third airport. It seems passively to 
be accepted that airport operations in the future will 
continue to involve the collection of huge and increasing 
numbers of people into city airline terminals and their 
mass transport from there to some distant airstrip. 
On the face of things, at least, there would be great 
advantages in linking the city transport network as a 
whole to airline transit, possibly by making each rail- 
way and subway station into a putative check-in 
point. And what of the potential usefulness of heli- 
copters? Is it to be assumed that they will never 
have a useful contribution to make ? And what of the 
possibility that much more economical use of air space 
above crowded cities might be made by investing really 
large sums of money in air traffic control techniques ? 
As things are, the rules of thumb developed since the 
war are now in the process of being sanctified and made 
permanent. The sad truth unfortunately is that 
in this and many other ways the Government seems 
bent on having an unfashionable airport for the 
seventies—a thoughtless monument to the times when 
air travel was still a kind of nine days wonder. 


WHAT IS SCRAPIE? 


Tue disease called scrapie, which affects sheep and 
goats, is clearly more than an unsolved puzzle. The 
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article by Dr. T. Alper and her colleagues on page 764 
adds further to the suggestions there have been in 
recent months that the infective agent, usually thought 
to be a virus, is not entirely straightforward. For 
some time, of course, it has been known that the 
scrapie agent, whatever its nature, is unusually insens- 
itive to heat and other indignities. On some assump- 
tions, gamma irradiation has suggested that the 
potentially destructible part of the agent may 
be very small—just 7 mu or so—and there have 
recently been suggestions (Pattison, I. H., and 
Jones, K. M., Vet. Rec., 80, 2; 1967) that it is 
nothing but a specific protein molecule. What has 
now been done is to show that the scrapie agent seems 
to be unusually resistant to ultra-violet light, even at a 
wavelength known to be damaging to most viruses, 
and even when the wavelength is chosen to be one to 
which proteins are known to be sensitive. Whether 
it can safely be inferred from all this that the infective 
agent is really a carbohydrate molecule—one of the 
possibilities which has been suggested—is, of course, 
another matter, and will not be settled finally until the 
infective agent has been isolated fully characterized. 
The difficulties of experimental work with scrapie are 
relevant in this connexion. For one thing, the virus 
cannot yet be grown in tissue culture. Assay depends 
on the infection of mice and the recognition of lesions 
in the brain after an interval of several months—a 
technique the only virtue of which is that it is better 
than anything else. Recovering the agent in pure 
form from preparations like these is technically 
extremely difficult. In the circumstances, of course, it 
will be no surprise if the controversy about the detailed 
interpretation of experiments with scrapie continues 
for some time. 

It would, however, be unreasonable to expect that 
speculation will wait on the conclusion of experiments 
not yet begun. The recent flurry of excitement about 
the character of scrapie has already stimulated interest 
in other infections of the nervous system—kuru, for 
example. The suggestion that the infecting agent of 
scrapie may be a self-replicating entity without 
nucleic acid is also not without virtue, if only as a 
challenge. In this connexion, it is worth recalling 
that even if the infective agent lacked nuoleic acid, 
it is conceivable that the processes of infection and of 
replication might be fitted into the now accepted 
framework of how protein synthesis in cells is regulated. 
One theoretical possibility (with no evidence to support 
it) is that molecules of the agent might have the func- 
tion of inducing metabolic processes the products of 
which include molecules of the inducer itself. It 
may be relevant that in some bacteria, at least, protein 
molecules responsible for switching off certain genetic 
functions have now been identified. Carbohydrate 
molecules would be harder to accommodate than 
protein molecules, not least of all because the chemistry 
of carbohydrates is so shot through with uncertainty. 
Saving the appearances is not, however, the object 
of the exercise. 
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NEWS AND VIEWS 


No Money for Hardware 


Turn is a danger that several new university science 
departments will be unable to open their doors to a 
full quota of students unless more money is made 
available for furniture and equipment. At the Univer- 
sity of Manchester Institute of Science and Technology, 
the bursar, Mr R. G. McComas, said that this year the 
University Grants Committee would be giving the 
institute only half what it needs to equip five now 
buildings, including a new £2 million chemistry build- 
ing. Several other universities with new departments 
‘are in a similar position, including Manchester, Lan- 
caster, Cambridge, Warwick and Southampton. 

Ironically, the difficulty has arisen because of the 
adoption by the UGC of what everyone admits will be 
a fairer system. Hitherto, capital grants have been 
given for equipment and furniture without any 
particular ceiling, but in the year 1968-69 the UGC 
will be introducing a new type of grant intended for 
the purchase of equipment and furniture (Nature, 
218, 434; 1967). This will be based on the number of 
students in any department, and will enable re-equip- 
ment to take place continuously both in new and older 
departments. Under the old system, although grants 
were awarded to universities in a particular year, they 
were normally drawn over a much longer period, up 
to 6 or 7 years in some cases. The change in the system 
thus finds universities with quite large unspent 
balances held by the UGO, and tends to increase 
the rate at which these balances are withdrawn. 
(Some universities may have felt that unless they 
got the money quickly they were unlikely to get it at 
all.) In preparing its budget for the year, the UGC 
was unable to guess how large these withdrawals 
would be, and hence took no account of them, assessing 
each university on the experience of previous years. 
Some universities have been given more than they 
need, and are saying nothing, while others claim that 
they have not been given anything like enough. 

The UGC expected something of the sort to happen, 
and has kept quite substantial amounts of money in 
reserve to meet the shortages where they arise. Univer- 
sities unhappy with their grants have until June 1 to 
make their case to the UGC—six have already done so 
—and then at least part of the money held in reserve 
will be re-distributed according to need. Discussions 
between the UGC and individual bursars have already 
begun, and the Committee of Vice Chancellors and 
Principals has—almost by reflex action—set up 4 
committee to investigate the problem. 


More Thoughts on the Brain Drain 


Me AntHony Werpewoop Bany, Minister of Tech- 
nology, seems hopeful that Britain’s application to join 
the Common Market may help to limit the flow of 
qualified manpower to the United States. Speaking 
at & symposium organized by the Association of Scienti- 
fic Workers on “Aspects of the Brain Drain”, he said 
that the continent could become a magnet at least as 
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powerful as the United States or the Soviet Union. 
Joint projects such as ELDO and Concord were all 
very well, he suggested, but it was not only by big 
science that Europe could be made a good place to 
work in. The universities and industry, and people’s 
attitudes towards them, were the really critical things. 
Too much research in Britain was academic, but his 
ministry was now applying strictly economic criteria 
to research. “Will it pay ?” was the question that had 
to be asked. If industry did not take up the results 
of the research, the Government was simply engaging 
in academic research under another guise. ‘You can’t 
live on Nobel prizes,” he added. “You can’t eat 
them”. Nobody disagreed. 

Mr Benn outlined the possible approaches to the prob- 
lem. No forms of restriction appealed to him, either 
of the free motion of people or the freedom of other 
people to advertise for emigrants. He also rejected 
the idea that the brain drain indicates a failing of the 
United States educational system, or that more spend- 
ing on research and development in Britain would 
help. Research expenditure as a percentage of GNP - 
was already much higher than in countries such as 
France, which suffer little or no drain. Better statistics 
were needed, and he promised these as the results of 
the CSP survey under Dr F. E. Jones. It was also 
important to keep an eye on those who had emigrated, 
and try to recruit them back. A 

Sir Gordon Sutherland, Master of Emmanuel College, 
Cambridge, thought there was little room for com- 
placency. Although annual losses were probably 
running at only 4 to 1 per cent of the stock of 
-qualified manpower per year, they were not dis- 
tributed evenly through the age range, but tended to 
be concentrated in the most productive period of a 
scientist’s life, between 25 and 32. Mr A. J. Kidwai, 
Scientific Adviser to the High Commissioner for India, 
could give no exact figures for Indian losses, but they 
were severe. Indian students on scholarships overseas 
tended to overstay, and he thought that scholarships 
should only be given on the undertaking that the 
recipient would return home at the end of his course. 
Industry in the UK and the US might be encouraged 
to support research in Indian universities, he thought, 
or recruit Indians and ultimately send them back to 
India to run the company’s operations there. “Dr 
Alan Mencher, Scientific Attaché at the US Embassy, 
said that the drain was a problem, but “not one of 
serious dimensions”. 


Come Back, Young Man 


As the westward tide of scientists and engineers to 
North America becomes a torrent, employers in Britain 
are making increasingly strenuous efforts to reverse it. 
The task is now being tackled by a variety of employers, 
government departments and professional bodies, and 
some report encouraging success. 

Some British companies—-many believe too few— 
recruit directly by missions into occupied country. 
Mr H. R. F. Catherwood of the National Economic 
Development Corporation himself went to the United 
States earlier this year to recruit, and reported com- 
plaints from students that British companies are un- 
willing to come and recruit them. In fact, according 
to the CBI, seventeen British firms recruited in the 
United States last year—they include all the expected 
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names such as Shell, Unilever, Esso, Dunlop, Court- 
aulds, British Petroleum and Imperial Chemical 


Industries, Ltd. 


There are less expensive ways of recruiting in the 
United States. The Civil Service, CEGB and UKAEA 

_ run a shoestring operation, employing Mr H. S. Hoff 
to tour the US in search of expatriate scientists. What 
the operation loses in luxury it more than makes up 
for in ingenuity. Advertisements are placed in British 
magazines which the scientists are known to read, and 
—a subtle move this—in papers such as the Daily 
Telegraph which their parents back in Britain read. 
The hope is that parents will write to their sons sug- 


E gesting that they come back. Mr Hoff is interested in 


young scientists with research fellowships in American 
universities, where they earn $6,000 to $7,000 a year, 
and they are offered exactly the same terms as those on 
which recruitment is carried out in this country— 
there is no question of bribing by higher salaries, which, 
it is feared, would cause unrest back in Britain. 
Through the advertisements, and personal letters, Mr 
Hoff and his team last year interviewed about two 
hundred people for specific jobs, and made offers to 

one hundred and twenty of them. Of these about sixty 
accepted, a remarkably high figure for recruiting of this 
kind; one reason for this, Mr Hoff suggests, is English 
wives, who find foreign life less alluring than do their 
husbands. 

Mr Hoft’s efforts are helped by a scheme run by the 
Science Research Council, which awards one year 
studentships worth £1,175 a year in British universities. 
In addition to the fellowships, which are intended to 
give the migrants a bridgehead from which to find 

Eighty 
applications were received last year, and about forty- 
five eventually came home—the difference, presumably, 
made up of some who are unsuitable, and others who 
fell by the wayside. Another scheme is run by the 
Royal Institute of Chemistry, and is aimed at junior 
university staff, people who usually go to the United 
States with the firm intention of coming back. Before 
going, the scientists fill in a form with details of their 
career; companies also register with the institute, and 
by matching up company requirements with indivi- 


«e@uals’ qualifications, it is hoped that jobs will be found. 
- No charge is made to the chemists—who need not be 


members of the institute—but the companies are 
charged a fee of £21 for each candidate employed. 


- If necessary, interviews can be arranged in the 


United States. This scheme is still in its infancy, 
but it fulfils the essential criterion of keeping scientists 
in the US in touch with opportunities at home. It 
may be possible to generalize the scheme to take in 
the other institutes (of biology, physics, mathematics 
and metallurgy) if financial support can be found. 

The Ministry of Technology itself has two schemes, 
recently described in Nature (214, 549; 1967), but in 
contrast with other schemes, these seem aimed at 
higher management. The management consultants, 
Management Selection Group, are recruiting this kind 
of candidate, and have £75,000 with which to do it. 
Whether the more experienced managers will be easy 
to recruit is not yet known—on the face of it, it seems 
more sensible to try to recover those who are not 
entirely settled. As Mr Hoff puts it, “Once a young 
scientist marries an American girl, we say goodbye 
to him for good”. 





New Recruits ? 


Tue Civil Service Commissioners are clearly. out to de- 
molish the notion that recruitment to the Civil Service 


is dominated by arts graduates from Oxford and Cam. < 


bridge. In their annual report for 1966 (HMSO, 68.) 
they record cheerfully that for the first time applications 
from universities other than Oxford and Cambridge 
were in the majority, although it is only fair to point 
out that it is still twice as easy to be successful in the 
examinations with an Oxbridge background. Other 


universities supplied 50 per cent of the candidates, 


but only 35 per cent of those who were success- 
ful. ae 
As for scientists, only 10 of those recruited to, the 
Administrative Class were scientists or mathematicians, 
This is to be compared with 34 historians, 13 modern 
linguists and 10 classicists. There was, however, an 
improvement in the recruitment to the Scientific 
Officer class, at least in the higher grades of Principal 
Scientific Officer and above. The annual average is 
about 10, but in 1966, 43 were appointed, mainly for 
the Ministry of Technology. In other grades reeruit- 
ment was also better, partly because of recruitment of 


20 geologists for the new Institute of Geological 


Sciences. 


Cigarettes and Cancer 


Wuen the cigarette manufacturers in Britain re- 
named their research committee the Tobacco Research 
Council in 1963, they cannot clearly have foreseen how 
this organization would grow into an autonomous 
and perceptive organization for research into the 
connexion between smoking and cancer. The annual 
report of the research council describes an increasing 
programme of research into the chemistry, the patho- 
logy and the epidemiology of smoking which. branches 
out, here and there, into straightforward immunology 
intended to throw light on the relationship between 
cancer production and the thymus. The scale of the 
council’s operations is measured by the annual expendi- 
ture of £750,000. The staff now amounts to 250, and 
Dr F. Dickens has now succeeded Dr T. D. Day as 
director of the Harrogate laboratory. 

The nub of the council’s own research on the carcino- 
genicity of smoking seems to lie in the discovery that 
cigarette smoke contains a stable and non-volatile 
ingredient which can cause skin cancers on the backs 
of mice. The council has developed a mouse skin assay 
for carcinogens over a period of several years at its 
Harrogate laboratory. In one series of experiments, 
four groups of 2,000 mice were used at quarterly 
intervals to compare the formation of tumours by 
material derived from cigarette smoke and treated 
in several ways. The result showed that a variety of 
tumours was produced and that there is a definite 
relationship between dose and response. Comparisons 
between fresh and stored condensate from cigarette 
smoke suggest. that half the tumorigenicity of cigarette 
condensate kept for 24 hours is caused by neutral non- 
volatile compounds. The report says that: the 
non-volatile carcinogens in cigarette smoke are “worth 
serious attention” and promises that there will be an 
attempt to isolate them by fractionation. 

On the possibility of links between cigarette smoking 
and various pathological conditions such as. lung 
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cancer, the report describes how British migrants to 
the United States retain their higher tendency to die 
of lung cancer even though their death rate from 
chronic bronchitis and emphysema quickly becomes 
identical with that of people born in the United States. 
The death rate from lung cancer among men and 
women in Northern Ireland has been found to be 
substantially less than the corresponding rate in 
England and Wales, as was the mortality from 
bronchitis. (Roughly one-third of the death certificates 
for men in central Belfast include the word bronchitis.) 
In a survey of lung cancer mortality in north-east 
England, it has been discovered that “lung cancer 
mortality appeared to be more strongly associated 
with smoking habits than with the level of air pollution, 
but the ranking of these two factors was reversed for 
bronchitis mortality”. In this and many other ways 
the report by open discussion has lent the credibility 
of familiarity to the notion that there is a link between 
smoking and lung cancer. The objective manner in 
which it has done so will no doubt enhance the Tobacco 
Research Council’s reputation. 


Free Fatty Acid Mobilization 


ABOUT sixty scientists took part in the meeting about 
the effects of drugs on the mobilization of free fatty acids 
held under the auspices of the European Atherosclerosis 
Group at the Institute “Maria Negri”, Milan, on 
January 7, 1967. After an introduction by Dr 
Garattini (Milan), dealing with the general nature of 
lipolysis in adipose tissue, Dr Butcher (Nashville, 
Tennessee) spoke on the role of 3’5'AMP in the meta- 
bolism of adipose tissue. The intracellular concentra- 
tion of this co-factor is influenced by several hormones, 
including adrenocorticotrophin, adrenaline, and gluca- 
gon. There seems to be a balance between the pro- 
cesses generating 3'5'AMP and those which convert 
it into 5'AMP. Dr Butcher showed that an increase 
in the amount of lipolysis in adipose tissue was accom- 
panied by a rise in the amount of 3'5'AMP. 

A number of speakers dealt with the influence of 
specific substances on the metabolism of adipose 
tissue. Dr Jeanrenaud (Geneva) showed that ouabain 
decreases the lipolytic action of adrenaline and 3'5’AMP 
but has no effect on the metabolism of fatty acids. He 
produced evidence to support the concept that ouabain 
reduces the activity of adenyl cyclase in adipose tissue 
but does not affect the activity of phosphodiesterase. 
The action of ouabain may be connected with its 
effects on the sodium pump. The effects of nicotinic 
acid on the plasma free fatty acids were discussed by 
Dr Carlson (Stockholm): nicotinic acid also inhibits 
lipolysis, and its distribution and uptake in the tissues 
may be significant. Drs Boberg and Froberg (Stock- 
holm) dealt with the effects of nicotinic acid on the 
concentration and turnover of triglyceride pools in 
the plasma and in the liver, heart and skeletal muscle. 

The effects on lipolysis of a group of substances 
related to salicylic acid were discussed by a number of 
workers. Dr Bizzi (Milan) spoke about the relation 
between the structure of a number of these com- 
pounds, including 3-methyl salicylic acid, and their 
effects on lipolysis in adipose tissue. Dr Howard 
(Cambridge) dealt with the effects of 3-methyl salicylic 
acid in rabbits, and also attempted to correlate plasma 
lipid levels and arterial lesions in various species. The 
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administration of 300 mg of 3-methyl salicylic acid 
three times a day to a group of elderly human subjects, 
reported by Dr Hyams (Cambridge), depressed the 
plasma cholesterol concentration without untoward 
side effects. 

Other speakers dealt with the various enzyme 
systems influencing lipolysis: Dr Wenke (Prague) 
showed, on the basis of studies with synthetic catechol- 
amines, that there may be two receptor sites for 
catecholamines involved in lipolysis. The response of 
adipose tissue to insulin was discussed by Dr Schlierf 
(Heidelberg): he could find no correlation between the 
fasting blood glucose levels, fasting free fatty acid 
levels and plasma insulin levels in normal and abnormal 
patients, a finding that tends to refute the hypothesis 
that fatty acid oxidation increases the insulin resistance 
and thus plasma insulin levels. Other speakers, 
including Dr Oro (Stockholm), Dr Nikkila (Helsinki) 
and Dr Paoletti (Milan), spoke on various aspects of the 
relation between hormones, such as prostaglandins, 
insulin and the catecholamines, and lipolysis. 


New Home for Mammals 


In the Charles Clore Pavilion for Mammals at the 
London Zoo, opened by H.M. the Queen on May 16, it 
is possible to be but a window’s width away from 
wombats, badgers, lemurs and many other small 
mammals. More than two hundred of these are to be 
housed behind glass in this rather austere grey building; 
the design was deliberately kept simple to show off 
the animals in a background which is as inconspicuous 
as possible. The architects also wished to avoid any 
feeling of enclosure and, to aid this, as well as a generous 
supply of leafy plants, there is a glazed walk through 
the ground floor of the building. This, however, rather 
gives the impression that the house carries two green- 
houses on its roof. Emphasizing the outdoor effect 
there are open-air courts where wallabies, marmots, 
hares and agoutis have a small area of “natural 
conditions”; when the weather forces them into their 
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dens they can still be seen. Much research into the 
habits of the animals preceded the planning of the 
house and all the mammals are displayed to good 
advantage; it is not easy for even the smallest desert 
rat to disappear behind a tree trunk or bury himself 
in the sand. The glass fronts of the cages, while 
giving a clear view and providing a barrier to animal 
odours, do give a slight impression of a museum, which 
is perhaps unfortunate. Careful investigation of 
jumping habits, however, has enabled some of the 
animals to be housed in open cages separated from 
viewers only by five feet of water. 

The basement of the house is “The Moonlight 
World”, and here the nocturnal animals are persuaded 
by special subdued lighting that it is time to be active 
when the visitors come, although some animals seem 
to be rather lethargic when supposedly awake. Among 
special attractions are bats in their own cage, and in 
glass-fronted cut-away burrows colonies of burrowing 
animals can publicly carry out their daily routine. 
After closing time the lighting is gradually increased in 
the basement, and the animals go to sleep. 


Code Termination 
from a Correspondent in Molecular Genetics 


Tue information which determines the sequence of 
amino-acids in proteins is carried from the genetic 
material, DNA, by a messenger RNA to particles called 
ribosomes where the proteins are synthesized. The 
genetic code is the relationship of that segment of 
DNA, or that messenger RNA, to the protein corre- 
sponding to each of their codes. The messenger RNA 
is translated by three nucleotides at a time. Since 
there are only four kinds of nucleotides (U, C, A and 
G) in a messenger RNA, there are 4° or 64 ordered 
combinations of triple nucleotides called codons. It 
is now known that most of these 64 codons specify one 
or other of the twenty naturally occurring amino-acids. 
Thus, UAU and UAC both code for u-tyrosine and 
ACU, ACC, ACA and ACG all code for L-threonine. 

The mechanism of protein synthesis is only known in 
outline. Amino-acids are first activated by becoming 
esterified to a transfer-RNA ({RNA) molecule which 
is specific for that amino-acid. The ¢RNA acts as an 
adapter between the amino-acid and the messenger 
RNA, so that when the codon on the messenger RNA 
for the amino-acid becomes exposed on the ribosome, 
the {RNA recognizing that codon brings up the correct 
amino-acid. Once bound to the ribosome, the amino- 
acid is added to the growing protein, itself esterified 
to a (RNA molecule. Chemically, the amino group 
of the complex of amino-acid and tRNA attacks the 
ester bond of the polypeptide-tRNA, eliminating a 
{RNA and yielding a new polypeptide--RNA longer 
by one amino-acid. The free tRNA is then removed 
from the ribosome. It is therefore necessary that the 
ribosome should have at least two sites which can bind 
tRNA—one for the polypeptide--RNA and one for the 
incoming amino-acid-~-RNA. Each ‘RNA has a triplet 
of nucleotides called an anticodon which recognizes 
the messenger RNA codon. 

One of the most striking features of the genetio code 
is that the codons for a particular amino-acid usually 
have identical first and second nucleotides, but may 
differ in the third. A mechanism whereby such similar 
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sets of codons may be recognized by one ‘RNA molecule 
has been suggested by Crick in his “Wobble hypothe- 
sis” (J. Mol. Biol., 19, 548; 1966). A messenger RNA 
must contain at least two codons other than all those 
coding for amino-acids. These are the initiating 
sequences, which specify where the messenger RNA 
translation must start, and terminating codons which 
are responsible for ending the synthesis of the poly- 
ae a 

Escherichia coli there appear to be two codons for 
initiation; these are AUG and GUG and they code for 
formylmethionyl-(RNA, an RNA discovered by Marcker 
and Sanger in 1964 (see following note). 

The other class of punctuation codons are the term- 
ination codons, of which there appear to be three: 
UAA (ochre triplet), UAG (amber triplet) and UGA. 
Both UAG and UAA have been shown to terminate 
protein synthesis and cause the release of the com- 
pleted protein chain from the {RNA to which it is 
esterified. The recent discovery that UGA does not 
code for an amino-acid and that its polarity on neigh- 
bouring genes is very similar to that caused by the 
amber codon suggests that UGA also leads to chain 
termination (Brenner, S., Barnett, L., Katz, E. R., 
and Crick, F. H. C., Nature, 218, 449; 1967; Sambrook, 
J. F., Fan, D. P., and Brenner, S., Nature, 214, 452; 
1967). In certain strains of E. coli it appears that the 
function of UAG and UGA as chain terminating codons 
can be largely, and possibly completely, dispensed 
with, which suggests that UAA is the chain terminating 
codon generally used in Æ. colt. In chain termination, 
as in mutation, there is a violation of the Wobble 
hypothesis, for present notions of how triplets are 
read do not permit UAG and UAA on the one hand, and 
UGA on the other, to be read as the same function. 
This dilemma can only be understood by finding the 
much sought after, but still elusive, putative chain 
terminating (RNA. 


Chain Initiation 
from a Correspondent in Cell Biology 

Ture initiation of polypeptide chain synthesis in bacter- 
ial cells is being rapidly understood. Following the 
discovery by Marcker and Sanger (1964) of N-formyl- 
methionyl-tRNA in ÆW. coli, Adams and Capecchi 
(1966) and Webster et al. (1966) demonstrated that 
the initiation of protein synthesis with natural mRNA 
in F. coli requires the insertion of N-formylmethionine 
at the amino terminus of new protein chains. The 
essential feature of this chain initiation is that the 
amino group of the methionine, blocked as it is by 
formylation, cannot be involved in peptide bond forma- 
tion. 

The next step was that Stanley and Salas et al. 
(1966) were able by washing ribosomes to isolate two 
factore—f1 and f2—-which are involved in chain 
initiation. Eisenstadt and Brawermann (1966) and 
Revel and Gros (1966) have provided independent evid- 
ence for such factors. Salas etal. (Proc. U.S. Nat. Acad. 
Sci., 57, 387; 1967) have now shown with Æ. coli cell 
free systems programmed with synthetic mRNA that 
the f1 and f2 factors together stimulate the translation 
of the codon AUG as N-formylmethionine when it 
occurs at or near the 5’ terminus of the mRNA.. The 
same factors also stimulate the binding of N-formyl- 
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methionyl-+RNA to ribosomes in the presence of the 
trinucleotide AUG. Thus Salas e al. suggest that 
factors fl and f2 regulate the binding of the initiator 
N-formylmethionyl-iRNA to the site in the ribosome 
normally occupied by the growing polypeptide chain— 
the so-called peptidy] site. 

Further information about the part played by these 
factors has come from Lucas-Lenard and Lipmann 
(Proc. U.S. Nat. Acad. Sci., 57, 1050; 1967), who find 
that the chain initiator factors f1 and f2 are necessary 
for the initiation of synthesis of polyphenylalanine by an 
artificial initiator N-acetylphenylalanine in an Æ. coli 
cell free system containing polyU as mRNA and low 
(4 mmolar) concentrations of Mg** ions. They con- 
clude that factors f1 and f2 function in this simplified 
system as they do with natural mRNAs and N-formyl- 
methionyl-tRNA. 

The same workers suggest that the binding of 
N-acetylphenylalanyl-sRNA to the peptidyl site 
depends on the presence of guanosine triphosphate 
(GTP). In contrast, Thach and co-workers (Proc. U.S. 
Nat. Acad. Sci., 57, 759; 1967; and sbid., p. 1103) find 
that the binding of formylmethionyl-tRNA to ribosomes 
in the presence of the codon AUG is independent of 
GTP, which led to the suggestion that the initiating 
aminoacyl-sRNA binds first to the aminoacyl-sRNA 
binding site in ribosomes under the influence of factors 
fl and f2 and that GTP is involved in its subsequent 
transfer to the peptidyl site of the ribosome. Whatever 
the explanation, these experiments are taken to imply 
that under physiological conditions the formation of 
the initial peptide bond of a polypeptide requires the 
splitting of a molecule of GTP. 

One of the two initiation factors seems also to stimu- 
late the transcription of DNA. Revel and Gros 
(Biochem. Biophys. Res. Commun., 27, 12; 1967) have 
isolated two factors, named B and C, which are prob- 
ably identical with fl and f2. Both of them are 
required for chain initiation and, in the presence of 
ribosomes, factor C (but not B) stimulates T4 phage 
mRNA synthesis from phage DNA templates. By 
stimulating initiation, the chain initiating factors of 
E. cols promote the attachment of ribosomes to mRNA 
and thus have the secondary effect of stimulating the 
release of nascent mRNA from DNA templates (see 
Nature, 214, 228; 1967) and of enhancing DNA trans- 
cription. 

The triplet AUG is not, however, the only codon 
for initiation with N-formylmethionine. It has been 
shown by Ghosh et al. (J. Mol. Biol, 25, 275; 
1967) that GUG and QUA also initiate polypeptide 
synthesis with N-formylmethionine in Æ. coli. The 
fact that most ZH. cols proteins have either methion- 
ine, alanine or serine at the N terminal position 
has suggested that there may be some mechanism 
for removal of the N-formyl group or the N-formy]- 
methionyl residue. In support of this, Weissbach 
and Redfield (Biochem. Biophys. Res. Commun., 27, 
7; 1967) report briefly the presence of an enzyme 
in E. cols which removes the formyl group from 
N-formylmethionine but not from other N-formyl 
amino-acids. 

It is surprising that despite all this information on 
chain initiation in bacterial cells, little is known about 
this process in the cells of higher organisms, although 
there is every reason to expect that the mechanism will 
be found to be basically similar. 
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Cystine in Cell Division 
from a Correspondent in Molecular Blology 


A NEW © e has been prepared by Sakai (J. Biol. 
Chem., 242, 1458; 1967), which appears to be intim- 
ately involved in the control of cell divisiou. The 
“spindle protein” of sea-urchin eggs is an aggregate 
of small sub-units in the form of microtubules. Cleav- 
age is apparently brought about when it interacts 
with a contractile protein in the cell cortex which is 
responsible for the constriction which precedes cell 
division. The interaction was earlier reported by 
Sakai to take the form of an electron exchange, in 
which cysteine residues from the contractile protein 
are oxidized, and oystines from the cortical protein 
reduced. Sakai has now found that this exchange 
process is catalysed by an enzyme which he has 
isolated from the cytoplasmic extract. 

The fraction containing all the detectable activity 
was isolated by gel filtration or electrophoresis and 
appears to cousist of essentially pure enzyme of 
molecular weight 13,500. As isolated, the enzyme 
contains a single cysteine residue, but on reduction 
with mercaptoethanol two further thiol groups (which 
are evidently very easily re-oxidized) appear, and the 
activity at the same time doubles. The most remark- 
able feature of this enzyme, however, is that it is 
associated with a decaribonucleotide, which is neces- 
sary for activity. This makes up some 3,000 of the 
total molecular weight, and has three residues each of 
cytosine and guanine and two each of adenine and 
uracil. It may be surmised that this is a paired 
oligonucleotide, and indeed it is found to be resistant 
to pancreatic ribonuclease, as such a species should be, 
but labile to the exonuclease from snake venom. The 
protein and the oligonucleotide have been separately 
isolated, and can be recombined with substantial 
recovery of the activity. It is not clear whether the 
decanucleotide is actually involved in the active site 
of the enzyme or in some way determines the conforma- 
tion. Sakai suggests that the availability of the 
nucleotide may constitute a control mechanism. It 
may be recalled that another system which contains 
an oligonucleotide of no clearly defined function is the 
cytochrome b, studied by Morton and co-workers. 

The function of the new enzyme is curiously reminis- 
cent of the factor found by Anfinsen and his associates 
to occur in the microsome fraction of mammalian 
cells, which catalyses the refolding of proteins to their 
native conformation. When disulphide bridges of 
proteins are reduced, and allowed to reoxidize, “‘incor- 
rect” proteins can be formed, in which the half-cystines 
are mis-paired. Such forms are energetically unfavour- 
able in relation to the native state and will slowly 
revert to their native conformation by disulphide 
interchange. The enzyme evidently functions by 
promoting electron exchange, thus making the cystines 
more labile and allowing the protein to search more 
rapidly for its lowest energy conformation. In a recent 
article (Fuchs ef al., J. Biol. Chem., 242, 398; 1967) 
it was established that the enzyme possesses three 
half-cystine residues, one of which must be in the 
reduced form for activity. The enzyme (like the sea- 
urchin protein) is therefore activated by the reducing 
agent, mercaptoethanol. It seems likely that both 
enzymes function in a similar manner, by acting as 
intermediates in a reduction—oxidation chain 
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Parliament in Britain 


Select Committee 


Me Anraony Wapewoop Bunn, Minister of Teoh- 
nology, last week became the first minister to give 
evidence to the Select Committee on Science and Tech- 
nology. Judging by his experience, other ministers 
can relax; the committee’s behaviour was almost 
deferential. If members of the committee were hoping 
that Mr Benn would make up their minds they were 
disappointed; more than once he said that he was 
eagerly awaiting their report before making up his. 

What did emerge was that Mr Benn sees the need 
for change in the consortium system, although he has 
yet to finish discussions and decide what the new 
structure should be. In particular, ho feels that export 
organization should be strengthened, and has a poor 
opinion of the British Nuclear Export Executive. 
Mr Benn hopes for a much stronger organization, 
with rather more freedom of action. One snag with the 
present set-up is that the consortia have agreements 
with different companies abroad, and cannot settle 
among themselves who should be the sole licensee for 
the AGR. 

On research policy, Mr Benn thought that a closer 
relationship between industry and the research estab- 
lishments would be more valuable than collaboration 
between the establishments and the universities. 
Should research be undertaken on a much wider front ? 
Mr Benn thought not—‘The fast reactor seems to 
justify all the faith put into it”. About fusion research 
he was gloomy, and although he said that his ministry 
had made a study of it, he refused to commit himself 
to a decision. “The AEA work is excellent in every 
way, but prospects of fusion providing power are less 
hopeful than before.” Fusion, he said, was “not really 
likely to meet our needs in the near future” and his 
recent discussions in the USSR had: confirmed this 
view. Maine propulsion reactors were technically 
well within our capabilities, he thought, but economic- 
ally unattractive. As for negotiations with Euratom, 
he foresaw “no difficulties’. “It’s not like some 
other aspects of the negotiations’, he added as an 
afterthought. : 


Nuclear Power 
Mr Rrowarp Marss, Minister of Power, has had to 
answer a large number of questions about nuclear 
power stations. On May 9 he said that the magnox 
stations just coming into commission generate at about 
0-7 d per kilowatt hour, against contemporary coal 
fired stations at 0-55 d. The analysis of nuclear power 
in Britain by Mr Duncan Burn had, he thought, been 
rather heavily criticized for some pretty glaring 
inaccuracies. The cost of generating electricity by the 
early AGR stations includes royalties payable to the 
UKAEA, he added, at 0-014 d per unit. (Questions, 
May 9.) i 

Mr Anthony Wedgwood Benn, Minister of Tech- 
nology, and his Minister of State, Dr Jeremy Bray, 
gave more details about AEA expenditure. Dr Bray 
said that the AEA is spending £6 million year on 
AGR research and development. At the rate of 0-014 d 
per unit, the return to the AEA for a 1,200 MW 
station with a 20 year life at a load factor of 75 per cent 
would be just over £9 million, with a present value 
discounted of just over £4:5 million. Mr Benn gave 
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details of the work done by the AEA in fields other than 
atomic energy as follows: 


Qualified Coat, 

manpower £ million 
Desalination 80 0-65 
Hydrostatic extrusion press 6 0-10 
Non-destructive testing 14 016 
Ceramics research 85 0-85 
Improved use of steels 2 005 
Other requirements 8 0 05 
Projects under consideration 20 0-65 
Total 110 190 


The total qualified manpower of the AEA was 
4,730 on April 1, 1967, Mr Benn explained. For the 
year 1967-8, expenditure on civil research and develop- 
ment by the AEA would be £50 million. (Written 
answers, May 9.) 


Patent System 

Mr Doveras Jay, President of the Board of Trade, 
announced that he had appointed a departmental 
committee to investigate the patent system. The terms 
of reference of the committee would be “to examine 
and report with recommendations upon the British 
patent system and patent law, in the light of the 
increasing need for international collaboration in 
patent matters, and, in particular, of the United King- 
dom Government’s intention to ratify the recent Coun- 
cil of Europe Convention on patent laws”. Mr. Jay 
announced that Mr Maurice Banks, until recently a 
Deputy Chairman and Managing Director of British 
Petroleum Lid., will be chairman of the committee; 
other members would be announced soon, Mr Jay 
added. While the committee is deliberating, Mr Jay 
is setting up a standing committee within his ministry 
to advise on urgent matters connected with inter- 
national collaboration. (Written answer, May 10.) ., 


Cervical Smears 

Ms Kennara Rosson, Minister of Health, said that 
the effectiveness of cervical cancer smear tests was 
fully considered before the service was introduced. The 
evidence was incomplete, he said, but justified intro- 
ducing smear testing while further research went on to 
establish its value more firmly. The ministry, he said, 
was supporting this research work. (Written answer, 
May 11.) 


London’s Third Airport 


Mr Doveras Jay, President of the Board of Trade, 
announced that London’s third airport would be at 
Stansted, in Essex. The inspector who had conducted 
the public enquiry had not felt able to recommend that 
Stansted be developed, or that other sites were more 
suitable, Mr Jay said, and this had caused a re-examina- 
tion of the issues by his department, which had taken 
some time. Mr Jay said that he would welcome a 
debate on the proposal when the Special Development 
Order and the White Paper explaining the Govern- 
ment’s decision could be discussed. He realized that 
there would be regret in the neighbourhood, and said 
that disturbance was inescapable but that the total 
noise as it is now conventionally measured would be 
about one twentieth of that at Heathrow. The noise 
problem was being tackled in other ways, by, for 
example, control of certification, he added. (State- 
ment, May 12.) 
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The National Academy of Engineering in the 


United States 


At the end of 1964 a National Academy of Engineering was formed 
by under the charter of the US National Academy of Sclences. The 


ERIC A. WALKER 


President, National Academy of Engineering, 


President, The Pennsylvania State University along. 


new Academy was formed as part of the structure of the NAS but 
as an autonomous and parallel partner operating on a co-ordinated 
basis. After two and a half years the Academy Is stil! feeling Its way 
Its present alms and objectives are here reviewed together 


with the background which led to Its formation. 


For more than a century the United States has had a 
National Academy of Sciences; now it has a National 
Academy of Engineering as well. Because the Academy 
of Sciences is an active and viable organization, with a 
long history of impressive service to the government 
and to the nation in bringing scientific knowledge to bear 
on problems of national significance, 11 may well be asked 
what purpose a separate Academy of Engineering can be 
aye to serve. 

deed, with the growing interdependence of science 
and engineering in modern life and the widely expressed 
belief that general social and economic progress demands 
closer co-operation between the scientist and the engineer, 
it might seem at first glance that setting up a separate 
Academy of Engineering is somewhat out of tune with the 
times. 

It is true, of course, that many circumstances of modern 
life have tended to blur the traditional lines separating 
science and engineering. A generation or so ago the world 
of the scientist was largely limited to the university 
or to a few institutes and laboratories engaged in advanced 
research. The chief concern of the scientist was with 
accumulating basic knowledge and with interpreting 
and classifying this knowledge so as to understand natural 
laws. His interest in the practical application of the 
knowledge he discovered was limited and incidental. The 
engineer, on the other hand, was clearly identifiable as 
the practical designer of structures and equipment and 
products to meet the needs of an expanding world. His 
interest in newly found scientific knowledge was largely 
in connexion with its potential for practical application, 
and he depended largely on traditional techniques in 
applying ıt. Indeed, the whole process by which any new 
scientific understanding was converted into commercial 
and industrial application was unhurried and deliberate. 

Today, no such olear-out distinction can be made 
between the activities of the scientist and the engineer. 
In many areas of modern life, the traditional sequence 
of scientific discovery and engineering application has 
become obscured. Competition to fill social and economic 
needs sometimes demands that scientific revelation and 
explanation follow rather than precede engineering 
development. Scientists have increasingly moved into 
industry and government, where many perform work that 
is highly oriented towards a product, and where some carry 
out what are essentially engineering functions. At the 
same time, engineers, faced with unprecedented problems, 
are increasingly concerned with the discovery of more 
exact knowledge, and many of them find their main 
interest in research. 

Now there is no doubt that this merging of the interests 
of the two groups has been generally advantageous to the 
development of modern technology. Yet it has also tended 
to place the engineer in a curiously anomalous position 
and to make him uncertain of his role as a professional 
man. And it has done so at a time when his special talents 
and competencies are needed as never before. 

It is generally agreed that the phenomenal growth 
of research activity since the end of the Second World 
War, which has been widely supported in the United 


States by government, industry, and educational institu- 
tions, has been an important factor in the general economic 
prosperity of the United States. In many instances, new 
knowledge has been actively sought and rapidly put to 
use by industry. In other cases, industrial firms in the 
United States have clearly profited from the ‘“‘spin-off’’ 
from research sponsored by the government. For example, 
the television, jet-travel, and digital-computer industries, 
which were non-existent twenty-five years ago, today 
contribute 13,000 million dollars annually to the gross 
national product of the United States and pay the wages 
of 900,000 people. 

Thus, believing that new knowledge is almost auto- 
matically translated into products and systems and 
services that enrich our lives and create general prosperity, 
we have poured public and private funds into research 
until our library shelves are bulging with scientific 
literature. And it is only in the past few years that we 
have begun to question whether this transfer process is 
as automatic and as widespread as we have assumed. 
Many of our industrialists and public leaders have begun 
to wonder whether the funds being so lavishly spent 
on research are really paying off in terms of practical 
economic progress. In some areas, it would seem that 
knowledge is accumulating at such a rate and to such an 
extent that it cannot possibly be of value without a more 
conscious effort to put it to practical use. We have begun 
to realize that in emphasizing the need for scientific 
revelation we have tended to neglect the importance of 
engineering application. There are many who believe 
that our most pressing need at the moment is for a critical 
examination of the whole process of innovation and 
invention. In the broad area of technological progress, 
the engineer—in his traditional role of designer and 
inventor—is being recognized more and more as the 
important link in the chain. And the task he faces is 
complicated by the new and far-reaching demands that 
have become a part of the general social picture. 

For with our growing population and our higher 
standards of living have come large-scale problems of a 
social—technological nature that must be attacked in an 
unprecedented manner. The world of the engineer can 
no longer be limited to the concerns of industry and 
business, or even to the traditional requirements in the 
field of public works. Together with the rest of society, 
he is faced with the task of finding solutions to the pressing 
problems of abatement of air pollution, disposal of sewage, 
retrieval of water, mass transportation, disposal of solid 
waste, and so on—problems which lie in the public sector 
of our economy, and which have arisen as the result of the 
complex inter-relations of our technologically based 
society. These are not problems of any one group or any 
one industry. Their adequate solution demands a broad 
approach and an organized effort that must be led by 
the Federal Government. 

Yet basically they are engineering problems. To a large 
extent, their ultimate solutions will depend on the willing- 
ness and ability of the engineering community to provide 
the government with the kind of help and advice that is 
needed to solve them. The decisions to be made are largely 


NATURE, VOL. 214, MAY 20, 1967 


engineering decisions, and a great deal of the success of 
the solutions devised will depend on the soundness of the 
engineering designs. The modern engineer, with his 
understanding of the science involved and with his natural 
concern with the practical aspects of the problems, is 
the logical person to serve aa a kind of interpreter between 
the scientist on one hand and the decision-maker on the 
other. 

Thus, the engineer of today—and the engineer of the 
next few decades—is likely to find himself increasingly 
in the limelight of public concern. He is being asked to 
take the tremendous stream of new knowledge which the 
scientist pours forth and put ıt to work effectively and 
quickly in the production of new goods and services. 
And he is being called on to take a place of leadership 
in solving the large social problems that are symptomatic 
of our technological society. 

Paradoxically enough, the same forces that have shaped. 
these new challenges for the engmeer have also worked 
towards making the engineering profession as a whole 
less fitted to meet them. With the growing complexity 
of modern technology, most engineers have gradually 
tended to associate themselves with specific disciplines 
rather than with the large and sprawling group of other 
engineers, whose everyday interests are for the most part 
quite remote from their own. The profession, never really 
unified, has become increasingly fragmented. Of course, 
most engineers are members of the professional societies 
which represent the various divisions of ongineering—~ 
civil, mechanical, electrical, chemical, and so on—but 
most of these groups have always turned their attention 
primarily to the technical aspects of their specialities and 
only incidentally to the broader concerns of the profession 
as a whole. And the growimg interdependence of the 
engineer and the scientist has also worked toward empha- 
sizing the engineer’s interest in his speciality at the expense 
of his over-all professional responsibilities. There has been 
a marked tendency for the engineer to lose his identity 
as a professional man. At a time when his traditional 
role as designer, originator, and innovator needs to be 
emphasized, this function has become obscured. 

It 1s true, of course, that the need to achieve some 
measure of professional unity has been recognized for 
many years. In fact, a number of attempts have been 
made to accomplish this purpose. The National Society 
of Professional Engineers, which depends on licensing 
as one of the requirements of membership, was set up 
many years ago, as was the American Engineering Society. 
But neither of these groups has succeeded in achieving 
a broad representation of the whole profession. The 
Engineers’ Council for Professional Development was 
also aimed at enhancing the profession as a whole, but 
most of ita effectiveness has been in the area of engineering 
education. In the Engineers’ Joint Council, an attempt 
was made to pull together the technical groups by forming 
a sort of umbrella society—a society for societies. But 
never has a truly effective representation of the profession 
as a whole been achieved. 

Thus it is not surprising that many engineers have in 
recent years found themselves worried about their status 
as professional men. When they meet in small groups, 
they complam about their status, they deplore the public 
image of the profession, and they confess that they are 
not carrying their share of the load as public servants. 

It was at just such a meeting, which happened to be a 
session of the Engineers’ Joint Council, some three or 
four years ago, that a group of us decided that one mechan- 
ism for uniting the profession and increasing its contribu- 
tions to the public welfare might be a National Academy 
of Engineering. Even this idea was not a new one, but 
with the strong support of Augustus Kinzel, then President 
of the Council, we decided to put together a small com- 
mittee to look into the possibility of establishing an 
Academy. What we wanted was an organization that 
could bring focus to the activities of the profession, provide 
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for appropriate recognition of engineering accomplish- 
ments and, most important, serve as a means of supplying 
government agencies with a place to which they could 
turn for sound professional advice in any and all areas of 
engineering. 

Of course we are conscious of the fact that the National 
Academy of Sciences had been effectively representing the 
scientific community in national affairs for more than a 
century, and that the NAS already hed a Division of 
Engineering. But because this division numbered about 
fifty people, we felt that this was not proper representation 
for a group of some 800,000 American engineers. At the 
same time, we recognized the need for working co-opera- 
tively with the National Academy of Sciences, so we dis- 
cussed our scheme very thoroughly with them. And it 
was Dr Frederick Seitz, President of the NAS, who came 
up with the idea that turned out to be the key to unlock 
the door. He pointed out that the NAS has a charter 
under which a National Academy of Engmeering could be 
formed. 

We put together a joint committee, worked out a con- 
stitution and by-laws compatible with the NAS charter 
and launched the venture. By being closely associated 
with the NAS, the NAE not only got under way more 
smoothly and quickly but has the further advantage of 
being able to work co-operatively with the scientific com- 
munity in all respecta—at the same time being in effect 
an independent engineering organization. 

Once established, we were faced with the problem of 
choosing members. The members of the original com- 
mittee almost automatically became the founding fathers 
of the Academy. But the basis for selecting additional 
people to make the organization really operative had 
to be determined. I must confess that in this respect we 
have had some difficulty, not because there ıs any dearth 
of good engineers, but because of the tendency of the 
members of the profession to confine their interests largely 
to their own particular specialities. The people who 
know hydrodynamics, for example, are simply not known 
to the people who know electronics. In fact the probability 
that a man will be known to half the members is fairly 
remote. This very fact emphasizes the need for the 
existence of the Academy. There is also the problem of 
maintaining a balance of occupational specialities and the 
danger of electing too many managers or too Many pro- 
fossors as opposed to the actual practitioners of engineer- 
ing. It is not easy to identify “real” engineers—those 
who design the products and systems that people heed and 
want. 

Despite these difficulties, we have so far elected about 
two hundred members, and we expect that over the next 
ten years membership will stabilize somewhere between 
three hundred and five hundred. Every effort is being 
made to form an. organization which is representative of 
the best and most highly respected engineers in the United 
States. But it was decided at the outeet that the Academy 
would not be merely an honorary society. When a man is 
elected to membership, he is expected to contribute— 
to serve on a working committee and to participate 
actively in the Academy’s activities. 

The need for the Academy’s existence is further illus- 
trated by the fact that its services have already been 
requested by a number of government agencies and 
bureaux. In fact, the major characteristic of the opera- 
tions so far has been that the Academy has been asked to 
undertake more projects than it can possibly handle. 

A Committee of Public Engineering Policy has been set 
up, the counterpart of a simlar NAS committee but with 
the emphasis on the engineering aspects of large national 
problems rather than the scientific. This committee 
should be able to provide valuable help to the Executive 
Branch, to the Congress, and to other government agencies, 
on projects and proposals of a public nature where sound 
engineering advice is needed. Since so many matters 
of this sort cross disciplinary lines, it is here that the 
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Academy can provide a kind of broad approach not 
otherwise readily available. At the present time this 
committee is taking a look at the whole field of public 
engineering in order to determine where and how its 
services will be most useful. 

A Projects Committee has been created for the purpose 
of screening the numerous proposals that are being made 
to the Academy and deciding whether or not they should 
be undertaken. Many broad areas of study have been 
suggested. For example, should the Academy concern 
iteelf with engineering education ? Obviously this is an 
area of great importance to the profession and to the 
nation as a whole, but it is also an area in which many 
groups and organizations are already very active. What 
part, if any, should the Academy play in this area ? 

A Space Engineering Board has been set up at the 
request of the National Aeronautics and Space Adminis- 
tration. The idea here is that much of the engineering 
for the production of new aircraft, for example, has been 
done by the military and has potential application for 
commercial use. Yet there is a growing divergence 
between the commercial requirements for aircraft and the 
military requirements. Should the government be 
involved in the engineering and development of com- 
mercial aircraft? This is a typical kind of problem on 
which the Academy should be able to offer good advice. 

Another area of concern is that of bioengineering. 
The Academy has been asked by the National Institutes of 
Health to provide some advice and direction in connexion 
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with potential engineering developments in medicine and 
biology. Another committee has been formed to study 
the large and important problem of the control of wastes 
in air, water and land. There is certainly no lack of work 
to be done. 

So far we have been able to handle our finances without 
difficulty. We had the good fortune to be given a 
$100,000 endowment by the Sloan Foundation to launch 
the Academy. At present, our annual dues are set at 
$25, but it is already apparent that our income will be 
inadequate as more work is undertaken. An endowment 
campaign is bemg discussed, and it is generally agreed 
that we should solicit some support from industrial 
organizations, especially those who employ large numbers 
of engineers. 

All in all, we are still feeling our way along, not certain 
just where we are going or how we will get there. Some 
of our major difficulties have been overcome, but there 
are many problems lying ahead. Nevertheless, it seems 
certain that the Academy is destined to take a place of 
increasing importance ın relation both to the profession 
and to the government. By serving as a forum for the 
exchange of ideas among representatives of the nation’s 
top engineering talent in all specialties and fields, it should 
certainly bring # measure of long-sought unity to the 
profession. And it should be able to provide sound engin- 
goring judgment to numerous government agencies and 
decision-makers at a time when that kind of help is in- 
creasingly needed. 
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Brosuse the agent of scrapie demonstrated extra- 
ordinary resistance to heating and to treatment by 
acetylethylene:mine, Stamp et al. said that it seemed 
“most unlikely that the factor could be nucleo-protein 
in nature’. More recently, we deduced from radiobio- 
logical data? that the agent might be devoid of nucleic 
acid, although it undoubtedly increases greatly m quan- 
tity when inoculated into an animal host'?-*. The 
responsibility of the nucleic acids for replication and 
genetic control ıs so firmly established, however, that this 
suggestion has not been generally acceptable. Our con- 
clusions were based on the small “target size”, estimated 
from studies with ionizing radiation, and on the results 
of exposures to ultra-violet light at 254 my, which failed 
to inactivate the scrapie agent after doses which were 
very large compared with those required for inactivation 
of any virus so far studied. We have now conducted 
further experiments on the effects of ultra-violet light, 
using an even larger dose at 254 mu, and, with the kind 


Scrapie is a slowly developing disease of the nervous system. Experi- 
ments on the effects of ultra-violet irradiation of suspensions of 
Infected mouse brain extracts confirm that the agent responsible for 
It does not depend on a nucleic acid for Its ability to replicate. No 
evidence is obtained, however, to indicate whether the agent Is 
associated with a protein. 


co-operation of Dr Magnus, we have irradiated the scrapie 
agent at other wavelengths, using the powerful mono- 
chromator® at the Institute of Dermatology, London. 

The results confirm our previous conclusion that scrapie 
18 most unlikely to depend on a nucleic acid moiety for 
its replicative ability. There is, however, no conclusive 
evidence from these expertments as to whether or not the 
agent might be associated with a protein as suggested by 
Pattison and Jones‘. 

Suspensions of affected mouse brains were prepared 
as previously described? but were diluted to give a final 
concentration of l1 in 400 before irradiation in order to 
reduce physical absorption of the ultra-violet light by the 
suspended material associated with the scrapie prepara- 
tion. Dosimetry of the ultra-violet ght at various 
wavelengths was by measurement of the reduction of ferme 
ion in a solution of potassium ferrioxalate’, and was 
carried out im the same vessels as those used for 
irradiating the sorapie preparation. The contents of the 
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irradiation cell were kept stirred by a gentle stream of 
nitrogen, free of oxygen, passing through the suspension 
or solution. The absence of oxygen does not in general 
reduce the effects of ultra-violet light on biological 
material, and with some systems it enhances them’. 

The scrapie material was assayed as before’. Ten-fold 
serial dilutions were made of each suspension, and 0-05 
mil. of each dilution was injected intracranially into each 
of seven or eight mice. Endpoints were determined by the 
method of Kérber®. 

The titres of suspensions exposed to ultra-violet light 
at various wavelengths are shown in Table 1. The 95 per 
cent confidence limite of the assays extend over a factor 
of about 10 (‘‘one log”), so none of the irradiated suspen- 
sions differed significantly in titre from its control. 
Included also in Table 1 are some data referring to the 
inactivation of bacteriophage T, exposed to ultra-violet 
light at 254 my in a suspension of mouse brain diluted a 
hundred times. The host bacteria were Hecherichia colt 
B, which is a “‘host-cell-reactivating”’ strain. 

The destruction by ultra-violet light of the replicative 
function of bacteria and viruses is dependent on the 
wavelength of the light and it is a generality that for 
these organisms the “action spectrum”, which compares 
effectiveness at different wavelengths, corresponds well 
with the absorption spectra for nucleic acids'*4! so that 
the most effective wavelengths are between about 255 
and 265 mp. In Fig. 1 we present data for the inactiva- 
tion of some test materials irradiated by ultra-violet 
light in this range. The survival curve for the smali 
coliphage “fr”, containing single-stranded RNA, is from 
the work of Winkler?*, who describes the phage as “highly 
resistant”. It is well known that Micrococcus radio- 
durans, for which the survival curve by Setlow and 
Duggan" is reproduced, contains a very effective repair 
mechanism. 

Patrick and Rupert™ investigated the response to 
ultra-violet light of several genetic markers in the trans- 
forming DNA of Haemophilus influenzae. Of these, the 
Nb! marker (resistance to novobiocin) was the most 
resistant, and the authors accounted for this by postu- 
lating that the repair mechanism of the recipient cells, 
which they demonstrated, was the most efficient for that 
marker. Extrapolation of the inactivation curve of Pat- 
rick and Rupert, made according to the dose law quoted 
by them, shows that this single genetic marker, subject 
to very effective repair in the host cell, would have its 
activity reduced to about 0-1 per cent by a dose of ultra- 
violet light at 254 mp which failed to inactivate the scrapie 
agent at all. 


Table 1. TITRE OF SORAPIM AGENT AFTER ULTRA-VIOLNT IRRADIATION AT 


VARIOUS WAVELENGTHS 


Percentage 
Ineident of No.of activity of 


Dilution Wave- 088 doses/ phage 7’, after 
Exp of stock length  (erga/mm? 005 tal, exposure ın 
- No. suspension (my) 10°) of original mouse brain 
suspension suspension 
a) 100-fold Control 7-0 100 
254 0-18 68 36 
254 0 52 64 8:2 
254 2-10 6-5 0-068 
254 80 68 
254 24-0 68 
(2) 400-fold Control TL 
254 21 70 
254 48 TL 
280 29 74 
280 9:38 6-7 
280 230 Ti 
280 71:0 66 
830 12 T4 
830 89 6:9 
330 49 10 
(8) 400-fold Control 6'8 
240 0-87 69 
240 11 6:7 
265 58 8-7 
265 20 6-8 
280 062 6-9 
290 1-9 TA 
290 62 64 
315 42 6-0 
815 18-4 6-6 
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If the replication of the scrapie agent were to depend 
on the integrity of a protein, it would be expected that 
irradiation by ultra-violet light would be at its most 
effective at about 280 my. The slight decrease in activity 
caused by the largest dose which we gave at that wave- 
length was, however, not statistically significant, and it is 
impossible to present the sort of comparisons made in 
Fig. 1 because there are no known organisms with which 
to make them. Ultra-violet light at about 280 mp has 
been used, however, to irradiate viruses and Trans- 
forming Principle, about two to three times as much 
incident energy being required to give the same effect 
as at 254 mpl; and enzymes have been irradiated 
and subsequently tested for loss of activity. We therefore 
present in Fig. 2 some results of irradiations at 280 mu 
on a bacteriophage, on two genetic markers in Trens- 
forming Principle of H. influenzae, and on the enzyme 
aldolase. The latter was selected from the resulta of 
Setlow and Doyle** because its molecular weight, 140,000, 
ig near to our estimate of that of the scrapie agent* and 
because it was considered by Setlow and Doyle to be 
resistant to ultra-violet light (by virtue of its low content 
of cystine). The comparisons of Fig. 2 show that test 
systems which depend on nucleic acid for their replication 
show considerable inactivation (to about 0-1 per cent 
for the ultra-violet resistant genetic marker for resistance 
to cathomycin) with the maximum dose at 280 my 
given to the scrapie agent; but that if replication of the 
agent depended on a protein, inactivation might not have 
been detected within the experimental errors of the assay. 

Because the agent of scrapie was transparent to ultra- 
violet light at the wavelengths we used, our results have 
shed no new light on its nature. It seems most unlikely 
that the doses given at wavelengths near the peak of the 
absorption spectrum of the nucleic acid would have failed 
to affect the agent, if nucleic acid were at risk, because 
systems which are highly resistant to ultra-violet light, 
and for which most efficient intracellular repair mechan- 
isms exist, still show considerable effecte if they are 
exposed to doses of the order given to the scrapie agent. 
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It has been suggested by other authors!?)* that the 
agent of scrapie represents a ‘‘new’’ class of replicating 
particle, and Field'* proposed that it might be a replicat- 
ing polysaccharide. This ıs plausible because the mixed 
monosaccharide structure of some polysaccharides may 
confer template activity. It might be envisaged that, 
as with viruses, enzymes present in the host cell would 
take part in their replication. 
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Tt is possible that other diseases of the nervous system 
such as kuru and disseminated sclerosis might be akin 
to scrapie!*, If a group of diseases with a similar 
type of transmitting agent, capable of replication, were 
to exist ıt is clear that standard methods of sterilization 
by iomzing or ultra-violet irradiation would be quite 
madequate to deal with contamination by such agents. 
The “sterilizing dose” of y-radiation has been fixed by 
convention at 2-5 megarads, but this dose left 60 per cent 
of the activity of a fully oxygenated scrapie preparation. 
Standard “germicidal” ultra-violet lamps emit most 
of their energy at 254 mu. We have not succeeded in 
causing any inactivation of the agent after exposure for 
1-5 h at a distance of 50 cm from a 15 W “germicidal” 
lamp. 

We thank Dr Magnus and members of his staff for 
ther kınd help with the use of the monochromator. 
This work was supported in part by grants made to the 
Agricultural Research Council by the US Government 
under US Public Law 480. 
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Radio Sources and Peculiar Galaxies 
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IN our present state of ignorance concerning the funda- 
mental nature of radio sources, a useful source of clues 
might be their distribution over the sky. Indeed, a 
search for possible clustering has been carried out on 
many catalogues of radio sources!, but no conclusive 
evidence has yet been found. In addition, Arp’s* claim 
that radio sources have been ejected from some peculiar 
galaxies has stimulated investigations? of these objects. 
A few results are here presented of an analysis of the two- 
dimensional distribution of radio sources, as well as their 
relationship to peculiar galaxies. 
The method used consists essentially of measuring the 
ar distances from each object in a given olass to 
both the first and second nearest neighbours in another 
or the same class. The resulting distribution of distances 
is then compared with that expected if the objects were 
randomly positioned on the sky. The expected distance 
distribution of random objects is easily derived from the 


Statistical analyses of the distribution of quasars and radio galaxies 
over the sky suggest that they may be associated with certain types 
of pecullar galaxies. 


Poisson distribution governing their number in a given 
area on the sky. In all cases, attention has been restricted 
to those objects which lie well away from the galactic 
plane (|b:| > 16°) and declination limits of the catalogue 
in order to minimize the effects of galactic obscuration 
and the boundary of the area of sky considered. In 
addition only presumed extragalactic radio sources from 
reasonably complete catalogues have been chosen. 

The firat consideration 1s the relationship between Arp’s 
peculiar galaxies* and revised 3C radio sources’, because 
it provided the motivation for this work. In Fig. 1 the 
distribution of distances from the galaxies in Arp’s Adas 
of Peculiar Galaxies to the first and second nearest radio 
source is presented. The five radio galaxies of Arp have 
been eliminated in order to include only peculiar galaxies 
thought not to be radio sources. Note the excess of small 
separations and lack of large separations as compared with 
a random distribution, indicated by the bars. The mean 


NATURE, VOL. 214, MAY 20, 1967 


separation is 8-6 standard deviations lesa than that ex- 
pected from a random distribution for the nearest neigh- 
bours, and 3-0 standard deviations less for the second 
nearest neighbours. It appears that the effect is strongest 
for the spiral galaxies, Nos. 1-101, and the elliptical 
galaxies, Nos. 102-145, as compared with the other Arp 
classes (note the sharp drops at 4° and 6°), An interesting 
fact emerged by investigating the types of radio sources 
involved; most of the deviation from randomness appears 
to be caused by the identified sources, the quasi-stellars 
and radio galaxies, rather than the unidentified sources. 

This analysis has not been more quantitative for the 
following reason. Because the Atlas of Peculiar Galaxies 
was not compiled in a systematic way, certain areas of 
the sky contain an anomalously large number of galaxies. 
Because, however, the radio source catalogue was compiled 
uniformly, clumping alone would not be expected to 
introduce large spurious effects, as indicated by the fact 
that rotation of all peculiar galaxies by 12 h in right 
ascension resulted in distributions the means of which were 
within one standard deviation of those expected. A more 
serious source of artificial associations is less obvious 
selection effecte, such as the possibility that some peculiar 
galaxies were included in the catalogue because they were 
in an intensively investigated area surrounding a radio 
source. 

For these reasons, a similar analysis has been carried 
out using Vorontsov-Vel’yaminov’s Catalogue of Interacting 
Galamtes*. This was compiled in 1959 in a more uniform 
manner from Sky Survey prints. Roughly half of this 
catalogue is included in Arp’s atlas. Fig. 2 illustrates the 
distributions of distances from these peouliar systems to 
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Fig. 1. The distributions of distances fram Arp’s peo galaxies to 
the nearest revised 80 radio sources. The “contral objects” (in this case 
peculiar galaxies) were restricted to the area 8° (5°)<d3<90° (90°), 
{bn |> 23° (25°). The parentheses refer to the area containing central 
objects from which the second nearest neighbour distances were oom- 
puted. This area must be smaller because of the r average separa- 
tions ın this case. The average surface density of the “surrounding 
objecta” (in this case 30K o sources) ia n= 49-0 ater. The bars 
theoretical random distribution. Top, nearest neighbours, 
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i bottom, second nearest neighbours. 
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Fig. 2. Same as Fig. 1 for Vorontsov-Vol’yaminov’s interacting galamcs 


and revised 30 radio sources. Top, nearest neighbours, bottom second 
nearest neighbours. 
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the nearest revised 30 radio sources; the similarity to 
Fig. 1 can be seen. The deviations from randomness 
within individual distance groups are usually not very 
large; however, they are almost all in the direction of a 
smaller average separation. The observed mean distances 
are both 2-9 standard deviations less than the expected 
means in this cage. Rotation of the interacting galaxies by 
1, 2 and 12 h in right ascension yielded nearest neighbour 
distributions the means of whichdiffered from that expected 
by less than 0-7 standard deviations, and second nearest 
noighbour means which differed by less than 1-7 standard 
deviations. The type of interacting galaxies most respon- 
sible for this apparent correlation has not been investi- 
gated as yet. The dependence on the type of radio source, 
however, has been studied. As in the case of Arp’s atlas 
it is the identified sources which are correlated most 
strongly, with the quasi-stellar nearest neighbours 2-0 
standard deviations, and the radio galaxy nearest neigh- 
bours 1-9 standard deviations closer than expected. The 
unidentified sources are 1:2 standard deviations closer. 
Thus it appears that there is some evidence for a statistical 
association of certain types of peculiar galaxies and radio 
sources. 

Now to turn to the distribution of radio sources alone. 
This is capable of revealing a clustering tendency without 
regard to what other types of objects are involved. It 
must be remembered, however, that large separationa, 
such as Arp has suggested, would be difficult to detect 
against the background. 

The expected distribution of distances from a random 
source to its nearest neighbours is now different because 
the same distance can only be counted once, and because 
the distributions can be computed only for distances 
greater than the resolution of the antenna used m the 
survey. It is found more appropriate to use the y? 


NATURE, VOL, 214, MAY 20. 1967 


test to investigate the amount of deviation from a random 
distribution in this case. 

In Fig. 3 is shown the distribution of distances from 
each revised 30 radio source to its nearest neighbours. 
Or is the resolution, and the range of (corrected) fluxes 
considered is also indicated. Fluxes will always be consid- 
ered in the interval from the completeness limit to four 
times this limiting flux. Note the excess of small separa- 
tions and the drop at 5-4°. The number of distances 
involved is small, however, and thus the y? test gives 
probabilities of 14 and 23 per cent that a sample from a 
random distribution of objects would produce a greater 
deviation than that observed for the first and second 
nearest neighbour distances, respectively. This is in- 
conclusive. 

In Fig. 4 are presented the results for sources near the 
completeness limit of the Parkes survey’ of the region 
south of + 20° declination. The most striking feature is 
the excess of 2° and especially 4° separations. In addition, 
the form of the observed distributions near the peaks is 
similar to that of the revised 30 sources. The yx? test 
gives probabilities of 0-4 and 19 per cent that a random 
sample would produce greater deviations. The difference 
between. these probabilities could be caused by pairing as 
well as the fact that the background tends to obscure any 
real associations as more distant neighbours are con- 
sidered. 

In Fig. 5 is considered the 40 catalogue’, which contains 
a greater surface density of sources within its complete- 
ness limit of about 4 flux units than the 380 or Parkes 
catalogues. Only sources north of about 6° to the cata- 
logue limit of 40° were considered because of poorer 
resolution of the antenna system far from zenith. The 
x? teat gives probabilities of 63 per cent for the first 
nearest neighbour distances and 0-5 per cent for the 
second nearest neighbour distances that a random sample 
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Fig. amg 1 for revised 830 quasi-stallar sources only, exoept 
TE < G ah tal > 82° (30%), and n=13 Sater". Top, nearest 
se bed second nearest neighbours. 


would produce greater deviations. The large non-random- 
ness in the second nearest neighbours is a result of the 
excess of small separations. This result must be viewed 
with caution, however, because of the nearness of the 
resolution limit. The form of the first nearest neighbour 
distribution is again similar to the previous ones. 

Finally, the distribution is considered of quasi- -stellar 
sources? in the revised 30 catalogue, shown in Fig. 6. 
Because of the small number of sources involved the y? 
teat cannot be applied. It is obvious, however, that there 
are no gross deviations from randomness. Future analyses 
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of other systematically compiled catalogues of quasi- 
stellar objects will allow more definite conclusions to be 
drawn. 

To summarize, evidence has been found for a statistical 
association between certain peculiar galaxies and radio 
sources, mainly identified, as well as non-randomness in 
the Parkes and possibly also the 40 catalogues of radio 
sources. An in retation of these results, however, 
would be premature at this time because they could be 
caused by unknown selection effects or statistical fluctua- 
tions, a8 well as physical processes. It is curious, how- 
ever, that the Parkes sources show a deviation from 
randomness, because this survey would be expected to be 
the moat reliable of the three considered. This is because 
it was carried out with a pencil beam instrument, which 
examined each source at three frequencies, and confusion 
effecta are expected to be virtually absent at the flux 
levels considered. 

It is especially important to check the possible associa- 
tion between peculiar galaxies and quasi-stellar sources 
for the following reason. An association between peculiar 
galaxies and radio galaxies or among radio galaxies them- 
selves could be caused by the well known tendency of 
galaxies and clusters of galaxies to cluster, if their red- 
shifts were not too different. If the apparent association 
between peculiar galaxies and quasi-stellar sources should 
prove to be real, however, the nature of these objects 
would become even more mysterious. 

I thank John Bolton, Alan Moffet and Maarten Schmidt 
for helpful discussions. This work was supported in part 
by the U.S. Office of Naval Research and the National 
Science Foundation. 
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Solar and Geomagnetic Effects on Upper 


Atmospheric Temperature 
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Greenbelt, Maryland 


Muon controversy has recently been generated about the 
possible sources of heating of the upper atmosphere. 
Whereas the part played by extreme ultra-violet (EUV) 
radiation as an important heat source has received wide 
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Statistical analysis shows that the temperature of the upper atmo- 
sphere (above 200 km) Is strongly correlated with the solar 10-7 cm 
radiation, and that short term varlations of temperature are strongly 
correlated with the geomagnetic Index. 


acceptance, there appears to be a general lack of agreement 
about the possible existence of another heat source of 
comparable magnitude. Both theoretical arguments and 
experimental evidence have been presented for and 
against the existence of a heat source of corpuscular 
origin and it seems that the subject has generated more 
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heat than light (see, for example, Paetzold and Zschorner?, 
Harris and Priester’, Jacchia3-§, Nicolet’, Bartels’, Mac- 
Donald’, Bourdeau ef al.*, Jacchia and Slowey?® and 
Jacchia ef al.t4). It should be pointed out that the bulk 
of observational data on atmospheric temperature has 
come from the satellite drag analysis which essentially 
gives the atmospheric density at the satellite perigee. 
The temperature of the isothermal region of the thermo- 
sphere (usually referred to as exosphenc temperature by 
Jacchia) is derived by using a suitable model of the 
atmosphere (Nicolet'*, Jacohia's). In order to study the 
effect of solar EUV and corpuscular radiation, the para- 
meters chosen for comparison are respectively the solar 
decimeter flux and the daily variations of the geomagnetic 
activity on the ground. The former is generally believed 
to be the measure of EUV flux and the latter the measure 
of the corpuscular activity of the Sun. Jacchia* and 
Jacchia and Slowey, using 10-7 om flux measurement as 
an index of EUV radiation and planetary magnetic indices 
(ay or Ky) as measure of geomagnetic activity, showed that 
during the period of high sunspot activity the daily 
variations of temperature follow the 10-7 em variations 
very closely. During the magnetically disturbed period 
the temperature increases suddenly in direct propor- 
tionality to ap. A direct comparison between EUV flux 
and temperature was made by Bourdeau et al.®, who 
showed that even the minor day to day variation in 
EUV flux was reflected in temperature data giving strong 
support to the EUV flux as the primary cause of atmo- 
spheric heating. Unfortunately, the EUV flux was avail- 
able only for a period of about 2 months (March 7—May 
15, 1962) and it was difficult to make a general prediction 
for the entire solar cycle period based on the data of such 
a short duration. It was shown later by Jacchia and 
Slowey? and Jacchia et al. that during the period of low 
sunspot activity (1963-65) the daily changes in tem- 
perature followed the Kp variation and not the 10-7 em 
flux variation as was the case during the earlier part of 
the solar cycle. 

The varying effects associated with 10-7 cm flux and 
Kp on atmospheric temperature during the solar cycle are 
indicative of the fact that during the period of high 
sunspot activity the changes in solar EUV radiation are 
large enough to mask any effect of corpuscular radiation 
except during severe magnetic disturbances. Durmg the 
period of low sunspot activity, however, the level of 
EUV flux remains relatively stationary so that the cor- 
pusculer effects on temperature, which may be of the same 
order as during the high solar activity, become noticeable. 
In faot, a close examination of 10-7 em flux and tem- 
perature data derived from Explorer IX satellite drag 
analysis (Roemer!) supports this view. Both these data 
show a marked 27 day variation up to about June 1962. 
After this period, the 27 day oscillation in both the para- 
meters appears to be damped and temperature appears 
to follow Kp variation. To establish a possible relationship 
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Fig. 1. Temporal variations of Kp, temperature Tn, and 10 7 om solar 
flux Szo., for the period Yopruary 1962-May 1962, 
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Fig. 8. Temporal variations of ALEp, 47, and 48,,., for the period 
Fobrusry 1062-May 1962. 


between temperature and Kp on a day to day basis even 
during the high sungpot activity period, it is necessary to 
soparate the effects associated with 10-7 om flux on tem- 
perature as far as possible. It is relatively ample to 
construct & mathematical filter for this purpose in view 
of the dominant 27 day periodicity present in both 10-7 om 
and temperature data. It was found that a filter based 
on 5 day running means was quite satisfactory, partly 
because of its computational sımpleity and partly 
because of its frequency response for the period of 27 days 
and above being sufficiently high. A series derived by 
taking the difference of the original series and the 56 day 
running mean series would consequently be free from the 
periods of 27 days and above. A running mean filter has 
an additional advantage, because it does not introduce any 
phase change between the original and the filtered series!*. 

The temperature data used ın this analysis are the 
night-time minimum temperature (Ta) derived from the 
precisely reduced drag data of Explorer IX satellite’. 
These data, which approximately cover the period 
from November 1961 to June 1963, reflect the period 
of moderate and low solar activity and are particu- 
larly suited for studying the day to day variation in 
view of the good time resolution. Fig. 1 shows a daily 
plot of Ta, 10-7 om solar flux (Sj».;) and LK, (the daily 
sum of planetary geomagnetic indices taken to represent 
the average magnetic activity of the day) for the period 
February—May 1962. These data correspond to a moder- 
ately active period (average 10-7 em flux value = 98). 
The ZK, and Soy in Fig. 1 and the subsequent ones 
(Figs. 2 and 3) have been advanced by one day for better 
visual comparison with T's because the initial examination 
of the data revealed a systematic one day lead of LK, 
and &,,., with respect to T'a. The significance of this time 
lag will be discussed later. It is seen from Fig. 1 that 
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both the 10-7 om flux and temperature follow each other 
quite well but there is no apparent resemblance of either 
of the two parameters with UKp. The 27 day periodicity 
is revealed in both the 10-7 cm flux and 7, plots. Fig. 2 
shows the plot of 5 day running means of 10-7 om flux 
(Sio), temperature (Ta), and the daily sum of Kp indices 
(XK,). It 1s seen that the smaller fluctuations in all the 
parameters are considerably smoothed. Both*the 5,y., 
and 7', show clearly the 27 day cycles superimposed on 
a long term variation. Fig. 3 shows the difference 
(ASyo-1, ATu and AXK,) of the original data and the 5 
day running means, and essentially contains the high 
frequency components. The similarity between ALKp 
and AT, is quite striking—a feature which is not obvious 
from Fig. 1. It can be seen that there is no visual corre- 
spondence between AZ, and AS,,.,. The significance of 
the foregomg result ıs revealed by subjecting the entire 
data from’ November 1961 to May 1963 to statistical 
analysis. The correlation coefficients are computed for 
the original data 
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Fig. 6. Cross correlation with 5 day running mean differences. 
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and 5 day running mean differences 


(Tat, AShe1, TAT, ALKs, TAS. T AZK) 


varying the time difference from —5 to +5 days with 
an interval of 1 day and are shown in Figs. 4, 5 and 8, 
respectively. It is seen from these figures that except for 
the lack of correlation between Sio, and XK, the corre- 
lation coefficients between the various parameters show 
significant variations depending on their frequency 
spectrum. They all, however, appear to peak at +1 
day, indicating a possible 1 day time lag of tem- 
perature with respect to EUV flux and geomagnetic 
perturbations. It should be emphasized, however, that 
no physical significance should be attached to this kind 
of time delay in view of the fact that both 10:7 om flux 
and Kp are averaged over a 1 day period and the maximum 
resolution of the data is of the order of 1 day. Table 1 
shows the peak values of correlation coefficients between 


the various parameters. 
Table 1 
Oginal data 
Tn, Sior Tn, [Kp TEBp, Sios 
065 032 —0-08 
5 day running means 
TT, Sir TIa, FE, EKP, Sior 
O64 0 25 — 0:00 
5 day running mean differences 
TATu, 4Sier TATu, SEKp TAEKp, AS 
0-00 0-78 O02 


The correlation coefficients fr, Su. and TF, Sip, are high 
and show a broad response with the time difference 
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indicating a high degree of association between the long 
term variations such as 27 day variations in the two 
parameters. The correlation coefficient rar, Arg, is high 
and shows a very sharp response indicating that the short 
term variations in 7, and XK, are highly correlated. The 
short term correlation between Ta and Sirer (TAT, AS.) 
is almost negligible. 

In conclusion, we note that for the period November 
1961-May 1963 the long term variations such as the 27 
day variations in the upper atmospheric temperature are 
correlated with those in 10-7 cm flux. The short term 
variations in temperature such as the day to day varia- 
tions, however, are strongly correlated with geomagnetic 
fluctuations as represented by ALK». 

We thank Mr. C. J. Wade for programming the 
numerical computations used in this work. 


Recelved March 10, 1967. 
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Origin of Ultrarelativistic Cosmic Ray Particles 


A mechanism is proposed to explain how cosmic rays and fast 


electrons In non-thermal radio sources originate. 


The theory ` 


by develops from Fermi’s suggestion that charged particles gain energy 
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through successive encounters with moving magnetic fields. 
siderations of the geometry of cosmic magnetic fields and the state 
of motion of the plasma indicate how magnetic energy may be con- 


Con- 


verted into kinetic energy of fast particles and how such particles 
may be later released. 


Tas acceleration process most frequently used to explain 
the presence of ultrarelativistic particles in the Galaxy 
and in non-thermal radio sources was proposed by Fermi}, 
who pointed out that moving irregularities of the Galactic 
magnetic field could accelerate charged particles in inter- 
stellar space. Fermi’s theory was subsequently applied 
to supernova shells" and other non-thermal radio sources. 
In a steady state the energy spectrum of particles of a 
given land is determined by the equation of continuity 
in energy space, which can be written in the form 


ð ln N 
-3mp YTI t tfta (1) 
where 
_ dln <dB/dt> 
= 2 ln E (2) 


and 
to = <ln H/dt>, tg = — ð ln Noe (3) 


In Fermi’s theory q= 1 and the characteristic times ts and 
ta associated respectively with acceleration and escape 
through diffusion are independent of energy. Thus y is 
independent of energy, which is in good agreement with 
experimental findings. Fermu’s theory encounters certain 
difficulties, however, of which the three following—all 
pointed out by Fermi himself—scem especially serious. (i) 
The observation that 2 < y < 3 over an extremely wide 
range of cosmic-ray energies implies that tts. No 
reason why such a relation should exist is known. (ii) 
Fermi’s acceleration mechanism ia too inefficient at low 
energies to overcome the energy losses, known collectively 
as ionization losses, that result from interactions between 
a charged particle and the ambient medium. Thus an 
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auxihary acceleration, or injection, process is needed to 
bridge the gap between thermal energies and the lowest 
energies at which the Fermu mechanism becomes effective. 
Qu) ‘he need for an injection process is especially pro- 
nounced for electrons. But an even more serious difficulty 
presents itself at high energies: synchrotron radiation, 
the rate of which is proportional to E°, would prevent 
the acceleration of electrons to energies as high as those 
thought to prevail ın certain non-thermal radio sources 
such as the Crab Nebula. This consideration led some 
authors to postulate that fast electrons in non-thermal 
radio sources result from collisions between cosmic-ray 
nuclei and ambient protons?; but recent observational 
work indicates that the bulk of the fast electrons in the 
Crab Nebula and in the Galaxy cannot have been produced 
in this way‘. 

The theory outlined here proceeds from Fermi’s basic 
suggestion that charged particles gain energy through 
successive encounters with moving magnetic fields in the 
course of a random walk through a magnetized plasma. 
It rests, however, on assumptions about the geometry 
of the magnetic field and the state of motion of the plasma 
that differ from those made in Fermi’s theory and in 
subsequent modifications of it. These new assumptions 
were introduced, and to some extent justified, in an 
earlier discussion of the role of magnetoturbulence in 
self-gravitating plasmas’. It was there argued that a 
magnetoturbulent field develops in every sufficiently 
massive self-gravitating gas cloud, and extracts energy 
irreversibly from large scale motions (contraction, rota- 
tion and convection). The magnetoturbulent velomty 
field is largely wave-like, and thus does not have the 
highly dissipative character of ordinary turbulence. 
Most of the energy released by the cloud as it contracts 
is accordingly stored in the magnetoturbulent field. 
Because the flow of energy from ordered motions to 
magnetoturbulence is irreversible, the energy associated 
with the rotation of the cloud continually decreases. The 
magnetoturbulent field cannot absorb angular momentum, 
however; it can merely transfer it from one part of the 
cloud to another. The interaction between rotational 
motion and magnetoturbulence therefore leads to the 
ejection of expanding shells, magnetically coupled to the 
main cloud, that carry off most of the angular momentum. 
This enables the gravitational contraction to continue 
until it is halted by the onset of thermonuclear reactions 
near the centre of the cloud, or by the onset of instability 
(if the maas of the cloud is sufficiently great or if its supply 
of nuclear fuel has been exhausted). 

Non-thermal radio sources often have highly ordered 
magnetic fields (inferred from the observed polarization 
of the received radiation). They also show a strong 
preference for linear configurations, such as jets and 
dumbbells. These observations suggest that plasma 
ejected from the main body of the cloud during any stage 
of the evolutionary sequence just sketched expands in a 
small number of preferred directions, rather than isotropic- 
ally. It was conjectured that this kind of expansion would 
permit the frozen-in magnetic lines to unwind fester than 
they could do in an isotropic expansion. The resulting 
motions would produce a combed magnetic field consisting 
of bundles of magnetic lines having the same sense, 
separated by magnetic null surfaces. In the vicinity of 
such a surface and in the absence of sufficiently strong 
stabilizing gradients of gas pressure, a plasma exhibits 
the sheet-pinch instability. Because the gas pressure is 
assumed to be much smaller than the magnetic pressure, 
every magnetic null surface will initially find itself at the 
centre of a collapsing region. Pressure gradients in the 
compressed gas could ultimately stop the collapse, but 
we assume that the instability that manifests itself in 
the combing out of the magnetic field acts continually 
to produce new regions characterized by the sheet-pinch 
instability. (Recent work by Syrovat-skii® and by Hark- 
ness” on plasma instabilities in the neighbourhood of a 
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neutral lne affords some support for the idea that a 
magnetoturbulent field is self-combing.) 

To sum up, we postulate that the flow pattern and the 
geometry of the magnetic field in a magnetoturbulent 
plasma ejected from a self-gravitating cloud reflect three 
distinct, though interrelated, tendencies: an elongation 
and straightening of individual magnetic bundles; a 
mutual attraction of contiguous magnetic bundles caused 
by the collapse of the field toward null surfaces; and a 
general expansion of the plasma. It must be emphasized 
that, although this picture has some theoretical support, 
1b is still largely conjectural. 

We now consider the motion of a charged particle in 
a plasma of the kind just deseribed. We assume that, 
except in the vicinity of null surfaces, the gyroradius 
fg of the particle is much smaller than a characteristic 
distance la = B/|V,B| for magnetic variations in a sur- 
face at right angles to the field lines. Because rg œx E for 
energies H>>mc*, this assumption sets an upper limit 
on the particle energies under discussion. Particles the 
energies of which exceed this limit cannot be produced in 
significant quantities because they cannot be contained 
for sufficiently long periods. 

If the magnetic field is sufficiently well combed, the 
guiding centre of a particle’s spiral trajectory travels 
back and forth along a line that nearly coincides with a 
magnetic field line, being reflected by sharp bends and 
constrictions of the field. At each such reflexion. the 
particle may be accelerated or decelerated by the Fermi 
mechanism, but in the present context the resulting energy 
changes are not significant. 

The guiding centre of a spiral trajectory of a particle 
also drifts across the magnetic field. The drift velocity 
is given by the well known formula 


Vp = oy ($o, "leh + g x B/B) (4) 


where œg denotes the gyrofrequency, v, denotes as the 
magnitude of the transverse velocity component, Å is a 
unit vector perpendicular to B and tangent to the local 
surface of constant B, and g is the effective gravitational 
acceleration experienced by a particle as a result of the 
accelerated motion of its local standard of rest. From 
equation (4) and the formula wg=c¢eB/E it follows that 


vp XH (5) 


In a well combed magnetic field it is the transverse, 
rather than the longitudinal, motion of the guiding centre 
of a particle which carries it into regions where it can 
be accelerated (the vicinities of magnetic null surfaces) 
or from which it can escape (the surface layers of the 
plasms). Thus, in a first approximation, the character- 
istic times associated with accelerating encounters and 
with the escape of particles through diffusion are inversely 
proportional to #. In a more accurate approximation 
allowance should be made for the fact that the effective 
cross-section for an encounter between a particle and a 
null surface or a plasma boundary depends on the energy 
of the particle; the leas energy a particle has, the closer 
it must come to a null or boundary surface to be trapped 
or to escape. Thus if f denotes the mean fractional energy 
gain per accelerating encounter and ts! denotes the prob- 
ability per unit time of an accelerating encounter, we 
have 


tat = fist, tg' oc E, tg) x Eite (8) 


where § and e are positive, slowly varying functions of # 
that approach 0 as E — 0. 

When a charged particle is not near a magnetic null 
surface it moves in an expanding region, and thus under- 
goes deceleration. On the other hand, during the com- 
paratively brief periods when it is near a magnetic null 
surface, it is accelerated by the collapsing magnetic field. 
A study of the motion of charged particles in the sheet- 
pinch geometry, details of which will be published else- 
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Fig. 1. Re 

particle in 
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ntative trajectories (schematic) of a poritisely (i) d 
o sheet-pinoh geometry. The magnetic field ıs parallel to 


where, yields the following results. Let the magnetic 
field in the vicinity of the plane y=0 have the form 
B = (0,0,8s), where B: = (y/ly|) Bok é)y|", with r> 0. 
Typical trajectories that cross the plane y=0 are shown 
schematically in Fig. 1. In all trajectories a particle 
gains energy between successive crossings of the null 
plane. If the interval between successive crossings is 
small compared with the characteristic time associated 
with the growth of the magnetic field in the vicinity of 
the null plane, the integration of the equations of motion 
for arbitrary values of the particle energy E can be reduced 
to a single quadrature. The mean rate of energy gain 18 
then given by 


= F,(6)(B/B)(v}j/et)E (7) 


elk 


where 0 is the injection angle (see Fig. 1). Apart from the 
factor F,(0), this formula is identical with the formula 
for betatron acceleration. Numerical calculations show 
that F,(0) is sensitive to the value of r and that, for a 
given value of r, it is a broadly peaked positive-valued 
function of 0, vanishing at 0=0 and 0= x. The time spent 
by a particle in the vicmity of a given null surface is 
given by 

At = a,(8)L/v, (8) 


where L ıs the distance that a particle travels ın the 
x-direction before being scattered, and a,(@) 18 a function 
of the injection angle the numerical value of which is 
found to be of order unity for almost all injection angles. 
From equations (7) and (8) we obtain the following formula 
for the mathematical expectation of the energy that a 
particle gains in a single encounter with a magnetic null 
surface: 2 

< AE > =C,(B/B)(Lo,/c%)H (9) 


where C, = <a,(6)Fr(6)>. Thus the quantity f ın equa- 
tion (6) 18 given by 


f = < AE>/H=0,(B/B)(Lv,/c)\E (10) 


In Fermi’s theory accelerating and decelerating encounters 
occur with equal frequency to first order in the root-mean- 
square velocity u of a cloud or magnetic irregularity, so 
that < AE >, and thus f, is of second order in u. At 
relativistic particle energies 
fermi = u?/ct (11) 
Because O,~ 1, 
f[ffermi S (v,/u)(LB/Bu) (12) 


The first factor on the right-hand side, the ratio of a 
particle velocity to a fluid velocity, is much greater than 
unity for relativistic particles. If we identify u with a 
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typical velocity of collapse in the nexghbourhood of a 
null surface we may equate the second factor to the 
ratio (L/Ay), where Ay denotes the width of the collapsmg 
region; this ratio is also large. Thusf® fferm. Of course, 
this comparison does not take into account the decelera- 
tion of particles between encounters with null surfaces 
in the present geometry. An essential feature of the 
present geometry, however, is its lack of symmetry 
between the conditions under which acceleration and 
deceleration occur, which guarantees that in general one 
process or the other will be clearly dominant. 

We may now calculate the steady-state energy spectrum 
for ultrarelativistic charged particles. The expectation 
of the rate of energy gain for a particle of which the energy 


Eme 1s given by 


gu > = ft H-BH-ok* 
dt 

where the terms on the mght-hand side represent, respec- 
tively, the rate of energy gain by encounters with regions 
of collapsing field, the rate of energy loss through the 
betatron effect in regions where the field is expanding, 
and the rate of energy loss by synchrotron radiation. 
(For electron energies less than a certain value that 
depends on the energy density of the radiation field, the 
term off? also includes energy losses by the inverse 
Compton. effect.) The quantities f, B and o are inde- 
pendent, or nearly independent, of energy. Because 
according to equation (6) te x H-“+4, the first and third 
terms vary in nearly the same way with energy, the 
acceleration term dominating at sufficiently high energies. 
Thus synchrotron losses do not, in the present theory, 
give rise to a high-energy out-off. This result is an 
immediate consequence of the energy dependence of the 
collision time te which in turn is a consequence of the 
postulated magnetic geometry. Neglecting the betatron 
losses, which is permussible at sufficiently high energies, 
we have 


(13) 


dE 

— > = fE 14 
<u? =f (14) 
From equations (1), (2), (3), (6) and (14), it follows that 
the spectral index y is given by the formula 


Y= 24 8S tef(tef*) (15) 


where $20 and the second and third terms on the right- 
hand side are slowly varying functions of E. 

The prediction y22 can be compared with observed 
values. If the energy spectrum of ultrarelativistic elec- 
trons in a non-thermal radio source has a constant spectral 
index y and if the source is transparent to its own radia- 
tion, then the spectrum of the emitted synchrotron 
radiation has the form Iayv-*, where «=(y—1)/2. The 
power-law energy spectrum with y> 2 applies to plasmas 
that have well combed magnetic fields and are ın a quasi- 
steady state. Extragalactic radio sources may satisfy 
these requirements. An examination of recent data on 
the spectra of radio galaxıes? confirms that spectra not 
showing strong absorption or self-absorption effects are 
usually well represented by a power law. The observed 
values of a have a well defined lower mit the value of 
which 1s indistinguishable from the predicted lower limit 
amin = 0-5. The present theory does not, however, 
explain the prevalence of spectral ındices in the range 
0:7<a<0-85. 

Before we can apply the preceding considerations to 
the energy spectrum of cosmic rays we must discuss 
further the evolution of a magnetoturbulent plasma in 
which charged particles are being accelerated. The 
acceleration process continually transfers energy from the 
magnetic fields to the fast particles. (Because the rate 
of energy gain is greatest for particles that have the 
greatest energies, the acceleration process channels mag- 
netic energy into a relatively small group of particles.) 


4 


et 
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Initially the total magnetic energy of the plasma greatly 
exceeds the total energy of the fast particles, but eventually 
the two energies must become comparable. At this stage 
the fields will be just strong enough to contam the fast 
particles. Further conversion of magnetic energy into 
particle energy must result in substantial losses of fast 
particles, and these losses will continue so long as particles 
are undergoing acceleration in the plasma. We may 
therefore expect a significant fraction of the energy 
initially present in the magnetoturbulent field to be 
ultimately transformed into kinetic energy of ejected 
particles. The primary cosmic-ray flux in the neighbour- 
hood of the Earth consists, presumably, of particles that 
have been emitted in this way by a large number of 
individual sources, possibly of many different kinds 
(supernova shells, explosions in the centre of the Galaxy, 
radio galaxies and quasars, etc.). The particles from a 
given source can be expected to have a power-law spec- 
trum that eventually cuts off at some energy Emax 
determined by the magnetic geometry of the source and 
varying from source to source. Thus the composite 
energy spectrum is given by the formula 


N(£) = t dyB-? K(E maxy)dH max (16) 
24d £ 


where K(Emax,y) is a weighting factor appropriate to 
sources characterized by the parameters Emaxsy. Owing 
to the factor E~, the main contribution to the integral 
in (16) comes from values of y close to the minimum 
value y=2+8. Thus 

N(B)~ K(E mar > EEA (17) 
The only prediction that can be made at this stage 1s 
that y should approach a value close to 2 at low energies. 
There ıs observational evidence’ that y increases mono- 
tonically from y~2 at H=1-3 x 10° eV/nucleon to y~ 2-6 
at #=10' eV/nucleon. 

Next we consider the problem of acceleration at low 
energies. Because the ionization loss-rate 1s propor- 
tional to the density p of ambient particles, it is largest 
ın precisely the regions where particles are under- 
gomg acceleration—the regions surrounding magnetic 
null surfaces. Here the mean rate of energy gain 1s given 
by equation (7), so that at non-relativistic energies 


dEkin 
dt 





= aE kin (18) 


where Lyin denotes the kinetic energy. The competition 
between acceleration and loss processes in the vicinity 
of a magnetic null surface is represented schematically 
in Fig. 2, adapted from a discussion of the same problem 
by Korchak and Syrovatsku!. A particle can be acceler- 
ated from thermal energies if the straight line representing 
an acceleration law of the type (18) does not intersect 
the curve representing its ionization-loss rate. Korchak 
and Syrovatskii considered a turbulent supernova shell 
in which particles are accelerated by collisions with mag- 
netized eddies. They assumed that at the beginning of a 
typical supernova flare the turbulence is so intense that 
all nuclei can be accelerated; then the gas is simply 
heated. The resulting diminution of turbulent energy 
leads to a decrease in the efficiency of the accelerating 
mechanism, so that only nuclei the masses of which 
exceed a certain critical value can be accelerated. Because 
it is evident that this critical value increases with time, 
heavier particles are accelerated for longer periods than 
lighter particles. In this way Korchak and Syrovatskii 
explain the anomalously high abundances of heavy nuclei 
in the primary cosmic-ray flux. 

The present hypothesis suggests a different picture for 
the initial stages of the acceleration process. From 
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equation (9) it follows that the rate of acceleration of a 
charged particle is independent of both its mass and its 
charge, and that the temporal variation of the coefficient 
æ ın equation (18) is given by 


a œ (B/B)Ls 


where Ls is the length previously denoted by L. Dimen- 
sional analysis of the magnetohydrodynamic equations of 
motion shows that the rate of collapse of the magnetic 
field toward a magnetic null surface satisfies the approxi- 
mate equality 


B/Bxval Ay œ Bo-Ly3 


where v4 denotes the Alfvén velocity, Ay denotes the 
width of the collapsing region, and Ly denotes a scale 
characterizing the variations of the magnetic field in 
the y-direction. For a well combed magnetic field, 
BLzLy is constant. From this relation, equation (20), 
and the constancy of the product plzDyL;, it follows 
that 


(19) 


(20) 


a œ La Lyg! (21) 


whence 


afp œ (Lz/Ly)Ls (22) 
The ratio between the energy-gain and energy-loss rates 
at any given energy is proportional to the quantity (a/p). 
Because both DL, and (L/Ly) increase as the plasma 
expands, the relation (22) shows that this ratio increases 
with time. Initially, when the density of the plasma is 
very high and the magnetic fields are not yet well combed, 
acceleration may be impossible for all charged particles. 
As the plasma expands, the rate of gam of energy will 
eventually exceed the rate of loss of ionization, first for 
the heaviest charged particles and then for particles of 
progressively smaller mass, until, finally, even protons 
oan be accelerated. Thereafter acceleration will continue 
for all nuclei. Because the rate of acceleration is mde- 
pendent of charge and mass, and because the heaviest 
particles began to be accelerated first, heavy particles 
will be overabundant at any given energy. 

The initial acceleration of electrons presents a separato 
problem, however. Some form of injection seems to be 
required because the ionization loss-rate 1s so large at 
thermal energies. Ionizing collisions between fast protons 
and ambient atoms provide a possible source of super- 
thermal electrons. 

According to the preceding picture of the early develop- 
ment of a cosmic-ray source, the “channel” that allows 
magnetic energy to be converted into kinetic energy of 
fast particles is initially closed. It opens, rather abruptly, 
at a definite stage in the expansion of the magneto- 
turbulent plasma. It is conceivable that the abrupt 
opening of this new channel may be connected with the 


at | 


dein 





Ekin 
Fig. 2. Rates of anergy gain (curves 1 and 1) and loss (curves 2, 2’, 8, 8’) 
for non-relativistic Particles in the sheet-pinch geometry (schematic, 
after Korohak and Syrovateku), Curves 1’, 2’, 3’ refer to a later time 
than carves 1, 2, 3. 
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phenomenon of flares in stellar atmospheres and non- 
thermal radio sources. 
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UNUSUALLY persistent self-association in solution, that is, 
persisting to the millimolar level, is already well known 
for certain classes of compounds such as the carboxylic 
acids, oximes and dimedone derivatives’. Recently, 
however, this class of phenomenon has been extended 
to include such compounds as the cyclohexane-1,3-diols*, 
steroidal hydroxy esters’, labadane-8e,15-diol‘, 5ß-B- 
norcholestan-3«,6a-diol®, and rosololactone derivatives*, 
where the mteracting functions are an appreciable dis- 
tance apart in the molecular framework. Indeed, the 
formation of hydrogen bonded dimers involving fourteen- 
membered rings has been reported for certain m-nitro- 
phenols and m-methoxycarbonyl phenols in solution’, 
and sixteen-membered rings are required for the dimeric 
self-association of a range of 3-substituted benzo-[b]- 
thiophens*. Although the self-association phenomenon 
can be demonstrated by spectral methods, the latter 
do not readily reveal the precise nature of the equilibrium 
involved. 

The present investigation is directed towards the general 
problem of the stereochemistry and stoichiometry of 
intermolecular association through hydrogen bonds. 
We have used, wherever possible, three spectral methods 
—infra-red, ultra-violet and nuclear magnetic resonance 
spectroscopy—in conjunction with osmometric measure- 
ments of average molecular weight. We have examined 
the fairly wide range of compounds listed in Table 1. 
Many of these are aromatic compounds bearing an electron- 
rich substituent in the ortho, meta or para positions relative 
to the phenolic hydroxyl. It is evident that self-associa- 
tion persists to an unusual extent only in those cases where 
a ring of hydrogen bonds is spatially favoured. As 
reported by Anet and Muchowski', the m-alkoxycarbonyl 
phenols are of this latter type and we find similar infra-red 
absorption behaviour for the corresponding m-carbonyl 
and m-alkoxy substituted phenols (compounds I, IT and 
OI). Osmometric data for apparent molecular weights in 
solution in the same solvent (carbon tetrachloride) are in 
accord. These molecules, which are formally capable of 
considerable freedom of rotation, evidently self-associate 
down to very low concentrations and the assumption 
generally made that the associated species involve a 
single or, possibly, a very few conformations seems valid. 
Only a limited number of conformations are energetically 


Spectral Investigations of certain polyfunctional phenolic com 
and of derivatives of the bile acids, using Infra-red, ultra-violet and 
nuclear magnetic resonance techniques, reveal abnormally persistent 
Intermolecular self-association through multiple hydrogen bonding. 
The extent of the effect, as measured by osmometry, depends on the 
stereochemistry of the molecules involved, especially the position 
and number of attached hydroxyl groups. 
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of Bile Acid Derivatives 


unds 


favoured, however, ın a single molecule of the m-substi- 
tuted phenol type, that is, to meet requirements lke 
coplanarity of the aromatic ring and the electron system 
of the substituents and to avoid steric hindrance (as 
between the methyl and the ring hydrogens). Of the four 
such conformers (i—>iv) for m-hydroxy acetophenone (I) 
only one (i) would permit dimeric association (Fug. 4) by 
closure of the fourteen-membered ring through formation 
of twin hydrogen bonds to the carbonyl groups’. Even 
here models indicate that steric interactions will enforce 
some degree of non-coplanarity. 


(tv) 


Similar types of association are to be expected for 
related systems. Thus, ethyl coumarate (VII), the 
vinylogue of ethyl salicylate, displays dimeric association 
down to 0-3 mmoles/l. in carbon tetrachloride (Fig. 1) 
and 10 mmoles/l. in chloroform. The strength of the 
association as measured by infra-red spectroscopy in 
carbon tetrachloride, by ultra-violet spectroscopy im 
cyclohexane (Fig. 2), and by oamometric changes in carbon 
tetrachloride (Fig. 3) is appreciably greater than that of 
m-hydroxy acetophenone, but shows similar changes in 
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the different solvents used. The association decreases in 
strength in the order cyclohexane > carbon tetrachloride> 
chloroform. In several cases we have interrelated the 
different measurements, for example, infra-red spectro- 
scopy and osmometry, for a range of concentrations. 
There are also small but significant changes with concen- 
tration in the chemical shift values for the two ethylenic 
protons (compare ref. 7) in the case of ethyl coumarate 
(60 Mo/s spectra). The most interesting feature is that 
hydrogen bonding is so strong despite the number of 
possibilities for conformational freedom inherent in the 
molecule. The s-transoid conformation shown (Fig. 4) 
should be preferable for the maintenance of conjugation 
in the system. More extended systems merit investiga- 
tion as the situation has some analogy with the multiple 
hydrogen bonding postulated for nucleic acids and 
proteins. 

Monohydroxy compounds that we have found to show 
strong self-association involving a carbonyl group include 
penicilio acid (XI) (Fig. 4). The osmometric studies 
(Fig. 3) reveal that penicillio acid (pKa%5) 5-90 (ref. 9)) 
self-associates more strongly than does ethyl coumarate, 
which is roughly equivalent osmometrically to stearic 


acid (pKa 5-90, calc. from conductimetric data), 


Table 1, 
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Although the combined spectroscopic and osmometric 
data indicate that the associated species are dimers (Fig. 4) 
there is some evidence that, in common with carboxylic 
acids"! and the diterpenoid rosololactone', open dimers 
(single hydrogen bond) may be present in addition to the 
closed dimers (twin hydrogen bonds). 

We have also investigated the association behaviour of 
a range of polyhydroxy compounds. Members (VOIL 
and IX) of the polyphenylol alkanes (novolaks) have now 
been studied osmometrically (Fig. 3). 

As expected from the previous infra-red studies’? the 
tetranuclear compound (IX) shows no tendency to 
associate, all four hydroxyls bemg involved in a closed 
ring of intramolecular hydrogen bonds (Fig. 4). By 
contrast, the dinuclear btsphenylol alkane (VIII) reaches 
an observed molecular weight equivalent to complete 
dimeric association (again closing a ring of four hydrogen 
bonds) at a concentration of 0-1 moles/l. in carbon tetra- 
chloride at 28° C (Fig. 3). 

We have since sought other compounds which might be 
expected to behave in a similar fashion: a wide range of 
polyhydroxy steroids is known and the rigid tetracyclic 
skeleton offers an almost ideal molecular framework for 
studies directed towards the stereochemical aspects of 
interaction between molecules. Data for some of the 


HYDROXYL AND OARBONYL INFRA-RAD STRETOHING ABSORPTIONS AND VALUES FOR THH ASSOOLATION OONSTANT AS MMASURED FOR CARBON 


TETRAQHLORIDE SOLUTIONS 


Concentrations are of the order of 10-50 mmoles/I. Cell paths range from 0-5 to 5 mm. Where the solution ta quoted as being saturated the concentration 
is very low and the cell path may be up to 60 mm. In most cases measurements were made at two or three different concentrations. » and ant are in 


om~, Values in parentheses are approximate. 





(OH xO) 
Compound Free Bonded Free Bonded Ke 
Ko, Name P Art ” Av ’ d » Ay* {1./mole) 
4 4 i t 
Phenols 
I m-Hydroxyacetophenone 3,607 10 3,450° 89 1,601 (12) 1,678 (11) 120 
1 m-Hydroxybenzaldehyde 3,608 18 3480 6&5 { as a (1,698sh) — 30 
TIL m-Moethaxyphenol 3,612 18 3,461 160 ; 45 
Iv p-Nitrophenol 3,508 24 (3,877) — 10 
Vv p-Methoryphenol 8,618 19 8,455 180 
YI p-Hydroxybenzaldehyde 3,600 22 — — 1,703" 15 
vin Ethyl coumarate 3,608 28 3,800 248 1,714 (28) 1,686" 22 420 
VIN Novolak (dinuclear) 3,609 aeea 3,202 (272) 
ix Novolak (tetranuolear) — ~ 3,256 248 
x p-Cresol 3,616 29 
Carboxylic acids 
3,589 26 41,746 24 
XI Penteillic acid ieee pe 3,288? 228 1777 (22) e 
XII Stearic aoid 1,759 28 1,711 18 
Sterolds~58 gertes* ' 
XI 3a-Hydroxy-58-pregnan-20-one 3,628 20 3,498 (90) 1,708 12 25 
XIV 8a,6a-Dihydroxy methyl cholanate 3,822 22 2,855 250 1,748 18 359 
5V 8a.7a-Dihydroxy mothyl cholanate 8,624 (32) 8415 270 174° 18 180 
XVI 8a,12a-Dihydroxy methyl cholanate 8,622 (28) 8415 275 LU? 18 810 
XVII  7a,12a-Dihydroxry-5f-cholane 8,629 22 8,445 275 550 
XVIL 7a,24-Dihydroxy-5f-cholane 3,029 22 (8,472)  — 20 
XIX = 184,24-Dihydroxy-5f-cholane 38,628 22 (8,472)  — 20 
XX 8a,7a,12c-Trihydrory methyl cholanate 8,624 “~ 3,400 278 1,740° 18 3,500 
XXI  8a,7a,24-Trihydroxy-6f-cholane 3,617 z (3,460)  — 
XXU  8a,7a,12a-Trıihydroxy-bf-cholestano 3,624 81 8,446 255 1,460 
XXII 8a,7a,12a,24-Totrahydroxy-5£-cholane 8,617" m- — — 
Steroide, triterpenolds—5a serles 
XXIV = 8a-Hydroxy-8$-methy!-be-cholestane 8,618 17 — — 
a 50 
XXV  38,78-Dihydroxy-ba-cholestane l ar 23 (8.880) 
XXVI -86,12a,24-Trihydroxy-5-cholane! 8,617" = — — 
XXVII Methyl polyporanate 8,681 26 8,505" (130) 1,742 18 10 
XXVIII Methyl sopolyporenate 3,630 26 3,525" 180 1,718 18 


the apparent extinction coefitaient o. hydroxyl band at concentration ¢ (mo 
yaluea OF K goryo us A gul to the of association.) 
methyl chenodesoxycholate; XVI, methyl desoxycholate; xk, methyl cholate; XXII, 8a,7a,12a-trfh 
of rings A and B confers a parallel orten tion perpendicular to the plane 
torial) 7a (axial) and 128 axia). The 6a-h 1 (e has the 0-O 
tion in carbon te oride for the four stereo- 


, the given 


h, Common names for some of the compounds listed are: XIV, met! i hyodesoxycholate; XV, 
x tane; A 5 p-soriea, the ois-fusion 


rings B, Ò and D on the O-O bonds of the hydroxyl substituent 8a (equa- 
nd oriented in a sideways direction.) J, There ts no report of abnormal 


eric 86,6,7-trihydroxy-5a-cholestanes studied by Angyal and Young”, 
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= —CH(CH 
—XVI. XX 





= —CH(CH,)CH,CH,CH,CH(CH 
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VILI, n=0; IX, n=2 


R= ~C,H;; 58-Pregnane (see XITI) 

= — CH(CH,)CH,CH,CH, ; 
XXI, XXIO) 

A PENR : 


6B-cholane (see XVI—XIX, 
5B-cholanie acid (see XIV, 


s)» 58-cholestane (see XXII) 


XXVII, R=—C(=CH,)CH(CH,)CO,Me 
f XXVIII, R=-— C0(CH,)=CCH,)CO Mo 


compounds studied are listed ın Table 1 and illustrated in 
Fig. 1 and Fig. 3. The following points emerge: 

(i) Little association over the concentration range 
studied takes place for the monohydroxy compounds, the 
3«-hydroxy-58-steroid (XIII) and the 38-methyl 3a- 
hydroxy-5a-cholestane (XXIV), as measured by osmo- 
metry. 
(ii) Strong association occurs when two or, better, three 
hydroxyls are attached, pointing downwards, on the lower 


Absorbance 














8,600 8,400 8,200 1,750 1,660 
om 
Fig. 1 Hydroxyl and carbonyl stretching absorption for concentrated 
) and dilute (----- ) solutions in carbon te orida ot 
Zae 12a Bie Rel methyl cholanate (XX) and ethyl coumarate 
£ Concentrations for XX are 26 8 mmoles/l, 


op for VII are 107 mmoles/l. and 0°85 mmoles/l. Call pa 
r (OH), 1:0 mm and 20 mm; »(00) 0-51 mm and 5-0 mm. Cell patha for 
¥ ~OH), 061 mm and 60mm, (CO), 0-11 mm and 20 mm. Spec- 
tra recorded with a Untcam’$P100 grating spectrometer, 





250 300 8650 





Big. 2. Ultra-violet spectrum for concentrated (- and dilute 

(----+) solutions ın cyclohexane of ethyl coumarate Concen- 

trations are 10 mmoles/l, and oor mmoles/l.; cell paths are 0-1 mm 
an mm. 


(«-) face of a 58-cholestane molecule (coprostane system) 
or similar steroid——compare the strong association, which, 
however, involves intramolecular bonding, shown by 
3a,6a-dihydroxy-58-B-norcholestane (Pitha et al.). 

(iii) A hydroxyl group attached to the side chain is 
much less effective in bringing about association than one 
axially substituted on the «-face of the main skeleton. 
The freedom of movement of the side cham inevitably 
means that there is a low probability of the hydroxy! 
being in the right position for successful bonding. 

(iv) Carbonyl groups in the side chain play only a 
minor part in the association, but do become involved 
in hydrogen bonding at the higher concentrations. Thus 
there is a shoulder at 1,719 cm-! for compound XVI at 
a concentration of 50 mmoles/l. and there is a difference 
in the degree of association between 3a,7«,12a-trihydroxy- 








AI*/BE 





Fig. 8. Plot of the ratio (#*/AN) of apparent (Af*) to true qan molecular 


weight t molar concentration for solutions in carbon tetrachloride. 
Upper : pene (XI) and stearic (XII) acids and certain 
‘to henols, hydroxy steroids and di- (VIII) 


and tetra- rk) nue nucle Hove novolake M* values derived from measurements 
made with a Mechrolab 3014 oamometer. 
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I, dimer 


XI , dimer 
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Fig. 4. Planar projections of the Dreiding molecular models of the associated species postulated 


for compounds I, VO and XI and the 
the tetranuclear povolit X). In all dra 
lines indicate 


58-cholestane (XXII; Fig. 5) and the corresponding 
cholanate (XX). The ester group results in a steeper 
aasociation curve (Fig. 3). 

The centre of the absorption band of the associated 
hydroxy] shifts to lower frequencies as the concentration 18 
mereased; thus there is a 52 cm- shift downwards when 
a 0-225 mmoles/l. solution and a 26:8 mmoles/l. solution 
of compound XX are compared. A change in the half 
band-width (100—200 cm-t) occurs over the same range of 
concentration. 

(v) Where there 1s a strong tendency to self-association, 
the data suggest that the equilibria are not simple. 
Compounds showing persistent association at very low 
concentrations probably do so mainly as dimers, clustering 
further into tetramers and, possibly, higher oligomers 
at somewhat higher concentrations. Compound XX, 
3a,7a,12a-trihydroxy methyl cholanate (Fig. 5), is such a 
compound. The significant point is that intramolecular 
hydrogen bonds within a single molecule are not possible 
(only “free” hydroxyl absorption is seen at extremely 
high dilutions) as a result of the large intramolecular, 
O—O, distances. 

The simplest way in which the data may be accom- 
modated would seem to be an interlocking system of 
hydrogen bonds, hydroxyls from one molecule alternating 
with those from another. 
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lanar projection of the 
the 


tulated conformation of 
dotted Hnes indicate hydrogen bonds and 


, C—C and C—H bonds 


Examination of Drieding models (Fig. 5) suggests that 
clusters of molecules such as those of compound XX. 
can be assembled with the polar «-faces bearmg the rigidly 
oriented hydroxyl groups facing inwards and the non- 
polar 8-faces turned outwards. Within such a cluster, 
unstrained arrangements involving energetically favoured 
sequences of interlocked hydrogen bonds are posmble. 
At the present time it is difficult to visualize what might 
be the dispositions of the molecules in such clusters, but 
one possible arrangement is depicted in Fig. 6. More 
information should come from further investigations 
centred on the effect of changing the orientation and point 
of attachment of the hydroxyls. Already 14 is clear that 
widely spaced (about 7 A between oxygens) or B-oriented 
hydroxyls are much less effective for intermolecular 
bonding (see compounds XXV—>XXVIII). Again, three 
hydroxyls, predominantly «-oriented, are much more 
effective than two. Certainly the relatively high solubility 
of compound XXII, in carbon tetrachloride, relative to 





to one another and peman 
plane through rings B, O and D. 
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Schematic tluatration of a cluster of four molecules of com- 
XXH. The three hydroxyls (positions Ba, 7a, and 12a) 
of each molecule are oriented so that two chains* of interlocking inter- 
molecular hydrogen bonds are yoraibio. The two hydroxyls at the ends 
of the chains remain free in this tetramer, Larger clusters may be 
possible. The arrangement shown may be representative of the unusually 
stable molecular aggregates considered to be present in solutions of 
steroids possessing the 58-configuration and two or more hydroxyls at 
positions 8, 7, and 12 on the a-face, 


* The chains are Ay... By... Aa... Bigs.. Og.se Dre and 


Aine + Brera Oyen Dye ee Ore. Dz 


(say) XXVI would follow from the utilization of the 
hydroxyls in cluster formation. 

The unusual type of hydrogen bonding revealed in the 
present work may be related to the specific biolcgical 
action of the bile salts of the amino-acid peptide conjugates 
of hydroxy cholanic acids. Most other naturally occurring 
sterols have 38-hydroxyl groups. There is some likelihood 
that micelle formation involving fats* may be partly con- 
trolled by the multiple association of hydroxyls. It may 
explain some of the partition effects (that is, the distribu- 
tion between different phases) experienced by Nyström and 
Sjovall* in comparing the mono-, di-, and tri-hydroxy 
cholanic acids and therr derivatives by various separation 
techniques. The stereochemical requirement for strong 
association in solution will, however, very often be 
different from those governing strong association with 
other molecules or adsorbent surfaces. 
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Bupprxe in hydre offers a very convenient system for the 
investigation of oriented growth. In well fed animals 
buds are initiated in a small region just above the peduncle. 
A bud makes its first appearance as a very small conical 
protuberance which later extends outwards as a tube with 
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For many years it has been known that the 3a,12a- 
dihydroxy cholanic acids possess the property of forming 
clathrate complexes, called choleic acids, with a wide 
variety of organic compounds’*, The complex formed 
between deoxycholic acid (3a,12a-dihydroxy cholanic 
acid; the free acid corresponding to compound XVI) 
and stearic acid in a molar ratio of 8: 1 is of quite excep- 
tional stability”. A re-investigation of such complexes 
would seem worth while. An early X-ray study led 
Kratky et al. to claim that eight deoxycholic acid 
molecules form a tube, the core of which contains the 
stearic acid molecule. The deoxycholie acid molecules 
in these complexes are almost certainly held together by 
multiple hydrogen bonds, but the insolubility of such 
complexes has precluded investigation on the lines of the 
present study. The complexing is so tight that the 
complex moves as one spot on thin-layer chromatography. 

We thank the British Council for the award (to 8. K.) 
of a fellowship. We also thank Mrs. F. Lawrie for assist- 
ance with some of the measurements and the following 
colleagues for generously supplying samples: Drs. D. 
Austin, C. J. W. Brooks, I. M. Campbell, Brian Caddy, 
M. Martin-Smith and Professors F. Klyne and R. A. 
Raphael. 
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It was previously thought that bud elongation was caused by cell 
division in the 
that reorlentation and repolarization of tissues, and morphogenetic 
movement, are the principal mechanisms. 


udding zone. Studies on hydra show, however, 


an axis at right angles to the parent. A constriction then 
appears at the proximal end of the tube at about the same 
time that tentacle rudiments become visible at the other 
end of it. Eventually a small complete hydra detaches 
from the parent. These visible stages of the budding 
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Fig. 1. The axial distribution of mitotic index in Hydra httoralis, (a) 

O——O, The distribution along the parent; MJ -~— Mf, the distribution 

within a single animal, where each pomi represents the mitotio index 

compounded from at feast 1,000 celis, and corresponds to an axial 

twentieth in the gastric region or an axial tenth in the peduncle. (b) 
The distribution along the bud, 


process suggest three underlying phases of development— 
the initiation, elongation and regulation of buds. This 
article is chiefly concerned with the mechanism of bud 
elongation—that is, the mechanism responsible for the 
lateral outgrowth of the bud mto a tube with a well 
defined axis. 

The current view of budding, which has arisen from 
consideration. of the overall growth pattern in hydra, is 
that there is an active zone of growth in the budding region 
of the parent. Observations of tissue movements in actively 
budding animals suggest that there is a localized region of 
growth immediately below the hypostome and that cell 
divisions in this region are primarily responsible for the 
growth of hydra'-*. In addition, a second growth zone has 
been postulated in the budding region, and cell division 
in this region is assumed to provide the mechanism for bud 
outgrowth". The concept of a sub-hypostomal growth 
zone, however, has recently been questioned by Camp- 
belle", who found mitotic cells generally distributed 
throughout the body column, but no growth zone. More- 
over, this broad distribution of mitotic cells has been shown 
to be consistent with the observed tissue movements’. This 
article demonstrates that cell division in the budding zone 
is neither responsible for bud elongation nor a necessary 
condition for its occurrence. Rather, we suggest that bud 
elongation is caused by reorientation and repolarization of 
the tissues and morphogenetic movement. 

H. littoralis were used for all the experiments. Animals 
were maintained using the mass culture methods of 
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Loomis and Lenhoff* as modified by Muscatine’, In all 
experiments actively growmg animals possessing one or 
two buds were ‘sed 17-20 h after feeding. 

Pattern of mitotio activity and DNA synthesis. Animals 
were fixed in Lavdoweky’s fluid, serial sections cut at 7p 
perpendicular to the main axis and stained with Feulgen’. 
Serial sections were similarly made perpendicular to the 
long axis of early buds. Four major cell types were dis- 
tinguished’: epithelio-muscular cells, interstitial cells, 
digestive cells and gland cells. The animals were divided 
along their length into ten equal regions and the mitotic 
index of each cell type determined in one section in each 
region. The pooled results for the four cell types in five 
animals are shown in Fig. la. The pattern of mitotic 
indices in a single animal is also shown. This was deter- 
mined from counts on every second section (123 sections). 
These results confirm those of Campbell*:? and show that 
the mitotic index is more or less constant in the gastric 
region and lower in the peduncle. They give no indica- 
tion of a localized growth zone in either the budding or 
subhypostomal regions. The pooled results for three 
buds between stages 2 and 8 (see Fig. 2 below) are shown 
m Fig. 16. The overall mitotic index in the bud (3-1 per 
cent) is similar to that of the gastric region of the parent 
(29 per cent). Examination of buds at later stages of 
development has indicated a similar axial pattern of 
mitotic activity with an average mitotic index of around 
3 per cent throughout all stages of budding. These results 
suggest that the growth dharacteristics of the gastric 
region and bud are the same. i 


Table 1. REGIONAL INCORPORATION OF 7H-THYMIDINE INTO DNA OF 
BUDDING HYDRA 


Percentage of 
Speclfic activity (o.p.m./ug DNA) maximum 
Regions expt. 1 expt. 2 expt, 3 specific activity 
Hypostome and tentacles 165-1 260-5 228 88 
Digestive zone 1941 280-5 230 8 95 
Budding zone 198-5 260 6 281-8 93 
Bud 202-7 281-9 254-2 100 
Pedunole and basal disk 183-5 226 4 185-6 V4 


The mitotic index alone is not, however, an adequate 
measure of growth because it provides no information on 
the rate of cell division. We therefore investigated the 
regional pattern of DNA synthesis as measured by the 
incorporation of tritiated thymidine. Ten animals were 
incubated in 12:5 po./ml. (specific activity 3 o./mmole) 
‘H-thymidine in culture medium “M for 24 h, cut into 
regions which were pooled and their specific activities 
determined. Counting was carried out on ‘Millipore’ 
filters in a scintillation counter. This investigation shows 
(Table 1) that the regional pattern of tritiated thymidine 
incorporation, as measured by counts/min/yg DNA, is 
similar to the distribution of mitotic indices. It thus 
appears that growth in hydra is not localized and that the 
mechanism of bud outgrowth is not related to growth. 
Further evidence for this came from the observation that 
inhibitors of DNA synthesis while preventing bud initia- 
tion did not block bud elongation. 

Because radiation is known to induce an immediate 
delay in both mitosis and DNA synthesis, it was decided 
to see if bud elongation could occur when both were 
severely depressed by radiation. In order to choose an 
appropriate phase for investigation, the time sequence of 
budding was determined in well fed animals. The results 
are shown in Fig. 2 for mass culture animals at 26° C. 
The main outgrowth and elongation of the bud occur 
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Fig. 2. The main changes in form and approximate time course of budding. 
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Fig. 8. The result of isolating a budding zone with a stage 1 bud, 


during the first 9 h from the time the bud first becomes 
visible, as a small conical protuberance (stage 1). Par- 
ticular attention was given to the first 5 h during which 
the stage 1 bud elongates and develops a tubular appear- 
ance with a well defined axis at right angles to the parent 
(stage 2). Hydra with buds at stage 1 were exposed to 
radiation from a cobalt-60 source in a ‘Universal’ glass 
bottle. The dose rate, as measured by ferrous sulphate 
dosimetry, was 1:5 kr./min. Eighteen animals wero 
irradiated in 2 ml. of “M” and then washed several times 
in “M” immediately after irradiation. The stage 1 buds 
of animals exposed to the cobalt source for 15 min (22,500 
rads) were still able to elongate to stage 2 without noticeable 
delay compared with the controls, that is, within the usual 
5 h. This was the highest dose that permitted viability 
over a 5 h period; even so, the animals showed signs of 
tentacle degeneration and they usually disintegrated 
within 24 h. Animals with buds at stage 2 irradiated 
with the same dose developed to stage 3, again without 
evidence of any delay. 

To determine the effect of y-radiation on mitotic index, 
animals with stage 1 buds were irradiated as above; four 
were fixed 2-5 and another four 5 h after the start of 
irradiation. The animals were prepared for histological ex- 
amination as above, except that all sections were examined. 
The mitotic index was zero in all cases—no mitosis could be 
found in any region of the animals, whether fixed after 
2-5 or 6 h. There was considerable evidence of radiation 
damage, such as pycnosis, but no evidence of cell hyper- 
trophy. The effect of this dose of radiation on DNA 
synthesis was investigated by measuring the incorporation 
of *H-thymidine into DNA during the period 0-5-5 h 
after irradiating animals which had stage 1 buds. Both 
the irradiated and non-irradiated controls animals were 
incubated as three batches of six in 0-2 ml, of 7H-thymidine 
(specific activity 3 c./mmole) at 50 uc./ml. in 10- molar 
reduced. glutathione in “M”. The results are shown in 
Teble 2; it can be seen that irradiation caused a 72 per 
eent reduction in incorporation. 


Table 2, AYFEOT OF 22 6 KRADS FROM A OOBALT-60 y-RADIATION SOUROM ON 


THE INCORPORATION OF *"H-THYMIDINA INTO DNA OF BUDDING HYDRA 
Sampl: Sporno active ) ARN ty Perot pr 
ples o p.m./ 4g specifo activi contro 
specific actrvity 
Controls 1 2,808 
2 2,838 2,665 100 
8 2,784 
Irradiated 1 878 
590 742 28 
3 757 


Bud elongation as reorieniation and repolarization. 
The results of the radiation experiments demonstrate that 
bud elongation can ocour even when mitosis is completely 
suppressed and DNA synthesis much reduced. Because it 
is clear that cell division is not responsible for bud elonga- 
tion and yet material from the parent moves into the bud, 
bud elongation must be interpreted, not in terms of growth, 
but rather in terms of tissue movement. We would suggest 
that bud elongation is the result of reorientation and re- 
polarization of parent tissue. By reorientation we mean 
the spatial rearrangement of a tissue so that, while the 


overall form of the tissue is unaltered, the positions of its 
axes are. Reorientation is thus an essential feature of 
budding because the tissues forming a tube in the parent 
move into the bud and again form a tube whose axis is 
now at right angles to the parent. This is well illustrated 
by the behaviour of isolated budding regions in which 
budding has started‘, Fig. 3 shows the result of isolating 
such a budding region with a stage 1 bud. It is clear that 
the elongation of the bud occurs by reorientation of almost 
all the parent tissue. Budding must involve not only 
reorientation but also repolarization of parent tissue. 
Polarity in hydra is manifested by the site of hypostome 
formation in regenerating animals; only one hypostome 
forros and this always at that end of the axis closest to the 
original hypostome. Because the material entering the 
bud comes from the gastric region’, and a hypostome is 
formed at the distal end of the bud, the polarity of this 
tissue must be reversed (Fig. 4). It is of interest that a 
discontinuity in the polarity of parent and bud must 
exist somewhere close to their junction. 

In spite of ignorance of the mechanism of reorientation 
and repolarization, it is possible to discuss briefly some 
factors involved in their control. It seems that the distal 
tip may play an important part in both processes. The tip 
of a stage 1 bud when grafted into the gastric region of a 
host can induce the formation of a new axis’. We have 
confirmed this and have found that this outgrowth behaves 
like a normal bud in that it detaches from the host. This 
induction by the tip of an early bud is similar to the in- 
duction of a new axis by a hypostome™, but there is an 
important difference in that the outgrowth induced by a 
hypostome is shorter and does not detach. During later 
stages of bud development, at about the time of the 
appearance of tentacle rudiments, the tip of the bud 
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Fig 4 Diagram showing the reversal of polarity during budding. In (a) 

the polanty of the parent 18 indicated by the arrows. During buddin 

material from the gastric region of the parent enters the bud, as indica 

by the arrow in (b). It can be seen that the polarity of the material 

entering the bud must have been Fovorsod, A discontinuity 18 Indicated 
atd, 
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behaves like a normal hypostome. Both the hypostome and 
the tip of an early bud are thus capable of bringing about 
reorientation of adjacent tissue. In addition, the hypo- 
stome may also be capable of controlling polarity. Al- 
though the polarity of Hydra littoralis is usually rigorously 
maintained, it can be reversed in certain graft combina- 
tions, and the new polarity is determined ın relation to a 
hypostome’**. In view of the similarity between the tip 
of the bud and the hypostome, and the fact that the bud 
tip eventually forms a hypostome, it seems reasonable 
to postulate that the tip of the bud’ plays a major part in 
bud morphogenesis and is capable of inducmg both re- 
orientation and repolarization. The first step in bud 
formation is probably the development of a region with 
these properties, in a manner analogous to hypostome 
determination in distal regeneration'*?’, 

We conclude that, contrary to the views of Burnett?~, 
the factors determining growth in hydra are quite different 
from those determining ita form. Bud elongation appears 
to involve reorientation and repolarization of the parent 
tissue and the tip of the bud probably plays an important 
part in this process. This is consistent with the suggestion 
that the hypostome plays a dominant part in regulation 
during regeneration’’. In a wider context, it seems clear 
that such orienting and polarizing factors are a significant 
feature of regulation during regeneration or development 
in many systems, even where localized growth is involved. 
Of particular interest is the suggestion that, in regenerating 
limbs of larval Amblystoma, the apical epidermal cap oan 
control and direct the outgrowth of the underlying blas- 
temal cells**. The ability of one region to control the form 
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of adjacent tissue is also a feature of many classical cases of 
induction as shown, for example, by grafts of the organizer 
in amphibian development!*. The morphogenetic results 
of induction, however, have largely been neglected in 
favour of investigations on metabolic effects and temporal 
differentiation. Our results re-emphasize the importance 
of orienting and polarizing factors in determining form 
in @ growing system. 
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ONE of the few mammalian systems suitable for the 
detailed analysis of the regulation of protein synthesis 
is that which controls immunoglobulin synthesis in 
lymphoid cells. This system has the disadvantage that 
it gives a very heterogeneous product, but it has the 
advantage that a number of genetic markers are present, 
particularly on the heavy (H) chains. 

The H chains of human IgG immunoglobulins have 
been divided into four main antigenic groups, namely, 
We(y2b), Vi(y2c), Ne(y2a) and Ge(y2d) (refs. 1 and 2). 
Genetic markers have been found associated with three 
of the groups, each marker being associated with only one 
group. For example, Gm(a) ıs associated with the We 
group and Gm(b) with the Vi group. 

Tt has been shown that human peripheral blood lympho- 
cytes in culture can be stimulated by phytohaemagglutinin 
(PHA) (ref. 3) or by various antigens‘ to produce 
protein’:® at least part of which appears to be immuno- 
globulin**. Some workers'*, however, using specific 
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The production of Immunoglobulins is controlled by a combination of 
genes. It appears that most Individuals carry genes for both types of 
maeaea, Gm(a) and Gm(b). 

ind expression in the phenotype, however, seems to depend 
on the action of regulatory genes which can control the expression 
of the clstrons coding for Gm(a) or Gm(b). 


Whether or not these genes 


fluorescent antisera have been unable to demonstrate 
IgG production. Some experiments which were said to 
demonstrate the synthesis of IgG have been criticized® for 
their lack of controls. In particular, there was no evi- 
dence that binding of the fluorescent antibody was specific 
or that the immunoglobulin was newly synthesized by the 
cells and did not represent cytophilic antabody adsorbed 
on. to the cell surface from the medium. 

In the present experiments we used the two H chain 
markers, Gm(a) and Gm(b), and cells from individuals of 
Gm(atbt), Gm(atb-) and Gm(a-bt) serum phenotype 
to analyse more critically the synthesis of immuno- 
globulin by human peripheral blood lymphocytes in 
culture. Gm(a) and Gm(b) are not allelic markers because 
they are associated with different antigenic groups’*. It 
has been assumed in these studies that the production of 
some of the antigenic determinants of the H chain indi- 
cates the production of the H chains themselves, if not of 
whole IgG molecules. We took care to carry out sufficient 
control experiments to avoid doubts about the specificity 
of the methods used. Apparent discrepancies between the 
genotype and the phenotype of individuals have provided 
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new informct'on about the genetic control of immuno- 
globulin synthesis. 

Blood was obtained from normal adult donors or 
patients with haemochromatosis of polycythaemia and 
their serum Gm phenotypes were determined using 
reagents already desoribed**. Some donors were vene- 
sected repeatedly at mtervals to allow a series of studies 
to be made on their lymphocytes. The method of culture 
was essentially that of Rubin and Cooper. Using sterile 
procedures, blood was centrifuged at 800g for 10 min 
at 5° C, the supernatant diluted with two volumes of warm 
Eagle’s minimum essential medium (MEM) for suspension 
culture and the suspension filtered through a column of 
cotton wool. The cells were washed three times with 
MEM to remove residual serum immunoglobulins, as 
judged by a negative reaction with fluorescent rabbit 
anti-human IgG. Each millilitre of cell suspension 
(approximately 10 cells) contained 20 per cent foetal calf 
serum and 0:05 mg of PHA-P (Difco, batch No. 451622) 
which had previously been adsorbed with washed human 
erythrocytes to remove the hasmagglutinating factor, be- 
cause this would interfere with later Gm typing of the 
culture fluids. Cella were grown for periods ranging from 
30 min to 96 h, the usual time being 65 h. Control cells 
wore treated the same way, except that PHA was omitted. 

Purified antiserum (IgG fraction) to pooled human 
IgG was prepared in rabbits and purified antisera (IgM 
fraction) to the Gm(a} and Gm(b) markers of human 
immunoglobulin were prepared in rhesus monkeys. The 
antisera were conjugated with fluorescein isothiocyanate 
or rhodamine isothiocyanate and further pumfied by 
chromatography. A human anti-Gm(ax) purified from 
the serum of a SNagg donor was also used in some experi- 
ments. Only the IgM fractions of the monkey and human 
sera were conjugated. The washed cells were stained, 
either at the beginning of the experiment or after culture, 
by adding one drop of fluorescent antiserum to one drop 
of cells resuspended in plain MEM. After incubation 
for 30 min at room temperature, the cells were washed 
three times to remove excess antiserum. Smears were 
prepared, dried and examined unfixed, using a Leitz 
‘Ortholux’ microscope with a source of ultra-violet light, 
a UG 5 primary filter and an eyepiece filter which absorbed 
in the ultra-violet. Culture fluids from each group of 
cultures (PHA or control) were pooled, concentra 
and tested for the presence of Gm factors by an agglutina- 
tion inhibition test’. 

The specificity of the fluorescent antisera was ensured 
as follows: 

(1) The IgM fraction was isolated, before immunization, 
from the serum of rhesus monkeys used for the preparation 
of the anti-Gm(a) and anti-Gm(b) sera, and labelled with 
fluorescein or rhodamine. This labelled IgM had no anti- 
Gm activity and did not stain the cells before or after 
culture. 

(2) To reduce the possibility of non-specific staining, 
fluorescent anti-Gm(a) was adsorbed against Gm(b) by 
passage through a column of azobenzyl ‘Sephadex G-200° 
which was conjugated with IgG isolated from the serum 
of a Gm(a-b+) donor. Fluorescent anti-Gm(b) was simi- 
larly adsorbed against Gm(a)*. 

(3) After conjugation to fluorescent dyes, the antisera 
behaved in an identical way to unconjugated antisera in 
the agglutination-inhibition test. 

(4) There was no reaction of fluorescent anti-Gm(a), 
anti-Gm(b) or anti-IgG with any of the washed cells at 
the start of the experiment. 

(5) Pretreatment of oultured cells with unconjugated 
anti-Gm(a), anti-Gm(b) or anti-IgG blocked the reaction 
of these cells with the corresponding fluorescent antiserum. 
The fluorescent antisera could not, however, be blocked 
by non-homologous antisera. 

(6) If the fluorescent antisera were mixed with excess 
pooled human IgG before reaction with the cells, there 
was almost complete blocking of the staining reaction. 
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Similar results were obtained by mixing fluorescent anti- 
Gm(a) with excess Gm(a) serum, or fluorescent anti-Gm(b) 
with excess Gm(b) serum. 

(7) When washed erythrocytes were cultured in the 
same way as the lymphocytes they showed no reaction 
with the fluorescent antisera. 

(8) Leishman staining of the cell suspension before 
culture showed 96-98 per cent small lymphocytes, exclud- 
ing non-specific staining of other leucocytes as a source of 
error. 

(9) Frozen sections of lymph nodes from donors of 
known serum Gm phenotype were examined with the 
same batches of fluorescent antisera. Individuel plasma 
cells in sections from Gm(a*b~) persons stained only with 
anti-Gm(a); cells from Gm(a~b+) donors stamed only with 
anti-Gm(b); and sections from Gm(atbt) donors showed 
two populations of plasma cells, one staming with anti- 
Gm(a) and the other with anti-Gm(b). 

The treatment accorded the antibodies in (2) and the 
specificity demonstrated in lymph nodes in (9) ensured 
that the antibodies used were specific for the Gm markers 
only and not for the whole of the corresponding immuno- 
globulin groups. 

Lymphocytes obtained from most donors responded 
normally to PHA, showing mitoses and transformation of 
many cells to blast cells, but the cells from one normal 
donor (Cu) did not show transformation on repeated 
culture. The results of studies on cells from a series of 
donors are shown in Table 1. 


Table 1. Gm PHENOTYPES OF DOXOR CELLS AND SERA 

Status of Gm phenotype Gm phenotypo No. of 
Donor donor* of serum $ of PHA cells repetitions 
Ha H atrbf- atbt 10 
Ro P ax b+ atbt 8 
Ru P ax btf{+ atbt 5 
An H atxbtft atbt 8 
Ki N atbt atbt 2 
Ou N atbt -ye 3 
Ta N atb+ atbt 1 
Ni N atb” -ve 1 
Ka N abt atbt 1 
Do N abt atbt 1 
Mi N abr atbt 1 
Ho N abt -v8 1 
* H, Haemochromatosis; P, polycythaemia; N, normal. 

These serum geno es Were Jan y checked by Dr. M. Harboe, Instatute 
of sores tartan eval Hospital, Qalo, Norway, and found to be in 
agreement wit with o ur typing. 

t The factors Gma Gma), Gm(f) correspond to the factors Gm(2), 
Gm(4), G@m(5) respectively in the WHO nomenclature”. 


With donora of serum phenotype Gm(a), many of the 
cultured cells treated with PHA showed a positive reaction 
with fluorescent anti-Gm(a). The cells were either isolated 
or members of a clump. When examined in white light 
there was a number of large blast cells which had not 
reacted with the antiserum. When stained with fluores- 
cent anti-Gm(b) a small but significant number of the 
cells treated with PHA showed a positive reaction. These 
cells were isolated or a fow cella were members of a larger 
clump. When the cells treated with PHA were steamed 
simultaneously with fluoroscein anti-Gm(a) and rhodamine 
anti-Gm(b) or rhodamine anti-Gm(a) and fluorescein anti- 
Gm<(b), the majority of the reacting cells were positive 
for Gm(a), while the remainder were positive for Gm(b). 
There were still some cells which did not react with either 
anti-Gm(a) or anti-Gm(b). The control cells which had 
not been treated with PHA gave negative results or showed 
only very faint fluorescence. 

The results for cells from Gm(b) donors were similar to 
those for cells from Gm(a) donors. The number of Gm(b) 
cells seen was, however, approximately the same as, or 
only slightly greater than, the number of cells positive for 
Gm(a). When the cells were treated simultaneously with 
anti-Gm(b) and anti-Gm(a), there were approximately 
equal numbers of cells positive for Gm(a) and Gm(b). 
A very few cells appeared to react with both anti-Gm(a) 
and anti-Gm(b), while some failed to react with either. 
Control cells were again negative or showed a very weak 
positive reaction. 
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As expected, cells from Gm(ab) donors reacted with both 
the fluorescent anti-Gm(a) and the anti-Gm(b). Simul- 
taneous staining of these cells with anti-Gm(a) and anti- 
Gm(b) showed a mixed population of cells positive for 
either Gm(a) or Gm(b) with occasional cells which had 
failed to stain at all. Control cells were again negative. 
It appeared that Gm(a) positive cells were in the majority, 
but ıt was not possible to make accurate counts. 

The proportion of cells which reacted with anti-Gm(a) 
or anti-Gm(b) varied from donor to donor, but for any one 
individual the proportion was always approximately the 
same in a series of separate experiments. In all cases 
cells from PHA-treated cultures showed a bright, positive 
reaction with rabbit anti-human IgG, while the control 
cells were negative. There were some blast cells in the 
cultures treated with PHA which did not react with the 
rabbit antiserum. 

The period for which the cells were cultured with PHA 
before a positive reaction with the Gm antisera occurred 
varied considerably from one donor to another, as shown 
in Table 2. For any one donor this time was fairly con- 
stant. Tests for the presence of Gm factors in the culture 
fluids were negative for both PHA treated and control 
cultures. 


Table2. TIMES OF APPEARANCE OF DATEOTABLE FLUORBSOBROS OF CULTURED 
OBLLS 
Time of first 
Donor i reaction 
Ro 0-5 
Do 1 
Mi 1 
Ka 26 
Ha 8 
Ta 8 
An 8 
Ru 24 


Although the specificity of the fluorescent staming was 
thoroughly examined we did not test for markers other 
than Gm(a) and Gm(b), so that the presence in the anti-Gm 
sera of antibodies to other antigenic markers cannot be 
entirely excluded. (The anti-Gm(b) was free of anti- 
Gm(f)*.) This does not alter the observation that after 
culture in the presence of PHA some cells were found 
to be producing an antigenic marker -which was not 
expected on the basis of the serum phenotype. 

It seems likely that, regardless of serum phenotype, the 
structural cistrons for both Gm(a) and Gm(b) are normally 
present in the genome but the phenotype depends on the 
inheritance of regulator genes which control the expres- 
sion of these structural cistrons. An individual whose 


* Kindly tested by Dr E van , Central Laboratory of the Nother- 
lands Red Cross Blood Transfusion Service, Amsterdam, The Netherlands. 
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serum phenotype is Gm(atb~) may therefore possess both 
Gma and Gmb> together with a regulator gene Rb which 
allows only the expression of Gm*. Thus his genotype 
could be Gm4#/Gmbh> rather than Gms/Gm>. (This nota- 
tion does not imply that Gma and Gmb are alleles.) When 
the cells are cultured in the presence of PHA, the regulator 
gene Rb or its products may be inactivated, allowing the 
expression of Gm», The operation of these regulator genes, 
however, still appears to be subject to the apparently 
general rule!* that most cells are committed. to the pro- 
duction of one type of antibody. Thus, although PHA 
derepresses normally quiescent structural cistrons, most 
cells produce only one type of the two Gm markers studied. 

Although there may be four genetic loci controlling the 
production of the H chains’*, one for each sub-group of 
chains, it is uncertain at present whether one, several or 
many cistrons constitute the genetic locus for each sub- 
group. 

The present results clearly show an apparent discrepancy 
between the genotype and the expressed phenotype of an 
individual, an observation which is important for detailed 
genetic analysis of the control of mmunoglobulin synthesis. 
Using a panel of antisera to other Gm factors, the system 
could be extended considerably to give ẹ much more 
complete picture of the portion of the genome concerned 
with immunoglobulin synthesis. 

This work was supported by a’ grant from the Asthma 
Foundation of Victoria. We thank Dr. T. Golab for Gm 
typing and the Blood Bank, Alfred Hospital, Melbourne, 
for a supply of blood samples. 
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Consumption of Oxygen by the Egg of Drosophila melanogaster 


by Eggs of wild-type, Inbred and hybrid strains of Drosophila show 
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Insrexpine and hybridization lead to striking differences 
in quantitative traits of the Drosophila imago, but very 
little is known about the possible expressions of inbreeding 
depression and heterosis early in embryonic life. We 


* Present address: Laboratoire de Génétique F. A. Janssens, Université de 
Louvain, Pare d'Arenberg, Heverlee-Louvain, Belgium. 


some differences related to genotype. These appear, however, to 
be confined to the first stages of development preceding the first 
movements of the larvae. 


therefore decided to investigate egg respiration in different 
genotypes of Drosophila. Later on we shall try to establish 
the relationships between values of metabolic parameters 
measured: (a) at different stages of development; (b) 
in various environmental conditions; and {c) in flies 
of varying longevities?. 
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This article deals with measurements of oxygen con- 
sumption in developing eggs, from laying to emergence 
of the larva. The eggs from two wild strains, Abeele and 
Gebarros, from the inbred strains originating from Abeele 
and Gabarros (generation F's, to Fio), hybrid eggs (F) 
origmating from reciprocal crosses between Abeele inbred 
(generation Fs to Fis) and Gabarros inbred (generation 
Faos tO Fios), and F, eggs laid by the F, hybrids have 
all been investigated at 25° C (the history of these strains 
can be found in ref. 2). The eggs were collected within 
5-15 min of laying, and placed in a respiration chamber. 
The age of the parents was an important source of quan- 
titative variation in the offspring’, and so eggs were 
collected only from flies of known age (from 2 to 26 days 
at 25° C), female and male parents being of the same age 
in a given experiment. The measurements of oxygen 
consumption were begun 1 h after egg-laying, and were 
made every 30 min for the duration of the development of 
the egg—that is for more than 20 h. The technique used 
was the gradient-diver method developed by Levlie and 
Zeuthen’. All the steps required to calculate the indi- 
vidual amounts of oxygen consumed were carried out on 
a Gier computer. In order to compare the consumption 
rates of different strains a mean rate curve was calculated 
for each strain investigated, by making the individual 
rate curves of several eggs coincide on the time axis at 
the moment of emergence of the larva. This point is the 
only biologically defined point in time, because Drosophila 
females can retain the egg within the uterus for variable 
periods’. Of 158 individual experimenta, sixty were dis- 
carded for various reasons, as follows in order of frequency 
of occurrence: technical failure, mortality during develop- 
ment, lack of fertilization and abnormally short duration 
of development. A complete report of this work, including 
extensive technical details, will be published later’. 


Table 1. NUMBER OF EBXPNRGDIENTS, MEAN DURATION OF DEVELOPMENT 
OF THH EGG UNTIL THE AMERGENCR OF THE LARVA, AND MHAN TOTAL OXYGEN 
CONSUMPTION YOR THH SAME PERIOD OF TIME 


Strain n t (hb) EAO, (l) 
Abeole wild 6 19:75 + 0°56 0-599 + 0-042 
Abelo bred 10 19-80 +0 92 0-616 +0 025 
AGP, 18 20 7840 32 0-620 + 0 028 
AGF, 18 20 88 + 0-28 0 626 + 0-025 
Gabarros wild 18 18-81 + 0-55 t0082 
Gabarros inbred 18 19-12 + 0-64 566 + 0 082 
GAP, 16 20-25 + 0-18 0-581 + 0-068 
GAP, 14 20-11 + 0-82 0 648 + 0-027 


In hybrnds the symbol denoting the female precedes that of the male. 
n, Number of experiments; i, time of emergence of larvae; and 2 40,, mean 
total oxygen consumption. 


Table 1 shows, for each of the eight genotypes tested, 
the number of successful experiments carried out, the 
mean duration of development in hours from egg-laying 
up to the emergence of the larvae, and mean total oxygen 
consumption in pl. during the same period. Development 
times were compared by the ż test and mean total oxygen 
consumptions were compared by the analysis of covari- 
ance, which procedure eliminates the influence of the 
parental age factor. 

Table 2 shows the value of the regression rate of oxygen 
consumption on time for the two periods of development. 
The quantification of these two periods by use of the 
regression calculations allows comparison between geno- 
types. The breaking point between the two periods 
occurred 9 h before the emergence of the larva, which 
corresponds to the time when the first muscular move- 
ments of the larva are observed’. 

The comparison of developing eggs of inbred and wild- 
type Drosophila melanogaster showed the following to be 
valid for both the Abeele and Gabarros strains: (a) the 
initial rate of oxygen uptake is slower in inbred than 
in wild-type eggs; (b) the increase in rate up to the 
tune when the first movements of the larva occur is 
greater in inbreds than in wild types; (c) the rates of 
oxygen consumption at the beginning of embryogenesis, 
and the increases in consumption during the second part 
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Table 2. PARAMETHRS OF THH REGRESSION OF THR BATE OF OXYGEN OON- 
SUMPTION ON TOM FOR THR TWO SEPARABLA PHRIODS OF BMBRYOGHNESIS 
IN BOGGS OF HIGHT Drosophila GaNOTYPRS 


First period Second od (last 9 h, 

Strain k t Means porig : p 
Abeolo wild 0-0276 2-28 00809 000160 8-61 
Abeele inbred 0 0278 000080 8 24 0:0348 0-0016; 10 04 
AGF, 0253 0 00052 6-05 0" 0 00198 8:87 
AGF, 00258 000095 14-28 00877 000196 20°58 
00266 0-0 11-68 00379 000158 1068 

Gabarros inbred 00251 O-00110 14°55 0:0348 000156 10-02 
GAP, 002889 0-0005 1611 00844 000201 1587 
QAF, 0-0265 000076 1828 0-0890 000212 1407 


cant to the 0001 probability level, except that 
tod of Abeele wild strain development, which 
0-05 < P < 0-10, 


corresponding to pagui 
has a significance probabili 


of embryogenesis, are equal for the two types of egg; 
(d) the total oxygen consumption from the time when the 
egg is laid to the time when the larva emerges is equal 
in wild-type and inbred eggs; and (e) with the present 
technique for collecting the eggs the duration of develop- 
ment appears to be the same for inbred and wild-type eggs. 

The comparison of reciprocal hybrids with each other 
and with the inbreds has yielded the following informa- 
tion: (a) the differences in duration of development 
between the F, reciprocal hybrids are not significant, nor 
are the differences between their total oxygen consump- 
tions, although these point in the same direction as 
the differences between the total oxygen consumption 
of the female inbred parents; (6) the initial rates of 
oxygen uptake are essentially the same in inbreds and 
hybrids; (c) the increase in rate during the period cul- 
minating in the first movement of the larva is small for 
hybrids and large for inbreds, the difference between the 
two being highly significant; (d) during the second part 
of embryogenesis the considerable difference in the rate 
of oxygen consumption between inbreds and hybrids 
declines until the direction of the difference is actually 
reversed; (e) development of the egg takes longer with 
hybrids than with inbreds; and (f) total oxygen con- 
sumptions from egg-laying up to the emergence of the 
larva are equal in hybrid and inbred eggs. 

The results for the F, generation and comparison of 
these with resulta of inbred and hybrid eggs suggest that: 
(a) during the first part of embryogenesis the F, eggs 
have values for the coefficient of regression of the rate of 
oxygen. consumption with time which are either inter- 
mediate between the values obtained with hybrids and 
inbreds (for example, GAF, < QAF, < Gabarros inbred) 
or even greater than the inbred values (for example, 
AGF, < Abeele inbred < AGF,); (b) during the second 
part of embryogenesis the F, eggs show regression co- 
efficients which are virtually the same as those of the F, 
eggs, but significantly different from those of the inbreds, 
down to the 0-05 probability level; (c) the mean total 
duration of development from egg-laying to emergenco 
of the larva is not significantly different in F, and hybrid 
eggs, but is significantly longer in F, than in inbreds; and 
(d) the standard error of the mean duration of development 
is smaller in F, eggs (as in hybrids) than in inbreds. 

Considering the present main inquiry, which is con- 
cerned with comparison of the effects of inbreeding 
depression versus the heterosis phenomenon in their 
earliest manifestations, this investigation has demon- 
strated considerable differences between inbred and 
hybrid genotypes very early ın the first period of develop- 
ment of the egg. It is not yet known whether the relatively 
slow increase in the rate of oxygen consumption of hybrid 
eggs has any connexion with the speed and the number 
of mitotic divisions, as postulated earlier!, but it should 
be emphasized that ıt is almost certainly the first part of 
the life of the egg which is prolonged in the hybrid egg 
by about 1h. This is supported by the fact that the 
breaking point on the curve of the rate of oxygen uptake 
occurs approximately 9 h before the emergence of the 
larva both in hybrids and inbreds. Furthermore, the 
prolongation of development and its regularization (in- 
dicated by a smaller standard error in hybrids as com- 
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< pared with inbreds) must also be considered direct 
expressions of heterosis, because the ovula are known to 

‘be genetically identical in the two cases. 

The expressions of inbreeding depression and heterosis 
just described are transient: they disappear in the second 
“part of embryogenesis. In contrast, many other expres- 
_ sions of these two phenomena are observed later, for 
example, the largely increased mortality of inbreds at 
later, defined developmental stages, as opposed to the 
high ‘viability of hybrids!**, 

It seems clear that the young larva breaks the chorion 
and emerges after a given constant expenditure of energy; 
‘the amount of oxygen consumed by the embryos of 
© different genotypes does appear to be constant, at least 

within the limits of statistical significance, and with the 
important exception. of cases in which parental age 
influences the total consumption of oxygen. (In the case 
of Gabarros inbred and GAF, the correlation between 
total oxygen consumption and parental age is positive 
~ and very significant; for example, in Gabarros inbred 
“eggs as the age of the parents increases from 4 to 18 days 





_ Histochemistry of Blood Cells treated with Pokeweed Mitoger : 















the total oxygen consumption rises from 0-485 te 0-747 
In conclusion, one of the most significant: features dis 
closed is that a constant amount of oxygen is us 
reach a well defined point in the life-cycle of Drosoph: 
and that this amount is used at different rates and 
different periods of time depending on the genotype. 

This work was supported in part by grants from 
Belgian Ministry of Education and the Danish 
Ørsted Foundation. We thank Professor Erik | 
and Professor M. J. Heuts for their help. 
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ALL parts of the plant Phytolacca americana (pokeweed, 

inkberry, scoke) contain a water-soluble substance capable 

of provoking blastogenesis in human peripheral blood 

lymphocytes'. This phytomitogen has been named 

pokeweed mitogen. Romanowsky staining reveals that 

the blastogenic phenomenon of human lymphocytes 

initiated by this substance is morphologically similar to 

that stimulated by phytohaemagglutinin. Human systemic 

exposure to pokeweed mitogen in vivo results in blasto- 

genesis and mitosis of mononuclear cells in the circulating 

blood. ag well as the appearance of cells which are in- 
distinguishable from plasma cells when viewed with 
-< Romanowsky staining in the light microscope’. Some 
investigators have claimed that lymphocytes treated in. 
vitro with pokeweed mitogen may have more extensive 











response to pokeweed mitogen or phytohaemagglutinin exhibit 
similar morphology as well as similar metabolic adaptations. These 
include increased glycogen, lipid, and certain hydrolytic and dehydro- 
genase activities. = 









endoplasmic reticulum than lymphocytes respone i 
stimulation by phytohaemagglutinin*; 

We have compared histochemically demo: 
effects of pokeweed mitogen and phytohaem 
on normal human blood mononuclear celle i 
short term cultures. In particular, we have comp 
number of enzyme activities, which are associater 
important metabolic pathways, the distribution: of Hes 
somal enzymes in the blastic cells, the nature of the cyto- 
plasmic vacuoles, and the distribution of periodic acid— 
Schiff positive material in these cells. 

Human peripheral blood was obtained from normal 
volunteers by venipuncture, heparinized, and centrifuged 
at 250g for 10 min. Cultures of buffy coat cells: contained: 

2 ml. of culture fluid and 500,000 lymphocytes/ml. The : 





Table 1 
, Alkaline Acid 
Treatment of cells Days in vitro phosphatase phosphatase = #-Glucaronidase* Lipid Glycogen” 
Fresh lymphocytes 0 0 trace trace 0 rare + 
Control lymphocytes 1-3 0 trace trace Q + 
47 0 trace trace 0 9 

Phytomitogen cultures 
PHA blastic 1-3 9 + O-trace + + 0 
Lymphocytes dF 0 + O-trace + 0 0 
PWM blastic 1-3 Q + 0-trace + + 9 
Lymphocytes 4-7 ) + ĝ-trace + 0 i] 
PHA preblastic 1-3 0 + + + + g 
Lymphocytes 4-7 0 + + + 0 ü 
PWM preblastic 1-3 0 + + + + oO 
Lymphocytes 4-7 0 + + + 0 1 R 
PHA small 13 0 trace + trace + a: 
Lymphoeytes 7 0 trace + trace 0 6 
PWM small 1-3 0 trace + trace + ea Ge 
Lymphocytes 4-7 0 trace + trace 0 a 


*4 Reaction seen in some, but not all, of the cella; PHA, phytohaemagglutinin, and PWM, pokeweed mitogen. 
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culture medium was composed of 20 per cent autologous 
plasma and 80 per cent of either NCTC 109 or NCTC 135 
(Grand Island Biological Co.). Cultures were incubated for 
periods of up to 1 week in the presence of either 0-02 ml. 
of pokeweed mitogen (Grand Island Biological Co.)/ 
culture or 0-05 ml. of phytohaemagglutinin/culture. 
Control cultures were incubated without a phytomitogen. 
Alkaline phosphatase activity was investigated by the 
Gomori azo method using fast blue RR as the coupler’, 
and with the naphthol ASMX phosphate method of 
Ackerman® on cells fixed with formol-methanol. Acid 
phosphatase activity was demonstrated by the Gomori 
lead sulphide technique, after fixation with formol 
vapour, and by the hexazonium pararosanilin method of 
Goldberg and Barka’ which utilizes naphthol AS-BI 
phosphate as substrate. $-Glucuronidase activity was 
demonstrated by the method of Fishman and Baker®, and 
by the naphthol AS~BI glucuronide method of Hayashi’. 
Lipid was demonstrated with oil red O and sudan black 
B", after fixation with formol-methanol. Glycogen was 
removed by digestion in 0-1 per cent «-amylase at 37° C 
for 30 min. Phosphorylase activity was demonstrated by 
the method of Quaglino and Hayhoe!. Lactic, succinic, 
glucose-6-phosphate, and 8-hydroxybutyric dehydrogenase 
activities were shown in frozen-thawed cells using the 
techniques described by Barka and Anderson?. 





Fig. 1. Blastic mononuclear cells wich prominent cytoplasmic vacuoles 
from 48 h culture. Wer.ght Giemsa x 800. 





3 


Fig. 2. Gomori acid phosphatase reaction in cells treated with pokeweed. 
mitogen, 48 h in culture. Reaction product is particulate and clearly 
distinct from vacuoles, Nuclear fast red counterstain x 800, 
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Fig. 3. Naphthol AS-BI glucuronide f-giucuronidase reaction in cells 

cultured with pokeweed mitogen for 72h. A large blast with prominent 

vacuoles shows no reaction, Two smaller cells show strong reaction 

product (arrow), distinct from es Methyl green counterstain 
x e. 660, 





Fig. 4. Seventy-two hour cells cultured with pokeweed mitogen, oilred O 
stain. Cytoplasmic vacuoles are positive a lipid. Haematoxylin counter- 
stain x e. 950. 


The blastogenic process occurring in cultures treated 
with pokeweed mitogen was morphologically similar to 
that seen in the cultures treated with phytohaemagglutinin. 
The earliest morphological changes in the lymphocytes 
were increase in cell size, increase in cytoplasmic basophilia 
and the early appearance of cytoplasmic vacuoles. These 
cells will be designated as preblastic or transitional cells. 
The preblastic stage was followed by a blastic appearance 
characterized by primitive nuclear chromatin pattern, 
prominent nucleoli and marked degrees of cell size in- 
crease, cytoplasmic basophilia, and cytoplasmic vacuo- 
lization (Fig. 1). Variable numbers of azurophilic granules 
were present in the blastic cells. Mitotic figures were 
prominent after 48 h in vitro. 

Table 1 and Figs. 2-5 show the histochemical com- 
parisons of fresh lymphocytes, lymphocytes in control 
cultures, and those cultured in the presence of either 
pokeweed mitogen or phytohaemagglutinin. In all 
experiments the lymphocytes treated with pokeweed 
mitogen were similar in their histochemistry to those 
treated with phytohaemagglutinin. 

The increased activity of dehydrogenases described 
for cells treated with phytohaemagglutinin'!® was con- 
firmed and similar changes were found in cells undergoing 
blastogenesis with pokeweed mitogen. Increase in succinic 
dehydrogenase was least marked. Glucose-6-phosphate 
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and §-hydroxybutyrie dehydrogenase activities were 
markedly increased as compared with these activities in 
fresh mononuclear cells or those cultured without a 
phytomitogen (Fig. 6). Lactic dehydrogenase activity 
“was intense in fresh mononuclear blood cells and this 
activity was retained during blastogenesis (Fig. 7). 

These results indicate that cells undergoing blasto- 
i genesis in response to pokeweed mitogen resemble 
lymphocytes treated with phytchaemagglutinin in certain 

histochemically demonstrable properties. Our investiga- 
tions showed that lymphocytes, in the presence of either 
phytomitogen, develop cytoplasmic vacuoles which con- 
sistently contain lipid material. Investigations of the 
nature of these vacuoles in cells treated with phyto- 
haemagglutinin have led to conflicting results. While 
some investigators have found no evidence of lipid in the 
vacuoles4, Tanaka and associates'® 16 have demon- 
strated substantial quantities and suggest that the failure 
of others to demonstrate this lipid could be related to the 
type of fixation. 

The acid phosphatase activity of lymphocytes under- 
going blastogenesis in response to either pokeweed mitogen 
or phytohaemagglutinin is cytoplasmic and is not found 
within the vacuoles. These findings do not corroborate 
the illustrations of R. Hirschhorn and associates?! in 
which acid phosphatase activity was evidenced by large 





Fig. 5. Seventy-two hours of culture with pokeweed mitogen. Periodic 

acid—Schiff positive, diastase labile material seen in small (a), preblastic 

(8), and blastic lymphocytes (c). Other small (d), preblastic (e), and blastic 

cells (f) have no positivity. No positivity demonstrated in cytoplasmic 
vacuoles. Haematoxylin counterstain x 960. 





Fig. 6. #-Hydroxybutyric dehydrogenase reaction in cells cultured for 
42h with pokeweed mitogen. A mitotic figure is strongly reactive. Other 
celis show moderate reaction. Nuclear fast red counterstain x c. 660. 





Fig. 7. Lactic dehydrogenase in a 48 h blastic cell from culture: with | 
pokeweed mitogen. Nuclear fast red counterstain x ¢. 660. 




















diffusely coloured areas in the cytoplasm which appeared 
to coincide with thecytoplasmic vacuoles. B-Glucuronidase, 
another lysosomal enzyme, was likewise localized’ outside 
of the lipid vacuoles. mS 

Human lymphocytes undergoing — blastogenesis.< in 
response to pokeweed mitogen develop: eytopla 
glycogen stores at times similar to those responding to 
phytohacmagglutinin. Likewise, the subsequent: Jo u 
glycogen in the large blastic cells is similar in the presence: 
of either mitogen. This confirms the observation. of 
Quaglino? and of Yoffey'* on the pattern of glyeogen 
developing in lymphocytes treated with phytohaemag- 
glutinin. No amylase stable periodic acid—Schiff positivity 
was observed in lymphocytes treated with either phyto- 
mitogen. The problems, artefacts, and interpretation of 
this positivity in lymphocytes in vitro will be discussed 
elsewhere. wee 

The increased activity of a number of dehydrogenases 
representative of different energy-producing. pathways 
suggests that several metabolic routes may be augmented 
in the course of the blastogenic change. Quaglino ar is 
associates}? suggested that glycolysis probably plays an. 
important part in providing energy for blas ; 
provoked by phytohaemagglutinin. The increased j 
of the pentose phosphate pathway, as evidenced by the 
activity of glucose-6-phosphate dehydrogenase, is most 
logically related to the provision of reduced triphospho- 
pyridine nucleotide for biosynthetic processes and to the 
provision of pentoses for nucleic acid synthesis. < 

This investigation was supported by a research grant 
from the U.S. Public Health Service. 
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Rejoining of X-ray Induced Breaks in the DNA of 
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CaEeMicaL changes induced in DNA by radiation constitute 
important primary sites of damage which are responsible 
for initiating the series of events that lead to the death of a 
cell and other types of cellular injury after exposure to 
ionizing radiations. The ultimate magnitude of the DNA 
lesion is determined by the inherent radio-sensitivity 
of the DNA and the capacity of cells to repair damage. 
Investigations of the effects of ionizing radiations on 
isolated DNA have shown that the macromolecule can 
suffer several types of physico-chemical alterations'~, 
Included among such alterations are: the formation of 
breaks in each polynucleotide chain of the DNA twin 
helix (single breaks); the adjacent, or near adjacent, 
breakage of both polynucleotide chains (double breaks); 
and intermolecular crosslinking. 

Although the extent of crosslinking has been found to 
depend on the nature of the biological structure which 
contains the DNA, the extent of strand breakage is not 
greatly influenced by the cellular environment of the 
DNA or the nucleoprotein structure in which it is com- 
bined*. Accordingly, for a given dose it would be expected 
that the extent of the initial physico-chemical damage 
suffered by the DNA in radio-sensitive mammalian cells 
and. in. radio-resistant bacterial cells would be similar. 
This has been shown to be approximately true for double 
breaks in the case of L5178Y lymphoblasts (D,=38 
rads), Escherichia coli Bir (D y= 14 krads) and Micrococcus 
radialurans (Dy=70 krads)**. An exact equivalence, 
however, could not be demonstrated because of the sensi- 
tivity of DNA damaged by X-rays to hydrodynamic 
shear during the extraction procedure’. McGrath and 
Williams’ have developed an elegant method by which 
the molecular weight of DNA in Ẹ. coli was determined 
with a minimum amount of shearing. The cellular DNA 
was labelled with tritiated thymidine, and the cells were 
lysed directly on the top of an alkaline sucrose gradient. 
The high pH caused the protein and RNA to dissociate 
rapidly from. the nucleoprotein complex and the double 
helices of DNA to separate into single polynucleotide 
strands*. From the rate of sedimentation the molecular 
weight of the denatured (that is, single stranded) DNA 
was determined and with E. coli it was found that the size 
of the DNA molecules was within one-sixth of the total 
DNA in the bacterial genome. Similar results have been 
obtained with M, radiodurans®. When irradiated cells 
are treated in a similar manner the decrease in molecular 
weight of the DNA single helix will reflect the total number 
of breaks, both single and double, produced in the cellular 


The number of breaks produced by X-rays in the polynucleotide 
chains of the DNA in murine leukaemia cells, the bacterium Micro- 
coccus radiodurans and in isolated DNA are approximately the same. 
The leukaemia cells have an efficient system for rejoining broken 
strands. The results also suggest that the molecular weight of the 
mammalian DNA is very high. 


DNA; but because single breaks are produced at least 
five to ten times more efficiently than double breaks*® 
the change is predominantly a measure of single break 
formation. 

At doses which kill only 50 per cent of radio-sensitive 
mammalian cells or radio-resistant bacterial cells the 
damage to the DNA is extensive. Thusif DNA damage is 
the predominant cause of radiation death, either the 
physico-chemical damage is of little significance, or else 
much of it is repaired within the cell. The possible roles 
of DNA repair systems in determining cellular radio-sensi- 
tivities to ionizing radiations have been reviewed’, and 
the purpose of this article is to establish: (1) That the 
X-ray sensitivities of the DNA in the lymphoma L5178Y 
and M. radiodurans to single break formation are very 
similar. (2) That like the bacterium the mammalian. 
cells have a very efficient system for rejoining the broken 
strands, although for experimental reasons it is not possible 
to decide if all the breaks can be rejoined. (3) That the 
size of the DNA in the chromosomes of the mammalian 
cell is very large and begins to approach the size of the 
total DNA in the chromosome. 

Twenty millilitre portions (about 105 cells/ml.) of expon- 
entially growing suspensions of the S/S mutant of 
L5178Y were treated with tritiated thymidine (50 muc./ 
ml.) for 1-5 division times (about 18 h). The cells were 
then collected by gentle centrifugation, and after removal 
of the medium the cells were washed with 20 ml. of 
physiological saline and finally resuspended in 0-15 ml. of 
physiological saline. This cell suspension was irradiated 
at 0-4° C with unfiltered 220 kVp. X-rays at a dose rate 
of 12 krads/min under an atmosphere of oxygen or nitro- 
gen. Aliquots (0-02 ml.) were then lysed in 0-1 ml. of 
0-5 normal sodium hydroxide on a 5-20 per cent sucrose 
gradient prepared in the manner described by McGrath 
and Williams’. After incubation at 37° C the irradiated 
sample was made up to 20 ml. with medium and resus- 
pended after washing in the appropriate volume of > 
physiological saline before lysis. The fractions were 
collected from the gradient after centrifugation in the 
manner described by McGrath and Williams? and the 
weight average molecular weight of the DNA was caleu- 
lated on an IBM 7090 computer using the programme 
supplied by Dr. MeGrath of the Oak Ridge National 
Laboratory, Tennessee. 

The number of breaks (n) per gram of irradiated DNA 
can be calculated from the changes in the molecular weight 
by the equation 
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-o where M, and M, are the molecular weights of the DNA 
frorn the irradiated and unirradiated cells respectively 
cand N is Avogadro’s number. If the number of breaks 
is proportional to the dose (D), then 
N 


Myr 





=KD+C (2) 


and it can be seen from Fig. 1 that this is closely obeyed in 
both the presence and absence of oxygen. K, which is a 
` measure of the efficiency of chain breakage, is, however, 

different under the two conditions of irradiation. The 
constant C= N/M, is very small compared with N/M, and 
this explains why the curves appear to pass through the 
origin. 

An equation similar to (2) has been found to hold for the 
formation of double breaks when DNA preparations are 

‘irradiated with either sparsely or densely ionizing radia- 
tions! and unlike the production of single breaks the 
efficiency was not influenced by the presence of oxygen. 

This finding that the efficiency of double break formation 

is independent of the presence of oxygen has been con- 

firmed by other workers‘, 
In Fig. 2 the sensitivity of the DNA in the L5178Y 
lymphoblasts is compared with that in M. radiodurans. 
0 The number of breaks in the mammalian DNA is cal- 
-culated from equation (1) on the basis that 1/M,<1/M, 
in the dose range used. The data for M. radiodurans are 
. taken from Dean et al? and in this case the value of M, 
is known with a reasonable degree of certainty. Fig. 2 
illustrates that only small differences exist between the 
= radio-sensitivities of the DNA to single breaks in the two 

“types of cell. 

The molecular weights used to construct Figs. 1 and 2 
were the weight~average values. If the size distribution of 
the irradiated DNA is random then the number-average 
molecular weight is half the weight~average value. 
Charlesby" has shown that a random. distribution of 
sizes will arise from any initial distribution once macro- 
molecules have suffered -an average of five to ten breaks 
(this applies to the present experiments) and therefore 
it can be assumed that the weight--average molecular 
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Fig. 1. Changes in the weight-average molecular weight of the DNA 
in LOU78Y lymphoblasts after X-irradiation under oxygen or nitrogen. 
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Fig. 2. Comparison of the efficiencies of strand break 


ge (based 
weight-average molecular weights) in the DNA of LoL? BY lymph 
(solid lines) and Af. radiodurans (broken lines) following X-lrradi 





weights of the irradiated samples are twice the number- 
average values. On this basis one (number-average) 
break is produced for every 70 eV deposited in the presence 
of oxygen. The computation of chain breakage from 
measurements of only one physico-chemical parameter is 
liable to lead to errors because of the simultaneous occur- 
rence of other reactions’, but the figure of 70 eV/break 
for irradiation in the presence of oxygen can be considered 
to be valid because it is unlikely that extensive simul- 
taneous crosslinking occurs under these conditionst?: 179, 
The same assumption cannot be made for irradiation in 
the absence of oxygen, and the only conclusions that can 
be drawn are that if crosslinking is absent’ then: the 
efficiency of breakage in the absence of oxygen is 150 eV. 
per break. If crosslinking is present (and it is not possible 
to distinguish between intermolecular and intramolecular 
crosslinking), however, the figure may lie anywhere 
between this value and that obtained in the presence of 
oxygen. It is important to note that the efficiency of — 
breakage in vivo is similar to that found with dry DNA | 
preparations'-*, This suggests that most of the DNA 
damage within the cell is caused by direct action. Hagen 
and Wellstein found an oxygen effect of the type deseribed 
here for the irradiation of DNA in vitro although it. was 
greater in magnitude. 
When cells were incubated, after they had been irradi- 
ated, under conditions usual for exponential growth of 
unirradiated cells, the sedimentation profile. shifted 
towards progressively higher values (see Fig. 3). Similar 
behaviour has been observed with Æ. coli B/r (ref. T) and 
M. radiodurans (ref. 9). These changes can be interpreted 
as an increase in the molecular weight ot the DNA arising 
from rejoining of the broken strands. The rejoining 
appears to follow first order kinetics in the ranges which 
have so far been investigated (see Fig. 4). By using 
double labelling of the cellular proteins with “C-amino- 
acids and the DNA with *H-thymidine it was found that 
the maximum amount of protein that could still be associ+ 
ated with the DNA on the alkaline gradients was less t. 
0-5 per cent of the proteins in the chromosome 
of the nucleoproteins and this was the level of ex) 
tal error. Furthermore, if any protein was still 
to the DNA the amount did not increase above 
limit during the rejoining process. Aes 
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Because of experimental difficulties it is not possible at 
the present time to show that all the radiation induced 


breaks are rejoined as can be done with reasonable 
certainty for E, coli Bir (ref. 7) and M, radiodurans 
(ref. 9). A relatively large. number of mammalian. cells 
has to be used in order to place sufficient. radioactivity 
on the gradient and when the molecular weights of the 
DNA molecules exceed about 10° daltons they are so long 
that they do not sediment as single molecules but tangle 
with each other and sediment as a gel. Ifall the DNA in 
the chromosome of 15178Y cells were in one piece it 
would have a molecular weight of about 104 daltons and a 
dength of several centimetres. Obviously the opportuni- 
` ties for entanglement with molecules of this size in the 
small lytic volume on the top of a sucrose gradient in the 
centrifuge tubes used in the Spinco SW50 rotor are very 
great. This problem of entanglement appears simply to 
` result from the limitations in the present technique when 
it is used with mammalian cells, Improvements which, 
it is hoped, will make it possible to measure the higher 
molecular weights are being investigated. 

(Note added in proof. The rate of DNA strand separation 
in alkali has recently been measured by Davison", and 
his data suggest that very long separation times may be 
needed for DNA molecules with molecular weights greater 
z than 10° daltons.) 

“SAt the present time, an estimate of the molecular weight 
of the DNA in mammalian cells can only be made if this 
has first been reduced to less than 10° daltons by exposure 
to several thousand rads of X-rays. When cells have 
received higher doses of radiation and are then incubated, 
-the DNA increases in molecular weight until the “gel 


= zone’ is reached after which any further rejoining reactions 


cannot be followed. Because the last stages of rejoining, 
which could give molecular weights of the DNA similar 
to those of unirradiated cells, remain undetected a real 
comparison cannot be made at this time between mam- 
‘malian cells.and bacteria. But it should be emphasized 
that for the experiments shown in Figs. 3 and 4 more than 
50 per cent of all the breaks produced were rejoined 
before the ‘“‘gel zone” was reached. 

It must be pointed out that in the experiments with the 


z mammalian cells—anlike those with M. radiodurans? — 


the rejoining process was studied after doses of radiation 
which were greatly in excess of those needed to kill them. 
It is not known whether the death of the cells results from 
failure to rejoin the remaining breaks or from faulty rejoin- 
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Fig.3. Changes in the sedimentation profile of the DNA from L5178¥ 


lymphoblasts during incubation after they have been irradiated with 
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Fig. 4. Rejoining of broken strands during incubation after irradiation. 
with 20 krads under nitrogen expressed as (a) increase. in molecular | 
weight, and (b) restitution of breaka introduced by the irradiation (mean 


values). 


ing or from some other type of radiation 


damage. All 


that can be said is that mammalian cells have the capacity 


for rejoining breaks and that this process 


appears to be. | 


very resistant to radiation. The cells used in this investi ga- 
tion were growing exponentially before irradiation and, as 
yet, no investigations have been made of the possible 
variations in rejoining of broken strands throughout the .. 


celleyele. The S period of these cells, howe 
60-70 per cent of the total cell cycle so 

approximation the behaviour observed can 
represent cells undergoing DNA synthesis, 


ver, representa 
that to a first 
be thought to 


The evidence presented would certainly indicate that the 
DNA in the mammalian chromosome is very large and. 


must be greater than the value 5 x 10° daltons which was 


observed after the lowest amount of radiation needed 


to take the DNA out of the “gel zone”. 


In theory, an 


estimation of the molecular weight of the DNA in the | 
unirradiated cells can be made by extrapolating the 


eurves shown in Fig. 1 back to zero dose 


. In practice, 


the data are not sufficiently precise to distinguish between 
molecular weights of 5x 10° and infinity, but the results 


indicate that the DNA in the chromosome 


is present as a 


limited number of molecules and it may even be present 


as only one molecule. 
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_ LETTERS TO THE EDITOR 


ASTRONOMY 


Concerning the ‘‘D’’ Ring of Saturn 


Ix his excellent chronological review book of observa- 
tions, The Planet Saturn, Alexander’ compares the outer, 
“D” ring of Saturn to the Loch Ness Monster: some see 
Cit, and some do not. During the second half of the nine- 
teenth century a number of visual observations were 











reported by experienced observers but the issue seems to 


have been settled by Barnard? in 1909, using the 40 in. 

"Yerkes refractor visually and getting negative results. 
| Apparently few, if any, attempts have been made photo- 
“graphically to detect a ring outside the well known 
oA, B and C rings. 

The recent edge-on configuration of the ring system was 
an appropriate time to investigate the problem of the 
- chypothetical “D? ring photographically. It is known 

“phat when seen nearly edge-on, the A ring, normally 
| fainter than the B ring, can sometimes appear brighter 

than B. Similarly, an outer “D° ring might appear 
_ relatively bright at the time, while when in the open 

-position it may be completely unobservable. 
Although there are theoretical arguments against the 

existence of an outer “D” ring, for example, the sweeping 
= effect of the inner moons (compare (Alfven’), there is at 

“Jeast one modern observation of a belated and gradual 


emergence of the satellite Iapetus from the shadow of 


the 4 ringt, suggesting an extension or at least a gradual 
tapering of the outer edge of the A ring. 























Fig... a, Microdensitometer trace along path X-X of Fig, 1b. The slit 
height was 0-4 mm, width 164. Density increases downward. The central 
.. dip corresponds to the location ofthe visible thin line. Exposure time, 
30 min, November 14, 1966. b, Aspect of Saturn, November 14, 1966. 


793. 











































































































Fig. 2. a, Microdensitometer trace along path X-X of Pig. Ob. Exposure. à 
time, 5 min, December 12, 1966. Other data asin Fig, Ja. by Aspect. of 


Saturn, December 12, 1960. 











exposures on backed Kodak 
between October 27 and December 12, 1966, a ve 
extension of the nearly edge-on rmg system can he 
The thin line extends to more than twice the kno 
diameter and has an approximate equivalent bri 
of Mpg 15/aq. sec of arc or fainter. When two or tl 
exposures are viewed in superposition the thin lin 
clearly seen when in registration. After December 12 
the thin line became more difficult to detect and by Janu- 
ary 16 no trace of it could be found. Printed reproduction 
of the thin line would be very difficult, but two of many 
microdensitometer traces are presented in Figs. la and 
2a, These two tracings were for November. 14 and 
December 12, 1966, respectively, and Figs. 1b and 2b 
show the locations of the scans X-X. The positions 
of the satellites are indicated and were obtained, from 
short exposures. 








(For the December 12 sketch, Titan 
to the east of the planet and Hyperion to the west have 
been omitted.) The inner cross-hatched cirele indicates 
the extent of the greatly over-exposed image of Saturn, 
while the outer cross-hatched area represents the photo- 
graphic halo. The over-exposed image causes @ general 
density gradient on the densitometer traces which accounts 
for the sloping background level, but a noticeable: increase 
in density at the position of the thin line is consistently , 
evident on some thirty scans at different positions. 

A tentative interpretation. of the thin line i : 
represents a tenuous, outer ring seen only briefly 
ring plane is nearly edge-on to our line of sight | 
more observations at the next edge-on orientation are 
needed, but in the meantime re-examination of existing 
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plate material ‘token ne oth 
able. One of the reasons why the 





hin 


escaped previous observations is the fact that most large oo 
reflectors have their secondary mirror supports in an: 


east-west, north-south direction so that the diffraction 
Cross resulting from long exposures would hide the thin 
line.” (Notable exceptions: the Lick 120-in. and MeDonald 
82-in reflectors the secondary supports of which are at 
45° angles to the meridian.) 

While it: should be re-emphasized that the interpretation 
of the present data is tentative only, it is unlikely that the 
ébservations can be attributed to instrumental effects 
or guiding errors for the following reasons. 

No diffraction spikes are seen on any of the ex- 
(2) The thin line lies exactly in the plane of the 
wut 25° to the horizontal. Guiding errors are 
tight ascension. (3) Background stars do not, 
guiding errors or extensions. (4) The thin line 
is not likely to be caused by adjacency effects in the 
emulsion between closely spaced images of satellites. On 
at least one night when four bright satellites were west 
of the planet. and two were widely spaced in the east, the 
thin line showed up very well in the east. (5) To avoid 
internal reflexions, no filters were used. (6) The thin line 
observations w were made when the Sun was above and the 










rings 
usually. 
show s 
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PLANETARY SCIENCE 
“Sporadic E in Middle Latitudes—a Reply 


My communication suggested that sporadic E layers are 
aceompanied by, not formed by, discontinuities in the 
vertical motion of the neutral gas. The horizontal motion 
of the neutral gas also plays an important part in the 
hypothesis I outlined. The vertical drift velocity of 
ionization, as given by equation (10)', is 


WH Ag(Ug—-Ugx) t Ay(ty~tgy) + Astle 


The coefficients Gz, @y, which are proportional to the 
zontal component of the magnetic field, undergo 
changes at a discontinuity of the kind contemplated 
ommunication. The increments of az and ay, as 
as that of uz contribute to the increment of w across 
of discontinuity. There is no obvious reason why 
st contribution should be dominant, except at high 
geomagnetic latitudes. Thus the observations cited by 
Whitehead? seem to support my hypothesis. 
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Crystal Structure of NaSiOr: a New 
Type of Silicate Sheet 


Tae preparation and characterization of sodium tri- 
silicate have been reported by Williamson and Glasser}, 
who determined the pseudo unit cell (based on the strong. 
reflexions) to be orthorhombic, a= 20-6 A, b= 6-50 
c=490 A. Additional weak but sharp reflexions have, | 
however, been observed which lie nearly but not exactly o 
midway between reciprocal lattice points in the b* diree. io 
tion, as illustrated in Fig. 1; the displacement from the’. 
mid-points corresponds to approximately 6*/17. These: 
extra reflexions are not attributable to twinning, and 
indicate that this is an example of an order—disorder 
structure. In the present work they have been ignored: 
and the structure has been solved as far as possible with 
respect to the strong reflexions only. 

The possible space groups are Cem, Cmem and Cme2,; 
only in Cme2, can the silicon—oxygen tetrahedra be accom-: 
modated in a reasonable manner, and accordingly this 
space group was chosen. The cell contents are Na,Si,Ogs: 
Three-dimensional data were measured for a small, un» 
twinned crystal on a Hilger and Watts linear diffract. 
meter with molybdenum Ka radiation. Because of the 
small size of the crystal, many of the reflexions wer 
unobserved. ; 

Harker-Kasper inequalities and sign relationships were _ 
used to solve the projection on (001). Thirty-seven signs 
were determined in terms of two sign symbols, and the 
initial R value for the correct combination of signs waso 
48 per cent. A series of Fourier and difference syntheses)” 
reduced this to 30 per cent and a sequence of least squares < 
refinements led to a final R index of 10-4 per cent for 
fifty-eight non-zero reflexions, using an overall tempera- 
ture factor of 2-4 A? a 

The projection of the structure on (001) is illustrated- 
in Fig. 2 (i), and is seen to show a striking resemblance | 
to the projections of the structures of Na,SiO, (refs. 2 and 
4) and of «-Na,8i,O, (ref. 3) (Fig. 3). It appears from this 
that the structure consists of metasilicate chains (A—A, 
B—B) running parallel to c, and condensed to form 
(Si,O,)°> sheets (no example of which has previously been 
found). A single chain, viewed along a, is drawn m. 
Fig. 2 (ii). Every oxygen atom involved in the central 
chain A---A is shared by two tetrahedra; in the B-—B 
chain only the atom O(3) is unshared. 

Attempts were next made to assign z-co-ordinates to. 
the atoms and account for the three-dimensional data 
The sodium atom was not varied from height z= 0, and. 
the atoms O(1) and O(3) were assigned z-co-ordinates of- 
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“Rig. 2. (D Projection of the structure of Na,8i,0, on (001). (ii) A metasilicate chain viewed along a. Silicon-oxygen tetrahedra are di 
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about 0:5 z. There were then two possible positions for 
each silicon atom and the oxygen atom immediately 
above or below it so that a fairly regular tetrahedron of 
oxygen atoms could be obtained around each silicon atom: 


Ay 0-55, Zo e087 (1) 
Zgiœ 045, Zox0-13 (2) 


These possibilities simply correspond to different direc- 
tions of the chains A-—A and B-—-B. 

Least: squares refinements were carried out for the 
chains: (a) running in the same direction and (b) running 
in opposite. directions. Both structures refined to give a 
final -R index of (a) 19-0 per cent and (b) 18-0 per cent for 
156 non-zero reflexions. In each case the temperature 
factor of oxygen (4) atom rose to a high value (6-5 + 2-8 A? 
for (a) and 6-7 + 1-9 Å? for (6)), while temperature factors 
of other atoms remained reasonable (sodium, 2-94 0-5; 
silicon, 1-8-2-24+0-3; oxygen, 2-3-3-0+ 0-8 Å?). Attempts 
to refine the structure with oxygen (4) omitted, however, 
were unsuccessful because temperature factors of the 
remaining atoms became high or negative. This shows 
that oxygen (4), even with such a high temperature 
factor, is essential to the postulated structure. 

‘These. results suggested that the structure may be 
disordered in stich a way that the chains A—A and B-—B 
do not always run in the same directions, and accordingly 
refinements were attempted with one silicon and one 
oxygen atom “split” to simulate this effect. This did 
reduce the temperature factor of oxygen (4) (to 3-2 and 
wl A’), but the R index remained at 18 per cent and the 
ratio.of the number of variables to the amount of data 
was now so high, and the standard deviations so large, 
that the results were scarcely meaningful. 

The possibility that the oxygen (4) atoms might be 
slightly displaced from their special positions was also 
considered: however, refinement led to a final 2-co- 
ordinate not significantly different from zero. The addi- 
tional (unlikely) possibility of substitutional disorder, 
with some sodium atoms in silicon sites and vice versa, 
was tested, but attempts at refinement were completely 
unsuccessful, with R values of over 35 per cent. 

The conclusions which can be drawn from the results 
presented above, and with the limited amount of data 
available, are that the structure shown in Fig. 2 (i) is 
basically correct, and may be considered to be the “aver- 
age"’ structure, but that the directions of the chains 
AA and B-—B are in doubt and may not always be the 
same throughout the structure. This alone, however, 
would. not explain the extra reflexions, which have an 
exact repeat along c*. The most probable explanation is 
thata regular system of faulting occurs within the (Si,0,) 
sheets themselves over a large number of unit cells. 
Further progress cannot be made until better data are 
obtained from larger crystals. 

Regardless of the chain directions, the sodium atoms 
are five co-ordinated with four (charged) oxygen (3) atoms 
forming a rough tetrahedron around each sodium atom 
(sodiam-oxygen = 2-33, 2:36, 2-44 and 2:56+0-10 A) and 
a fifth: (uncharged) oxygen (2) atom at a distance of 
2:46+0-10 Å. Silicon-oxygen distances naturally depend 
oon the chain directions but do not vary greatly from 
1-640-1A, 

It is interesting to compare the structures of Na,SiO, 
(refs. 2 and 4), a-Na,Si,O, (ref. 3) and Na,Si,O, (Fig. 3). 
As condensation of the chains increases, two of the axes 
remain about the same length while the third lengthens 
by 5-1 Å from the meta- to the di-silicate and by a further 
5-1 A from the di- to the tri-silicate. In each case the 
co-ordination of the sodium atoms is essentially the same. 

Close examination of X-ray rotation and Weissenberg 
photographs of «-Na,Si,O, revealed the presence of weak 
extra spots similar to those described here. The structure 
of a-Na,8i,0,; has been solved only in projection? and it 
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seems likely that the same type of disorder occurs in both 
disilicate’ and ‘trisilicate. os 

I thank Drs: J. Williamson and F. P. Glasser for supply- 
ing erystals suitable for structure analysis and Dr. L. 8. 
Dent Glasser and Dr. 8. C. Abrahams for advice and 
suggestions. I thank the Science Research Council for 
support of part of this work. l 
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PHYSICS 


Hysteresis Experiment in Rheology 


THis communication originates in the observations made 
during experiments conducted on a variety of different 
materials when subjected to oscillatory shearing motion! 
They have also been prompted by reported observations 
on the “hysteresis” type of rheological experiment*->. 
This experiment has been widely used in the investigation 
of the rheological properties of time-dependent materials. 
As the name implies, in the “hysteresis” experiment the 
test substance, which is typically contained in the annulus 
between two concentric cylinders, is subjected to a pro- 
gramme in which the driven cylinder is accelerated from 
rest to a predetermined rotational speed and is then 
decelerated to rest again (Fig. 1); this cycle may be 
repeated a number of times. The loop formed by plotting 
the torque against rotational speed for a complete cycle 
is interpreted as representing the amount of thixotropic 
breakdown in the material; a discussion of this is given 
by Wilkinson‘. 

T wish to point out that such a simple interpretation is 
not valid. To demonstrate this it is sufficient to prove 
that hysteresis loops of the kind shown in Fig. 1 may 
also be obtained with Newtonian fluids (which, by 
definition, are not thixotropic), Furthermore, if the 
cycles are repeated the loops would invariably not be the 
same for each cycle, except for continuous cyeling times 
remote from the onset of motion. There is at least one 
commercially available apparatus designed to use the 
“hysteresis? type of experiment and it is therefore 
important to realize that the elementary interpretation 
of the results may lead to completely erroneous con- 
clusions. 
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Fig. 1. Typical experimental results for the “hysteresis type of Be 2 


experiment, (Yield torque zero for Newtonian case.) 
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Cylinder defiexion : 


Time 


(Fig. 2 . Component of inner cylinder deflection due to A exp at + B exp 
at in equation (4) for the over-damped case. 






Consider a Newtonian liquid contained between two 
concentric cylinders which are capable of relative angular 
‘rotation and suppose that the rotation programme of the 
outer (driven) cylinder is given by the Fourier series 


ee ` X ne 
B) = gone sin (ta 3) (1) 


` where T is the time of one complete cycle. 
The governing differential equation of the system is 


18; + cb; + KQ; = COo (2) 


-Where J is the polar moment of inertia of the inner cylinder, 
4S the torsional stiffness of its suspension, 6; is the in- 
< Btantaneous deflexion of the inner cylinder, and C is a 


constant which in the case of a concentric eylinder 
-  peometry is 
dn Vi ght 
Cen (3) 
To? 2 r? 


where u is the viscosity of the contained fluid. 
For simplicity internal instrument friction is neglected 
in’ (2) although this is frequently present in apparatus 
used hitherto. The equation (2) is a simple linear differ- 
ential equation the solution of which may be expressed 
in the form. 


0; = Aexp qat + B ea tel 


2 ez OD 

+ È einen sin (P2411 7 5 + Penei) (4) 
H= 
where 
| Kt : 
Xg = ~ E E | (5) 
cand the phase angles Ban, are ae of C, I, K and 
f [2n + ljr 


The particular cases of (4) usually discussed are: (a) 
-ounder-damping; (b) critical damping; and (c) over- 
damping according to whether 
ees 
: 21 


(a) a E me Gy =; 


Because the viscosities frequently encountered in thixo- 
tropic systems such as cement and clay pastes are com- 
monly of the order of 10-104 poise the case of over- 
damping is important. The transient part of the solution 
(4) for this latter case is indicated in Fig. 2 and it is clear 
that the superposition of this on the steady state solution 
of (4) could give rise to all the commonly observed effects 
hitherto reported for thixotropic materials, depending on 
the product of a, and a, with T. 
0 “The conclusion of the comments is that in view of the 
-greatly added complexity of the analysis due to variations 
cof viscosity with time it would appear that steady state 
-oscillatory experiments, which should yield as much 
information as the hysteresis experiment, are to be pre- 
Some experiments on this basis have already 
been, published. For the most accurate work corrections 



















for attenuation and phase shift would. have to be 
to each of the. components in: (4) (ref). This w 
be an easy task and is another reason why stead) 
latory experiments are to be preferred. ee 
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CHEMISTRY 


Reaction of Charcoal Particles with Car 
Dioxide and Water at Jones “p 
2,860° K 


Boru carbon dioxide and water vapour are 
appreciable concentrations in any coal combustor 
rates of reaction of these species with carbon or eh 
particles in the size range of pulverized fuel: (less. : 
1004 diameter) are unknown at temperatures greater than. 
about 1,500° K. Extrapolation from the results of lower 
temperatures! suggests that surface reactions with both 
carbon dioxide and water would be very fast and that the 
overall reaction rate would be controlled by bulk gas 
diffusion at the higher temperatures; but, because extra- 
polation over such a wide range of conditions may well be. 
misleading, some experiments have been conducted in 
which particles of charcoal (35u diameter) have been : 
ted with carbon dioxide or water vapour (1-10 per cent m` 
argon at a total pressure of l atm.) at temperatures up to. 
2,800° K. The charcoal was a commercial sample prepared 
from coal by steam activation. In contrast to previous : 
high temperature investigations*-* which have been carried 
out under anisothermal conditions (hot solid with gas t 
lower temperature), the reaction rates have been meas ed 
under isothermal conditions (gas and particles at th 
temperature) by introducing the hot particles int 
stream, preheated by an inductively coupled. p : 
torch®, flowing through a furnace tube heated to the same 
temperature. The reaction rates are calculated both 
directly from the weight loss of the particles and. ine 
directly from the quantity of carbon oxides produced. 
Measurement of the true rate of reaction of carbon. 
dioxide and water with the charcoal is complicated at 
temperatures above 2,000° K by the concurrent: reaction - 
of the charcoal with the appreciable amounts of oxygen 
that result from the dissociation of carbon dioxide and 
water at these temperatures. For example, at 2,800 K, 
carbon dioxide is 50 per cent dissociated while water ig 2 
per cent dissociated’. The rate of reaction of oxygen. 
the charcoal had been measured previously in the same 
apparatus, and when the observed reaction. is corrected. 
by subtracting the contribution of this oxygen wè find: 
(1) that at temperatures up to 2,300° K the true reaction, 
rate, expressed in terms of the external geometrie surface 
area, for both carbon dioxide and water is at least two 
orders of magnitude smaller than the diffusion controlled 
rate, for example, at 2,300° K the rate is less than 0-003 
g/em*/sec/atm. compared with the calculated. diffusion 
controlled rates of 0-18 and 0-34 g/cm?/sec/atm. for carbon 
dioxide and water respectively; (2) that even at the 
highest temperature investigated (2,800° K) the true 
(about 0-01 g/em*/sec/atm. for both carbon. dioxi 
water) are at least one order lower than the: di 
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controlled rates at this temperati (0 
sec/atm. for carbon dioxide and water a The 
accuracy of measurement at this temperature is poor 
because the reaction with oxygen accounts for some 90 
per cent of the total reaction and an error of 10 per cent 
in the rate of reaction with oxygen used in the calculations 
would cause the estimation of the true rate of reaction 
with carbon dioxide or water to be either higher by a factor 
of tenor lower by a factor of two 

The only published work on the burning rate of carbon 
at atmospheric pressure at these temperatures is that of 
Golovina et al.” in which graphite spheres 15 mm in 
diameter, which were inductively heated to temperatures 
between 1,000° and 3,200° K, were suspended in a flow of 
unhe tod. oxidizing gas. It was found that the rate of 
bur in carbon dioxide increased with temperature up 
to 1,500° K, then decreased between 1,500° and 2,300° K 
(where the surface rate was estimated to be about 0-002 
g/om?/sec/atm.) and then again increased above 2,300° K. 
‘No explanation for this last increase was offered. In the 
light of our observations and those of Strickland-Constable® 
(who attributed an increase in the rate of reaction be- 
tween nitrous oxide and heated carbon filaments above 
1,900? K, at low pressure, to the dissociation of nitrous 
oxide), i germs likely that the rise at temperatures above 
ito the dissociation.of carbon dioxide, 
P oxygen which reacts at a much faster rate 
than the carbon dioxide molecule. Their observations 
with water can be explained in a similar way. At their 
highest temperature (3,200° K) calculations of the rate 
of production of oxygen from carbon dioxide, using 
equilibrium results? and relaxation time measurements®, 
west that the observed reaction with carbon dioxide 
at this temperature could be due entirely to oxy gen pro- 
duced by dissociation, that is, the rate of reaction with the 
carbon dioxide molecule continues to decrease above 
2,300° K. 
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tuations of Overpotential during 
Electrolytic Evolution of Hydrogen 


-Rar fluctuations of the total hydrogen. overpotential at 
platinized platinum cathodes in 1-0 normal hydrochloric 
or ulphuric acid have been associated with changes of the 

su ace concentration of hydrogen atoms'; and the 

“amplitude” (magnitude of the difference between the 
of the fluctuating potential) does not generally 
alues greater than 10 mV at current densities 
n lO amp/em?, Below this current density, 
, Substantially greater ‘ ‘amplitudes” of fluctuation 
have been observed in experiments in more dilute acid 
solutions. 

So far the best characterized patterns of variation of 
“amplitude” with changes of current density have been 
recorded in 0-01 normal solutions where the general form 
is as shown in Fig. 1. The same basie pattern has been 
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Fig. 1. Pattern of change of the magnitude of fluctuations of overpoten- 
tialin 0-01 normal hydrochloric acid at 25° C compared with concurrent 
changes of the mean total ov erpotential. 





recorded with electrodes of both platinized and smooth: 
bright platinum, and with palladized palladium. After the 
maximum at about 150-200 m.amp/em* there are also o 
indications in most, experimental runs of further peaks 
within the range of current density up to about 1-0 amp/em? 
—but these are less easy to reproduce and less clearly: _ 
characterized. As the hydrogen ion concentration cis — 
further reduced below 0-01 normal, seemingly analogous. 
though rather less well defined patterns of changes of the _ 
“amplitude” of fluctuation continue to occur over 
gradually lower ranges of current densities. 
Fig. 1 also shows that there is a pronounced increase of 
the total mean apparent overpotential (ņ) over the range 
of current densities where the first steep increase of the 
amplitude of fluctuation of y occurs in 0-01 normal 
hydrochloric acid. Also falling within this same range of” 
current densities are calculated values of the limiting 
current corresponding to the arrival of hydrogen ions at 
the surface under the sole driving force of a concentration”. 
drop across the Brunner-Nernst interfacial layer?.?—for.0 
values of the layer thickness and diffusion coefficient 
appropriate to the experimental conditions. In practice, 
however, there is no abrupt experimental limit of current 
density, and one proposed explanation of this is that the 
mechanism of hydrogen discharge alters to include a 
rupture of hydrogen atoms from water molecules*. 
Alternatively, however, further increases of current could 
still reflect the rate of hydrogen ion discharge if additional, 
ions were being drawn from outside the Brunner-Nernst | 
layer by an increasing charge on the cathode correspond- 
ing to the large complementary increases of total mean 
overpotential. The fluctuations of overpotential might. 
then be associated with complementary variations; in 
barriers to proton migration, An obvious source of such 
variations would be rapid local changes in the constitution 
and effective thickness of the Brunner—Nernst layer. as 
affected by the experimental conditions of stirring in the 
bulk of the solution and by the concurrent evolution of 
bubbles of gas. Bubbles have just begun to form at a 
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ics ‘Mies at current donsitine sdirespondicg to the peak in the 

: relationship: between amplitude of fluctuation and current 
lensity which is shown in Fig. 1, and it seems possible 
that the subsequent reduction in amplitude could reflect an 
| Increasingly homogeneously stirred Brunner—Nernst layer 
as the result of a more general evolution of gas taking place 
at greater numbers of sites. In the region of final steep 
‘increase of the amplitude of fluctuations at current 
densities greater than 1-0 amp/cm2, relatively much larger 
“bubbles are forming which temporarily surround large 
areas of the surface before detaching. This would again 
‘seem to provide conditions of rapid, significant variations 
in the resistive path to the overall rate of migration of 
“hydrogen ions. 
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IMMUNOLOGY 


Light Chains in Chronic Cold Haemagglutinin 
Disease 


‘Tue chronic cold haemagglutinin disease (CHAD) is a 
Tare illness of unknown aetiology characterized by the 
presence in the serum of an autoantibody which causes 
‘Marked agglutination of both patient’s and normal red 
cells at temperatures below 37° C. The antibody is known 
to be a macroglobulin of the IgM sub-group of immuno- 
globulins. There is often a spike in the @ to y, globulin 
area on serum-protein electrophoresis owing to the 
= prosence of a large amount of electrophoretically homo- 
‘geneous antibody’. 

The light chain types of more than a hundred antibodies 
from patients with CHAD have been studied and have been 
reported to be exclusively kappa in type. We have 
‘recently tested the light chains of six of our patients with 
CHAD chosen with regard to the antibody specificity and 
our results form the basis of this communication. 

The sera from the six patients (see Table 1) were 
--separated from the red cells at 37°C. Serial two-fold 
dilutions were made and agglutinin titres determined 
at 4° C using normal group O adult and cord-blood cells 
‘both untreated and after enzyme (papain) treatment. The 
cold antibodies of two patients (V.S. and A.R.) were 



























Fig. 1. 





well, and Fig. 3 has anti-lambda in the centre well. 








Fig. 2. 


: Figs. 1-3. Results of Ouchterlony tests of six purified cold antibodies. Fig. 1 has.anti-IgM in the centre well, Fig. 2 has anti-kap! 
The cold antibodies were placed in the peripheral wells as indica 







present to a large extent. as eryoglobulins ani 
fied by cold precipitation. followed b repeated 
with cold saline. In addition, the eryoprecipit 
was passed through a column of ‘Sephadex G-20 
very sharp peak in the macroglobulin fraction w th 
trailing zone was obtained. 

The initial two-thirds of the peak was: poo 
philized and used for light chain typing. Ths 
bodies of the other four patients were puri 
tion-elution from red cell stroma, followed, b 
G-200 filtration in the cases of B.B. and F 
purified antibodies showed a single homogeneo 
tin line in the 8 to y, zone when tested b 
electrophoresis against an anti-whole hun 
an identical precipitin line when tested agains 
IgM serum. They failed to react with anti 
anti-IgA sera. The purified cold agglutinins 
tested by the Ouchterlony technique ieee 
anti-kappa and anti-lambda sera (Fig. 1). 
body of V.S. had exclusively lambda light ohn 
the other five antibodies had exclusively kappa light 
chains. There is a spur formed by the reaction of anti- 
kappa and the purified cold antibody of B.B. ov 10 
neighbouring cold antibodies indicating that it pos pi 
individually specific antigenic determinants.: In 
specific antigenic determinants have algo bee: 
for some myeloma light chains®. The results ob 
the Ouchterlony method were confirmed. by 
electrophoresis which showed that the precipitin n 
anti-kappa or anti-lambda coincided in position 
configuration with that obtained for each cold a tibo y 
with the anti-IgM serum. ; 















































AND LIGHT-CHAIN T 


Table 1. AGGLUTININ TITRES, SPECIFICITY, 
PATIENTS WITH COLD HAEMAGGLUTININ DISEASE 
Patient Agglutinin titres hg Specificity LIE 
Adult Papainized Cord  Papainized is 
cells adult cells cells cord cells 
E.B. 64,000 128,000 16,000 32,000 Antif 
J.R. 16,000 64,000 4,000 32,009 Antif ; 
V.S. ,000 2 4,000 2 Ant Noth 
A.R. 4,000 32 4,000 82 ot h 
B.B. 16,000 32.000 16,000 32,000 ot l 
F.T 4,000 32,000 4,000 32,000 Ante Net Ty 


Table 1 shows the results of tests for bloo 
specificity performed on the sera of the six patien 
patients E.B. and J.R. present the usual findi 
CHAD in that they react more strongly with 
with cord-blood cells. Their specificity has bee 
nated anti-I*. The agglutination is enhane 
treatment of the cells with papain. The sera o 
V.S. and A.R. react equally well with adilt: and cord 
cells, but the agglutination is markedly reduced 
treatment of the cells with papain. Their’ spec city 
has been designated anti-““Not I’. The sera of patients 


Fig. 3. 
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B.B. and F.T. likewise reacted equally well with. adult 
and cord-blood cells but, unlike the patients with anti- 
“Not I”, they also reacted’ strongly with pre-papain- 
ized cells. We have designated the former patients as anti- 
“Not 1,” and the latter as anti-““Not I,”. Thus, the two 
patients with anti-I specificity have exclusively kappa 
light chains, whereas the patients with anti-‘“Not I” 
specificity have either kappa or lambda light chains. 

Various investigations'-"* of mammalian antibodies 
indieate that both the heavy and the light chains partici- 
pate in the antibody combining site and are thus important 
in determining the specificity of the antibody. All the 
previous investigations of cold antibodies of CHAD have 
revealed exclusively kappa-type light chains. In most 
os, however, the Ii specificity of the antibodies was not 
entioned.. Undoubtedly, however, most were of anti-I 
specificity?®, Our findings on the two antibodies with 
anti-L specificity reported here are in agreement with 
previous findings. On the other hand, we have shown that 
ibodies found in CHAD with the anti-‘“Not I” specificity 
have either kappa or lambda light chains. It is not 
-known whether the exclusive presence of kappa light chains 
in antibodies of anti-I specificity of CHAD reflects a struc- 
tural requirement imposed on the light chains by the anti- 
specificity. or whether they are related to the unknown 
aetiological factors’. In this respect, it is known that cold 
antibodies of anti-I specificity which occur transiently 
following: some mycoplasma or viral infections may have 
lambda light chains in addition to kappa light chains*-*. 
Recombination studies utilizing heavy and light chains 
from. cold agglutinins of different specificity may help 
to resolve this problem. 
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Inhibition of DNA Synthesis in Rat 
-Peritoneal Exudate Cells by Foreign 
= Substances of Antigenic Nature 


Tue effect of antigen on the DNA metabolism in rat 
peritoneal exudate cells has been studied using autoradio- 
graphic techniques with *H-thymidine as the radioactive 
marker. The cells were treated with antigen in vitro as 
well as in vivo. 
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Sprague-Dawley tatea were “injected. intraperitoneally 
with sterile ‘Arlacel-A° (mannide-mono-oleate); for the 
in vitro experiments the cells were harvested 2days: 
later by injecting sterile Hanks solution? intraperitoneally 
and withdrawing the fluid. The cells were collected by 
centrifugation and resuspended with or without antigen 
in synthetic medium 199 (ref. 2) containing *H-thymidine, 
The cell suspensions were pipetted into Petri dishes and 
incubated at 37° C for 2h. The in vive experiments were ` 
performed as follows. Antigen dissolved or suspended 
in medium 199 was injected intraperitoneally 2 days 
after the ‘Arlacel’ treatment. 
100 g body weight were injected 0-5 h later, then, after 
2h, the animals were killed. The peritoneal exudate was 
aspirated and the cells collected by centrifugation. The 
in vivo effect of antigen was tested by employing medium 
199 without antigen in control groups of animals, litter- 
mates where possible. 

Crude tetanus toxoid, living Escherichia coli grown on 





solid medium and suspended in medium 199, and dextran: a 
in the form of spherical particles with a diameter exceeding 


100p (‘Sephadex G-25 coarse) have been used as antis 
gens for the in vivo experiments. The effect of sus- 
pensions of living E. coli and purified Æ. coli endotoxin 
was tested in vitro. 

The four types of cell preparations were washed and 
smears were prepared. Autoradiographs were made 
with the technique of Caro and van Tubergen?. DNA- 
synthesis at the cellular level was measured by making. 
grain counts on exposed and developed preparations. 
The results obtained were then processed in two ways: 
first, the number of labelled cells was calculated as a 
percentage of the total number of cells and, secondly, 
grain count distributions of the labelled cells were made 
by grouping them according to the number of photographic 
grains over the nucleus-——the frequency of cells in each 
group was expressed as a percentage of the total number 
of labelled cells. : 

Typical results of an in vive experiment are presented 
in Figs. 1 and 2. The majority of the untreated labelled 
cells incorporated only small amounts of *H-thymidine 
whereas subsequent to contact with the Æ. coli the grain. 
count distribution was essentially reversed. When these 
results were combined and expressed as a percentage of- 
the total number of cells the same trend was evident. The 
number of cells which incorporated moderate to large. 


amounts of *H-thymidine (> 20 grains/cell) is about the- 


same in the presence or absence of antigen, whereas there 
is a marked difference in the number of cells which 
incorporated only small amounts of thymidine. 
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Fig. 1. Grain count distributions in non-antigen treated poritoneat 

exudate cells from three rats (circles) and in peritoneal exudate cole. 

treated with Æ., coli (filled circles), Both sets. of results are from i vivo 
experiments. 
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Fig, 2. Per cent fractions of labelled peritoneal exudate cells according 
to number of grains per cell. Average in vivo results from three 


non-antigen treated rats (unfilled blocks) and three rats treated with E. 
coli (Aled blocks). 
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Qualitatively similar results were obtained in vive and 

in vitro with all the test antigens listed. 
_ The changes in the labelling pattern after contact 
with antigen could be the result of one of three causes: 
inhibition of DNA synthesis in the cells incorporating 
amall amounts of thymidine; stimulation of cells to enter 
a phase of more rapid DNA synthesis; or death of some 
of those cells which would have incorporated small 
“amounts of thymidine. Of these three possibilities the 
first is considered the most likely for the following reasons: 
_ othe fraction of cells which have incorporated moderate to 
‘large amounts of thymidine is about the same in the 
“presence or absence of antigen, indicating that there has 
“been no stimulation of cells to enter a phase of more 
©. vapid DNA synthesis. No augmented frequency of cell 
_ death was observed after contact with antigen according 
to cell counts made after supravital staining with trypan 
‘blue. Probably the change in the labelling pattern after 
contact with antigen is the result of an inhibition of DNA 
aynthesis among those cells that would otherwise have 
incorporated small amounts of thymidine. This inhibition 
of DNA synthesis could be caused either by a reduced rate 
of synthesis in cells already in the S phase (period of DNA 
synthesis) or a prevention of their entering this phase. 
The data presented here would appear more compatible 
with the latter alternative, although no absolute distinc- 
tion is possible at this stage. 
| Of particular significance may be the fact that the 
inhibition was also obtained with dextran in the form of 
o ‘Sephadex’ particles. Because of the large diameter of 

‘the particles employed (exceeding 100u) and because they 
were never observed microscopically within the cells, it 
may be supposed that they are distributed extracellularly. 
If the antigen effect is not a chance association of two 
discrete properties of the substances employed and it is 
assumed that it is induced by extracellularly distributed 
antigen, the antigen effect should be mediated through 
receptors situated on the cell surface. This will in turn 
imply that molecular events taking place on the cellular 
‘surface can affect the DNA synthesizing apparatus of the 
<> ¢ell, which would be in line with the reasoning of Jacob 
et alt, 

Many aspects of this effect remain obscure at the present 
time. In particular it would be interesting to know 
¿whether or not antigen prevents the cells from entering 
“theS phase of the mitotic cycle, and, if it does, the mechan- 
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isms involved, Furthermore, does inhibition. of DN. 
synthesis have any relationship to the allogeneic inhibition 
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Thymus Grafts in Thymectomized and 
Normal Mice ; 


EXPERIMENTS carried out on cytologically marked normal 
F, recipients implanted with a thymus from we 
born donor of the parental type have shown that cellular 
traffic from the host to the thymus graft can take placet. 
Using neonatally thymectomized? or thymeetomized and 
irradiated’ recipients it has been possible to. show that 
cells can also migrate from a thymus graft to the peri- 
pheral lymphoid tissue and that these may respond 
mitotically, to immunological challenge’. In the situa-. 
tions in which thymic repopulation has been investigated 
in detail, it has always been possible for cells of thymic 
origin to reaet against some of the antigens of the Fi hose. 
It is possible that this antigenic difference between the 
host and thymus graft might affect the repopulation 
process. In order to investigate this problem CB4/H 
recipients and cytologically marked CBA/H-T676 thymus 
graft donors have been used. There is no. difference 
between these strains at the histocompatibility loei?. :’ 
cytological constitution of (a) the thymus graft at. 
times after grafting, (b) the spleen 30 days after thymus 
grafting and (e) the spleen following injection of antigen 
at 30 days has been determined. a 

Male or female CRA/H mice 8-10 weeks ol ere 
thymectomized®, sham thymectomized or left untreated. 
One week later, single CBA/H-T676 thymus lobes 
1--3-day-old mice of the same sex as the reeipien 
implanted under the kidney capsule’. At various, 
later one male and one female mouse of each grou 
killed and cytological preparations of the thymus gr 
were made. After removal, the graft was placed 
small glass tube and covered with hypotonic sodium citrate 
solution heated to 37° C. The cells were liberated from the 
thymic capsule by tapping gently with a glass plunger. 
The cell suspension obtained was then treated by the 
methods of Ford and Hamerton® and Rothfels and 
Siminovitch’®. Analysis of the preparations gave the 
results shown in Table 1. The percentages of cells of host 
type are plotted in Fig. 1. No noticeable differences we 
observed either between male and female mice or be! 
untreated, sham thymectomized and thymectomized mice 
As ean be seen, host cells do infiltrate the graft over a 
well defined period of time. This change-over. period, 
between 15 and 25 days, corresponds well with that 
observed by workers using P->F, combinations'*, 

At 30 days after grafting, half the remaining (fernale) 
mice in each group were injected intraperitoneally: with 
0-2 ml. of a 20 per cent suspension of sheep red blood cells 
in Alsever’s: solution. Cytological preparations were made 
from the spleen 1, 2 and 3 days later and the results of 
analysis of these preparations are shown in Table. 2. Cells 
of thymic origin can be found dividing in the spleen, but 
there is no noticeable increase in the numbers of these 
cells mitosing after injection of sheep red blood cells. 

In conclusion it may be said that, in the completely 
syngeneic situation, host cells do migrate into the thymus 
graft. This confirms the observation of Harris and Ford®. 
Furthermore, cells of thymic origin do leave the th 
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Fig. 1. Percentages of host cells dividing in the thymus grafts of normal, 
shan thymectomized and thymectomized mice at various times after 


grafting, ~~; Thymectomized; ----, sham thymectomized; 
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: | dividing in the spleen. It has not, however, been 
possible to detect selective proliferation of thymus-derived 
cells either in mice with a thymus in situ or in those in 
| the thymuses have been removed during adult- 
bood, One inference which can be drawn from these 
experiments and others, which more specifically concern 
the repopulation of thymus grafts in immunologically 
it petent mice’, is that emigration of cells from the 
and its subsequent repopulation are determined 









NUMBERS. OF MITOTIC CELLS IDENTIFIED IN THE THYMUS GRAFTS 
OF NORMAL, SHAM: THYMECTOMIZED AND THYMECTOMIZED MICE AT VARIOUS 
oe TIMES AFTER GRAFTING 


Numbers of mitotic cells identified in thymus grafts of: 














Normal mice Sham thymec- Thymeectomized 
et wins tornized mice mice 
-donor grafting me ++ lied ++ pta hob 
ge 10 0 23 0 86 0 68 
og. ü 100 ü 48 aoe m 
a 15 Q 65 1 90 1 99 
ease 2 98 1 99 G 26 
oe. 16 0 44 2 98 0 4 
AE es 3 86 2 76 2 58 
age 417 1 99 0 26 5 95 
y HN 0 100 9 91 1 99 
Bo 82 17 gi 7 93 
E e EEN 8 97 9 91 2 98 
AS 49 0 2 3 97 2 10 
Bees : 6 94 8 97 45 55 
eae ine 20 36 64 20 80 28 63 
et i 93 T 6 ot 18 82 
g Zi 33 19 oO 1 04. 6 
<Q 86 14 — ~ 95 5 
sgh 2 76 24 87 6 GR 2 
et 72 5 62 38 85 15 
Ka 100 0 60 40 7 E 
ae 4 6 98 2 oR 2 
98 2 100 0 OF 6 
93 2 98 2 100 0 
23 97 3 100 0 
100 0 86 2 100 0 
100 0 90 0 100 0 
100 0 55 Q 100 0 
100 0 66 0 “le me 
m a 94 0 100 0 


; AIH “Chost) cells. 
ob + OB ALA- GTO (thymus graft derived) cells. 





A 3 MBERS OF MITOTIC CELLS IDENTIFIED IN THE SPLEENS OF NORMAL, 
YMECTOMIZED AND THYMEOTOMIZED MICE AT VARIOUS TIMES AFTER 
N.(OR NOT)-OF SHEEP RED BLOOD CELLS 80 DAYS AFTER GRAFTING 





<. Numbers of mitotic cells identified in spleens of: 





“Normal mice Sham Thymectomized 
: thymectomized mice mice 
Non- Non- Non- 
jected injected Injected injected Injected injected 
es ++ ~- p+ oc 
1 15 0 44 0 13 1 25 0 21.0 
En q 22 o 28 «20 58° «0 
2 9 79 1 28 0 100 0 50 1 
1 2t 0 37 0 99 1 96 1 1 1 
0. 48 1 100 0 25 1 100 0 80 il 
1 22 9 99 1 99 1 46 1 


= BATH (host) cells. 
+ECRAJH-TOT9 (thymus graft derived) cells, 
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cells of thymic origin. It is attractive to postulate 
the well defined sequence of events in these grafts mimics 
the sequence of events in the young organism at the time. 
when thymus function is of greatest significance in 
relation to the development of immunological responsive: 
ness. 
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Thymectomy and the Prolongation of 
Tolerance to Bovine Serum Albumin in 
Adult Rats 


IMMUNOLOGICAL unresponsiveness (tolerance) in mice 
injected with soluble protein antigen during the perinatal. 
period can be maintained if the animals are thymec-... 
tomized’?. Isakovie et al. investigated the formation of 
antibody and the delayed type reactivity of thymectomized 
and irradiated rats grafted with normal and tolerant adult 
rat thymus. They were able to show that the animals” 
grafted with thymus from a donor tolerant to bovine 
gamma-globulin either did not respond or gave a signi-" 
ficantly depressed response to this antigen for as long as 
6 weeks after the implantation of thymus. The breakdown 
of tolerance has also been accelerated by irradiating animals 
which were not thymectomized; irradiation had no effect 
on thymectomized animals‘. It is generally agreed that 
tolerance requires the persistence of antigen within the 
thymus. Indirect evidence of this is the presence of large: 
numbers of donor cells in the thymus of mice with neo: 
natally induced tolerance to homografts’. Mitchison’ 
recently detected antigen in the thymus of tolerant animals* 
and the age factor has also indicated the importance of 
cell turnover for recovery from immunological paralysis. 
Newborn rats are supposed to have a higher degree of 
immunological maturity than newborn mice. Neverthe- 
less, it is possible to induce unresponsiveness in rats by 
injecting antigen during the perinatal period. Therefore 
it appeared worthwhile to test the effect of thymectomy 
on the production of antibody in rats rendered unrespon- 
sive to crystalline bovine serum albumin by means of 
neonatal injections and to investigate whether the un.) 
responsive state is dependent on the presence of an intact 
thymus. : 
Outbred rats raised in this laboratory were used. New- 
born rats were injected with a total of 2-0 mg of crystalline 
bovine serum albumin (BSA), 1-0 mg portions in 0-1 ml. 
sodium chloride were injected intraperitoneally and: 
subcutaneously. Twenty-four hours after birth, 2 mg of. 
BSA was injected subcutaneously, and 1 mg doses of BSA’ 
were administered subcutaneously at daily intervals 
during the first 7 days after birth and on the fifteenth 
and thirtieth days of age. The total amount of antigen 
injected into each animal was 12 mg. Littermate control 
were treated with saline using the same injection schedule. 





























NATURE, VOL. 214, MAY 20, 1967 

























“When the animals were 6 weeks old, 2 mg of BSA m- 
-corporated into Freund's complete adjuvant was injected 
nto the left hind foot pad of all neonatally treated rats 
and littermate controls according to the method of Jan- 
kovic et al.’. At intervals of 1 week after injection, all 
-the animals were bled by cardiac puncture, and serum 
“was prepared. After inactivation at 56° © for 30 min, 
‘each serum sample was adsorbed with an equal volume of 
packed fresh sheep erythrocytes for 1 h at room tempera- 
ture. Passive haemagglutination tests were performed on 
Takatsy plates using formalinized sheep erythrocytes? 
tanned and coated with BSA*. Optimal sensitivity was 

chieved using a concentration of 10 mg of BSA/ml. for 
coating the red cells with antigen, and this concentration 
was used for all antibody assays. 

The results, which are summarized in Fig. 1, show that 
the unresponsive state is temporary and that some of the 
tolerant rats begin to produce detectable antibody the 
“second week after sensitization. In further experiments, 
newborn rats (two litters) were treated with antigen during 
the neonatal period as described and challenged 6 weeks 
after birth. Sera were tested for antibody 1, 2 and 3 weeks 
< after challenge. Three weeks after challenge, some of the 

-neonatally injected rats were thymectomized under ether 
anaesthesia and the remainder were sham-operated. 

1, 2 and 3 weeks later, all the animals were bled and sera 
<< were tested for antibody. The results are shown in Fig. 2. 
- -Loss of the presumed state of unresponsiveness began at 2 
` weeks (Fig. 1) or, at the latest, 3 weeks (Fig. 2) after sensi- 

‘tization. The tendency to form antibodies developed 
earlier in some litters (Fig. 1). It is possible that this 
resulted from differences in the immunological maturity at 
-birth which are sometimes pronounced for outbred rats. 
Thymectomy of the adult tolerant rats clearly blocks 
recovery from paralysis in two-thirds of the animals. 

Overshoot, or the tendency to recover from paralysis, is 
-calso greatly reduced in the remainder of the rats. 

These data confirm the conclusions of other workers 
¿who have shown that the intact thymus is necessary for 
‘recovery from paralysis to protein antigens in both mice 
and rats”. The impairment of immunological recovery 
after thymectomy in adult tolerant rats lends support to 

the hypothesis that the lymphoid cell turnover of thymus 
is of importance in recovery from paralysis. The age 
-factor and the effect of irradiation in paralysed animals’ 
< strongly suggest that either antigen-binding cells of the 
thymus or inhibited cells maintain the tolerant condition. 
“Only the progressive elimination or loss of inhibition of 
such cells and the formation of new immunologically 
-competent cells leads to recovery from paralysis. The 
high mitotic activity of the thymus in the first weeks of 
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Fig. 2. Immune response to BSA in rats neonatally injected with: BBA 
and thymectomized or sham-operated at 9 weeks of age, Unresponsive- 
ness in all animals was established following injection of BSA in Frou 
complete adjuvant at 6 weeks of age. @, Control rate; O, tolerant al 
operated rats; +, tolerant thymectomized rates 


life? clearly indicates that the amount of antigen 
injected and actually present in the thymus, togeth 
the age of the animals*, are crucial factors’ in res 
the normal immune response. The possibilit: 
humoral thymic factor is responsible for immunologi: 
maturation and that stimulation of lymphocyto: 
an important part cannot be excluded"'-!*; howevel 
evidence is inconclusive’. The present findings lend 
support to those of Jeejeebhoy'’, who was able toi 
significant depression of the immune response i 
thymectomized rats given rabbit anti-rat-lym 
serum, and indicate the probable cellular origin of 
tolerance dependent on the thymus. : 
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Passive Transfer of Allergic Enceph: 
with Blood Leucocytes 
EXPERIMENTAL allergic encephalomyelitis an 


in mammals and birds by injection of cen 
system antigen with adjuvants’. The 
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nodes draining the inoculation site contain the immuno- 
competent cells which are responsible for development of 
the disease. Removal or irradiation of these draining 
nodes prevents allergie encephalomyelitis!., Suspensions of 
living cells from the nodes transfer the disease to normal 
recipients?3, Viability of the lymphoid cells is essential as 
is shown by the failure of passive transfer if the cells are 
heated to 48° C, subjected to freeze-thaw cycles, or are 
injected into histoincompatible recipients?. Transfers 
succeed if living cells are injected into histocompatible 
recipients (isogenic or F, hybrids)*. 

In view of the circulation of lymphocytes between 
lymph nodes and blood‘, it is reasonable to expect that 
immunocompetent cells from draining nodes reach the 
nervous system by way of the blood. Nevertheless, the 
presence in blood of cells with encephalitogenic potency 
has not previously been demonstrated. Transfer by para- 
biosis*, which permitted exchange of both cellular and 
humoral elements, could not provide clear evidence for the 
role of cells carried by the blood. The absence of such 

‘evidence has given rise to doubt as to whether allergic 
encephalomyelitis is a form of delayed hypersensitivity®. 
The present. investigation shows that leucocytes with 
encephalitogenic properties are present in the blood during 
the development of allergic encephalomyelitis. 

In-the first experiment, thirty-two male rats (the donors) 
of the inbred Lewis strain were each injected intra- 
peritoneally with a mixture of guinea-pig spinal cord 
(200 mg wet weight) and pertussis vaccine (2x 10° 
organisms) and identical doses were also injected into the 
sole of each hind foot*. Eight days later, 10 units heparin/g 
body weight was injected intravenously and the animals 
exsanguinated. All rats showed clinical signs of encephalo- 
myelitis.at time of killing. Leucocytes were obtained from 
pooled blood by the method of Warren et al.7, sedimented 
by centrifugation, washed three times with large volumes 
of saline and re-sedimented. Cells suspended in saline, 
with no aggregates visible on microscopic examination, 
were injected in volumes of 5-21 ml. into the dorsal penile 
vein of normal Lewis rats (the recipients) (Table 1). 


Table 1. PASSIVE TRANSEER OF ALLERGIC ENCEPHALOMYELITIS WITH BLOOD 
LEUCOCYTES IN LEWIS RATS 


Interval after EAE in recipients + 
sensitization DiR* Leucocytes Day of 
of donors transferred onset. Lesions 

8. days 4 0-75 x 10° - 0 
8 days 4 O75 x 10? - 0 
8 days 8 LS x 19° 4 + 
8 days 16 29 «10° 3 + 
6 days 8 L9 x 107 -= 0 
6 days 8 L9 «x 108 m ü 
7 days 8 14 x10 0 
7 days 8 14 x 10° - + 
8 days & 2-4 x 107 4 + 


* Donor: recipient ratio, — 
+ Hach line represents an individual recipient, 


Recipients of pooled leucocytes from four donors did 
not develop allergic encephalomyelitis. Recipients of 
cells from eight or sixteen donors developed clinical and 
histological evidence of disease (Table 1). Mild signs 
(flaccid paralysis of the tail) appeared 3 or 4 days after 
the transfer. The lesions found were disseminated through- 
out the spinal cord and hindbrain--90-125 lesions on a 
single ‘slide. These were meningeal and perivascular 
infiltrates of mononuclear inflammatory cells, typical of 
allergic encephalomyelitis'?, There were no indications 
of microembolism (no vascular obstruction, infarction or 
haemorrhage)-—microemboli would, in fact, cause im- 
mediate rather than delayed signs. The brevity of the 
incubation period eliminated the possibility of active 
sensitization of recipients by antigen carried over in- 
advertently with the large number of donor blood leuco- 
eytes.'The high ratio of the number of donors to the 
number of recipients required for transfer is to be expected 
because it is likely that only a fraction of all the immuno- 
competent cells released from draining nodes during the 
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course of the disease is present in the circulating: blood 
at any one. time. 

In the second experiment, blood leucocytes were 
obtained 6, 7 or 8 days after immunization of donors 
(Table 1). The ratio of donors-recipients was 8: 1. 
No disease was detected clinically or histologically in 
donors bled 6 days after immunization, and their leuco- 
cytes did not transfer encephalomyelitis. Donors bled 7 
days after immunization had early histological lesions but 
no clinical signs, and their leucocytes transferred mild 
encephalomyelitis without clinical signs to one of two 
recipients. Donors bled on the eighth day had severe 
lesions and rapidly progressing clinical signs. Four days 
after transfer the recipient of their leucocytes developed 
clinical and histological signs of encephalomyelitis. It 
appears, therefore, that the period of rapid progression of 
encephalomyelitis in donors may be the optimum time to 
obtain blood leucocytes for passive transfer. 

The ability to transfer disease is not restricted to 
leucocytes from donors sensitized with large amounts of 
aqueous antigen, as in the foregoing experiments. In each 
of two experiments not included in Table 1, sixteen donors 
were injected in one foot pad with 0-05 ml. of an emulsion 
that contained 10 mg guinea-pig spinal cord in Freund 
complete adjuvant, and then intradermally with pertussis 
vaccine (1 x 10! organisms) into the dorsum of the same 
foot, Donors were bled at the onset of clinical signs and 
their leucocytes were obtained and injected into a single 
recipient. Both transfers were successful; the recipients 
developed clinical signs and lesions of encephalomyelitis 
on the third day. In two control experiments in which 
guinea-pig cord for donor immunization was replaced by 
saline, 1-2 x 10° blood leucocytes prepared from eighteen 
to twenty donors failed to produce encephalomyelitis in 
recipients. : 

These results indicate that immunocompetent cells pass 
from the draining lymph nodes to the nervous system 
through the blood stream. Although allergic encephalo- 
myelitis can now be added to the list of immunological 
reactions which have been transferred with blood leuco- 
cytes (listed by Slavin’), these experiments do not throw 
any light on the relative significance of humoral antibody 


versus delayed hypersensitivity in its genesis because blood. 


leucocytes participate in both classes of immunological 
activity? *, 
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Immunization of Rats against Babesia 
(Nuttallia) rodhaini 


= THe rat adapted strain of Babesia (Nuttallia) rodhaini, 
obtained from Miss E. Beveridge of the Wellcome Labora- 
tories of Tropical Medicine, produces 20 per cent to 30 
per cent parasitaemia on about day 7, followed by 
recovery, when passaged from mice to normal young rats. 
When maintained in rats, parasitaemias of 50 per cent to 
60 per cent on about day 7 result, and some deaths occur. 
1 have found that immunizing rats against certain tissues 
of normal mice protects them from B. rodhaini maintained 
in mice, but not from B. rodhaini maintained in rats. 
When the parasite was passaged from mice to rats immun- 
ized against uninfected mouse tissues, thirteen out of 
fifteen showed no patent parasitaemias, and the other 
two each showed a single parasite in 10,000 erythrocytes 
on the fourth day only. The thirteen harboured sub- 
patent infections on day 28, because sub-inoculations 
made into clean mice were positive for Babesia. 

The rats used were about 4 weeks old when the experi- 
ment began, and were from an inbred colony of the 
Medical Research Council strain, They were immunized 
with two subcutaneous injections, 28 days apart, of a 
homogenate of liver, kidney and spleen from four mice 
of the donor strain in 0:85 per cent saline emulsified in 
mineral oil. Each dose contained about 5 mg of mouse 
tissue, The rats were challenged intraperitoneally 14 days 
after the second immunizing injection with 10° infected 
erythrocytes. The subsequent parasitaemias were exam- 
ined by stained blood smears, and tabulated using War- 
hurst’s! system of scoring, to show when a 1 per cent level 
of parasitaemia was reached. The results are given in 
Table 1. 


Table 1. PASSAGE OF MOUSE Babesia TO RATS IMMUNIZED TO MOUSE TISSUES 


Average No. of days to 
attain 1 per cent level of 
parasitaemia 
Day 3 (range 1-5) 
Day 3-5 (range 1-6) 


Parasites 
injected 


Fifteen normal rats Rat strain 

Fifteen rats immune to mouse Rat strain 
tissues 

Fifteen normal rats 


Recipient 


Day 3-5 (range 2-6, two rats 
negative throughout) 

Fifteen rate immune to mouse Mouse strain — (Two showed <Q1 per 
tissues cent day 4) 


Mouse strain 


The reciprocal experiment, in which mice were immun- 
ized with rat tissues and challenged with rat parasites. 
gave less clear-cut results. The mice were immunized 
with two subcutaneous injections, 28 days apart, of a 
homogenate emulsified in mineral oil of liver, kidney and 
spleen from a rat of the inbred donor strain. They were 
challenged 14 days after the second immunizing injection, 

using 108 infected erythrocytes. The results are given in 


Table 2. 
Table 2. PASSAGE OF RAT Babesia TO MICK IMMUNIZED TO RAT TISSUES 
. Average No, of days to attain 
Recipient Parasites 1 per cent level of 
injected. parasitaemia 


Bat strain 


Day 1-1 (range 0-7-2-2) 
Rat strain 


Day 3-0 (range 0-8--6-0) 


Day 0-8 (range 0:3--2-0) 
Day 1-1 Grange 0-7-2-0) 


Nineteen normal mice 

Nineteen mice Immune to rat 
tissues 

Nineteen normal mice 

Seventeen mice immune to rat 
tissues 


Mouse strain 
Mouse strain 


These results showed that immunization to the host 
of a parasite resulted in considerable protection against 
the parasite itself. This protection could not have been. 
due to specific anti-Babesia activity, because no parasites 
were included in the immunizing doses. The protection 
must, therefore, have been the result of a non-specific 
immunity. Whether this was directed against the 
erythrocyte containing the parasite or against host 
“material incorporated in or on the parasite itself is not 
clear, It is possible that a “‘passive immune kill”, as 
described by Hamburger and Mills?, occurred as a result 
“of there being host material adsorbed on to the parasites. 
Either mechanism could have involved both humoral 
and cellular factors. 
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These results are published to draw attention to a 
possible pitfall in the interpretation of experiments with 
this type of organism. 
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y-Globulin in Foetal Bovine Sera 
Significance in Virology 


Ir has been generally accepted that the ‘ia 
transfer of maternal antibodies to the foetu 
does not occur in species of Bovidae!-§.° Ni 
many investigators have noted that pooled foetal A 
sera neutralize certain viruses and that the sera of 1 day © 
old, colostrum-deprived calves occasionally. contain 
y-globulin. Not infrequently such findings have been 
attributed to the contamination of foetal serum with 
adult serum and to unobserved suckling of the newborn. 
In our investigations with certain bovine viruses we also 
have noted the appreciable, and apparently: ‘specific, 
virus neutralizing capacity of pooled foetal bovine sera 
procured from commercial sources. We have therefore 
examined the occurrence of y-globulin in individual samples 
of foetal sera and evaluated the capacity of such sera 
to neutralize virus. 

Thirty foetuses, in the fourth to sixth month of gestation, 
were collected at an abattoir in California and bled. by 
cardiac puncture. The sterile sera collected from. these 
samples were tested individually for the presence. of 

y-globulin by immunodiffusion, Anti-bovine y-globulin 
was prepared in rabbits, with bovine y-globulin which 
had been precipitated by cold ethanol and purified with 
DEAE, wsed as antigen. The specificity of the anti m 
towards the y-globulin fraction was established- 
basis of immunoelectrophoretic patterns obtained with 
whole bovine serum. The plates for the tests were pre- 
pared by iimg. 0-5 ml. of rabbit anti-bovine y-globulin 
with 3-5 ml. of 2 per cent Noble agar, in glycine-saline 
buffer, at pH 8-2. Agamma calf sera and unaltered calf 
sera were used as controls. The plates were incubated in a 
humidified atmosphere for 2 h at 37° C and then examined 
for the appearance of precipitation rings, indicating the 
presence of bovine y-globulin. 

Out of the thirty sera tested, seven, or approximately 
40 per cent, were found to contain significant amounts of 
y-globulin. The precipitation reactions in immunodiffusion 
plates are demonstrated in Fig. 1. 

The seven y-globulin positive and seven randomly 
selected y-globulin negative sera were then tested for their 
Peres to neutralize bovine virus diarrhoea, strain 
NADL-MD (BVD), infectious bovine rhinotracheitis 
(IBR) and bovine parainfluenza 3 (SF--4) viruses. All sera 
were heated at 56° C for 30 min before testing. The quan- 
titation of infective virus was carried out by plaque assay 
(BV D and IBE) or by the standard tube dilution method 
(SF-4) using a transmissible embryonal bovine tracheal 

cell culture (EBTr)'. The period of time allowed. for virus 
neutralization was 1 h. The y-globulin negative sera had 
no inhibitory effect on the three viruses. There was also 
no inhibition of the SF-4 virus with the y-globulin positive 
sera. Two of the sera from the latter group, when used 
undiluted, caused an insignificant (approximately 25 
cent) reduction in IBR plaque counts, Two 
positive sera, however, did significantly in 
plaque formation. The results of BYD- 
firmed in repeated experiments) are summa: 

The finding that almost 40 per cent of foet 
sera which we tested contained appreciable: a 
y-globulin indicates that transplacental transfer or po sibly 
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Table 1, BYD PLAQUE REDUCTION WITH TWO -GLOBULIN POSITIVE PORTAL 
BOVINE SERA : : : 
Serum dilution (1/n) 
Serum No, 4 16 32 64 128 256 512 
185 © 100* 58 34 ü ND ND ND 
188 H 100 100 100 o7 87 37 0 


* Reduction in plaque count expressed as percentage of virus control. 

ND, not done. 
foetal synthesis? of the protein is not infrequent in the 
bovine species. 

To evaluate the virus neutralizing capacity of sera 
containing y-globulin we selected three viruses which are 
common pathogens of cattle. Serological surveys, con- 
ducted in several areas of the United States (ref. No. 8 
and personal communication from C. J. York), indicate 
that at least 65 per cent of the cattle population in these 
states has had contact with BVD and that the frequency 
of IBR antibodies, particularly in areas where immuniza- 
tion is practised widely, may also approach this value. 
The data on the incidence of S F'-4 antibodies in the cattle 
population of our area (California) are not as definite, 
but, nevertheless, they do indicate that the frequency of 
infection is also high. On the basis of the above observa- 
tions we assumed that, if the y-globulin found in 40 per 
cent of our serum samples were of maternal origin, & 
certain number of these sera would neutralize the test 
viruses. The neutralizing antibody titres after exposure 
to IBR and SF-4 are usually small, 1:5 to 1: 100, 
whereas with BV D the titres of 1: 1,000 to 1: 10,000 (at 
least in our experience) are quite common, and so it was 
anticipated that BVD would be neutralized more fre- 
quently. The results seem to substantiate this. 

Although in this investigation we were able to demon- 
strate the neutralization, by foetal sera, of only one virus 
type, the implication of the finding is that different batches 
of foetal bovine serum could possess significant neutral- 
izing capacity for a variety of agents. Thus, the hazard of 
using untested foetal bovine sera in cell culture systems 
destined for virus isolation or serological investigations, 
particularly with bovine agents, becomes quite apparent. 
itis also evident that a certain percentage of either specific 
pathogen-free or newborn, colostrum-deprived, calves 
may possess anti-viral antibodies. The use of such animals 
in investigations of virus pathogenesis or for reagent serum: 
production must therefore be preceded by a thorough 
serological evaluation. 

Perhaps less evident but probably of greater significance 
is the possibility that foetal bovine sera may participate in 
the establishment of chronic virus infection in cultured 
eslls. For example, IBR, a herpes virus, is a recognized 
aetiological agent of abortion in cattle. It has been re- 






eplicate immunodiffusion plates showing y-globulin precipitation 
“reactions with fostal bovine sera (in wells along margins) and unaltered 

calf serum (two of the outer wells in the centre), Agamma calf serum 
(two inner wells in the centre) did not precipitate, 
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_peatedly isolated from aborted foetuses of heifers which 


showed no signs of previous iliness*!°, It has also been 
isolated from aborted foetuses of heifers vaccinated in 
pregnancy with an attenuated virus’. Considering the 
frequency of this infection in our cattle population one 
can conjecture that some of the bovine foetal serum used 
in tissue culture may contain a small concentration of the 
viruses. Another example is BVD, probably a myxo- 
virus, which has also been implicated as a cause of 
abortions in cattle, although, so far, only on serological 
evidence’. Here, however, we have definite information 
that a transmissible cell line (ZBTr) known to be free of 
BVD was contaminated once with the virus through the 
medium of foetal serum. One can thus see that in certain 
instances the presence of a virus and of specific antibody in 
foetal serum pools may result in the establishment of a 
chronic infection in continuously cultured bovine cells. 
Unfortunately, such an eventuality is not confined to 
cultures of bovine origin, for, to mention only one example, 
the IBR virus has been shown to replicate in cultures of 
human cellat, 
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CYTOLOGY 


Virus Induced Point Mutation 


Virus particles have been shown to induce chromosome 
breakage in mammalian tissue culture’. If it were a 
property of viruses to break chromosomes, then one 
would expect viruses to cause point mutation which 
would result from errors in the genetie code at the site 
where the chromosome was broken and reconstituted. 
With this reasoning, experiments were undertaken to 
determine whether viruses induce point mutation in the 
form of recessive lethal mutation on the X chromosome 
of Drosophila melanogaster. The virus used was Sigma—- 
an organism which causes sensitivity to carbon dioxide’, 
A strain (Plus A-6) of Drosophila melanogaster stably 
infected with Sigma virus was obtained from Dr. Nadine 
Plus and cultured in our laboratories for more. than 2 
years. The strain has been tested at intervals of 2 weeks 
by exposing a portion, of the flies to carbon dioxide, bu 
no non-sensitive progeny have been detected. -Male 
from this strain were mated to virgin females of a multiply 
marked stock which contained crossover suppressors or 
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each chromosome: ect! Ing wt ac; SME al? Cy. sp*/dp 
de® Pm;-C Sb/Ubai® es; spara When males stably 
-infected with Sigma virus were mated to utinfected 
-o females their progeny were in some cases unstably infected 
with virus. The progeny of such crosses were sib mated 
and those individuals which contained none of the marked 
chromosomes were selected. Thus, the original genome 
was reconstituted within the limits of multiple crossover 
“suppression, but the infection, in most cases, was unstable 
rather than stable. These flies were then exposed to heat 
oo. (29° C) for several generations and tested for loss of Sigma 
virus. 

Sigma virus assay consists in exposing 3 day old flies 
to a 100 per cent carbon dioxide atmosphere for 15 min 
at 14° C. The Plus A-6 stably infected strain showed 
100 per cent lethality under such treatment. The cured 
line demonstrated complete recovery within 5 min, that 
~ 4s, as rapid as the laboratory strain, Oregon-R. 
About twenty single pair matings were made from each 
line and given a letter designation. Progeny from each 
mating were divided into three groups; (1) a group to be 
. -tested for the presence or absence of Sigma virus; (2) three 
` Single pair sib matings; (3) virgin females not used in 

(1) or (2). The progeny from one of the three single pair 
matings were divided in the same way the following 
generation and the two not chosen were discarded. 
=c Mirgin Plus A-6 females from (3) were mated singly to 
Base males*; the parents were discarded after 8 days, 
and. virgin females, Plus A-6/Basc, were collected in 
> groups. These virgin females were again mated to Base 
males and their grouping as to parent maintained. The 
= progeny of these matings were then scored for the presence 
- sor absence of a recessive lethal on the Plus A-6, X chromo- 
-osome. For a culture to be considered a lethal twenty 
“Base male progeny and no Plus A-6 males (normal 
appearing) was demanded; to be a non-lethal at least 
~2 Plus A-6 males must be present. Every culture ful- 
filled one or the other of these limits. Lethals present in 
the original females could be distinguished because about 
half the groups tested which arose from these females 
= would be 100 per cent lethal. Lethals arising in a single 
=; F, female and present in females (F,) mated to form 
groups (F,) could be distinguished by about half a single 
group being lethal. The first type was not found but 
several cases of the second type were found. In this case 
the group was excluded from scoring. 
oo AN Plus A-6 flies were kept in an incubator at 22-5 + 
<I? C up to the last mating. The last cross was maintained 
at 24° C + 2° C. 
= -Table 1 contains the results of the experiment. In the 
line containing the virus, thirty lethals were found in 
12,395 cultures, and in the line free from virus eighteen 
“Tethals were found in 14;450 cultures. The difference, 
0-118 + 0-056 per cent, is significant below the 5 per cent 
level. 



































io Table 1. FREQUENOY OF RECESSIVE LETHAL MUTANTS ON THE X CHROMO- 
C. SOME IN A SIGMA VIRUS-CONTAINING LINE OF D. melanogaster AND A SIBLING, 
SIGMA VIRUS-FREE LINE 


Total Lethals Percentage + S.E. 
Control 14,450 u 18 0-125 + 0-029 
Sigma 12,395 30 0-242 $ 0-044 


Difference = 0-118 + 0-053 + 
Probability = <0-05 


+ Error of the difference = y S.E. + 8.8.3 


Table 2 shows the same results but divided into groups 
of as.close to a thousand as possible. The grouping is 
according to the coding system and is random according 
ups but in order of date scored. This array of data 
simple sign test is significant below the 0-01 level of 
bility. (This method was suggested by Dr. James 
P. Crow.) 

OE * Base males st BINS we ac? 
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CHROMOSOME RECESSIVE LETHALS: FOUND PER APERO 
N A ‘SIGMA VIRUS-OONTAINING LINE OF Dy ‘melan 
SIBLING, SIGMA VIRUS-FREE LINE: j 


Nitus-containing 
No Lethals No. 


Table 2.. Xoc 
1,000. TESTS T 


Virus-free 
Let 


995 


1 1,003 Sog 
1,017 2 991 Bi 
996 1 1,011 KÈ 
1,021 8 993 Bee 
995 3 1,023 ob 
1,006 4 996 8 
997 4 999 0 
1,017 4 990 et 
1,013 2 1,004 0 
1,014 2 1,004 ot 
1,015 1 1,013 0 
1,022 3 1,003 
Total 12,107 30 12,032 


Probability of 11 out of 12 < OOL 





The sex linked lethals found have been mainte: 
stock and have not shown any tendency to revert 
type. Only three clusters of two lethals were founc 
strain containing the virus and one cluster of tw: 
in the control. These have been shown tò: 
mutational events by crossover tests. The frequ 
these clusters fits a Poisson distribution. 
found is being localized and the full resul 
published later. Mutation induced by virus a 
level as well as the cytological level might be 
from reports of chromosome breakage due: to 
That breakage is the cause of the effects reported ; 
not verified. Koram and Speyer have reported another 
possible mode of virus mutagenesis‘. They found a. Te 
phage which has a mutant DNA polymerase whieh in 
turn causes other loci in the phage genome to mutate. 
It is possible that a temperate virus producing. 
DNA polymerases donates some of its product at the time 
of host DNA replication. The use of foreign: polyme: 
may be the cause of mutation. It is not known. 
however, whether Sigma virus is a DNA virus or a 
virus. 

The low rate of mutation found for the cured 
may point to the fact that most mutation. fou 
organisms results from infection with viruses: be 
there is good reason to expect viruses to be ubiquitous. 
The only known native virus in Drosophila is Sigma and 
it seems unlikely that this one should also be rare in 
being mutagenic. 

In the experiments reported mutation in the female 
alone was investigated. There seems to be no a priori 
reason to believe that it does not also occur in the male, 
Experiments to test this are in progress. 

Tf viruses, in general, are mutagenic then spontaneous 
mutation rates in all organisms may be called into ques- 
tion because the presence of viruses has not been taken 
into account. The question is also now open as to the dual 
effect of viruses with other mutagenic treatments su 
X-rays. It is possible that synergism exists betwee h 
two mutagenic forces. 
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Electron Microscopy of Islet Alpha Cells of 
Domestic Fowl 


THE splenic pancreas was removed from ten domestie 
fowls (Rhode Island Red), fixed in 1 per cent. osmic acid 
solution buffered with phosphate for 1 h, dehydrated with 
graded concentrations of aleohol, and embedded in epoxy 
resin’. Seetions cut with a microtome were stained with 
lead citrate? and observed under an electron micro- 
scope. 

Munger has clearly elucidated the secretory mode of the 


extracellular space*. This secretory behaviour has been 
confirmed in various mammals'-*, The authors observed 
the different mode of secretion in the alpha cell of the 
domestic fowl pancreas and could support the hypothesis 
which was formulated for the chick embryo alpha cell’. 
The limiting membrane of the secretory granule is con- 
sidered to fuse with the plasma membrane, and the 
opening of the membrane at the point of fusion makes the 
secretory granule extrude into the extracellular space, 
suggesting emiocytosis®. 

The alpha cell of the domestic fowl can be easily 
identified by the secretory granules*-!", The secretory 
granules in the Golgi region are of high electron density 
and their matrices are compact. Their matrices, however. 
seem to be loosened and demonstrate the fine structure 
when the secretory granules become mature and are 
secreted (Fig. 2). The nucleus, situated centrally in the 
cell, is ovoid, round or slightly elongated. The mitochon- 
dria are scattered sporadically and their matrices are of 
moderate electron density. The endoplasmic reticulum is 
short and filamentous. The Golgi area is usually on the 
opposite side of the cell from the capillary. The cyto- 
plasmic matrix is rich in ribosomes, and the cytoplasmic 
membranes facing the blood capillary are generally even, 
but occasionally a small number of concavities are seen. 
The lateral eytoplasmic membranes show the intercellular 
digitation, and the desmosomes are not so clear. 

A few granules are seen in a Golgi region and are 
numerous in the cytoplasm near the capillary. Occasionally 
the dense granules (mostly 100-500 mu in diameter) which 
are supposed to be the secretory granules are observed in 
the cavities at the cell surface (arrows I of Fig. 1 and 
Fig. 2). They would be the granules which have been 
secreted. Rarely can the dense granules, which are thought 
to be the secretory granules, be observed in the cytoplasm 
of the endothelial cell (arrow IT of Fig. 1). 

The mode of distribution of secretory granules suggests 
that they are formed in the Golgi sacs and stay for 
some time in the Golgi area. Then the secretory 
granules move to the evtoplasm at the side of the 
capillary, where they are accumulated. The secretory 
granules in the cavities at the cell surface suggest that the 
granules are released directly into the extracellular space, 
The existence of secretory granules in the endothelial cell is 
evidence that the material within the secretory granule 
is not immediately solubilized on release. 

For the islet of Langerhans of the domestic fowl emio- 
eyvtosis® and the type IV secretory mechanism?! are the 
possible methods of secretion by the alpha cell. This is 
considered a reasonable mechanism for the secretion 
of glucagon, because glucagon originates from the alpha 
celle, 

It is not clear whether there are A, and A, cells. We 
have often observed structures which contain a well 
developed endoplasmic reticulum, a large mitochondrion 
and various kinds of secretory granules which are very 
similar to the A, cell in the duck, but we hesitate to 
describe them as the alpha cell, for occasionally we ob- 
served collagen fibrils and blood cells in them. The A, 
cell may be an artefact or necrotic, or at any rate not a 
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Fig. 1. Electron micrograph of an alpha cell of the domestic fowl pancreas, 
Two secretory granules are observed in the cavities at the cell surface 
(arrows F) and even one is extremely rare in the endothelial cell (arrow TT). 
G, Golgi area; N, nucleus; M, mitochondria; B, basement membrane: 


E, endothelial cell; and P, a part of a blood cell, (x 11,000.) 


Fig, 2. Electron micrograph of a pericapillary space between alpha and 
endothelial cell of the dSmestic fowl pancre: 
which has just been secreted can be seen in the 
(arrow), A, Alpha cell; B, basement membrane: and E, endothelial cell, 





. The secretory granule 
cavity at the cell surface 





(x 100,000.) 
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‘normal cell’, at least so far as the domestic fowl is con- 
cerned. 


Mrtsvo MACHINO 
Hrrosui Sakuma 
«Department of Anatomy, 
<The Kyoto Prefectural University of Medicine, 
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Mite Chromosomes : an Exceptionally 
Smali Number 


ALTHOUGH the chromosomes of thousands of plants and 
animals have been investigated and chromosome numbers 
ve found to vary widely, the overall trend has been toward 
the evolution of a moderate number in most taxa. Very 
few. species have been reported to have as few as n=2 
“chromosomes. Jackson’ reported the flowering plant 
. Haplopappus gracilis to be n= 2 and most cytology text- 
“books indicate that the nematode Parascaris equorum 
= Ascaris megalocephala) possesses one pair of chromosomes 
in germ line cells. In the latter species, however, the two 
chromosomes fragment into numerous small chromosomes 
in the soma, and therefore the germ line chromosomes are 
zc eonsidered aggregate bodies*. In the Insecta some coccid 
z members of the tribe Iceryini have a haploid number of 
two chromosomes and unfertilized haploid eggs develop 
parthenogenically into males. Sokolov‘ found two species 
of water mites (Hylais rimosa and Eylais setosa} to be 
n= 2, but these species do not display haploid partheno- 
genesis. The rarity of reported eases of such a low chromo- 
some number throughout the plant and animal kingdoms 
‘prompted us to report the following data. 
The mites, Harpyrhynchus brevis, and their eggs were 
obtained from chipping sparrows (Spizella passerina) from 
the University of California, Hopland Field Station. 
Mendocino County, California. Eggs of H. brevis are 
oviposited singly, each attached by a short stalk to the 
skin of the bird in the region of the head and neck. Em- 
bryos of different ages were prepared for chromosomal 
examination by the squash technique and aceto-orcein 
stain, Only the white, opaque eggs containing young 
“undifferentiated embryos gave usable chromosome pre- 
=O parations, whereas eggs with yellow-orange embryos were 
too far advanced for chromosomal investigation. Many 
embryos and hundreds of cells were analysed and all had 
two or four chromosomes in a cell, but only one type to 
each embryo (Fig. 1, A and B). Chromosome lengths 
-cevaried depending on the stage of mitosis and usually 
measured 2-34 at metaphase. One chromosome (or one 
¿copair in the diploid cells) was slightly longer than the other. 
_ No primary or secondary constrictions nor any other 
¿consistently recognizable features were found on the 
eehromosomes. It is undetermined, at present, whether 
these. chromosomes are monocentric or holocentric. Two 
attempts to characterize harpyrhynchid chromosomes 
by X-ray fragmentation experiments have failed because 
of dosimetry problems. These mites are parasites. of birds 
and incidence of oviposition appears to be seasonal. 
. Because of this and the difficulty of obtaining large numbers 
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Fig. 1. Embryonic cells of Hasta brevis, (A) Haploid and (8B) 
diploid chromosome complements, Chromosomes 2-3 long, 





for experimental analysis, it appears likely that the nature 
of the centromere in these chromosomes will remain 
unknown for some time unless laboratory colonies of the 
species can be established. 

Harpyrhynchus brevis and a second species of the same 
genus were found parasitizing the same individual host 
bird. We did not recognize any differences in chromosome 
number, morphology, or size between the two species. 
Nevertheless, they can be distinguished readily by external 
morphological criteria and differ greatly regarding ovi- 
positional and other behavioural characteristics. 

Haplo-diploidy is common in many mite families and is 
the dominant sex determining mechanism in one family 
(Tetranychidae) included in the same sub-order (Eleuthe- 
rengona) as the Harpyrhynchidae. The co-existence. of 
haploid and diploid embryos, however, does not in itself 
prove arrhenotoky. Brown and Bennett have shown that 
in the diaspine scale Pseudaulacaspis pentagona ‘male 
embryos begin as diploids but the paternal chromosomes 
are eliminated during late cleavage stages and, thus, 
males develop thereafter as true haploids. Nevertheless, 
this type of chromosome behaviour is uncommon. in 
embryos of most organisms and it is probable that Harpy- 
rhynchus brevis is arrhenotokous. 

This work was supported in part by the U.S. National 
Institutes of Health. 
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GENETICS 


Phosphoglucomutase Frequencies in Habbanite 
Jews and Icelanders 
Two- variants of human red cell phosphoglucomutase 
(PGM), genetically determined and detectable by starch- 
gel electrophoresis, were discovered by Spencer, Hopkinson 
and Harrist, 

In most. populations three common phenotypes are 
found, corresponding to the homozygotes and the hetero- 
zygotes for a single pair of allelic genes, PGM! and 
PGM}. Hopkinson and Harris? have discovered a number 
7 rare, phenotypes, some of which are dependent 
on alleles at a second locus, and have also published the 













frequencies of phenotypes and genes in seven different 
po groups from England, the East Mediterranean 
ar | Africa, 


carrying out extensive red cell and serum group 


ir ms of blood specimens from Icelanders and 
fro! Habbanite Jews. The results of these tests will 
be published in full elsewhere. Tt should be mentioned 


that there is a preponderance of males among the Ice- 
landers and that numerous near relatives are included 
among the Habbanites. These points will be considered in 
detail when the results are published in full. 

Tt is unnecessary to discuss here the origin of the Ice- 
landers, although there is no complete general agreement 
on this; their red cell and serum group frequencies, in any 
case, fit well into the pattern of Western Europe. The 
Habbanite Jews were a group of about 500 persons forming 

-strict isolate in the Hadhramaut in Southern Arabia, 
They recently emigrated to Israel where the investigation 
is being carried out. Their red cell group frequencies 
differ considerably from those of any other Jewish popula- 
tions investigated, with the exception of the Falashas of 
Ethiopia, for they show a high frequency of numerous 
genes which are particularly common in African popula- 
tions, including Ry, (cDe), V (cet), He (Henshaw), Fy 
{amorph) and Jsa, 

Specimens from both populations were collected into 
anticoagulant and sent as air freight to London for testing. 
Tests for phosphoglucomutase variants were performed as 
recommended by Spencer et al.?. Only the common variants 
were found. The results are set out in Table 1. 






Table 1, INerpENcR oF PGM PHENOTYPES IN ICELANDERS AND HABBANITE 


JEWS 
Phenotype numbers and frequencies 
; No. tested PGM 1 POM 2-1 PGM 2 
Teclanders. 129 88 (0-682) 85 (0-271) 6 (0-047) 
Habbanites 222 49 (0-221) 93 (0-419) 80 (0-360) 
Table 2. FREQUENCIES oF POM GENES (AFTER HOPRINSON AND HARRIS?) 
ae Pom’ PEM! 
oo English’ 0-764 0-235 
io Greek: 0-893 0-307 
Iraqi- Jews 0874 0:326 
<: Purkish Cypriots 0698 0:300 
Negroes: 
Oo) Living in England 0-786 0-214 
: Be Yoruba, Nigeria 0-758 0-239 
: _(¢) Bantu, 8. Africa 0-792 0-202 
 Teelanders 0-818 0-182 
o Habbanites 0-430 0-570 







phosphoglucomutase 
to vary little. The 
Mi lies between 0-758 and 


argest yet. reported, while that of the Habbanite 
vs is 0:430 which is much smaller than any previously 
‘reported figure. This may be related to the somewhat small 
frequencies found in other East Mediterranean peoples; 
it is unlikely to be derived from Africa, although it would 





be desirable to 
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compare data from East African popula- 
tions. It may, on the other hand, be the result of isolation. 
—genetic drift, or natural selection in a specialized environ- 
ment. The proportion of homozygotes is somewhat: 
greater than expected on a random mating basis, and this 
suggests a considerable degree of inbreeding, but the 
genotype frequencies for all the other red cell and serum 
group systems are, broadly speaking, intermediate be- 
tween those found in the East Mediterranean area and in 
Africa, with no indication either of extreme gene fre- 
quencies or of an excess of homozygotes. Attempts are, 
however, being made to secure specimens for comparison 
from other populations which have lived for a long period 
in the Arabian peninsula. ; 
We thank Miss Vivien R. Clements for technical assise © 
tance. 
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MICROBIOLOGY 


Mobilization of Transduced Tetracycline 
Resistance by the ^ Transfer Factor in 
Salmonella typhimurium and S. typhi 


Ir has been shown that transferable drug resistance 
factors (R-factors) are composed of two basically inde- 
pendent entities!-*: (1) genetic determinants for drug: 
resistance; (2) transfer factors, which are linked to the 
determinants to form complexes which are transferred 
from donor to recipient cells by conjugation. In the 
absence of a transfer factor, resistance determinants are 
transmitted only in a linear fashion. In the absence of ~. 
resistance determinants, the transfer factors have no: 
resistance to transfer. ; ; 
We suggested earlier that loss of mobility of an> 
R-factor results from loss of its transfer factor!. Thise: 
hypothesis was confirmed with R-factors for ampicillin 
and for streptomycin-sulphonamide resistance which 
had lost their mobility during transfer to Salmonella: 
typhimurium phage-type 36 (= type 36)'*. The original 
mobility of these R-factors was known to depend on the 
A transfer factor’. The absence of A in the type 36 
recipient lines was indicated not only by the non-trans- 
ferability of the resistances, but also by the lack of 
the characteristic phage-restriction pattern produced by : 
A (refs, 1 and 4). Moreover, A could be introduced into“ 
the strains at the same frequency as into “virgin” strains > 
devoid of both resistance and A, whereas A entry into ` 
strains which already carry it is reduced by a factor of 
10-t or less. When the strains carrying immobile resistance. 
determinants were infected with A, the resistances became 
transferable and the phage-restriction pattern character- : 
istic of A appeared?:*, l 4 
An R-factor may lose its transferability in three ways?) 
(1) by segregation during multiplication of the host 
strain; (2) during transfer to a new host; (3) during 
transduction to a new host. a 
Our earlier observations suggested that the immobility 
of the resistance in each ease probably resulted fro 
loss of the transfer factor, and that the postulate that 
R-factor had lost its transferability because it had bec 
integrated into the ehromosome*-* was erroneous. 
must be. remembered, however, that at the time 
postulate was made the essential independence of the 
transfer factor and the determinants it carried had not 
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been established. There was therefore’ a tendency ‘to 
dentify resistance determinants with complete R-factors, 
_and to suggest that loss of transferability was caused by 
a combination of chromosomal integration of the R-factor 
-and “defectivity”, but not loss, of its transfer factor. 
We report here experiments which support the sugges- 
ion that loss of transferability of a transduced tetra- 
eycline R-factor is caused by loss of its transfer factor. 
he introduction of the transfer factor into the transduced 
strains results in reconstitution of the tetracycline R- 
-o factor, and thus in restoration of its mobility. 
Phage P22 was propagated on type 36 carrying T’ A, 
“the R-factor for tetracycline resistance previously 
- deseribed'*. After elimination of the host cells, the result- 
“ing lysate, which contained about 10! phage particles/ml., 
was mixed with nutrient broth cultures of drug-sensitive 
type 36 and of Vi-phage type A of S. typhi (=S. typhi). 
= The phage : bacterial cell multiplicity was about, 20: 1. 
The P22-type 36 mixtures were incubated at 37° C for 
30min; because of a low transduction rate to S. typhi, 
the P22-S. typhi mixtures were incubated at 37° © for 
18 h. Each mixture was then centrifuged at 1,500g for 
16 min. Four-fifths of the supernatant was discarded 
and the bacterial deposit resuspended in the remainder, 
-oWhich was spread on Bacto MacConkey agar (Difeo 
-= Laboratories) containing 5 ug/ml. of tetracycline. Tetra- 
 eyeline-resistant colonies appeared on this medium after 
1o o covernight incubation at 37° ©. The transduction fre- 
< quency in terms of the final bacterial count in the phage- 
recipient strain mixtures was about 10-5 for type 36 and 
10-* for S. typhi. No colonies were found in control plates 
noculated with the recipient strains alone. The trans- 
duced tetracycline-resistant lines of type 36 and S. typhi 
are designated 36(T) and S. typhi(T), respectively. Both 
are lysogenic for P22, but the symbol of the phage will 
be ‘omitted. The minimal inhibitory concentration of 
‘tetracycline was the same for 36(T) as for 36(T’ A), and 
the same for S. typhi(T) as for S. typhi(T’ A), that is, 
250 ug/ml. and 125 ug/ml., respectively. 
|. Neither 36(T) nor S. typhi(T) would transfer its tetra- 
eyeline resistance to Escherichia coli K12F— (=K12)— 
. the sensitivity of the transfer test was about 10, Phage- 
typing of 36(T) to detect the presence of A by specific 
oo phage restriction was unfruitful because lysogenization 
swith P22 renders type 36 resistant to most of the S. 
| typhimurium typing phages. A could not, however, be 
detected in 36(T) by using it as a donor strain in the 
resistance determinant mobilization test described earlier’, 
SK12 carrying the streptomyein-sulphonamide R-factor 
SA (= K12(8.A)) was used as a donor strain to introduce 
A into type 36(T) and S. typhi(T). 36(T) accepted SA 
at the same frequency as did virgin type 36. The resulting 
_ clones, designated 36(TS A), showed a variable frequency of 
transfer of tetracycline resistance to K12, from 2-0 x 10-5 
o to-<10-*; in most instances the range lay between 10-* 
and 10-7, Clones derived from this cross were designated 
S RIHT A); they transferred TA to type 36 at high fre- 
“quency, about. 5-0 x 10-1, which is the frequency of trans- 
> fer of T’ A to type 36 (refs. 1 and 4). 
» Although S. typhi(T) was lysogenic for P22, it was un- 
changed in phage-type, that is, it remained Vi-type A. 
© A produces a characteristic phage-restriction pattern in 
<S. typhi, and therefore the unchanged phage sensitivity 
of WS. typhi(T) suggested that it did not contain A. S. 
typhi(T) accepted SA from K12(8 A) at the same frequency 
as did virgin S. typhi. The resulting clones of S.typhi(TS A) 
showed the phage-restriction pattern characteristic of A, 
and transferred tetracycline resistance to K12 to form 
KIHT A), at frequencies which varied from 3x 10- to 
<10-*. There was also variability in the frequency of 
farther transfer of TA from K12(TA)ty into S. typhi, but 
the high frequency of transfer from some K12(T Ahy lines 
-dndicated that they carried a complex resembling T” A. 
"These. experiments suggest that the immobility of the 
-tetracycline resistance after. transduction into type 36 
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and S, typhi results from the fact that only the re 
determinant T has been introduced into th 
strains by P22. By analogy, it can be su 
whenever an R-factor is immobile after transd 
respective transfer factor is not introduced. by: t 
ducing phage, so that the recipient strain: he 
only the resistance determinant(s). It. shoule 
be possible to mobilize such determinants wi 
transfer factors. Eu 

A distinctive feature of the wild multi-resistant 
S. typhimurium phage-type 29 which formed th 
point of our investigations was that, if they tr 
tetracycline resistance at all, they did so at low 
and that, once mobilized, the tetracycline R-factc 
highly transmissible'+*, The low initial mi 
frequency of T by A in the transduced strains 
S. typhi(T), and the subsequent high communie: 
the R-factor so formed, are sufficiently similar to o 
tions on tetracycline resistance transfer from wild st: 
of type 29 to indicate the possibility that the s 
process is concerned in T mobilization in both eases. 
This possibility is being investigated and the results 
be reported later. TS 

We thank Miss J. N. Mayhew for her help in this work. 
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Prophage Induction by N-Methy|-N’-nitro- a 
N-nitrosoguanidine in a Group A Strepto- 
coccus oe 


Since the first report of mutagenesis in Escherichia coli in- 
duced by N-methyl-N’-nitro-N-nitrosoguanidine (NG)! 
this agent has been widely used as a mutagen in baeter l 
genetics. In suitable conditions it combines extraordinary — 
mutagenicity with a high survival of the treated cells*. 
Besides being a powerful mutagen, it has also heer 
to have antitumour activity”. Furthermore, Alla ; | 
McCalla‘ have proved that NG induces lambda prophage 
development and subsequent lysis of E. coli O 600.()). 
During an investigation of NG-induced mutants I had 
to test the effect of NG on the prophage-host system in a 
group A Streptococcus and found that the substance is an 
effective inducing agent for bacteriophage production in 
this case as well. web 
The lysogenic strain used throughout this work was K 56 
Sr (P 7738), a streptomycin resistant derivative. of K 56 
(type 12) (ref. 5) artificially lysogenized with phage P 7738 
isolated from strain 7738 (type 12). Bacteria were grown 
at 37° C without agitation in beef heart broth containing 
10 g of proteose peptone No. 2 (‘Difco’), 3.g 0f sodium. 
chloride, 2 g Na,HPO,.12 H,0, 0-2 g of calcium ch le, 
1 g of glucose, and 100 ml. of horse serum/l. The pH. 
adjusted to 7-2. The optical density was measure 
‘Spekol’ colorimeter (VEB C. Zeiss, Jena) at 
Solid and semi-solid agar contained the same- eønsti 
as broth, with the addition of 2 per cent and_0-7 pe 
agar, respectively. In estimating phage, solid a 
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overlayed with soft agar containing early log phase cells 
of K..56:as the indicator cells and an appropriately diluted 
sample of the treated culture. Plates were incubated: 


overnight: at 37° ©. Solutions of NG were prepared im- 
mediately before use. 


As seen in Fig. 1, at the concentration of 6-25 ug/ml. of 


NG the normal growth of the non-lysogenie parental strain 
















K356 5" (P7736) 














to 
P 
ie 
ce 


i 28 4 6 RO 
ei Time (h) 


Figo). Effector NG on strains K 56 Sr and K 56 Sr (P 7738), Early log 
“phase cells were diluted with wn equal volume of fresh medium containing 
the appropriate concentration of NG, and incubated further. ©, U; 


J$, 62550, 12-55 M25; 4, 50; A, 100 ug/ml. of NG. 








100 





50 


ODsas 


10 


Plaques/10" initial K56 S° (P7738) U.P. U. 


] 


0 a EEE AO O OA! 10: 


1 2 3 4 5 
Time (h) 











Fig. 2. One-step growth experiment. Cells of K 56 Sr (P 7738) were 
grown toa density of 10°/ml. of o.r.u. and diluted with an equal volume of 
fresh medium containing the indicated concentration ef NG. After 
30 min a sample was removed, diluted to give 10° and 10'/ml. P.U. in 
the first-and second growth tube, respectively, and incubated further, 
At various intervals samples were taken for plaque counts. OD measure- 
mentë ©, control without NG: @, 15 g/ml, of NG. One-step growth 
experiment: W, 15 ug/ml. of NG (right-hand log scale). 
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‘is slightly interfered with, while at 100 ug/ml. it is almost 
completely inhibited. At neither concentration of NG 


tested. was a decreasé in the turbidity observed. In the 
lysogenic strain, on the contrary, 6-25 ug/ml. of NG cause 
partial lysis and 12-5 ug/ml. cause maximal lysis of the 
bacteria 2 h after the addition of NG. At 50 and 100 ug/ml... 
there is no measurable decrease in the turbidity, and i 
therefore at these concentrations the growth curves ofo > 
the two strains do not differ. 

After establishing that, at suitable concentrations, NG 
caused lysis of the lysogenic strain, a one-step growth 
experiment® was designed to show whether the lysis ean 
account for the liberation of phages. As shown in Fig. 2, 
the curve indicates a typical single-step growth of the: 
phages released by the induced strain. In the conditions 
of this experiment each colony forming unit (C.F.Ù.) 
produces a mean of thirty phages. The latent period ia... 
about 55 min and the rise period about 90 min, The 
efficiency of induction (induction rate) amounts to 50 per .. 
cent, but varied in different experiments between 50 per 
cent and 75 per cent. 

The molecular base for the action of NG remains to be 
established. Decomposition products of NG (nitrous acid, 
diazomethane) are considered to account for its mutā- 
genicity, but the formation of them could have been ruled. 
out by the conditions of the experiments describe 
Terawaki and Greenberg’? showed that NG inactivates 
transforming DNA in vitro; however, it does not selectively 
inhibit the synthesis of DNA. Other inducing agents have: 
such selectivity and so it is worth further investigating 
how NG renders the system of prophage repression in- 
effective and thereby causes induction. 

I thank Dr. P. Neuland of this institute for preparing 
the NG. 
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Bacillus pantothenticus Spores activated by 
Dimethylformamide and Dimethylsulphoxide 


Tur phenomenon of heat activation of Bacillus spores was 
first described by Curran and Evansi. Spore suspensions i 
of many species of Bacillus are now known to exhibit. 
dormancy, that is, to contain a proportion of spores which 
will not germinate in normal conditions, but will do so 
if previously exposed to a treatment not normally re- 
quired for vegetative development, such as exposure to; 
sub-lethal heating. The time and temperature of heating = 
required for maximum activation in different species 
vary greatly, and some extremely dormant spores of 
thermophilic species require temperatures of more than 
100° © for activation? 3, 
Keynan et al.* have shown that the reducing agenta; 
mercaptoethanol and thioglycollic acid, and exposure to 
low pH will imitate the effect of heat, producing activa- > 
tion of the spores of Bacillus cereus, and it has been sugs 
gested that activation changes the tertiary structure of a 
protein responsible for the dormant state of the spores,” 
and that activation could be considered as a reversible 
denaturation of the protein. The investigations of temper: 
ature dependence of the rate of heat activation of the 
spores of B. subtilis No. 5230 by Busta and, Ordal? gave a 
uniform activation energy (AH) of 28 keal for the range ~~ 
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o §°-94° C, suggesting that. the rate controlling. step for 
“activation was the same for this temperature range. 
They also found that the change in entropy (ASt) for 
formation of the activated complex was small (6:1 cal/°C), 
and they concluded that the breakage of a few strong 
_ bonds rather than many weak bonds must be responsible 
for activation. This has led to the suggestion that 8-—-5 

| linkages play an important part in maintaining dormancy, 
and that reduction of these linkages could give the requisite 
change in tertiary structure’. 

Temperature dependence studies using a suspen- 
-sion of B. pantothenticus spores (NCTC 8162) in water 
oo gave thermodynamic constants’ very similar to those of 

- Busta and Ordal’. AH for the range 4°-60° C had a 
“uniform value of 27 keal. The average value of ASt was 
12-6 eal/°C. Olejnikow® has reported values of the same 
order for the activation of spores of Clostridium botulinum. 
“Very polar solvents such as dimethylformamide, 
‘dimethylsulphoxide and concentrated solutions of urea 
ause changes in the tertiary structure of proteins by the 
rupture of hydrogen bonds. The effect of such compounds 
én the activation of bacterial spores has hitherto not been 
tested, except that Keynan et al.4 reported that 6 molar 
urea had no effect on the activation of B. cereus spores 
caused by exposure to low pH. The effect of pretreatment 
with dimethylformamide on the number of spores capable 

of producing colonies on a peptone agar medium (incubated 
at 37° for 48 h) was investigated using the same strain of 
organism as was used in the investigations of temperature 

_ edependence described here. The spore suspension was 
-c prepared by growing B. pantothenticus on antibiotic assay 
< medium A (ref. 10) plus 10 p.p.m. of manganese for 14 days 
at 37° C, followed by extensive washing of the spores 
“with distilled water. The final suspension was diluted 
ccawith distilled water to a total (chamber) count of 2-03 + 

0-13 x 10° spores/ml. The viable count of this suspension, 

counted by a spread plate method on peptone agar, was 
5-56 40-34 x 10° spores/ml., that is, only 27-4 per cent of 

the spores in the untreated suspension were capable of 
“producing colonies on peptone agar. Preheating of the 
= suspension for 80 min at 60° C in water increased this 
value to 70 per cent (see Fig. 1). Pretreatment of the 
suspension with a 90 per cent v/v aqueous solution of 
dimethylformamide was found to produce rapid activa- 
tion, and the temperature dependence of the rate of activa- 
“tion was investigated for the range 4°--60°C. Activa- 
~-tion in 90 per cent dimethylformamide, however, was so 
yapid even at 4° C that maximum activation (=70 per 

cent to 80 per cent viability) was produced in about 1 min 

(see Fig. 1), making measurement of activation rates 

impracticable. 

Preliminary experiments with dimethylsulphoxide have 
indicated that this compound is very effective in producing 
-rapid activation at room temperature. Urea (8 molar) 
has been found to cause only slight activation at 20° C. 
It is hoped that further investigations with other polar 
solvents and other species of bacterial spores may throw 
some light on the mechanism of activation. 

Although the present kinetic evidence®* suggests that 
heat activation is more likely the result of breakage of a 
few strong bonds, rather than many weak ones, in the 
structure suggested to be responsible for spore dormancy, 
the results with dimethylformamide and dimethylsulph- 
oxide show that substances which cause denaturation 
of proteins mainly by H-bond breakage are very effective 
in producing rapid activation of bacterial spores even at 
low temperatures. To what extent the breakage of 
H-bonds is involved in heat activation has not been 
established, but these results indicate that it should not 
be ruled out as a possible important mechanism. 

Bacterial spores are much more resistant to the effects 
of damaging agents, such as heat and radiation, than 
are their corresponding vegetative cells, and it has been 

suggested that disulphide-rich proteins in the spore coat 
“eould be responsible for this increased resistance!?. 
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Fig.1. Comparison of activation of B. pantothenticus spores produced by 
preheating In water, and by pretreatment with dimethylformamide. 
A, Pretreated by heating at 60° C in water; @, control stored in water 
at? C; O, pretreated by contact with 90 per cent v/v dimethylfornia- 
mide at 4° C. All pretreatments were followed by dilution of a1 mi: 
aliquot of the treated suspension in water (dilution factor 107), 0-5-1, 
quantities of the final dilution were spread on the surface of peptone agar 
plates, and the number of bales counted after incubation af arC 
or 48 h. A 





Hitchins et al. showed, however, that the reduction of 
disulphide bonds in the spore coat of B. cereus with 
thioglycollic acid did not increase the sensitivity of the 
spores either to heat or y-irradiation. This suggests that 
disulphide-rich structures are probably not as im) 
in maintaining heat and radiation resistance as was at 
first thought. In view of the effect of dimethylformamide 
and dimethylsulphoxide on the activation of bacterial 
spores, it would be interesting to establish if these com- 
pounds have any effect on heat or radiation resistance. 
The decrease in the amount of H-bonding in the spore, 
believed to be brought about by these compounds, might 
be expected to result in an increase of sensitivity to 
damaging agents, and experiments are in progress. to 
assess the effect of these compounds on spore resistance. 
I thank Professor A. M. Cook for helpful advice. 
Jean P. Wippowson 
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Azotobacter chroococcum in the Aerial 
Roots of the Banyan Tree 


OrnER workers have reported mixed bacterial flora in 
healthy plant parts such as stems, taproots and storage 
organs of potato, lucerne, turnip and sweet clover!?, 
These mixed flora differ in their size and in the reaction to 
Gram stain. One of these isolates commonly present in the 
older potato stems was identified as Bacterium radiobacter 
by Dr. A. G. Lochhead. Hennig and Villforth® investi- 
gated twenty-eight different healthy plants and found 
bacteria in all parts (leaves, twigs, stems and roots of all 
plants at all stages). Marcus‘ cultured the inner sound 
tissue of seeds and fruits of a number of different plants 
and obtained fungi, yeasts or bacteria from some kinds 
b others sterile. The presence of an Azotobacter 
e swollen roots of Cyperus rotundus has been 
During an investigation of the aerial roots of 
s it was found that Azotobacter chroococcum 
| f fixing atmospheric nitrogen when cultured on 
the nitrogen-free medium of Jensen? occurred in the 
interior of the roots. 
Tho aerial roots of Ficus bengalensis L. collected from 
differe places were washed in running tap water and 
cut into 2 om sections. Later, their surface was sterilized 
by shaking with 1/1,000 mercuric chloride for 2 min and 
d spirit for 1 min. The cut sections were afterwards 
in several changes of sterile distilled water and 
erred to 25 ml. of Jensen’s liquid medium in 250 ml. 
flasks. Good growth of the bacterium occurred 
nd after incubation at 32° C for a week. Single 
ultures of the bacterium w ere obtained by making 
tions and plating in Jensen’s agar. The colonies 
o agar plates were mucous and translucent. A high- 
tron micrograph of the bacterium from pure 
tures (Fig. 1) shows that they are coccoid shaped bodies. 
When surface sterilized pieces were pressed in between 
two sterilized glass slides, however, and then stained and 
examined under a microscope, a mixed flora of rods and 
cocci was found. 
The isolated organism was aerobic, Gram-negative and 
slightly motile. The optimum pH for growth on Jensen’s 
medium was between 65 and 7-8. 
Investigation of the cultures showed that the bacterium 
utilized glicose, sucrose, starch, lactose, and mannitol 
quite readily; forming slimy pellicles on the surface of the 
liquic The organism did not reduce nitrate or liquefy 
gélatine, although it showed slight growth on the latter. 
Ulrich’s milk was slightly oxidized. The bacterium did 
not grow on peptone media even in the presence of dextrose. 
Te grew slightly in 0-1 per cent sodium benzoate, but not 



































“Pigs Eo: Electron micrograph of Azotobacter chroococcum from the aerial 
roots of Ficus bengalensis L. 
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oe per cent adum benzoate. Tn ole and methyl sed 
a teats produced negative results and the organism did not. 


produce acetyl methyl carbinol. It did not utilize cellulose. 

Estimation of nitrogen by the micro-Kjeldah] method 
showed that the organism fixed 5-6 mg of nitrogen per” 
gram of sucrose oxidized in Jensen’s substrate at the end: 
of incubation for 14 days at 32° C. In addition, the identi.” 
fication procedure adopted by Ruinen? was followed to 
test the identity of the organism. On the basis of these. 
investigations, the present strain has been identified asa 
colourless variety of Azotobacter chroococcum. 
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PATHOLOGY 


Site of Action of Aflatoxin on Human 
Liver Cells in Culture 


Tue hepatotoxic activity of a number of metabolic com- 
pounds produced by fungi, particularly the aflatoxins 
formed by strains of the Aspergillus flavus-oryzae group, is : 
now fully established. The addition of aflatoxin to human | 
diploid and heteroploid embryo lung cell cultures -by 
Legator and Withrow? resulted in suppression of mitosis. 
Legator, Zuffante and Harp? used heteroploid embryo 
lung cells and found that both crude aflatoxin and 
aflatoxin B, suppressed the synthesis of DNA. Zuckerman 
and Fulton? demonstrated the cytotoxicity of aflatoxin: : 
B, on human embryo liver cells in tissue culture. We now: 
report further investigations of the site of action. of | 
aflatoxin B, in human liver cells as well as the results of 
titration of three aflatoxin fractions. 
Livers were obtained by the Tissue Bank of the Royal a 
Marsden Hospital and were cultured by the method. 
described by Zuckerman, Tsiquaye and Fulton’. Purified: 
crystalline fractions of aflatoxin B,, G, and G, were dis- 
solved in dimethyl formamide and immediately diluted in 
the liver growth medium. A range of doses in steps of 1 and 
2 parts per million of the toxin were used to determine 
the LD;,. The preparations were examined at varying 
intervals by fluorescence microscopy after the cultures had. 
been stained with acridine orange and also by phase-con- =: 
trast illumination. Liver tissue culture preparations were i 
exposed to tritiated uridine at a concentration of 1-0 ue. [mli 
in growth medium for 1 h after exposure to 2 parts per 
million (p.p.m.) of aflatoxin B, for 3 h. Thymidine’: 
labelled with tritium was used in a final concentration of... 
0-5 pe./ml. The cell surface was washed with fresh growth 
medium and the cells fixed in 9 : 1 methylacetic acid for. 
10 min. The slides were dipped in a 1: 5 dilution of 
Ilford K5 nuclear emulsion, dried in air overnight and > 
subsequently stored at 4° C for 40 days before develop... 
ment. The slides were developed by immersing them in 
Kodak D.19B developer at 16° C for 5 min, then in 3 per 
cent acetic acid for 10 sec followed by al; 4 solution: of © 
Ilford ‘“Hypam’ for 2 min and washed in running water for — 
10 min. The preparations were subsequently stained 
lightly with haematoxylin and eosin. ce 
One hundred and ninety-six cultures. wero used: for _ 
titration of the three fractions of aflatoxin. “The LD, for. 
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“aflatoxin B, was 1 pepan, 5 p.p.m. for aflatoxin G, and 
16 ppm. for aflatoxin Ga This order in toxicity is 
=- similar to the LD; dose for day-old ducklings; however, 
“human liver cells are more susceptible to aflatoxin inas- 
3 much as lower concentrations of the toxin are required 
“to induce cytotoxic changes. 
The autoradiography investigations revealed that 
o human embryo liver cells in culture incorporate uridine 
_ and thymidine, and this indicates that the hepatic cells 
‘are able to synthesize both RNA and DNA. The 
addition of aflatoxin B, to the cell culture in low con- 
‘centrations resulted in an inhibition of both nuclear RNA 
¿synthesis and nuclear DNA synthesis by the parenchymal 
cells. Clifford and Rees®! found that after rats had been 
poisoned with aflatoxin B, there was an inhibition in 
nuclear RNA synthesis and an inhibition of the cortisone 
induction of tryptophan pyrrolase. This finding led them 
to conclude that aflatoxin B, was preventing the pro- 
duction of messenger RNA. They also demonstrated that 
aflatoxin B, interacted with DNA in vitro, and suggested 
“that the mechanism of action of the toxin was to prevent 
“the RNA polymerase transcribing the DNA molecule. 
The demonstration of an inhibition in the RNA poly- 
merase isolated from the livers of rats poisoned with 
aflatoxin B, (ref. 7) also supported this hypothesis. We 
“eonelude from our present results that the action of the 
toxin on the human liver cell is similar to that which 
 oceurs in the rat liver cell. 
We thank Dr. H. E. M. Kay and members of his staff 
at the Tissue Bank of the Royal Marsden Hospital for their 
“help. We also thank Miss Lorna Dunkley for her technical 
| assistance. 





















A. J. ZUCKERMAN 


London School of Hygiene and Tropical Medicine, 
London, W.C.1. 
K. R. Rees 


University College Hospital Medical School, 
London, W.C.1. 
D. INMAN 
a VALERIE Pers 
< Imperial Cancer Research Fund, 
London, W.C.2. 


© Received November 21, 1966. 
cA Legator, M. S., and Withrow, A., J. Assoc. Offic. Agric, Chemists, 47, 1007 
; (1964). 


oO QLegator, M. S., Zuffante, $. M., and Harp, A. R., Nature, 208, 345 (1965). 
® Zuckerman, A. J., and Fulton, F., Brit. Med. J.,2, 90 (1966). 
+ Zuckerman, A. J., Tsiquaye, K. N., and Fulton, F., Brit. J. Exp. Path., 
48, 20 (1967). 
5. Clifford, J. T., and Rees, K. R., Nature, 209, 312 (1966). 
“@ Clifford, J. I, and Rees, K. R., Biochem. J., 102, 65 (1967). 
ahve IL, Rees, K. R., and Stevens, M. E. M., Biochem. J., 108,285 
i} { : 








Malignant Transformation by Rauscher Strain 
Murine Leukaemia Virus 


MORPHOLOGICAL transformation by Moloney virus! and by 
Friend virus? has been reported in mouse cells. The in- 
duction of sarcomas in newborn mice by the Moloney 
strain of murine leukaemia virus? and by Friend virus- 
transformed mouse embryo cells? has also been described. 
Rauscher murine leukaemia virus’ can be propagated in 
rat kidney cell line called NCI-RR (ref. 6). The present 
communication describes morphological es ob- 
served in cell cultures derived from Rauscher leukaemic 
rats and the neoplastic lesions induced by these altered 
cells in infant rats. 
An abnormal pattern of growth was first noted in the 
- nineteenth sub-culture of an NCI-RR sub-line. The cells 
¿were derived from the kidneys of an Osborne-Mendel 
rat which had been inoculated at birth with 10°-10+ x 1D55 
of- Rauscher virus. In most of the flasks, criss-crossing 

































spindle-shaped cells gave these cultures a whorled 
pearance (Fig. 1). Several proliferative foci) of ti 
packed epithelioid cells were also observed. in t 
sub-cultures (Fig. 2). 
grow over the top of one another forming thick, 
areas readily visible macroscopically. 
pleomorphism and the number of small cells wit] 
stained nuclei predominated in the cultures. fe 
also an increased rate of acid Tau i th 


eleventh passage in one line and at the sixth passagi 
another, both being derived from different leukaemi 

In contrast, the cellular morphology remained uncha 
in two control vai derived" from normal Osb 


when serially sub-cultured. 

Thin section microscopy of the transformed Ne 
sub-line, which is now in its twenty-sixth post- rans- 
formation passage, revealed that the number of viral 
particles decreased gradually as the number of 
cultures increased. In contrast, the CF antigen 
these. cultures at different. passages fluctuated 





Fig. 1. Seven-day-old transformed culture at the thirty-ninth passage, 
Wright stain. (x 58.) Note the spindle-shaped cells growing inca dis~ 
organized pattern. Nuclear and cytoplasmic overlapping is evident. 


Vig. 2. Four-day-old transformed culture at the twenty-first 
Wright stain, (x 58.) Note the focus of tightly packed epithelioid 
on left lower corner, 
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1:8 and 1: 32, values which have been obtained before 
transformation. 

To test for possible transformation after in vitro in- 
fection, cell-free culture medium from morphologically 
unaltered NCI-RR cells and plasma from Rauscher virus- 
infected rats were inoculated into normal kidney cultures. 

These cultures, currently at their twenty-third post- 
infection passage, have a complement fixing (CF) antigen 
titre of >1:16 but fail to show morphological trans- 
formation. 

The neoplastic effect of transformed NCI-RR cells was 
evidenced by their induction within 3 weeks of sub- 
cutaneous (Fig. 4) and intraperitoneal tumours in infant 
rats each receiving 2:5—-4-5 x 10° cells. No tumours de- 
veloped during a 4 month period of observation in groups 
of rats and mice inoculated with cell suspensions prepared 
from two normal control lines or from in vitro infected 
lines. Leukaemia did. however, occur in mice inoculated 
with transformed NCI-RR cell suspensions and in rats 
and mice inoculated with in vitro infected non-transformed 
cells. The tumours, transplantable in newborn rats but 
not in newborn mice, were undifferentiated sarcomas 
consisting of large fusiform cells (Fig. 5). 

Thin section examination of the tumour tissue revealed 
numerous viral particles morphologically indistinguishable 
from the original Rauscher murine leukaemia virus. The 
neoplastic cell showed a rich network of endoplasmic 
reticulum similar to that seen in plasma cells. A 10 per 
cent extract of the tumour tissue vielded a CF antigen 
titre of 1: 32. 

Because the cellular alterations 


proliferative were 


observed only in sub-lines derived from Rauscher rats 
infeeted with virus and not in those prepared from un- 
would seem that 


infected animals, it this virus was re- 
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Four-day-old normal culture at the fortieth passage. Wright 
stain, (x 58.) 





Fig. 3. 
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Undifferentiated sarcoma with fusiform cells. Stained with 


haematoxylin and eosin. (x 58.) 


sponsible for the morphological transformation. This view 
is further supported by the induction of sarcomas in 
animals inoculated with transformed cells but not with 
control cells. Once the culture became transformed, the 
production of large amounts of viral particles ceased. This 
situation is similar to that transformation 
induced by S V, virus (ref. 7) and Friend virus*. The re- 
activation of virus production after the inoculation of 
transformed cells into rats closely resembles that described 
for Friend virus*. 

Because morphological transformation is observed at 
different passages in each cell line investigated and be- 
cause the in vitro infected lines failed to show these changes, 
speculation arises as to the cause of this dissimilarity in the 
transformation of the present Rauscher virus-rat cell 
system. Several factors have been reported to influence 
the in vitro transformation induced by oncogenic viruses. 
These included the composition of the medium, the dosage 
of virus’, and the strain of animals from which the culture 
derived*. Optimal humidity and carbon dioxide 
atmosphere enhance the number of transformed cell 
foci (personal communication from R. C. Ting). Con- 
ceivably, the type of cell originally infected is also a determ- 
inant in transformation. In uninoculated cultures. after 
a few passages, these virus-sensitive cells could have been 
overgrown partially or completely by cells less sensitive 
or refractory to the neoplastic effect of the virus, but if the 
sensitive cells are allowed to contact the virus while still 
in vivo, they could become “functionally” transformed, 
survive, multiply in later cultures and finally become 
morphologically transformed. Regardless of the mechanism 
of transformation in cell cultures derived from infected 
animals, the importance of in vivo infection as an apparent 


observed nm 


was 





Fig, 4. 


Lobular tumour in an Osborne-Mendel rat inoculated at birth with 4-3 = 10* transformed cells from the NCI-RR sub-line. The 


bar represents 5 cm, 
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prerequisite for im vitro transformation in this system 
should be noted. H. Duc-NGuyEN 
E. N. ROSENBLUM 
N. A. WIVEL 
M. V. A. SMITH 
National Cancer Institute, 
Bethesda, Maryland. 
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Acute Toxicity to Rainbow Trout (Salmo 
gairdnerii) of a Metabolite produced by the 
Fungus Fusarium tricinctum 


Fusarium tricinctum (Corda) Sace. emend. Snyder and 
Hansen? has been isolated from most small grains** and 
occurs very frequently on mouldy corn in Wisconsin‘. 
Certain strains of this fungus, isolated from mouldy corn, 
have been found to be extremely toxic to rats*. The toxin 
produced by one isolate was purified in crystalline form 
and appeared to be a hydroxyester or lactone, C,;H,,O, 
(ref. 4). Subsequent investigations have indicated that 
this compound is 4-15-diacetoxyscirpen-3-ol, C, H.,0;. 
which is produced by Fusarium equiseti (Corda) Sacc.*:*. 
Work at present being done on the structure of another 
toxin’, produced by a second strain of F. tricinctum, has 
indicated that this toxie compound is related to but not 
identical with diacetoxyscirpenol. Only the toxin from 
this second strain was used in these investigations. 
Because F. tricinctum occurs so frequently on corn and 
other grains that are used in the manufacture of commercial 
animal feeds, including fish pellets, it is possible that 
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Fig, 1. Total daily mortality of rainbow trout fingerlings fed pellets 


treated with F. trivinctum toxin in ethyl acetate and control pellets 
treated only with ethy! acetate, Concentration of toxin is expressed as 
mg toxin/kg fish. 
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Fig. 2. Severe oedema in rainbow trout fingerlinginduced by F, tricinetum 
toxin. Note ventral swelling and bulging of the eyes, 


contamination with the F. tricinetum toxin can occur in 
these products. 

Halver* pointed out the usefulness of rainbow trout as 
experimental animals in the investigation of hepato- 
magenesis induced by mycotoxins. These investigations 
were designed to determine the acute toxicity of F. 
trieinctum toxin and particularly to observe the patho- 
logical symptoms in rainbow trout induced by this toxin. 

The fungus was grown at 8° C for 30 days under cultural 
conditions as described for Rhizoctonia leguminicola’. 
The cultures were lyophilized and the toxin was isolated 
from the dried powder and purified by a modification of 
the procedure described by Gilgan, Smalley and Strong‘. 
A tank at the Nevin Trout Hatchery of the Wisconsin 
Conservation Department, Madison, was divided into 
five compartments by wire mesh. Each compartment 
contained 1 Ib. (about 240) of rainbow trout fingerlings. 
Four concentrations of the toxin, 4, 20, 40 and 100 mg/kg 
fish, were used. The appropriate amount of toxin for each 
treatment was brought into solution in ethyl acetate and 
the solution then sprayed on trout feed pellets with an 
atomizer. The pellets were arranged in thin layers in 
aluminium boats to ensure equal distribution and were 
left in a fume hood for 2 days to allow the ethyl acetate to 
evaporate. The pellets used as a control were treated in 
the same way, except that no toxin was added. 

The experiment was begun on February 22, 1966. 
Dead fish in each treatment were removed and the number 
recorded every morning until the experiment was con- 
cluded after 12 days. The total daily mortality of the fish 
in each treatment and the control are given in Fig. 1. 

The fish in the treatments fed 20, 40 or 100 mg/kg toxin 
refused feed after the first feeding. One feeding contained 
only one-third of the total calculated dose of toxin used in 
these treatments. Consequently, the actual amount of 
feed eaten by the fish in these treatments contained 6-6, 
13-3 and 33-3 mg/kg toxin respectively. The fish in the 
treatment receiving 4 mg/kg toxin did not refuse feed 
and received the total amount of toxin over a period of 
three days. 

The fish in all the treatments except the control showed 
striking pathological signs, including a shedding of the 
intestinal mucosa and severe oedema with fluid in the 
body cavities and behind the eyes (Fig. 2). In the treat- 
ments with concentrations of 13-3 mg/kg and 33-3 mg/kg 
the shedding of the intestinal mucosa was so pronounced 
that the bottoms of the tanks were literally covered. 

From these results the LD, of the purified toxin pro- 
duced by F. tricinctum could be determined as 6-1 mg/kg. 
This figure was possibly slightly too high because of the 
error due to food loss in the water during feeding. 

This experiment demonstrated that the F. tricinctum 
toxin produced specific macroscopic pathological signs in 
rainbow trout. A long-term feeding trial to determine the 
chronie pathological responses of rainbow trout to low 
doses of the toxin is in progress. 

This investigation was supported in part by grants from 
the Division of Environmental Engineering and Food 
Protection, U.S. Public Health Service, the U.S. Depart- 
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Tetracycline as a Cure for Rolling Disease 

- (Labyrinthitis) in Laboratory Rats 
Is 1962, rolling disease appeared epidemically for the 
first time among the laboratory rats of the Research 
Laboratories of the Finnish State Alcohol Monopoly 
(Alka), (By reason of the vague aetiology of the disease, 
the term “rolling disease” is used here in preference to 
“labyrinthitis’. The symptoms deseribed for these two, 
possibly different, diseases are almost the same.) Within 
a short period, the disease developed into a serious 
problem, particularly in genetice experiments, and in 
experiments involving long-term administration of alcohol. 
In the trials made to save scientifically valuable material, 
use was made of penicillin, a mixture of streptomycin and 
sulpha,’ and tetracycline. Of the treatments, that with 
tetracycline was found to be the most effective. Similar 
observations have been published by Dolowy et al., but 
‘their report seems to be little known, and there seems to 
be justification for a brief presentation of our observations, 
with some notes on the disease. 

< Penicillin, even in large doses, freed the animals from 
symptoms while the treatment was in progress, but could 
not cure them. Streptomycin-sulpha had a somewhat 
better effect, but as soon as the treatment had been con- 
chided the symptoms returned and the animals had to be 
killed. Tetracycline was very effective not only against 
rolling disease, but also against bronchiectasis and proto- 
porph yrinie ocular discharge. 

The rats used in testing tetracycline were taken from a 
xperiment. Of seventeen infected males and 
of about 150 g, six displayed clear symptoms 
clined, difficulty in running in a straight line), 
of them with grave symptoms (could run only in a 
circle, difficulties in eating). The other eleven animals 
were taken for treatment as soon as they showed signs of 
infection (rotation of body when suspended by the tail) 
(Table 1). In addition to these animals, whole groups 
{between five and eight rats were kept together in the 











Table 1. RESULT OF THE TETRACYCLINE TREATMENT OF LABORATORY RATS 
INFECTED WITH ROLLING DISEASE 
Symptoms of Number of Number of Number of 
poling disease treated animals cured animals uncured animals 
Grave 2 1 1 
Clear 4 4 bee 


Slight 11 10 1 
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same cage) were treated with tetracyeline immediately anyo 
rat in the group exhibited symptoms of rolling disease. — 
This partly prophylactic treatment was completely. suc- 
cessful. eae 

The tetracycline was given as the dry substance of 
paediatric drops in the rats’ normal, ground laboratory 
diet. The dosage was calculated on the basis of an estim- 
ated food consumption of 5 g of food/100 g of body 
weight/day. Initially, the rats were given 4:45 mg of 
tetracyeline/5 g of food; this dosage was gradually in- 
creased to 25 mg/5 g of food (for humans, according to the 
manufacturer, the normal dosage is 25 mg of tetracycline/ 
kg of body weight/day in several doses). No toxic effect 
was observed. 

One of the rats with grave symptoms died, and one of. 
those with slight symptoms became worse despite the 
tetracycline treatment and had to be killed. In general, 
the rats became free from symptoms in a week, irrespective 
of the concentration of tetracycline. Nevertheless, the 
treatment was continued for a further week. There were: 
no relapses. g 

A number of the treated animals, cured and uncured, oe 
and untreated control animals, both those without symp 
toms and those with grave symptoms, were sent for 
pathological and anatomical examination to the State 
Veterinary Medical Institute in Helsinki. ; 

Examination of the untreated control animals withou 
clear symptoms was negative. There was no apparent 
difference between the cured and uncured treated rats; 
and the untreated infected rats. Bacteriological exam- 
inations of the inner ear and the brain were negative. In 
the histological examinations, degenerative changes were 
found in the cerebrum (for example, pyenosis in the 
pyramid cells, encephalomalacia alba). In two of the 
untreated rats, otitis media purulenta was seen; this can: ~ 
scarcely have caused the symptoms of rolling disease. In 
these two rats, a slight ependymal purulent inflammation 
appeared in the cerebrum. Neither virological nor PPLO- 
examination was carried out. 

In addition to bacteria and viruses, pleuropneumonia- 
like organisms (PPLO) have been suspected of causing 
rolling disease. The importance of PPLO has been proved: 
in causing other infectious diseases (bronchiectasis and 
polyarthritis) in rats’, There is also good evidence that. 
rolling disease in mice is caused by PPLO (refs. 2 and 3). 
The assumption that rolling disease in rats is caused byo 
PPLO is not unreasonable. Blyth (according to Kliene- ° 
berger-Nobel*) investigated the sensitivity of human 
PPLO to different antibiotics in vitro. The reactions of the 
infected animals to penicillin, streptomycin-sulpha and 
tetracycline agree closely with his findings. Dolowy et al. 
have successfully treated bronchiectasis and rolling disease 
in rats with oxytetracycline, which also fits in with Blyth’s 
results, but because penicillin and streptomycin-sulpha 
freed the rats in question from symptoms for the period 
the treatment was in progress, but did not cure them, it is 
possible that bacteria may also be a cause of this disease. 

Schmidt‘ mentioned that in several cases rolling disease 
is caused by primary brain damage. This may be con- 
nected with the brain damage to rats mentioned pres. 
viously. Unfortunately, it is impossible to determine if 
this was of primary or secondary nature. In mice infected: 
with rolling disease pathological examinations have shown: 
inflammatory changes in the brain*. 





























Kerr Auman 
Research Laboratories of the 
State Alcohol Monopoly (Alko), 
Helsinki, Finland. 
Received October 24, 1966. 3 
! Dolowy, W, C., Hesse, A. L., and McDonald, R, O., IHinois Vet., 8, No 1, 
20 1960); Fed, Proc. .22, No. 2, Part 3, 72 (1963 ). 


* Klieneberger-Nobel, E., Pleuropneumonia-Like Organisms (PP LO), Myeo- 
plasmataceae (Academic Press, London, New York, 1962), 


* Findlay, G, M., ee E., MacCallum, F. O., and Mackenzie, R 
Lancet, ii, i511 (19: 38). 


* Schmidt, G., Deutscher a a cal Gemischte Ausg., No: 20, 30957). D 













NATURE, VOL. 214. MAY RO; 1967 

















Lactate Dehydrogenase Virus and Mouse 
mbryos 


Eroson for in utero transmission of the: lactate dehydro- 
“genase virus has been obtained in several laboratorios!~, 
and this has raised the question as to whether or not the 
irus affects mouse embryos. 
~The data reported here were obtained in a series of 
three experiments, initiated at approximately 6 month 
intervals, from October 1964 to February 1966, Adult 
male and female O57 BL/Fg mice were mated (five females 
ind two males in a cage) at intervals of between. 4h and 
weeks after an intraperitoneal injection of mouse plasma 
KL ral. /animal) containing 10°5 JD,./ml. of virus. 
Pregnant mice were isolated in separate cages on the 
“séventeenth to eighteenth day of gestation. Mother and 
rogeny were maintained, with a minimum of disturbance 
aused by routine check for dead animals and bi-weekly 
leaning of cages, in the mouse room for 5 weeks. At 
his time, all mice were weaned and separated in cages 
ccording to sex. Concurrently, blood was collected by 
tail bleeding from each animal. Concentrations of lactate 
dehydrogenase in plasma were measured in each sample 
as described previously’; a concentration of less than 
1,500 u/ml. was considered normal. The number of 
~ Jitters, number of babies born in a litter, and the number, 
-pex and plasma lactate dehydrogenase activity of off- 
“spring weaned in each litter were recorded and grouped 
according to the interval of time between infection of the 
arents and conception. For controls, mice received an 
intraperitoneal injection (0-1 ml. to a mouse) of phosphate- 
buffered saline, pH 7-2. 


lable 1. BIRTH AND WEANING RATES AMONG OFFSPRING OF MICK INFECTED 
r WITH THE LACTATE DEHYDROGENASE VIRUS BEFORE MATING 
















Ttems Experimental mice Control mice 
Litters 129 100 
Babies 845 626 
Babies/litter 66 6-3 
Weanlings 725 559 
Weanlings/litter 56 56 


zAs shown in Table 1, data obtained with experimental 
and control mice relevant to the number of babies born 
ina litter and the number of offspring weaned in a litter 
“were similar. Thus, no effect of the lactate dehydrogenase 
ovirus on birth rate or survival, at least to 5 weeks of age, 

Is indicated. 

«Previously, we reported a 44 per cent incidence of 
infection (30 out of 68 animals) among the progeny of 
‘females infected before pregnancy’. In this investigation, 
15 out of 725 offspring (58-6 per cent) were infected when 
5 weeks old (Table 2). Although these data are in apparent 
“conflict with the small incidence of infection (0-9 per cent) 
reported by Notkins and Scheele! among 108 offspring of 
‘female mice infected before mating, our results suggest 
no explanation for this discrepancy. 

A comparison of data obtained during successive 10 day 
intervals of the experimental period revealed variations in 
the number of infected offspring and the sex ratio of 
weanling mice (Table 2). The difference between the 
-incidence of infection among progeny born to females 
ected for 0-9 days before conception (79-6 per cent) 
d the percentage of infected offspring of females 
infected for 10-19 days (41-6 per cent) and 20-29 days 
“Table 2. INCIDENCE OF INFECTION AND SEX RATIOS OP WEANLING MICE 


“BORN TO PARENTS INFECTED WITH THR LACTATE DEHYDROGENASE VIRUS AT 
k DIFFERENT INTERVALS OF TIME BEFORE CONORPTION 






















Experimental mice 


Items 0-9 10-19 20-29 0-29 Control 

F days days days days mice 
Litters 51 48 30 129 100 
“Weanlings 285 281 159 725 559 
Infected Prranlings (number)  227* 117 71 415 = 
Infected weanlings (per cent) 79-6* 41-6 44-7 53-6 e 
“Male weanlings 142 1i4t 79 335 284 
Female weanlings 143 167+ 80 390, 275 

Male: female sex ratio (per 49-8: 406: 497: 46-2: 508: 
Ho BOR Seat 503 53-8 49-2 


> P< 0-001, 
ZOOL 





(Pi 0-001) by the 4" test. Presumably, this 

















(44-7 per. cent) before conception i is highly sig 


can be explained on the basis of a relatio 
viris titre in the maternal circulation and vi 
mission across the placenta'. In this regard, 
interest to note that serum or plasma virus titres 
the period of 10-29 days post-infection are approxi: 
three logarithms lower than the maximum viru: 
recorded 24 h after infection’ *. The sex. rati 
weanlings born to mothers infected for 0-9 a 
days before conception, like that observed 
animals, was approximately 50:50. In e 
ratio of male: female weanlings of parents in 
period of 10-19 days before conception wi 
(Table 2). The possibility that this finding. 
been caused by chance appears unlikely at: 
because: (a) this difference is significant (P 
(b) the sex ratios of these weanlings deviated 
each of the three experimental groups (873) 
and 42; 58). 

This work was supported by a U.S. Publie 
Service research grant from the National Cancer Institute. 
I thank Miss Iris Carter for technical assistance, =; 
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Anti-bilharzial Antimony Drugs 


ANTIMONIALS are the treatment of choice for bilharziasis 
a parasitic disease prevalent in Egypt as well as in 
other tropical and subtropical areas of the worl 
undesirability of giving the heavy metal poison ant: 
is well recognized as a calculated but necessary risk 

Little is known concerning the biological residence 
time of antimony. Thirty-eight days is given as a biologi 
cal half-life of antimony in the liveri, but this is derived 
from indirect data and certainly does not represent a 
true long term value, 

We have recently adopted a sensitive neutron activation 
assay procedure for the determination of antimony in 
biological fluids?. The method is particularly useful for 
studies in human patients where it has been used'to study 
the comparative fate of antimony following the adminis- 
tration of diverse antimony drugs to bilharzia patients’. : 

The procedure has a potential sensitivity of 10 mp; 
however, we worked with a sensitivity of 0- 002 mg, because 
this was sufficient to measure the natural level of antimony 
in the blood or urine of individuals not exposed. ‘to. 
antimony. 

Using this neutron activation assay tee 
measured antimony levels in blood and urin 
individuals who had never received antimonial 
their lives, plus seven individuals who received t J 
antimony from 6 months to 2 yr before the assay, i 
The data are shown in Table 1. 

It is clear that antimony is present in much higher than 
normal amounts l yr after treatment, whereas after 2 yr 
one of the two patients had approximately normal anti- 
mony concentration in blood and urine where 
concentration in the other was elevated, 

Biological variation is high suggesting ‘consid: 
variability in the metabolism of antimony dry 
patients; however, the magnitude of the individu 
not accurately known, nor the number of previ 
monial treatments some of the patients may hav: 
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Table 1, ANTIMONY CONCENTRATION IN BLOOD AND URINE Ix No/ML. Ki 





Time interval > Ratio: 
after treatment “Blood Urine url ne/ blood 
6 months 
1 255 (lost) 
2 85 73-5 &6 
3 34-9 145-3 42 
Average 23-0 + 13-3 109-4 + 60-7 
i yr 
4-2 22-0 5-2 
2 92 33-2 a6 
Average T+ 35 27-64 7-9 
Qyr 
j, 86 2-7 
eee 52 Ll 
4 Average OO Bt 
Untreated. 
Manet td 5 %1 7 
ee 15 20 1-9 
3 Be 6-6 21 
Average Zit 20 62t BL 







‘ine/blood antimony concentration ratios among 
oups are somewhat less variable than the blood and 
urine values themselves. The ratio has previously been 
shown to be of the order of ten shortly after treatment 
and for the. several days thereaftert. Thus the ratio 
“gradually decreases in time to about two, the value in 
normal untreated individuals. 

This work was supported by the U.S. 
tutes of Health. 





National Insti- 





M. M. MANSOUR 
A. A. A. RASSOUL 
A. R. SCHULERT 


U.S: Naval Medical Research Unit-3, Cairo, UAR, 
UAR Atomic Energy Establishment, Inshas, 
and 

Vanderbilt University, 

School: of Medicine, 

Nashville. 


* Morgan, K. Z., Health Phys., 3, 1 (1960). 

* Rassoul, A. A. A.. Wahab, M. E. A., Schulert, A. R., Brown, H. G., and 
Mansour, M, M., Third International Conf. on the Peaceful Uses of Atomic 
Energy, 15, 501 (1965). 

aSchulert, A, R., Rassoul, A. A. A., Mansour, M., Girgis, N., 
apd. Farid, Z., Esp. aait 118, 397 (1966). 

4 Schulert, A. R., Browne, H. G., and Salem, H. H., 
Med. Hyg., 58, 48 (1964). 


MeConnell, E., 


Trans. Royal Soe, Trop, 


=Nuclear Sex of Testicular Teratomas of 
Infants 


Apovt a third to a half of the testicular teratomas of 
adults are positive for female sex chromatin according to 
the Barr technique'~*. This observation is in accord with 
theories of origin of these tumours from haploid germ cells, 
either by auto-fertilization or by parthenogenesis. Testi- 
cular teratocarcinomas of the mouse arise during foetal 
life. long before morphological evidence of meiosis, and so 
it is not surprising that they are karyotypic males in 
. agreement with the sex of the host‘. 
In view of the findings in mice, it was postulated that the 
teratomas of the testis of human infants, which arise 
a before puberty and which are biologically similar to their 
5 eounterpart, would be males by sex chromatin 
3 analysis. Eight well differentiated testicular teratomas of 
infants were examined for the presence of sex chromatin, 
and in each case the normal testicular tissue had a typical 
infantile appearance, with Sertoli cells forming solid cords 
and no evidence of spermatogenic development of germinal 
epithelium. In an effort to reduce error in identification of 
sex chromatin particles, which may result from the analysis 
of the bizarre nuclear configurations associated with 
aneuploidy, only the nuclei of the well differentiated 
mesenchymal and epithelial elements of the tumours were 
examined. Two hundred nuclei were examined by each of 
us and the results were averaged. 
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Ths was necessary: to establish, according te to our riteris, 
the number of sex chromatin positive cells. diagnostic of - 
female tissue; consequently, four benign ovarian teratomas _ 
were analysed. To avoid bias, doubtful cells from tumours 
of females were called male, and doubtful cells from 
tumours of males were called female. This procedure. 
tended to lower the expected incidence of sex chromatin. 
positive cells in female tissues and to raise it in those of 
the male. 

A minimum of 43 per cent of the cells of the ovarian: 
teratomas were positive (mean 46-7 per cent, Table. 1); 
whereas no more than 10 per cent of the cells of the testi- 
cular tumours contained sex chromatin particles (mean. 
8-5 per cent). These sex chromatin positive cells were. 
randomly scattered throughout the tumours. None of the 
testicular teratomas contained enough sex chromatin 
positive cells to qualify as female, and so we concluded | 
that they were all male. In addition the random distri- 
bution of sex chromatin positive cells of the testicular: 
tumours indicates that mosaics were not present. : 

On the basis of these observations human testicular a 
teratomas with female sex chromatin complements would | 
appear to have their origin after puberty either froni 
parthenogenetically stimulated haploid cells or for ia 
reason unrelated to the histogenesis or mechanism of 
development of these tumours. Concerning histogenesis | 
and the mechanism involved, convincing evidence’ has. 
been obtained supporting the idea that testicular terato- 
carcinomas of mice arise from primordial germ cells as 
early as the fifteenth day of foetal life’. Like primordial 
germ cells, the malignant cells of these teratormas, which 
have been called embryonal carcinoma cells, are multi- 
potential and give rise to the somatic tissues of the tumour 
by differentiation‘, Karyotype analyses of these tumours 
indicated that they are euploid and contain X and Y 
chromosomes. Karyotype analyses have not been per- 
formed on testicular teratocarcinomas of boys, but imco 
view of their relatively benign behaviour, and becatise o 
they do not contain sex chromatin, they, like their counter- 
part in the mouse, are probably euploid. Unlike terato- 
carcinomas in boys, those of adult men are highly malig- 
nant and heteroploid?.*. 
























Table 1. SEX CHROMATIN OF INFANTILE TESTICULAR TERATOCARCINOMA 
Percentage of 

sex chromatin 
positive cells 


Case No, Age 
i (months) 
Ovarian teratomas 


1 Adult 43 

2 Adult 52 

3 Adalt 47 

4 Adult 45 
Mean 467 

Testicular teratomas 

1 10 8 

2 6 10 

3 25 s 

4 4 8 

5 19 8 

6 24 9 

7 2 9 

8 4 8 
Mean 85 









Galton et al. have examined the chromosome 
testicular teratocarcinomas of men’. Although sex ch 
matin was present in abcut half of their eight cases, 
they were unable to demonstrate unequivocally two; X 
chromosomes by karyotype analyses in the seven tumours 
examined. As an explanation for this discrepancy in. 
results from karyotype and sex chromatin body analyses, 
it was postulated that in the culture system used, the 
markedly aneuploid chromatin negative cells were always 
the ones that underwent proliferation in vitro and were 
karyotyped. Until unequivocal evidence of two X chromo» 
somes is demonstrated in a testicular teratocarcinoma, the 
possibility remains that the bodies presumed to be sex 
chromatin actually represent other chromocentres. ; 

Martineau examined the karyotype. of four testicular 
tumours, one of which contained sex’ chromatin and was © 
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yperdiploid'. To account for this sex chromatin, it was 
ostulated that an extra X chromosome was present 
among the excess group C chromosomes. Thus sex. chro- 
matin in testicular teratocarcinomas of men could be 
plained on the basis of an extra X chromosome as a 
result of hyperdiploidy. 
„Although the parthenogenetic origin of teratocarcinomas 
annot be ruled out on the basis of existing evidence, 
til the presence of two X chromosomes is found in a 
uploid teratocarcinoma the presence of sex chromatin in 
teratocarcinomas might better be considered ‘a feature 
of heteroploidy. 

We thank Dr. W. Bullock, Dr. D. Magner, Dr. G. 

‘Fetterman and Dr. K. Mostofi for making cases of in- 

>o fantile testicular tumours available to us. This investiga- 
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Dissection of Normal and Atherosclerotic 
Human Artery with Proteolytic Enzymes 
in vitro 


‘Eagty changes in the development of human athero- 
sclerosis are characterized by accumulation of lipids and 
ther tissue components in the intima or luminal lining 
_ of arteries. A promising technique for investigating the 
“pathogenesis of these changes has been to examine 
‘in the intima the correlation between cytological character- 
. -istics, chemical composition and metabolism. This has 
_ been handicapped because the ultrastructural and cyto- 
=  ehemical localization with current morphological tech- 
“niques. has not been matched by localization with bio- 
chemical methods. Although different types of cells are 
| present in the arterial intima’ their isolation by gross 
mechanical dissection lacks sufficient cytological discrim- 
 ination**. An ideal technique would break the intima into 
‘its individual cellular units while maintaining the integrity 
of their morphology and metabolism. We report here 
preliminary investigations which indicate that controlled 
rrigation of arteries with proteolytic enzymes can partially 
satisfy this need by resolving the intima into mixed 
populations of cells in a graded manner. 
Segments of human thoracic aorta, femoral and sub- 
-clavian arteries were isolated between ligatures and 
-removed at necropsy up to 5h after death to assure that 
intimal cells were capable of sustained normal growth in 
cultures’. After ligature of all branches to make the 
vessel watertight, the open ends of the vessel were liga- 
|oo bured over perforated rubber stoppers of matching 
| diameter (Fig. 1). Glass tubing was inserted through the 
rubber stoppers and the preparation was then placed up- 
--vight under slight longitudinal tension in a glass jacket 
_ (constructed by Michael Tucci). The space surrounding 
= thé artery was filled with saline maintained at 37° C. A 
= preheated solution of 0-25 per cent trypsin or pronase 
>. (compatible with cell growth in tissue culture) in Hanks 
solution free of calcium and magnesium or buffered 





























physiological saline at pH 7-2 was first introduced into 



















the artery from below to distend. it and to elimina 
air trapped inside. The enzyme solution was th 
duced from above at a rate of 1 or 2 ml./mi 
arterial segment was gently flexed by alternately ap 
and releasing a positive air pressure of about 12 
water to the saline surrounding the artery. This a 
distension of the arterial segment helped to distrib: 
flow of the enzyme solution evenly over the 
surface. The irrigating solution emerging fr 
was led into a fraction collector with. spec 
chilled at 4° C to inhibit enzyme activity. ‘The 
of four equal fractions of suspended cells 1 
10 to 25 min depending on the thickness of t 
and the type of proteolytic enzyme used, but was 
for each experiment. The fractions were centri 
190g for 5 min in the cold to separate the i 
solution from the cells. The cells were washed to 
traces. of proteolytic enzymes by centrifuging three to 
five times. in isotonic Ringer solution. The treatment 
of the arterial specimens was continued until the intima. 
was completely removed. The entire procedure lasted |. 
from 2 to 3h. ees 
Microscopic examination of the washed tissue sediments. 
from nineteen arterial specimens of various ages and degree 
of atherosclerosis showed individually separated intimal 
cells. All four fractions contained four morphologically — 
different types of cells, “atherophils” and “‘fibrophils’* 
being predominant in fractions 1 and 2, and lipid-laden | 
“atheroeytes” and collagen-rich ‘‘fibrocytes” in fractions — 
3and 4. Fractions 3 and 4 from aortae with 2+. and 3+ > 
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Fig.1. Diagram of apparatus used for isothermic controlled irrigation of 
arterial specimens by proteolytic enzymes, a ae 
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atherosclerosis’ had the largest epee of atherocytes 
showing cytoplasmic sudanophilie droplets by light 
microscopy and osmiophilic vacuoles with dense bodies 
and occasionally isolated bundles of myofilaments by 
electron microscopy (Fig. 2). Essentially, all cell layers 
up to the internal elastic lamina were removed because 
the proteolytic enzymes used were virtually free of 
elastase and thus unable to breach this tissue barrier 
(Fig. 3). Samples of arterial wall obtained during the 
treatment of one aorta showed progressive loss of intimal 
tissue because of the successive stripping off of layers of 





Pig. 2. Electron oye fF of atherocyte from human thoracie aorta 
after isolation by graded digestion from the deep intima. It shows well 
eeen mitochondria (m) and osmiophilic granules with well defined 
imi membranes (LPP), rough type endoplasmic reticulum (er), 
microvilli on plasma membrane (pm) and irregular nucleus (n). (Glut- 
araldehyde—osmium tetroxide fixation, uranyl acetate staining, x 18,400.) 





Fig. 3. 
me after proteolytic irrigation. 
severe intimal hyperplasia with abundant sudanophilic de: 

iately above the internal elastic membrane (arrows); (B) 


Comparison of same segment of human thoracic aorta before 
(A) Pre-treatment specimen showing 
its immed- 

the same 
specimen after irrigation shows removal of most of the intimal layer with 
preservation of internal elastic lamina and smooth muscle cells of the 
media. (Sudan [V—haematoxylin, x e. 60.) 
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Demonstration of separation of intimal layers of proteolytic 


Fig. 4. 
irrigation, Note sheet of cells being removed from underlying internal 
elastic membrane, (Sudan [V—haematoxylin, x e. 135.) 


cells. Sheets one to three cells thick (Fig. 4) were obtained 
progressively from the endothelium, sub-endothelium 
and deep intima. 

The cellular lipids determined by quantitative thin- 
layer chromatography® showed differences related to 
their location in the arterial intima and severity of 
atherosclerotic changes (Table 1). The total amount of 
intracellular cholesterol increased roughly in proportion 
to the severity of atherosclerosis as graded by the W.H.O. 
criteria? before treatment. The lipids of the deeper layers 
tended to have a greater proportion of cholesterol when 
compared with those of the superficial layers (cholesterol— 
triglyceride ratios, Table 1). 


Table 1. CHARACTERISTICS OF HUMAN THORACIO AORTAE AND LIPIDS IN CELLS 
OV FRACTIONS ON INTIMA® 

Grade of Total cholesterol ag Cholesterol—triglyceride 

Xo. Age  athero- in tissue fractions ratio in tissue fractions 
sclerosis 1+2 3+4 1+2 3+4 
1 20 1+ sit 69 1-03 141 
2 21 1+ 25 86 1-00 2-60 
3 48 1+ 64 7 0-66 O44 
4 43 1-2+ 92 124 1-53 111 
5 18 2+ 2if 99 124 354 
6 23 2+ 7t 24 1:75 240 
7 42 2+ 126 2-66 2'21 
7% 42 2+ 17 91 2-84 2-16 
8 44 2-3+ 30 16 2-50 3:20 
9 65 3+ 38 134 177 2-63 


* All cases male except No. 7. 

t One fraction lost. 

t Irrigation by pronase, 

The separation of endothelial cells by trypsinization, 
first described by Rous and Jones in 1916 (ref. 8), has since 
been employed to obtain individual endothelial cells from 
blood vessels of the umbilical cord for tissue culture’. 
Dissection of intimal tissue by carefully controlled 
application of the proteolytic enzymes has not been 
described before. Unique for this method is the irrigation 
by a continuous flow of proteolytic enzyme and fractional 
collection of the effluent. 

In principle, dissection by controlled irrigation with 
proteolytic enzymes may be used to obtain cells from 
the surface of any tissue organized in sheets. By the 
choice of a specific enzyme or a sequence of enzymes, 
different tissue components could be selectively dissected 
off. For example, with sequential treatment of the aorta, 
cells of the intima could be collected by irrigation with 
proteolytic enzyme, the internal elastie lamina collected 
by irrigation with elastase solutions and, finally, com- 
ponents of the media collected by irrigation with elastase 
protease solutions. The fractionation of resulting mixed 
cell populations might be further resolved by conventional 
differential ultracentrifugation; these possibilities are 
being explored. 
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Intravenous Degraded Carrageenan and 
Histamine Gastric Ulceration in the Guinea-pig 


< Wx have previously shown! that when 400 mg of degraded 
-carrageenan is introduced into the duodenum of a guinea- 
pig after ligation of the pylorus, gastric ulceration due to 
histamine is diminished and the carrageenan does not 
appear either in the gastric secretion or on the gastric 


| mucosal surface. This finding naturally raises the questions 


of the absorption of carrageenan and of the possible 
stimulation of a protective mechanism, by humoral or 
other means. Examination of the urine for metachromatic 
reaction with toluidine blue shows that an intraduodenal 
dose of 400 mg of degraded carrageenan is followed by 
absorption, but apparently only of about 2-3 mg/kg". 
We have tried to reproduce the anti-gastric ulcer effect 
of degraded carrageenan by injecting intravenously 2-5 
mg/kg of two different degraded carrageenans. 

Groups of guinea-pigs were fasted—-with access to 
water ad ib.—for about 24 h and were anaesthetized with 
pentobarbitone sodium (30 mg/kg), intraperitoneally, 

The gastroduodenal junction was ligated and 2:5 mg/kg of 
degraded carrageenan injected intravenously into the 
jugular vein after suitable exposure of the vessel. Hista- 
mine acid phosphate (2-5 mg/kg, subcutaneously) was 
administered, and the animals were killed after 1 h. 
Control groups of guinea-pigs received normal saline 
instead of drugs (corresponding volumes and routes) and 
were otherwise dealt with in the samo way as the test 
groups. Preliminary experiments with the strain of guinea- 
» pig used had shown that the ulcerogenic and secretion- 

stimulating doses of histamine acid phosphate in this type 

of experiment were 2-5 mg/kg and 1 mg/kg, respectively, 
subcutaneously in saline (1 ml./kg). 
_ Gastric ulceration was scored on a 4+ scale; the volume 
of gastric secretion was measured and the free and total 
acidities were titrated with Tépfer’s reagent and phenol- 
phthalein respectively. 

The two degraded carrageenans used were an acid- 
degraded x-carrageenan from Hucheuma  spinosum'; 
and GP-)-D2, a degraded -carrageenan from Gigartina 
pistillaia®. Both degraded carrageenans contain about 
35 per cent SO,Na. The results are shown in Table 1. 

It is clear that intravenous degraded carrageenan of 
both x- and ìà- types (2:5 mg/kg) can significantly diminish 

- experimental histamine gastric ulceration. The acidity of 
the: secretion increased significantly in both carrageenan 
groups, but the increase in volume is signifieant only in 
group 3 (GP-2—-D2). 
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These results are of interest in relation to the anti 
effect of carrageenan and to the results of Watt et al.3, wh 
reported that a dose of 400 mg/kg subcutaneously of one 
degraded carrageenan reduced the volume and total _ 
acidity of histamine gastric secretion. A 

The effective intravenous doses of the two degraded 
carrageenans are the same, but we have foundè that 
GP-)-D2 carrageenan given intraduodenally is as 
effective in preventing gastric ulceration as’ deg: 
Eucheuma carrageenan, at half the dose. Thus it ] 
appear that the rates or mechanisms of absorption diffe 
Undegraded -carrageenan (weight average molecu 
weight 800,000 by light scattering), on the other | 
not absorbed but has anti-ulcer activity when give 
duodenally, indicating that absorption is not necessar 
and that the anti-ulcer action can, as previously suggested}, 
be initiated in the duodenum’, Undegraded )-carrageenan 
was not given intravenously in the present experiments _ 
because of its acute fatal toxicity at 1 mg/kg in rabbits? 
and in the guinea-pig. 

It therefore appears that the dose of degraded carra- 
geenan for the prevention of experimental ulcers and for 
an effect on gastric secretion varies with the route of 
administration. A related phenomenon is probably also 
the difference in activity between degraded x-carrageenan 
and degraded A-carrageenan given by the intraduodenal 
route which is not shown when the intravenous route is 
used. These differences could be related to differences 
between the carrageenans in the formation of complexes 
with tissue proteins during absorption from the different 
sites of absorption. 

The dose (and route of administration) of histamine 
are also factors to be considered. We believe®ë that hista- 
mine gastric ulceration is the result of the angiotoxic 
action of a supra-maximal dose of histamine causing 
devitalization of the gastric mucosa, which is followed by 
erosion of the mucosa by gastric juice. At this dose of 
histamine, the volume and acidity of secreted juice are 
less than when a smaller, non-ulcerogenic dose is usedi, 
It is therefore noteworthy that in the present experiments _ 
the protective effects of both degraded carrageenans 
coincide with an increase in acidity of seeretion compared 
with the histamine group. In the results of Watt et al”. 
subeutaneously administered carrageenan (400 mg/kg, 
9 h before histamine) caused a fall in the secretion of acid 
stimulated by histamine; in the present experiments a 
rise in acid was obtained after intravenously administered. 
carrageenan given at the same time as the histamine. A 
possible relationship between these results is that the acid 
hypersecretion observed by Watt et al.* corresponds to the 
maximal secretion seen when a suitable non-ulcerogenic 
dose of histamine is given‘; the acid secretion in the 
present experiments is the submaximal secretion which | 
accompanies an ulcerogenic dose of histamine. It there- 
fore appears that carrageenan can, under appropriate 
conditions, reduce the maximal acid secretion: which’ 
follows histamine at certain dosages, and in other con- 
ditions can result in an increase in the lower acid secretion 
which accompanies gastric ulceration, at the same. time 
exerting an anti-gastric ulcer action. In both cases the 
actions of carrageenan could be considered as tending 










Table 1. EFFECTS OF TWO DEGRADED CARRAGEENANS GIVEN INTRA- 
VENOUSLY ON HISTAMINE GASTRIC ULCERATION AND SECRETION 


No. of Gastric 
Group animals Treatment ulceration Gastric secretion 
Volume Acidity 
(ml/kg) (m equiv. /L) 
Free Total 
1 10 Histamine+ 18404 2724190 9344 WEA 
degraded P<0005 P>0-4 P<0005 P<0005 
x-carrageenan 
2 12 Histamine S5+03 26-8421 F5r4 BAB... 
P<005 P<005 P<0-01 PF <t-605 
3 9 Histamine+ 2240-5 33-041-2 0426 10445 
GP-A-D2 


Results are means + standard error. 
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to push the in vivo equilibrium between the many factors 

involved towards the least harmful position. 
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BIOLOGY 


Separation of Bone Marrow Cells by 

i _ Sedimentation at Unit Gravity 

Tun extreme heterogeneity of the bone marrow in which 

= leucocytes and erythrocytes develop has impeded studies 
of the biochemical changes accompanying the growth and 


“maturation of these cells. All stages of their development 


‘are intermingled in this tissue, together with other cell 
types. Centrifugation in density gradients, exploiting 
differences: in sedimentation ratet! and in buoyant 
density?’ electrophoresis in specially designed appar- 
atust, or sedimentation at lg in a density-stabilized 
system of. horizontally flowing liquid layers’ have 
achieved the separation of myeloid cells from erythroid 
but provided little or no resolution of the maturing cells 
within these series. 
We have developed a lg sedimentation system which 
-makes use.of a batch operation. This offers flexibility with 
‘respect to control of sedimentation time and scale of 
operation and makes it possible to collect a large number 
of fractions. With the apparatus shown in Fig. 1 sub- 
< stantial improvement in resolution has been achieved. 

‘Although the procedure has been developed for the 
separation of bone marrow cells, it should be applicable 
to other cell mixtures. All experiments were performed 
at 4° C in order to reduce to a minimum any bacterial 
growth, as well as aggregation. 

A suitably prepared suspension of guinea-pig bone 
= marrow cells (see later) is rapidly introduced into the 
bottom of a sedimentation chamber (A) by the applicator 

< (B); which produces a linear gradient of 0-0-05 per cent 

“‘suerose within the sample. This is followed immediately 

by. a gradient of sucrose generated by D and E. The 
sample layer is rapidly lifted by the incoming sucrose 
solution and, because of the baffle and the conical bottom 
of the chamber, is smoothly distributed over the gradient 
as a thin layer. The cells fall into the rising liquid and a 
- bottom margin of white cells quickly appears. The sedi- 

-mentation time is readily controlled by stopping the flow 

when the meniscus has reached the top of the cylindrical 
» portion of the chamber until separation has been attained, 
as shown by the appearance of the bands. Upward flow 
is then resumed, and the portion of the chamber contents 
_ oecupied by the cells is carried into the upper cone and 
i out through the exit tube to a fraction collector. Thus 

the cells emerge in the order of inereasing sedimentation 
rate and can be collected in as many fractions as are 





required, 


‘The time taken to achieve a given degree of resolution 
depends on the thickness of the sample layer, which in 
turn is a function of the volume of the sample and the 
diameter of the cylindrical portion of the chamber. 
Guinea-pig bone marrow cells applied in 50 ml. to a 
chamber 10 cm in diameter separated into three dis- 
tinctly visible bands of cells in 10 h at 4° C and when 
displaced from the chamber after 20 h showed the separa- 
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tion illustrated in Fig. 2. Besides the clear separation of 


erythrocytes from the myeloid cells, a useful separation 
of blasts, neutrophil myelocytes, and mature neutrophils 
was achieved, although the overlap of peaks left something = 
to be desired. Lymphocytes emerged with the erythroid - 
cells, but were well separated from all other types except. © 
blasts. The fractions collected represented 90 per cent of 
the cells applied, and the rest were found in the chamber, 
indicating that little or no lysis had occurred. Megas 
karyocytes were presumably among the latter, although —_ 
no effort was made to collect them as a fraction. In the == 
legend to Fig. 2 the cell types have been grouped to simplify 
the differential counting. eee 
Doubling the diameter of the chamber reduces the. 
thickness of the sample layer by a factor of 4 (provided. 
undue mixing does not occur) and therefore also the sedi- 
mentation distance and time. An experiment performed `= 
in this way yielded a profile resembling that in Fig. 20 
except that resolution of the first and second peaks was 
less complete, probably as the result of a different dis- 
tribution of cell types in the sample. As can be seenin | 
Table 1, the enrichment of some of the fractions was | 
greater after sedimentation for 5 h in a 20 em chamber 
than after a sedimentation for 20 h in a 10 em chamber, | 
Such values, however, are strongly affected by the initial |: 
composition of the samples. aS 
The duration of these fractionation procedures is longer 
than might be desirable, but the viability count of the 
myeloid cells, as determined by the trypan blue method, 
was 92 per cent after 20 h under the conditions used, 
Erythrocyte precursors were only 41 per cent viable after 
this period and 67 per cent viable after 5 h. 


























To fraction collector 


ie 

















Fig. 1. Apparatus for 1g sedimentation of cells. The sedimentation...’ 
chamber (A), the sample applicator (B), and the linear gradient genera 
tor (E) are made of ‘Lucite’, A 20 cm diameter chamber is. illustrated = 
with cell bands as they appear 5 h after the application of a 50 mlo =< < 
sample. An outer shell of cellulose acetate (not shown) surrounds A to 
reduce thermal variations. When this chamber is used, J) ia filled with, 
200 ml. of 0-8 per cent sucrose, and mixing and reservoir chambers of Bo 
contain 2,000 ml. of 1 per cent and 2-5 per cent sucrose, respectively. 
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Fig: 2. Separation of guinea-pig bone marrow cells (2-5 x 10° in 50 ml.) 
after 20 h of sedimentation at 4° C in a chamber with a 10 cm diameter. 
The fraction volume was 17 ml, ‘The heavy solid line in the top section 
represents the total concentration of cells in the fraction, Peaks repre- 
senting cell types are labelled: Erythrocytes, which includes ali mature 
erythroid cella; Erythrocyte precursors, all nucleated erythroid cells 
„except pronormoblasts: meh EL all lymphocytes; Kosinophils, 
all stages of the maturation series with eosinophilic granules; Basophils, 
all: stages of the maturation series with basophilic granules; Blasts, 
omyeloblasts, promyelocytes, and pronormoblasts; Neutropkil myelo- 
. -oyles, neutrophil myelocytes and metamyelocytes. Mature neutrophils, 
band and polymorphonutlear neutrophils, 







The sucrose in the gradient under the sample layer rose 
-i rapidly from 0-3 per cent to about 1 per cent in the first 
-2 em. below the sample and became linear, with a slope of 
0-12 per cent sucrose/em, for the remaining distance to 
‘the bottom. The initial sharp rise was necessary, at least 
with guinea-pig bone marrow cells at the concentration 
used, in order to minimize “streaming”. This is the for- 
mation of vertical streams of cell suspension at the bottom 














“Table 1, ENRICHMENT OF FRACTIONS WITH HIGHEST PERCENTAGE OF GIVEN 
UELL TYPES AFTER (A) 5 H SEDIMENTATION IN 20 OM CHAMBER AND (B) 20 H 
SEDIMENTATION IN 10 OM CHAMBER 


Initial (7) Fraction (F) 











Cell type Exp. (per cent) {per cent) FJI 
Erythrocytes A 35 100 3 

: B 25 100 4 
Erythrocyte precursors A 11 63 6 

B 15 70 5 
Lymphocytes A 9 91 10 

: B 5 44 9 
< Bosinophils A 8 46 15 
TARS B 5 52 10 
$ Basophils A 1 7 7 
lo f B 1 15 15 
‘Blasts A 8 76 10 

i B 8 a4 8 
Neutrophil myelocytes A 24 69 3 

: " B 22 78 4 

oo Mature neutrophils A 9 73 8 
ee B 19 63 3 
























margin: of- the initial cell: band, presumab 
result -of the -concentration of rapidly sedimentin 
within the early part of the gradient to the point wl 
the density of the layer exceeds that of the laye 
mediately below it. This phenomenon has been 
by others*-*, and is of crucial importance in’ diffe 
sedimentation because it greatly increases th 
the cell band before the streams disperse int 
cells. With a given mixture of cells and a su 
izing gradient, the concentration of the cells in th 
sample is the critical factor in initiating streami 
fact limits the load that can be applied to a ¢ 
given size unless one is prepared to aecept the choi 
diminished resolution or extended sedimentat 
that accompanies the use of a larger volume o 
The initial suspensions were prepared by d 
marrow from the femora and tibiae of male 600- 
guinea-pigs of NIH strain in a Krebs-Ringer: phosp . 
medium from which calcium and magnesium were 
omitted and to which 0-01 per cent polyacrylate was 
added. These changes were necessary to prevent reaggre- > 
gation of the cells after they were dispersed, and the same 
medium was used in all the sucrose solutions. ‘The red 
marrow was dispersed and separated from the fatty 
portion of the marrow by suction in and out ‘of a poly- 
ethylene pipette twenty to thirty times. At this point © — 
very few clumps of marrow tissue containing myeloid ~ 
cells could be seen under the phase microseope.. Larg 
pieces. of fat floated to the top and were removed mi 
anically. Any remaining fat cells were discarded 
supernatant fluid, following centrifugation (200g, 5 min 
4° C). Washed twice with the foregoing medium, the cells 
were resuspended and filtered through two layers of silk 
cloth and then through a sintered polyethylene disk 
having a nominal pore size of 70u. This removed chiefly” 
marrow blood vessels and small clusters of umdispersed | 
cells attached to small clumps of reticulum cells. Cell. 
counts of the material left on the silk showed that the 
loss of cells amounted to leas than 2 per cent of the total 
cell yield. No. significant change in the absolute 
differential cell count could be detected after filtration _ 
through the polyethylene disk. Usually, the femora and _ 
tibiae of one guinea-pig yielded about 10° cells; which. 
were diluted to a concentration of about 4 x 10° cells/ml. 
A mean of 88 + 1 per cent of the nucleated cells in the 
starting sample was demonstrated to be viable by the 
trypan blue method. Non-viable cells were chiefly 
erythrocyte precursors. The presence of polyacrylate did - 
not affect the viability count. ee 
Total cell counts were determined with a Sanborn- < 
Frommer cell counter. Nucleated and non-nucleated cells: 
were distinguished by counting in drop suspensions, 
using a microscope. Smears for differential counts were: 
prepared from suspensions of the cells in guinea-pig serum, 
using the coverslip method and Giemsa stain, The eriteria | 
of Yoffey et al.? were used to identify lymphoid cells and: 
the criteria of Wintrobe® for identifying myeloid and. 
erythroid cells. nots fee 
We thank Hugh Foster for his technical assistance. 
ELBERT A, PETERSON 
Warren H. Evans 
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Ovulation in the Genus Microtus 


Chitty and Austin! concluded that the short-tailed field 
vole (Microtus agrestis) showed two kinds of oestrous 
behaviour; there was either “a typical short oestrous 
cycle . . . or else prolonged periods of an oestrous state”. 
Mammals with short oestrous cycles usually ovulate 
spontaneously (Chitty*). They found a correlation 
between behavioural oestrus and the type of vaginal 
smear. It is implied, therefore, that the vole can be 
either an induced or a spontaneous ovulator. Chitty and 
Austin considered that the social environment could 
determine the type of vaginal smear, as regular oestrous 
cycles -occurred in females living apart from strangers 
(for example, isolated females or groups of females from 
the same litter), but prolonged periods of oestrus occurred 
in animals from different litters mixed together. Evidence 
: -for oestrous cycles with spontaneous ovulation was based 
on vaginal smear changes and observations on behaviour, 
but unfortunately no observations appear to have been 
made of the ovaries, nor was a search made for eggs in the 
Fallopian. tubes. 

In order to test the suggestion of Chitty and Austin, 
the following experiments were performed on animals 
kept in the laboratory on a 16 h lighting regime. This was 
the same as that used by Chitty, who found oestrous 
eycles (personal communication). 

In the first experiment, young animals, 18 days old, 
were submitted to one of three treatments: (a) three 
individuals were isolated and put in separate cages, (b) 
three litter mates were left together in the same cage, or 
(ec) three individuals, each from a different litter, were 
put together in the same cage. There were two groups, 
each containing nine animals. Vaginal smears were taken 
twiee daily, at approximately 12 h intervals, for 8 weeks 
from all perforate individuals. The animals were then 
killed, ovaries serially sectioned and stained. 

In. the second experiment mixing or isolation was 
performed on adult animals (76-95 days old), which had 
previously been kept as separate litters. There were two 
groups, one of twelve, containing four animals in each 
treatment, and the other of nine. Vaginal smears were taken 
for 10 days before rearranging of the animals and for 25 
days afterwards. The animals were then killed and the 
ovaries serially sectioned and stained. 

It would have been expected from the results of Chitty 
and Austin that animals given treatments (a) and (b) in 
both:experiments would have had cyclical changes in the 
vaginal smears, but those in treatment (c) would have had 
constantly cornified smears interrupted occasionally by 
periods of dioestrus. It was found, however, that no 
relationship existed between the social environment and 
the type of smear. 

Some individuals had a highly cornified smear for long 
periods of time (up to 4 weeks) with few cells of any other 
type. In others cornification lasted up to several days, 
the interval between successive periods of cornification 
being usually between 2 and 5 days. The proportion of 
nucleated cells varied greatly ; peaks sometimes occurred at 
fairly regular intervals which often coincided with few 
cornified cells. In about half the individuals, leucocytes 
were very scarce or absent. Where they did occur, peaks 
were very erratic in occurrence and lasted for varying 
lengths of time. Thus, although changes in the vaginal 
smear sometimes occurred with some regularity, they were 
not as obvious as those of rats and mice; this was also 
observed by Chitty and Austin’. 

In serial sections of the ovaries no corpora lutea were 
found in any individuals, although large Graafian and 
atretic follicles were common. These results suggested 
that M. agrestis was an induced ovulator regardless of the 
social environment. Further experiments were then per- 
formed to substantiate this. - 

In the third experiment eleven females chosen at random 
from a total of twenty-two virgin females were put with a 
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vasectomized male, one to three to a cage; the other 
eleven were kept as controls. 

Two to twelve days later the animals were killed and 
the ovaries serially sectioned. In seven of the eleven 
animals that had been put with the vasectomized male, 
there were twenty-eight corpora lutea, only one of which . 
was an accessory corpus luteum. The remaining twenty- 
seven, therefore, were corpora lutea of ovulation. There 
were no corpora lutea in the controls. This experiment 
confirms that ovulation could be induced. 

Further experiments showed that mating would occur 
with females that had either a very cornified or a very 
nucleated smear, but mating was not invariable when 
females had any particular type of smear. Its oceurrence 
seemed partly dependent on the sexual motivation of the 
male. Copulation was observed in twelve individuals, 
eleven of which were later found to have corpora lutea and/ 
or follicles undergoing preovulatory swelling. In five 
others where there was sexual play but no mating, no 
ovulation occurred; nor could it be induced by cervical 
stimulation with a glass rod. 

Hoyte? concluded that in M. ceconomous the vaginal 
smear pattern suggested spontaneous ovulation, and in 
M. pennsylvanicus Asdell and Hamilton (unpublished work 
quoted in ref. 4) found that vaginal smears were similar to 
those of rats and mice. In M. arvalis Delost® found, 
from behavioural investigations, that ovulation occurs 
between midnight and 3 a.m. Asdell‘ states that in M. 
oeconomous and M. arvalis spontaneous ovulation occurs, 
and its occurrence is implied for M. pennsylvanicus. On 
the other hand, both M. californicus* and M. guentheri? 
are considered to be induced ovulators. It is suggested, 
therefore, that in this genus the evidence for spontaneous 
ovulation is at present only circumstantial. Observations 
on behaviour and vaginal smear changes are not sufficient 
proof for its occurrence. 

Microtine species may, however, have behavioural 
oestrous cycles like the rabbit®, in which regular vaginal 
smear changes have also been observed’. 

I thank Dr. J. R. Clarke for his help and Professor G. E. 
Blackman for providing facilities. 
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Experimental Observations on the Develop- 
ment of Ectoderm-free Mesoderm of the 
Limb Bud in Chick Embryos 


A NORMAL extremity does not develop from the mesoderm 
of the early chick limb bud completely freed of its ecto- 
derm by treatment with ethylenediamine tetraacetic 
acid (EDTA)!, but epithelial residues accidentally left 
adhering to the surface of the denuded mesoderm seem to 
be sufficient for the regeneration of the entire ectodermal 
cover. Thus, limb development is ensured’, and the epi- 
thelial component of the limb bud appears to be necessary 
for normal limb development. It remains undecided 
whether failure of limb development after the removal of 
ectoderm depends merely on the exposure of the mesoderm 
to artificial and unfavourable environmental conditions®® 
or on the absence of a structure, the apical ridge of ecto- 
derm, which plays a morphogenetic role in the develop- 
ment of the bud mesoderm?‘ 
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Fig. 1. Results of implant experiments. For explanation see text, 


According to Gasseling and Saunders*, development of 
the limb bud unfolds when its whole ectoderm, except the 
apical ridge, is removed; this finding has been interpreted 
as convincing evidence of an outgrowth inductor activity 
exerted by the ridge on the underlying mesoderm. The 
ridge would maintain its inductor ability until the out- 
growth proper of the bud is in progress; after Hamburger- 
Hamilton’s stage 24, even the last apical areas of the 
limb bud to be individuated would be capable of differen- 
tiation independently of the influence of the apical ecto- 
derm’, Thus, removal of the ridge from limb buds at stage 
24 or later should no longer prevent differentiation of the 
apical areas. In this laboratory, however, Barasa® observed 
developmental deficiencies of the wing apex even when he 
excised the thickened ectoderm of the distal border of the 
wing bud as late as stages 26 and 27: the phalanges of 
digits 3 and 4 failed to form. These mesodermal altera- 
tions appear quantitatively more limited than, although 
qualitatively identical to, those which occur in buds 
deprived of the ridge of ectoderm in earlier stages (stages 
20-23). 

Deficiencies more severe than those observed by Barasa*® 
could be expected if a larger surface of the apical mesoderm 
were exposed by removing the ectoderm from the free 
border and from the faces of the limb apex. To test this 
assumption, the prospective autopod, excised from a donor 
wing (or leg) at stage 26-27-5 and freed of its epidermis by 
treatment with EDTA, was grafted to the proximal! stump 
of a host leg (or wing) at stage 23-25 from which the distal 
half had been removed. Implants of the autopod from 
donor limbs at stage 26 to 27-5, untreated or treated with 
EDTA without removal of the epidermis, were controls. 
The following procedure was used: the distal part of the 
limb was excised from the donor and washed for 15 min in 
Tyrode solution free of calcium and magnesium, then 
placed in a double-strength solution of the same com- 
position but containing 0-25 per cent EDTA? at 38° C, 
for approximately 20 min. The ectoderm was peeled off in 
Tyrode free of calcium and magnesium, and after a 
further 10 min washing in Hanks solution and horse 
serum (1:1) excess mesoderm was cut out proximally 
and discarded, and the ectoderm-free autopod proper was 
implanted on the freshly prepared surface of amputation 
of the host bud. 

The blood circulation of the grafted autopod was 
almost completely re-established within 8-12 h according 
to a pattern which repeats that of an intact control bud. 
Regeneration and distal sliding of the epidermis of the 
proximal stump of the host bud over the exposed surface 
of the donor mesoderm unfolded slowly, and only a narrow 
proximal zone of the graft was covered by the regenerating 
host epithelium 24-30 h after implantation. The implant 
seemed healthy during the first day, and it underwent 
some growth and differentiation. The second day after 
implantation was marked by regressive processes of the 
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grafted mesoderm; their visible consequence 
in the living embryo was the occurrence of 
severe circulatory disturbances, namely patehy 
interruptions of the superficial venous net- 
work, swelling of blood vessels and later 
formation of discrete haematomata. These 
events were preceded and followed by the 
appearance of a gradually increasing number 
of degenerating cells and by arrest of growth. 

The final fate of the implant varied, depend- 
ing mainly on the developmental stage of the 
autopod, at the time of implantation. In 
grafts taken from donors at stage 27 and 
slightly later, only the portion of the skeletal 
pieces the dense mesenchymal blastemes of 
which were well apparent at implantation 
time underwent further differentiation and 
growth. The distal skeletal blastemes either 
failed to differentiate or they gave rise 
to rounded nodules of cartilage embedded 
in a dense connective tissue. The development of the 
ectoderm-free mesoderm of the autopod from donors at 
stage 26 was even poorer. 

Examples of the results are recorded in Fig. 1. Type 
and stage of donor and host limbs were as follows: (a) 
wing stage 26—, leg stage 23+; (b) wing stage 27-, 
leg stage 23; (c) leg stage 27-5, wing stage 23. The part of 
the host limb left in situ gave rise to the girdle, the femur 
and a small proximal portion of tibio-fibula in a and b, 
to the girdle and the humerus inc. The cartilages differen- 
tiated from the implant are indicated by arrows, namely 
two faintly stained nodules in a, the base of metacarpal 
3 and 4 in b, two short bars (possibly rudiments of meta- 
tarsal 3 and 4) and another four nodules of various size 
in c. 

Given the relatively late stage of the donor embryos 
used, the developmental deficiencies of the ectoderm-free 
mesoderm of the autopod described here could hardly be 
attributed to failure of an outgrowth inductor activity of 
the apical ridge. It seems more likely that the alterations 
of cell viability and proliferation, as well as the vascular 
damages observed, depend on exposure of the mesoderm 
to the amniotic fluid. The distribution and various 
concentrations in the mesoderm of salts, metabolites and 
cell products, which normally preserve cell integrity and 
possibly stimulate cell proliferation and differentiation, 
would be severely altered if these substances could freely 
diffuse into the amniotic fluid from the mesoderm no 
longer protected by its epithelial cover. 
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Method for estimating the Number of 
Eggs laid by Xenopus laevis in Response to 
the Injection of Gonadotrophin 
OVULATION in Xenopus laevis can be induced by injecting 
human chorionic gonadotrophin (HCG); this procedure 
has been used to diagnose pregnancy, or for the bio- 
logical assay of HCG. Either the proportion of animals 
ovulating in a group, or the number of eggs laid by each 
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Table 1. RELIABILITY OP THE DRY WEIGHT METHOD USED IN ESTIMATING. 
THE NUMBER OF EGGS IN AN “UNKNOWN! SAMPLE OF 450 EGGS. 


Dry weight (ng) Number: of eggs in 


Kenopus nknown” “unknown” sample Difference 
No. 100 eggs Denon based on dry wt. from 450 
1 63 269 430 ~ 20 
2 53 239 451 +1 
3 69 320 464 +44 
4 52 225 433 ~ 17 
& 62 253 408 ~~ 42 
6 61 264 433 -17 
7 62 299 482 +82 
8 57 256 449 -$ 
9 64 277 433 -17 
10 63 275 436 ~ J4 
Mean 60-6 + 5-2 Mean 441-9 + 20-5 
_ individual, may form the basis of a test®. A dose of 


/ 90 international units (10) of HCG causes ‘ovulation in 
“most: Xenopus, although there is a considerable variation 
in tho number of eggs laid by each individual, from a few 
“tens: to several thousands. A method to estimate the 
number of eggs laid is described here. 

All the-eggs laid by one animal are collected 18 h after 
the injection of HCG. A number of eggs are counted and 
dried on weighed filter paper for 4 h at 80° C, and the 
«dry weight determined; the dry weight of the remaining 
eggs is measured in the same way, and the total number 
of eggs is calculated from the two weights. The reliability 
of this method was assessed in the following way: two 
samples were taken from the eggs laid by each of ten 
Xenopus, one of 100 eggs and one of 450 eggs; both 
samples were then dried and the weight of 100 eggs was 
used to make an estimate of the number of eggs in the 

other sample. The estimated values were found to be 
satisfactorily close to 450 (see Table 1). 
-This technique is a reliable way of measuring quanti- 
< tatively the ovulation induced in Xenopus laevis by 
“injection of HOG. The precision of the estimate will 
increase with the size of the standard sample. (In early 
‘experiments on the effect of total-body cobalt irradiation 
on the ovulation in Xenopus*, 500 eggs were counted for 
each determination.) The dry weight of a given number 
‘of eggs varies, both between animals and between experi- 
ments, and has therefore to be determined for each 
animal and after each injection of HCG. 
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i _ Endogenous Diurnal Rhythm of Pupation in 
pr a Mosquito Population 


ne Kepoasiocs diurnal rhythms in animals have been 
explicitly described?. Innateness of these rhythms is one 
-of the most important characteristics. 

Daily emergence pulses, 
development during larval and pupal stages, are well 
known in mosquito populations of Aedes taeniorhynchus 
(Wiedemann) in nature and are dependent on an ante- 
eedent pupation rhythm?. The recent demonstration that 
a 22-2 h period in the pupation rhythm existed in an 
A, taentorhynchus population reared under conditions of 
12h light and 12 h dark (LD 12:12), and that deficient 
diet prolonged development and resulted in sharper 
diurnal pupation peaks®, prompted the present investi- 
gation. I wish to report that the pupation rhythm 





indieating synchrony of 
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om. A. taeniorhumchua i is ; truly an innate rhytha and con- 


sequently an endogenous diurnal rhythm, 

All experiments were conducted with a “precision mos- 
quito rearing apparatus’”*. 
the mosquitoes were reared and statistical analysis applied 


are similar to those described elsewhere’, except that 
quantities of food (equivalent to quarter ration)*’—hence- | 


forth called basic ration—-were provided at intervals of 4h. 

Fig. 1 illustrates the results obtained from the first set... 
of experiments performed at 27° C on basic ration under). 
different light regimes. 
was conducted under continuous darkness (DD). Pupation: 
occurred in the form of a sinus wave showing a continuous 
rhythmic function of five distinct peaks, with periods 
of 21-46 + 0-6 h between the means. The pupation’ 
peaks thus show a spontaneous periodicity because — 


all the known environmental cues were kept constant. = = 
when this 


Nearly identical results were obtained 
experiment was repeated at 32° C, which showed ‘a 


period of 21:57 + 0-2 h between the means. 
In the second experiment (Fig. 1B) I investigated the 


effect of an unrepeated light signal of 4 h duration in the. 


beginning of the last larval instar. The five distinct peaks 


of pupation show a discontinuous function, with a distinct 


phase-shift of the means and a period of 22-3 h. These 
results are nearly identical to those shown in Fig. 10, 
where larvae reared under LD 12:12 pupate rhythmic- 
ally with a period of 22-28 h, and are also similar to those 
reported elsewhere.’ 


On comparison, these three experiments show that the $ 


means of the first peak are pushed forward in Fig. 1B and 
Fig. 10, and the second peak becomes tho main peak of 
pupation, resulting in periods less than 20 h between the 
first and the second peaks. The first peak is therefore 
called an advance peak®. These experiments also show. =. 
that an unrepeated light signal (Fig. 18) during the larval = 


stage helps to synchronize the already existing, but in- 


apparent, rhythm in the larvae which became explicit. 
only during pupation. These findings provide support for- 
Pittendrigh’s suggestion® that the individuals raised in 
continuous darkness already had an innate rhythm which. 


became synchronized in the population by an unrepeated 


light signal. 


Fig. 2 illustrates the results of the second set of experi- ie 


ments performed under DD on basic ration, where the 
effects of an unrepeated 4 h temperature increase and 24h | 
cycles of alternating temperatures of 12 h at 27° © and 
12 h at 32° C, and the reverse, were observed. As is” 
evident from Fig. 2A, a 4 h increase of 5° C during the 
early fourth instar did not advance the first peak of 
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Fig. 1. The pupation rhythm in Aedes taeniorhynchua at 27° C £ O00.: 


Larvae reared in continuous darkness (4), under continuous darkness ae 
interrupted with a 4-h Hip t signal from 72-76 h after hatching (8), and 
under LD oe 12 (0). All groups were fed at intervals of 4h, Ordinate: 

2 h running averages of number of pupae per hour, 


The conditions under which 


The first experiment (Fig. 1A): a 
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Hours after hatch 


Fig. 2. The pupation rhythm in Aedes taeniorhynchus under continuous 
darkness. Larvae reared at 27°C+0-05 were given an unrepeated 
period of 4 h of 32° C+0-05 from 72~76 h after hatching (4). Larvae 
reared under 24 h cycles of 27° C-»32° C (B), Larvae reared under 
24 h oyeles of 32° C-+27° C (C). All groups were fed at intervals of 24 h. 
Ordinats: 2 h running averages of number of pupae per hour. 


pupation. The peaks did, however, become very pro- 
nounced, with an average period of 22-0 + 0-37 h. The 24h 
eycles of alternating temperature of 27° C-» 32° C 
(Fig. 2B) and the reverse cycle of 32° C ~» 27° © (Fig. 2C) 
> showed distinct peaks of pupation with periods averaging 
22:86 + 0-6 h and 21-62 + 0-7 hb, respectively. In both 
casos, pupation peaks occurred only during the higher 
emperature of the temperature cycle. On comparison, it 
| was observed that the appearance of the pupation peaks 
during the higher temperature was found to correspond 
to that of the light period of the LD 12: 12 cycle (com- 
pare Fig. 1C and Fig. 2B and 20). 

Under rearing conditions described here, it became 
‘apparent that in a population of A. taeniorhynchus there 
exists a truly innate rhythm of pupation with a spon- 
taneous periodicity of about 21-6 h, which is relatively 
_ independent of temperature. Unrepeated light and tem- 

perature stimuli, as well as 24 h cycles of light-dark and 
© high-low temperature, affect the already existing innate 
oo ghythm by increasing the ensuing periods up to as much 
= as2%0h. Finally, these investigations show that although 
-the pupation rhythm in A. taentorhynchus exhibits a true 
| Eanate rhythm, it cannot be entrained by 24 h light-dark 
and high-low temperature cycles. Non-entrainment to 
alternating 24 h temperature cycles have been observed 
< in hamsters! and flying squirrels’. 
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Schizogonous Stages of Eimeria acervulin: 
Tyzzer, 1929 K 


Tyzzer' found no endogenous stages in the life cycle of 
Eimeria acervulina in the chicken until the third day af 
infection when schizonts appeared in the epithelial cells 
the duodenal villi, and sexual stages appeared .on the fe 
day. Moyihan? observed developing forms in the epit 
cells of the crypts of Lieberkiihn of the duoden 
did not specify the stage or the time after i 
Recently, sporozoites have been shown in the g 
Lieberkiihn one day after infection*~*. Doran? 
detailed description of the migration of the. spore 
which develop into the first generation schizonts 
glandular epithelium by the second day after infecti 
The mean dimensions of the first generation sẹ! 
which lie above the host cell nucleus, were 4 x Guri 
contained four to twelve merozoites’, These fig 
subject to staining distortion. This newly observed sti 
in the life eyele of E. acervulina raises the question o 
whether one or two asexual stages occur after this stage. 
and before the sexual generation, particularly because no 
morphological differences have so far been observed 
between any later schizonts developing at different times 
in the epithelial cells of the villi. Sections of the upper © 
intestines of birds taken 3 days after infection show mature 
schizonts in the glands and in the erypts of Lieberkiihn as © 
well as developing merozoites in the epithelial cells of 
villi; on the fourth day after infection there are mature — 
schizonts and immature gametocytes, and on ‘the fifth ~ 
day gametocytes, oocysts and schizonts are: present, 
which suggests the possibility of a total of three sehizo- 
gonous stages before the commencement of gametogony 
and one stage concurrent with the sexual phase. |. m 
The maximum number of oocysts passed in the faeces 
for each oocyst fed to a bird (reproductive potential) 
suggests that a third schizont stage must be present.” 
Brackett and Bliznick® obtained a maximum experimental 
reproductive potential for Æ. acervulina of 72,000 and we 
have obtained a value of 100,000 by giving 3-wee oe 
chickens an infective dose of approximately 500.sporulated | 
oocysts. Considering that some oocysts may not exeysh 
and that many merozoites could be lost in the faeces, the _ 
number of oocysts recovered in the faeces would be less 
than the theoretical figure. Two generations of merozoites, ©. 
therefore, would be insufficient to produce this number. of- 
oocysts because the predicted figure of eight (sporozoites. 
for each oocyst) x 12 (merozoites for each first generation: 
schizont) x32 (merozoites for each second generation . 
schizont') x 0-5 (half the merozoites form macrogametes 
and half form microgametes) is 1,536. The last stage in‘ 
the calculation assumes that the separation ofthe sex 
characters occurs during sporogony rather than at schizo~ 
gony, an assumption borne out by the ratio of magro- 
and micro-gametes seen in histological preparations. Thus, 
if only one other asexual stage occurred, apart from ‘the - 
first and second above, the schizonts would have to contain | 
at least forty-seven merozoites and such a stage has not 
been observed. The evidence therefore suggests that th 
distinct asexual stages occur before the commencement of 
the sexual generation, and this would then account foro 
8x 12x 32x 32, which is 98,304 merozoites. Some 98-5 
per cent of these merozoites must form gametocytes to 
produce an initial peak of oocyst production of approxi- 
mately 48,000 on the fifth to sixth days after infection, 
and the remaining 1-5 per cent would then form the fourth 
schizogonous state (each schizont containing thirty-two 
merozoites) to account for some 24,000 oocysts in a second 
peak of oocyst production about 2 days later®1°, Similar 
periodic peaks in oocyst production have not. been ob- 
served in Æ. tenella where the two distinct. schizo 
stages account for the observed reproduction poi 
The actual life cycle of E. acervulina is probably com 
plicated by the intervention of the hosts i 
response, the overlapping in time of different schizog: 
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with themselves and with gametogony and possible 
delayed. development of sporozoites which have been 
seen in the epithelium of the glands of Lieberkiihn up 
to 4 days after infection by Doran! and by us, although 
it is not considered that these factors detract from the 
conclusions presented here. 

Note added in proof. Since this letter was submitted 
we have seen an abstract!!! stating that the schizogonous 
eycle of E. acervulina consists of four generations and that 
these seem to occur before gametogony. If this is so, it is 
` difficult to account for the double peak of oocyst produc- 
tion and the observed gametocytes and schizonts occur- 
ring together from the fifth day after infection. 
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Methods for demonstrating Resemblance in 
Taxonomy and Ecology 


Or the numerical methods proposed for demonstrating 
resemblance in taxonomy and ecology, several have 
important drawbacks. The Pearson product-moment 
correlation coefficient has been shown by Eades! to be 
inappropriate. Similarity (matching) coefficients may 
suffer from significant losses of information as a result of 
averaging procedures when groups are being compared. 
<o Recently, a method based on an information statistic, 
derived from entropy theory’, was described? and evalu- 
ated for use in forming hierarchies of polythetic groups 
by ‘Williams, Lambert and Lancet. In the matrices of 
trial links of each member or group with every other, 
fusions are chosen which lead to the smallest increase in 
the value of the statistic AJ. When a group has been 
formed, all the data concerning the individual members 
are retained for finding AZ values for further trial links. 
This in éffect gives a more meaningful “centroid” than is 
ible with other methods. It has been noted®, however, 
j) ero is a tendency to form relatively homogeneous, 
few-membered “cores” which displace the items with 





-< more unusual properties to inappropriate positions. This 


< Was only slightly evident in a test study in the present 
_ work (see Table 1 and Fig. 1). However slight the tendency 
might be, it cannot be justified in taxonomy, where every 


Table 1. DATA MATRIX FOR SEVEN IMAGINARY TAXA DESCRIBED BY TEN 
TWO-STATE ATTRIBUTES 
Taxa 
1 2 3 4 5 8 7 
Attributes 1 0 1 1 0 1 0 
0 1 0 0 6 0 1 
0 1 0 Q 1 1 0 
0 0 1 1 1 0 1 
1 0 1 1 1 0 1 
1 1 1 1 1 0 1 
0 1 o 0 1 1 0 
1 0 9 0 1 0 1 
0 0 (U 1 0 1 1 
1 0 1 0 1 1 0 
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Fig. 1. Dendrograms for comparison of the results of applying the 

matching coefficient Sem (average linkage clustering), the heterogeneity 

function H and the information statistic Z to the data in Table 1. To the 
right are given the differing parts of alternative dendrograms. 
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taxon must be positioned in the most appropriate way. 
The present inability of the method to use multi-state. 
data is an important drawback. Ambiguities appear to 
be more common than with other methods, although a 
technique has been proposed for making an optimal 
choice after the alternatives have been detected?. Five 
alternatives are possible with the data in Table 1. 

It is clear, nevertheless, that a method using centroids: 
for groups that include all the raw data about the con- 
stituent members could be valuable. Such a method could 
involve the use of a heterogeneity function, which for 
two-state data could be given by 

mal ga 
P jain 

Here, the jth of the p attributes is heterogeneous to the 
extent of tho fraction of the number of taxa being con- 
sidered n, which have the rarer state ap. In the matrices 
of trial linkages of each member or group with every 
other, fusions are chosen for which H, is minimal. This 
function, which does not seem to have been investigated’ ` 


in this context before, is consistent with a strategy com: ae 


monly used by biologists: if two groups are merged, how 
heterogeneous is the resulting set ? 


the method is therefore likely to provide more information. 
than others. This appears to be the chief cause of the 
avoidance of the extra ambiguous case given by Sokal 
and Michener’s matching coefficient® for the data in 
Table 1 (see Fig. 1). A drawback is that for groups with 
odd numbers of members, the maximum value of the 
function tends to be a little lower than usual, especially 
in small groups. This may possibly be avoided by re- 
placing n by the value of aj, for a fully heterogeneous case. 

An important feature is that the concept permits the 
inclusion of two-state qualitative and ordered quanti- 
tative data (for example, measurements) in the same 
computation. In such a case, heterogeneity could be 
given by 





Averaging of the _ : 
results of comparisons between pairs of items is avoided; 
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2 N ayer l B? Sjan 
Hyg=- X E4 E 
P p=1 N P =i San 


where the subscripts ¢ and q refer to the two-state and 
quantitative cases, respectively. For quantitative features 
“the jgth of the p; attributes is given by the proportion of 


7 the standard deviation of the data for the n members 


BS Sjan; Telative to the maximum standard deviation possible 
_ witha group of the same size, Sgn. Sgn is found by setting 
“up a group of n members, with as equal as possible pro- 


portions having zeros and the largest values for attribute 


gq in all the items which are ultimately to be grouped 

together, respectively, then determining the standard 
deviation of this imaginary set. The heterogeneity values 
for the two-state data are doubled in the formula so as 
to bring them to the same range as for the quantitative 


: "function. This form of heterogeneity analysis should be 


of value in taxonomy. 
In ecology, however, all the data about the occurrence 
of organisms at sample sites are essentially of an ordered 
quantitative nature, lying on a scale ranging from absence 
to some degree of presence. The heterogeneity of a group 
of sample sites can therefore be given by the function for 
quantitative data alone 
Hy = a $ Sian 
P j=l San 
Here the imaginary group for finding Sqn should be set 
up with as equal as possible proportions having the 
jargest and smallest presence values on the scale adopted, 
--gespectively. Where the degree of presence is unspecified, 
-itis advisable to code it by a median value such as 5 on 
“aa scale 0-10, to give dendrograms comparable with those 
-based on more detailed data. 

Certain modifications to this function are desirable for 
ecology. In a quite widely used methodi attributed to 
Czekanowski*.’, small significance is attached to the taxa 
that are relatively rare at a given pair of sites. To take 
an extreme case, no significance at all is attached to the 

“absence of some taxa from both sites. Where the taxa 
are present in equal average amounts at a pair of sites, 

each is given equivalent significance in the calculation of 
resemblance. A drawback of the Czekanowski coefficient, 
however, is that it may only be used for comparing two 
sites at a time. As a result, averaging is necessary when 
eomparing groups, leading to a loss of information. 

In changing the present system to give the desirable 
properties of Czekanowski’s coefficient, it is preferable to 
use a function for homogeneity. In the present context, 
homogeneity H; is related to heterogeneity Hy as follows 


Hi =1 -H 


The modified homogeneity values Hem may then be given 
by 

Hom = È Bay) ( £ a) 1- Ssan\ 
jet An jel Son / 
In the unsimplified form of this function, the homo- 
geneity for the jth of the p taxon-attributes is weighted 
by the average of the presence values of a; for that 
attribute, divided by the average of such values for the 
n sites. The presence values should all be set on the same 
scale with zero representing absence. In the matrices of 
trial links of each site or group with every other, fusions 
are chosen for which Hy, is maximal. 

Tests show a close resemblance between the results of 
this method and Czekanowski’s when pairs of sites are 
compared. A small difference is that the taxa with 
relatively high presence values are given marginally 
greater significance by the homogeneity function. The 
results of applying this method to vegetation data have 
proved satisfactory on a small seale. 

Larger scale comparative studies of these techniques 
‘-are being prepared, using for taxonomy a genus in the 
family Orchidaceae and for ecology an area of Cape 
Sclerophyll vegetation’. 
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PHYSIOLOGY 


Cholinesterases in a Vascular Structure in the ] 
Floor of the Fourth Ventricle of the Cat — 


THE area postrema in the cat is a region which protrudes 
from the dorsal surface of the medulla into the fourth 
ventricle. It begins in the midline ventral to the obex 
and passes rostrally as a bilateral structure’. The 
area postrema can be stained selectively by the admitiis- 
tration of vital dyes? Immediately ventral to the area. 
postrema and dorsolateral to the dorsal vagal nucleus: 
is a vascular structure which has a very distinctive 
eylindriform appearance following cholinesterase staining. 
This sub-postremal region is bilateral and is not stained 
by vital dyes. : 

Ten adult cats were anaesthetized with pentobarbitone 
and then perfused with isotonic sodium sulphate followed ~ 
by 10 per cent neutral formalin. The brains were then 
removed and stored in 10 per cent neutral formalin at 
4° C for 4h and then in 20 per cent ethanol at 44°C, oo 

Serial frozen sections were cut at 80u and were then 
stained for cholinesterase by a modification of the method 
of Koelle and Friedenwald*. Acetylthiocholitie iodide. or 
butyrylthiocholine iodide were used as the substrates. 
Control sections were treated with 10-4 molar ethopro- 
pazine hydrochloride or 10-4 molar BW.284 C51. 

These techniques revealed a vaseular structure in the 
floor of the fourth ventricle (Fig. 1). The capillary walls 
in this structure stained intensely for cholinesterase and 
an are of cholinesterase staining demarcated it on its 
lateral and ventral aspects. The use of cholinesterase 
inhibitors showed that both specific and pseudo-cholin- 






Fig. 1. Photomicrograph of a section of cat medulla stained for “specie! 

cholinesterase, Note cholinesterase in capillary walls of vascular 

structure, b. a, Area postrema; b, vascular structure: o, tractus soli- 
tarius; d, dorsal vagal nucleus; e, hypoglossal nucleng.. 0000. 











Fig..2. Photomicrograph of a section of cat medulla stained for pseudo- 
cholinesterase. Note relationship of a, area postrema, and b, vascular 
structure; c,d and e, same as Fig. 1; f, gracile nuclens. 


esterase were present in the capillary walls and in the arc 
which partly surrounded the structure (Figs. 1 and 2). 
This combination of specific and pseudo-cholinesterase 
in the walls of the same capillaries is unique in the cat 
medulla. We have found that the capillary walls in other 
regions of the cat medulla, for example, in the inferior 
olive, contain only specifie cholinesterase. 

The vascular structure extends slightly more rostrally 
than the area postrema and at its rostral limit lies in the 
floor of the fourth ventricle covered only by ependyma. 

it is related ventro-medially to the dorsal vagal nucleus, 
ventro-laterally to the tractus solitarius, laterally to the 
gracile nucleus and dorsally to the area postrema. 

. Three animals were injected intravenously with 1 per 
cent trypan blue 2-4 h before perfusion. Some sections 
from these animals were stained for cholinesterase. This 
technique showed that the area postrema as stained by the 
vital dye was distinct from the structure already des- 
eribed. The blood vessels of the area postrema stained 
weakly. or not at all for cholinesterase. The vascular 
structure and the area postrema appeared to be inti- 
thately related, however, because in all sections in which 
both were present they were adjacent to each other. 
Also the band of intense staining around part of the 
vascular structure was absent between it and the area 
postrema. 

Because the vascular structure cannot be demarcated 

by conventional staining techniques for nervous tissue 
it may in the past have been considered as part of the 
‘area. postrema. The use of vital dyes and cholinesterase 
staining has, however, shown that the two regions are 
morphologically distinct. 

i Tt-appears from an examination of the figures in an 
“article by Borison and Brizzee’ that the region described 
‘above is not identical with the emetic chemoreceptor 
trigger zone. This vascular structure may be a site which 

responds to changes in the physical or chemical character 
“ef the blood. 
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Activity and Heart Rate of Bivalve Molluscs 


-cin their Natural: Habitat: 

Know Lepex of the ecophysiology of intertidal molluses is 
largely derived from observations of their littoral dis- 
tribution and experiments carried out under laboratory 
conditions'. The results of a preliminary investigation of 
the activity and heart rate of the bivalves Cardium edule 
and Donax vittatus in situ in their natural habitat are 
presented here. 

In this investigation, an impedance pneumograph, 
designed to detect pulsatile changes in volume, was con- 
nected to a pair of electrodes attached to an experimental 
animal and the voltage fluctuations caused by movements 
were fed to a multichannel pen recorder. Fine wire elee- 
trodes were attached by means of wax, one to each valve, 
to record valve movements. This procedure was carried. 





out rapidly on the beach. For simultaneous recording of 


the heart beat and valve movements, however, specimens 


were taken to the laboratory, where a small hole was 


drilled through each valve into the pericardium. A fine _ 
silver wire was inserted and the holes were then sealed 
with wax. These animals were all replaced in the sand 
on the beach within 30 min, and a sufficient length of 


light wire was attached to the electrodes to allow normal... 
digging movements. The wires were led up the shore 


for some 50 yards to the recording equipment, housed for 
this purpose in a mobile laboratory and powered ‘by 
batteries. Under these conditions it was not possible to 
make recordings continuously, but recordings were made 
for periods of 15 min at intervals throughout successive 
tidal cycles. The position of the electrodes was checked 
by dissection after about 5 days of experimentation, but 
animals with electrodes inserted in a similar way remained 
active in aquaria for several months. Laboratory observa- 
tions of digging, electrocardiographs and recordings of the 
hydrostatic pressure in the pericardium confirmed that 
valve movements and heart beat were being satisfactorily 
recorded by the technique used. The recordings described 
here were made on sandy beaches near the Marine Bio- 
logical Station, Millport, Scotland, in sunny conditions 
and with a calm clear sea. 

Recordings of Donax showed that, when covered by... 
water at high tide, adduction followed by the reopening: — 
of the valves occurred fairly regularly at intervals of 
about 12 min (Fig. 1d). Such movements are probably. 
related to the ejection of pseudofaeces from the mantle 
cavity? and did not occur after the animal was exposed 
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Fig. 1. Recordings of the heart beat and valve movements of bivalves 
obtained by detection of impedance changes while the animals were 
beneath the sand in their natural habitat. Alternating current coupling 
to the pen recorder was used throughout. a, Heart beat of Cardium edule 
as the rising tide covered the sand in which it was buried (W), the 
irregularity in the leyel of the trace (V) being due to valve movement. 
b, Heart beat of Cardium during the period of high tide, adduction (4 
and opening (0) occurring at intervals. ¢, Valve movements of Donar 
vittatus as the edge of the falling tide passes. d, Valve movements of- 
Donax during the high tide period when they remained steady except for 
periodic adductions. 
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‘Big. 2. Heart rate of Cardium- edule (48 mm in length) in a sandy beach 
vwhen covered by the sea and during low water (period of exposure). 
“Graph compiled from results obtained on two successive midsummer 
days when low water occurred in late afternoon. 


» by the falling tide when the valves appeared to remain 

“-elosed. Considerable activity showing more frequent 

adduction of the valves (Fig. lc), probably related to 

| digging’, took place as the edge of the sea passed over 

“the animal being recorded both as the tide rose and as it 
fell. Although it was not possible to calibrate the record- 

Ings in terms of the degrees of opening and closing of the 

- valves, Fig. le was recorded at very much lower ampli- 

-fication than Fig. ld and represents greater valve move- 

“anents. Such activity occurred when small waves dis- 

-i turbed the sand above the animal and in rougher conditions 
the period of activity might well be more prolonged. 
Species of Donax inhabiting the wash zone of beaches 

~ exposed to surf migrate synchronously with the tide to 
“maintain their zonation, the behavioural mechanism 
= possibly being activated by the disturbance of the ebb or 
flood tide’. Although D. vittatus on the sheltered shore 
== of. Kames Bay, Millport, does not move up or down the 
beach, its activity, when disturbed by wave action, 

. appears to correspond with that of species living in more 

- exposed habitats. 

- Recordings of Cardium edule show valve movements 
superimposed on the rhythm of the heart during the 
“period of high tide (Fig. 1b). The movements occur at 

~ intervals of about 5 min and are probably comparable with 

= the cleansing movements observed in Donas (Fig. 1d). 
| The most marked changes in heart rate occurred when 
< the sea covered an experimental animal after a period of 
` “exposure at low water (Fig. la), The specimens used were 
located in the san’ at the upper tidal limit at which 

Cardium was found and always showed a marked slowing 

of the heart towards the end of the period of exposure 

(Fig. la). As the tide re-immerses the bivalve (W), the 

‘increase in the rate and amplitude of the heart beat is 

= Glearly marked. Undulations of the trace, corresponding 

"ito valve movements ( V), occur and the heart rate increases 
within a minute of the tide reaching the experimental 

vanimal. 

=o Fig. 2 shows the relationship obtained between heart 

| rate and littoral exposure of Cardium. The increase in 
wate. before exposure is probably related to increased 
activity as the tide recedes. comparable with that recorded 
for Donaz, and the retardation is associated with a pro- 
‘longed period of valve closure at low water. As the tide 
rises, the opening of the valves, together with the recom- 

<o mencement of siphoning, immediately precedes the 
maximum heart rates recorded. van Dam has shown that 

Mya arenaria builds up an oxygen debt when uncovered 

< -by the tide and that the rate of oxygen consumption rises 

’ on re-immersion®. Other workers have shown that Mer- 

= cenaria (Venus) mercenaria is able to respire anaerobically 
and that Mytilus, like Mya, builds up an oxygen debt to 
be repaid when the tide returns’'*. The bradycardia shown 
by Cardium appears to be related to oxygen lack when 
the valves are closed at low water and the acceleration of 
the heart corresponds with a higher rate of oxygen util- 

’- ization on re-immersion. Similar phenomena have been 

observed in respect of the heart of Mytilus? situated inter- 

-< tidally, while experiments on Mya placed in sand in an 
aquarium tank from which the superficial water is drained 
for longer than an hour lead to the complete cessation 
of the heart beat followed by a higher rate than normal 
on re-immersion. The ability of these bivalves to remain 
























quiescent during periods of tidal exposure and to incur an 
oxygen debt would seem to be an important ada) 
to their littoral life. oo 
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Inhibitory Synapses on the Stretch Receptor 
Neurone of the Crayfish a 


ELECTROPHYSIOLOGICAL studies’? have shown that the 
stretch receptor neurone of crustacea receives a purely 
inhibitory input from a specific nerve which reduces the: 
afferent discharges from the receptor. Morphological — 
investigations show the existence of at least three nerves 
to the stretch receptor, one afferent and two. efferent, to 
the muscle and the neurone, and it has been suggested, ~ 
without definite proof, that the thin nerve is inhibitory — 
in function. Peterson and Pepe‘ made an electron micro- .: 
scopical investigation of the stretch receptor in an attempt 
to determine the characteristics of the inhibitory synapse: 
but were unable to find distinguishing features. After: 
some initial failures, recent studies in our laboratory have: 
now been more successful. o 

Our technique is modified from that of Sabatini-ét al... 
Stretch receptors were isolated by the method of Alexan- | 
drowicz® and the material was then fixed for about 15 min 
in formaldehyde solution and post-fixed in osmium te 
ide for a further 15min. After dehydration and embedding | 
in ‘Epon’, ultrathin sections were made with an ‘LEB’ 
ultratome and examined with an ‘Akashi 80° electron. 
microscope. Fig. la shows a typical synapse containing 
abundant elongated vesicles. This type of synapse is- 
found exclusively on the neurone. The shape of the 
vesicles is ellipsoidal with an average length of 400 A and 
230 A respectively for the major and minor axes (I-type). 
Inhibitory synapses on the cat Purkinje cells’? also con- 
tain ellipsoidal vesicles similar to those found in the: 
neurone of the crayfish stretch receptor but larger in 
size; the average length of the major and minor. axes of 
tho vesicles in these synapses is 500 A and 300 A respec- 
tively. 

I-type synapses on the crayfish stretch receptor ‘have 
been localized in the dendritic zone of the receptor neurone. 
Most of the synapses of this type were found on the surface 
of dendrites or intermingled with dendritic twigs; no ° 
synaptic structures were found on the surface of the 
neurone as reported by Peterson and Pepe‘. fans 

There are present in these preparations synapses the 
vesicles of which are spherical with an average diameter 
of 500 A (E-type) (Fig. 1b). This type of synapse has been 
found mostly in the muscular parts of the receptor and 
no E-type synapse has been found in the dendritic zone. 
Similarly, no J-type synapse has been detected on the 
stretch receptor muscle though these are present on the: 
neighbouring parts of the dendrites of the neurone. 
Because there is no electrophysiological evidence for an 
inhibitory input to the receptor muscle it is conclude 
that the E-type synapse, which contains spherical ve 
is excitatory in function. There is a high densit; 
type of synapse on the stretch receptor musele.. 

With this correlation in mind a search was n Or 
different types of synapse in the ordinary muscles of the 
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claw and walking legs which are known to have both 
excitatory and inhibitory fibres in different nerve trunks. 
We were able to distinguish two different types of synapse 
in these muscles using the criteria for classifying Æ- and 
I-type synapses. There was a clear distinction between 
the two types. The former contained spherical vesicles 
with the same size and shape as those found on the stretch 





Fig. 1. Different types of synapses in the crayfish. a, Inhibitory 

synapse In the dendritic zone of stretch receptor neurone. Synaptic 

vesicles are elongated and smaller than the excitatory vesicles in the 

receptor muscle (sec Fig. 1b). b, Excitatory synapse in the atretch 

receptor muscle of the crayfish. Vesicles are spherical and larger than 
the inhibitory vesicles, 


Inhibitory synapse 
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Fig. 2. Schematic representation of stretch receptor innervation in the 
crayfish. Inhibitory synapses innervate exclusively the dendritic zone of 
receptor neurone, while the excitatory synapses are detectable every- 
where in the receptor muscle except the dendritic zone of neurone. Very 
few inhibitory synapses are found in the vicinity of the dendritic zone. 
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receptor muscle which is known to be innervated exclu- 
sively by excitatory nerves. Tt is therefore reasonable to 
conclude that the E-type synapse is excitatory in nature. 
The other type of synapse in the claw and walking leg 
muscles contains elongated vesicles similar in shape and 
size to those found in the dendritic zone of the receptor 
neurone, 

Fig. 2 illustrates the overall pattern of innervation of 
the stretch receptor in the crayfish. Inhibitory synapses 
occur densely and exclusively in the dendritic zone of 
the receptor neurone and excitatory synapses have never 
been detected in this area. On the other hand, abundant 
excitatory synapses have been found in other parts of the 
receptor muscle. In a very few cases I-type synapses 
have been found in the muscular part in the vicinity 
of the dendritic zone of the receptor neurone. This is 
consistent with an electrophysiological study of the 
innervation of the stretch receptor muscle which has been 
carried out by one of my colleagues? and which has demon- 
strated the existence of a small inhibitory input in addition 
to an abundant excitatory input. 

It is concluded that the /-type synapse which contains 
elongated vesicles is inhibitory in function. 

I thank Professor J. W. S. Pringle for the careful 
checking of the manuscript. 
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Unitary and Mass Cortical Potentials 
evoked by Peripheral Stimulation of 
Anaesthetized Rats 


A Great deal of research work has been carried out on the 
patterns of electrical activity which can be reeorded from 
electrodes placed on the surface of the brain. In these 
records, certain patterns of activity can be recognized 
and alteration of these patterns can be used as indices of 
changes in the activity of the brain. The origin of the 
electrical waves, however, remains obscure. The mass 
potentials reflect changes in the degree of polarization 
of nerve cells and their processes in the brain matter 
underlying the recording electrode, but little is known 
concerning the site and sign of the polarity changes which 
are reflected in the characteristic electroencephalograph 
patterns. Creutzfeldt, Watanabe and Lux!, in an analysis 
of some aspects of this problem, have pointed out that 
the same changes in the membrano potential in super- 
ficially and deeply sited units can produce opposite 
changes in the surface-recorded potential. 

In the present work the primary evoked potential has 
been used as a means of obtaining a fairly reproducible 
wave of electrical activity in a circumscribed area of the 
brain. This potential has been evoked by stimulation 
of the animal’s fore-paw. Records have been taken from 
the contralateral cerebral hemisphere with micro-elec- 
trodes. Mass potentials and unitary activity have been 
recorded at different depths in the cortex. Urethane 
anaesthesia has been used. 

The wave-form of the mass potential is complex. Each 
component shows different temporo-spatial character- 
istics*, In the somato-sensory area this potential shows 
certain constant features. The earliest wave is a positivity, 
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Maximum at the surface and detectable down, to a depth 
of about: 0:8 mm. The maximum of this positive wave 
_ oeeurs with a latency of about 7 msec. Another constant 
feature of the evoked potential is a large negative wave 
Maximum at a depth of about 0-7 mm. This maximum 
ecurs some 12 msec after the stimulus. The negative wave 
i probably caused by synaptic activation of a group of 
pyramidal cells'. When the tip of the electrode lies at a 
_ depth such that the intensity of the negative wave of the 
| mass potential is greater than —1 mV, propagated action 
potentials are routinely recorded. Their latency is 
8-10 msec, that is, they occur before the negative wave 
reaches its maximum. 
Unitary discharges with this temporo-spatial distribu- 
on are only found on electrode tracks in the centre and 
‘ot on the tracks to one side of the somato-sensory area. 
By contrast, the negative wave of the mass potential 
extends outwards, with decrement. This spread may be 
> passive. 
| Although these findings of unitary activity at depths 
where mass negativity is pronounced might have been 
anticipated, certain other authors, notably Towe’, have 
-< found the relationship between unitary and mass activity 
_. tobe much less well defined. The explanation of the 
. discrepancy between our results and those of Towe may 
be attributable to the fact that we have taken careful 
precautions to ensure that electrode penetrations were 
-+ made at the centre of the cortical primary receiving area 
for the fore-paw. Penetrations to one side, even a milli- 
'. metre away, yielded records in which there is no apparent 
o relation between unitary activity and the mass potential. 
_ The features of unitary activity in such surrounding 
: regions will now be described. 
-o On some electrode tracks in and around the somato- 
sensory area, evoked unitary discharges are recorded 
superficial to or deeper than the units described above. 
These discharges have a short latency (6-8 msec). The 
units from which they are derived occur in nests; in some 
eases, these nests contain sufficient cells to produce small 
_ local pockets of negativity in the mass potential. 
- = Both these types of unit have small receptive fields. 
_ On repetitive peripheral stimulation, the units with a 
latency of 6-8 msec respond consistently to frequencies 
_ of 10/sece or more whereas the group of units with a latency 
of 8-10 msec only respond consistently when the frequency 
of stimulation is less than l/sec. 
| There is yet another group of cells, scattered through the 
< cortex but mostly deeply situated, not confined to the 
“somato-sensory area, These cells respond to stimuli with 
latencies which are usually long by comparison with that 
Of the units described above. Quite frequently these cells 
are spontaneously active with the pattern of discharge 
“of the type 1 units described by Holmes and Houchin'. 
Co These long latency units occur in nests, but the latency 
“of the evoked discharge of each unit varies by up to 15 
¿> rper cent from one stimulus to the next. Also there is a 
¿scatter of latencies between units. It is probably as a 
_- result of these variations in latency that an instance has 
_» not been encountered in which a contribution to the mass 
vo potential has been made. 
We thank the Medical Research Council and the Smith, 
Kline and French Foundation for supporting this work. 


A. ANGEL 






















Department of Experimental Neurology, 
Institute of Psychiatry, London. 


O. HOLMES 
Laboratory of General Physiology, 
_ University of Leicester. 


Received October 25, 1966. 


1 Creutzfeldt, O. D., Watanabe, S., and Lux, H. D., Hlectroenceph. Clin, 
: Neurophysiol., 20, 1 (1966). 
-+ Dawson, G. D., and Holmes, O., J. Physiol., 185, 455 (1966). 
* Powe, AW L., Exp. Neurol., 15, 113 (1966). 
* Holmes, O., and Houchin, J., J. Paystol.,187, 651 (1966). 









Evaporation from Toads and Water Surfac 


Taw rate of evaporation from small, moist surfaces can 
estimated with the following formula’: Sse 





oF ayn 
H=K (po~ pa) ae 


gn 





expressing the rate of change of thickness of the b 
layer with a change in v or æ or both. 
In an earlier series of experiments’, I show 
evaporation from the wet body surfaces of lungle 
manders could be estimated by j 


R=kWe 


where the evaporation rate, R, is expressed in mg hi 
In this case, b was not only constant for each individual 
species, but was nearly the same for five salamander 
species which had different absolute rates of water loss < 
(the mean b value for the five species was b = 0-40, standard © 
error= 0:01; the corresponding mean constant was k= 
107, standard error = 7-9). ee 
This result suggests that for a particular species of . 
salamander in a particular environment, equation . (1) 
will reduce to a 


E = K’ a" 


Consequently, a value for x can be obtained for a particular- 
species from data obtained by the simple technique of 
recording evaporative weight losses by animals of different . 
sizes. The constant n can be obtained from b with the 
relationship Seas 


n= 2 — 3b 







The present experiment was undertaken to. deter 
whether equation (2) applies to surfaces other than t a 
of salamanders, and, if it does, whether the n obtained isa 
property of (a) a specific environment (21° C, 60 per cent to 
70 per cent relative humidity, and still air), or of (b) a — 
more or less broad class of surface shapes (“the salamander 
shape”). For this purpose, seven Bufo woodhousei fowleri, 
one Bufo marinus weighing 250 g and six bowls of water. 
were dehydrated simultaneously in the same environment 
in which the salamanders had been dehydrated. The rates 
of loss obtained. are plotted in Fig. 1, Lines were fitted to 
the data by the least-squares method. The data for the 
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Fig. 1. The relationship betweon body weight and rate of water loss tooo ooo 
air of 60 per cent to 70 per cent relative humidity for toads and howls ofo 

water. The body weights for the bowls of water were calculated from 
the measured surface area with the equation (surface area) 10 (body 





weight)", A, Bowls of water; ©, toads. 
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sight toads are doseriked by the equation we 8752+ 


line is 0-0015, and the standard error of the slope is 0-025. 
The data for the six bowls of water are deseribed by the 
equation y= 190074 0-56 x, where the variance of the 
points about the regression line is 0-0004, and the standard 
error of the slope is 0-012. In each case, x is the logarithm 
of the weight in grams, and y is the logarithm of the rate 
inomg h. 










Tabled, VALUES OF n REPORTED? OR CALCULATED FROM EVAPORATION 
paTat+4 
Species n S.B* Reference 

Salamanders tn still air t 0-80 0-024 2 
Helix, across wind 0-69 3 
Bee facing wind 0-64 3 
ae gm s; Still air O53 0-075 t 
e anuran species} 04i 0-201 5 
ae 1a of water, in still air 0-32 0-036 t 
‘Tanks of water, outdoors 0-26 0-012 4 


; Štandard: error of the estimate of the slope. 
oS Pte communication, 

Me Average of five regression slopes. 
ee regression slope for nine species, 





| This elent that n is not solely a function of environmental 
“conditions, because the slopes of the regressions for both 
the toads and the bowls of water are significantly greater 
‘than the average slope of the regressions for the five 
salamanders (P< 0-05). Probably n is not independent of 
the environment either, Values which can be obtained 
he literature show a considerable range which is 
j yoviously related to either the experimental von- 
ditions or the type of surface (Table 1). 
: Tom M. Sricnr” 
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Depression of Chloride Transport by 
Carbonic Anhydrase Inhibitors in the Absence 
of Carbonic Anhydrase 


Ey Cai BONIC anhydrase is present in the frog gastric mucosa 
and fish gill which actively transport chloride, and it has 
been observed that carbonic anhydrase inhibitors of the 
sulphonamide type decrease net chloride active transport 
‘cin these tissues', Zadunaisky* has reported that chloride 
-is actively transported by the frog cornea, and 95--100 per 
¿eent of the observed short-circuit current is attributable 
to active transport of chloride. Our interest in the part 
| played by carbonic anhydrase in the active transport of 
» ¢hloride by the isolated gastric mucosa led us to measure 
: th ntent of carbonic anhydrase and the effect of a 
: 0 anhydrase inhibitor (methazolamide) on the 
_ potential difference of the frog cornea in vitro. 
cornea of the North American bullfrog (Rana 
catesbeiana} maintains a potential difference of 5-30 mV. 
when mounted between symmetrical ‘Lucite’ chambers 
and bathed on the two sides by identical bicarbonate 
Ringer solution. The endothelial (aqueous) side is positive 
and the epithelial (tear) side is negative, We found that the 
potential difference of the cornea is susceptible to the 
inhibitor, methazolamide (5 -acetylimino - 4 - methyl - A?- 
1,3,4-thiadiazoline-2- -sulphonamide), despite the absence 
of earbonic anhydrase in the tissues. As can be seen in 
Fig. 1 and Table 1, the potential difference is markedly 
depressed when the solutions on the two sides arc replaced 
by saline containing 5 and 10 mmoles/l. of methazolamide. 
When bathed with saline containing 1 mmole/l. of meth- 
azolamide, there was a smaller but significant depression 





: Table L 
049, where the variance of the points about the regression ae 
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eree t oF ‘ISIUBLTORS aN D ANARROBIO. conpenioNs ON FROG Hee 
Potential difference (av) one 
Depression: 
Inhibitors Before After pees cent): 
Methazolamide (1 mmole/t.) 12-8 +0-9 (7) 11-4409 (7) 10 
Methazolamide 6 mmole/l.) 13-0 + 2-0 (8) 63 +13 (6) 59 
Methazolamide (10 mmole/l.) 14-0 + 3-0 (6) 3540-8 (6) 76 
Sulphanilamide (1 mmole/1.) 146 + 1:3 (6) 14-2 + 2-1 (6) 
Anaerobiosis (95% nitrogen, 15-0 + 0-3 (4) 14-2 + 0-4 (4) 5 
5%, carbon dioxide) 7 
Sodium fluoride (LO mmole/l.) 14:5 + 2-3 (6) O-5 +05 (8) 93 


Mean + S.E, The number of experiments is given in parentheses, 


of potential difference. As in the case of frog stomach, 
the potential difference returns to control levels when. the 
cornea is washed by fresh solution. Sulphanilamide 
(10 mmoles/l.) reversibly depressed the spontaneous 
potential difference by 44 per cent (S.E. = +6 per cent) 
in two corneas. Similarly, sulphanilamide has a relativel; 
greater effect on the gastric mucosa than would be pre 
dicted from a study of the inhibition of carbonic anhydrase 
2-Acetylamino-1,3,4-thiadiazole-5-sulphon-t-butyl-amide 
is an analogue which does not inhibit carbonic anhydrase. 
In the concentration of 2 mmoles/l., this analogue failed. 
to inhibit the corneal potential difference. Similarly, it. 
has no effect on the gastric transmucosal potential 
difference. 
We estimated carbonic anhydrase activity by. th 
manometric method of Mitchell ef al.4 and found no enzyme 
activity in the bullfrog cornea as indicated graphieally in _ 
Fig. 2. In Fig. 2 the rate of evolution of carbon dioxide 
from homogenized samples of cornea (120 mg wet weight) oe 
is indistinguishable from that of the uncatalysed reaction — 
(without tissue). On the other hand, with the gastric 
mucosa and lens from the same animals, the rate -of 
evolution of carbon dioxide is increased in the early stages 
of the reaction as compared with the uncatalysed reaction. 
The quantity of enzyme activity in the lens is comparable __ 
with that found by “Maren? in the dog lens. The activity 
(velocity constant of the carbon dioxide evolved per mg.” 
unit), calculated by the method of Mitchell et al.* in the 
lens, is about half that of the gastric mucosa. A. C; 
Ellison, of the Department of Pharmacology, University 
of Florida, kindly sought for carbonic anhydrase in the... 
corneas of six bullfrogs by an indicator method He. 
also found no enzyme activity. Gloster? found no activity : 
in the rabbit cornea. 
Although the potential difference was irreversibly de- ae 
pressed by sodium fluoride (10 mmoles/l.) and 2,4-dinitro- © 
phenol, it remained unchanged in the anaerobic state.” 
This suggests that the energy required for active transport. | 
of chloride by the corneal epithelium may be derived from ` 
anaerobic glycolysis, which is the main metabolic process 
in the cornea’. Ouabain (10 moles/l.) which depresses 
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Fig. 1. A typical experiment with frog cornea. Potential difference (PD) Hass 


is designated in negative millivolts with the epithelial (tear) side negative. : 
with respect to the endothelial (aqueous) surface. Arrows indicate =- 
changes in conditions as noted. Unlabelled arrows indicate timoa when: | 


fresh Ringer solution was added: 
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Time (sec) 
‘Big..2. Manometric carbonic anhydrase estimation. Each point is the 
omean value for four experiments. The vertical bars indicate + S.E. 


Each tissue sample studied weighed 120 mg (wet weight), C], Stomach; 
O, lens; A, cornea; @, without tissue. 
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| frog gastric potential difference? had no effect on 
» corneal potential difference in our experiments. 
dunaisky* observed that ouabain (10-* moles/l.) had no 
ection a frog cornea ATPase activity and that this 
T Pase had no affinity for sodium or potassium. Cysteine 
(6 mmoles/l.) increased the cornea potential difference by 
afactor of two, but only when the potential difference was 
small enough—less than 10 mV. Ascorbic acid (6 mmoles/ 
1), however, which is known to be present in the cornea 
high concentrations'*, did not change the potential 
ifference. 
“Tt has been considered that drugs of the sulphanilamide 
¢lass, such as methazolamide, which inhibit carbonic 
anhydrase have no effect on other enzymes". Previously 
this has been difficult to reconcile with the exceptionally 
igh concentrations required to inhibit specifically the 
tive transport of chloride in vitro. The findings presented 
‘here that active transport of chloride can be inhibited in 
an. epithelium lacking carbonic anhydrase establish that 
oride transport is not dependent on that enzyme and 
hat another enzyme or system is being inhibited. It is 
interest to note that the active transport of chloride 
can be supported by anaerobic metabolism. 
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‘Two Point Discrimination of Sube 
Electrical Stimulation 


Lovexs first showed that electrical stimulation 
cerebral cortical surface could serve as a. 
stimulus in a behavioural situation’. A number o 
have been concerned with this issue since. th 
findings’-*, It is now well established ‘that | 
of subcortical as well as cortical sites can sé 
ditioned stimuli. Of particular interest is the 
when a stimulus has been established, very limit 
generalization to brain sites other than the condi 
site occurs’, For example, if a stimulus appl 
head of the caudate nucleus is used as the co! 
stimulus, generalization is found only in. hi 
contralateral caudate sites and in nearby pein 
same structure’. 

The series of experiments discussed here was made 
order to investigate further anatomical possibili 
discrimination of electrical stimuli of subcortical 
The details of the training methods used are reported 
where’, Suffice it to say here that the electrical stimuli 
as signals were three pulses per second with a dura 
0-5 msec/pulse. All the cats were conditioned to press 
for a milk reinforcement. One group of cats was taught thi 
the electrical stimulation was a signal that the mil 
available; the second group was taught that stim 
indicated that the milk was not available. The 
group learned to start bar-pressing at the onset of st 
tion, the second learned to stop pressing when the st i 
were applied. Well trained cats discriminated these signals - 
and responded appropriately within 3-5 sec. When the 
conditioned response had been established, the ca i 
tested for primary generalization of response to stimula: 
of contralateral sites (Fig. la). Such generalization occur 
in thirteen of fourteen cats. After it was established 
generalization had occurred, a training procedure 
instituted to teach the cats to discriminate bet 
stimulation of the right and left caudate nuclei. T. 
accomplished by reinforeing responses to stimulati 
one side and extinguishing responses to stimulation. o: 
other side (Fig. 16). All the cats learned to maki 
discrimination. 

This result raises a question as to the mode of infor 
tion transfer between the left and the right hemisphe: 
the brain. Cats which had the corpor callosuri o 








tioned before training still Sved able to geno 

responses to stimuli from one side of the brain to the 

(Fig. 2). It would be possible to search further for an 
interhemispheric transfer path by splitting more and more — 
of the brain. The following hypothesis, however, could. 
provide an explanation for the results, including the 
absence of interruption by brain splitting. Instead. o! ; 
interhemispheric path, it may be proposed that bot! the 
right and left hemispheres project either to a com K 





















POSITIVE. CUE —- DISCRIMINATION: 








Fig. 1. Cumulative response record illustrating generalization 
diserimination of electrical stimuli. (a) Before discrimination. tr 
Cat responds to onset of stimulus ( t ) to left or right caudate: nucle 


stops when stimulus terminates ( 1D. (by) After discrimination 
Cat responds to left caudate nucleus stimulation. Cat docs 7 
to anes caudate stimulation, OS 





838 


locus of to a common neuronal network. A conditioned 
response set up by stimulating one side of the brain might 
alter the responsiveness of the hypothesized common 
centre in a manner nearly identical to the alteration of the 
common centre by stimulating the other side of the brain. 
Inputs from either side might then produce very similar 
responses. With further discrimination training, that is, 
reinforcing responses to stimulation of one hemisphere 
and not the other, the responses of the previously common 
centre become differentiated. 

In addition to learning to discriminate stimuli of the 
right caudate nucleus from the left, it is possible to train 
an animal to discriminate between two neighbouring 
points less than 1 mm apart in the same caudate nucleus 

(Fig. 3). It is not remarkable that the brain is able to 
“make such discriminations. Doty has previously shown 
similar two point discrimination for electrical stimuli 
applied to the visual cortex’. 

© {n all these experiments the brain structure being con- 
-ditioned may be thought of as a homologue of a peripheral 
brain receptor, and the fine discrimination which is 
possible may be considered analogous to the fine dis- 
crimination of the peripheral receptors. 

An analogy can be drawn between these results and 
those obtained in investigations of epileptogenic mirror 
foci, because generalization of a learned response from 





Fig. 2. Samples of stained sections of the brains of two cats, In one, the 
corpus. callosum and much of the thalamus were sectioned before training. 
Tn the second, the corpus callosum alone was sectioned before training. 
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Fig. 8. Two point discrimination of electrical stimulation. (a) Before 

discrimination training. The cat generalizes response from electrode 

in the caudate nucleus to electrode B, which is 1 mm away. (b) After 

discrimination training. The cat responds to stimulation at point A, 
but does not respond to stimulation at point B. 


one side of the brain to the other sets up a mirror focus. 
situation’. Perhaps the existence of pathological mirror’ 
foci and their persistence after removal of the primary: 
site may also be explicable in terms of a neuronal centre 
common to both sides of the brain. i 
This work was supported by a grant from the U.S. 
Publie Health Service. 
C. RomERO-SImRRA 
N. A. BUCHWALD 
C. WAKEFIELD 
Cc. D. HULL 
Department of Anatomy, 
School of Medicine and Brain Research Institute, 
University of California, Los Angeles, California. 
Received January 26, 1967. 
» Loucks, R. B., J. Comp. Psychol., 16, 439 (1983). 
* Doty, R. W., and Rutledge, L. T., J. Nexrophysiol., 428 (1989). 
3 Nielson, H. C., Doty, R. W., and Rutledge, L. T., Amer. J. Physiol., 194, 
427 (1958). 
+ Buchwald, N. A., Romero-Sierra, ©., Hull, C, D., and Wakefield, C., Bap. 
Neurology, 17, 451 (1967). ` 
+ Doty, R. W., J. Neurophysiol., 28, 623 (1965). 
* Morrell, F., Epilepsia, 1, 538 (1960). 


Active and Passive Factors in Muscle Spindle 
Excitation 


Ir is accepted that the discharge of muscle spindle 
receptors is reduced or abolished during extrafusal con- 
traction caused by unloading'*. Acceleration of spindle: 
receptor discharge which may occur during the early 
phase of muscle contraction on stimulation of the muscle 
nerve, ventral roots or supraspinal structures, however, 
has been considered to result not from contraction of 
intrafusal muscle fibres (active factor) but from pull 
of spindles induced by extrafusal contraction (passive 
factor)>->. Stimulation of Deiters nucleus in the cat has 
been shown to result in simultaneous excitation of muscle 
spindle receptors and extrafusal muscle fibres in the 
gastrocnemius muscle’. The question is whether this 
acceleration of spindle discharge is caused by intrafusal 
contraction or mechanical deformations caused by extra- 
fusal contraction. The experiments reported here concern 
the dissociation of passive from active factors by the use”. 
of a new finding, namely, the much longer binding of 
gallamine to intrafusal than extrafusal neuromuscular 
junctions. 

Pre-collicular decerebrate cats were used. Both hind- 
limbs were denervated with the exception of the medial. 
head of the left gastrocnemius muscle; the ipsilateral’: 
dorsal roots £6-S2 were also cut. The discharges of single. 
muscle spindle receptors of the gastrocnemius muscle were 
recorded from dorsal root filaments simultaneously with. 
the isometric tension of that muscle. Responses to 
stretch, to repetitive stimulation of the ipsilateral Deiters 
nucleus and to stimulation of the muscle nerve were 
investigated before and after administration of gallamine 
tri-ethiodide (‘Flaxedil’). 
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Fig. 1 shows the responses of a typical muscle spindle 
eptor to. muscle. nerve stimulation  (a-¢), ‘stretch 
and stimulation of Deiters nucleus -at different 
encies (g-i). In most experiments, intravenous 
njection of gallamine (0-7-1-4 mg/kg of body weight) 
wbolished extrafusal contraction to Deiters stimulation 
Ving the spindle receptor acceleration almost un- 
‘ected’. 

In many experiments, however, the duration of differ- 
tial block was short-lived. In Fig. 2 a dose of 23 
gikg of body weight of gallamine was administered 
travenously. The intrafusal muscle fibres, judged by 
rate of spindle receptor discharge, were paralysed 
nm after extrafusal contraction had been abolished by 








drug (a-f). The spindle response to stretch, however, 
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Fig. i. Effect of stretch and of stimulation of Deiters nucleus on the 


response of a muscle spindle ceuoptar (primary ending, conduction velocity 
of receptor fibre was 87 m/sec). The gastrocnemius medialis musele of a 
“Mdecerebrate cat was used. Initial muscle extension was 6 mm. (a) 
< Spontaneous discharge; (b) the “pause” during maximum isometric 
contraction; (¢) the evoked spike and two “early” discharge spikes; 
{d} dynamic phase; (e) and {f} statie phase of a 6 mm stretch from zero 
extension followed at the end by release to the initial muscle length; 
Hi} responses to stimulation of the ipsilateral Delters nucleus at 
0-6 msec each pulse, for 1 sec at the following frequencies: 100/sec 
(9), "159/sec th), 200/sec (1). Upper traces represent spindle receptor dis- 
charge, and lower trace represents tension of the gastrocnemius muscle, 
The. duration of stimulation of Deitera nucleus is indicated by a bar 
Deneath the appropriate records. In-(d-i) each spot represents an action 
: potential, the instantaneous frequency of which is given by the calibra- 
: tion on the left hand side. 
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Hig. 2. Effect of gallamine tri-ethiodide on the response of a muscle 
spindle feceptor to repetitive stimulation of Deiters nucleus (200/sec, 
6 ¥, 05 msec each pulse). Initial muscle extension was 6 mm. The 
: “experiment was the same as thatin Fig. 1. (a-f) Records taken from a 
‘series of consecutive responses of the receptor to stimulation of Deiters 
nucleus before (a) and immediately after (6-f) the intravenous 
administration of 2-3 mg/kg of body weight of gallamine (‘Flaxedil’) 
(Lomg/ml. w/v in distilled water). Note the reduction of muscle tension 
and spindle receptor response to stimulation of Deiters nucleus. In 
: (f), taken 9 min after the injection, there is block of both extrafusal and 
< Ungrafasal neuromuscular junctions, (g-4). Dynamic and static phases of a 
6mm stretch from zero. extension followed by release to the initial 
-muscle length, 22 min after administration of gallamine. Note the 
responsivences of the spindle receptor to stretch. Upper trace represents 
“spindle receptor discharge, and. ower: trace represents tension record. 
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Fig. 3. Partial and complete recovery of extrafasal aii int trafusad 
responses to stimulation of Deiters nucleus from neuromuscular. block, 
The experiment is the same as those in Figs. 1 and 2, Initial muscle 
extension was 8 mm. Deiters nucleus was stimulated at 100/se 
159/sec (6) and 200/sec (c) respectively, 51 min after intravenous 
ministration of A riper (a-f) Spontaneous discharges: and 
response to stimulation of Deiters nucleus at 200/aec, 2 h after t 
jection. Note the recovery of extrafusal but not of intrafusal respor 
and absence of spindle receptor acceleration in the presence of extratusal 
contraction. (g-i) Two controls and one response to ‘stimulation 
Deiters nucleus at 200/sec, 3 h and 21 min after the injection.’ Note t 
increase in spontaneous discharge and the recovery of the spi 
receptor response to stimulation of Deiters nucleus as 4 consequence 
recovery from intrafasal neuromuscular block. 


was as brisk as before (g-i). The reduction in magnitude 
of the spindle response after gallamine was. coinci 
with the abolition of extrafusal contraction and could 
have been caused by removal of pull or some other 
deformation caused previously by extrafusal contraction. 
This, however, was not the case. The extrafusal muscle | 
fibres recovered quicker than the intrafusal- and 2 
the period of extrafusal recovery with complete 
fusal neuromuscular block (extending up to 3 hi 
experiments) extrafusal contraction, resulting 
stimulation of Deiters nucleus, comparable in magni 
with values obtained before administration of th 
failed to excite any muscle spindle receptor (Fig. 3, 
At all times the spindle response to stretch: was 
paired. The endings were therefore still sensit Go 
stretch, but could not be activated by the contraction of 
extrafusal musele fibres ephaptically, by pull; or by fo 
unknown tension changes preceding or accompanying 
recordable extrafusal tension. Later, when there was’ 
recovery of the intrafusal neuromuscular junctions, spindle 
receptor activation on stimulation of Deiters nuclens: 
paralleled the extrafusal contraction (Fig. 3, g-i) 
Whether this parallelism is caused by co- ‘activation of 
extrafusal and intrafusal muscle fibres both supplied by 
branches of extrafusal motor axons*® or to simultaneous 
excitation of independent groups of skeletomotor and. 
fusimotor neurones needs to be further investigated. 
This investigation was supported by a U.S. Pu ie 
Health Service research grant from the National Ins 
of Neurological Diseases and Blindness. oe 
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Change in E 
innervation 


me Pattern after Cross- 
Fast and Slow Skeletal 
Muscle 


Buller, Eccles and Eccles! showed that cross-union of the 
nerves to the fast flexor digitorum longus and the slow 
soleus muscles in the cat altered the speed of contraction of 
these muscles. This implied that the mechanical pro- 
perties of fast and slow muscle were dependent on the 
appropriate innervation, and they postulated a possible 
chemical control from the central nervous system by way 
of the peripheral nerve. 

In the present experiments we have attempted to in- 
vestigate any structural or metabolic changes within the 
muscle itself that may result from cross-union of the 
nerves. 

It is possible by histochemical techniques to recognize 
at least two types of fibre in skeletal muscle?. Type 1 
fibres give a strong reaction for reduced nicotinamide 
adenine-dinucleotide (NADH,) diaphorase and a weak 
reaction for phosphorylase and myosin adenosine tri- 
phosphatase (ATPase) and correspond to red or slow 
fibres, whereas type 2 fibres are rich in phosphorylase and 
ATPase and poor in NADH, diaphorase and correspond 
to white or fast fibres. 

The slow soleus consists entirely of type 1 fibres (Fig. 1). 
Individual fibres may vary slightly in activity for par- 
ticular enzymes, but all react relatively strongly for 
NADH, diaphorase and weakly for phosphorylase and 
ATPase. 

In the flexor hallucis longus and flexor digitorum longus, 
both fast muscles, there is a mixture of fibre types (Fig. 2): 
type | fibres are smaller in diameter and make up 30-55 per 
cent of the total number of fibres; type 2 fibres are larger 
in diameter and make up the great bulk of the muscle. 
Intermediate fibres are also present. 

Four different operations were carried out on newborn 
kittens and adult cats: cross-innervation between the 
nerve to the soleus and the nerve(s) to the flexor hallucis 
longus (FHL); self-innervation of the nerves to the soleus 
and the FHL (re-suture after ligation and section); de- 
nervation of these nerves with removal of a segment of 
nerve; and tenotomy of the soleus and FHL as far distally 
as ible. Human hair was used to suture all nerves 

all operations were carried out under pentobarbital 
sodium anaesthesia (50 mg/kg intraperitoneally) with full 
aseptic precautions. 

our out of five adult cats survived for more than 1 week 
after operation. Operations on the eight hindlimbs of 
these animals were as follows: three cross-innervations, 
two self-innervations, two denervations, and one tenotomy. 
In addition, six hindlimbs of three unoperated adult cats 
were studied as controls. 





Norma! soleus from adult cat, showing overall strong reaction 


Fig. 1. 
with slight variation between fibres. NADH, diaphorase x 100, 
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Fig. 2. Normal flexor hallucis longus from adult cat, showing strongly 


and weakly reacting fibres. NADH, diaphorase x 100. 


Three out of seven newborn kittens survived for more 
than 1 week after operation. There were three cross- 
innervations, one denervation, one tenotomy and one 
control limb. 

At intervals ranging from 26 to 33 weeks in the adult 
cats and from 18 to 20 weeks in the kittens, the animals 
were anaesthetized with pentobarbital sodium, and iso- 
metric twitch contractions of the soleus, FHL and FDL 
were measured on a strain gauge and recorder. Care was 
taken to preserve the blood supply of the muscles during 
this procedure. The three muscles were then dissected 
out and weighed. Three specimens from each muscle 
(from the proximal, middle, and distal third) were rapidly 
frozen in liquid nitrogen for histological and histochemical 
investigation. 

All six cross-innervated FHL muscles showed a similar 
striking appearance (Fig. 3). There were large areas of 
type 1 fibres, showing a uniformly strong reaction for 
NADH, diaphorase and a weak reaction for phosphorylase 
and ATPase. These muscle bundles could not be dis- 
tinguished from normal soleus muscle. The change usually 
involved whole bundles, but at times only part of a bundle 
was affected (Fig. 4). The rest of the muscle was com- 
posed of apparently normal muscle of FHL type, with a 
checkerboard of type 1, type 2 and intermediate fibres. 
In all the muscles the change was partial and variable in 
extent. No similar change was observed in any of the 
self-innervated, tenotomized, or normal muscles, all of 
which had a normal FHL pattern. The denervated 
muscles still showed evidence of denervation atrophy, 
but regenerated areas had a normal FHL pattern. 

Only one cross-innervated soleus showed a comparable 
change. Focal areas had a checkerboard pattern similar to 
that of FHL, but the two fibre types were of equal dia- 
meter and no intermediate fibres were present. The rest of 
the muscle resembled normal soleus. In the remaining 
cross-innervated animals the histochemical appearance 
was indistinguishable from that of self-innervated or 
intact soleus muscle. 

In all cases the cross- or self-innervated muscle had 
regained most of its bulk and there was no histological 
evidence of denervation atrophy. 

Physiological investigations showed a lengthening of the 
time of contraction and half-relaxation of the FHL and a 
shortening of the corresponding times in the soleus after 
eross-innervation. No change was shown after self- 
innervation or tenotomy. 

These results suggest that not only the contractile 
mechanism but also the whole structure and metabolic 
character of skeletal muscle are dependent on the moto- 
neurone supplying it. It is surprising that although both 
soleus and FHL show a change in their isometric con- 
traction times after cross-innervation, the histochemical 
changes in FHL are more striking and consistent. This 
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Fig. 3. Flexor hallucis longus from cross-innervated kitten. Shows 
‘normal FHL pattern plus area of normal soleus pattern. NADH, 
diaphorase x 40. 





‘Fig. 4. eet hallucis longus from cross-innervated kitten. Shows 
normal F pattern around periphery and conversion to soleus pattern 
in one wees bundle and part of sc me bundle. NADH, diaphorase 


may correlate with some of the physiological observations 
on a variable degree of response in the fast and slow muscles. 
Thus Buller and Lewis* have recently found that cross- 
innervation of soleus and FHL produces a marked change in 
the maximum rate of development of tension during an 
isometric tetanus of FHL but has little effect on the 
maximum rate of development of tension in soleus. 
If the central nervous system has such a profound 
control of skeletal muscle, it raises the question as to 
whether so-called “primary” diseases of muscle, such as 
muscular dystrophy, are not perhaps secondary to a 
_ derangement of these controlling factors in the nervous 
system. 

A detailed report of this work will be published else- 
where. A similar investigation is at present in progress on 
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rabbits. We are grateful to Mrs. Joan Steward for technical 
assistance, Miss B. Turkington for the photographic 
prints, Dr. A. Sandow for facilities for the physiological 
investigations, and Mr. 8. Zaslavsky for technical advice. 
This work was aided by grants from Muscular Dystrophy 
Associations of America. 
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RADIOBIOLOGY 


Effect of a Second Exposure to X-rays on 
Post-irradiation Recovery 


AFTER mammalian cells have been irradiated in vitro 
with X-rays in the presence of oxygen, their survival curve 
is, in most cases, of the C type’ and a partial recovery 
from radiation damage occurs*. In contrast, however, 
when such cells are irradiated under anoxic conditions, 
their survival curves are exponential and there is no 
recovery, These findings can be taken to indicate that 
there is a qualitative difference in the nature of the lethal 
cellular damage caused by irradiation with X-rays under 
the two conditions**, The purpose of the experiments 
reported here was to test to what extent, if any, the two 
types of damages interact with each other. 

A Chinese hamster cell line ( V 79-379—A) was used as 
the test material. The method of in vitro culture, the 
irradiation procedure 2-75 h after the explantation of the 
cells (190 kV; 15 m.amp; half value layer, 0-95 copper; 
dose rate, 235 r./min), the use of either oxygen or oxygen- 
free (<2 p.p.m.) argon with an admixture of carbon 
dioxide, and the test of survival have already been de- 
scribed’. . 

In one series of repeat experiments, the survival of the 
cells was investigated after a single exposure to 400 r. 
delivered in oxygen. The mean surviving fraction, 7-8 
per cent (Table 1), can be considered to consist of cells 
which either remained undamaged so far as their re- 
productive integrity was concerned after the treatment or, 
although originally damaged, subsequently recovered. An 
estimate of the extent of the recovery involved was made 
in two series of ted tests. In one, the cells were 
first irradiated with 400 r. in oxygen and after an interval 
of 18 h, that is, preceding the first cell division, exposed to 
a second, identical treatment. The total damage of the 
two irradiations resulted in a 1-18 per cent survival, as 
compared with a 0-63 per cent survival when the in’ 
dose (800 r.) was given on a single occasion (Table 2). In 


Table 1. SURVIVAL OF CHINESE HAMSTER OELLS AFTER EXPOSURE TO RADIATION WITH 400 r. IN OXYGEN, Snp T. IN ARGON OR TO BOTH TREATMENTS IN 
AN ALTERNATE SEQUENCE WITH A TIME INTERVAL OF 10 MIN OR 1 


Interval 
No. of cells First ex Second exposure between first Surviving fraction t 
en, Dose Remeoaptiare Atmosphere and second Arithmetic 
to tion* (r.) (r.) exposure og units jue 
2x10 400 oxygen - - - 2-058 + 0-033 78 
2x10 800 argon - - - 1-144 + 0-004 31 
2x10 400 oxygen 800 argon 10 min = 1:186 +0-155 0-31 ‘ 
210 800 argon 400 oxygen 10 min — 1-281 + 0-163 0-28 
2x10* 400 oxygen 800 argon 18h — 1-460 +0211 0-23 
2x 10* 800 argon 400 oxygen 18h — 1-227 + 0-182 0-29 


t 
The data are computed from six repeat experiments each of which comprises a separate test of the effect of the different treatments ne 


(mean + 


Mean + S.E., expressed 
ales Were calsaiatea finn tree content ae 


hd ee efficiency, expressed as the percentage of a standard inoculum of 10° cells which grew into macroscopic colonies in 10 days, was 90+ “7 


of the controls, sham-irradiated with corresponding doses and at corresponding time-intervals. In each test, 
three irradiated replicate dishes. 


B42 


_ NATURE, VOL. 214, MAY 20. 1967 


Table.2. SURVIVAL OF CHINESE HAMSTER CELUS AFTER E POSURE i ARGON OR OXYGEN ro EITHER A DOSE oF 1,000 ‘on BOOT X-RAYS, RESPECTIVELY, oR 
‘ TO IRRADIATION: WITH THE SAME NOSES, IN TWO EQUAL- FRACTIONS SEPARATED BY: A TIME-INTERVAL OF 10 MIN OF 18 H 


X-ray dose 


Ratio between surviving fraction i 
after single and fractionated: 


Surviving fraction t irradiation with the same total 


Plating- Atmosphere Interval g dose} 
No. repeat No, cells efficiency* First Second during between Arithmetic Aritimetic: 
tests explanted Mean + S.E. exposure exposure exposures exposures “log units value “log units value 

8 2x 10 96 + BO 3800 - oxygen - ~ 04633 + O-1430 0-63 0-6266 + 0-0547 1-87 
400 400 oxygen 18 h 0:1634 + 01200 1-18 

6 2x 10+ DETIL 800 od oxygen ~O-7617 + 01286 O47 ~ 0-0372 + 0-0574 0-06 
400 400 oxygen 10 min ~ 0-7989 + 0-1408 0-45 

2x 104 99+ 7-0 1600 a argon ~ 0:9625 + 0-1249 038 0-0034 + 0-0586 1-00 
800 800 argon 18 n ~ M0592 + 01492 38 


co, t As indicated in Table 1 


t+, Mean + S.E. calculated from differences determined separately in each of the tests. 


the other series of tests, the cells were treated in a 
similar fashion except that the interval of time between 

a the two irradiations was only 10 min. In this case, the 

ee survi ing fraction after the two exposures (0-45 per cent) 
< Was of a similar magnitude to that after a single treatment 

aN the total dose (0-47 per cent) (Table 2). It can be 
calculated from these results—and in agreement with 
previous observations?:;*—that a recovery of the irradiated 
population amounting to 87 per cent of the undamaged 
survivors may occur during a period of 18 h. That is to 
say, 47 per cent of the surviving population can be assumed. 
to eonsist of cells which have recovered. In contrast, a 
10: min period immediately after irradiation is not sufficient 
for there to be a significant recovery. 

In another series of split-dose experiments designed in 
away similar to those already described, the extent of 
recovery was determined after the cells had been irradiated 
with 800r, under anoxic conditions. As can be seen from 

“Table 1, this resulted in a mean surviving fraction of 3-1 

“per cent. After two exposures to this dose, even when 
separated by an interval as long as 18 h, the surviving 
fraction was the same (0-38 per cent) as that after a single 
exposure to 1,600 r. This finding confirms previous ob- 

- servations® +, and indicates that, following anoxic irradia- 
tion, no recovery occurs and that the survivors were cells 
which escaped damage. 

-Table 1 lists the mean surviving fractions calculated 
from experiments where the cells were exposed to com- 
bined aerobie and anoxic irradiation with 400 and 800 r., 
respectively. The aerobic treatment either preceded or 

-followed the anoxic one by 10 min or 18 h. It can be seen 
that the. values lie between 0-23 and 0-31 per cent. In no 
‘ease do they differ significantly from a surviving fraction 
‘of 7:8%3-1 x 10-4 (0-24 per cent), that is, the surviving 
fraction which can be expected from a summation of the 
effect. of the two treatments. It can also be calculated 
that if inhibition of the recovery associated with the oxie 
irradiation occurred, this would result in a decrease of the 
total effect to give a survival of 4-1 3-1 x 10-4 (0-13 per 
cent). This value differs significantly (P < 0-05) from the 
values of survival presented in Table 1, thus indicating 
that: the anoxic damage suffered either before or after the 
oxic treatment does not interfere with recovery. Further- 
more, ‘because any recovery after the ‘treatment under 
“anoxic conditions would raise the number of the survivors, 

te results give no evidence that such recovery might be 

“induced by a preceding or subsequent aerobic irradiation. 

Tt can thus be concluded that probably because of the 

- biochemical dissimilarity of the lesions, the total repair 
eapacity of the cells is not shared by both forms of 

radiation treatment. The observation that the survival 
characteristics of human kidney cells after X-irradiation 
are not influenced by pretreatment with a-rays, and that 
pretreatment with X-rays does not influence the develop- 
ment of subsequent damage inflicted by a-rays, may be 
relevant. to our conclusion if it is considered that the 
dose-effect. relationship after irradiation under anoxic 
eenditions with sparsely ionizing X-rays is similar to that 
after treatment with densely ionizing radiation. 

We thank Dr. O. C. A. Scott for many stimulating 
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BIOCHEMISTRY 


Alkaline Orthophosphatase and Inorganic 
Pyrophosphatase Activities in Human Serum 


Ir has been found that alkaline phosphatase from humai 
and animal tissues can hydrolyse inorganic pyrophos- 
phate’, contrary to earlier reports that these enzymes. 
act solely on organic orthophosphates. A consequence of | 
this suggested broader specificity i is that the concentration. 
of inorganic pyrophosphatase in human blood serum should 
parallel the well known variations in alkaline phosphatase 
activity observed in diseases of the skeleton and the 
hepatobiliary system, if the two types of substrate are» 
indeed hydrolysed by a single enzyme. We have therefore 
determined the activities of alkaline orthophosphatase 
and inorganie pyrophosphatase by the methods of Moss... 
et al? in seventy-one specimens of human blood serum 
on which alkaline phosphatase estimations were requested’ 
for diagnostic purposes. The sera were classified into. 
fifty-two from cases of hepatobiliary disease (infective \ 
hepatitis, obstructive jaundice, and biliary and portal’ 
cirrhosis), and nineteen from patients with osteoblastic 
bone disease (Paget’s disease, hyperparathyroidism, and 
skeletal metastases), on the basis of clinical history ane 
biochemical, radiological and other investigations. 
The results (Fig. 1) show a strong positive correlation 
between the levels of the two types of activity, with a: 
correlation coefficient of 0-96. The average ratio of 
orthophosphatase activity to pyrophosphatase activity 
is 157 and resembles the values of between 15:1. 
and 12:1 determined for human liver phosphatase at 
different stages of purification”. Although we have n 
examined purified bone phosphatase, the similarity of th 
ratio of orthophosphatase to pyrophosphatase activit ies 
in sera from bone disease to that in sera from liver c 
orders suggests that the relative activity of this enzy 
towards inorganic pyrophosphate resembles that: of liv 
phosphatase. A different ratio, 3: I, was found for alk: 
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Alkaline orthophosphatase activity 


: Fig 1. Alkaline orthophosphatase (substrate, p-nitrophenyl phosphate, 

HL 10-0) and inorganic pyrophosphatase (pH 8:5) activities in seventy- 
me blood sera from patients with hepatobiliary (@) and bone (©) 
iseases, The correlation coefficient is 0-98, and the regression lines of, 
a, inorganic pyrophosphatase on orthophosphatase and, b, orthophos- 
: ane on pyrophosphatase are shown (equations: (a) y= 1174 + 0055r: 

by y = 0-354 + 0-0602). The broken line indicates the upper limit of 
normal for orthophosphatase activity. Both activities are expressed as 
amoles of substrate hydrolysed/min/!. of serum. 





line phosphatase from human small intestine”. Intestinal 
| phosphatase has been identified in a proportion of normal 
and. pathological human sera by electrophoresis and 
inhibition studies‘, occasionally accounting for more 
than 50 per cent of the total enzyme. The absence of a 
atio approaching the value for intestinal phosphatase 
the series reported here suggests that none of the sera 
mtained a major proportion of intestinal alkaline 
phosphatase, although its presence in amounts not great 
mough to affect the ratio significantly is not excluded. 
The correlation between the two types of enzyme 
-activity thus supports the hypothesis that they are both 
-properties of a single enzyme. The ratio of the two activi- 
ties does not provide a means of distinguishing sera in 
zich the increased enzyme activity is due to bone 
disease from those in which it results from hepatobiliary 
lisorders, but the inference that bone phosphatase is 
also. an inorganic pyrophosphatase agrees with the 
suggested role of this enzyme in calcification of bone, of 
effecting the removal of pyrophosphate which would 
ytherwise inhibit formation of the bone mineral’. 
We thank Mr. G. Munday of the Scottish Medical 
omation Centre for computing the correlation co- 
cient and regression lines, and the Medical Research 
ouncil for financial assistance. 
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Electrophoretic Variation of Proteinase in 
the Digestive Juice of the Silkworm, Bombyx 
mori L. 


ALTHOUGH a wide variety of electrophoretic enzyme 
rariations has been reported in recent years!, we have as 
yet: very little information on the polymorphism of 
proteinase. The properties of proteolytic enzymes of the 
_ digestive juice and midgut of the silkworm have been 

investigated by Horie et alt, who confirmed that the 
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proteinase activity inthe digestive. juice was ma 
higher than that in midgut tissues, and the optumun 
of proteinase in the digestive juice was on the alk 
side (pH. 11-11-5). On 
We have carried out genetic and physiological inves 
tions on isozymes of several enzymes in the silkworm b 
means of agar gel electrophoresis, and showed. that the 
production of acid phosphatase? and esterase’ in blo 
and esterase’ in the integument is controlled: | 
dominant allelic genes respectively. He 
We now report on electrophoretic variations and 
mode of inheritance of negatively migrating 
proteinase bands in the digestive juice of sil 
larvae, because proteinases in the digestive juice 
silkworm larva appear to play an important, pa: 
digestion of mulberry leaf proteins. B 
One hundred and fourteen different strains 
silkworm, Bombyx mori L., were used. Individual 
used at the fifth larval stage. Digestive juice was collecte 
from the mouth part of the larva with a capillary tu 
It was also gathered by applying a weak electric shock or 
by anaesthetizing with chloroform. Because both these 
procedures gave the same results, the first method. was 
adopted. Digestive juice absorbed on cotton thread was. 
put on an agar gel layer. Electrophoresis was carried out 
on a glass plate covered with a 0-8 mm layer of agar gel 
(0-7 per cent agar and 1-5 per cent polyvinylpyrrolidone in 
veronal buffer at pH 8-6, ionic strength 0-05). A constant 
voltage of 13 V/em was applied for 3 h at 5° C. Substrate 
(4 per cent gelatine or casein) was added to buffered agar 
before electrophoresis*. On completion of the electro- 
phoresis and immersion, the agar gel plate was incubated 
for 1 h at 37° C and proteinase activity was revealed by 
0-5 per cent solution of amido black 10 B in methanol: . 
acetic acid ; water in the ratio 4: 1:5. After staining for 
15 min the plate was washed in the solution of methanol: 
acetic acid-water. The proteinase activity was observed as 
colourless bands on a coloured background. ae 
As is seen in Fig. 1, proteinase in the digestive ju 
occurs in af least six components. Bands observed 
both sides of the origin are considered to be differen 
components because individuals having a posit 
migrating band alone were found. The fastest. mov 
band toward the anode shows considerable activity unde 
the condition shown in Fig. 1, and the less mobile 
teinases (B, C and D) are present in very dilute. forms 
These faint bands differed somewhat from one another 
among different individuals or strains. Sos 
Because uniform results were obtained for the intense” 
zone moving toward the cathode this zone was taken as 
the object of investigation. This zone migrating to the 
negative pole is considered to consist of one to: three: 
bands. These bands sometimes could be distinguished 
(see Fig. 2A) but were searcely discernible in many cases. 
We have therefore classified them into three groups, 
negative or scarcely detectable (type I), middle {type TT) 
and strong band (type IIT) as shown in Fig. 2B and C. 
Frequencies of these types in the silkworm population 
were investigated using 114 strains. Twelve. strains 
(10-5 per cent) were found to be type I, 45:6 ‘per cent: 
belonged to type II, 43-9 per cent were type TH. Tn 
zymograms of digestive juice of the offspring from the 
crosses Ix I, ILx IT or IH x IIT, only one type of band: 
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Zymogrames of proteinase in digestive juice. Gelatine was added to 
the buffered agar before electrophoresis. Electrophoresis was carried out 
* for individual larvae. The cathode is at the right side and the anode at 
the deft. a, Photograph showing isozyme variation of proteinase; B, 
type I (upper six individuals) and type ITI; C, type I and type IT; D, 
segregation of type I and I in F, of I xi. The arrow shows the 
intermediate type. 





identical with that of the parental strain was detected. 
“The crosses between I and TIT or LI and I produced 
‘progenies with band-type III. Table 1 shows the 
segregation in F, of the crosses between I and IMI 
types. This result approximately accords with the 
theorétical segregation ratio l:l or 1: 3. 






Table L CROSSES MADE TO DETERMINE THE MODE OF INHERITANCE OF PRO. 
: TEINASE IN DIGESTIVE JUICE OF THE SILEWORM 









Parents Offspring 
a I EHT Total 
(Tx TED « I 42 48 60 
oo THD) Ps 13 35 48 
SCHT D Fe 10 31 41 


© From the results described above it may be concluded 
that negatively moving proteinase bands of digestive 
sare controlled by allelic genes. In F, of the mating 
between types I and ITI, the appearance of intermediate 
‘type IL is conceivable. The band indicated by an arrow in 
‘Fig. 2D ia presumably this type. The intermediate type 
ine Py however, was almost unrecognizable (Table 1). 
M. Eeun 
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Light Stimulated Biosynthesis of Gibberellins 
in Fusarium moniliforme 


Trae. effect of light on gibberellin metabolism in plants 
has ‘been variously interpreted. It has been suggested 
that native gibberellins in Pisum sativum are either 
destroyed, their synthesis inhibited or tissue rendered less 
responsive to endogenous gibberellins after visible radia- 


| has demonstrated that pea seedlings grown in red 






possess more than ten times as much gibberellin activity _ 
as plants grown in the dark and that the biosynthesis 
is influenced by the phytochrome system'*. We report _ 
evidence that light promotes gibberellin biosynthesis. 
in F. moniliforme, which corroborates the findings of 
Köhler. Furthermore, evidence will be presented which 
indicates that dark-grown stock cultures exposed to light | 
for 48 h (80 ft.-candles) can perceive the light stimulus 
and then promote gibberellin biosynthesis in dark-grown 
shake cultures. 
We used two strains of F. moniliforme ATCC 1261 
F-18, a purple pigmented, relatively unbranched, sporula 
ting strain, and ICL 917, which is a lightly pigments 
(salmon colour), highly branched, non-sporulating strair 
Although quite distinct morphologically, both strain 
appear to produce similar gibberellins as near as can b 
ascertained from chromatographic analysis. 
The fungi were grown in 50 ml. liquid cultures in potato : 
dextrose medium at 28° C on a temperature controlled 
water-shaker bath. The culture medium was prepare 
described by Kende et al.. All stock cultures were main 
tained on potato-—dextrose agar medium at 28° C. : 
Inoculation of cultures involved a transfer with a wire 
loop from stock cultures that were maintained in the 
presence or absence of light. Light source was a 15 W cool 
fluorescence bulb. 
At the end of each investigation the fungi were collected i 
by filtering through 8u ‘Millipore’ filters. Cells ta be: 
extracted for gibberellins were freeze-dried and weighed.: 
The filtrate was adjusted to pH 2-5 with 6 normal hydro- - 
chloric acid and extracted three times with three volumes 
of ethyl acetate. S 
The ethyl acetate phase was dried over sodium sulphate 
and evaporated in a flash evaporator under reduced 
pressure. The residue was taken up in a small volume of 
water, containing 0-05 per cent “Tween 20’ as a wet 
agent. The material was then tested for gibberell 
activity with a single gene dwarf mutant of Zea mays 
dwarf-1. All growth data represent the sum of lengt 
of the first and second leaf sheaths 6 days after thi 
material was placed in the ‘‘cup”’ of the first leaf of €x 
old seedlings. 
Table 1 illustrates that light induced over a 100 per o 
cent increase in ethyl acetate extractable gibberellin-like 
materials. This table further illustrates that dark stock. 
cultures exposed to 80 ft.-candles of illumination for 48h 
pereeived the light stimulus and thus initiated biosynthe- 
sis of gibberellin in the dark. : 






















































































































Table 1, EFFECT OF PRETREATMENT OF THE INOCULUM OF Fusarium monile 
forme (F-18) ON GIBBERELLIN PRODUCTION 


Growth of dwarf-1/10 mg dry weight of myceltune® anh 
k i 








Pretreatment Jark Light 

of inoculum- (om) (em) Percentage increase 
Dark-stock 3-10 6-70 + LIB 
Light-stock 6-80 6-30 — 









Shake cultures were maintained in continuous iNumination (80 ft.-cand 
or darkness at 28° C for 6 days. Inoculum pretreatment involved a direc! 
transfer into potato-dextrose medium from stock cultures that were maine: 
tained either in the presence or absence of light, The light-atock was main- 
tained for 48 h at 28° C with 80 ft.-candles, : 


* Growth data are the sum of the first and second leaf sheaths of the 
average of five test plants. Each value represents the average ethyl acetat 
extractable gibbereilin-like material from three 60 ml. cultures. 

















To substantiate further the light-induced biosynthe 
of gibberellins, 10 uc. of acetate-2-!C (specific activi 
23 me./mmole) were introduced to cultures 0, 2 and 
days after inoculating from dark- or light-grown sto 
cultures of ICI 917. The cultures were then maintained 
in the presence or absence of 160 ft.-candles of ght, : 
8days. At the end of the experimental period the medium 
and cells were extracted for gibberellins according. 
the methods of Kende and Lang’. Aliquots of th gibbe 
lin fractions were chromatographed ¢ on ae ol 
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_ebher/acetic. acid 
acMillan and Suter’, and scanned for radio- 
with a Packard model 7201 radiochromatogram 
system. Aliquots were also removed and counted 
uid “scintillation with a Packard ‘Tricarb’ model 

The gibberellins extracted from the medium were 
ier fractionated by partition chromatography accord- 
Kende and Lang. Thirty-four fractions of 25 ml. 
rere removed and examined chromatographically. 
se fractions possessing fluorescing materials with the 
Ry values were combined and again counted by liquid 
illation. All combined fractions possessed biological 
‘ity; however, only two of the combined fractions 
rë identified by preparative and co-chromatography 
th known gibberellins. Fraction 1-4 contained A, 
d fraction 13-22 contained A,. Fraction 5-9 contained 
adioactive gibberellin which has not been identified. 
action 23-34 had no fluorescent material but did 
osséss biological activity and therefore it was included 








Table 2. INCORPORATION OF LABELLED ACETATE INTO SOLUBLE AND CELL 
GIBBERELIINS OF Fusarium moniliforme (ICI 917) IN THE PRESENCE AND 
ae ABSENCE OF LIGHT 


c.p.m./mg dry weight of mycelium 

































Days Dark Light 
acetate. Soluble Cell Soluble Cell 
2-¢C gibberellic gibberellic gibberellic gibberellic 
added acid acid acid acid 
0 682 1,390 800 1,810 
2 1,152* 7O1L* 2,166 1,058 
4 809 152 
0 715 1,277 820 2,910 
2 1,314 1,697 2,228 1,031 
4 978 268 915 208 


‘laske were inoculated directly from stock cultures and maintained in 
nuots illumination (160 ft.-candles) or darkness for 8 days. At, 2, and 
aya after inoculation 10 xe of labelled acetate were added. Soluble 
berellic acid represents the gibberellin-like materials extracted from the 
um. Cell gibberellic acid represents the material extracted from the 
eeliin after lyophilization. 


Pooled fractions. 


Table 2 illustrates that introducing acetate-2-4C at 2 
s resulted in the greatest incorporation into the soluble 
ictions of gibberellic acid when the cultures were main- 
ined in continuous illumination. Exposing the stock 
ltūres to illumination also resulted in increased incor- 
ration of acetate units by cultures that were then 
intained in the dark. At 2 days the level of extractable 
terials from the cell was essentially the same in light 
lture conditions. In the light-grown stock subjected 
dark treatment after 2 days there was greater incorpora- 
on into the cell-gibberellin fraction than in the light- 
‘own stock subjected to light treatment. An examina- 
m of radiochromatograms of the cell extracts revealed 
hat there was an unidentified radioactive compound 
that ran with the solvent front, which accumulated in the 
dark but sharply declined in the light. The disappearance 
Ë this compound in the light may account for the lesser 
amount of radioactivity detected in the cell extract of 
ltures maintained in continuous illumination (Table 2). 
hould also be noted that radiochromatographic analysis 
vealed that it was never possible to detect large amounts 
of radioactive gibberellins in the cell. This suggests that 
once the gibberellins are biosynthesized they are rapidly 
excreted. Radiochromatograms of the soluble gibberellin 
fractions revealed that the greater amount of radioactivity 
was associated with the A, and A, regions in the light. 
Table 3 illustrates the incorporation data, after 2 days, 
of the combined gibberellin fractions. Fractions 1-4 
(A,), 5-9 (Ay) and 13-22 (A,) exhibit the most acetate 
incorporation during the light period. 

Fraction 23-34 exhibited no fluorescent material after 
aying with sulphuric acid. Four distinct areas, how- 
ever, each with biological activity, can be detected by 
placing the chromatograms in an iodine vapour bath. 
Lack of fluorescent spots associated with the extremely 
mall amount. of radioactivity strongly suggests that 








(95:35) according to the | 













Combined 
fraction No, 


Combined fraction numbers zopronont those fractions isolated 
chromatography that exhibited fluorescing materials of different 
Fractions 1~4 (4,) and 18-22 (4,) were identified by preparati 
chromatography using known gibberellins. 


* Fraction 10-12 contained no gibberellin-like material, 


whatever is responsible for the biological act 
probably not related to the gibbane skeleton, 8u 
with similar properties, that is possessing. 
activity but not fluorescing on thin-layer: 
grams, have been reported in sugar cane and immature 
barley seeds®-?, ees 
Further tractionation of cell gibberellins 
chromatography was not undertaken. 
Introducing the isotope at 2 days after inoculatic 
caused the greatest incorporation into the soluble gibbe 
lin fraction. An examination of a time course grow 
curve revealed that 2 days after inoculation the fe 
stopped growing for 24 h, and lost dry weight (Fig. 
Acetate introduced at this time was readily incorporated | 
into the soluble gibberellins while incorporation into th 
lipid fraction sharply declined (Fig. 2). Introductio: i 
the isotope at 0 days resulted in the greatest incorporation 
into the lipid fraction, intermediate amounts in the cell 
gibberellin fraction, and the least into the soluble gibberel-. 
lins. Introduction of the acetate at 4 days or later 
resulted in very little incorporation into any of the frac... 
tions (Fig. 2). ee 
The data suggest that in the first 48 h of growth the 
organism is, in part, largely concerned with the biosy 
sis of structural lipids (oil droplets or storage lip 
also discernible in the cell at this time). The decli 
dry weight at the end of 48 h associated with the sha 
decline in the incorporation of acetate units into the li 
fraction may indicate that a portion of the stored l 
fraction is very rapidly metabolized to carbon dioxido | 
with the resulting energy utilized in diterpenoid biosyn- 
thesis. ee 
The failure of the acetate units to become incorporated 
into the various fractions of the cell at 4 days remains: 
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Fig. 1. Increase in dry weight of Fusarium moniliforme, F-18 main- 
tained in continuous illumination (80 ft.-candies) for 6 days. | 
value represents the average of the dry weight ( @) collected from 
50 ml. cultures. Cultures were not collected at 1 day, therefore 
normal lag phase for Fusarium was not detected; pH changes 
were also recorded for each group of cultures, 


C.p.m. x 10°/mg dry weight of mycelium 











0 2 4 
‘Time (days) 


Fig. 2 tion of labelled acetate into the lipid fraction (A) 
the cell (@) and soluble (O) gibberellin fractions of the 

a m . Acetate was introduced the 

2 and 4 days after inoculation. The cultures were maintained at 28° G 
with illumination of 160 ft.-candles for 8 days. 


unexplained. Fig. 1 illustrates that the pH at 4 days was 
on the acid side and therefore still favourable for the 
uptake of the acetate. It is reasonably clear that the 
acetate was absorbed by the cell. If it were not, it would 
have been extracted with ethyl acetate at pH 2-5. The 
most likely explanation for this lack of incorporation is 
that the acetate units were metabolized to carbon dioxide. 
This brings up the rather challenging question of how the 
organism can resume growing at its original rate and yet 
preferentially oxidize the acetate-2-"C that was intro- 
duced through the culture medium. 
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_ Cholinesterase in Melanocytes of the Bat 


CHOLINESTERASES have been extensively investigated in 
the skin of man and different mammals‘, and with a few 
exceptions these enzymes have been demonstrated almost 
exclusively in nerve structures. Comparative investiga- 
tions have shown that some species differences exist in 
the response of autonomic and somatic nerve fibres and 


= ve . r 


of 
= 






hans cell system of the bat. a k 
Biopsy specimens of skin and mucous membranes of 


bats were fixed in cold saline-formalin?, and frozen 
sections were treated according to Gomori’s!? modification 
of Koelle’s and Friedenwald’s method for the demonstra- 
tion of cholinesterase. Acetylthiocholine and butyryl- 
thiocholine were used as substrates. Reactions produced 
by the enzyme were observed in dermal and periadnexal | 
nerve networks, in motor end-plates of striated muscles, 
and in sensory nerve endings. Slight enzyme activity 
was present in sebaceous glands. The most stri 
feature, however, consisted of a pronounced reaction — 
produced by the enzyme in dendritic intra-epidermal 
cells. 

In the skin of the nose, these cells were located at the 
dermo-epidermal junction and in the basal-cell layer 
as well as in higher levels of the epidermis (Fig. 1). Iden- 
tical cholinesterase-positive cells were found in the walls 
of the infundibulum and the outer root sheath of hair fol- 
licles, in the germinative layer and duct of sebaceous 
glands, and in the distal 


(Figs. 1 and 2). A similar population of cholinesterase- 





Note enzyme active 
~~, aad a sweat gland duct, 
x 120. 


Fig. 1. Cholinesterase in the skin of the muzzle, 
cells in the epidermis, pion ` 
(Cholinesterase; 





Fig. 2. Cholinesterase-positive dendritie cells in the excretory duct ofa _ 
£ sweat gont (Cholinesterase; x280.) = 


4 


7 


portions of sweat gland ducts 


t 
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Fig. 3. Cholinesterase-positive dendritic cells in the epithelium of the 

basal mucosa, At right, the epithelium has been sectioned longitudinally. 

Note cholinesterase-positive nerve fibres in this area. (Cholinesterase; 
x 





Fig. 4. 


Cholinesterase-positive dendritic cells. 
through nasal epithelium, (Cholinesterase; 


Tangential section 
x 196.) 


positive dendritic cells was present in the epithelium of 
the oral and nasal mucosa (Fig. 3). In this mucosa, these 
cells displayed long, tapering processes and were arranged 
in a rather dense pattern (Fig. 4). Pretreatment of the 
tissue sections with physostigmine and diisopropyl! 
fluorophosphate and the incorporation of these substances 
into the incubation medium (final concentration 10* and 
10-* moles/l., respectively) led to an inhibition of the 
enzyme activities within the dendritic cell system. 
Furthermore, if butyrylthiocholine was used as substrate, 
no esterase reactions were demonstrated within these 
cells. Thus, the enzyme present in the dendritic cells is 
specific cholinesterase. 

Most of the cholinesterase-positive cells at the dermo- 
epidermal junction and in the basal cell layer, as well 
as some in higher levels of the epidermis, contained melanin 
and exhibited a strong DOPA reaction. These findings 
indicate that these cells are melanocytes. On the contrary, 
the cholinesterase-positive dendritic cells in the mucous 
membranes and skin appendages failed to show tyrosinase 
activity and may therefore be considered to be amelanotic 
melanocytes or Langerhans cells or a mixture of both. 
Their occurrence in sweat ducts in other species has not 
previously been observed. 

During the past few years, increasing attention has 
been paid to non-pigmentary enzymes of the melanocyte— 
Langerhans cell system in different species. In certain 


847 


Lorisidae, this dendritic cell population is characterized 
by a strong reaction for alkaline phosphatase. In 
man, in the rhesus monkey, and in the guinea-pig, this 
dendritic cell population contains nucleoside diphospha- 
tases and nucleoside triphosphatases'*-**. Lange 
cells of the guinea-pig demonstrate aminopeptidase*', anc 

dendritic cells of mouse epidermis exhibit non-specific 
aliesterase™, The findings of specific cholinesterase in the 
melanocytes and Langerhans cells of the bat therefore 
widen the spectrum of enzyme patterns within this cell 
system and also emphasize the variability of responses 
produced by this enzyme in different species. 

Our observations are also of some interest in 
to the view held by some authors that the dendritie cell 
system of the epidermis fulfils sensory** or autonomous 
nerve functions**-**. In our preparations, many cholin- 
esterase-positive nerve fibres were seen in the upper- 
most dermis and intra-epithelially, in the close vicinity of 
the cholinesterase-positive dendrocytes (Fig. 3). Our 
investigations therefore confirm recent observations of 
intra-epithelial nerves in the nasal mucosa of the bat®*. We 
were unable, however, to observe any anatomical con- 
nexions between nerve structures and melanocytes or 
Langerhans cells. This is in agreement with the ultra- 
microscopic structures of these cells which fail to give an 
indication of their postulated nervous function. Cholin- 
esterase within the cells of the Langerhans system of the 
bat is further evidence of the broad enzyme capacities of 
these cells and may be considered to indicate that they 
originate from the neural crest. 

This investigation was supported in part by a research 
grant from the National Institutes of Health, U.S. Public 
Health Service. K. W. is the recipient of an international 
postdoctoral research fellowship. 
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interferes with the activation of the enzyme by ammonium 
< as well as by potassium ions. The activation of the 
er e by both ions has been previously described for 
uscle enzyme? and for the yeast enzyme? (refs. 3 and 
` 4 and personal communication from C. H. Suelter). 
Ë found that the activation by both ions can be 
-by FDP as shown in Fig. 1, where the phos- 
rare saturation is plotted against activity. 
experiment was carried out in the absence of 
ent ions and compared with the activity in the 
@ of 2 mmolar FDP, which activates the enzyme 
a maximal activation factor of 1,700 as indicated by 
ash The interference between potassium 
ition and FDP activation is demonstrated in Fig. 2. 
sotassium activation curve, the control, has a sig- 
characteristic as typical for allosteric interactions 
|. The potassium activation is increased by FDP, 
ow transforms the sigmoidal curve to a hyperbolic 
shape. It activates by influence on Vmax and Km (ac- 
cording to Monod’s K and V-system). The apparent 
Km for K* in the presence of 30 mmolar of FDP is 4-5 x 
_ 10° molar and in its absence it is 2-9 x 10-2 molar. The 
oo f ammonium chloride against activity in Fig. 3 















sh ws again a sigmoidal relationship (n=2-1) which is 


a ol y shifted to the left by FDP affecting only the 
- affinity and leaving Vmax constant in contrast. to the 











> FD tivation given in Fig. 2. The apparent Km for 
< ammonium ions in the absence of FDP is 1-5 x 10-* molar; 
in t resence of 0-05 mmoles of FDP it is 84x 10 


m With higher FDP concentration the affinity is still 
= higher. 
-o The activity of pyruvate kinase was measured in an 
optical test by coupling with lactate dehydrogenase. 
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+1 


Log mmolar [PEP] 


cP ig. t o (Phosphoenolpyruvate (PEP) saturation curve in absence 
i (control) and presence of FDP. The broken line indicates the FDP 
activation factor (V[FDP1/V 5). Assay conditions: 5 mmolar Nay ADP; 
15 mmolar MgCl, x 6H,0; 0-25 mmolar Na NADH; 35 10 of lactate 
dehydrogenase, made up to 2-0 mmolar with distilled water so that the 
PH was T5. The solution of PEP was adjusted to Fay 7-6 with hydro- 
chioric acid. The ionic strength after addition of 10 mmolar PEP- 
Aricyelohexylammonium (PEP-3 CHA) in absence of FDP is 0-135 molar. 
“Specific ‘activity of pyruvate kinase was 96 [moles x min” x mg”), 
A, Control; ©, 2 mmolar FDP. 
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Fig. 2. Potassium chloride saturation curve in the absence and pre 
of saturating concentration of FDP. Assay conditions: » 5 mmola) 
Nay ADP; 5 mmolar PEP-3 CHA; 30 mmolar MgSO, x 7H,O; | 6-35 
mmolar Na- NADH; 70 10 of lactate dehydrogenase and 0-005 mg of 
pyruvate kinase, pH 7-5, and ionic strength 0-18 molar (after addition of 
50 mmolar potassium chloride), Specific activity of pyruvate kinase 
waa 40 [umoles x mint x mg], ©, Control; A, 30 mmolar FDP, ae 
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Fig. 3. Ammonium chloride saturation curve with various concentra. EET 

tions of FDP. Assay conditions are the same as in Fig. 2. Specific: : 

activity of pyruvate kinase was 220 ipmoles/min-i/mg]. A, Control 
@, 0-05 mmolar FDP; x, 30 mmolar FDP. ae 


















(Pyruvate kinase was prepared as in ref. 1.) To obtain t 
necessary conditions pyruvate kinase and lactate d 
hydrogenase were dialysed for 3 x 2 h against 25 per cer 
glycerol; the other metabolites were purified by ge 
filtration. In the assay conditions used no effect of ar 
monium or potassium ions on the activity of lact 
dehydrogenase is observed. FDP is used as sodium. sal 
because sodium ions are activating neither pyruv: 
kinase nor lactate dehydrogenase. S 
The experimental results clearly show that activatio 
by ammonium ions, potassium ions or FDP is necessary 
to obtain a fully activated enzyme and a combination < 
potassium ions and FDP yields maximum activity. Th 
sigmoidal characteristics of the steady state kine 
point to the allosteric mode of action of these modifi 
The sigmoidal characteristics of the action by the ions 
shifted to a hyperbolic curvature by FDP, and so th 
latter agent obviously changes the conformational 
of the enzyme to an appreciable amount. It should 
be noted that the activation of muscle pyruvate kinase 
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_ by ammonium ions and potassium ions follows a hyper- 
__ bolic curve® with dissociation constants in the same order 
magnitude as reported here for the Km of the ‘yeast 
yme. The muscle enzyme, however, does not respond 
IP, suggesting a large difference between the structure 
function of both enzymes. 
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 Countercurrent Electrophoresis of Proteins 


. Counrercurrentr distribution has been successfully 

applied to the separation of proteins and similar large 
_ molecules in certain water—organic solvent systems! and 
-in some two-phase water systems containing hydrophilic 
` polymers’. These systems have not been widely used, 
‘presumably because they depend on specific solvent 
stems. which are not easy to find. Electrophoretic 
gration. into the stationary phase in place of solvent 
"partition would be a more generally applicable separation 
parameter. In addition it offers a wider and more selective 


















“range of transfer coefficients and consequently better 

‘resolution. Furthermore, the overall transfer coefficient 
-voam be controlled by varying the strength and duration of 
“the applied electric field. Hence it seemed of interest to 


investigate such a system experimentally. 
_ The general arrangement used is shown in Fig. 1. A 
_ bank of tubes was constructed by drilling ten blind holes 
| (e235 8 mm diameter) in a block (d) of ‘Plexiglass’ 
= (180x40x14 mm). The closed ends of all holes were 
i connected by a slot (f; 4 mm wide) and a 4 mm port (g) 
-was drilled in the opposite face into each of the tubes. 
0 ‘Visking’ dialysis membrane was cemented (with Eastman 
=- Kodak ‘910° adhesive) over these latter holes. The slot 
‘was temporarily closed with pressure-sensitive tape while 
- an acrylamide gel (7 per cent ‘Cyanogum’ 41) 15 mm high 
| was formed in each tube”. The gel was made with a buffer 
in which all protein components migrate in the same 
< direction. After polymerization of the gel, the tubes were 
“winsed and the bank placed in the tank as 
illustrated. The tank was filled with the 
“buffer to a level slightly above the ports. 
The protein sample dissolved in the same 
buffer was introduced into the first tube. An 
lectrophoretic field was applied, effecting 
ownward migration to carry a part of the 
rotein. from the fluid into the gel. The 
jower supply was then disconnected. The 
_ fluid above the gel was transferred from the 
first tube to the second tube in the series and 





































was returned to the fluid phase.) Then the de 
migration was repeated using the same time and 
as before, and finally, the fluid above each gel was 
ferred to the following tube in the series, This seq 
of operations was repeated a number of times to ef 
separation. eee 
If the fluid of a given tube is initially uniform in com 
position, the relative amount of each protein co 
entering the gel electrophoretically is a linear i 
time. This follows from the stable density’ gra 
up, as in the descending limb of a Tiselius cell.’ Sim 
this fraction is directly proportional to electropho 
mobility. To exploit these linear relationships, 
therefore necessary to disperse density gradients at 
stage by stirring the fluid before repeating the down: 
migration. pes 
If the migration conditions are constant from. ey 
cycle, a transfer coefficient Kz (which is constant) ma; 
calculated for each protein X, which is analogous ti 
partition, coefficient in countercurrent distribution: | 


Mass of protein x transferred 


Kr 





us tio 


ue is the free mobility of protein x, and ¢ is the. time 
during which protein is migrating into the gel from a coll 
containing a volume (v) of a fluid medium of resistivity o 
through which a current (4) passes. The constancy of Ke 
implies that the equations governing countercurrent. 
electrophoretic distributions are formally identical with -> 
those of Craig’s countercurrent distributions. “Craig has- 
shown that the optimum conditions for the resolution of | 
two components # and y occur when the product of their. 
partition coefficients is unity’. Substitution of this e 
dition in the above equation yields the following valu 
for optimum current and time: = 







The mobilities of proteins typically lie in. the range 
1-5 x 10 cm?®/see/V. When reasonable operating para- 
meters are inserted in equation 1, the optimum feld 
strength is of the order of 10 V/em which can easily: be 
attained. 

The results of a ten tube experiment to separate. a 
mixture of bovine serum albumin and human. haemo- 
globin are given in Table 1. Since no special precautions: 
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-an identical volume of buffer added to the 
first tube. The power supply was recon- 
nected with reverse polarity (upward migra- 
tion) to bring all the protein in the gels out 
into the fluids above the gels. During this 
hase of the cycle, the semi-permeable mem- 
ane cemented across the port prevented 
ny loss of protein into the external buffer. 
(The upward migration was continued for 
a slightly longer time than the downward 
migration, to make sure all the protein 














Fig. 1. 

b, buffer tank; ¢, sponges preventing contamination with electrolysis products; g, septum - 

containing bank of tubes e; f, slot; g, ports covered with dialysis tubing A; %, poly- 
acrylamide gel, ee ee 
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Apparatus used for countercurrent electrophoresis. a, Platinum electrodes,” 
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Table 1 
Distribution of Distribution of 
Tube No. albumin (per cent) haemoglobin ( (per cent) Alb./Hb 
Calculated Found Calculated ‘ound Found 
— 48 — — = 
2 — 25 — — — 
3 21 6-2 — — -— 
4 76 8:7 0:8 07 12-0 
5 17-0 150 4-6 3-9 4-0 
6 25-0 16-0 9-0 9-5 18 
7 25-0 22-0 22-0 22-0 10 
8 16-4 24-0 41-0 40:0 0-61 
9 6-0 1-2 15-0 15-0 0-08 
10 10 — 8-1 8-5 = 


The results of a ten-tube countercurrent electrophoresis experiment with 
ites of bovine serum albumin (14 mg) and human haemoglobin (37 mg). 
volume of buffer (pH 8-6, J =0-01 borate, c= 700 ohm-cm) was 0-45 ml.: 

6 m.amp was applied for 10 min (reverse cycle 15 min) per tube. Protein was 
determined coulometrically* and the purity of each fraction by gel electro- 
phoresis*, The overall recovery of pega was 90-5 percent. The distribu- 
tion of material was calculated for Kaw. =1:5 and Kub =2:8. 


were taken to control second order variables the agreement 
must be considered satisfactory. A feature of practical 
importance with this technique is that the substance 
with the slowest electrophoretic velocity exhibits the 
fastest movement in the train and suffers minimal dilution 
compared with most other electrophoretic separations. 
Clearly, an increased number of transfers will improve 
the resolution to an extent dictated only by the stability 
of the protein and the degree of dilution which can be 
tolerated. To exploit this aspect, it is necessary to auto- 
mate all the repetitive operations involved. Work is in 





Fig. 1. 
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progress to realize this feature so that more complex 
protein mixtures may be resolved. 

J. Broome 

S. RAYMOND 
Current Ine., Philadelphia, 
Pennsylvania. 
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Solubilization of Erythrocyte Acetylcholin- 
esterase by Ultrasonic Vibration 


ERYTHROCYTE acetylcholinesterase (AChE) is strongly 
bound to the cell membranet., To isolate and purify this 
enzyme, it must be removed from the membrane and 
brought into solution. Methods used for this purpose 
have included treatment with butanol’, digestion with 
pancreatin’, or addition of a surface-active material*:*. 
More recently, we have succeeded in solubilizing the enzyme 
from bovine erythrocytes by disintegrating the lysed cells 
by ultrasonic vibration. 





Phase contrast photomicrographs of bovine erythrocyte preparations illustrating the effect of ultrasonic disintegration on stroma. 


A, Suspension of saline-washed erythrocytes, B, Washed stroma suspension. C, Stroma after ultrasonic disintegration. 





Fig. 2. 


Electron micrographs of: A, washed bovine erythrocyte stroma; B, supernatant liquid after centrifuging an ultrasonically disintegrated 
stroma suspension at 100,000g for 1 h. 


Platinum shadowed at tan (4). 
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Table 1. RECOVERY OF SOLUBLE ACM AVTER ULTRASONIO TRHATMANT OF 
STROMA 
' Total protein (bovine 

AObE activity seralbumuin as standard) 

amoles ACh/ Percentage Percentage 

mnim at37°C of recovery mg/m). of recovery 

Original stroma 262 141 
Treated stroma 258 98 18-5 96 


Stroma was prepared from bovine erythrocytes washed 
in saline by stirring packed cells with 6 volumes of water 
and adjusting to pH 6-0 with normal acetio acid‘. The 
precipitated stroma was washed with 0:01 molar sodium 
dihydrogen phosphate until the supernatant liquid was 
free of haemoglobin. After re-adjusting to pH 8-0 with a 
25 per cent solution of ammonium hydroxide, the ice- 
cooled suspension (50 ml.) was subjected to ultrasonic 
vibration for 1 h in an M.S.E. ultrasonic disintegrator 
(tunable between 18,000 and 20,000 o/s). The effect of 
this treatment was observed by examining successive 
preparations with phase contrast microscopy. 

Fig. 1 shows photomicrographs of a suspension of 
saline-washed erythrocytes, a washed stroma suspen- 
sion and an ultrasonically treated specimen of stroma. 
The well defined outlines of the cell ghosts which can be 
seen in the second are absent in the third, which appears 
to be practically homogeneous. Evidence that the enzyme 
had been solubilized is obtained when the ultrasonically 
treated specimen is centrifuged at 100,000g for 1 h. This 
gave a viscous red supernatant liquid, with only a small 
amount of solid deposit. The results of manometric esti- 
mations of AChE activity and of total protein (by the 
method of Lowry et al.*) are shown in Table 1. These 
results indicate that more than 90 per cent of the AChE 
activity and total protein originally present in the stroma 
was recovered in solution in the supernatant liquid. 

Additional evidence of the effect of the ultrasonic 
treatment on the stroma is obtained when a comparison 
is made by electron microscopy of specimens of the un- 
treated stroma and of the supernatant liquid (Fig. 2). 
Whereas the strema specimen (4) shows the characteristic 
forms of the erythrocyte ghosts, the absence of these 
forms and the even distribution of matter seen in B are 
consistent with that of material in solution. 

Subsequent experiments were carried out in which the 
treated stroma was satisfactorily fractionated by chroma- 
tography on DEAE-cellulose, or by gel filtration on 
‘Sephadex G-200’, to give AChE preparations of appreci- 
ably increased specific activity. The successful applica- 
tion of these methods is additional evidence that the 
enzyme is in solution. 

We thank Messrs, J. M. Creasey for the electron micro- 
scopy and H, F. Colgrave for technical help. 

J. J. QORDON 

J. P. RUTLAND 
Chemical Defence Experimental Establishment, 
Porton Down, Salisbury, Wiltshire. 
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PSYCHOLOGY 


Acoustic Factor in Proof Reading 


Ix a recent study by the writer’, subjeots were required to 
search through a passage of prose crossing oub all the 


letters “e”. The ‘‘e’s”’ which remained uncancelled were 
sualpeoa. and the following conclusions were drawn. 
(1) Silent “‘e’s’? were more likely to remain uncancelled 


than pronounead “os”, (2) The actual pronunciation of 
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the “e’’, for example, /3/ as in were, /e/ as ın set or /i/ as in 
seat, did not appear to influence the probability that the 
“e” would be missed. (3) The later the “e” appeared in 
a F the more likely it was to remain uide ded. and 
(4) the “e” in “the” was very likely to be missed (32 per 
cent, compared with 4 per cent for pronounced “‘e’s” and 
15 per cent for silent ‘‘e’s’’). 

It was suggested on the basis of these findings that the 
acoustic image was scanned before or in parallel with the 
written word. Thus when an acoustic event was lacking, 
that is, when an ‘‘e” was silent, evidence of the presence 
of an “e” came from, only one source and the “e” was 
therefore more likely to be missed than if both acoustic 
and visual evidence was available. 

The present work was an attempt to test the generality 
of the previous findings by using the ‘‘opposite”’ situation 
1n which certain “e's”? were purposely omitted from the 
text and the sabiai was required to detect their absence 
rather than their presence. This situation corresponds to 
one part of the job of a proof reader. 

The main prediction from the previous experiment was 
that the absence of an “e” which would have been silent 
in the spoken word would be less likely to be detected 
than the absence of an “e” which would be pronounced. 

A passage of 364 words from the editorial of a national 
newspaper was selected as the basic material. Eighty- 
three letters were omitted from the passage of which 
sixty- -seven were “o'g” and the rest consonants. Ten of 
the “es” were “early pronounced” in that the “e” 
ocourred in a position in the word other than terminal 
or penultimate and was normally pronounced. Ten 
“e's” were penultimate pronounced, nine were terminal 
pronounced, seven were early silent “e's”, ten were 
penultimate silent “‘e’s’’, ten were terminal silent and 
eleven of the “‘e’s” ia “the” were omitted. 

Twelve naval ratings, in two groups of six, were given 
copies of the script, and requested to put a pencil stroke 
through the place in words where letters were missing. 
In order to obtain a large enough sample of errors subjects 
were instructed to complete the task as quickly as possible 
and it was obliquely suggested that speed as well as 
accuracy would be scored. The script was completed in 
2 min 50 sec by the fastest and in 5 min 50 sec by the 
slowest worker. On, the following day a test of spelling 
was administered in which the more difficult words in the 
passage were read aloud and subjects were required to 
copy them. On the few occasions in which a spelling error 
coincided with an omission in the main task the latter was 
ignored in the analysis. 

Table 1 shows the probability of an error under each 
category and the corresponding levels of statistical reliabil- 
ity assessed by the Wilcoxon test. The results show 
that: (1) In all letter positions within a word the absent 
silent “e” had the higher probability of being missed. 
(2) The peers the omission occurred in a word the greater 
was its probability of being undetected. (3) The overall 
probability of failing to detect a missing letter was 0-25; 
this value was only just exceeded by the probability of 
0:27 of failing to notice the absence of the “e” in “the”. 


Table 1. PROBABILITIES OV FAILING TO DETECT MOSSING LETTERS 


Pronounced P values 
“o” Silent “e” (pronunciation) “the” 
Barly 0-17 0-66 0-01 
Penultimate O13 0-85 00i 0 27 
Terminal 0-06 O18 0-06 
P vaines P not sig POOL 
(position) P not alg P 0-02 


The importance of the acoustic factor in visual scanning 
is clearly demonstrated in the present experiment. 
Apparently, both the detection of an existing “e” and the 
detection of its absence are determined in part by whether 
or not the “ʻe” is pronounced. Thus the process of acoustic 
scanning and the consideration of evidence from the two 
modalities would appear to be a phenomenon of some 
generality. 
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Although the absence of the “e” in “the” was no more 
likely to be noticed than the abeonbe of any other “e”, it 
18 nevertheless more likely to be missed than other tannine 
pronounced ‘“‘e’s” (P <0-02). This finding would suggest 
that “the” had properties which tend to override acoustic 
factors to result in a disproportionately high probability 
of not noticing its absent “o”. 

The effect of position within a word is in the opposite 
direction to that of the previous study. It would appear 
that the end of a word is poorly scanned for existing 
letters, but scanned carefully for missing letters. 

D. W. J. Corcoran” 
Medical Research Council a 
Applied Psychology Research Unit, 
15, Chaucer Road, Cambridge. 
Received October 7, 1966. 
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SOIL SCIENCE 


Silicic Acid and the Reaction of Zine with 
Clays 


During studies on the reactions between heavy metal 
cations at low concentrations and montmorillonite in 
0-06 molar calcium chloride, it was noted that the amount 
of zino sorbed increased when silicic acid was added. 
The work of Caillére, Hénin and associates! has shown 
that layer lattice silicates of magnesium, nickel, cobalt, 
ferrous and ferric iron, zinc and manganese can. be synthe- 
sized under laboratory conditions at atmospheric preasure 
and teraperatures near 100° C. Of these, zinc is reported 
to form silicates quite readily and the detailed study of 
Esquevin? has described such syntheses in detail. 

In my experimente, the increase in the sorption of zine 
caused by the presence of silicio acid, designated AZng,, 
ocourred under conditions which did not result in the 
precipitation of zine compounds from pure solutions in 
the absence of clay. In the presence of montmorillonite 
the interaction of zinc and silicic acid was studied over a 
range of pH values from 5 to 6-6 for concentrations of 
zine labelled with zine-65 varying from 5x 10~ to 10 
molar, and for silicio acid solutions varying from 2x 10-4 
to 1:8x 10 molar with respect to silicon. The influence 
of pH and varying zino concentration on the sorption 
of zinc in 0-06 molar calcium chloride and in the presence 
of added silicic acid is shown in Fig. 1 in the form of 
adsorption isotherms at 20° C. The experiments were 
carried out using 20 mg clay in 12 ml. suspension. These 
results indicate that AZng; increased with pH for any 
level of zine in solution but was virtually independent of 
zine concentration above about 2 x 10-* molar for constant 
levels of silicic acid and pH in solution. More zinc would 
be hydrolysed and more silicic acid adsorbed at higher 
pH values, Extension of similar isotherms to higher 
levels of zino in solution and at increased pH show that 
precipitation of zinc compounds as indicated by strong 
inflexions in the curves also occurs much more readily 
when silicic acid is added. Thus sorption and precipitation 
of zine in clay suspensions to which silicio acid has not 
been added may be caused in part by silicic acid associated 
naturally with clays. 

Table 1 shows the effect of varying the initial concen- 
tration of silicio acid on the magnitude of AZng for an 


Table 1. BYVECT OF VARIATION IN THE INITIAL CONOBNTRATION OF SILICIO 
ACID ON THER AMOUNT OF ZINO SORBED BY MONTMORILLONITE 


Billote seid Zinc sorbed zns 
(molar) (xmoles/g) (amoles/e) 
2-11 0 

O2 x 10 2-48 037 
O4 x 10-* 2-68 O57 ° 
0-8 x 10“ 2-77 0-06 
12x 104 8-03 0-92 
16x 104 38-09 098 
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2 4 8 8 10 12 
Molarity of Zn in solution (x 105) 


. The effect of pH, xino conoontration and added silicic acid 

nET pwmoles/mL) on the sorption of mno ies montmorillonite in 0-05 

molar calcium chloride. No added silicic aci H 45; A, E n 0; 
C pH 6-0. Buicio acid added: @, pH 4-5; NE 50; W, pH 6-0. 


equilibrium concentration of 6x10 molar zinc at 
pH 6; AZngi increased with increasing silicic acid m 
solution, at least up to an initial level of 1-6 x 10 molar 
in the example given. The adsorption of silicio acid by 
montmorillonite cannot be measured readily because of 
the irreversible release of silicon by the solid, but tests 
showed that the adsorption of silicic acid increased with 
pH and silicic acid concentration over the limited range of 
conditions in these studies: the precipitation of amorphous 
silica is unlikely at the concentrations of silicic acid used. 
The results suggest that the increased sorption of zinc is 
related to the amount of silicic acid adsorbed. 

The evidence indicates that over a wide range of pH 
and zinc concentration there is an interaction between 
zine and silicic acid which is probably restricted to an 
adsorbed layer rather than in a separate zinc silicate 
phase. Furthermore, in the presence of clay and at higher 
pH values and/or increased zinc concentrations precipita- 
tion of a separate phase which contains zinc, and probably 
silicon, is favoured by the addition of silicic acid. This 
precipitation is observed to take place under conditions 
different from those in the absence of clay presumably 
because of the higher concentrations of reactants at the 
clay surface which may in turn provide a template for 
layer silicate formation. 

Other aspects of this problem, including the mechanism 
by which adsorbed silicic acid increases the sorption of 
heavy metal cations, the application to other surfaces 
and cations are being investigated and will be presented 
fully later. Preliminary results show that this reaction 
also apples to cobalt. 

These results have implications in the synthesis of 
silicates in weathering environments containing low 
concentrations of reactants in solution and assist in under- 
standing the reactions by which heavy metal mioro- 
nutrients become less available to plants. 


K. G. Tome 
C.S.I.R.O. Division of Soils, 
Adelaide, South Australia. 
Received March 7, 1967. 
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BOOK REVIEWS 


MATHEMATICS IN BIOLOGY 


Mathematical Biosciences 

An International Journal. Vol. 1, No. 1 (March 1967). 
Edited by Richard Bellman. Pp. v+141. Subscription 
rate: Volume 1 (four parts), $20.00, plus $1.00 postage. 
Single copy price, cluding postage, $6.50. (New York: 
American Elsevier Publishing Company, Ine., 1967.) 


Onz’s heart usually sinks when one sees that yet another 
scientific journal has been launched by a commercial 
publishing company; already there are so many journals 
that one despairs of being able to keep up with the 
hterature even in a closely defined subject. But perhaps 
the growth of the scientific hterature should be viewed as 
a process of evolution by variation and natural selection. 
When the intellectual environment offers new ecological 
openings it is mevitable that new journals should be 
formed to provide niches for those novel ideas which 
cannot easily be classified under previously existing 
headings. At the present time there is undoubtedly a 
revolution afoot in the area of study which touches biology 
on one side and systems analysis on the other. One sign 
of the frenzied activity ın this field ıs the prohferation of 
new names which attempt to describe this still unformed 
subject. To mention but a few: “Bionics”, ‘“Neuro- 
communications”, “Ergonomics” and now “Mathematical 
Biosciences”, which is the name of the new journal pub- 
lished by Élsovier and edited by Richard Bellman. 
Bellman founded the theory of dynamic programming, 
and has a mind to be seriously reckoned with. He sees 
the need for sophisticated mathematical models in the 
study of biological systems, and the first number of this 
journal bears witness to bis faith. The papers cover 4 
wide spectrum of problems, ranging from fairly conven- 
tional mathematical studies of biochemical kinetics, 
through theoretical studies of evolutionary processes and 
immunological responses, to what one might call “‘arti- 
ficial biology” represented by an attempt to construct 
programmes which simulate meani human con- 
versation. (This last paper, which is the first m the 
journal, obviously owes much to Weizenbaum’s pioneer 
work at M.I.T.) Altogether a fascinating potpourri. 
Mathematical Biosciences will probably serve up a lot 
of skimmed milk before it produces very much cream, 
but one should not worry too much about this; bad work 
does not seriously affect the production of good, and 
science tends to proceed by the exploration of all possible 
blind alleys. Much of what is published in this journal 
will undoubtedly infurate those biologists who resent 
the intrusion of the biologically inexpert mathematician; 
but if, as seems certain, the new journal publishes one 
important paper in a hundred it will have justified its 
existence. H. C. LONGUET-HIGGINS 


INFORMATION PLEASE 


The Use of Biological Literature 

Edited by R. T. Bottle and H. V. Wyatt. Pp. ix+ 286. 
(London: Butterworth and Company (Publshers), Ltd., 
1966.) 589. 


Tams book would have been better arranged as a text 
dealing with the matter of the first sıx chapters: the 
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problem of the information explosion, the use of libraries, 
primary publications, secondary publications (abstracts, 

ices, reviews, monographs, textbooks, and reference 
books), foreign serials and translations. This would have 
been followed by lists of books and journals (preferably 
annotated) for each field of biology classified under the 
primary and secondary headings. As it is, the authors of 
the next ten chapters dealing with the various fields have 
mostly embedded their lists in review-type articles. The 
contortions of ‘elegant variation” this involves are often 
tiresome and so is the frequent repetition of matter already 
covered in the introductory chapters. These are the 
consequences of the attempted compromise between a 
reading book and a reference book. 

The scope of biology is so vast that the coverage of 
each field is necessarily restricted but generally adequate. 
As an endocrinologist/physiologist I find my field rather 
cursorily dealt with (physiology is combined with anatomy 
and pathology in a chapter written by a pathologist) and 
was distressed to find no reference to the Bibliography of 
Reproduction, This is a mini-Medlars run from Cambridge 
which also provides at a reasonable price individually 
tailored bibliographies. Should the Government decide 
that we cannot afford the elaborate computerized systems 
that the Americans can, then this is the sort of service 
that may he within our means even without Government 
aid. 

It is useful (but how useful ?) to have chapters dealing 
with patent and trade literature and amusing to have 
H. V. Wyatt's epilogue tilting at current foibles and 
fatuities of biological publication. There are appendixes 
on the terminology of “reprography” and a set of practical 
exercises based on the book and used ın a graduate course 
on information. (I assume the misprint in Exercise 4 (7) 
1s intended to ensure that the book has been read.) 

For a reference book, the index is rather thin. Ringdoc 
18 not indexed but is dealt with in the abstracts chapter 
where the publisher is given but not the information that 
Ringdoc is a private service to the pharmaceutical ın- 
dustry. This is found in the patents chapter and this 18 
the only page reference under the publisher’s entry in the 
udex. A glossary of acronyms might also be useful—I 
was stumped by ABCC Technical Reports, and BEPS 
(page 103) is puzzling in a reference to The Invertebrata 
when two of the authors’ names are omitted, though 
correctly given in a later chapter (page 2265). 

The criticisms of the form of the book do not mean 
that it will not be extremely useful, particularly to young 
biologists who have had no training in information—-and 
that is most. It is therefore all the more pity that the 
publishers have costed it as a scientific book (£1 for 100 
pages) and not as a reference book. It is the old story: 
the biologist is priced out of the market and the librarian. 
is held to ransom. P. ©. WLAS 


MEDICAL FACTS 


Stedman’s Medical Dictionary 

A Vocabulary of Medicine and its Allied Sciences, with 
Pronunciations and Dervations. Twenty-first edition. 
Pp. xlix + 1836+41 plates. (Edinburgh and London: 
E. and S. Livingstone, Ltd., 1966.) 105a. 


Onm can sympathize with the compilers of the new 
edition of Stedman's Medical Dictionary for the task which 
must have faced them. Since the twentieth edition of 
this book was published in 1961, they have found no 
fewer than 9,183 new words to go into it, and have had 
to revise the entries dealing with a further 8,897. If the 
British Medical Dictionary is the Ozford English Dictionary 
of medicine, then Stedman's is its Webster. Like Webster, 
Stedman’e has come down firmly on the side of the view 
that the job of a dictionary is to record medicine as she 
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is spoke: the editors have no right, in their view, to 
carry out etymological surgery on malformed words. 
They do, however, indicate in the introductory part of 
the book the rules on which words should be formed, and 
undertake to guide the reader through the pitfalls of 
medicalese. As might be expected, American spelling is 
used fairly consistently throughout. This should not 
prove an insuperable barrier to British readers, however, 
because the differences ım the spellings are explained in 
detail. 

A final decision on whether or not the dictionary is a 
good one will have to come only after it has been used 
for some time, but it seems to be comprehensive and easy 
to use. It is illustrated by plates and line drawings, 
although some of the latter seem to have been selected 
rather arbitrarily. The book is easy to handle, printed 
on durable paper, and its price does not seam excessive. 

J. Spanoxe 


LYMPHOCYTES EVERYWHERE 


The Lymphocyte In [Immunology and Haemopolests 
Edited by J. M. Yoffey. (The Symposium held at Bristol, 
April 1966.) Pp. viii+ 3876. (London: Edward Arnold 
(Publishers), Ltd., 1967.) 120s. net. 


Prorsssor Yorsuy has a reputation as the “Grand Old 
Enfant Terrible” of students of the lymphoid system. 
Introducing this symposium he describes with candour and 
modest pride how his ideas, which but a short while ago 
interested few, have gradually come to be proved both 
wrong and right. There is now an impressive accumulation 
of data on the morphology, origin, circulation, life-span 
and potentialities of the small round cells collectively 
known as lymphocytes. Each method of investigation 
produces its own classification so that, for example, the 
cells are described as large and small, long-lived and short- 
lived, thymic and non-thymio-dependent (or derived), 
transformable or untransformable and with or without 
stem-cell potentiality. 

This symposium of forty-three rather varied papers 
attempts with partial success to correlate some of these 
observations. Morphology and the response to phyto- 
haemagglutinin are dealt with adequately but without 
much new or significant detail. The kinetics and role of 
thymus-derived lymphoctyes are clarified in papers by 
P. ©. Koller, D. Metcalf, J. C. Schooley and their co- 
workers; other aspects of the immune activity of lympho- 
cytes are described, notably by P. J. McCullagh and J. L. 
Gowans and by T. N. Harris, K. Hummeler and Susanna 
Harris. 

The origin from lymphocytes of cells with a phagocytic 
property is discussed by J. G. Howard, J. L. Boak and 
G. H. Christie; theirs is certainly the best evidence for 
such a transformation, but its extent and importance have 
yet to be elucidated. Similarly the significance of the bone 
marrow lymphocytes remains uncertain; they appear to 
be a rapidly proliferating population of cells, but the degree 
of their stem-cell potentiality and the fate of their progeny 
are open questions. 

Many other problems remain unsolved and in some 
instances there is, on the surface at least, a conflict of 
evidence. For example, the effect of incubation at 37° C 
on potentially immune cells appears to be either the 
abrogation of tolerance (McCullagh and Gowans) or 
immunosuppression (Mathe and others). This may be 
only an apparent paradox but it is the sort of point where 
publication of the discussion or some sort of final synthesis 
might have been useful. This volume contains neither 
and its value is thus diminished; it will nevertheless be 
essential reading for all who are seeking to unravel the 
complexities of the lymphocyte—or lymphocytes. 

EH. E. M. Kay 
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COLLECTED SEQUENCES 


Atlas of Protein Sequence and Structure 1966 

By Richard V. Eck and Margaret O. Dayhoff. Pp. xix+ 
215. (Silver Spring, Maryland: National Biomedical 
Research Foundation, 1966.) $3.50. 


Som Sanger’s pioneering work on the amino-acid 
sequences of insulin, a number of technical developments 
have simplified the work of determining protein primary 
structure very considerably. Most important, obviously, 
is the automatic amino-acid analyser, but qualitative 
techniques, such as fingerprinting, have also made 
valuable contributions. As a result, the number of com- 
plete sequences known is increasing rapidly, so rapidly, 
indeed, that it becomes difficult to keep track of them. 
Herein lies the major value of the Atlas; all the amino- 
acid sequences which had been established before July 
1966 are presented, transcribed into a standard format 
for ease of comparison. The list is impressive—twenty 
cytochromes c, some fifteen haemoglobins, seventeen 
insulins and about a hundred other assorted proteins and 
peptides. A description of seventy-seven abnormal human 
haemoglobins 18 also included. Anyone concerned with 
protein structure from the point of view of either research 
or teaching must find this useful. 

Having accumulated such data, what do we do with 
them ? One answer to this is given in the latter part of this 
volume, where the basic principles of the determination 
of phylogenetic relationships from protein structural com- 
parisons are discussed. While these studies should 
ultimately lead to a truly quantitative measure of inter- 
species relationships, insufficient data are yet available to 
provide any new insights. This discussion does no more 
then illustrate the method and explore some of ita weak- 
nesses. Thus, it is clearly unreasonable to expect that a 
single protein, contains a record of the entire evolutionary 
process or that different proteins will necessarily tell the 
same story; not only must many more species be sur- 
veyed, but also many different proteins must be examined. 

The authors also include the structures of three types 
of yeast transfer RNA. From these an attempt is made 
to derive the nucleotide sequence of the original primeval 
transfer RNA; this scarcely seems either possible or 
profitable with so little information to work from. 

Although the book is generally well produced, the use 
of a number of fold-out diagrams makes it rather untidy. 

I. QG. JONES 


MODELS FOR BIOLOGY 


Natural Automata and Useful Simulations 

Edited by H. H. Pattee, E. A. Edelsack, Louis Fein and 
A. B. Callahan. (Proceedings of a Symposium on Funda- 
mental Biological Models held at Stanford University.) 
Pp. v+204. (Washington, D.C.: Spartan Books; 
London: Macmillan and Co., Ltd., 1966.) 568s. 


Natural Automata and Useful Simulations is one of those 
books which emerge from scientific symposia, and bears 
the usual signs of such an origin. The symposium must 
have been very good fun, if only because of the variety 
of able people who took part. The different chapters, 
each of which represents a paper which was contributed 
to the symposium, vary greatly in readability. The first 
one, entitled “Global Properties of Evolution Processes”, 
is almost completely unreadable, for the authors do not 
define their biological problem properly but plunge straight 
into a mixture of algebra, flow diagrams and programming 
technicalities. The second chapter is about self-reproduc- 
ing automata. The said “automata” are strings of symbols 
to which the authors apply the eye of faith in identifying 
their transformations with definite stages in the repro- 
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ductive cycle of a cell. The fourth chapter is an interesting 
historical account of the use (often misleadmg) of simula- 
tion experiments in biology. Its principal attraction 18 
the delightful antiquated illustrations. The fifth and sixth 
chapters describe the simulation of cardiac and visual 
activities; in the latter, Frank Rosenblatt describes the 
performance of a new kind of perceptron. The seventh 
chapter is a valiant attempt to use Fourier transforms in 
analysing biological tracer data, but concludes with some 
rather discouraging comments. The most entertaining 
chapters are the thirdand eighth. Pattee’s chapter reveals a 
clear logical mind looking at the origin of life from the 
point of view of a physicist, and the chapter by Louis Fein 
18 a trenchant sermon on the need to clarify one’s objectives 
before attempting to simulate any particular biological 
process. Fein distinguishes five kinds of simulation: 
investigation, education, emulation, imitation and stimu- 
lation. He suggests (convincingly enough) that many 
simulators do not know whether they are trying to dis- 
cover something about a system, trying to explain it to 
somebody else, trying to copy it or trying to clarify ther 
own ideas about it. All these goals are worthwhile, and 
they may even be combined together, but simulation 
experiments without a clear purpose are generally of very 
little use to anybody. 

The book is a better 568.-worth than most such col- 
lections. H. ©. Loneumr-Hicems 


EMBRYOS IN THE LABORATORY 


The Culture of Vertebrate Embryos 

By D. A. T. Now. Pp. xi+ 2454+16 plates. (London: 
Logos Press, Ltd., in association with Elek Books, Ltd., 
1966. Distributed by Academic Prees, New York and 
London.) 112s. 


Eunryro.oaisrs have always had to face the problem of 
trying to persuade the animals they study to provide 
living embryos at a convenient time and place. Too 
many teachers of vertebrate embryology fail to face up to 
this challenge, and turn their practical classes solely into 
an attempt to reconstruct, from serial sections, the three- 

dimensional changes undergone by the embryo through 
time. Students, by handling living embryonic material 
themselves, and by performing their own grafting or vital 
staining experiments, obtain a better insight into the 
dynamic processes of development than is given by a 
study of slides alone. Guided by practical experience 
gained in studies of the development of a great variety of 
animals Dr. New has selected for description in his book a 
rather small number of species, chosen as far as possible 
to represent the major vertebrate groups, all of which can 
be made to produce living embryos at a particular stage of 
development at a specified time in any period of the year. 
Dr. New, who has had considerable experience of culturing 
mouse, rat and chick embryos, has made a most useful 
compilation, from many not readily available sources, 
of information on obtaining living embryos from the 
selected species, and on the variety of methods by which 
they can be cultured. There is also a fully dlustrated 
description of the embryonic stages of four of the 
species. 

Fish are represented by the trout, the Japanese mekada 
(Oryzias, an aquarium fish), and the killifish (Fundulus). 
The stages of development of Fundulus are illustrated 
(unfortunately, Fundulus is not available in the United 
Kingdom, but its development is considered to be charac- 
teristic of teleosts). 

Human pregnancy testing has brought deserved fame 
to the South African clawed toad, Xenopus, whose develop- 
ment is illustrated and whicb ia considered in detail. 
Xenopus has the great advantage that it is easily main- 
tained in the laboratory in a fertile condition throughout 
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the year, and that breeding can be artificially induced in 
both male and female by injections of gonadotrophic 
hormone of either human or amphibian origin. Other 
amphibia are leas convenient, often having a restricted 
breeding season, and requiring the injection of amphibian 
pituitaries into the female, and the sacrifice of the male to 
obtain spermatozoa for artificial fertilization. Breeding 
and rearing methods for the axolotl are also described. 

Reptile embryology is represented by a description of 
the hzard Lacerta vivipara. Unfortunately, embryologiste 
must rely on stalking pregnant female lizards (or finding 
eggs in other species) ın the wild. By contrast, hen eggs 
are more tractable material and can be used for a wide 
variety of experimental purposes: methods are described 
for injecting substances into albumen, yolk, or blood 
vessels, for vital staining, for excision and for grafting 
on to the chorio-allantoic membrane. Alternatively, the 
blastoderm may be explanted from the yolk and grown 
on the vitelline membrane or on agar-albumen clots. An 
illustrated table of chick development is given. Mammals 
are represented by an account of methods of obtaining 
and culturing mouse and rabbit blastocysts, and Dr. New 
describes his own methods of obtaining and culturing 
post-implantation rat and mouse embryos. 

There is a serious shortage of compact guides to growing 
embryos in the laboratory. Embryologista will find Dr. 
New’s practical handbook an indispensable addition to 
Rugh’s Experimental Embryology (1962) which, by com- 
parison, is sketchy on mammals, ignores reptiles, and 
fails to emphasize the advantages of Xenopus. Rugh’s 
massive compilation, however, remains essential: it 
contains, for example, illustrated developmental tables 
of seven amphibian and three fish species, together with 
detailed experimental procedures, particularly for the 
amphibia. The price of Dr. New’s book seems high: 
Rugh contains well over twice as much material, and yet 
costa considerably less. Dr. New’s book, in dealing 
“fairly fully with a few embryos rather than scrappily 
with many”, has the advantage of compactness. 

If the ideas in this book are put to good use in schools 
and universities, then practical classes in embryology will 
become much more exciting, and research workers will 
be given a stimulus to widen their field of activity. 

J. R. HINOHLIFFE 


GRASSLAND RESEARCH 


Nitrogen and Grassland 

Edi by P. F. J. van Burg and G. H. Arnold. (Pro- 
ceedings of the First General Meeting of the European 
Grassland Federation, Wageningen, 1965.) Pp. 234. 
(Wageningen: Centre for Agricultural Publications and 
Documentation, 1966.) 25 D. fi. 


Tae European Grassland Federation was constituted in 
1963 to facilitate and maintain close contact between 
European grassland organizations, to promote the inter- 
change of scientific and practical experiences between 
grassland experts, and to initiate symposia and other 
meetings between European grassland organizations. 
Membership is open to national or representative grass- 
land organizations in Europe. Full details of the con- 
stitution are given in this, the proceedings of the first 
general meeting of the Federation, which was held at 
Wageningen, Netherlands, in July 1965, and was attended 
by more than 100 delegates from seventeen European 
countries. 

The subject was the same as the title of this volume, 
Nitrogen and Grassland. Soil nitrogen, nitrogen and 
herbage yield, nitrogen and herbage quality, nitrogen and 
beef production, and nitrogen and the economy of dairy 
farming were considered in separate sessions. Inadequacy 
in the supply of nitrogen from the soil, from legumes and 
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from fertilizer most commonly limits the efficiency with 
which the grass crop makes use of the other resources of 
its environment, and considerable emphasis was placed on 
the advantages, both technical and economic, to be 
obtained from an increased use of nitrogen fertilizer. There 
was no evidence that the greater quantity of herbage 
obtained through the use of nitrogen fertilizer resulted in 
poorer quality. It was, however, emphasized that the 
application of nitrogen would only be economically 
effective if the whole system of management was adapted 
to it. All the papers, and the substantial contribution of 
those who opened the discussions, are printed in full with 
tables and diagrams. There is also a summary of the 
general discussion which concluded each session. 

The second general meeting is to be held in France 
during May 22-27, 1967, and the subject will be technical 
and economic evaluation of grassland at the level of the 
farm. In 1968 a symposium on hill land productivity will 
be held in Scotland. C. R. CLEMENT 


LOOKING AFTER ANIMALS 


The UFAW Handbook on the Care and Management 
of Laboratory Animals 

Edited by the Staff of UFAW with the assistance of W. 

Lane Petter, A. N. Worden, Berton F. Hill, J. 8. Paterson 

and H. G. Vevers. Third edition. Pp. xvi+ 1015. 

(Editburgh and London: E. and §. Livingstone, Ltd., 

in collaboration with UF AW, 1967.) 120s. net. 


Tum first edition of the UFAW Handbook on the care and 
management of laboratory animals appeared in 1947 
and immediately became an important influence for the 
improvement of laboratory anımal care. With this first 
edition 1t became a standard reference text, to be found 
and consulted in every laboratory where experimental 
animals are bred or kept. In view of this, each edition 1s 
studied for its content of new information and the lead 
16 gives in this rapidly developing subject. 

With this third edition the problems of collecting the 
contributions from sixty-five authors from ten countries 
became increasingly difficult, and the editors inform us 
that this edition has been five years in preparation and 
then rapidly edited by the UFAW staff. Thus it is not 
surprising that this edition is no longer fully up to date 
or that the chapters themselves differ greatly in both 
approach and factual content. 

In the introduction Sir Peter Medawar sets out the aim: 
“The UFAW Handbook is aimed at senior animal-tech- 
niciang and research workers using animals of a particular 
species for the first time”. 

The book itself is in four parts. Section 1 consists of 
general considerations and includes animal house design 
and equipment, where Dr. Lane Petter expands his own 
special contribution to this subject. Other chapters 
raclude general introductions to anaesthesia and euthan- 
asia, hygiene, breeding methods, nutrition, germ-free and 
specific pathogen-free animals. The chapters on the 
animal technician and on handling animals are excellent 
surveys and this section is packed with the basic informa- 
tion for general laboratory animal care and should be 
read by everyone designing a new animal house or renovat- 
ing an old one. 

Sections 2, 3 and 4 deal with individual species and 
groups of animals: rodents, lagomorphs and insectivores; 
carnivores, ungulates and primates; birds, poikilotherms 
and invertebrates respectively. These chapters contain a 
great deal of factual information as well as the authors’ 
opinions. Some are not direotly applicable, for cages for 
chimpanzees are likely to be different in the United 
Kingdom from those used in Florida. 

New species which are now firmly established as labora- 
tory animals include the coturnuix quail, gerbils and 
African baboon, while attention is given to insectivores 
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with an excellent chapter on the hedgehog and notes or 
the shrews, but nothing as yet on the marmoset or squirre 
monkey. It is questionable if the larger domestic animals 
cows and horses should be included; few are used andi 
much information is available elsewhere. 

While every user of laboratory animals will turn to this 
volume as a first source of information, it is in these 
chapters on individual species that the purpose of this 
volume is unclear. Should it provide a general introduc- 
tion, but with full references, or contain full details ? 
And here the treatment varies between these two ideas. 
A standard approach by the editors would have helped. 
Notes on diseases without further reference can be mis- 
leading and present a problem of where to turn for further 
information. 

Gross errors seem few; for example, Fig. 30 on page 123 
is inverted. The format in some cases wastes space, as 
on page 38 where a heading and two lines of text occupy 
1:6 in. of page. Perhaps too many of the old illustrations 
have been retained; most purchasers of this edition will 
have the older one to refer to: a stainproof cover would be 
useful, as would stronger binding, to stand the constant. 
hard use this book usually receives. 

A short index is provided, but, as in the earlier volumes, 
it is no more satisfactory. For monkeys it lista the vervet, 
but not the other African species included in the text. 
Galago crassicaudatus is listed; but under Macaca it 
reads “see monkeys”: while the only entry under 
Primates reads “personal safety” ! 

In view of the long delay in the preparation, and the 
uneven nature of the chapters in this edition, now is 
perhaps a good time to revise this project and the aims 
of the future editions. 

In spite of these rather irritating faults, this volume 
is packed with reliable information, and the editors and 
UFAW are to be congratulated for undertaking this 
work, and for bringing together so many different con- 
tributors on the subject of laboratory anımal care. 

As with the earlier editions this remains the standard 
text, and necessary for all laboratories where experimental 
animals are bred and used. M. Lanoasrer 


USEFUL MUTATIONS 


Mutations in Plant Breeding 

(Proceedings of a Panel on Co-ordination of Research 
on the Production and Use of Induced Mutations in 
Plant Breeding, held in Vienna, 17-21 January, 1966, 
Panel Proceedings Series.) Pp. 271. (Vienna: Inter- 
national Atomic Energy Agency; London: H.M.8.0., 
1966.) 155 schillings; 42s. 4d.; $6. 

Ty his classıc 1927 paper in Science, ‘‘Artificial Transmuta- 
tion of the Gene,” in which X-ray induced gene mutations 
were first described, H. J. Muller indicated the restrictions 
that were at that time imposed on genetic research by 
the infrequent origin of new genetic variation by muta- 
tion. He went on to point out that, “Modification of the 
innate nature of organiams, for more directly utilitarian 
purposes, has of course been subject to these same 
restrictions, and the practical breeder has hence been 
compelled to remain content with the mere making of 
recombinations of the material already at hand, providen- 
tially supplemented, on rare and isolated occasions, by 
an unexpected mutational windfall”. Later in the same 
paper, in discussing the usefulness of X-ray treatments 
in genetical research, Muller also suggested that, “... for 
the practical breeder, it is hoped that the method will 
ultimately prove useful’. Subsequent experience has 
justified the caution with which the optimism of this 
prognostication was tempered, for artificially induced 
genetic variation, giving agricultural benefits, has only 
been incorporated in commercial crops in the present 
decade. 
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The reasons for the long delay in exploiting induced 
mucutation are, in part, apparent from this volume in which 
«re recorded the contributions made to a specialist meeting 
»y twenty-six workers who are pre-eminent ın the field. 
“ive contributions from a total of seventeen deal primarily 
with the techniques rather than with the results of muta- 
ion breeding. The delayed use of mutation breeding 
manrose from the difficulty of resolving some of the practical 
oroblems discussed in these papers. These concern the 
ype of mutagen to use, the dose and the stage of the hfe 
xycle of the plant to treat. When seeds are treated ıb is 
ecessary to know what conditions of water content, 
Eo and oxygen concentration should be main- 
“atained before, during and after the treatment. Finally, 
waproblems are posed by the difficulty of recognizing bene- 
ficial genetic changes ın quantitative characters. 

Enough 1s now known about all these problems for 
mutation breeding to be used in practice. A crucial step 
in attaining this position resulted from thé addition of 
chemical mutagens to the physical agencies previously 
employed, and ıt is useful to have, in this book, a contribu- 
tion from H. Heslot, who has played a significant part in 
the study of chemical mutagenesis. 

Eight of the papers concerned with the results of 
mutation breeding on particular crops deal with barley, 
four with wheat and one each with maize, rice and peas. 
Substantial evidence is provided of the mmprovements 
thet can follow the application of mutation breeding. 
The most dramatic example, by Nilan, describes the results 
of the treatment, with diethyl sulphate, of the barley 
variety “Alpine” which is cultivated in the State of 
Washington. In 1966, five years after the treatment, a 
“mutant product was released to growers as a variety to 
replace “Alpine”. During three years of trials this 
mutant yielded from 109 per cent to 119 per cent of 
“Alpine”, depending on fertility conditions. It is 6 in. 
shorter than “Alpine” with much better resistance to 
lodging end has an increase of more than one spike on 
each plant. By any standards this is a remarkable piece 
of plant breeding—the short time taken between the first 
manipulation and the release of the variety representa a 
“considerable achievement. 

Mutation breeding can therefore produce the goods, 
and consequently every plant breeder must consider his 
task and decide whether his aims can more easily be 
attained by the manipulation of pre-existing variation or 
by the induction of new variation. In reaching a decision 
many factors must be considered, among which will be 
the potentialities of mutation breeding. The assessment 
of these potentialities will be aided by this book, and 
particularly by the scientific recommendations formu- 
lated by the panel whose meeting 1t records. 

Rara ROEY 


MATERIALS ASSESSED 


Nondestructive Testing 

By Warren J. McoGonnagle. Second edition. Pp. xi -+ 455. 
(Now York and London: Gordon and Breach, 1966. Dis- 
tributed in the United Kangdom by Blackie and Sons, 
Ltd.) 2008. 


THis (undated) edition is described as the second; the 
first appeared in 1961. There is no special preface, so the 
changes made in the new edition are not apparent. What 
is clear is that no reference has been made to any work 
published since the first edition, so that the book effec- 
tively states the position in the various subjects reviewed 
as it stood about 1960. Much of the detail ıs thus outdated, 
and the reproduction of, for example, electronic circuits 
of 1957 vintage is frankly a waste of effort. 

- The book covers all the important techniques: visual; 
liquid penetrants; thermal; X-ray radiography; gamma 
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electrical, with special emphasis on eddy currents. It also 
deals specially with thickness measurements. There is a 
lot of good material in it, and ıt is an admirable text for 
someone seeking a way into the subject, but a very 
different text can be written to-day ın the light of the 
great amount of research and development undertaken in 
this field in the past seven or eight years. Both tho 
instrumentation aspects and the materials interpretations 
(for example, the influence of structural features in metals 
on the absorption of energy) have been strongly advanced, 
and it is regrettable that the opportunity was not taken 
to comb out the out-dated parts of the text and incor- 
porate some new additions. 

It seems hard to have to follow up such comments with 
criticism of another kind. The fact that the book 18 not 
very elegantly produced is not in itself a serious fault, but 
the reproduction of photographs on totally unsuitable paper 
18. The reason why some of the figures appear at allis a 
mystery, and in the cases where a good photograph is 
the best way to ulustrate a point, the result is frankly 
lamentable. This is a terribly expensive ten-pounds-worth. 

A. J. KENNEDY 


AUTOMATED LIBRARIES 


Brasenose Conference on the Automation of Librarles 
Edited by John Harrison and Peter Laslett, (Proceedings 
of the Anglo-American Conference on the Mechanization 
of Library Services, held at Oxford under the Charman- 
ship of Sir Frank Francia and sponsored by the Old 
Dominion Foundation of New York, June 30-July 3, 
1966.) Pp. xv+173. (London and Chicago: Mansell 
Information/Publishing, Ltd., 1967.) 45¢.; $6.50. 


For several years now there have been studies of the 
application of computers to library processes and services, 
and enough work has been carried out to provide a 
reasonable body of expertise in this field. It was timely, 
therefore, that in mid-1966, thanks to the generosity of~ 
the Old Dominion Foundation of New York, an Anglo- 
American Conference on the Automation of Libraries was 
held in Oxford. 

The proceedings of the conference provide a useful 
progress report on a cross section of American work with 
much emphasis on the application of computers to 
cataloguing problems rather than to other equally 
fundamental problems of-library management. Perhaps 
the most interesting paper is that describing the plans— 
now in operation—for a pilot study on the distribution 
of machine readable cataloguing data (Project MARC). 
There are two important contributions from Britain. 
The first is a joint paper from the British Museum, tho 
Bodleian Library and Cambridge University Library 
which hints at the possibility of co-operative cataloguing. 
The second contribution is perhaps of greater umportance 
for most librarians in Britain and is a paper on the 
plans of the British National Bibliography to produce a 
machine readable catalogue entry for every British book 
at the same time as, or even before, its publication. It 
seems a pity, however, that there is no account in the 
proceedings of work such as that carried out at the 
Universities of Southampton and Newcastle and at the 
Atomic Weapons Research Establishment, Aldermaston. 

The editors state that it was for the most part a matter 
of the American delegation expounding and the British 
listening and learning. Even at this early stage it is 
doubtful whether we in Britain need take quite such a 
humble view of our own activities, and ıt is to be hoped 
that this conference is but the precursor of others at 
which a more representative contingent from the British 
school can in turn offer their experience to their American 
colleagues. H. T. Hooxway 
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University News: Edinburgh 


De D. Mioum, at present reader in the Department of 
Machine Intelligence and Perception, has been appointed 
to a personal chair in machine intelligence. 

Nottingham 


Dr W. Surra, at present senior principal scientific officer 
at the Ministry of Technology, Warren Spring Laboratory, 
Stevenage, has been appointed to the Lady Trent chair 
of chemical engineering and the headship of the Depart- 
ment of Chemical Engineering, on the retirement of Pro- 
fessor R. Edgeworth Johnstone. Dr G. H. A. Hübscher, 
at present senior lecturer in the Department of Medical 
Biochemistry and Pharmacology in the University of 
Birmingham, has been appointed to the chair of bio- 
chemistry. 


Ulster 


Da N. J. Grason, of the University of Manchester and at 
present visiting associate professor in the Department of 
Economics in the University of Wisconsin, has been 
appointed to the chair of economics, and Dr R. H. Tred- 
gold, reader in physics in the University College of North 
Wales, has been appointed to the chair of physics. 


Appointments 


De Cmarres L. Doweam, at present director of the 
Division of Biology and Medicine of the US Atomic 
Energy Commission, has been appointed chairman of the 
Division of Medical Sciences of the US National Research 
Council, in succession to Dr R. Keith Cannan. 


Announcements 


Tæ following have been elected fellows of the Australian 
Academy of Science: Dr J. A. BARKER, chief research 
scientist in the CSIRO Division of Physical Chemistry, 
Melbourne; Proresson P. O. Bissor, professor of 
physiology ın the University of Sydney; Prorsssor R. 

URY Brown, professor of physics in the University 
of Sydney; Dr A. MoL. Marureson, chief research 
scientist in the CSIRO Division of Chemical Physics, 
Melbourne; Proressor G. J. V. Nossaz, director of the 
Walter and Eliza Hall Institute of Medical Research, 
Melbourne; Dra J. R. Pump, assistant chief of the 
CSIRO Division of Plant Industry, Canberra; Dr 
R. O. SLATYER, associate chief of the CSIRO Division 
of Land Research, Canberra. 


Tue prizewinners of the Feldberg Foundation awards for 
1967 are Professor R. Stémpfli, of the I. Physiologisches 
Institut, Universitat des Saarlandes, who will lecture on 
“Progress on the Node of Ranvier” at the Department of 
Physiology, University College London, on May 23, and 
Professor W. A. H. Rushton, of the Physiological Labor- 
atory, Cambridge, who will lecture on “The Chemical 
Basis of Colour Vision” at the Zoological Institute of the 
University of Munich on June 14. The Feldberg Founda- 
tion for German-English Scientific Exchange was estab- 
lished in 1961 to promote Anglo-German friendship in 
medical and biological science. 

Tan E. O. Lawrence Memorial Award has been awarded 
by the U8 Atomic Energy Commission to the following: 
Morreme M. Ergun, of the National Cancer Institute, 
US National Institutes of Health; Joun M. Gooery, of 
the Union Carbide Nuclear Division, Oak Ridge; ALLAN 
F. Henry, manager of reactor theory, Bettis Atomic 
Power Laboratory, Westinghouse, Pittsburgh; Jom O. 
Rasmussen, senior staff member of the Lawrence Radia- 
tion Laboratory and professor in the University of Cali- 
fornia; Rosrrr N. THOEN, group leader in the Theoretical 
Division, Los Alamos Scientific Laboratory, Los Alamos. 
Each scientist received a cheque for $5,000, a citation 
and a gold medal. 
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Tua American Geophysical Union has made the followin 
awards: Twenty-ninth William Bowie Medal to Dr Lloy 
V. Berkner, chairman of the board of the Southwes 
Center for Advanced Studies, in recognition of his com 
tributions to fundamental geophysics; Sixth John Adar 
Fleming Medal to Dr E. H. Vestine, of the Rand Cor 
poration, Santa Monica, for his research into fundamente 
aspects of geomagnetism, atmospheric electricity arema 
aeronomy; Sith James B. Macelwane Award to Dr M 
Talwani, professor at Columbia University, in recognitiorm= 
of his contributions to the geophysical sciences. 


CORRESPONDENCE 


Is Weather Predictable? 


Sm,—Your leading article of April 29 is in need ojmm 
some correction which I will attempt to provide by 
reminding your readers of a previous News and Views» 
item (211, 223; 1966). 

It is unfortunately true that some extravagant claime 
have appeared recently in the press to the effect that the 
meteorologist will be able, almost without question, to» 
provide an accurate, objectively based forecast for some 
two weeks ahead if a global description of the atmosphere. 
ww available to him st the initial time. Such claims can 
embarrass the informed meteorologist as they could mislead 
the public. They arise, however, because the meteorologist 
does begin to see the possibility of making such forecasts. 

The position is, as your earlier column stated, that the 
meteorologist is anxious to determine how far ahead 
(beyond the presently achieved couple of days) and in 
what detail the evolution of the atmosphere is predictable 
and he is seeking his way forward to undertaking this 
ambitious test with the theory currently developed by him. 
This is the basis of the proposed Global Atmospheric 
Research Programme (GARP). It involves a number of 
preliminary sub-programmes and, for the programme 
itself, a truly global set of observations of suitable density 
in the horizontal and the vertical. It therefore demands, 
on an experimental basis, a true World Weather Watch— 
but WWW is often used to mean much less and then has 
operational justification outside the context of GARP. 

A committee, international or otherwise, can hardly be 
charged with irresponsibility for considering the feasibility 
of such & tremendously important experiment—for the 
science and for the possible economic returns. Meteoro- 
logista would indeed be failing in their responsibility to 
society if, seeing the possibilities, they did not explore 
them. They are aware that many basio problems are 
involved, one of which (the limits of validity of the 
classical equations of motion of a fluid) has been expounded 
recently by the President of the Royal Meteorological 
Society, Dr. G. D. Robinson, and was referred to in your 
leading article and elsewhere in the same issue. This is 
not the place to argue Dr. Robinson’s thesis except to say 
that he has partly answered his own questions by reminding 
us that the equations of motion of a turbulent fluid in any 
useful form are always empirical and to be justified 
a posteriort. Science is empirical, and where it descries 
some order, as already in a large part of the evolution of 
the atmosphere, it finds that order a proper subject of its 
study. It does not advance by erecting principles of 
impossibility, except in a very few basic respects. The 
Balmer series made clessical electrodynamics impossible, 
not the other way round. 


Yours faithfully, 
P. A. SHEPPARD 


Imperial College of Science and Technology, 
London, 8.W.7. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the publio) 


Monday, May 22 


UNIVaRSErY COLLEGE LONDON (ın the Physiology. Theatre, Gower Street, 
ondon, W.C.1), at & p.m.— Prof. nba “Pathways of Phosphate 
; Senate Mifochondnial Phosphorylations” & nd of two lectures in 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W, A} at 5.80 

-Dr, T. CE Gaskell: “B lorng for Oil and Qas”. (Lecture for Fourth 
«oya and Gurls from S is ın London and the Home Counties. To be 
ypeated on May 28, 24 and 25.) 


BOYAL GEOGRAPHIOAL Soormty (at 1 Konsington Gore, London, 8. us 7), at 
15 p.m.~—Mr, Peter A. Turley and Mr, A. J. Crosbie. “An Expedition to 
ucatan and British Honduras”, 


Monday, May 22—Wednesday, May 24 


INSTITUTION OF ELZOTRIOAL ENGINBHBS (at Savoy Place, London, W. 9. 2) 
—Conference on “Frequency Generation and Control for Radio Systems” 


Tuesday, May 23 


INSTrrvUrion OF own ENGINENES (at Great parore Sires Street, Tonton, 8.W.1), 
t 5.80 p.m.—Mr, O. A. Kerengky and Mr. F. A. Partridge: Tho Recon- 
traction of the Grosvenor Ballway Bridge”. 


UNIVERSITY COLLEGB LONDON (in the Eugenics Theatre, Gower Street, 
andon, W.0.1), at 5.30 p.m.—Frau Erika Bohm-Vitense: “Periodically 
ee Stara” (First of two Special University Lectures in 
mommy, 


Tan meee LLEGB LONDON (in ie Physiology Theatre, Gower Street, 
Bondon, W C. hy at 5.80 p.m.— Prof. Dr. Ro tam pfir (Universi of the 
: “Progress on the Node of Ranvier” (Feldberg Foundation Leoturo, 


Wednesday, May 24 


CRYOGENICS Counorm (at the Royal Society; Burlington House, 
London, W.1), at 5.80 p.m.—Inaugural Meeting. Dr. K. Mendel- 
6 tiene of ryogenios in Industry”. 


OF ELRCTRONIO AND RADIO ENGINEERS, TELEVISION GRO 

wat’ 5-0 Bedford Square, London, W.0.1), at 5:80 p. ) p.m, Bymposinm on “Tele. 
vision Network Serene at the 3 Font fice Tower”. Contributions by Mr. 
R. W. Fenton, Mr. H. F. Lioyd, Mr. H. Mirzwinski, Mr. R, G. Moore, Mr. D. 
Probert and Mr. J. G. Thomasson. 


INSTITUTION OF ELEOTRIOAL BAARNE {at Bavoy Place, London, W.0.2), 
at 6 pan—Mr. J. = Faggots and Mr. T. Pilling: “The Postal Service and the 
nies Engin 


Ped Soorery oF ARTS (at John Adam Street, Adelphi, London, De 9.2), 
-G pemi James Taylor, M.B.E.: “Monopolies and Restricti 


S 


S F CHAMIOAL INDUSTRY, FooD GROUP (at 14 Belgrave Square, 
Tondon, B.D. at 6.15 D.m.—Annnal General Meeting and Chairman's 


Thursday, May 25 


Royal Soormry (at Burlington House, Piccadilly, London, W.1), at 
10.30 eu Disoussion Meeting on “Polypeptide Hormones” organized b 
Dr. H. K, F. Blasohko, F.R.8., Prof. RE. A. Gregory, F.B.8S., Bor. G. wW 
Harris, F.R.8., and Prof. G. W. Kenner, F.R.S. 


INSTITUTION OF ELROTRIOAL ENGINEERS (at Savoy Place, London, W. ahi 
at 2.30 p.m.—Colloqgmium on Computer Solution of Waveguide Problems’ 


INSTITUTION oF CIVIL ENGINWERS (at Great George Street, London, B.W. D, 
at 5.30 ,p-m.—Informal Discussion on “Computer Methods in Tidal Hy- 
draulica” introduced by Dr. Rossiter. 


UNIVERSITY COLLEGH LONDON (in the Eugenics Theatre, Gower Street, 

London, W.0.1), at 5.30 p.m.—Brau Erika BOhm-Vitense: ‘The Atmo- 

spheres of oum Stars” Paena of two Special Umversity Lectures in 
tronomy).* 


Friday, May 26 
NUTRITION BOOIETY (at the Middlesex Hospital Medical School, Mortimer 
Street, London, W.1), at 10.30 a.m.—189th Meeting for Original Communica- 


ROYAL INSTITUTION OTOCHRANSTRY DISOUSSION Grov, and PROTO- 
BIOLOGY Group (at 2 An Street, London, W.1), from 2.80 p.m, to 
5.80 p.m.—Moeting on “Flash Photolysis and Photobiology”. 


Monday, May 29 


Puastiog INSTITUTA, LONDON Szorion REMFOROMD PLASTIOS SUB- 
GROUP (at the Eccleston ees London, 8. W.1), at 7.80 p.m.—Annual General 
Meeting and Film Sho 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LECTURER or Assistant LEOTURSE (with intereste in any branch of 
applied mathematica) in the DEPARTKANT OF MatuRmMatios—The Deputy 
Secretary, The Unrversity, Southampton (May 25). 

LEOTUREE IN PHysics tn the DEPARTMENT OF PURH’AND APPLIED PHYSICS, 
SonooL OV Prysics and APPLIED MaTHREwatiogs—-The Secretary, The 
Queen’s University, Belfast, Northern Lreland (May 26). 
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DmxOTOR uate) of AUDIO-VisvaL AtDs—The Registrar, The Uni- 
versity, Sheffield, 10 (May 27). 

EXPERIMENTAL Ovfiown (with a degree, Dip. Tech. or H.N.O. or va- 
lent) in the DEPARTMENT OF PHYSICS to ae 1n the operation of cosmic ray 


roo rooordmg al apparatus—-The Registrar and Secretary, University, Leeds, 
y 
LroruyRgweg (with a interest in ethics and aosthetics) IN 
'PurLosorny—Theo Registrar, The versity of Manchester, Manchester, 18, 
quoting Ref. 78/87 (May 81). 


RESHAROH ASSIBTANT IN ARCHAEOLOGY So be párt of a amall teath working 
me Keele and London to analyse excavated pottery ry of ee. s day— 
The Registrar, The University, Keele, Staffordshire (Ma; 
ASSISTANT LECTURER In the DUPARTMRNT OF GROGRAP ae —The Secretary, 
University College London, Gower Street, London, W.C.1 (June pice: 
a ee (2) ms tet cna in tho following ring felda: () engin engin 
an ati and palaeonto Bi 
Sre am pahiro Terrace, a 


OHA OF BIOLOGIOAL CHEMISTRY —-The 
Aberdeen (June 6), 


LEoTURER E (Wich anela special interests in the mechanics of auda d sng thermo- 
dynam m MECHANIOAL EXGINEBRING—~The Registrar, The University, 
eld (June 7). 
LBOTURER in the DEPARTMENT OF PHYSsICs—The Secro , The Medical 
Colleges of St. Bartholomew's Hospital, West Smithfield, ondon, E.0.1 


(June 9). 

elie uate ln & polog subject) OF LABORATORIES in 
the DRPARTNENRT O; ——_The Registrar, Unrversity College of Swansea, 
Singleton Park, Bwansea, South Wales (June 10). 

CHAIR O: 3 CHEMISTRY—Untveralty of Aarhus, Ndr. Ringgade 1, Aarhus C, 
Denmark (June 12). 

LEOTURRRS ın the DEPARTMENT OF MATHPAUATT LECTURERS in the 
DEPARTMENT OF Broroay (Junior Collage): + LECruneR in the DUPARTMENT 
ov Puyrsics (Junior ); and a LECTURE in the DBPARTMHNT OF 
CHEMISTRY (Junior Coll at the Royal University of Malta—The Inter- 
University Council, 83 ord Place, London, W.0.1 (June 12). 

LECTURER or ASSISTANT LROTUREES (preferably with an interest and/or 
ee erence i in prarmarognoiy, ony or tics) in the DEPART- 

niversity of Tf ‘The Inter-Univermty 

Gouncl!, 88 Bedford Placo, London, W.O.1 Wane 15), 
LEOTURER/ÀSSISTANT LECTURER (with a good honours di 
engineering with industrial and research rience Ín the 
munications and pisoonics) in ELBOTRIOAL 


in electrical 
eld of telecom- 
GINBERING at the Universi 
of Hon, ong—-The Association of Commonwealth Universities (B 
Offices), oee House, Pall Mall, London, 8.W.1 (Hong Kong and 
London, June 17). 
BENIOR LEOTUREE or LECTURER in the DEPARTHENT OF GEOGRAPHY, 
Ppveralty of Khartom- The Secretary, Inter-University Council for 
ucation Overseas, 88 Bedford Place, London, W.0.1 (June 20). 
LHOTURER/ ASSISTANT LECTURER (with appropriate qualifications and 
experience and specialized in some aspect of organic chemistry) in ORGANIC 
Cumuosrry, University of Hong Kong—The Association of Commonwealth 
Universities (Branch Office), j; Aariborough House, Pall Mall, London, 8.W.1 
rone Kong and London, 
coLocy at the Universi 


rig rely a AN IN PHARMA 
Hong Kong- The Assoctation of Commonwealth Universities (Branch 0 a 
x Piin House, Pall Mall, London, 8.W.1 (Hong Kong and London, 
une 
ASSISTANT bral Grade I) or DewonsreaTor (medically qualified) 
in the DEPARTMENT 0: OoLOGyY-—The Registrar and Secretary, The 
University, Bristol (une 26). 


Assigtanr LROTURAR (with tnterests in metamorphic petrology) IN 
GeoLogy—The The Univermty of Manchester, Manchester, 18, 
quoting Ref. 66/67 (June 80). 

LEOTURER/ASSISTANT LEOTURER in PHYSIOLOGY at the University of 
Hon Kong—The Association of Commonwealth Universities (Branch Office), 
a erough House, Pall Mall, London, 5.W.1 (Hong Kong and London, 

une 

jee Fey ag het medical or sens graduate, male or o or female) a 


EMBRYOLOGY in the DEPARTMENT OF 
ee Heed Walverity College of South Wales and Monmouthshire, Cathays 
Park, Cardiff une D 
POSTDOCTORAL eee ASSISTANT i IN Tring BIOCHEMISTRY to work 


with Dr. H. Smith on the tion of phenolic biosynthesis— 
p Registrar } duaan Mary Mary l (University of London), Mile 
End Road, ar Goras E (June 80 
K Tasmano Anatotars or Pogroooronat Fwttow In tho Pveros DarAnS: 
oin a group which is investigating plasmas—' earotary, 

Holoway conog 1 (Ontveralty of London), Englefield Green, Surrey (June 80). 

DEOTURBR/SENI E LECTURER in AGRIOULTURAL CHEMISTRY at the Uni: 
versity of vanes Australia—The Association of Commonwealth 
versities (Branch Office), Marlborough Houge, Pall Mall, London, B Wi 
(Australis and London, July 19). 

Dmecror (with e. orione of museum administration and techniques, 
including display, ene knowledge in tho feld of ethnography, 
re-history, te history) of the Livixestoym Musnum—The 
board: anaes Museum of Zambia, P.O. Box RW177, 


LECTURER IN INORGANIO CHEMISTRY~~Tho Secretary, Wolverhampton 
College of Technology, Wolverhampton, quoting Ref. No. 01512. 

LECTURERS or ASSISTANT LEOTURERS (Grade Di in OHEMIGAL ENGINBHE- 
ING, INORGANIC CoMMISTRY, PHYSTOAL Y, ORGANIO CHEMISTRY and 
THEORETIOAL CHwAaTRY—Tho 10 Prinolpal, Huddersfield College of Tech- 
nology, ‘Huddorsfield, quoting Ref. 

PROFESSOR and HAMAD OF THE Sra DEANT OF PsyoHOLoGy within the 
School of Soolal Solences—The Academic Registrar, Brane! Umversity, 
Kingston Lane, Uxbridge, Middlesex. 

PROGRAMMER (preferably gah previous ie bade with an Hilfott 808 
computer) FOR AN RLIIOTT 603 CompureR—Prof. M. H. Rogers, Director, 
ged Unit, The Untversity, Bristol, 8. 

R LECTURER or LECTURER IN STRATIGRAPHY AND PALAEONTOLOGY; 
Agia Sewton LEONATO LECTURER IN PETROLOGY AND MINERALOGY in 
the DHPARTMENT OF GEOLOGY, University of Khartoum—The Secretary, 
mer onivpaity Council for Higher Education Overseas, 33 Bedford Place, 

ndon f 


“a 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Pane Neural Basis of Conscious Decision. By Prof. J 8. Griffith. (An 
Thats Lecture.) Pp. 20, (London: Bedford College, Unrveraity of Totidon, 


B letin of the British Museum (Natural History). Entomology. Vol. 19, 


1987. } B86 [23 
University of Annual Report of the Librarian, Session 1065-66. 
Pp. 12. (Leads: The Brotherton Library, The University, 1066.) [28 
Proceedings of the Royal Socie: Serlea A’ Mathematical and Physical 
ae No. 1448, Vol. 297 (27 february 1967) A Discussion on Circular 
: Electronic an Structural Principles, Pp. 172, (London: The 
HA ag 1967.) 22s 68d.; 38.85. 28 
Design of Biological Laboratories. Edited by H. V. Wyatt. (Based on 
posium of The Institute of Biolo held at tho noe nt o£ 
Batt ish Architects, 26 November 1965.) Pp. 60. (London: Institute o: 
Biology, 1967.) 21s. s 
Fabian Sooety. Fabian Tract 372: An Economio Strategy for Labour. 
By John Hughes Pp. 40. (London. Fabian Society, 1067.) 4s. 6d. (38 
rt of the 1966 Home Universities Conference. (The Universities and 
thes ture Pattern of r Baucation:) Pp. 60. (London: Association of 
Commonwealth Universities, 1987.) 6s. 6d [83 
Office of Health Economics. Amono inh ‘in the o Hospital Barvice. Pp. s 
(London: Office of Health Economica, 196 
Natural Environment Research Council. Genel Survey ao A G 
British Regional Geology: The Grampian Highlanda. By G. 8. Jobnstone. 
Third edition. previous editions by H. H. Read and A. G, Mac- 
regor). eee tt pistes, (Edinburgh and London: H.M. penne 


G 
Ooo, 19 D 8s 
Society. Things, Words and we Prin, y 


Bxpermental Þayobolo 
R. 0. Olafit: (The Sir eric TEM er No. 1.) Pp 8. (Cem 
net. 


bridge: W. Heffer and Bona, Ltd., 1967 

Transact: nburgh. Vol. 68, No 18: Distribu- 
tion in some ae ies ofan Tnorganic Gel aan Related to‘ gf tla. tas 
By J. H. . Mitchell and R. 


Ontor Hebrides. By R. R. Harding. Pp. 419-444+2 
No. 1 an sudy of Some Namurtan Marine Faunes of Central Scotland. By 
R. Pp. RTI es plates. 25%. (Edinburgh: Royal Society of 
Paabut? 1966 and 1967.) [83 

Regional Advisory Council for Technologieal Education—London and 
Home Counties. Annual Report 1965-66. 89. (London: Regional 
Advisory Counell for Technological Education—. ondon and Home Counties, 
National Institute of Industrial Paychology. Annual Report and State- 
ment of Accounts for the year ended 80th Septamber, 1966. Pp. 12. (London: 
National Institute o of Piet Psychology, 1 1987.) 88 

No Minilatry o fae cular Leaflet No. 49: The Cultivation 
of Gooner Ep. 7. (Belfast: istry of Agriculture, 1067.) [98 


Other Countries 


Australia: Commonwealth Soientifio and Industrial Research Organization. 
ac of the Division of Plant Industry for the period July 1964 to December 
Annual Report of the Division of Land Research 19865-88. 

Pp. 108" Gade Commonwealth Scientific and Industrial Research 
Organization, 1968.) [23 
roceedings of the California Academy of Sclences—Fourth Series. Vol. 

» No. 7 ‘December: 30, 1966): Determinants of Home Range In the Deer 
ous, Peromyscus le us. By Walter Sheppe. Pp. 377-418. Vol. 84, 


u 
pha 8 pecomber 30, 1986): Burrowing Activities of the Beor non Anuroclonus 
(Wood) (Scorpionida: Veyovidae). By $ 0. Willams 

pa L Bt No. 9 comber 80, 1066): Tri aris es (Balistidae) 


F the ies: Vol Paerd c. By Bayne 
Pp. 420-474, Vol. 84, No. 10 (December 80, 1966): The Blow Files of the 
Galapagos Islands (Diptera: fa- “Calliphoridae); Ja BI Maunce T. James. Pp. 
475-482. Vol. 84, No, 11 (Decem 1986), Otitidae from the Gala: 
Islands (Diptera: *Acal lyptratae). By Ead Steyskal. Pp. 488-498, 7 
34, No. 12 (December 80, 1966): A ger Species of Embioptera from the 
Gala Islands. By Edward 8, Bp 400-504. Vol. 84, No. 18 
(December 80, 10966): Development is a f a Deep-Sea Cushion Star, ' Pteraster 
iraselatus. By Fu-Shiang Chia. Pp. 505-510. (San Francisco: California 
Academy of Sciences, 1966.) 83 

National Academy “of Soienoee Natonal Research Council. Publication 
No, 1492° Ocean phy 1966—Achievements and Opportunities. Pp, 183. 
(Washington, D De: National Academy of Sclences—National 
Council, 1967.) $5 (68 

Conset] Permanent International pour |’Exploration de la Mer, Service 


erick H. Berry and 


Hydrographi ae, chanics alana Slot. Danemark, ICES Oceanographic 
Ping ists, 1T No. 9. Pp. xi +199. (Copenhague" Andr. Fred. Hett, 3 
mted ber} 80 Rr, 


ent of tio Interior: Geological Survey. geoph phyatal 

Abstracts, No 240, January 1967. By James W. Clarke, Dorothy B. Vitahano 
Virginia $ Neuachel, and others. - + 1-98. $0.35 Bulletin 1221-F 
Toons Geol of ‘the Dry Mountain uadrangle, „Jefferson County, Montana 
By Harold J, Pp. ag set + plate 1. ater-Supply Paper 1615-H: 
Laboratory z ptudg ‘Of of Aquifer Pro aa and Well Design ey an Artificial- 
Recharge S Moston, and S. F. Veraaw. Pp. 
ivt42 $0.25, ashington, D C.. r e Enah Printing Sme 1966 and 


1967.) [63 
Institut Royal Météorologique de Belgique. Publications, Série A, No. 62 
Analyse Harmonique de ls ition des Terres et des Mers, Par P. Defrise, 
J. Van Isacker et J. Van Mieghem. Pp.12 Bulletin Mensuel, Observations 
Tonosphériques, Janvier 1967. Pp. 26. (Uccle-Bruxelles. Institut Royal 
Météorolomique de Belgique, 1967.) 63 
Isforholdene f de Gron ndako Farvande (The Ice-Conditions in the Green- 
land Waters), 1057. Pp. 26485 Ico-Charts. (Charlottenlund: Det Danske 
Meteorolomskeo Institut, 1067. ‘i [68 
US. Participation in tho International Biological ean: (ask No. 2 
of oe. U.S. National Committee for the International Biological 
Pp. 26. asl n, D.O. National Academy of Sclences—National 
Research Council, 1967.) {63 
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Akademio der Wissenschaften und der Iateratur. Abhandl n 
Mathematisch-Naturwimenschaftlichen Kiase. Jahrgang 
Endogene Dynamik der Erde und die Diracache H: 
ene Pp. 34. (Mainx’ Akademie der Wisse ften und der Litera’ 
The Internationa! Nickel Com mpany of Canada, Ltd. Annual Report 19 
Epa geopper Chiff, Ontario: International Nickel Company of cene 
Republic of Sonth Africa: Department of nar ee and Industri 
Division of Sea Fisheries Tnvestigational Report No. 58: Hydrology of, oft 
South and Weat Coasts of South Africa. By h, K Shannon. 
Polnt, Cape Town’ Division of Sea Fisheries, 1966.) 
Tostatu Royal des Sciences Naturelles de Belgique. Buletin. Tome | 
No. 20. Observations sur la Dérive des Courants au Targo do o la Côte Bel 
au Moyen de Flotteurs de Fond. Par Eugène Lelou up, Tome 42, No, 
Nouvelles Formes de Tamunlrea (Dix-Soptième Pi Partie). Par Stephan Brean 
riiet Tome 42, No. Les Types des Collections de choptares : 
ttut ut Royal d dex Seionoes Naturelles de Belgique (Deuxième Note). P 
Pp. 7. Tome, 42, No. 23. Observations sur la 8: 
Borge Jpcanemart l’ Ostonde. Par Eug ène Leloup 6 et Philip polk: Pp, 14. (Bruxelle 
‘al des Sciences Naturelles de glgiaue, 19 m 
ulletın. Tome A 





Sciences Naturelles de Be 


mer té; 
Frasntom— 
Pape oot Sartenaer. Pp. 15+2 planohes. © e 
stad dea Hymenoptéres Poctotrapoldes (XID. Apropos des Céraphron 
oe No 8 Males à Ante ameuses. bar el ul Dessart. / 10mm 
Tonks No. 36: Contribution à l'Étude des Hymenoptares tre 
idea (. (X10. Deux Proctotrupoides de la Collection Boyer de Fonscolomt 
{Bcallonidas: Diapriidae). Par Paul Dessert. 4. Tome 42, No. 40 
tion des Types de chi ae ary Papuana (Be mn) (Insecta: Ephemeroy 
tera). Par Georges Demoulin. Pp. 3. (Bruxelles: Institut Royal des Science 
Naturelles de p Belgique, 1988.) [8 
Harvard Program on Technology and Society. Reprin 
No.1: A Vision of Techno and Education. By Anthony G. Oet 
PR 9. pbs No. 2: An riment In Understanding—The Harvan 
Two Years After. By Emmanuel G. Meathone, a: D 
une 


fest Bee 


(Hymenoptera Pompllidae: 
42, N BSN Notes sur P ius Banks, 194 


enoptera 
Pepsinae). Par Raymond Wahis. Pp. 8. Tome f No. 14° A 
Coleoptéres de Woodlark et de Nouvelle-Calédonie Déorits par 
et Perroud (1856-1864). Par Roger Damoweau. Pp. 27. Tome 42, No. 15: 
Rémarques sur ies Ephemeroptéres Misthodotidae g Europe et sur Louri» 
Rapports avec les Autres Ephemeroptéres Permiens. Par Georges Demoulin 
. 5. Tome 4z No. 16: Types de la Collection de Trichoptères de 
1 titut Ro Ide Sciences Nature peace Belgiques (T remi? re Note). ac aad 
crasstcornis na Ulmer. Par Sorge Jacquemart. Pp 
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COAL NOT KING 


In default of policy, melodrama oan create the illusion 
of decisiveness. ‘This seems to have been the thinking 
behind the occasion a week ago on which the Minister 
of Power and the directors of the British nationalized 
industries responsible for electricity, gas and coal 
chose to forgather in the conspicuous isolation of a 
country hotel so close to London that newspaper 
photographers could arrive within an hour of being 
tipped off. As it turns out, there is now every likeli- 
hood that by the middle of the summer yet another 
White Paper on what is called fuel policy will see the 
light of day. Some time before the end of the year, the 
House of Commons will have a leisurely debate on the 
subject, and then all will seem well again for another 
year or two, until everybody concerned with the 
administration of fuel policy in Britain once again is 
startled and even shocked to find that trends which 
have been obvious for well over a decade past have the 
effrontery to persist. 

The trouble, of course, is change. Lord Robens, the 
man who runs the coal industry, stands out as the most 
unwilling to see new things happen largely because the 
tide is running strongly against coal. (To be fair, 
Lord Robens also has a flair for making sure that 
people notice what he does and says.) In their own 
ways, however, the captains of the other British fuel 
industries welcome the prospect of change principally 
because it promises to justify the positions they have 
established in the past. Yet it could well be that the 
solutions which the circumstances now require should 
be ones that will be radical enough to startle and even 
dismay all interested parties. In this sense, it is 
important that the Minister of Power, Mr Richard 
Marsh, is in the unique position of being able to 
determine long-term policy for fuel industries of all 
kinds within one closed economy 

What has been happening in Britain is now quite 
well understood. In 1946, just two decades ago, 92 
per cent of all the energy used in Britain came from 
coal. Since then there has been a dramatic change in 
the pattern of energy consumption. In 1965 coal 
accounted for a mere 62 per cent of the energy con- 
sumed. In other words, virtually all the extra energy 
consumption since the Second World War is being 
supplied from other sources of energy—so far chiefly 
petroleum (which now accounts for a third of all fuel). 
From the point of view of the coal industry, things are 
even worse than this, for coal production has been 
declining steadily since the shallow peak reached a 
decade ago, in spite of the way in which a dis- 
criminatory tax has been applied to tilt the scales 
against fuel oil. There are some electricity power 
atations now being built at which the decision to burn 
coal rather than. oil implies an increase of the produc- 
tion cost of electricity of nearly 50 per cent. In these 
circumstances it is natural that the coal industry should 
have become reconciled to a further decline in the 


scale of production. Indeed, ever since the White 
Paper on fuel policy published in October 19665, it 
has been acknowledged that the industry would have 
to concentrate its operations on more efficient collieries 
and be satisfied with an annual production of about 
170 million tons of coal—roughly half the fuel require- 
ment at the end of the sixties. For by then, the argu- 
ment used to go, nuclear power—already responsible 
for more than 10 per cent of British electricity produc- 
tion—would be a much more important factor to be 
reckoned with. Since the publication of the White 
Paper, however, the situation has been yet again trans- 
formed. In the first place, there is natural gas in the 
North Sea, and the prospect that something between 
10 and 20 per cent of the British consumption of energy 
will eventually be derived from it. At the same time 
the Central Electricity Generating Board—not before 
time—has become distinctly more cheerful about the 
economic virtues of nuclear power stations. Sir William 
Penney further complicated things on May 23 by 
pointing out that natural gas could compete success- 
fully with uranium at a price of 2-5 pence a therm—a 
figure unlikely to win support among the exploration 
companies. Yet, by the mid-seventies, there is no 
question that uranium will be a cheaper source of 
electricity than coal. The electricity authorities 
have probably been as strongly influenced by the 
likelihood that coal prices will continue to rise in 
the future as they have done in the past, After all, 
coal production remains comparatively labour inten- 
sive, for all the new machinery which the National 
Coal Board has been buying. Only by still further 
concentrating its production on the most economic 
coalfields, and in the process reducing the scale of 
its production, will the National Coal Board be able 
to remain passably competitive. These issues have 
been brought to a head by the now prolonged hiatus 
in the growth of the British economy. Increased 
resources of energy are competing for an essentially 
stagnant market. The Minister of Power is involved 
more as an arbitrator than as a policy maker in the 
true sense, and by all accounts he has been listening 
sympathetically to Lord Robens’s arguments against 
any further sizable contraction. The danger is that, 
in doing so, important aspects of this complicated 
problem will be entirely overlooked. 

The social consequences of a rapid decline of the coal 
industry are rightly to be reckoned with. Not merely 
are a great many mineworkers too old to be expected 
to change their jobs, but whole communities of people 
are sometimes dependent on collieries for their liveli- 
hood. In the long run, circumstances can change, but 
the National Coal Board is probably right in saying 
that too rapid change would bring great hardship. 
But should there not therefore be some hard-headed 
attempt to quantify the hardship—and to calculate 
the cost of removing it ? And should not this be entered. 
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explicitly in the cost of making a radical change in 
the pattern of energy production in Britain? One 
result could easily be a much more realistic appraisal 
of the importance of new capital expenditure in a 
declining industry. But’ there are also questions to 
be asked about the way in which the deliberate spend- 
ing of money on industrial training could help to solve 
the social problems of the decline in mining. It is 
odd, to say the least of it, that no minister has yet 
seized the opportunity presented by the nationaliza- 
tion of most of the fuel industries in Britain to quantify 
and then to control these problems. 

Another obvious need is to find some way of dimin- 
ishing the devotion of the powerful fuel industries to 
the commodities with which they are arbitrarily 
concerned. The conventions of the power game are 
such that the chairman of the Coal Board has to 
behave as an evangelist for coal. He would not last 
long if he were heard to whisper in public some word 
of approval for gas or for uranium. The trouble, of 
course, is that this arrangement merely perpetuates 
and then reinforces old-fashioned vested interests. It 
would be an exceedingly clever move if the Minister of 
Power were able to find some means of providing the 
fuel industries with some common interests—a joint 
research programme or an effective forward planning 
agency, for example. And is it really sensible that 
the parts of the Atomic Energy Authority concerned 
with the development of new reactor systems should 
remain where they are, underneath the umbrella 
of the Ministry of Technology, where their advice is 
taken notice of only when the potential listeners are 
told what they want to hear? Structural alterations 
in the fuel industries have an important part to play 
in the design of a more rational fuel policy. 

If matters like these were properly attended to, it 
would be much easier for the Ministry of Power to 
shake free from its tendency to believe that making a 
fuel policy is equivalent to predicting how much of 
which fuels will be burnt ten years or so from now. 
This is a fruitless task, and it is no surprise that 
governments are usually wrong. The ideal, of course, 
is that the balance should somehow settle itself in 
simple economic terms, with the cheapest fuels being 
most widely used. If the Ministry of Power can help 
at all, its most useful function may be to help potential 
customers for energy anticipate the future. In other 
words, if there are reasons to think that nuclear power 
is going to be dramatically cheap, the government 
should try to make it easier to build nuclear power 
stations. But if there are doubts about the long-term 
supply of uranium, the government should seek some 
way of reflecting these in the price charged to the power 
stations. The same arguments should be applied to coal, 
which does not imply that somebody should take 
deliberate steps to bring coal-mining to a halt. What 
is necessary is a self-conscious attempt to visualize 
the kind of industry that coal-mining would be if the 
annual production were more like 100 million tons. 
Unless this is done, the stresses which evoked the 
conference last weekend will persist a full decade hence. 
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TO THE MOON MORE 
SLOWLY 


THERE is a welcome note of level-headedness in the 
confrontations now going on in Washington between 
the politicians and the NASA officials giving evidence 
to support their applications for money next year. 
Evidently the accident in which three astronauts were 
killed at Cape Kennedy in January has been more 
than just a sad experience. It has also helped to rid 
the Apollo project of some of the bravado with which 
it has been coloured in the past five years. The result 
is that people in Washington are now much less inclined 
to talk of the race to the Moon and to make assertions 
about who will emerge the winner. Instead, there is 
a tendency to emphasize the flexibility in planning 
which has been built into the Apollo project from the 
start. This seems not merely to be a prudent adjust- 
ment to the plain fact that the launching of Moon 
rockets has been delayed in such a way that the old 
timetable would now be excessively cramping, but also a 
more far-sighted appreciation that sending men to the 
Moon is an inherently uncertain business in which 
deadlines may spell danger and even bring disaster. 

The revised plan of rocket firing devised in NASA 
embodies this recognition that accidents can happen 
a second time. Everything hangs on the Saturn V 
rocket, not yet tested as an entire assembly. Later 
this year two tests without people will be carried out, 
partly to make sure the rocket functions properly 
(which is by no means assured) and partly to test the 
cabins and the other devices made to carry people. 
The first flight with men will come in March next 
year, and there is a sensible arrangement that if the 
Saturn V fails to perform properly this year, a smaller 
rocket will be available to put the first Apollo capsule 
with pilots into an orbit about the Earth. Altogether, 
there will be eleven flights of Saturn V under the strict 
umbrella of the Apollo programme, more than half of 
them in 1969. Some optimists think that the first 
flight to the Moon could come on the seventh flight 
of the Saturn V in the middle of 1969, but the sober 
view is that the very last of these flights will be the 
one on which people travel to the Moon. And in 
reality, of course, it would be foolish not to recognize 
that there is still plenty of room for more delay. Even 
if fatal accidents are avoided, there are huge uncer- 
tainties about the severa] untested manoeuvres which 
will eventually have to be articulated into a successful 
journey to the Moon. In short, at this stage it is not 
possible to know when Project Apollo can be success- 
fully completed. 

This is perhaps the most important lesson which 
the politicians in Washington must learn. In practice, 
the committee men should be more anxious to be sure 
that NASA has ordered enough rockets than to ‘be 
sure that money is being carefully spent. If necessary, 
nobody should be surprised if the first successful flight 
is eventually put back two years, three years or even 
more. It will be a great public service if this can now 
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be openly acknowledged. But from this it follows that 
decisions should be taken now about the scale on which 
space flight by pilots will be conducted in the seventies. 
What should Congress say? What NASA calls the 
Apollo Applications Programme, with a few modest 
trips to the Moon and a great deal of activity with 
large satellites about the Earth, is a sufficient umbrella 
under which to support a means insuring against 
further accidents with Apollo. If it comes to that, 
Congress is probably reconciled to a rate of expenditure 
by NASA in the seventies not very different from the 
$5,000 million a year the agency has been spending in 
the past few years. There remains the question of 
how it should be spent. Now that the problem of get- 
ting to the Moon seems to be more easily within reach 
of rational solution, the time has come to ask much 
more insistently what this great enterprise is for. 

The most urgent need is some clear acknowledg- 
ment that the potential usefulness of what NASA has 
been doing lies much more in technology than in basio 
science. There would be important gains from a still 
more vigorous programme on communications satel- 
lites. Weather satellites will be much less rewarding, 
at least until more is known about the dynamics of 
weather. Hypersonic flight, linked as it is with prob- 
lems of re-entry, is by comparison a potentially 
exciting field and also big enough to occupy a good 
deal of the energy which NASA has to spare. Some 
of the more romantic plans for habituating people to 
long sojourns in orbits about the Earth are more 
spectacular but certain to be less rewarding, although 
the US Air Force and NASA between them have by 
now so firmly set their hearts on schemes like this that 
Congress will be hard pressed to moderate them sub- 
stantially. And the same is true, of course, about the 
journeys to the Moon. People will no doubt make 
plenty of them, but it will be some time before they 
are entirely clear why they do so. The ideal would 
be a much more balanced programme, with more 
money spent on the development of conventional lines 
of inquiry. None of this need stop NASA in its tracks, 
but Congress should be careful that it does not neglect 
much more economical ways of making progress. 


NEW CHANCE FOR STEEL 


THE committee set up by the Minister of Power to 
discuss research in the British steel industry has the 
heady prospect of knowing that its advice matters. 
One member of the committee is Dr H. M. Finniston, 
who will be vice-chairman in charge of research and 
development when the steel industry is nationalized 
on July 28 this year. In addition to discussing the 
thorny problem of what is to become of the British Iron 
and Steel Research Association (see page 866) the 
committee has also been at work on wider issues. 
BISRA accounts for only about a quarter of the 
research expenditure in the steel industry; of the rest, 
the vast majority is spent by the steel companies which 
are to be nationalized. : 
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First, is the scale of expenditure sufficient? A 
report in 1963 by the Iron and Steel Board suggested 
that research and development expenditure amounting 
to 1 per cent of the turnover of the industry would be 
& fair figure to aim for. Even this modest ambition 
was far beyond what the companies were then spending 
—the report concluded that only about £6 million 
was being spent on a turnover of £950 million, and 
recommended a brisk increase. It will be a great sur- 
prise if this objective has been realized, and one of 
Dr Finniston’s first jobs may be to make it clear that 
more money is needed. 

Much can be done, however, by improving organiza- 
tion rather than by increasing expenditure. Because 
research involves highly qualified manpower, duplica- 
tion of effort is particularly wasteful; some research 
departments may need to be closed down altogether, 
and others told to concentrate on what they do best. 
This is a painful process, which necessarily involves 
bringing to an end projects to which people have become 
attached. Although changes of this sort are usually 
made in response to economic pressures, this is no 
reason to believe that they will be easier to sustain 
when they are the result of conscious decision, particul- 
arly as they will occur while other projects are enjoying 
increased support. 

Dr Finniston must also decide what the balance 
should be between fundamental and applied research. 
The heavy investment in modern plant which has been 
going on in the past few years dictates that much of 
the work should be devoted to improving the way it is 
used. There may well be a case for substantially 
increasing investment in large scale pilot plant, to 
bridge the uncomfortable gap between laboratory and 
steelworks. At the same time, Dr Finniston will not 
disregard the need for fundamental work. Much of 
this was said by the Iron and Steel Board in 1963, and, 
whatever the board feels about nationalization, it 
must at least envy Dr Finniston his chance to do 
now by direct control what it failed to do then by 
persuasion. 


RABI IN RETIREMENT 


To say that Professor I. I. Rabi of Columbia University 
has become an institution is to do him an injustice. 
He is not at all like that. Even though he has been 
teaching for thirty-seven years at the university at 
which he graduated PhD, he has remained uncom- 
monly free from pomp. His good works on behalf 
of his university have been accomplished more by 
stealth than by a great man’s patronage. His enjoy- 
ment of teaching, old-fashioned though it may some- 
times seem to be, is legendary, but it has helped to 
give the department of physics at Columbia University 
an enviable reputation. Rabi himself, however, is 
also renowned for his particularly limpid blend of wit 
and social preoccupation. It will be interesting to 
see how he spends his energies now that he will be less 
occupied with teaching. 
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NEWS AND VIEWS 


More Brain Draining 


Tua immigration of trained scientists into the United 
States in the early sixties amounted to more than 5,000 
people each year. According to statistics now pub- 
lished by the National Science Foundation (Scientists 
and Engineers from Abroad, NSE 67-3, 45 c.), a total of 
16,000 natural scientista and engineers became perma- 
nent residents in the United States in the three years 
1962-64. Although there is no way of knowing how 
many of these people have actually stayed in the United 
States, it seems as if immigration in the early sixties 
had recovered after the modest decline in immigration 
in 1958-60. Thus the scale of immigration into the 
United States has increased nearly three-fold in two 
decades. In the late forties, the annual immigration 
accounted for fewer than 2,000 scientists and engineers. 
The influx reached 3,000 people a year in the mid-fifties, 
and has by now nearly doubled. The National Science 
Foundation estimates that 63,500 scientists and engin- 
eers went to the United States as immigrants in the 
period 1949-64. 

Although natural scientists have been a growing 
proportion of the total influx to the United States— 
30 per cent of the immigrants in 1964 compared with 
22 per cent in 1957—-engineers still account for nearly 
two-thirds of those who immigrate. The National 
Science Foundation has manfully tried to classify in 
detail the specialties of the immigrants, but this is 
necessarily a daunting enterprise. The only conspicu- 
ous feature of the statistics is that among the natural 
scientists, chemists account for nearly half of the 
4,607 people who immigrated in 1963-64. In practice, 
it seems that scientists and engi make up roughly 
2 per cent of all immigrants to the United States, 
which suggests that technical people are not unex- 
pectedly numerous among the annual entry to the 
United States—never less than 250,000. In 1962-64 
the intake of scientists and engineers amounted to 
3-1 per cent of the crop of American graduates in 
science and engineering, but engineers were once again 
a conspicuous part of the import of talent. In the 
period 1962-64 engineer immigrants made up 10-3 
pe cent of the domestic crop of graduates in engineer- 


the United Kingdom remains the most prolific 
source of immigrants, and in 1962-64, 3,300 of the 
immigrants (or roughly 20 per cent of the total) had 
been born in the United Kingdom. Canadian-born 
scientists come next in order on the list, with 1,800 
people. It is clear from the information ‘collected by 
the United States immigration authorities that Canada 
serves as & staging post for many scientists and engin- 
eers immigrating to the United States. Europe as a 
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whole provides more than half the immigrants, with 
Germany next in rank to the United Kingdom (1,100 
emigrants to the United. States in 1962—64) and Switzer- 
land surprisingly high on the list with nearly 400 
scjentists and engineers. 

The same collection of statistics shows that the flow 
of permanent immigrants to the United States is small 
compared. with the exchange of people for educational 
purposes. In the academic years beginning in 1963 
and 1964, the numbers of foreign academics at universi- 
ties and colleges in the United States were roughly 
7,000, one-half of them from Europe. Although 
engineers are a large proportion of the permanent 
migration, they accounted for less than 10 per cent of 
those on academic visits. Graduate students from 
abroad at American universities are a still larger throng. 
In the academic years beginning in 1963 and 1964, 
the numbers of foreign graduate students increased 
from 23,000 to 26,000. More than a third of these 
people are working for a PhD degree. A quarter of 
them were social scientists. 


No Bombs for Pugwash 


Tam Continuing Committee of the Pugwash Organiza- 
tion came out firmly in favour of the non-proliferation 
treaty at a meeting held last week at Maridnské Lázně, 
Czechoslovakia. In a statement issued after the 
meeting, the committee said that the treaty is a 
“necessary prerequisite for any further progress 
towards disarmament”, and says that a treaty would 
only be effective if it included means of international 
control. In the committee’s view, control meseures 
need not impede industrial development nor permit 
industrial espionage. The committee also argues that 
a military programme is only a “moderate advantage” 
in the development of civil nuclear power. pots aang 
explosions ever show promise for peaceful p 
the International Atomic Energy Agency Shona cs cane 
them out. 

On the political objections to the proposed non- 
proliferation treaty, the Pugwash committee says that 
the present distinction between nuclear and non-nuclear 
powers is a “simple matter of fact” to which the 
alternative is “a large number of nuclear powers”. 
The statement goes on to acknowledge that the 
signature of a treaty would require a system of inter- 
national agreements to guarantee the security of the 
non-nuclear countries. The statement also says that 
the nuclear powers, and particularly the Soviet Union 
and the United States, should take steps to “assume 
specific and meaningful commitments to halt the arms 
race”, and mentions an extension of the test-ban, a 
cut-off of the production of nuclear explosives and a 
freeze on nuclear delivery systems. The committee 
considers that there would be a better chance of a 
non-proliferation agreement if they would submit more 
of their power reactors to IAEA control. 


European Communications Satellites 


A PROGRAMME of co-operation between Germany and 
France on the development of communications satel- 
lites has now been agreed. An experimental satellite 
will be launched in 1970. 

Design will draw on the French plans for SAROS (a 
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large device carrying 1,000 telephone circuits) and on 
the German plans for television satellites. This project 
relies on obtaining the improved ELDO vehicle for 
launching from the new French equatorial range in 
Guiana during 1970, but the first full-scale European 
geostationary satellites, for which the ELDO vehicle is 
being redesigned, are not now expected till 1971. Both 
the European projects are concerned with the commer- 
cial applications of space communications and have an 
eye on the 1969 re-negotiation of the Intelsat agree- 
ment. 

A British defence space communications system is 
likely to be operational well before this—during 1968. 
The speedy execution of this project, which only received 
the go-ahead a few months ago, is made possible because 
the two satellites are to be made in the United States 
(by Philco at a total cost of $7,600,000) and launched 
there as well. Skynet, as the project is named, 
will provide a geostationary satellite over the Indian 
Ocean for maintaining communications with British 
forces, chiefly east of Suez. The location of the British 
built ground stations defines the coverage; these 
are at Christchurch, Hants (SRDE), in Cyprus and 
Singapore, and aboard the communications ship 
Wakeful. These have already been built, and experience 
in operating them with the American Interim Defence 
Communications Satellite Program (IDCSP) has stimu- 
lated the Ministry of Defence to rapid action in estab- 
lishing an operational network of its own. 


Research into Design 


Is 1963 Professor D. R. Harper, of the Department of 
Building at the University of Manchester Institute of 
Science and Technology, started some new courses 
which involve research into various aspects of design 
and technological change. Two reports have now been 
issued detailing progress since then (Design Research 
Reports, 1 and 2) and they show the all embracing 
range of work which is undertaken at the institute. As 
the first report admits, the work defies conventional 
classification, and five new categories have been 
invented to describe it: design methods, technological 
change, user requirements, human performance, and. 
building systems. Even. this is not enough, and readers 
looking for something which is relevant to their subject 
are simply advised to read right through the reports. 

Most of the projects are agreeably down to earth— 
particularly the one devoted to discovering the varia- 
tion in arm and leg lengths of the largest body sizes 
commonly met with among car users. This is related 
to another project in which the internal dimensions of 
small cars are determined by the method of fitting 
trials, and to a project on car seating. The design of 
operating theatre tables, hospital bedsteads and 
industrialized buildings is also being studied, while 
bath evaluation is a project which large users may feel 
is long overdue. 

Some of the projects are more directly physiological, 
concerned with human reaction times, auditory dis- 
crimination, and the retention of complex stimuli. 
Others are obviously long term; one, by Dr J. C. 
Jones, is concerned with the effects of designing, includ- 
ing side-effects such as sonic bangs and road accidents. 
There seoms little danger that the institute at Man- 
chester will become unduly academic about the prob- 
lems involved, however, as long as it continues to 
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work on problems as practical as that of refuse disposal 
for pedestrian precincts. 


Shape of Universities 


Tan view that the success of the universities in Britain, 
the United States and Germany had inspired pressures 
from outside and partioularly from governments was 
one of the themes of the Queen’s Lecture delivered at 
the University of Belfast on May 23 by Sir Eric Ashby, 
Master of Clare College, Cambridge. The university, 
he said, is a mechanism for the inheritance of the 
western style of civilization. Both in Britain and in 
the United States, the German idea of the university 
had been a model for development and a successful 
one. No longer are universities cared for by patrons. 
Instead, they are “cultivated as intensive. crops, 
heavily manured and expected to give a high yield 
essential for the nourishment of the state’. The 
universities, Sir Eric said, must adapt themselves to 
the consequences of their success or they will be 
discarded. by society. 

In a comparison of how the German concept of a 
university had been transplanted into the American 
and the British idioms, Sir Erio discussed the attempts 
made at Harvard University in 1945 to make all 
students familiar, through formal examined courses, 
with a body of knowledge, ideas and values which 
constitute ‘the heritage of western civilization’ ”. Sir 
Eric said that Harvard eventually realized that this 
technique had failed. He said that a satisfactory way 
of requiring students to spend some of their learning 
time outside their specialty had not yet been evolved, 
but that American universities were moving towards 
the involvement of students in studies outside their 
specialties by interesting them in the impact of their 
subject on the outside world and by the study of topics 
in great depth. 


The Sequenator 
from a Correspondent In Molecular Biology 

Tur determination of the amino-acid sequences of 
proteins is a specialized and arduous procedure, but 
at the same time an increasing number of biochemical 
and structural problems are turning out to be limited 
by sequence information. (The X-ray determination 
of globular protein structures is a conspicuous example.) 
In the long awaited article in the first issue of the new 
European Journal of Biochemistry (1, 80; 1967) Edman 
and Begg have described a substantially automated 
procedure for sequencing, and have applied it to the 
determination of the sequence of the first 60 residues 
from the N-terminal end of whale myoglobin. In such 
an approach the critical requirement is for a stepwise 
degradation reaction of high efficiency, and Edman 
and Begg in fact use the well known Edman degrada- 
tion, hitherto the standard procedure when dealing 
with short oligopeptides, and achieve yields of more 
than 98 per cent. Thus after 60 successive degradation 
cycles the overall yield is greater than 30 per cent. 

The apparatus performs just over 15 degradations 
in 24 hours, and requires some 0-25 umoles of protein. 
The final stage of the Edman procedure, the identifica- 
tion of the amino-acid derivative (phenylthiohydan- 
toin), is not included in the automated procedure: 
instead, serially produced derivatives are all applied 
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to thin-layer chromatography plates and identified 
as usual by comparison with markers. 

The universality of the instrumentation remains to be 
established, but this work at the very least holds out 
the prospect that the determination of a new sequence 
will become a far less daunting proposition than it is 
at present. One may anticipate that there will be 
widespread interest in the sequenator (as Edman and 
Begg have christened their machine), and that this 
will not be lost on the instrument manufacturers. 


Steel Research in Britain 


Tux British Iron and Steel Research Association had 
a good year in 1966. Income increased from £1-6 to 
£1-8 million, a record, and several research projects 
were successfully completed. The biggest splash of the 
year was made by spray steelmaking, a new semi- 
continuous process developed by BISRA and now being 
put into operation by several companies in Britain and 
by one in Canada. This process seems likely to be 
good enough to be a considerable embarrassment to a 
steel industry which already has too much capacity 
and no obvious need for a rapid, low cost process for 
converting iron into steel. Sparks have already flown 
between the Iron and Steel Board and Millom Hematite 
Ore and Iron Company, which sought and finally 
gained permission to go ahead with a plant using the 
process (sce Nature, 218, 959; 1967). 

Other progress has been less dramatic but none 
the less significant. A new method of treating slag 
with steam to remove porosity and increase the bulk 
density has been successful, and work on the use of slag 
in slagcerams has continued. These are materials 
produced by the crystallization of silica-enriched blast 
furnace slag under conditions of controlled nucleation 
with iron oxide. What exactly slagcerams will be 
useful for if they can be easily produced on the shop- 
floor is not clear, but they may make good building 
materials, BISRA has also been successful with an 
electro-slag refining process, and has set up a separate 
unit to continue work on the process and make it 
available to steelmakers on a contractual basis. A 
new ICT 1905 computer was obtained to replace an 
ageing Pegasus, and a new laboratory was opened on 
Tees-side with extensive facilities for investigations by 
all divisions of the Association. 


Nationalization Next 


Tx report does not mention the subject which is 
causing most speculation—-the question of what will 
happen to the association when the steel industry is 
nationalized on July 28 this year. This problem has 
been the concern of a working party set up six months 
ago by the Ministry of Power with a membership 
including Dr H. M. Finniston, who is to be Deputy 
Chairman in charge of research for the National Steel 
Corporation, Dr L. Rotherham, member for research 
of the CEGB, and Sir Charles Goodeve, Director of 
BISRA. What the committee thinks will only become 
apparent when it makes its report to the minister, 
but several possibilities emerge. 

BISRA could, of course, be wholly absorbed into the 
NSC, but there are serious snags in this suggestion. 
For a start, only half of BISRA members are producers 
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of steel. The rest are users of steel or suppliers of raw 
materials such as ceramics. In addition, although 
BISRA does have 264 iron and steel producers as 
members, only 14 of them will be nationalized on 
July 28. (As it happens, these 14 supply 75 per cent 
of BISRA’s income, through the Iron and Steel 
Federation.) ; 

An, alternative sulution would leave BISRA outside 
the immediate ambit of the NSC, in a no-man’s-land 
between private and public industry. The national- 
ized companies would continue to support the associa- 
tion at the present level, and the private companies 
would also provide support through the new Iron and 
Steel Federation which is to represent them. The 
snag here is that the NSC would then be bearing 75 
per cent of the cost of supporting a research association 
whose results would be made available to companies 
in the private sector. Again, it might be argued that 
one of the benefits of size which nationalization will 
bring is the freedom to conduct research on a scale 
which renders collaborative research on the BISRA 
model redundant. At least part of the reason for the 
existence of research associations in Britain is the 
extreme fragmentation of British industry. In the 
circumstances, BISRA might find itself doing research 
only for those companies which are too small to do it 
for themselves and which are not to be nationalized. 
This is the least likely solution of all. Most probably 
there will be a compromise, leaving BISRA im a semi- 
autonomous position, although nobody pretends that 
the details will be easy to work out. While the short 
term problem may be that of propping BISRA up, in 
the longer term it may prove well able to look after 
itself. Income from patent royalties is increasing, and 
if spray steelmaking is really the bonanza it promises 
to be—BISRA have set up a separate company to 
market the process—a large income from this source 
could be assured. 


Worth a Thousand Words 


Tax Board of Trade announced on May 17 new steps 
to make details of British patent specifications more 
readily available. These involve increasing the 
speed with which the patent abridgements are pub- 
lished. Abridgements, the main source of information 
for patent searchers, will in future be published very 
soon after the patent specifications to which they 
refer. The total series of abridgements covering 25,000 
patents will be complete in about 30 weeks and will 
cost £155, 

This may seem expensive, but is evidently not 
expensive enough. The move follows pressure from 
the Board of Trade on the Patent Office to reduce the 
costs of producing the abridgements, which run at a 
loss, partly because some are given away to libraries 
in the interests of disseminating technical information. 
One unpopular move which the Patent Office made in 
the attempt to cut costs was to omit from the abridge- 
ments the drawings which accompany the patent 
specifications. In some subjects—chemistry, for 
example—the omission may be acceptable, but in 
others it makes the abridgement almost incompre- 
hensible. Patent searchers, who have to read and 
understand as many as 50 abridgements an hour, have 
been inconvenienced by this. A recent abridgement for 
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a fluid pressure apparatus, for instance, read as follows: 
“A cushioning plug 28 Fig. 1 (not shown) secured at an 
end of the rod 16 of a hydraulic or pneumatic actuated 
piston 20 and slidable into an axial bore 36 in the 
cylmder 11 as the piston approaches the end of its 
stroke comprises a sleeve 29 having a tapered free end 
29a Fig. 2 (not shown)...” and so on. The combina- 
tion of a telegraphic style and the absence of drawings 
makes abridgements like this almost useless as a source 
of information. 

Fortunately there is some evidence that the Patent 
Office has relented, and is now trying to cut its losses 
by increasing circulation rather than by reducing 
production costs. After discussions between the 
Chartered Institute of Patent Agents and the Patent 
Office, patent searchers are hopeful that the situation 
is righting itself. As the Board of Trade itself points 
out, the patent abridgements are a vital source of 
information. Chemical and pharmaceutical firms 
already recognize this, although British engineering 
firms have been slower to take advantage of what often 
amounts to an ethical form of commercial espionage. 
It is therefore particularly important that the standard 
of abridgements be maintained, unless patent specifica- 
tions are to become a graveyard for technical informa- 
tion rather than @ source of it. 


Water for Profit 


Four thousand delegates from seventy countries are 
meeting in Washington this week for what is described 
as a forum for the discussion of water problems of all 
nations and all peoples. As participants in a conference 
organized by the Department of the Interior, under 
the uplifting title of “Water for Peace”, they will 
hear 160 papers, and visit a large exhibition to see 
what can be done to solve the problems of water 
supply. 

The Ministry of Technology seems fully to have 
entered into the spirit of the occasion. The delegation, 
led by the minister himself, consists of 25 academics, 
industrialists and government scientists, and the 
British part of the exhibition covers 1,700 sq. ft. 
Exhibitors include the National Engineering Labora- 
tory, which is showing a scale model of the Reynolds 
Building, which includes a 4,000 horse-power test rig, 
the Water Resources Board, and a number of private 
companies including the largest manufacturer of 
desalination equipment, Weir Westgarth, Ltd., of 
Glasgow. Desalination is naturally one of the impor- 
tant themes of the conference, and to mark this the 
British delegation will be doling out copies of a book 
written by the Atomic Energy Authority. After a 
foreword by the minister and an introduction by 
Professor R. S. Silver of Edinburgh University, the 
book, Desalination and tts Role in Water Supply, 
goes on to discuss the nature of the problem and both 
traditional and modern approaches to its solution. 
The opportunity to sing the praises of British industry, 
now an almost traditional part of all exhibitions over- 
seas, is not allowed to pass unnoticed. Also included 
are design studies for desalination equipment linked 
to nuclear power stations; one, using an AGR, pro- 
duces 400 MW of electricity and 273,000 m? of water 
per day, while the other uses an SGHWR and gives 
200 MW of electricity and 364,000 m? of water a day. 
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British Water Reactor Design 


Tus steam generating heavy water reactor at Winfrith 
in Dorset will be completed some time this year. It 
is an unusual reactor by British standards, and some- 
thing of a change for the AEA, which has for many 
years been associated with gas-cooled graphite moder- 
ated reactors. The reactor at Winfrith is a pressure 
tube design using light water as coolant and heavy 
water as moderator; it is rated at 100 MW. Some 
of the engineering aspects of the Winfrith design 
were discussed on May 18 eal Z symposium at the 
Institute of Mechanical 

The fuel for the SGHWR is slightly enriched uranium 
dioxide pellets contained in zircalloy cans 12 ft. long; 
36 of these cans make up each fuel element. The fuel 
rods are mounted inside pressure tubes through which 
light water circulates at a pressure of 970 Ib./sq. in. 
The water flowing up past the fuel extracts heat 
and boils; the resultant mixture of steam and 
water is separated in steam drums and the steam is 
used to drive a turbine. The light water flowing around 
the fuel carries out some 30 per cent of the moderation 
of the neutrons, the rest of which occurs in the 
heavy water moderator which is contained in a reactor 
calandria surrounding the fuel elements. The 
moderator is unpressurized, but is circulated through 
heat exchangers to extract the heat generated. 
Reactor power in the short term is controlled by 
varying the height of the moderator in the calandria, 
and in the longer term by controlling the moderat- 
ing power of the heavy water by injecting boric 
acid. 

Although it is not an experimental plant, the Win- 
frith reactor does have features that would not be found 
in a wholly commercial reactor. A separate flow system 
provides for experiments on nuclear superheating of 
steam, and there are loops for testing advanced fuel 
assemblies. The reactor can be fuelled either on- or 
off-load, which is interesting in view of the controversy 
about the importance to be attached to on-load refuel- 
ling—the Dungeness B contract was won by a British 
AGR design largely because it could be fuelled on-load 
—and one possibility here is the rapid refuelling of the 
reactor off-load at times of low demand for power. 
The implications are that by dispensing with compli- 
cated on-load fuel handling equipment, the SGHWB 
could be made much more cheaply. 

Will the SGHWR prove competitive with other 
designs? Mr H. Cartwright, director of the Water 
Reactor group at the AEA, refused to be drawn by 
questioners at the symposium. Remarkably enough, 
he was “not very interested in comparisons”, but with 
low capital and fuel costs, he thought that generating 
costs would be competitive. It is true that in the inter- 
mediate to large range, the SGHWR does have some 
attractive features: good neutron economy, low fuel 
cost, economies on heavy water because of the modera- 
tion supplied by the cooling water, and the possibility 
of extrapolating the pressure tube design immediately 
to larger sizes without needing to build another proto- 
type design. Much of the fabrication work can be done 
in the shop, and not on-site, which is a big advantage. 
If capital costs can be cut to the bone, the SG 
might prove to have better export prospects than the 
AGR has so far shown, although this is a backhanded 
compliment at best. 
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Mr Cartwright also gave some details of the damage 
caused to the calandria by mercury introduced either 
by accident or, possibly, by an industrial saboteur. 
The mercury had damaged the aluminium alloy vessel 
locally, he said, and a standpipe had had to be replaced, 
along with some other pipework. This entailed getting 
into the calandria, a difficult operation carried out by 
cutting a hole in the side. The calandria was now 
chemically clean, thanks partly to the use of nitric 
acid, Mr Cartwright said, and he was quite happy with 
the situation. 


Mass Formulae 


from a Correspondent in High Energy Physics 


A REomNT article by Schwinger (Phys. Rev. Letters, 
18, 797; 1967) contains a mass formula for the two 
basic baryonic multiplets of the Eightfold Way 
theory of elementary particles which may throw some 
light on the question of how the theoretically simple 
group structure is violated in nature. 

In the Eightfold Way theory, the basio baryon 
multiplet is an octet of particles with spin one-half 
comprising the nucleon N(939, $, 1) and the hyper- 
ons (1192, 1, 0), A(1115, 0, 0) and 4(1318, 
4, ~1). The numbers after the particle symbol are 
respectively the mass (in units of MeV), the isotopic 
spin J, and the hypercharge Y. Each symbol denotes 
a group of particles making up an isotopic sub-multi- 
plet and distinguished only by their charge. (Hach 
group consists of 2f+1 particles of isotopic spin I.) 

Their masses differ very little from the mean value 
quoted. If the SU(3) symmetry of the theory were 
exact, all particles of the octet would have the same 
mass, and it is hoped that by studying the way in which 
the masses of a given multiplet are split, some insight 
will be gained about the mechanism involved. 

Simple group theoretic considerations led to the pro- 
posal of the now famous Gell-Mann—Okubo mass 
formula (8. Okubo, Prog. Theoret. Phys., 27, 949; 
1962), which states that the mass of a member of a 
multiplet characterized by J and Y is given by 

Moy + my Y +-my{41 (I +1) — Y3 

where the three parameters mọ m, and m, vary from 
multiplet to multiplet. It was verified that this form of 
the equation holds for the baryon octet described and, 
subject to certain technical adjustments such as the 
use of squared masses and octet—singlet mixing angles, 
was found also to be applicable to the octets of pseudo- 
scalar and vector mesons. For the case of the baryon 
decuplet which comprises thespin three-halvesresonances 
N*(1238, 3/2, 1), Y¥*(1358, 1, 0), &*(1632, 4, —1) 
and Q-(1674, 0, —2), the equality Y=(I—1) holds 
and the formula ‘yields equal spacing in Y. This can be 
seen to be quite reasonable, although the prediction 
of the mass of the Q- particle was a memorable feat— 
the particle had not then been found experimentally. 

With the advent of the more restrictive SU(6) 
theory combining the concepts of isotopic spin (or 
unitary spin) and ordinary spin, Bég and Singh 
(Phys. Rev. Letters, 18, 418; 1964) showed that mi 
and m, should be the same for the baryon octet and 
decuplet. This result, which meant that the eight 
independent masses given here were to be fitted with 
only four parameters, was found to agree only moder- 
ately with experiment, thus confirming the view 
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that the 8U(6) symmetry is seriously violated, if it 
is valid at all. 

Now Schwinger has observed that the masses can 
be fitted quite well with m, to m, in the ratio of —9 to 
2. He effectively writes the mass formula for these 
multiplets as 

M+ A{—3BY/2+(1(1+1)/3— Y4/44+1} 
The ratio 4/M, is the same (0-119) for both octet and 
decuplet. Thus he has obtained a three parameter 
fit to the eight masses in which the fractional mass 
variation of approximately one-ninth is presumably a 
measure of the violation of the symmetry. It will be 
interesting to see how soon, if ever, this empirical 
exercise is followed by a physical interpretation. 


Animals in Laboratories 
from a Correspondent 


Tum fifth annual meeting of the Society for Laboratory 
Animal Science (Gesellschaft fiir Versuchstierkunde), 
held earlier this month in Prague, was devoted this 
year to the nutrition and metabolism of laboratory 
animals. It covered a variety of species, from the usual 
rodents to the Japanese quail. 

Dr Busse from Biberach (West Germany), who 
reported on recent work in rabbit nutrition, has 
found that these animals can live on vegetable food 
only and do not appear to be dependent at all on animal 
protein. He also confirmed earlier suggestions that 
rabbits appear to suckle their young only once in 24 h, 
the suckling period lasting for 5 min and usually 
occurring in the early morning. Milk production by 
the doe can rise from 30 g at birth to 300 g prior to 
weaning. Because rabbits are very susceptible to 
intestinal infections between 40 and 60 days, the 
criterion for good breeding performance and high level 
of nutrition is the general appearance of the young at 
70 days. 

Failure of the glucose metabolism in clinically healthy 
dog bitches was described by Dr K. Gartner, Frankfurt/ 
Main. The dogs have an increased susceptibility to 
diabetes mellitus after oestrus. Deviation from the 
normal lasts from 60 to 80 days and the changes were 
repeated after subsequent oestrus. Ovariectomy during 
the corpora lutea stage had no effect, and further work 
suggests that increases in the secretion of insulin are 
followed by exhaustion in some cases. These symptoms 
are similar to the signs of latent diabetes mellitus in 
man. 

The advantages of animals free from specified patho- 
gens were further demonstrated by Dr W. H. Weire, 
Zurich. Fifty per cent of conventional male rats died 
by 710 days of age compared with only 10 per cent of 
their counte free from pathogens. These studies 
also underlined the need. for providing particular diets 
for specific strains of animals maintained under con- 
stant conditions. The meeting proposed that standard- 
ized diets should be formulated in relation to inter- 
nationally recognized strains of animals. A new 
criterion of “death rate” should also be introduced as 
well as fertility and weaning rate. Quality control of 
diets must be improved and there is the additional 
demand for “experimental diets” with strict adherence 
to composition. Professor Drepper (West Berlin) 
proposed that the use of synthetic additives (amino- 
acids, for example) would remove some of the variables 
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and thus should make experiments more reproducible. 
Although the microbiological state of diets has received 
some attention in recent years, little has been done 
about the equally important matter of their formula- 
tion. 


Protein Turnover 
from a Correspondent In Microbiology 


Tue turnover of endogenous protein is known to be of 
great importance in the differentiation of micro-organ- 
isms. For one thing, it can provide raw material for 
the synthesis of enzymes and other proteins that will 
allow growth to continue in a changed environment. 
Then, by generating amino-acids in non-growing cells, 
it may provide the energy necessary for cell mainten- 
ance. The analyses which have been made of protein 
turnover in micro-organisms suggest that the rate is 
low in growing cells and high in those which are not 
growing. Although there may be an inactive proteo- 
lytic system in growing cells, it only becomes activated 
under certain conditions such as starvation. 

Recent results obtained by N. S. Willetts (Biochem. 
J., 108, 453 and 462; 1967) have added significantly 
to understanding of the mechanism of protein turnover. 
The rates of protein degradation in a strain of Hschers- 
chia colt were determined by following the release of 
MC-valine from prelabelled cells. In deprivation of 
phosphate, ammonium ion, glucose or leucine, protein 
degradation proceeded at a common rate of 5 per cent 
per hour, suggesting that there is a single mechanism 
induced by any starvation state. The inhibition of 
protein breakdown. by agents such as p-merouribenzoate 
supports the hypothesis that breakdown is a conse- 
quence of direct enzymatic hydrolysis. Starvation 
of Mgt ions, however, produced a lower rate of 
degradation, 2-9 per cent per hour. Evidence is 
presented which implicates the Mg** ion as an essential 
co-factor for the proteolytic system rather than a 
prerequisite for rapid amino-acid equilibration. On 
the nature of the latent state of the proteolytic system 
in growing cells, Willetts argues that ribosomal pep- 
tidases have too restricted a specificity to produce 
extensive proteolysis and his data give no support for 
the possibility that NH,* ions, amino-acids or proteins 
may be inhibitors of the process, as is frequently pro- 
posed. Instead, he offers some evidence that the 
inhibition might be due to an unstable species of 
RNA. 

These investigations also confirm Mandelstam’s 
postulate that individual proteins can vary in their 
rates of turnover. Willetts has found that proteins 
synthesized during the regrowth of bacteria long 
starved of NH,* ions and leucine are very susceptible 
to degradation on the return of starvation conditions 
but not during further growth. Furthermore, a protein 
such as 8-galactosidase may differ in its susceptibility 
to degradation when starved of different nutrients. 
This phenomenon still awaits an adequate explanation. 
Finally, some very interesting data are presented on the 
rates of protein turnover and growth. Experiments 
in a bactogen continuous culture apparatus have shown 
that the net rate of protein breakdown is the same 
(0-6 per cent an hour) during balanced growth at any 
growth rate but is rapid (about 4 per cent an hour) 
during the transition period following a decrease of 
growth rate. It is proposed that the rapid rate of 
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degiadation at the beginning may be explicable in 
terms of a small, specific protein fraction with a short 
half-life. The elucidation of the mechanism that 
regulates such a preferential turnover of protein during 
growth offers intriguing possibilities for future experi- 
mentation, and will be vital to a fuller understanding 
of processes of differentiation in living cells. 


Cocoonase 


from a Correspondent in Cell Biology 


CocoonasE is a remarkable proteolytic enzyme pro- 
duced by silk moths of the genus Antheraea for the 
sole purpose of digesting the protein (sericin) matrix 
of the cocoon and allowing the emergence of the adult 
moth at ecdysis. Discovered in 1964 by Kafatos 
and Williams at Harvard, some of the properties of 
cocoonase have now been described by Kafatos and 
collaborators in J. Biol. Chem., 242, 1477 and 1488; 
1967. 

Cocoonase is synthesized and accumulated, probably 
as a proenzyme, in the epidermal cells of the maxillary 
galeae, vestiges of the functionless mouthparts of the 
non-feeding adult moth. About two days before 
ecdysis, highly concentrated droplets of the proenzyme 
at pH 6:8-7 are extruded on to the surface of the galeae 
where the proenzyme is converted into active cocoonase 
and dries down to form a semi-crystalline deposit. 
Before ecdysis, the enzyme redissolves in a secretion 
of the labial glands, effectively a buffer solution con- 
taining 0-15 M KHCO, at about pH 8-3. As a result, 
Kafatos and his colleagues are able to obtain cocoonase 
simply by dissecting away the cocoon and picking the 
crystals off the exposed galeae, The natural occurrence 
of an enzyme in such a pure form is, of course, without 
precedent. 

The unfractionated semi-crystalline cocoonase con- 
tains little salt, no carbohydrate, and no free amino- 
acids. It appears to be homogeneous, but OM cellulose 
chromatography shows that it contains 80 per cent of 
active enzyme and 20 per cent of inactive material, 
probably a mixture of inactive enzyme and a peptide 
liberated when the proenzyme is activated. 

Cocoonase resembles ¢-chymotrypsin and trypsin 
in many ways. It has a sedimentation constant of 
2-758, and an estimated molecular weight of 25,000; 
the corresponding values for «-chymotrypsin and 
trypsin are 2:569 and 2-58 and 24,000 and 23,000. 
All three enzymes have maximal activity in the range 
pH 7-9. All of them are basio proteins. Cocoonase is, 
however, much the less stable in non-physiological 
conditions, including low pH, high temperature and in 
the presence of urea. This may be the result of a 
comparative deficiency of cross links in the cocoonase 
molecule, which has only one cystine disulphide bond 
compared with six in «-chymotrypsin and five in 
trypsin. Apart from this, the amino-acid composition 
of cocoonase is very similar to that of trypsin. On 
the other hand, cocoonase is more stable to auto- 
digestion at its pH optimum—no doubt an adaptive 
feature of cocoonase which is subject to prolonged 
exposure at about pH. 8 during ecdysis. 

Cocoonase has the characteristic specificity of tryp- 
sin, and shows no chymotryptic activity. Heavy metal 
ions and sulphydryl groups have little inhibitory effect, 
and experiments with specific organic inhibitors sug- 
gest the presence of serine and possibly histidine in the 
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active site of the enzyme. Both these amino-acids are 
thought also to be in the active site of trypsin. 
Commenting on the possible evolutionary significance 
of their findings, Kafatos et al. point out that cocoonase, 
apart from distinctive properties such as its resistance 
to autodigestion and ease of inactivation at pH 3-4, 
has—like other less well documented insect proteinases 
--unexpectedly great similarities to trypsin. This 
supports the hypothesis that mammalian and insect 
proteinases have a common evolutionary origin. 


Active Centres 
from a Correspondent in Molecular Biology 


Two new crystal structures of enzymes have now 
been reported—chymotrypsin at a resolution of 2 A 
(Matthews et al., Nature, 214, 652; 1967) and human 
carbonic anhydrase C at 5-5 A (Fridborg et al., J. Mol. 
Biol., 25, 505; 1967). In both cases an inhibitor has 
been introduced, and the active centre delineated. 
Chymotrypsin is reported to contain a short segment 
of «-helix at the C-terminal end, but to consist other- 
wise of large sections of extended chains, frequently 
running parallel with adjacent segments and perhaps 
stabilized by inter-peptide hydrogen bonds. The 
inhibitor does not lie in a crevice, but open regions are 
observed around the critical serine residue (ser-195) 
of the active site, and the inhibitor lies across one of 
these. 

In carbonic anhydrase, the chain outlines are clearly 
defined, despite the lower resolution, and here the zino 
atom, which is required for activity, lies in a large 
cavity. A phenyl group in the inhibitor molecule 
appears to lie in a slit joining the cavity to the surface 
whereas its other end (a sulphonamide group) is bound 
to the zine atom. The crevice-like structure of the 
active site, though leas pronounced in chymotrypsin, 
appears to be a rather common feature and significant 
to the extent that it has been observed in all the other 
enzyme structures so far described in enough detail— 
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m lysozyme, ribonuclease, carboxypeptidase and 
papain. A non-aqueous environment thus seems to be 
a general prerequisite for catalysis. 

In this light it is natural to ask to what extent the 
specific interaction between enzyme and substrate is 
defined by the region in immediate contact with the 
inhibitor molecule. An original way of exploring the 
spatial extent of the active centre and the specificity 
of substrate recognition has been devised by Schechter 
and Berger (Biochem. Biophys. Res. Commun., 27, 
157; 1967). Their approach, which is in principle quite 
general, has been applied to the proteolytic enzyme 
papain. Schechter and Berger have synthesized 40 
oligopeptides containing both D- and L-alanine, and have 
studied the efficiency of cleavage by papain as a func- 
tion of their sequence. In the first place, peptide bonds 
involving a D-residue on either side are invulnerable, 
as are I-L bonds in the sequence DL-L. If it is now 
assumed that the bond in the substrate which is cleaved 
always occupies the same position on the enzyme 
molecule (catalytic site), the efficiency of cleavage is 
found to be determined by the adjoining residues 
which are regarded as occupying “subsites” on the 
enzyme. This effect seems to be exerted by no fewer 
than four residues to the N-terminal side of the bond 
actually cleaved, and three to the C-terminal side, 
which implies an effective length of the active site of 
some 25 A. In terms of diastereoisomeric replacement, 
the effect decreases with distance from the catalytic 
site. It is interesting that between the LLL-LL and 
DLL-LL or LLL-LD alanines (where the hyphen indicates 
the bond hydrolysed), there is a ten-fold diminution 
in cleavage efficiency, and in DLL-LDÐ the effects are 
multiplied, so that there is a hundred-fold effect. The 
authors report that they have also begun to explore 
side chain (rather than antipode) substitutions in 
substrates for proteolysis, and it is to be hoped that 
this will shed some light on some of the subtler aspects 
of substrate specificity, on which X-ray studies are 
unlikely for some time to make any impression. 


Growth and Death of Computer Populations 


by 
G. Y. CRAIG 


Department of Geology, 
University of Edinburgh 


G. OERTEL 


Department of Geology, 
University of California, 
Los Angeies 


Tue dynamics of animal populations have attracted 
biologistst:? for many years. The subject is of obvious 
importance, whether in connexion with the optimum size 
of fishing nets designed to catch a particular species of 
fish or with forecasts of the age structure of a human 
population so as to determine the proper scale of pensions 
contributions. The application of population dynamics 
to palaeontology has been less obvious, but in the past 
few years palacontologiste?* have realized that it may be 


Size frequency distributions can be analysed uang statistical models. 
When these models are applied to fossil popula 
esting facts emerge. 


tions some Inter- 


possible to understand something of the dynamics of a 
living population from a study of the fossil population 
derived from it. The problem may aptly be compared 
with that of trying to determine the size or age frequency 
distribution of a living population of human beings by 
measuring skeletons buried in a graveyard. In such a 
sample, small forms would probably be relatively less 
common and large forms more common than in the parent 
living population from which they were derived. 
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Fig. 1. Bize frequency histograms of living and dead (shaded) popula- 


tions derived from constant recruitment, constant mortality, lear 
growth rate. 


By means of field studies, the factors influencing the 
different size frequency distributions of living and dead 
populations can gradually be identified, but it is a slow 
job. Populations either have to be marked (shells nicked 
or fish tagged) and the mterplay of growth and mortality 
determined by continual sampling of the marked popula- 
tion or samples of hving and dead populations of one 
species collected at the same time have to be compared. 
Both methods share the risks inherent in sampling under 
natural conditions. 

It is now possible to supplement these field studies by 
computer models which simulate the processes of birth 
and seasonal recruitment, -growth and mortality, and the 
seasonal cessation of growth caused by winter or other 
unfavourable conditions’, The results are expressed as 
size frequency histograms of a steady state population 
of living animals and their acoumulating dead, and every 
individual born can be accounted for—alive or dead. 

Apart from human beings and certain domesticated 
animals, breeding tends to be seasonal. Seasonal produc- 
tion is most marked in the high latitudes where animals 
tend to reproduce in the late spring. In lower latitudes, 
reproduction may take place in both the spring and the 
autumn and in the tropics may occur throughout the 
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year. In the model, this recruitment can be arranged in 
any desired seasonal pattern to provide up to 100,000 
recruits a year. The individuals are recruited at a size 
of 1 unit and may be grown through 998 units or such 
smaller span as may be decided. The rate.of growth 
consists of weekly increments. We have used three kinds 
of growth rates—e linear rate of growth, a high rate of 
growth slowing down but not stopping in later life (as in 
some clams) and a very high rate of growth slowing down 
to zero in later life (as with man and many vertebrates). 
It is also possible to introduce a coefficient of variation 
in the growth rate so that individuals born at the same 
time may -grow at slightly different rates. The amount 
of variation desired 1s defined at the beginning of each 
experiment. 

Another factor to be considered is the rate of mortality. 
Mortality—in the sense used in the computer programme 
—hbegins to operate from the moment of birth and is 
expressed as so many deaths per 1,000 per week.. Three 
principal types of mortality have been used: a constant 
mortality rate in which the same proportion of individuals 
is killed each week throughout life (for example, 1 per 
cent per week) ; a gradually increasing mortality rate (such 
as m man); and a high mortality rate m the early stages of 
life decreasing with inoreasing age. It is also possible to 
stop the growth of all individuals in a living population 
for predetermined periods of time and to link these 
stoppages with increased mortality. In this way regularly 
recurring unfavourable conditions of the environment 
(for example, winter) can’ be imposed on the living 
population and their effects on the size frequency distribu- 
tion of Both living and dead populations determined. 

One use of the computer programme 18 to show 
how the distribution of size within a population 
can be affected by the rate at which individual 
members of the population grow. For this 
purpose 1t 18 sufficient to assume that the rates 
of recruitment (birth) to and loss (death) from a 
population are constant. If growth is taken as a 
linear function of age, the programme gives a 
simple result (Fig. 1). If, however, the rate of 
growth of an individual is high at the beginning 
of its Lfe and zero at some later time, the size 
distribution determined by the programme is 
that shown in Fig. 2. Here again it is assumed 
that the rates of recruitment and death are 
constant. With a rate of growth which is less 
rapid and which decreases with age throughout 
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Fig. 2, Size frequency histograms of living and dead (shaded) popula- 
tions derived from constant recruitment, constant mortality, very high 


to zero growth rate. 


adult life, distributions intermediate between 
those of Figs. 1 and 2 are obtained. In all 
experiments in which the mortality rate is con- 
stant, the patterns of the living and dead 
populations are identical. 4 
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Fig. 4. Size frequency histograms of ving and dead (shaded) popula- 
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Another use of the programme is to demonstrate the 
interplay bətween different rates of growth and more 
complex rates of mortality. With an increasing rate of 
mortality, there tend to be more large individuals than 
small among the living population, even though the 
rate of reoruitment is constant. An increasing rate of 
mortality combined with constant rates of recruitment and 
growth leads to the distribution shown in Fig. 3. Unlike 
the distribution in Fig. 2, the living and dead populations 
no longer correspond. Individuals are killed later rather 
than earlier in life and so relatively more are found in the 
larger size classes. This tendency is accentuated with 
more rapid initial growth as seen in Fig. 4, and resulta in a 
pronounced mode of large individuals in the dead popula- 
tion. 

These experiments demonstrate the principles involved 
on the assumption of continuous recruitment. Experi- 
ments which involve seasonal recruitment combined 
with an annual cessation of growth are somewhat more 
complex. For example, a burst of recruitment each spring, 
combined with a very high initial growth rate decreasing 
to zero in later life, together with an mereasing mortality 
rate, produces the peaked size frequency distribution 


100,000 


10,000 


NUMBER 











Fig. 5 Size freauenoy histograms of livıng and desd (shaded) popula- 
tions derived tio’ reorultment, Increasing mo: ty, very high 
to rero Scat ae (interrupted December to January). 





NATURE, VOL, 214, MAY 27, 1967 


shown in Fig. 5. Peaks arise in the dead popula- 
tion as the result of seasonal recruitment combined 
with seasonal cessation of growth. The decreasing 
distance between the peaks reflects the decreasing 
rate of growth. 

Perhaps the most effective analogy with our 
experiments is to consider the problem in terms of 
a motorway with 120 lanes. The mortality rates 
are represented by the density and speed of the 
traffic in each lane. The reoruited population is 
represented by continuous stream of individuals, 
or by batches of individuals which are released 
at certain times (seasonal recruitment) and allowed 
to oross the lanes at predetermined speeds (growth 
rates).” The coefficient of variation is represented 
by the slightly different rates of progress among 
individuals released at the same time. From a 
helicopter it would be possible to see a dense 
stream. (or waves) of individuals starting out from 
-one side of the motorway and gradually spreading 
out and thinning out as it flows across the lanes. 
The interplay between growth and mortality is 
vividly represented. The dead population gradually 
accumulates in the different lanes. The growing popula- 
tion can be stopped (for example, winter cessation of 
growth) so that a wave of recruits straddles several lanes 
and is translated into a peak of individuals in the dead 
population. The length of the period of cessation of 
growth determines the size of the peak or peaks. The 
members of the severely depleted population are allowed 
to resume movement (growth) at the end of the stoppage. 

Several points of some importance to palaeontology 
emerge from these experiments. First, the experiments 
afford a means of interpreting size frequency distributions 
in fossil populations, especially where these distributions 
accurately reflect the form of the original dead population. 
The interplay between mortality and growth can only be 
disentangled, however, if one or other of the two variables 
can be identified. In the case of fossil populations, the 
growth rate is the only factor which has a chance of being 
determined, either directly by means of growth rings or 
indirectly from the spacing of peaks in the size frequency 
distribution. Second, the experiments show that con- 
siderable numbers of immature young animals must be 
killed. Unless predation, breakage or solution of the 
skeletons after death has occurred, they must be pre- 
served although not necessarily in the same place as the 
larger individuals’, Third, ıt is apparent from the 
experiments that the median size of individuals in a 
population reflects not only the growth rate but also the 
mortelity rate. It is even possible that increases in the 
size of individuals up a geological succession may simply 
reflect an amelioration of the mortality rate. These points 
are relevant to discussions on the species problem and 
evolutionary trends. Fmally, the experiments show that 
it is much more difficult than has hitherto been assumed. 
to identify cases of mass mortality in a fossil population. 
As can be seen from the histograms, some size frequency 
distributions of-dead populations are little different from 
those of the living. 

We believe that the models we have generated on the 
computer, or others that could be generated to fit specific 
series of measurements, could be useful for the analysis 
of data on recent or fossil populations in different environ- 
ments. Even where observations are somewhat obscured 
by the mcompleteness of the fossil record or by the hazards 
of sampling, they may be better understood if idealized 
models provide standards with which they can be 
compared. 
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Postglacial—Glacial Change in Climate 


in the Indian Ocean 


by A change from a cold to a warmer climate is known to have taken 
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Ericson and Wolln have detected changes in the plank- 
tonic foraminiferal faunas in deep-sea cores from the 
Atlantic Ocean which they claim reflect the end of a 
glacial period and the onset of a warmer climate in the 
Northern Hemisphere 11,000 years ago}. A similar 
change in climate has been detected by Blackman and 
Somayajulu‘ in the Eastern Pacific. The purpose of the 
present article is to report the results of carbon-14 dating 
of cores and investigations of the planktonic foraminiferal 
assemblages from the Indian Ocean, off south Western 
Australia, which suggest that there was a similar onset of 
a “postglacial” period at this time in the Southern 
Hemisphere. 

Three piston cores taken during the Lamont Geological 
Observatory cruises of R.V. Conrad in 1965 and two 
gravity cores taken by the R.V. Argo during the 1962 
Lusiad expedition of the Scripps Institution of Oceano- 
graphy penetrated calcareous oozes on the continental 
slope off south Western Australia (Table 1, Fig. 1). The 
calcareous oozes are generally shades of white (10YR 
8/2, 2.5Y 8/2, N9) or light grey (2.6¥ 7/2, 6YR 8/1, 
5Y 8/1, N8) and burrow-mottled. (The colours are desig- 
nated by means of Munsell Soil and Rock Colour Charts.) 
Smear slide descriptions show that the sediment in the 
five cores varies very little in composition and 1s mainly 
composed of 30-60 per cent planktonic Foraminifera, 
30-60 per cent coccoliths, 10-20 per cent siliceous spicules 
(mostly sponge spicules), 5-20 per cent terrigenous silt 
and clay with minor amounts of bryozoa, echinoderm and 
molluscan fragments, benthic Foraminifera, otoliths, 
pteropods, ostracods, and rafted sand grains. 





Fig. 1. Map showing core locations on the continental slope off south 
Western Australia, Contours ın corrected fathoms from soundings on the 
Austrahan Hydrographic Office Charts 381 and 410, 1:1,000,000 Series. 


place In the Northern Hemisphere 11,000 years ago. 
miniferal faunas of deep-sea cores obtained off the south coast of 
Western Australia reveal that postglacial warming also occurred at 
about this time In the Southern Hemisphere. 


The fora- 


Table 1. CORE LOCALITIES, DEPTHS, AND LENGTHS ON THE CONTINENTAL SLOPE 
OFF SOUTH WESTHEN AUSTRALIA 


Core 
(Corrected) length 


Core No Latitude °8. Longitude °E. 

depth m em 
A186 QG 31° 80° 114° 28’ 2,860 21 
A137 G 81° 46’ 118° 56’ 4,645 25 
C0-150 81° ITY 114° 31:7’ 2,708 512 
C9-148 29° 41 8 118° 40 3’ 2,056 276 
C147 29° 20 5’ 118° 28-4’ 2,479 76 


Samples taken atb intervals down the cores were washed 
and the sand (> 62u) fraction removed by sieving. The 
cores contain 3—43 per cent of sand, and 80 per cent of the 
samples have 10-20 per cent of sand. The sand fraction 
consists of about 90—95 per cent of planktonic Foraminifera 
and the remainder mainly of benthic Foraminifera. 

An investigation was made of the planktonic fora- 
mintferal assemblages by counting 100-200 individuals 
greater than 200. in diameter from each of the sand 
fractions and basing the identification of the species on 
the classification used by Parker’. The following species 
were identified and occurred commonly in this fraction in 
certain portions of the cores: Globorotalia cultrata, G. 
tumida, G. truncatulinoides, G. hirsuta, G. scttula, G. 
inflata, G. crassaformis, Globoquadrina dutertret, Globi- 
gertnoides conglobatus, G. ruber, G. quadrilobatus saccultfer, 
“Orbulina universa’, Globigerinella siphonifera, Globi- 
gerina bulloides. Sphaeroidinella dehiscens, Globoquadrina 
conglomerata, Globigerina pachyderma and Pulleniatina 
obliqutloculaia were also present in some samples. 

Throughout the cores Globorotalia inflata was by far 
the most abundant species and usually made up 8-70 
per cent of the counted fraction. Globigerinoides ruber 
was the next most abundant and generally made up 10-35 
per cent of the counted fraction. 

Quantitative investigations of the occurrence of living 
planktonic Foraminifera in the surface waters of the 
oceans and in the surface sediments show that their 
distribution is probably controlled by the temperature of 
the ocean water". In the Indian Ocean there are three 
main chmatic zones, the Antarctic—polar, temperate and 
tropical. The cores described in this investigation occur 
between 29° and 32° South latitude in the temperate 
zone which is situated between the Antarctic and sub- 
tropical convergences. g 

The upper zones in the five cores are characterized by an 
abundance of warm-temperate to tropical planktonic 
Foraminifera including mainly Globorotalia cultrata, Q. 
tumida, Globoquadrina dutertret, Globigerinotides ruber, G. 
conglobatus and Globoquadrina quadrilobatus saccultfer. 

There is a gradation from this fauna to one charac- 
terized by colder water species downwards in each core. 
Included in this colder water fauna are mainly Globoro- 
talia inflata, Globigerina bulloides and rare G. pachyderma. 

This change is best illustrated by showing the change ın 
percentage distribution of some key warm and colder 
water species, namely Globorotalia culiraia, G. tumida, 
Globoquadrina dutertres and Globorotalia inflata (Figs. 2 
and 3). 

In all five cores the percentage of G. oultrata+G. 
tumida decreases to a trace of a per cent below a certain 
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level and the distribution of Globoguadrina dutertret is 
almost identical to this. With decrease in these warmer 
water species there is a corresponding increase in the 
abundance of colder water species, particularly Globoro- 
talia inflata, which makes up only 5-10 per cent of the 
counted fraction at the top of the cores 09-147 and 09-150 
but soon increases to 60-60 per cent of the counted fraction 
with depth (Fig. 2). Similar increases in the percentage 
of G. inflata with depth occur in cores 4136 G and 
A137 G although not to such a great extent (Fig. 3). 

Ericson and Wollin!* and Ericson et al.? use curves 
based on the relative numbers of warm water and cold 
water planktonic Foraminifera from the Caribbean and 
Atlantic, and conclude that the end of the last glaciation 
occurred 11,000 years B.P., whereas Shepard’ presents 
evidence based on oarbon-14 dates which indicates that 
the sea level rose from about 17,000 to 6,000 years B.P. 
at an average rate of about 26 ft. per thousand years, 
although the rise was probably interrupted by occasional 
reversals. 
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The change from a planktome foraminiferal fauna 
dominated by cold water species to one dominated by 
warmer water species in the five cores on the continental 
slope off southern Western Australia is gradational, and, 
because it is gradational, any boundary between cold and 
warm faunas has to be arbitrary. 

The Globorotalia cultrata group becomes rare or absent 
at a level just beneath tho levels dated at 10,000 years 
B.P. in core 09-150 and 9,400 years B.P. in core A136 G. 
Globoquadrina dutertret has a frequency distribution similar 
to the G. oulirata group and G. mflata becomes more 
abundant beneath this level. This suggests that the most 
obvious change in planktonic foraminiferal fauna 1s 
gradational and has a midpoint of about 10,000 years B.P. 
This time corresponds closely to the 11,000 year date of 
Ericson and Wollin?? and lies about midway in the time 
of the postglacial rise in sea level from about 17,000 years 
ago as suggested by Shepard}? and Curray’’. 

Rafted grains of quartz, feldspar and, more rarely, 
fragments of granitic metamorphic and sedimentary 
rocks occur sporadically beneath the postglacial zone in 
cores 09-150 and A137 Q. The rafted grams probably 
originated from Antarctica during the glacial period when 
icebergs were a common occurrence in cold water currents 
off the south coast of Western Australia. 

It may be coincidental that the almost complete ex- 
clusion of the G. cultrata fauna from the south-east 
Indian Ocean occurs simultaneously with a similar ex- 
clusion of the same fauna in cores from the Carmbbean and 
Atlantic'~. Nevertheless the change in the G. cultrata 
group is reflected by similar change in all the planktonic 
foraminiferal species, and as such must be caused by 
considerable changes in water mass and hence ın climate. 

The abrupt downward decrease of Globorotalia oultrata 
and G. tumida occurs at depths between 20 and 40 cm in 
the three piston cores and at a depth of 20 em in core 
A186 G, suggesting that the rate of sedimentation was 
2-4 em/1,000 years during the past 10,000 years. The 
abundance of the G. inflata assemblage near the top of 
core A136 G suggests that some postglacial sediment is 
missing, perhaps as a result of erosion or of alumping. 

Core 09-150 contains & zone below 400 em characterized 
by a warmer water fauna (Fig. 2) that may have been 
deposited during the interstadial before the last major 
cold period. If this zone had been deposited concurrently 
with a similar zone that occurs in Atlantic cores and 
dated at ending about 60,000 years B.P.°, then the average 
rate of sedimentation in core 09-150 during the last glacial 
period would have been about 8 cm/1,000 years. This value 
is considerably higher than that for the postglacial rate of 
sedimentation, indicating a higher productivity and rate of 
sedimentation during the glacial periods similar to that 
found by Ericson et al.* in the North Atlantic. 

The postglacial warming dated between about 6,000 
and 17,000 years B.P. has thus now been observed by 
changes in planktonic foraminiferal faunas in deep-sea 
cores from the three major oceans of the world, the Atlantic 
(Ericson and Wollin'*); the Pacific (Blackman and 
Somaysajulut) and the Indian (this article). It will be 
interesting to see if dating on longer deep sea cores taken 
from the Indian Ocean gives similar results to those of 
Blackman and Somayajulu‘t from the Pacific indicating 
that other major changes in climate occurred almost 
simultaneously throughout the oceans of the world during 
Pleistocene. 
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Calcium Uptake, ATPase and Photophosphorylation 


by Chloroplasts in vitro 


by The uptake of calcium and the levels of ATPase and photophosphory- 
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lation have been measured simultaneously In chloroplasts and the 


same experimental conditions, which facilitates the comparison of 
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UPTAKE of calcium into spinach chloroplasts induced by 
light has been desombed!. This ion transport occurred 
under conditions favourmg the lght-triggered magnesium- 
dependent ATPase which is enhanced by the addition 
of sulphydryl groups?. Because a phosphate-dependent 
uptake of calcium was found in both the light and the dark. 
the ATPase might be involved with the transport of 
calcium or it might function by providing inorganic 
phosphate in a suitable location. 

The uptake of calcium! and strontium’ induced by 
light hag appeared to be ın competition with photo- 
phosphorylation for the available energy. Jon uptake 
and phosphate esterification were, however, measured 
under different conditions. A system was therefore 
developed in which ion uptake, ATPase and photophos- 
phorylation could be measured under identical reaction 
conditions, the activity measured depending only on the 
radioisotope added. Although this entailed using condi- 
tions that were sub-optimal for each activity, the experi- 
ments provide a basis for direct comparison. 

Spinach (Spinacia oleracea) was purchased commercially 
and chloroplasts isolated as previously described’. Peas 
(Pisum sativum var. “Laxton Superb’) were grown in moist 
vermiculite for 14 or 15 days. A light intensity of 150 
ft,-candles was provided by daylight fluorescent tubes for 
12 h each day and the temperature was 18°+2° C. Pea 
chloroplasts were isolated as described for spinach?. Except 
as indicated, the reaction mixture contained 175 mmoles/l. 
sodium chloride, 50 mmoles/l. irts-hydrochloric acid 
(pH 17-9), 10 umoles/l. N -methylphenazonium metho- 
sulphate, 2 mmoles/l. magnesium chloride, 1 mmole/l. 
ADP, 1 mmole/l. ATP, 1 mmole/l. sodium phosphate 
(pH 7-9), 1 mmole/l. calcium chloride, 1 mmole/|. mercapto- 
propionate, chloroplasts (20 ug chlorophyll/ml.) and the 
appropriate radioisotope. 5 ml. portions of the reaction 
mixture were incubated at 20° C for 10 min in the dark, 
or at a light intensity of 50,000 lux provided by tungsten 
lamps. After incubation, the chloroplasts were removed 
by a ‘Millipore’ filter (25 mm diameter, 0-8 pore size) and 
the chloroplasts on the filter were washed with 6 ml. of 
175 mmoles/l. sodium chloride buffered with 50 mmoles/l. 
tris-hydrochloric acid (pH 7:9). Radioactivity on the 
filter and in the filtrate was determined. A blank without 
chloroplasts was subtracted to correct the chloroplast 
fraction on the filter for ions adsorbed by the filter itself. 
Photophosphorylation (using ™*P;) and ATPase (using 
ATP-**P with the label in the gamma position) were 
determined by extracting the filtrate with isobutanol— 
benzene’. Unless otherwise indicated, six or more experi- 
ments are averaged under each condition; results are 


various Inhibitors, 
may accumulate within the chloroplast grana. 
bearing on the chemiosmotic hypothesis. 


The terminal phosphate of ATP and the calcium 
The results have a 


presented as the average with the standard error of the 
mean. 
Compounds containing sulphydryl groups appear to be 
for optimal uptake of calcium and ATPase, 
but they inhıbit photophosphorylation. At the concen- 
trations used, mercaptopropionate, reduced lipoic acid, 
and mercaptoethanol resulted in an increase of almost 
ten times in the light-induced uptake of calcium and 
ATPase by spinach chloroplasts (Table 1). The stumula- 
tion of divalent cation uptake by byd groups 
depends markedly on the reaction conditions and phymo- 
logical state of the chloroplasts?*, For example, for three 
experiments using pea chloroplasts, the addition of 1 
mmole/l. mercaptopropionate increased light-induced cal- 
cium uptake from 10 to 15 mpmoles (phosphate esterifica- 
tion was reduced from 2,100 to 1,200 mumoles). On the 
other hand, the sulphydryl-containing compounds de- 
creased photophosphorylation, qualitatively in agreement 
with data of Petrack et al.§ using reduced lipoic acid. 
It was apparent that much more phosphate was esterified 
than calcium accumulated. 


Table 1. CONOOMITANT LIGHT-INDUORD (LIGHT MINUS DARK) AOTIVITIES 
OF SPINACH Riga 
piake by by ATP Phosphate 
Sulphydry! added oroplast hydrolysed esterified 
fraction (mymoles) (mmoles) 
(mpmoles) 

None 241 10+ 2 1,164 + 51 
1 mmole/l. mercaptopropionate 1242 7510 635 + 26 
6 mmoles/]. reduced polo acid 1641 107+ 7 604 +57 

10 mmoles/l. mercaptoethanol 16+8 89412 378 + 83 


Table 2 gives data on the uptake of the various ions 
into the chloroplast fraction. Light greatly stimulated 
the uptake of calcium, but had very little effect on the 
uptake of inorganic phosphate. A marked increase in 
counts coming from ATP labelled with phosphorus-32 
in the gamma position was, however, found in the light 
as compared with the dark in the presence of calcium. 
The possibility that the uptake of the entire ATP molecule 
accompanied the light-induced calcium uptake was 
checked by using ATP labelled with carbon-14 in the 
adenosine portion of the molecule. This “C-ATP was 
not accumulated in the light or the dark, which suggests 


Table 2. UPTAKE OF IONS BY THE CHLOROPLAST FRAOTION 


Spinach ok ohloroplasta Spinach chloroplasts Pea chloroplasts 
Isotope —calemm Saas 
added Li ait Light Dar 

(mpmoles) Guais) (mumoles) Er REAA En 
“Ca 1842 641 (0) (0) 2241 51 
uP 542 4t1 IEF] Oti 6+2 tO 
ATP-»-™P 1442 1+0 140 0+0 vil O+0 
M40. Al 0+0 1+1 — — 11 l£1 
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thet ıt was the terminal phosphate of ATP that accom- 
panied the hght-induced uptake of calcium. In the 
absence of calcium, essentially no uptake of morganic 
phosphate or ATP was observed in the hght or dark. 

The comparative effect of various compounds on ion 
uptake and photophosphorylation with spmach chloro- 
plasis* was reinvestigated with the present system, in 
which the activities were measured in the same chemical 
conditions and with the same chlorophyll concentration 
using pea chloroplasts. Chlorpromazine (10 umoles/l.) 
was a slightly more potent mhibitor of photophosphoryle- 
tion (average decrease of 94 per cent in four experiments) 
than of light-induced calcium uptake (76 per cent m- 
hibited) as has been indicated‘. Provious results suggested 
that cetyl pyridintum bromide was a more powerful 
inhibitor of photophosphorylation than of strontium 
uptake‘. It was found, however, that cetyl pyridinium 
bromide was not a more potent inhibitor of phosphate 
esterification, than of caloum uptake. The situation is 
complicated because the effect of the inhibitor varies 
with the chlorophyll concentration. For example, 50 
umoles/l. cetyl pyridinium bromide inhibited photo- 
phosphorylation by 62 per cent and light-induced caloium 
uptake by 65 per cent with 30 ug chlorophyll/ml., while 
with 15 ug chlorophyli/ml., photophosphorylation was 
inhibited by 82 per cent and calcium uptake by 91 per 
cent (three experiments are averaged). Quinacrine 
(40 umoles/l.) inhibited light-induced calcium uptake by 
87 per cent and photophosphorylation by 74 per cent 
(four experiments are averaged), indicating that it also does 
not preferentially affect phosphate esterification as had 
been, surmised‘. 

Two compounds, phlorizin and ‘Dio-9’, have been 
recently proposed as “energy transfer mbibitors’ in 
chloroplasts’*, analogous to the action of oligomycin on 
mitochondria. Izawa e al.’ suggested that phlorizin 
blocks a phosphorylation reaction in chloroplasts. This 
compound was previously indicated to mbhibit photo- 
phosphorylation preferentially compared with strontium 
uptake‘, and this finding was confirmed here when 
the activities were measured in the same conditions 
(Table 3). For example, photophosphorylation was 
inhibited 99 per cent by 0'5 mmoles/l. phlorizin, while 
light-induced calcium uptake was decreased by only 
50 per cent. The antibiotic “Dio-9’ (preparation PR. 275, 
Royal Netherlands Fermentation Industries, Ltd., Delft) 
has a similar effect (Table 3). For 2 pg/ml. ‘Dio-9’, 
photophosphorylation was 99 per cont inhibited, while 
calcium uptake was reduced by about 70 per cent. The 
two compounds which are thought to act as “energy 
transfer inhibitors” in chloroplasts?" decrease phosphate 
esterification to a far greater extent than they reduce 
light-induced calcium uptake. 


Table 8. RIFEOT OF VARIOUS COMPOUNDS ON LIGHT-INDUOMD (LIGHT MINUS 
DARK) OALOTUM UPTAKE AND PHOTOPHOSPHORYLATION BY PEA CHLOROPLASTS 


Calotum uptake by Phosphate 

Addition chloroplast fraction esterified 
(mmoles) (mymolea) 

None 16+1 1,140 + 36 
0-2 mmoles/l. phlonizin 122 160441 
0-6 mmoles/l. phlonzin 8+1 16+ 3 
1 ug/ml. ‘Dio-9" 72 70412 
2 ug/ml. Diot 6+1 ilt 6 


The majority of substances tested inhibit the uptake 
of ions as much as or more than they inhibit photo- 
phosphorylation, for example, dicoumarol, carbonyl- 
cyanide phenylhydrazones, pentachlorophenol, gramicidin, 
cetyl pyridinium bromide, octyl guanidine and quinacrine 
{compare ref. 4). These compounds can all bind hydrogen 
ions and might act to uncouple electron flow from photo- 
phosphorylation by the dissipation of energy stored in a 
proton activity gradient*. On the other hand, phlorizin 
is a more potent mhibitor of photophosphorylation than 
of strontium or calcium uptake (ref. 4, Table 3). The 


NATURE, VOL, 214, MAY 27, 1967 


structure of this compound suggests that it does not bind 
protons and hence its uncouplmg mechanism may be 
different from the other compounds mentioned. ‘Dio-9’ 
also preferentially inhibits photophosphorylation com- 
pared with calcium uptake, mdicating that these two 
activities can to some extent be distinguished. 

An interdependent uptake of calcrum and phosphate 
by spinach chloroplasts has already been noted'. Here 
some of the calerum 1s accompanied by an apparently 
much more efficient gegenion than morganic phosphate. 
For example, about 14 mymoles of phosphate from the 
y position of ATP accompany the calcium taken up in the 
light by spinach chloroplasts (Table 2), while the total 
amount of phosphate from ATP on the filter and in the 
filtrate is about 90 mpmoles (Tables 1 and 2). On the 
other hand, although 5,000 mpmoles of morganic phos- 
phate are initially present in the reaction mixture, only 
about 5 mymoles appear to accompany the uptake of 
calctum. This suggests that the y-phosphate released 
from ATP by the sulphydryl-stimulated ATPase is 
released into a special location, which is here tentatively 
identified as the side of the grana. 

Because the phosphate salts of calcium, strontium and 
barium are extremely insoluble in water, the uptake of 
divalent cations'*}“ may be due to precipitation with 
phosphate, perhaps in the intragrana region. In the dark, 
calcium uptake would accompany the uptake of inorganic 
phosphate. In the light, the ATPase is triggered, so that 
more phosphate enters the chloroplast grana; calcium 
could then be precipitated in the intragrana region. A 
finding which is m harmony with this interpretation is the 
location of the electron-opaque deposits observed under 
conditions for calcium, strontium and barium uptake". 
These deposits have been found attached only to the inside 
of the lamellar membrane. The apparent lag in acid-base 
induced ATP hydrolysis noted by Kaplan e al} may 
also be related to the proposed intragrana site of phos- 
phate release. 

The light-triggered magnesium-requirmg ATPase which 
is enhanced by sulphydryl groups appears to be affected 
by the hydrogen ion concentration gradient across the 
grana membrane. The ATPase is triggered by light and 
has a pronounced lag before a steady state rate is 
achieved'4-44, The light-induced proton influx!*1¢ 
requires a similar period before a steady state (no net 
uptake of hydrogen ions) is reached. When the light is 
turned off, the ATPase decays m the dark!-14 with a half- 
time which is similar to the half-time for the decay of 
the net efflux of protons!’*. Also, if a hydrogen ion 
concentration gradient is established by incubating 
chloroplasts in an acid medium and then rapidly trans- 
ferring them to an alkaline medium, an ATP hydrolysis 
is observed which appears to involve the light-triggered 

eaium-requiring ATPase that is enhanced by 
sulphydryls'. As mentioned already, the light-induced 
uptake of calcium and strontium apparently depends on 
this ATPase. The inhibition of divalent cation uptake by 
possible proton-ferrying uncouplers® may result from the 
inhibition of the ATPase by preventing the establishment 
of a hydrogen ion concentration gradient across the 

membrane. 

Mitchell’ has developed ideas on a chemiosmotic 
couphng between electron flow and photophosphoryla- 
tion. A stringent requirement for his hypothesis is that 
the membrane, which in chloroplasts 1s considered to be 
the grana membrane, should express a sidedness. Both 
the location of the electron-opaque deposits within the 
granas and the proposed intragrana site for phosphate 
release by the sulphydryl-stimulated light-triggered 
ATPase are consistent with this sidedness, but the 
detailed mechanism of coupling remains to be experi- 
mentally clarified. 

I thank Dr P. D. Mitchell for æa helpful discussion, 
Dr D. A. Walker for information on growing peas, and 
Professor F. R. Whatley for providing research facilities. 
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VARIANTS of the physiological human haemoglobins, most 
of them of adult haemoglobin Hb A (a,8,), have usually 
been discovered by electrophoresis. They differ in charge 
from haemoglobin A because of substitutions of par- 
ticular amino-acids by others carrying a different charge. 

Two exceptions have been described. In haemoglobin 
Koin (refs. 1 and 2) a mutation involving two neutral 
amino-acids (valine — methionine)? is thought to cause 
a change in the tertiary structure which results in a 
different over-all charge of the haemoglobm molecule. 
Haemoglobin Koln can therefore be separated from haemo- 
globin A by electrophoresis. Simuarly haemoglobin 
Freiburg, where one valine residue is deleted‘, can be 
separated electrophoretically from haemoglobin A, pre- 
sumably for the same reason. 

We have examined an unstable haemoglobin occurring 
in an Italian family which showed no drfference from 
haemoglobin A on electrophoresis. It could, however, be 
separated from haemoglobin A because it was precipitated 
on mild heating. 

The blood was obtained from a mother and her daughter 
in Genos. They suffered from a severe congenital haemo- 
lytic anaemia associated with inclusion (Hemz) bodies of 
the erythrocytes. The haemoglobin was clearly unstable, 
and spontaneous precipitation occurred on several ocos- 
sions in the course of normal laboratory handling. The 
haemolysate was examined by electrophoresis on paper in 
tris buffer, pH 8-9 (ref. 5), and in starch gel with discon- 
tinuous ins citrate-borate, pH 8-65 (ref. 6). By both 
methods, bands were detected in the positions of haemo- 
globin A and haemoglobin A, and behind the haemoglobin 
A, where free «-chains have previously been demonstrated 
on electrophoresis of haemoglobins with unstable B-chains’ 
(Fig. 1). This last slowest band was eluted after paper 
electrophoresis. The methods subsequently used are sum- 
marized in refs. 8 and 9. After tryptic digestion, finger- 
prints of the tryptic peptides were prepared, and it was 
confirmed that this fraction consisted of «-chains. Thus 
we suspected that the unstable haemoglobin had abnormal 
B-chaing. 
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6828 (BIO) Leucine —> Proline 


An unstable haemoglobin with the electrophoretic properties of 
normal adult haemoglobin A has been identified in a Genoese family 
with severe haemolytic anaemla. 
tution in Its -chain of proline for leucine at position [0 of the 
B helix. This substitution accounts for the disease In molecular 
terms because proline would Interrupt the helical configuration. 


It differs from A by the substi- 


The “haemoglobin A” band was then eluted from paper 
after electrophoresis. On concentration of the eluate by 
vacuum dialysis, a precipitate was formed which was 
washed twice with normal saline, and then dissolved in 








Fig. 1. Starch- haresie of the haemoglobin of one of the 
pater ents (left) with a normal control (right). The only abnormaltty noted 
haemoglobin of the patient is a slow-moving fraction——which 


waa abode oo consist of normal a-chains. Heemoglobin Genova doos not 
separate from haemoglobin 


1 elec: 
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0-1 normal hydrochloric acid. Globin was prepared by 
addition of the precipitate to excess acid/acetone. In 
order to reduce to a minimum the formation of an 
insoluble ‘core’ on tryptic digestion, the globin was 
armino-ethylated®, and consequently fingerprints of a 
tryptic digest showed peptides representing the whole of 
the globin. It is frequently difficult to interpret the 
fingerprints of precipitated haemoglobins because of extra 
peptide spots that are assumed to be of non-haemoglobin 
origin. They are obtained in inconsistent yields, and it 
is possible to recognize them from their lack of stoichio- 
metric relationship with the haemoglobin peptides. When 
these spots were excluded there was only one clear 
difference between the fingerprint of the precipitate from 
the “haemoglobin A” fraction from the patients and that 
of amino-ethylated haemoglobin A. Just below BATpHI 
(residues 18-30 of the 146 residues of the §-chain (ref. 10)) 
another peptide also staining for arginine was seen 
(Table 1). This peptide, which we suspected was the 
PTpIIT of the abnormal haemoglobin, is demonstrated in 
Fig. 2, which shows the fingerprint of the purified abnor- 
mal haemoglobin. 


Table 1. TRYPTIC PEPTIDE PIO OF HABMOOLOBIN A!® 


Position in 

&-ohain 18 19 20 21 22 28 24 25 26 27 28 29 30 
Helical Val -Asn -Val-Asp—Glu-Val--Gly- Gly -Glu- Ala-Leu--Gly-Arg 
elica. 

position AlS Bl B2 B3 Bs B5 BO B7 BS B9 B10 B11 B12 


The lower chromatographic mobility indicated that 
this peptide was more hydrophilic than 8ATpIII. Because 
the electrophoretic mobility of the two peptides was the 
same, this did not result from the substitution of an 
uncharged residue by a charged residue. We concluded that 
the most likely explanation was a replacement of one neu- 
tral amino-acid by another which was more hydrophilic. 
The peptide was eluted from a preparative fingerprint and 
hydrolysed in 6 normal hydrochloric acid at 105° C for 22 h. 
Amino-acid analysis revealed that this peptide was similar 
to BATpITT except that leucine was absent and that it con- 
tamed one residue of proline (Table 2). In the chromato- 
graphy systems used, proline shows more hydrophilic 
properties than leucine, and this finding explains the lower 
chromatographic mobility of the new peptide. Thia con- 
firmed that the precipitate contained a new abnormal 
haemoglobin, and this we have called haemoglobm Genova. 
Assuming, as seamed most likely, that a direct leucine 
-> proline replacement had occurred, the position of the 
proline would be that ocoupied by leucine in BATpIIT of 
haemoglobin A, namely, 828 (B10 in the helical notation). 

Amino-actd sequence. Pure haemoglobin Genova was 
prepared by incubating whole haemolysate for 1 h at 
50° O. A precipitate was formed which was washed twice 
with pH 7 buffer to remove co-precipitated proteins, in 
particular co-precipitated haemoglobin A. Globin was 
prepared from 20 mg of washed precipitate and digested 
with trypsin. 8TpITI was isolated after electrophoresis at 


AE- Hb. GENOVA 


j 


Fig 2. Fingerprint ofthe pure globin from haomoglobin Genova (amıno-ethylated). At the bottom 
right the ringed peptide is the STpIII of haomoglobin Genova. Above it, ringed by a dotted 


Hno, 18 the area where PATITI would be expected 
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Table 2. AMINO-AOID COMPOSITION OF STPLII OF HB GENOVA AND 4 HB Jam 
CONTROL 


ove. Hb A control 

Yield No. of No. of 
Amino-aad (umol ) residues residues 
Aspartic acid 0-198 2-0 2-0 
Glutamic acid 0-198 20 20 
Proline 0-099 1-0 Nil 
Glycine 0 204 3-0 20 
Alanine 0 003 10 1-0 
Valine 0-298 8-0 3-0 
Leucine Nil Nil 1-0 
Arginine 0 09 0-9 09 


No other amino-acids were present on amino-acid analysis in ylelds greater 
than 0-05 of a residue. No tryptophan was detectable by stalning methods. 


pH 6-5. From this the Genova peptide was obtained by 
descending chromatography in n-butanol—acetic acid- 
water-pyridine™ for 17 h, under which conditions a clear 
separation of the haemoglobin A and haemoglobin Genova 
peptides had previously been shown to occur. No BAT pIit 
was obtamed, which indicated that the original washed 
precipitate had, in fact. been pure haemoglobin Genova. 
The Genova BILI tryptic peptide was eluted with 0-26 
normal acetic acid into capillary tubes which were then 
sealed and heated at 105° C for 48 h. BTpITI from haemo- 
globin A was similarly treated as a control. The partial 
acid hydrolysates were then subjected to standard finger- 
printing techniques, and the peptide fragments eluted and 
analysed in duplicate by paper electrophoresis at pH 2-0. 
In order to identify proline, one paper was stained with 
ninhydrin and the other with isatin reagent". 

The fragmenta listed in Table 3 were some of those 
obtained from the Genova peptide. Most fragments were 
identical with those from the control peptide and with 
those obtained by others using partial hydrolysis on 
BATpIIT (ref. 13). Loucine was not, however, found in 
those fragments which contamed leucine in the control 
hydrolysate, and mstead proline was found. 


Table 8. FRAGMENTS FROM PARTIAL AOID HYDROLYSIS OF THE PINT TRYPTIC 
PEPTIDE FROM HAEMOGLOBIN GENOVA 

Presumed 

B ere Val-Asn~Val—Asp-Glu-Val-Gly—Gly—ilu -Ala~Pro-Gly~Arg 


Glu Val Gly Gly Glu Ala Pro Gly Arg 
Amino ada Gin Val Gly Gly Glu 
position Gly Glu Ala Pro Gly Arg 


onl y Gl 
y Val Asp Glu Val Gly Gly Glu Ala Pro Gly Arg 
Sequence Al 
determination -Pro Gly-Arg 


Only results significant for the determination of the amino-acid sequence 
are shown, 


The fragmenta from haemoglobin A and haemoglobin 
Genova differed in that only the first gave in good yield 
a peptide which contained Ala, Leu, Gly, Arg. Although 
this peptide was absent in the hydrolysate of the Genova 
BIpLI, two extra fragments were found (Table 3). One 
contained alanine and proline; it stained blue with nin- 
hydrin and gave no blue colour with the modified isatin 
stain of Monier and Justisz**, which is specific for N- 
terminal proline. This dipeptide was therefore Ala-Pro. 

The other fragment contained glycine and 

arginine. It stained transiently yellow 

` with ninhydrin which indicated N-term- 

; inal glycine, and the arginine could only 

bo the C-terminal residue of BT pI. Thus 

this dipeptide was Gly-Arg. It was 

a) concluded that haemoglobin Genova con- 
tained the amino-acid sequence Ala-Pro- 

Gly-Arg. A break had occurred between 

i Pro and Gly. J. S. Best has informed us 
woos (personal communication) that he has 
et . detected a similar break distal to proline 
mS ie on partial acid hydrolysis in another 
$ | peptide. We conclude that haemoglobin 
Genova is «8, 28 Leu>Pro. A leucine—» 
proline mutation has not been described 
before for a human haemoglobin. Indeed, 
it has not been observed in any other 
proteins although a reverse Pro-+Leu 


Z 
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mutation has been recorded in tobacco mosaic virus!®. The 
substitution 1s compatible with a single point mutation 
resulting from the change of only one base in one of four 
codons for leucine as elaborated from investigations with 
bacteria and virus". 

The proportion of haemoglobin Genova in a fresh 
haemolysate was determined by the separation of the two 
BTpIII components and their subsequent amino-acid 
analysis. This showed that slightly more than 25 per cent 
of the total haemoglobin was haemoglobin Genova. 

For the future detection of this molecular disease it is 
important that haemoglobin Genova can be demonstrated 
in fingerprints prepared from the whole haemolysate. 
This can be done by the conventional fingerprinting of 
rather more di than usual—4 or even 6 mg rather 
than the usual 2 mg of globin. §4ATpIII and the @TpIIT of 
haemoglobin Genova both contain C-terminal arginine 
which reacts with the Sakaguchi reagent. This reagent 
will therefore demonstrate a double spot in the region of 
PT pI if the haemolysate contains haemoglobin Genova. 

In recent years the detection of variants of human 
haemoglobins has played an increasingly important part 
in anthropology and genetics and in the confirmation of 
the genetic code*!”, For such studies it has only been 
necessary, however, to consider their primary structure, 
that is, their amino-acid sequence. The study of the 
haemoglobins found in congenital inclusion body anaemias 
will, apart from the medical significance, contribute to an 
understanding of the relationship between structure and 
stability of the haemoglobin molecule. It is important, 
therefore, to consider the three-dimensional (tertiary) 
structure of the protein as well as the primary amino-acid 
sequence. For this reason reference has been made to 
residues according to the nomenclature of the crystallo- 
graphers**-?* in which the eight helical portions are denoted 
by the letters A-H, and the interhelical portions by the 
letters of the preceding and succeeding helices. Thus, 
haemoglobin Genova has an amino-acid replacement in 
position B10, that is, at the tenth residue of the second 
helical portion of the molecule. The B helix of the human 
-chain contains sixteen residues, and residue B10 1s 
therefore placed towards the middle of the helix. On a 
model?’ it is seen to occupy an internal site. It has long 
been suggested?! that the presence in an amino-acid 
sequence of proline, an imino-acid, would disrupt a helical 
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sequence and cause ıt to change direction. Indeed, 
Pauling pointed out the probable structural mgnificance 
of proline 27 years ago#*—10 years before he and Corey 
described the «-helix®*, It is understandable, then, that 
the replacement of leucine at position B10 by a proline 
will result in a profound distortion of the B helix with 
inevitably a distortion of the ®-chain as a whole. This 
by itself would seem sufficient to explain the instability 
of haemoglobin Genova, but a further factor may be an 
alteration in sub-unit interaction within the haemoglobin 
ce which is hkely to follow such a distortion of the 
-chain. 
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THERE are many symbiotic associations between suto- 
trophic green plants and heterotrophic organisms. It 18 
usually assumed that carbohydrates and perhaps other 
substances move from the green plant to the other partner, 
but this has seldom been shown experimentally. 

Tachens provide an excellent example of a symbiosis 
in which this process can be investigated. In the two 
species so far investigated, Peltigera polydactyia’ and 
Xanthoria aureola, a number of differences have been 
found in the form and rate at which carbohydrate moves 
from alga to fungus. Because both the algae as well as 
the fungi of these lichens differ from one another, it is 
not easy to asseas which of the symbionts has the greater 


Carbohydrate movement from alga to fungus has been compared in 
the British species of Lobaria. The algal component of these lichens is 
either Nostoc or Trebouxia, and the pattern of carbohydrate transfer 
to the fungus depends on which of these algae Is present. 


influence on the pattern of carbohydrate transfer. 
Furthermore, the two lichens live in different habitats. 

This communication describes an investigation of the 
four British species of Lobaria, all collected from the same 
habitat. In this genus the fungi are all closely related to 
each other but the algae belong either to Nostoc (as in 
P, polydactyla) or to Trebouxia (as in X. aureola). Also 
included in the investigations was a fifth species, Sttcta 
fuliginosa, which belongs to the same family as Lobaria 
and contains Nostoc. Comparison of these lichens should 
therefore indicate more clearly the influence of the alga 
on the way in which carbohydrates move between the 
symbionts. 
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The two patterns of carbohydrate transfer already 
determined in lichens may be summarized as follows. 
In Peltigera polydactyla, glucose moves out of the Nostoc 
cells during photosynthesis in the thallus and is absorbed 
by the fungus, where ıt is immediately converted to 
mannitol which then accumulates. Thus, if matenal of 
this lichen is incubated on an aqueous solution of “C- 
sodium bicarbonate for 45 min in the light, more than 
60 per cent of the fixed carbon-14 accumulates in the 
thallus as mannitol and only about 10 per cent is found in 
the ethanol-insoluble material. Movement of “C-glucose 
from alga to fungus can be prevented if 1 per cent 1C- 
glucose 1s included inthe medium. In such conditions, the 
“O-glucose released by the algal cells competes unsuc- 
cessfully at the fungal upteke sites with the high concen- 
tration of 1C-glucose and so diffuses into the medium. 
Consequently no “C-mannitol accumulates in the thallus 
but large amounts of 4C-glucose are found in the medium. 
Other hexoses such as fructose, mannose and galactose 
cannot produce these effects, suggesting that the fungal 
uptake mechanism has a high specificity for glucose. 
The only compounds examined other than glucose which 
could prevent movement of carbon-14 from alga to fungus 
were the glucose derivatives, 2-deoxy-glucose and 
3-methyl-glucose. 

Xanthoria aureola shows a number of points of contrast. 
It contains the green alga Trebousta which is the most 
common symbiont of temperate lichens. The main 
product of photosynthesis of this alga in the lichen thallus 
is ribitol. After moving out of the algal cells this com- 
pound is absorbed by the fungus which converts it unto 
arabitol and mannitol. In a manner similar to Peltigera 
polydactyla, movement of photosynthetically produced 
4C-ribitol from alga to fungus can be inhibited by adding 
l per cent *C-ribitol to the medium, resulting in accumula- 
tion of 4C-ribitol in the medium. In these circumstances, 
little #C-arabrtol or “C-mannitol is formed in the thallus. 
Both *C-arabitol and *C-xylitol were also able to inhibit 
this movement of carbon-14 from alga to fungus, but 
various hexoses, hexitols and pentoses could not, suggest- 
ing that in this case the fungal uptake mechaniam had a 
high specificity for pentitols. Although preliminary 
investigation had earlier indicated that transfer of carbo- 
hydrate between the symbionts is rapid , it is now known 
that this is not correct, and that the movement of carbon- 
14 from alga to fungus in X. aureola ig much slower during 
a 24 b period than it is in P. polydactyla when they are 
subjected to similar experimental conditions. 

Of the five lichens investigated here, Lobaria pulmonaria 
and L. laetevirens contain Trebouxia, while L. scrobiculata 
and Sticta fuliginosa contain Nostoc. In the fifth species, 
Lobarta amplissima, the thallus contains Trebourta but 
also bears fruticose outgrowths containing Nostoc, which 
are termed cephalodia. The cephalodia of lichens have 
been said to originate from the soredia of foreign species 
landing on the thalli of the hosts’, but it is more generally 
assumed that the fungus in a cephalodium is identical 
to that in the thallus and continuous with it. This belief 
is supported by the results of developmental investiga- 
tions’, by the rarity of lichens capable of producing soredia 
containing Nostoc, by the constancy and abundance of 
cephalodia on those species which bear them, and by the 
fact that cephalodia never form apothecia or other 
reproductive bodies. 

All the lichens used in these experiments were growing 
on beech near Port Appin, Argyll (17/916461), and were 
collected by Mr D. Walkinshaw. In order to investigate 
the movement of carbohydrates from alga to fungus 
in each species, the thalli were made into disks 7 mm in 
diameter (5 mm diameter for L. amplissima) in a manner 
similar to that described for Peltigera polydactyla’*. The 
cephalodia could not be sampled as disks so they were 
excised from the thallus and assorted into samples each 
of 200 mg fresh weight. All samples were incubated in 
closed vessels, in the light, on aqueous media containing 
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4C-godium bicarbonate. In an attempt to inhibit move- 
ment of the fixed carbon-14 between the symbionts, 
either 1 per cent *C-glucose or 1 per cent #C-ribitol was 
included in the media of some of the samples of each 
species. At the end of the period of photosynthesis, the 
carbon-14 present in the medium was measured, and so 
was the ethanol-soluble and the ethanol-insoluble fraction 
of each sample (after previous removal of residual 1C- 
sodium bicarbonate). The ethanol-soluble fractions were 
analysed by paper chromatography using ethyl methyl 
ketone—acetic acid~water saturated boric acid (9:1: 1) 
(ref. 10) which gives a good separation of the polyols 
from one another and from related sugars. After develop- 
ment of the chromatograms, the position of radioactive 
compounds was determined by autoradiography and by 
scanning the strips on an automatic scanner!?. The 
position of non-radioactive markers and other compounds 
was determined by developing with silver nitrate! after 
dipping in hydrogen fluoride’. 

To obtain a broad comparison of the rate of movement 
of carbon-14 between the symbionts, samples were incu- 
bated for 3 and 24 h at room temperature (18° C) and 
for 24 h at 5° C, a temperature more often occurring in 
the Scottish habitats from which the lichens were collected. 
‘The results of the comparison between the various Lobarta 
species and Sticta fuliginosa are shown in Table 1. Fig. 1 
illustrates scans of chromatograms of the ethanol-soluble 
extracts of two representative species, L. amplissima 
thallus (Trebouxta) and L. scrobiculata (Nostoc). 

Table 1 and Fig. 1 clearly illustrate the role of the algal 
component in determining the pattern of flow of carbo- 
hydrate between the symbionts. All the lichen material 
containing Nostoc showed the following features. (a) 
During photosynthesis on water the mam compound in 
which carbon-14 accumulated was mannitol; (6) on 
media containing glucose, there was a considerable fow 
of carbon-14 out of the disks into the medium; (c) on 
media containing glucose little “C-mannitol accumulated 
in the thallus but amall amounts of “C-glucose occurred 
together with larger amounts of an unidentified poly- 
saccharide; (d) the presence of ribitol in the medium had 
no detectable influence, except in the case of the cephalodia 
of L. amplissima where there were some small effects 
due to fragments of thallus containing Trebouxia romain- 
ing attached to the cephalodia. All these features 
resemble very closely those reported for Pelttgera poly- 
dactyla’*; thus it may be assumed that the pattern of 
carbohydrate movement between the symbionts is also 
very simular. 

All the lichen material containing Trebousta was 
characterized by (a) after 3 h of photosynthesis on water 


Table 1. RELHASH OF PHOTOSYNTHRTIOALLY FIXHD CARBON-14 TO MEDIUM 
BY VARIOUS LIOHENS IN THH PRESBNOK OF 0-GLUCOSE AND **O-RIBITOL 


L. L. L. amplis- L. amplis- D. Ricta 
pulmon- laste- sima n icu- fuli- 
ana virens wee) (rophnlodia) lata ginose 
Trevourta Trebouna Trebouxia Nostoo 
8 h/18° © 
ater 06 02 16 28 0-5 04 
Glucose 04 02 06 22:6 21-3 159 
Rıbitol 18 17 17 1:8 06 0-4 
24 h/18° C 
ater 0-6 02 ta) 23 0-7 09 
Glucose 2-8 V1 42 560 56-8 62-7 
Ribitol 847 451 391 1568 14 82 
24 h/5° C 
ater T4 0-2 14 12 04 09 
Glucose 10 03 16 89-5 35 8 816 
Ribitol 114 126 116 265 07 09 


Repite are expressed as percentage in the medium of total soluble fixed 
carbon~14, 

All material as samples of 6x7 mm thallus disks except L. amplunma 
thalli (5 x 5 mm disks with no cephalodia) and cephalodia (200 mg fresh 
weight). All samples were cubated in a shaker bath on 8 06 ml, of distilled 
water with 5 ue. of carrier-free “C-sodiaum bicarbonate In 2 x1 in. specimen 
tubes covered with 1 in. diameter cover glaages sealed on with ‘Vaseline’. ee 
intenmty was 500 ft.-candles; controls showed dark fixation to be no 
than 6 per cent of light fixation, and no cant release of fixed carbon-14 
from hchen material in any medium In dark. Not total of carbon-14 
fixation on water during 24 h was approximately 15 per cent greater at 5° C 
than at 18° O (mean of all species). Glucose and ribitol as 1 per cent (w/v) 
aqneous solutions. 
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most of the fixed carbon-14 accumulated in mbitol, but 
after 24 h some of it appeared in mannitol and a very 
small amount in arabitol, especially in L. pulmonaria; 
(b) during photosynthesis on ribitol media, appreciable 
amounts of carbon-14 diffused out of the disks after 24 h, 
though very little after 3 h; (c) ribitol media, little 
C-mannitol or “C-arabitol accumulated even after 24 h 
at room temperature; (d) the presence of glucose in the 
medium had no effect other than a reduction in the total 
amount of carbon-14 fixed, an effect also noted ın material 
containing Nostoc. Again, all these characteristics 
closely follow those reported for Xanthoria aureola‘, 
It therefore seems that the contrasting pattern of carbo- 
hydrate movement within the thalli of Peltigera poly- 
dactyla and X. aureola may be determined primarily by 
the nature of the algal component. 


Lamphssima thallus + water 





amptssimg thallus + rbot 
Lscrobculata + water 
Lscrobiculgtg + glucose 
poty- glucose manntal ribtol 
sacchandes 
Fig. 1. Chromatogram scans ahi the distribution of radioactavity in 
ethanol-soluble extracta of ma thallus and L. sorobvowlata 


L. 
after incubation for 24 h in the light Be 18° C in aqueous C-sedram 
bicarbonate ın the presence and absence of non-radioactive carbo- 
hydrates, The solvent s; rlo nend was ethyl methyl ketone, acetic acid, and 
water saturated TiM pon acid (9:1:1). Other experımental conditions 
the same asin Table 1. 
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A particularly interesting species which mdicates the 
importance of the algal component is Lobarta amplissima, 
which contains Trebouxta in the thallus and Nostoc in the 
cephalodia. The pattern of carbohydrate movement 
between the symbionts of the thallus resembles that found 
in Xanthoria while in the cephalodia the pattern is 
comparable with Peltigera. 

In all lichens, there was relatively little incorporation 
of carbon-14 into ethanol-insoluble material. For Lobaria 
species it was not more than 18 per cent of the total fixed 
carbon-14 after 24 h, and for Sttcta fuliginosa no greater 
than 30 per cent. 

Carbohydrate movements within the fungal component 
from the photosynthesizing region to other parts of the 
fungal thallus, about which little 1s known, were also 
measured. This movement from the algal layer to the 
underlying area has been investigated in Peltigera poly- 
dactyla by a dissection technique®*, and it was shown that 
carbon fixed in photosynthesis can move into the medulla, 
presumably along the fungal hyphae, within 30 min and 
that this movement continues at a steady rate equivalent 
to 40 per cent to 50 per cent of total fixation. Unfor- 
tunately, Xanthoria aureola is not amenable to dissection 
so that comparable investigations could not be carried 
out on this Trebouxta-containing lichen. It was found, 
however, that two of the Lobarta species used in the exper- 
ments described here could be dissected: L, serobiculata 
(Nostoc) and L. amplissima (Trebouxia). The technique 
for dissecting the latter was the same as for Peltigera 
polydactyla*, that is by making an incision just below the 
algal layer so as to separate two tissue regions. In L. 
scrobiculata the algal layer was very fragile and uneven 
so that a different technique had to be devised. Here, 
the algal layer was chipped off with a scalpel as many 
amall fragments, thus giving a more exact separation of 
the medulla from the rest of the thallus, but destroying 
the algal layer. Comparisons, therefore, had to be made 
between medulla and control undissected disks, and not 
between two tissue regions as could be done with L. 
amplissima. The results of dissection experiments with 
these two species are shown in Tables 2 and 3. 

Table 2 shows that L. scrobiculata resembles P. poly- 
dactyla in that substantial amounts of fixed carbon-14 
can move into the medulla within 3 h and that such move- 
ment can be almost completely hibited by the presence 
of 12C-glucose in the medium. Table 3 shows that, by 
contrast, movement of fixed carbon-14 into the medulla 
of L. amplissima is much slower. Little movement was 
detected after 3 h, in agreement with Table 1. Even after 
24 h, however, movement is comparatively small although 
more than 40 per cent of the fixed carbon-14 18 released 
from the disks in the presence of ribitol, implying that 
substantial transfer of carbon to the fungus within the 
algal layer occurs during this time. Extracts of medullae 


Table 2. MOVRMBNT OF PHOTOSYNTHHTIOALLY FIXED QARBON-14 INTO 


MHDULLA OF Lobaria serob 


1 per cent 
Water glucose 
3h Carbon-14 in medulla 401 80 

Oarbon-14 in medium 04 250 

24h Carbon-14 ın medulla 374 40 

Carbon-14 ın medium 08 88-0 

Results a1e expressed as percentage of total soluble carbon-14. 
Each sample was of 8x7 mm disks. Four disks were undissected, to 
measure total fixation, and four disks were dissected to obtain medullae free of 


algae. Experimental conditions were the same asin Table 1. Results were cor- 
Tenten so that values for medulla represent carbon-14 in excess of dark 
on. 


Table 3. MOVAMENT OF PHOTOSYNTHRTIOALLY FIXED OARBON-14 INTO 
MEDULLA OF Lobaria amplissuma 
1 per cent 
Water ribitol 
3h  Carbon-14 in medulla 2-9 2l 
Carbon-14 in medium 0-5 7 
24b Qarbon-14 in medulla 75 49 
Oarbon-14 ın medium 09 40:5 
Results are expressed as percen of total soluble carbon-14 


Experimental conditions were same as in Table 1. Results were 
oa go that values for medulla represent carbon-14 in excess of dark 
ation, 
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of L. amplissima show that after 24 h the principal radio- 
active compound detectable is mannitol; no MC-ribitol 
is present although this is abundant in the algal layer. 
This raises the question of whether ribitol can be trans- 
located in the fungal hyphae. Ifit cannot be translocated, 
then the slow movement of carbon-14 into the medulla of 
L. amplissima may reflect the fact that conversion of 
ribitol to mannitol in the thallus is slow (see, for example, 
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Fig. 1). It is therefore possible that lichens containing 
Nostoc are further different from those containing Tre- 
bouzta in the rate at which carbohydrate 18 distributed 
from the photosynthetic region to other parts of the 
thallus. 

Fig. 2 summarizes the main differences between lichens 
with Nostoc and those with Trebourta. It is believed that 
the alga plays a dominant part in dictating certain 
features of carbohydrate transfer between the symbionts, 
and therefore the two systems are termed the ‘“‘Nostoc” 
and ‘‘Trebouxia” patterns. 

There are, however, some similarities between the two 
patterns. Data in Table 1 suggest that in both cases 
carbohydrate movement between the symbionts is temper- 
ature sensitive, because a smaller proportion of the fixed 
carbon-14 is released to the medium in 24 h at 5° C than 
at 18° C when inhibiting carbohydrates are present. 
Although it may seem from Table 1 that the “Trebouxia” 
pattern is more sensitive to temperature than the ‘“Nostoc”’ 
pattern, more detailed experiments would be required to 
demonstrate this conclusively. The main point of similar- 
ity is that in both patterns, the principal destination of 
carbohydrates in. the fungus is initially into sugar alcohols, 
especially mannitol, rather than ethanol-insoluble material. 

Nosioo and Trebousta are two of the commonest 
symbionts of lichens. Investigations currently in progress 
into lichens containing other algae, such as Trentepohlia 
and Coccomyxa, show that other patterns of carbohydrate 
transfer exist, each again appearing to be characteristic 
for the alga concerned. 
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Micro-organisms adapted to High Temperatures 


by 
THOMAS D. BROCK 


Department of Microblology, 
Indiana University, 
Bloomington 


Or the micro-organisms which can grow at environmental 
extremes, one must distinguish between those which are 
optimally adapted to the extremes and those which grow 
better in less extreme conditions’. This is especially 
important because an extreme environment is usually 
recognized as one in which growth of organisms is slow. 
An experimental approach to this must permit the direct 
measurement of the environmental variable in the habitat 
in which the organism is growing and in which it has 
therefore evolved. It is also essential to examine the 
organism directly in its natural habitat rather than in 
cultures isolated from such habitats, because it is not 
possible to ascertain that the cultures are indeed repre- 
sentative of the natural material, and it is usually impos- 


Blue-green algae can grow in hot springs at temperatures of 50°-75° C. 
In algae taken from hot springs In the Yellowstone Natlonal Park, 
photosynthesis has now been shown to be most efficient at the 
temperature of the environment. 


sible to duplicate in the laboratory all aspects of the 
natural environment. 

These experimental requirements can be met in investi- 
gations of photosynthetic algae growing ab extreme tem- 
peratures in hot springs, and we have been able to 
determine the temperature optime of organisms growing 
at high temperatures. Temperature is an ideal environ- 
mental variable for investigation, for there is no chance 
of any difference between the micro-environmental tem- 
perature (that is, the temperature of the single cell) and 
the macro-environmental temperature (that is, that 
temperature which can be measured with thermometers 
or other probea). Temperature is one of the few microbial 
variables about which this can be positively stated, for 
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such variables as pH, light, nutment quality and quantity 
are often quite different in the micro-environment from 
those in the macro-environment which is usually meas- 
ured*3, Hot springs make ideal experimental systems for 
such study, because in the effluent of a single spring there is 
often a wide temperature range, from boiling to air temper- 
ature‘. In such thermal gradients blue-green algae provide 
ample experimental material. The temperature anywhere 
along such an effluent is relatively constant; one can be 
reasonably certain of the temperature at which the organ- 
isms there have grown. Carbon dioxide labelled with 
carbon-14 can be used to estimate directly ın the natural 
populations the rate of photosynthesis. We took a num- 
ber of samples of algae from a given temperature, moved 
them to different temperatures, with a brief period for 
thermal equilibration, and then measured the rate of 
photosynthesis at these various temperatures. 

All results reported here were obtamed at Yellowstone 
National Park, where our work was first stimulated by 
Kempner’s report’ that the upper temperature for the 
growth of blue-green algae in thermal gradients was 
about 73° ©. (Although this observation is readily con- 
firmed in Yellowstone, 73° C is not the upper temperature 
of life, as Kempner implied, for bacteria grow profusely 
in certain hot springs in Yellowstone at temperatures of 
85°-88° C (ref. 6) and can be observed occasionally 
microscopically at 91° C.) 

At the upper limit for algal growth, although the 
organisms can grow continually and are thus able to 
maintain steady populations, the amount of biomass is 
small; this is easily seen, and can be confirmed quanti- 
tatively‘. As samples are taken, at decreasing tem- 
peratures from the extreme, the standing crop of algae 
increases progressively, reaching a maximum at about 
50°-56° ©. These quantitative differences may indicate 
that the organisms at the upper extreme are not optimally 
adapted to these temperatures and would grow better at 
lower temperatures if lower temperatures were available 
to them. Our results, however, do not support this sug- 
gestion and show that even near the upper extreme the 
algae found there, although not abundant, are optimally 
adapted to these temperatures. 

The habitats which we investigated and the techniques 
we used will be described in more detail elsewhere. The 
springs we investigated are all alkaline, and located in 
the Lower Geysor Basin, Yellowstone National Park, 
specifically in the area of the Firehole Lake Loop Road. 
They are mostly unnamed and of medium size, and were 
selected for constanoy of temperature and flow rate, well 
defined outflow channels, and wide thermal gradients. 
Moat of our detailed results were obtained on one of the 
same springs used previously‘, which is called Mushroom 
Spring. 

Stations were established along the thermal gradient 
where there was laminar water flow, for such areas had 
the most uniform algal mats. In general, the areas were 
in unshaded locations, exposed to full summer sunlight 
from before 9 a.m. until after 6 p.m. m.s.r. As well 
as the stations from which algae were sampled, other 
stations were selected for incubations at various tem- 
peratures. Temperatures were measured with thermistors, 
checked occasionally against mercury thermometers. In 
some cases, maximum and minimum thermometers were 
also used. 

Algal cores were taken with No. 3 brass cork borers, 
0:282 em*. The consistency of the mats was such that 
the material could be removed from the cork borer by 
gentle blowing, and the top 0-6 om of the core, containing 
all photosynthetic material, was detached from the lower 
portion of the eore. This thin disk was placed in a screw- 
capped vial 1-5 em (outer diameter) x 4:5 em with a 
volume of 6 ml., which had been filled completely with 
spring water from each location where the cores were 
taken. The vials were laid on their sides in the flowing 
water, with the algal core upright. After temperature 
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equilibration for 5 min, the cap was removed and 0-5 ml. 
of “C-sodium carbonate (1 pe./ml., 10 po./100 ug) was 
injected with a hypodermic syringe into the bottom of 
the vial. The cap was quickly tightened and the vial was 
replaced in the spring. All incubations were for exactly 
l h, at which time a small amount of liquid was removed 
and 0:5 ml. of 40 per cent formaldehyde was added to 
stop the reaction. The vials were stored in the dark and 
taken within a few hours to the field laboratory, where 
they were processed immediately. For each experimental 
point, duplicate vials were incubated in the light and a 
single vial wrapped in aluminium foil was incubated as a 
dark control. 

In the laboratory the volume of each vial was made up 
to 5 ml. and the whole contents transferred to a 15 ml. 
polypropylene centrifuge tube (Servall No. 252). The 
contents were then homogenized for about 1 min using a 
Teflon homogenizer selected to fit the tube. Immediately 
after homogenizing, 0:1 ml. or 0-5 ml. of homogenate 
(depending on the anticipated radioactivity of the sample) 
was filtered on a membrane filter (“Millipore’ type HA, 
0:45y, 25 mm); the filter was washed with 2 ml. of dis- 
tilled water and then glued to a planchet for counting in 
a Nuclear-Chicago gas-flow counter with a thin window. 
Preliminary experiments showed that in the conditions 
used, no self-absorption occurred. The rest of the homo- 
genate was centrifuged and the pellet was homogenized in 
5 ml. of acetone for chlorophyll extraction. After centrifu- 
gation, the optical density of the acetone extract was 
measured at 665 my in a ‘Spectronic 20’ colorimeter, and 
chlorophyll was calculated from the relationship given by 
Odum et al.”. For each sample the radioactivity in o.p.m./ 
core was divided by the quantity of chlorophyll in a core, 
to eliminate minor sampling errors. The values for the dark 
controls were usually less than 10 per cent of the samples 
incubated in the light. The rate of uptake of labelled 
carbon dioxide was usually linear over a period of 4 b, 
so that 1 h incubations gave a good measure of the 
initial rate. Detailed justification for the foregoing pro- 
cedurea will be given elsewhere. 

Temperatures of the source water of hot springs are 
often remarkably constent*. As the water flows away 
from the source, it cools gradually, and the rate of cooling 
is a function of initial temperature, air temperature, 
channel dimensions, and volume of water’. Because most 
of the cooling ocours at the air-water interface’, variations 
in wind speed will cause variations in cooling, and this 
factor is probably more important than fluctuation in air 
temperature in affecting the cooling rate. 

The spring used for most of our work was watched 
continuously from August 8 until September 6, 1966, and 
temperatures were taken at the various stations along 
the thermal gradient at frequent intervals. Some readings 
had also been taken at certain stations throughout June 
and July. Fig. 1 shows all the readings taken throughout 
August and September for each station, and a line for 
the average temperature is also indicated. The tem- 
perature variation at a single station ia within 6°-10° C. 
Although this variation is larger than would be desirable, 
it is small in comparison with the range of 76°-30° C for 
the whole thermal gradient. In addition, the temperature 
ranges at the various stations do not overlap. The 
readings of June and July (not shown on the figure) were 
similar, and so it can be concluded that the algae at a 
given station have developed in a thermal habitat which 
is relatively constant. The generation times of these 
algae are of the order of 2-10 generations each day?®"}, 
and so it can be concluded that the algae found at each 
station have undergone many generations in a specific 
thermal environment. 

In earlier work‘ we presented data on quantita- 
tive variations in chlorophyll along thermal gradients. 
Since then we have performed a large number of separate 
assays at a variety of locations along the thermal gradient 
of Mushroom Spring. These combined data are presented 
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Fig. 1. Average temperature and variation of temperature at given 
locations along the thermal gradient of Mushroom Spring. 
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Fig. 2, Quantitative analyses of chlorophyll at different locations along 
the thermal parak of Mushroom Spring. Points represent av of 
a number o: te determinations. Number of analyses: 71 2° 0-21; 
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in Fig. 2. As noted, there is a wide variation in algal 
development, with only very slight amounts at the tem- 
perature near the upper limit, and an optimum at 58° C. 

The algae found at a given location are growing rather 
than merely subsisting, because if the channel is darkened 
the chlorophyll-bearing material disappears within a week 
or less. 

Using carbon-14 as already described, the efficiencies 
of photosynthesis of algal mats obtained from a given 
temperature were determined at a variety of temperatures. 
Only 5 min were allowed at each temperature for thermal 
equilibration before the isotcpe was added, to avoid any 
adaptive changes. Care was taken to ensure that all 
samples from a given station were incubated in equivalent 
light conditions. Temperatures were read precisely at the 
locations where the vials were incubated, and during the 
1 h incubation periods the temperature at a given location 
always varied less than 0-5° C. Because of the scale of 
the experiments, only a single experiment could be easily 
carried out on a single day. Thus, the whole series of 
experiments was spread over a 8 week period. For a 
given day variations in light conditions may influence 
photosynthesis, but samples at all temperatures on that 
day received the same light intensity. 

Fig. 3 shows the results obtained for two experiments 
run on two different days; the algae for both experiments 
had been obtained from a single station which had an 
average temperature of 58-5° C. The photosynthetic 
efficiency for the two experiments differed; it was pre- 
sumably affected by the time of day and the intensity cf 
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sunlight, but both curves are of similar shape. The 
maximum photosynthetic efficiency for both experiments 
was found at the temperature from which the algae were 
taken, and fell off both above and below this temperature. 
The curves, however, are skewed, being steeper on the 
side above than below the optimum. Simularly skewed 
curves are usually seen for the temperature responses of 
pure cultures, the optimum being closer to the maximum 
than the minimum!??. 

Similar curves were obtained for each other station. 
From such curves, the temperature optimum for the algal 
mat from each station was determined. These results are 
summarized in Fig. 4, in which the optimum temperature 
for each atation is plotted against the average temperature 
for that station. The line in Fig. 4 is the theoretical line 
which would be obtained if the optimum and the average 
were identical. The agreement between the theoretical 
line and the experimental points is remarkably close. 

From these results, we can conclude that the blue-green 
algae in question have evolved so that their optimum 
temperature is the same as their environmental tem- 
perature. This is true even for the organisms growing at 
70° C, which is close to the upper temperature at which 
blue-green algae can grow anywhere on Earth. (Nowhere 
else on Earth have we found thermal algae growing at tem- 
peratures as great as at Yellowstone. In Iceland the upper 
limit for algae is around 60° C, more than 10° C lower 
than in Yellowstone.) Thus, although this temperature 
is so extreme that the biomass of organisms found there 
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1s very small (the sparse amounts of algae at these tem- 
peratures were noted in Fig. 2), they photosynthesize 
better there than they do at lower temperatures. It seems 
that this is a remarkable and fundamental observation; 
ib suggests that the reason why photosynthetic algae are 
not found on Earth at temperatures greater than 73°—75° 
C is because of some inherent Imitation in the organiza- 
tion of their cellular material which is impossible for them 
to overcome by further evolutionary changes. 

This conclusion 13 even more striking when the antiquity 
of thermal algae ıs considered. Microfossils in rocks of the 
2 x 10° yr old Gunflint chert)‘ resemble blue-green algae 
seen in thermal waters today, and there is reason to 
believe that the Gunflint deposits derived from hot 
springs (personal communication from E. 8. Barghoorn). 
If so, this would mean that thermal algae have had more 
than 2x10’ yr to evolve, and if they cannot grow at 
temperatures higher than 73°—75° C it is not because 
of lack of time. The fact that non-photosynthetic bac- 
teria are found at higher temperatures suggests that there 
is no fundamental limit by temperature for the function 
of protoplasm at 73°~75° C, but limitation perhaps for 
some aspect of the photosynthetic apparatus. 
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A NUMBER of different genetic elements promote con- 
jugation and gene transfer in Escherichia colt and related 
bacteria. These include the sex factor, F (refs. 1 and 2), 
col factors determining the production of colicins?-4 and 
R factors responsible for transmissible resistance to anti- 
bacterial drugs’. Conjugation with F, and also with 
certain R factors, is brought about by the synthesis of a 
special kind of fimbria, or pilus*-*. This pilus also acts as 
receptor for F specific phages'*-44, During conjugation, 
not only is the factor itself transferred, but also seg- 
ments of the bacterial chromosome, although at much 
lower frequency. 

The F factor is exceptional among conjugation factors in 
that its function is fully expressed", because almost every 
F+ bacterium produces the F pilus and can conjugate. 
The presence of the F factor can thus be recognized either 
because the culture acts as a genetio donor or because it 
is visibly lysed by F specific phage. Although every F+ 
cell can conjugate and transfer F, genetic recombinants 
for any chromosomal marker occur at a frequency of only 
about 10-* per conjugating pair. With other sex factors, 
conjugation and transfer of the factor itself are rare, 
occurring only in about one cell in 5,000, so that chromo- 
somal recombinants, even if they occur at the same fre- 
quency of 10-* per mating event, may not be detected at 
all and conjugation is recognized only if the factor 
determines some other property such as resistance to 
antibiotics, as is the case with R factors. Thus, F and R 
both have structural genes determining conjugation, but 
in most bacteria carrying R factors conjugating ability 
is absent, which implies repression by regulatory genes. 


The isolation of mutants giving Increased donor abili 
view that the frequency of conjugation leading to 
transfer Is controlled by a aol 

regulatory genes. 


confirms the 
rug-resistance 
asmic repressor determined by 


These regulatory genes appear, as in other systems, to 
determine the synthesis of a cytoplasmic repressor": 
(1) For a short tıme after an R factor is transferred to an 
R- recipient population, most of the bacteria can transfer 
the factor’ *-1°; there is therefore a period in the new 
host during which conjugation function is unrestricted, 
and this is taken to indicate a delay before repressor 18 
synthesized. With R factors that determine an F type 
pilus?, the proportion of piliated bacteria equals the pro- 
portion able to conjugate. (2) Those R factors determ- 
ining an F type pilus inhibit not only the synthesis of 
their own pilus but also pilus formation by F in an RtF+ 
(or RtHfr) cell; the frequency of gene transfer is corre- 
spondingly reduced and the culture is no longer lysed 
macroscopically by F specific phage. Because of their 
interaction with F, R factors of this kind are known as 
s+ (ref. 18), or fit (for “fertility mhibition’’"»**), whereas 
R factors Seek influence on the expression of F are 
known as i- or fl-. Bacteria carrying both F and an fit R 
factor have two genes coding for pilus synthesis, one in 
F and one in the R factor. Because both are repressed 
by the R factor, repression acts on genes in the trans as 
well as in the cts position, and therefore must be effected 
by a cytoplasmic repressor’. 


Derepressed Mutants 

If wild-type Rt cultures conjugate only rarely because 
of repression, mutant R factors lacking the repressor 
should occur. Such a mutant of an ft R factor should 
give a culture similar to an F+ culture, where every bac- 
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terium is piliated, able to conjugate and sensitive to F 
specific phage. Moreover, the mutant should have lost its 
fit character, for it should no longer reprees F. Egawa 
and Hirota! isolated an it~ mutant from an ++ R factor, 
Rio by introducing R.o into an Hfr strain and selecting 
clones which retained the high fertalty of the Hfr. The 
it to #- mutation, which abolished the repression of donor 
ability in the Hfr strain, was evidently in a regulatory 
system, and further examination of this mutant, Rioo-1, 
showed that in addition it no longer repressed itself. 
When Ror: was carried by an F- strain, a high propor- 
tion of the RtF- bacteria were able to conjugate, and the 
majority produced pili very simular to F pili. 

Rl is an fit R factor, conferring resistance to chlor- 
amphenicol, kanamycom, streptomycin, ampicillin and 
sulphonamides, which shows transient derepression in 
newly infected cultures’. Derepressed mutants of Rl 
have now been isolated, not by selecting for loss of ability 
to repress F, but by selecting variants which express their 
own. conjugation function at high frequency. 


Selection of Derepressed Mutants 


(1) in Richter 9, strain’. A mutant R factor with un- 
repressed conjugating ability should give a higher fre- 
quency of transfer of both factor and chromosomal genes; 
the problem is how to recognize R*+ clones of this kind by 
replica plating. A genetic marker is needed which would 
be transferred infrequently, but not so infrequently as to 
be undetectable. Transfer of the wild-type R factor itself 
occurs too often, for each clone of 10‘ or more bacteria 
would probably transfer drug-resistance, while transfer of 
any one randomly chosen chromosomal gene is too rare. 
The Richter 9, strain is, however, a derivative of an Hfr 
strain which has lost the power to conjugate but is thought 
to retain a sex factor fragment. Whenever conjugating 
ability is restored by introducing F or an R factor the 
chromosome is transferred with its origin near mett (the 
gene for methionine independence) so that met+ recom- 
binants occur much more frequently than recombinants 
for any other donor marker**-**. A derepressed mutant 
R factor should give many more mett recombinants than 
the wild type, and could therefore be selected by identi- 
fying clones of high donor ability. In the experiment, 
wild-type Rl was put into the 9; strain and, after treat- 
ment of the bacteria with either nitrosoguamidme or 
ultra-violet light, clones were sought that readily trans- 
ferred mett to strain W3637, which is F- met- lact. Plates 
bearing semi-confluent colonies of 9,(R1), which is lac-, 
were replicated to lawns of W3637 on duplicate plates of 
minimal medium with lactose as carbon source. Recom- 
binant colonies which developed in corresponding places 
on both replica plates were purified and examined (a) for 
lysis on nutrient agar by a drop of undiluted stock of the 
F specific phage M82, and (b) for the frequency with which 
they transferred drug resistance to another strain of H. 
coli K12. Many of the recombinant colonies were co- 
incident on the two replica plates and, in one experiment, 
three out of eleven pairs were lysed by phage M82 and 
transferred drug resistance at a much higher frequency 
than bacteria with the wild-type Rl factor. 

(2) In an F- strain. The peculiar behaviour of the 
Richter 9, strain may result from the persistence in the 
chromosome of a defective F factor, although it 1s com- 
pletely unable to synthesize the F pilus because no phage 
MS2-sensitive bacteria are detectable? Recombination 
occurs between R factors and F (refs. 25 and 26) and, if 
the 9, strain indeed carries a defective F, the derepressed 
R factors isolated in this strain may not have been 
mutants but recombinants between the defective F and 
Rl in which the function of F was restored but the 4+ 
gene of the R factor eliminated. Experiments were 
therefore made to isolate a derepressed R factor in an F- 
strain. As has already been mentioned, R transfer occurs 
too frequently from wild-type repressed Rl+ cultures for 
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drug resistance to be a convenient marker for selecting 
clones of high conjugating frequency by replicating fully 
grown colonies to a lawn of recipient bacteria. When 
microcolonies containing about 5,000 Rt bacteria were 
replicated, however, only a few drug-resistant colonies 
developed ın the recipient strain (about one per thousand 
mucrocolonies replicated). The RI*F- strain, RC 24 (a 
derivative of E. coli K12 strain W945: thr-leu- lac-), was 
spread on solid medium, irradiated with ultra-violet light 
to about 1 per cent survival, and mcubated until micro- 
colonies developed. These were replicated to another F- 
strain, RC 709 (pro- met- lact), spread on minimal agar 
plates containing proline, methionine, lactose as carbon 
source, and chloramphenicol. The colonies which developed 
were RC 709 (R1), and two of eighty-eight tested were 
lysed by phage M82 and transferred drug resistance at 
high frequency. The variant R factors obtained from the 
F- strain, RC 24, must be mutants of Rl, and because 
they were indistinguishable from those selected in the 
Richter 9, strain, the latter presumably also arose by 
mutation, not by recombination with a defective F. 

The structural genes of Rl concerned with conjugation 
are similar to those of F but the two factors can be 
differentiated by the repression exerted by Rl. When 
repression is removed, this differentiating feature is lost, 
and these mutants could therefore be drug-resistance genes 
associated with F. Derepressed Rl was not F itself, 
however, because the factors do not exclude each other 
in superinfection experiments. When bacteria carrying 
F, either autonomous or integrated in an Hfr strain, are 
mated with another F+ strain, doubly infected bacteria 
are difficult to obtain and are highly unstable**-**. F+ 
bacteria, however, accept wild-type or mutant RI as 
readily as F-, and the resulting F+R+ bacteria carry both 
plasmids stably. 


Propertles of the Derepressed Mutants 


Frequency of R transfer. The frequency of transfer of 
the R factor measures the frequency of conjugation and 
was, on the average, 300 times more frequent with the 
mutants than with the wild-type. It was the same for 
each mutant tested, although there was some variation 
from experiment to experiment (Table 1, column 4). 

Transfer of chromosomal genes. Rl, like other R factors, 
gives chromosomal recombinants in R+F- x F- crosses, 
and a striking feature of Rl matings is the frequency 
with which the chromosomal region containing the gene 
for tryptophan synthesis is transferred (Pearce, L., and 
Meynell, E., in preparation). When derepressed mutants 
were used instead of wild-type Rl, the frequency of con- 
jugation was increased by a factor of about 300, yielding 
almost as many chromosomal recombinants outside the 
try region as an F+ x F- cross. The relatively high fre- 
quency of try transfer characteristic of wild-type Rl is 
retained by the mutants, which give 300 times more try 
recombinants than Rl and about 30 times more than F 
(see Table 1, columns 5 and 86). 

Sensitivity to phage MS2. Pilus formation by F+ and 
R+ cultures can be compared by measuring their sensi- 
tivity to phage M82. Derepression in the Rl mutants 
was evidently stable, for after more than seventy-five 
generations of growth in broth, samples plated on agar 
were still cleared to the original extent by the phage. 


Table 1. PHAGE SENSITIVITY AND CONJUGATION WITH F, RI AND Blar 
Bfficlency Frequency* per donor cell of: 


R facto o ao R Recombinants 
Culture factor o e mbinan 
Aea transfer For gones other 
For try t try 
RO 709 Absent 1t . 1x10+ 6x10" 
RO 709 (RI) Repressed 0 5x104 1x10 <10” 
RO 709 (Ridr) Derepressed 02 2x10% 3x10" 2x107 
For pro For Ms 
Afro Absent 1t 5x10* 15x107 1x107 
Hfrd 0 5x107 2x10-* 2x107 
HO Gils) Derepressed 06 5x10" 56x10" 1x10? 1x10 
* In 40 min. 
+ By definition. 
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Clearing of a culture of Ft bacteria depends on how the 
inoculated bacteria are grown and tested**. With cultures 

derepressed Rl, satisfactory olearing by un- 
diluted phage always occurred on nutrient agar pH 7:2- 
7-5, with a bacterial inoculum freshly grown to 2 x 10®/ml. 
in broth at the same pH; but the degree of clearing was 
even more markedly affected than with F+ cultures of the 
same strain by factors like the age of the inoculum, the 
culture medium and the composition and thickness of 
agar in the plates. When the mutant R factors were 
transferred to different lines of E. coli K12, there were no 
greater differences in phage-sensitivity between them than 
ocour with F (ref. 29). Titration of phage MS2 produced 
plaques, but their number was always less than on an F+ 
strain. Under optimal conditions, the efficiency of plating 
was about 0-2 (Table 1, column 3) and most of the plaques 
were as large and clear as those produced on F+ bacteria; 
but when conditions were not optimal, the plaques were 
fewer, smaller and more turbid. 

Production of the specific pilus. No puiliated bacteria 
were ever seen in established cultures carrying wild-type 
RI, but when cultures with four of the mutants showing 
increased conjugating ability and phage sensitivity were 
examined in the electron microscope by Dr A. M. Lawn, 
Lister Institute of Preventive Medicine, 52-90 per cent of 
bacteria showed specific pili which adsorbed phage MS2. 

Pus production and conjugation by wild-type Rl were 
reduced by a factor of twenty or more when cultures were 
incubated at temperatures of more than 37° C (ref. 17). 
The mutant R factors were not ınfluenced in this way by 
the temperature of incubation, the effect of which is 
therefore presumed to be on the regulatory system rather 
than the structural genes for pilus formation. 


Nature of the Mutation 


Derepression could result from a mutation leading 
either to absence of repressor or to insensitivity to 
repressor, analogous to 4 and o° mutations, respectively, in 
the lactose regulatory system of Æ. colit. If derepression 
were to result from the absence of repressor, then the 
mutant R factor, designated Ridr (for ‘‘de-repressed”’), 
should lose its fit character and remain susceptible to 
repressor produced by another jit R factor. 

When R231, an R factor giving resistance to tetra- 
oycline, ampicillin, chloramphenicol and sulphonamide, 
was introduced into a bacterial culture i Rldr, 
the culture was no longer lysed by phage M82. Although 
both R factors could co-exist in the same bacterium, 
segregation readily occurred, and on losing R231, recog- 
nized by loss of resistance to tetracycline, the cultures 
regained their phage sensitivity. Thus, Ridr is still 
sensitive to repressor. 

Mutant R factors unable to form repressor should no 
longer reprees pilus production, phage sensitivity and 
conjugation determined by F in an FtR+ cell. The 
difficulty here lies in distin, ing the function of F from 
that of Ridr, for the R factor might at the same time 
repress F and substitute its own conjugating mechanism™: 
Ridr restores to the Richter 9, strain, which has no con- 
jugating ability, the capacity to transmit chromosomal 
genes in the same order as the original Hfr strain from 
which it was derived. To test for loss of fit character, 
Ridr was placed in a normal Hfr strain, HfrC (ref. 30), 
which transfers a gene for proline synthesis as an early 
marker. HfrC(Ridr) was lysed by phage MS2 (Table 1, 
column 3), and in conjugation with an F-R- recipient, 
behaved like a double male*', giving the many try re- 
combinante characteristic of Ridr as well as the pro 
recombinants characteristic of HfrC (Table 1, columns 5 
and 6). Functional activity of F was suggested by the 
fact that phage MS2 plated with higher efficiency on 
HfrC(Rldr) than on F-(Ridr) bacteria, but although the 
polarity of HfrC transfer was retained, the pilus used in 
conjugation might still have been determined, not by F, 
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but by Ridr. Thus, to establish the functional expression 
of F, the F pilus must be distinguished from the pilus 
determined by RI, and it has not Si been possible so far to 
differentiate them with certamty. 

Ridr did not render F- cells as sensitive to phage M82 
as did F, and it also slightly reduced the sensitivity of 
F+ cultures (Table 1, column 3), suggesting that repressor 
may not be completely absent. Cultures newly infected 
with Ridr did not, however, transfer ıt with demonstrably 
higher frequency than established R+ cultures. 


Derepressed ff R factors 


Wild-type Ji- R factors neither repress the fanction of 
F nor determine the production of an F type pilus’. They 
nevertheless enable their host bacteria to conjugate and, 
because the frequency of conjugation is increased in newly 
infected bacteria, they presumably make a repressor which 
regulates their own function, although this repressor is 
without effect on F. 

R64 and R144 are fi- Rfactors and with either of them 
about 10+ R*+ bacteria conjugate and transmit the factor 
to a recipient population in 40 min. Derepressed mutants 
of R64 and R144 were isolated in the same way as the 
derepressed mutants of Rl, by selecting mucrocolonies 
which transmitted drug resistance at increased frequency. 
With these mutants, designated Ré4dr and Rld4ddr, 
nearly 100 per cent of the bacteria transmitted drug 
resistance within a period of 10 min. 

Electron microscopy by Dr A. M. Lawn showed a short 
pilus on cells carrying either R64dr or Rld4dr, not seen 
on R- bacteria or bacteria carrying the wild-type factors. 
Thus, in every instance where a special structure has 
been identified in bacteria able to conjugate, the structure 
hag been seen to be a pilus. The examples known so far 
are F pilit.’, the related pili determined by fit R factors!” 3 
and by the “colicin factor, V (ref. 32), the Ib pilus determ- 
ined by the colicin factor Ib (ref. 33), and the latest ones 
reported here for f- R factors. G. G. Meynell and Lawn** 
suggest that these pili should collectively be named “‘sex 
pil?’ as opposed to the pili that occur on most entero- 
bacteria which can be called “common pili”, 
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Waua have previously presented evidence? that the mter- 
action between condensed monomolecular films of stearic 
acid and cholesterol and various steroid hormones was 
extremely weak. More recently? weak interactions 
between phospholipid monolayers and progesterone have 
also been observed. It has been suggested that the site 
of the steroid interaction is beneath the film}, possibly 
the hydrated region of the monolayer, rather than in the 
hydrocarbon domain of the oriented monolayer. 

To pursue this hypothesis of the steroid monolayer 
interaction further, we applied a modified version of the 
““water-drag” technique’. The technique is based on the 
observation that a monolayer flowing over a water surface 
carries along some of the underlying water. The amount 
of water carried along has been shown to be proportional 
to the subsolution viscosity’. We reasoned that if the 
steriod action is in the aqueous region beneath the film, 
then some indication of this should be detected by 
change in the water-drag. We selected stearyl alcohol as 
the insoluble monolayer to eliminate charge effects and 
to minimize the interaction of the steroids with the film, 
thus restricting the steroid effects as much as possible to 
the region beneath the film. 

Four steroids (deoxycorticosterone, aldosterone, andro- 
aterone and etiocholanolone) were studied at concentra- 
tions between 4 x 10-* and 2 x 10 molar. Solutions 
were prepared from water which was twice distilled in 
quartz. Electrolyte solutions were made with calcium and 
lithium chloride (Fisher certified) and sodium, potassium 
and caesium chloride (Mathey-Johnson). Deoxycortico- 
sterone and aldosterone were tested for purity with thin- 
layer chromatography and found to be homogeneous. 
Androsterone (melting point 185°-185-5° C) and etio- 
cholanolone were also tested by thin-layer chromato- 
graphy. ‘The latter showed one minor impurity which 
was then removed, and the melting point after purification 
for etiocholanolone was 152°-158° C. 

The stearyl alcohol (melting point 58° C) monolayers 
were spread at the air solution interface from either 
petroleum ether or benzene-methanol; both solvents gave 
identical results. Aqueous solutions of the steroids were 
prepared by first dissolving the steroids in 0-3 ml. 
methanol and then adding this concentrated solution to 
600 ml. of water or electrolyte solution with rapid shaking. 
The solution of these compounds in aqueous media at the 
concentrations used in this study (4 x 10-2 x 10-5 
molar) can be demonstrated spectroscopically*. All experi- 
ments were performed at 22° + 1° ©, with unbuffered 
solutions (pH 5-8-6-0). 

The method for measuring the water drag was based 
on that of Schulman and Teorell?, The monolayer was 
spread at the surface of the solution in a Langmuir trough, 
and was kept at constant surface pressure (7) of 20 dyne/ 
cm for 30 min to equilibrate the film. 7 was determined 
with a horizontal float assembly. A channel 1 cm wide 
was carved in a paraffin block, which was then attached 
to the end of the trough opposite the float assembly. A 
fixed area of the film was then allowed to flow through 
the channel by manually sweeping the surface with a 
Teflon bar at a constant rate. The film, and the water 
carried by the film, were collected as they flowed through 


* Present address: Ol{nical Endocrmology Branch, aionnt Heart 
Institute, National Institutes of Health, Bethesda, Marylan: 


The amount of water carried by a moving monolayer of stearyl 
alcohol is altered by addition of electrolytes and steroid hormones to 
the solution under the film. This is believed to be due to a change in 
the properties of water immediately adjacent to the film. 


the channel. 8, the thickness of water dragged by unit 
area of the film, was then obtained by determining the 
weight of water for the area of film swept across the 
channel. In the range of film flow at the channel of 
1-6 cm?/seo, § was proportional to +/1/v, where v is the rate 
of film flow; in our experiments v was kept at 3 cm/sec. 
In the absence of the monolayer, no water was swept 
through the channel. 

Crisp’, using the hydrodynamic equation of Dervichian 
and Joly’, has derived the formula, d/n = Ks, where d is 
the depth at which the water layer affected by the moving 
film has a velocity of zero, 7 is the substrate viscosity, 
and K, is a constant expressing the ratio of the velocity 
of film flow and the surface pressure gradient across the 
channel. Because 8, the thickness of water measured 
from the water-drag, is a function of d, the foregoing 
equation also states a proportionality between ò and n. 
Thus, the amount of water dragged by the film could be 
considered as proportional to the viscosity of solution 
below the monolayer. 

We define 8, as the thickness of water dragged for the 
control, solute free system, and 3 as the value for the test 
solution containing solute (for example, steroid or electro- 
lyte). The effect of solute on the subsolution viscosity is 
described by 3/8,, where a value > 1 indicates an in- 
crease and a value < 1 a decrease in the water dragged. 
8 and 8/8, were both sensitive to the volume of water in 
the tray, presumably by influencing the height of water 
in the channel. All experiments were therefore per- 
formed at an arbitrarily selected volume of solution in 
the trough which corresponded to 8, of 108 + 2p. 

To measure the extent of interaction between the 
monolayer and the steroids, we examined m-A (surface 
pressure—area) isotherms of StOH monolayers in the 
presence and absence of dissolved steroids. For all the 
steroids at concentrations less than 5 x 10-* molar, the 
w-A isotherms were not affected by the steroids. At 
2 x107 molar steroid concentration, the 8tOH isotherms 
above 12 dyne/em were also unchanged, but, at m less 
than 12 dyne/om, slightly larger film areas were observed 
in the presence of steroid. Neither sodium nor potassium 
chloride at concentrations < 10-* molar altered the iso- 
therms of StOH in the presence of the steroids. Because 
we wished to restrict the steroid effects to the region 
beneath the film we performed all the water-drag experi- 
ments at 20 dynes/om to minimize the possibility of film 
penetration by the steroids. 

To verify the proportionality between amount of water 
dragged and viscosity of the solution below the film, we 
first studied the effect of dextran which is known to 
increase the bulk viscosity of water. Dextran solutions 
(mol. wt. = 150,000, [n] = 0°35) of 1 per cent and 2 per 
cent by weight gave 8/8, values of 1-25 and 1-49, respec- 
tively. 

The influences of various electrolytes on 8 are illustrated 
in Fig. 1. For a given electrolyte concentration 8/8, de- 
creased in the order calcium chloride > lithium chloride > 
sodium chloride > potassium chloride > caesium chloride, 
which is the same order aa the B coefficient of viscosity’?— 
a constant which reflects electrolyte solvent interaction. 
The first three electrolytes have positive B coefficients 
which thus increase the viscosity of aqueous solutions? 
and they increased the water-drag (3/5, > 1). In con- 
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Table 1 INFLUENOH OF STRROIDS ON THE AMOUNT OF WATER DRAGGHD BY 
StOH MONOLAYERS, d; =O 0108+ 0°0002 OM, = 20 DYNHS/OM 


Concen- 3/6," 
Steroid tration No 2mmolar 2 mmolar potas- 
(moles/!.) electrolyte sodium chloride sium chloride 
No steroid 0 140-00 (8) 0-08+0-01 (2) 098+0 01 (8) 
Androsterone 4x10-* 0-08 40-00 (8 — _ 
2x10 09040-03 (5) 0-894000(8) 0-8040 01 (3. 
Etiocholanclone 6x10" 0:9040-02 2) 0-89+0-01(2) 0-80940-01 (2 
Deuxycortico- x10 092+002(5) 092+001(8) 081+0 008 
sterone 
Aldosterons 2x10-* 0-9840-03 (2) 09840-00(2) 00440 02 (2) 


* Mean deviations are algo listed; figures in parentheses are the number of 
determinations. 


trast, 8/5, was reduced by potassium and caesium 
chloride, which are known to reduce the viscosity of 
water (negative B coefficients)’. 

The effects of the steroids in water on 8/8, are shown 
in Table 1. Androsterone, etiocholanolone and deoxy- 
corticosterone significantly reduced 3/8,, but for aldosterone 
the effect was negligible. At 2 x 10-* molar androsterone 
and deoxycorticosterone gave essentially the same values 
for 8/85. 

With 2 mmolar sodium chloride, the same results were 
obtained for all the steroids as in the electrolyte free 
solution (Table 1). In 2 mmolar potassium chloride, 
however, the effects of the mineral active steroids were 
distinctly different from those for etiocholanolone and 
androsterone (Table 1). Deoxycorticosterone significantly 
lowered 8/8, in solutions of potassium ions; aldosterone 
also reduced 8/8, but the effect was less marked. In 
contrast, etiocholanolone and androsterone gave the same 
results in the potassium chloride as in the sodium chlonde 
and electrolyte free systems, that is, the value of 8/8) was 
essentially the same in sodium chloride, potassium chloride 
and in water. These results are striking because the n-A 
isotherms of StOH. on steroid solutions were not altered 
by the electrolytes. 

The influence of electrolyte concentration on 8/8, for 
deoxycorticosterone and androsterone is shown in Fig. 2. 
Increasing the concentration of potassium ions markedly 
reduced 8/8, for deoxycorticosterone but not for andro- 
sterone. Increasing concentrations of sodium ions had no 
effect on 3/8, for either deoxycorticosterone or andro- 
sterone. 

We believe that our measurements of 3/8, reflect the 
properties of the monolayer and/or the aqueous phase 
immediately subjacent to the film, because (a) the elec- 
trolytes at concentrations used in this study (< 0-01 
molar) do not appreciably alter the bulk viscosity of 
water (~ 0-002 per cent)?*, and (5) saturated solutions of 
the steroids do not affect the bulk viscosity of water as 
measured with a Zimm viscometer. Separation of film 
and solution effects is theoretically difficult because of 
the complex hydrodynamic forces involved in the water- 
drag technique‘. Because the interaction of the steroids 
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with the monolayer is weak, and because there is no elec- 
trolytic effect on the n—A isotherms of the uncharged 
StOH monolayer, we conclude that the values of 3/8, 
reflect events occurring in the solution immediately 
adjacent to the film. 

Our results show that the mineral active steroids 
reduce 8/8, much more in solutions of potassium ions 
than in solutions of sodium ions, whereas androsterone 
and etiocholanolone are not influenced by either sodium 
or potassium ions. This behaviour of the steroids is 
probably caused by the action of these compounds in 
lowering the viscosity, as seen by lowering of $/8,, and 
by the dissumilar effect of sodium and potassium ions on 
the substrate viscosity (Fig. 1). The two factors appear 
to be additive in the case of mineral active steroids; thus 
aldosterone and deoxycorticosterone may simply be 
accentuating the differences in the water structure 
already existing between solutions of sodium and potas- 
sium ions beneath the monolayer. 

The fact that etiocholanolone and androsterone do not 
distinguish between sodium and potassium ions, as do 
the mineral active steroids, suggests that the modo of 
interaction of the steroids with water differs or, alterna- 
tively, that the mineral active steroids may be interacting * 
specifically with potassium ions in solution. The latter 
possibility seems unlikely because the conductivities of 
electrolytes in solution are not modified by the steroids. 
Further speculation as to the possible mechanism of the 
steroid action on the monolayer system is not warranted. 

These results indicate the need for understanding the 
solution properties of steroids in water before one can 
propose a meaningful model for steroid hormone action. 
Thus, if the monolayer is taken as a model for a bio- 
logical receptor site located at an interface, the possibilty 
must be considered that the steroid hormones exert their 
influence indirectly on the receptor site by altering thd, 
aqueous environment. K 

We thank Dr R. D. Bennett for purifying the etio- 
cholanolone that we used. 


1 Gershfeld, N. L., and Heftmann, E., Experientia, 10, 2 (1963). 

* Taylor, J. L., and Haydon, D. A., Biochim. Biophys. Acta, 94, 488 (1905). 

3 Schulman, J. H., and Teorell, T., Trans. Faraday Soc., 34, 1337 (1988). 

4 Westphal, U., Ashley, B. D , and Selden, G. L., J. Amer. Chem. Soo., 80, 
5185 (1958). 

$ Crisp, D. J., Trans. Faraday Sos., 42, 619 (1948). 

* Dervichian, D. G., and Joly, M., Nature, 141, 975 (1988). 

1 Gurney, R. W., Ionio Processes in Solution QicGraw-Hill, New York, 1068). 

*Harned, H. 8, and Owen, B. B., The Physical Chemistry of 
Solutions, third ed, (Remhbold, New York, 1958). 


880 


NATURE, VOL, 214, MAY 27. 1967 


Metabolism of Ribonucleic Acid in the Endometrium 
of the Rabbit during Early Pregnancy 


by 

M. L. VITTORELLI* 
R. A. P. HARRISON 
C. LUTWAK-MANN 


Agricultural Research Council Unit of 
Reproductive Physiology and Biochemistry, 
University of Cambridge 


Previous work! has shown that the rate of uptake of 
phosphate ions from the maternal circulation by the endo- 
metrium of pregnant rabbits is markedly augmented 
between 48 and 96 h after mating 

Experiments were therefore undertaken to unvesiigate 
further the fate of labelled phosphate ions in endometrial 
tissue in early pregnancy, a period during which the endo- 
metrium and its metabolism are considerably modified by 
the influence of hormones. 

In each experiment, l mo. of high specific activity 
**P.orthophosphate (henceforth referred to as **PO,) in 
buffered glycine/saline, pH 8-9, was injected into pregnant 
rabbits; non-pregnant animala were injected as controls. 
The animals wore killed under ‘Nembutal’ anaesthesia 
after either 2 h (short-term experiments) or after various 
much longer periods of time (long-term experiments). The 
tissues were obtained as previously described}, and a 
sample of blood plasma was taken from each animal to 
measure the #7PQ, in the circulation. 

In an initial series of experiments the rate of incorpora- 
tion of the label into various classes of compound im the 
endometrium was investigated at different periods during 
the first 8 days of pregnancy. Homogenized tissue from 

animals killed 2 h after administration of the label was 
fractionated into a, material soluble in cold trichloro- 
acetic acid (TCA) (compounds of low molecular weight); 
b, material soluble in ethanol/ether (lipids); c, material 
soluble in hot TCA (nucleic acids); and d, a residue in- 
soluble in hot TCA (proteins), using a combination of the 
Schneider? and Schmidt-Thannhauser*® techniques. The 
label in each fraction was analysed by carrying out the 
extractions on samples of the homogenate dried onto 
disks of Whatman No. 3MM paper. The disks were 
counted before and after each successive extraction, and 
the number of counts in the fraction extracted at each 
stago was calculated by subtraction. 

In addition, chemical analyses of the total phosphate‘ 
in each fraction, DNA (ref. 5) and RNA (ref. 6) in the 
fraction soluble in hot TCA, and protein’ in the residual 
fraction were made, after carrying out the extractions on 
samples of the homogenate in test-tubes. 

The results of these experiments are shown in Fig. 1, 

xpressed as a, 0.p.m./mg total protein—giving a measure 

bof rates of uptake into the various fractions; and b, 

*¢e.p.m./umole phosphate in the fraction—giving a measure 
of the rates of phosphate turnover. 

The total rate of uptake of labelled phosphate (in 
Fig. 1 this bas been shown reduced by a factor of ten), 
as well ag its rate of incorporation mto the various frac- 
tions, all increase greatly between 48 and 96 h after mating, 
after which time the rates decline together. Of the 
“fixed” material, that is, the material insoluble in cold 
TCA, the fraction soluble in hot TCA shows the most 
pronounced increase. 

* British Counci! Scholar, 1964 65 


Phosphate lons are known to be taken up more 

endometrium of pregnant rabbits between the thir 
days after mating. 
amount of phosphate is accompanied by a marked Increase In the 
rate of synthesis of RNA over the same period of the pregnancy. 


uickly by the 
d and ihe fifch 
It has now been shown that this increase In the 
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Fig.1. Uptake of Ente rabbit endometrium during the first 8 days of 
preguancy. Measurements of radioactivity were made 2 h after ad- 
ministration of the label to the mother. a, C.p.m./ mg total protein 
(ream a measure of rate of uptake Into the fraction) O.p.m./mole 
p te in the fraction (gr a measure of rate of turnover). ina, 
Or whale homogenate results the scale has been reduced by a a Bro 
K-10, to facilitate direct comparison with the other fractio: 
Whole’ hom, nate; x, fraction soluble in ethanol/ether; @, bastion 
le ın hot ‘TCA; A, fraction insoluble in hot TOA. 


The rates of turnover of phosphate in the fractions show 
increases and declines concomitant with the rates of 
uptake. It can be seen that, among the fixed fractions, 
the protein-containing residue shows a much greater 
rate of turnover of phosphate than the others. Although 
the low phosphate content makes accurate measurement 
difficult, changes in turnover in this fraction follow closely 
those in the other fractions. 

As part of the experiment, an mteresting observation 
was also made on the rates of uptake and incorporation of 
phosphate in the unattached blastocyst (Table 1). Earlier 
work! has shown that at 144 h after mating the free-lyng 
blastocyst takes up very little labelled phosphate, even 
up to 6 h after the injection of the label into the maternal 
circulation. We were able to confirm this result, but we 
find that the rate of uptake rises sharply over the period 
between 144 h and 161 h, that 1s, shortly before uterine 
attachment takes place. It may be seen that it is the 
fraction soluble in hot TCA which shows the greatest 
increase in incorporation rate. 


Table 1. UPTAKE OF *PO, INTO RABBIT BLASTOOYSTS AGHD 144 H AND 161 H 


Age of blastocysts 

Materials examined 144h 161h 

‘Whole homogenate 838 1,295 
Fraction soluble in cold TCA 292 1,136 
Fraction soluble in ethanol/ether 10 18 
Fraction soluble In hot TCA 21 103 
Fraction insoluble in hot TCA 15 88 


Measurements of radioactivity were made 2 h after maternal administration 
of the label, Results are expressed as c.p.m /mg total protein. 
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the rabbit endometrium in early pregnancy, a oles phos 
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Fig. 2 shows the RNA/protein, RNA/DNA and phos- 
phate soluble ın hot TCA/protem ratios in endometrial 
tissue. Between 48 and 96 h all three ratios rise to a 
maximum and afterwards decline sharply, suggesting 
that the morphological changes in the endometrium 
leading to the progestational stage are preceded by a 
marked rise in RNA concentrations and metabolism in the 
tissue; the RNA concentrations decrease afterwards to 
values little higher than those ın non-pregnant animals. 
Recent work®° has suggested that oestrogens influenco 
the synthesis and turnover of RNA in the uterus. The 
pattern of oestrogen secretion during early pregnancy in 
the rabbit is not, however, sufficiently well established to 
make it possible to correlate our observations with oestro- 
gen influence. 

After these resulta had been obtamed, a second series of 
experiments was carried out in an attempt to investigate 
the metabolism of endometrial RNA durmg early preg- 
nancy. RNA was extracted at different stages of gestation 
from the endometrium of pregnant rabbits which had 
been injected with #*PO, as areca described. It was then 
subjected to sucrose density-gradient centrifugation, and 
the distribution of label in the RNA measured. 

Care was taken to avoid degradation of the RNA by 
RNase; extraction and purification 
of the ribonucleic acids were there- w 
fore carried out in the presence of 
10 pg/ml. dextran sulphate (average 285 
molecular weight, 2 x 10°), a potent 16 
inhibitor of the enzyme. Moreover, 
in order to obviate the need for 
DNase treatment and dialysis (pro- 
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t) The density gradientes (26 ml.) were 
prepared with 6-20 per cent (w/v) 
sucrose m potassium acetate buffer, 
pH 5, containing dextran sulphate. All 
samples were run at — 10° C for 1+5 h 
at 25,000 r.p.m. in a Spinco model L 
ultracentrifuge using a SW 25-1 rotor. 
1 ml. fractions were collected and their 
optical densities at 260 measured. 
For radioactivity analysis the RNA, 
together with carrier RNA, was pre- 
cipitated in TCA, collected by filtration 
through ‘Millipore’ filters (0-45 pore 
size) and the filters counted. 

Fig. 3 shows the optical density and 
radioactivity distribution obtained with 
RNA extracted from rabbit endomet- 
rium 72, 144 and 192 h after mating. 
These animals were injected with 37PO, 
2 h before being killed. 

The usual peaks of “286”, “18S” and 
“4S”? components can be seen clearly in 
all cases. On the other hand, material 
with a sedimentation constant of about 108 appears to 
develop between 72 and 144 h and to remain at least until 
192 h. The value of 1ts sedimentation constant has been 
estimated from its position relative to the other peaks, 
which were checked against a preparation of RNA from 
rat liver. The material, although not present in any 
quantity at 72 h, can nevertheless be observed from its 
high rate of labelling, giving a radioactive “peak” in the 
fraction corresponding to a sedimentation constant of 
about 108. It may be added that this radioactive peak 
was also found in placental material from animals at 192 h 
after mating, where the pattern of distribution of RNA 
was very similar to that in the endometrium at 72 h. 
In the placenta, however, the “108” radioactive peak 
was much greater proportionally, thus showing a very 
high rate of synthesis of this component. 

In the endometrium at 144 and 192 h the rates of in- 
corporation are low (from Fig. 1) and no RNA components 
at 192 h show pronounced radioactivity 2 h after ad- 
ministration of the label. Unfortunately, in the 144 h 
experiment, one of the animals had a low concentration of 
32PQ, in the blood plasma. Thus the measurements of 
incorporation at 144 h, being very low, were rendered 
useless, and have been omitted from Fig. 3. The “10S” 
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cedures which might allow RNase 3 gS 14s 

activity), the extractions weremade 6 10 $ 500 ~ 
at pH 5, when little DNA is ex- & q 
tracted. Apart from these modifi- 4 Ss 
cations, the extraction process © S 
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dodecyl sulphate, fractionation with 95 a 
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components can clearly be found, however, in both the 
144 h and the 192 h preparations, from optical density 
measurements. Questions thus arise as to their origin 
and stability. In Fig. 4, the results of two experiments 
are shown, in which >PO, was injected into the maternal 
circulation 65 h after mating, and the animals killed 24h 
later and 96 h later. It can be seen that the endometrial 
RNA is very highly labelled in both cases; the optical 
density readings show that between 89 h and 161 h the 
“108” components have greatly increased in proportion to 
the ribosomal “288” and “18S’’ components; however, 
their specific activity is as high at 161 h as at 89 h, al- 
though the ribosomal specific activity has decreased to 
half its original value by 161 h. Because the plasma 
phosphate specific activity fell rapidly during this period, 
our findings would suggest that these “109° components 
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are formed by about 108 h after mating and remain stable 
in the endometrium at least until 192 h. Whether they 
are degradation products of ribosomal components, or & 
separate type of RNA, remains to be determined. A 
stable degradation product would seem unlikely because 
of the longevity of these “1089” components as well as 
their high rate of labelling at 72 h. On the other hand, it 
should be noted that they are present in greatest proportion 
at a time when the RNA/protemn and RNA/DNA ratios of 
the endometrial material are falling rapidly, an indication 
that somo kind of degradation of the RNA may be taking 
place. 

A check was made on the nature of the “108” peaks by 
treating part of an endometrial RNA preparation with 
RNase. This treatment deleted the “10S” as well as the 
288” and 188” and their radioactivity, thus 
suggesting strongly that the 108” peaks are indeed a type 
of RNA. 

In summary, then, evidence has been presented for the 
existence of a new stable RNA component in the gesta- 
tional endometrium of the rabbit, with a sedimentation 
constant of about 108, which is synthesized between 48 
and 108 h after mating; ıt remains stable in the tissue at 
least until 192 h. The component could be a degradation 
product of ribosomal material, but there is also evidence 
from the rate of labelling to suggest that it might be syn- 
thesized directly from nucleotides. 

Results are also given for the total RNA content and 
metabolism in the endometrium during the first week of 
pregnancy, showing that there is a large increase in the 
amount of RNA between 48 and 96 h after mating. It is 
possible that this rise in the concentration of RNA is a 
result of oestrogen influence after ovulation, although 
precise results on oestrogen levels in the rabbit during 
pregnancy sre not available. The sudden increase in 
RNA synthesis at this time, however, is reflected in the 
RNA component patterns, and it is significant that the 
“10S” material reported appears at this time. 
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Death of Leucocytes due to Ingestion of Heterologous 


Lysosomes 


by 
ROCHELLE HIRSHHORN 
GERALD WEISSMANN 


Department of Medicine, 
New York University School of Medicine, 
New York 


LysosomEs contain acid hydrolases which are capable 
of acting on variety of biological substrates’, and it has 
been su that rupture of these organelles might 
lead to the death of the cell in which they were lodged. 


Human polymorphonuclear leucocytes can Ingest lysosomes from 
rabbit leucocytes and may as a result be changed and may dle. The 
Ingestion of Inert particles of latex leads to much less marked changes. 


Thus streptolysins O and S (refs. 2 and 3), heterologous 
antibodies in the presence of complement‘, haemolytic 
suspensions of silica’, and photosensitizing dyes? have 
each been shown to induce the rupture of lysosomes 


NATURE, VOL. 214, MAY 27, 1967 


within cells in vitro with damage to cytoplasmic*-* and 


nuclear®? structures leading eventually to the death of 


the cell. 

Each of these model systems was based on the assump- 
tion that the agents under study could selectively rupture 
lysosomes. The possibility, however, was not eliminated 
that cellular structures or components other than lyso- 
somes were the primary site of injury by the agents 
added*. We therefore studied the effects of ingesting 
isolated rabbit leucocyte lysosomes on the viability of 
human polymorphonuclear leucocytes. Such a method 
has the advantage that there are marked differences in 
the size and staining properties of leucocyte lysosomes in 
the two species. 

Purified rabbit leucocyte lysosomes (PMN granules) 
were prepared by a previously described modification’ of 
the method of Cohn and Hirsch. The apparent absorbance 
of the suspensions was adjusted to 0-500 at 520 my in a 
‘Beckman DB’ spectrophotometer and the integrity of the 
suspension was estimated from the decrease in absorbance 
induced by 1l per cent v/v “Triton X-100° (usually to 70 
per cent of control values). Heparinized human peri- 
pheral blood, usually obtained from one of the investiga- 
tors (R. H.), was sedimented at 37° C for 1 h, the plasma 
removed, and the cells washed three times in Eagle’s 
medium by centrifugation for 10 min at 600 r.p.m. in an 
‘International’ model UV centrifuge. Cells were allowed 
to adhere to glass slides, essentially by the method of 
Hirsch and Cohn’ except that slides were placed on a test- 
tube rack placed in a covered plastic container with 1 in. 
of water in the bottom. This assembly was placed in an 
incubator at 37° C. 





Fig. 1. Human peripheral blood leucocytes stained with tetrachrome 
after incubation for 30 min with 0°34 molar sucrose and serum (2: 1). 
Note the prominent granulation of the polymorphonuclear leucocytes. 

(x1 


After the cells had adhered to the slides, equal volumes 
(usually 0-15 ml.) of the following substances were added 
to separate slides: A, 0-34 molar sucrose as a control; 
B, purified rabbit leucocyte lysosomes in 0-34 molar 
sucrose adjusted to the standard apparent absorbance at 
520 mu; C, latex particles (Dow Chemical, 1-34 in dia- 
meter) suspended in 0-34 molar sucrose to the same stand- 
ard absorbance as the lysosome suspension; and D, a 
20,000 x 20’ supernatant of a sample of the rabbit leuco- 
cyte lysosome suspension which had previously been 
frozen and thawed six times. Each of the additives was 


diluted just before incubation, with half a volume of 


stored human serum. In three early experiments, cells 
were incubated both with granules plus saline (2: 1) and 
granules plus serum which had been stored for 90 days. 
The changes seen in leucocytes exposed to granules in the 
absence of serum were so extensive, with so few cells left 
on the slide, that all further experiments were carried 
out in the presence of serum and results are given only 
for these. 





Fig. 2. Afterincubation for 30 min with intact rabbit polymorphonuclear 

granules and serum (2 : 1), the cells show marked loss of granulations, 

blurring of the cell borders and swelling of the cytoplasm. Arrows point 

to some of the rabbit polymorphonuclear granules in locations which 
appear intracellular, 


Cells and additives were incubated for 16-30 min and 
stained with tetrachrome. They were coded and evalu- 
ated, usually in duplicate, by another observer. Slides 
were graded 0-4+ in terms of degranulation and 0-4+ 
for “cell destruction’. The changes classified as ‘cell 
destruction” involved the loss of nuclear architecture, 
disruption of the cell membrane, and the appearance of 
smudged cells. Gross estimates of the loss of cellularity 
on the slides were also taken into account. 

After incubation for 30 min the control slides showed a 
mixed population of cells consisting primarily of PMNs 
and monocytes. The cells (Fig. 1) appeared relatively 
normal with intact, multilobulate nuclei, prominent 
granulation of the PMNs and sharp cell borders. The 
method of drying resulted in some apparent increase in 
lobulations of the nucleus. Occasional cells began to 
show vacuolization. After incubation with rabbit leuco- 
cyte lysosomes for 30 min, as shown in Fig. 2, there was a 
dramatic loss of granulations, with swelling and loss of 
cell borders. In some cells, the detail of the nucleus was 
blurred, and the typical lobulate appearance was lost. 
The rabbit granules could readily be distinguished from 
those of the test cells because they were larger and had a 
more intense eosinophilia. Occasional clumps of rabbit 
leucocyte lysosomes were seen to lie free, but single 
granules could be seen in positions within the cells which 
appeared to indicate phagocytosis. Incubation of cells 
for 30 min with latex particles caused some degranulation 
(Fig. 3) but this was considerably less than that seen in 






b @4 


Fig. 3. After incubation for 30 min with latex particles and serum 
(2: 1), there is some loss of a distinctness of the granulations. Arrows 
indicate latex particles. 


cells which had been exposed to rabbit PMN granules. 
“Cell death” was either the same as or slightly greater 
than that found on control slides. 

We attempted to determine whether the extensive 
degrees of cell damage and degranulation could have been 
due to the action of free extracellular lysosomal enzymes 
alone. After exposure of the human leucocytes to the 
lysate of rabbit lysosomes, occasional swelling of the 
cytoplasm and loss of granulations were observed in some 
areas (Fig. 4). The changes seen were qualitatively similar 
to those in cells exposed to intact granules, but were con- 
siderably less in degree. In addition, some cells were 
seen in which many of the specific granules remained 
intact, although the cell membranes had ruptured. 





Fig. 4. After incubation for 30 min with the 20,000g x 20’ supernatant 
of lysed rabbit polymorphonuclear granules with serum (2:1), some 
clear areas can be seen within the cytoplasm. 


Each of these sequences was also observed with the 
various test suspensions after 15 min of incubation, but 
to a lesser extent. Longer periods of incubation (60-90 
min) were not studied in detail because the human 
leucocytes exposed to the suspending medium began to 
appear vacuolated and to lose cytoplasmic detail. These 
events also progressed either in the absence or presence of 
serum. The changes were less marked in the presence of 
serum, however, possibly because the cell viability was 
better maintained. 


Table 1. EFFEOT OF VARIOUS SUBSTANCES ON HUMAN WHITE BLOOD CELLS 
Disrupted Intact rabbit 
Substances added None Latex rabbit PMN PMN 
to leucocytes (control) particles granules granules 
aaa of ents t mA ) ( 3 3 ) 9 
+ + +(0-2+) = 24+(0-3 + 4444) 
Degranulation 1+(0-2+) 14+(0-2+) 24(0-2+) 44+(4+) 


Cells were incubated for 30 min at 37° C either with latex particles, super- 
natant (20,000g x 20’) of disrupted rabbit PMN granules or intact’ rabbit 
PMN granules, Results were graded on a scale reading from0to4+. Means 
and extremes are given. 


Table 1 gives the results of the experiments, and it is 
clear that cell death and degranulation, as measured in 
this system, were most pronounced when intact rabbit 
leucocyte granules were added to human leucocytes. The 
free enzymes or other tissue-damaging substances released 
into lysates of granules did not produce damage com- 
parable to that induced by the intact lysosomes. 

In order to verify the degree of cell destruction by 
independent means, the number of cells left after 20 min 
of incubation was determined. Cells were incubated in 
1-5 ml. portions of MEM Spinner medium containing 
40 per cent serum and cells. After 0-4 ml. of the various 
test substances had been added to the test-tubes, they 
were placed in a shaking water bath at 37° C for 20 min. 
Cell counts in control tubes, and those treated with 
enzyme and with latex, were respectively 90, 94 and 102 
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per cent of the initial cell count. By contrast, cell sus- 
pensions incubated with intact rabbit leucocyte granules 
showed a drop to 63 per cent of the initial cell count. 

In order to determine whether degranulation was an 
early event accompanying all forms of injury to the cell, 
other membrane-active agents were incubated with 
human leucocytes on slides. It was found that incubation 
with lysolecithin (5x 10-*"-5x10-* molar) for 15 min 
resulted in rupture of cell membranes and nuclear changes. 
Relatively intact, distinct granules appeared to have 
spilled out of the compromised cell, however, indicating 
that agents capable of injuring the cell membrane did not 
necessarily induce simultaneous degranulation. Cells 
were also incubated with chloroquine, which has previ- 
ously been shown to stabilize isolated lysosomes against a 
wide range of disruptive substances??. 

Chloroquine at a concentration of 6x 10-* moles/l. 
protected human leucocytes against the toxic effects of 
rabbit leucocyte lysosomes, but did not protect the cells 
from the action of 10-' molar lysolecithin under these 
conditions. 

These experiments show that when human peripheral 
blood leucocytes are incubated with heterologous leucocyte 
lysosomes, they undergo a series of cellular changes 
culminating in cell death. Although the experimental 
system apparently contains only white cells and lysosomes, 
the possibility must be considered that other contaminat- 
ing factors were the primary source of injury. Conceiv- 
ably, because of the species difference, the presence of a 
Forssman-type antibody admixed with the granules might 
result in cytotoxicity. Circulating immune factors do 
not, however, appear to be responsible for these changes, 
because these would contaminate both preparations of 
intact granules and the particle-free lysates of the granules. 
Because such lysates did not induce comparable degrees 
of cell injury, neither heteroantibodies nor indeed endo- 
toxins (which might induce cell injury but not degranula- 
tion) can reasonably be considered as the primary media- 
tors of leucocyte death. Although rabbit PMN granules 
were seen in positions within the cytoplasm that appeared 
intracellular, such dried preparations cannot be used as 
final evidence of phagocytosis of the PMN granules. It is 
possible that spontaneous rupture of the rabbit PMN 
granules occurred during incubation with the cells, and 
that their enzymes later injured the cell membrane of the 
leucocytes. Again, because much less cell injury was 
produced by extracts of frozen and thawed PMN granules, 
which would reproduce the complete extra-cellular rupture 
of all added rabbit leucocyte lysosomes, it would appear 
that the particulate nature of the ingested material was 
the critical determinant. The uptake of particulate 
matter per se was insufficient to account for the observed 
death of cells, because latex particles were unable to 
produce cell death, although degranulation was observed 
as expected. It is possible that merger of the membranes 
of leucocyte lysosomes of the host with those of the 
engulfed “foreign” granules resulted in escape of injurious 
substances from either or both populations of organelles. 
Indeed, extracts of lysosome-rich fractions have been 
shown to be capable of disrupting cellular structures 
in vitro", 
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Aggregation Formation in Three Species of Planaria: 
_ Distance to Nearest Neighbour 











Using a new method of measuring the degree of agere 7 
planaria under homogeneous light conditions, it has been 
to show that planaria do indeed aggregate under these conditi 


JAMES H. REYNIERSE 
= R. R. ELLIS 


Department of Psychology, 


University of Nebraska, 
Lincoln, Nebraska 


| PEANARIA are known to form large aggregations in the 
<- laboratory as well as naturally’. Reynierse has shown 
that planaria aggregate under homogeneous illumination 
nditions*, in the dark‘ and, when two species are main- 
tained together, differentially according to species*. These 
sults support a pheromone or chemotactic interpretation 
of the formation of aggregations. 
Clark and Evans? present a quantitative index for 
-measuring and identifying aggregations based on the 
_ distance from an individual to its nearest neighbour, 
-irrespective of direction. Their procedure yields an index 
of the extent to which the distribution of a population 
<= departs from randomness and makes it possible to com- 
_ pare differences in the pattern of distribution of two or 
: omore populations. The present research uses this quan- 
. titative index to examine the generality of aggregation 
formation in three species of planaria. 
The subjects were 200 planaria, eighty Dugesia doroto- 
cephala, eighty Dugesia tigrina and forty Planaria dactyl- 
/4gera. Tho planaria varied in size from 12 to 30, 10 to 20 
Scand 4 to 10 mm for D. dorotocephala, D. tigrina and P. 
_dactyligera, respectively. All subjects were maintained 
<- according to species in clear plastic boxes (8-8 em x 
| $8-em base dimensions and 9-2 cm x 9-2 cm at the water 
-- gurface) containing aged tap water to a depth of 3-8 em. 
_ ‘There were five populations of forty animals each; two 
populations of D. dorotocephala, two of D. tigrina, and one 
of P. dactyligera. Water was changed once a week 
_ immediately after the weekly feeding of beef liver. 
_ During the experimental sessions, the population con- 
_ teiners rested on white, 0-25 in. graph paper; this grid 
permitted locating spatially each stationary planarian. 
A fluorescent light source on the ceiling produced homo- 
geneous illumination conditions; each container had a 
uniform light incidence of approximately 30 ft.-candles 
as measured by a Gossen ‘Lunasix’ light meter. The tem- 
_ perature in the experimental room and in the water tanks 
was maintained at 75° + 3° F. 
a Before each experimental session, populations of planaria 
-were given at least 5 days to adapt to their laboratory 
environment. Populations were fed and the water 
-changed on the day before the first experimental session. 
. Immediately before each session, all stationary subjects 
were dislodged from their resting places by directing 
Water at them with a pipette until all forty animals in 
each population were swimming freely. There were three 
experimental sessions of 12 h each on each of 3 con- 
secutive days. At 6h and at 12 h the locations of station- 
ary planaria in relation to the available surfaces, that is, 
base surface, water surface or the four side surfaces, 








































and to distinguish certain differences between species in the 
of aggregation. 







were recorded. Throughout, the approximate cen 
each subject was used as its locus. S 
The measure of spacing proposed by Clark and Evanst SO 
measures the degree to which the distribution of indiv pe 
in a population departs from a random distribution 
basis for this measure is the distance from an individual — 
to its nearest neighbour. The distances of all the indi- 
viduals in a population can be measured and the value 
of the mean distance to nearest neighbour obtained. The 
ratio of the observed mean distance (f4) to the expected 
mean distance (fg) serves as a measure of the departure 
from randomness; thus, the ratio R = 74/fe is a measure 
of the degree to which the observed distribution approaches 
or departs from randomness. R has a limited, numerical . 
range having values indicating conditions of ma: 
aggregation (R = 0), randomness (R = 1), and ma 
spacing (R = 2-149). 
The distance in millimetres from each sta 
individual to its nearest stationary neighbor 
measured. Because each individual occupied an 
some size and could not reasonably be treated aa | 
point, all measurements of distance were made | 
approximate centres of individuals as suggested. 
and Evans. R values, summarized in Fig. 1, indicat 
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aggregations developed for all three species under all 
conditions, providing support for the view that the 
formation of aggregations among planaria is a general 
phenomenon. Thirty critical ratios are summarized in 
Table 1; only one failed to reach conventional significance 
levels and this was of marginal significance. 


Table 1, VALUES FOR THE DISTRIBUTION PATTERNS AND MEASURES OF 
SIGNIFICANCE FOR THREE SPECIES OF PLANARIA BASED ON DISTANCE TO 
NEAREST NEIGHBOUR 


6h lh 
R Critical P R Critical P 
Day 1 ratio ratio 

P. dorotocephala ©5079 D242 < 0-001 0-3986 7:110 < 0-001 

04651 6074 <0-001 4046 6-052 < 0-001 

D. tigrina 8303 +071 <0-001 0-5782 4929 <0-001 

08324 1785 <0-10* 05271 6-526 < 0-001 

P, dactyligera 03727 7616 <0001 0-3242 8 001 < 0-001 
Day 2 

D. dorotocephala 05206 5561  <0-001 0-5927 4-293 < 0-001 

04727 62834 <0-001 0-6521 4166 < 0-001 

D. tigrina 05335 4710 <0-001 0-5185 5-892 < 0-001 

0:4971 5-181 < 0-001 0-5819 4672 < 0001 

P. dactyligera 03385 T7831 «<0-001 0-1941 97839 <0001 
Day 8 

D, dorotocephala ©3719 7425  <0-001 05137 5180 < 0-001 

X 0-3650 6-982 <0-001 04726 5325 < 0-001 

D. tigrina 02645 7425 <0-001 0:4613 6-020 < 0-001 

M3436 5480 <0-001 04686 5-654 < 0-001 

P, daetyligera 02670 8-900 <0-001 ©2419 92035 <0-001 


* Not significant. 


The differences in mean R values for D. dorotocephala 
and D. tigrina were examined further using an analysis 
of variance. Two levels of species (D. dorotocephala and 
D. tigrina), two observations (6 h and 12 h) and three 
sessions complete a 2 x 2 x 3 factorial design in which 
observations and sessions are repeated factors. The 
effect for days was significant (F = 69-0, df = 2/4, P 
<-G-001) and it interacted with species (F = 38-38, 
df = 2/4, P < 0-01) indicating increased aggregation with 
additional sessions for D. tigrina. No other main effects 
or interactions were significant. 

The effects for species were further evaluated by Mann— 
Whitney U tests’. The spatial distribution of P. dactyl- 
igera was more clearly aggregated than that of either 
D. dorotocephala or D. tigrina (U = 2, P < 0-002 and 
U = 5, P < 0-02, respectively). The pattern of distribu- 
tion for D. dorotocephala and D. tigrina was not reliably 
different (U = 60). 

The aggregation size, that is, the number of planaria 
in the largest aggregation, was also examined. To be 
included in an aggregation, the centre of locus of an 
individual planarian had to be within 0-5 in. of the centre 
of locus of another individual; aggregations were usually 
well defined! and this criterion served mainly as a standard 
for excluding or including marginal subjects along the 
periphery of a cluster. The results for aggregation are 
summarized in Fig. 2 and are in substantial agreement 
with our quantitative index for the pattern of population 
distributions for these species. 

Finally, the number of stationary or adhering planaria 
was examined. The most striking effect was that almost 
all the P. dactyligera became inactive and adhered while 
‘many more D. dorotocephala and D. tigrina remained 
swimming freely and active. Species differences in regard 
to continued activity have been reported previously®; 
thatthe results for number of planaria adhering essen- 
tially parallel those for aggregation size, as well as the 
fact that aggregation formation requires stationary organ- 
isms, may reflect an underlying determinant of the forma- 
tion of aggregations. 

The chief purpose of our experiments, to apply a 
quantitative measure for describing spatial relations to 
the distribution patterns of populations of planaria, was 
clearly useful in confirming that planaria do form aggre- 
gations under homogeneous light conditions as well as in 
establishing that the phenomenon is general for the three 
species studied. 

One interpretation of aggregation formation® suggests 
that aggregations form mechanically by means of an 
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orthokinesis or klinokinesis. According to this hypo- 
thesis, the rate of locomotion or rate of random turning 
is reduced in one intensity and, when individual organisms 
eventually come to rest, cessation of movement maintains 
the aggregation. Under the prevailing homogeneous light 
conditions used in the present investigation such a position 
would predict a random distribution, that is, R values 
that approach unity; that the obtained R values con- 
sistently approached zero, that is, aggregations, and were 
reliably different from randomness, underscores the 
inadequacy of their position in accounting for the forma- 
tion of aggregations in planaria. In contrast, the idea that 
planaria secrete some chemical substances to which 
planaria are positively chemotactic! +* is consistent with- 
the results and predicts them. 

Although the distance to the nearest neighbour is a 
satisfactory measure of spatial relationships, one inherent 
difficulty cannot be ignored. The measure can primarily 
be applied to points in space, although if an individual 
occupies an area of some size the measure can be applied) 
to the centres of organisms as we have done. Still, Clark © 
and Evans! acknowledge that “individuals can þe as- 
closely spaced as their size permits and at the same time 
have their centres distributed more uniformly than: - 
random. Consequently, R values greater than unity may | 
sometimes result from the spatial requirements of the 
individuals alone”. In the present study the fact that 
the results for aggregation size paralleled those for the R 
values suggests that such a contaminating factor prob- 
ably did not obscure real species differences. In any 
event, if such a factor were present and contributed bias, 
R values for the larger species would be spuriously large, 
that is, closer to randomness, yielding a conservative 
estimate of the extent to which the population was 
aggregated. Although it is clear that the measure may not 
be universally applicable and must be interpreted with 
caution, its use in the present research provided unequi+ 
vocal verification of aggregation formation in planaria 
under homogeneous illumination conditions, 

This research was supported by the Research Council, 
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Jor phological Transformation of Mouse Embryo Cells 
vitro by Murine Sarcoma Virus (Harvey) 
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P.J. SIMONS Murine sarcoma virus (Harvey) produces characteristic 
-O RER. DOURMASHKIN cultures of C57BL mouse embryo cells. Some of the cel 
A. TURANO* spindle-shaped and stain vividly with acridine orange. Th 
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Harvey? and Moloney? have described the isolation, 
rom animals with Moloney leukaemia, of viruses which 
-= rapidly induce sarcomata in mice. These viruses have 
been called the murine sarcoma viruses (MSV), and 
: designated for convenience MSV (Harvey) and MSV 
(Moloney). The pathological changes induced by MSV 
(Harvey) in a variety of rodents have been deseribed® 
-< 8s- have some of its physical properties‘. The changes 
_ induced by MSV (Moloney) in cultures of mouse embryo 
-cells have been described by Hartley and Rowe*® and in 
_ vat embryo cells by Tingt. This communication describes 
| the changes induced by MSV (Harvey) in mouse embryo 
-- gell cultures. 
The MSV (Harvey) in rat plasma was obtained from Dr 
-o MOH. Salaman, the London Hospital. This preparation 
< was known to be free from polyoma virus and Riley virus. 
The animals used throughout this work were inbred 
O57 Black mice. Cell cultures, prepared by trypsinizing 
<: embryos from individual mice, were grown in minimum 
essential medium supplemented with 10 per cent tryptose 
phosphate broth and 5 per cent calf serum. Where neces- 
< sary, “Bacto-agar’ was incorporated into the growth 
medium at a final concentration of 0-9 per cent. All the 
_ = < cultures were incubated at 37° C in a humidified incubator 
flushed with carbon dioxide. Only secondary or later 
passage cells were used. The cultures were stained with 
May~Griinwald—Giemsa stain for microscopical examina- 
tion. 
- The plasma was diluted 1:10 in growth medium and 
02 ml. mixed with 10° mouse cells in 4 ml. medium in 
60 mm plastic Petri dishes. Uninoculated cultures were 
used as controls. After incubation overnight the medium 
uwas replaced with 8 ml. of agar medium. After incu- 
bation for a further 13 days, areas of densely staining 
“Spindle cells were seen in the infected cultures. These 
_¢ells appeared to be lying on top of the sheet of normal 
cells. Control cultures did not show such changes. The 
agar overlay was removed from the remaining cultures, 
which were trypsinized and transferred to new dishes. 
Infected and control cultures were transferred a further 
five times at intervals of 4-5 days. After the first sub- 
culture it was not possible to distinguish between the 
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on inoculation into adult C57BL mice. The changes are si 
those produced by the Moloney strain of MSV. E 





control and infected cultures, even when stained: When 
the cultures were stained with acridine orange and 
examined by fluorescence microscopy, however, the 
infected cultures contained spindle cells, the cytoplasm 
of which exhibited a vivid red fluorescence. These cells, © 
which were absent from control cultures, were sparsely 
seattered throughout a sheet of apparently normal cells. 
Medium taken from fourth passage cultures was inogu- 
lated undiluted into newborn mice. Cells and medium ~ 
from sixth passage cultures were examined in the el 
microscope. Medium from the sixth passage cul 
was also inoculated onto mouse embryo cell cul 
Inoculated mice started dying 17 days after inocula 
the first ones dying as a result of the rupture o: 
enlarged spleens. Mice inoculated with the fluid 
control cultures were killed at 104 days after inom 
and appeared normal at autopsy. Electron micr 
examination of the infected cultures showed nun 
virus particles, many cells showing budding part 
The particles were typical of those seen in some mouse 
leukaemias, similar to type © as described by Bernhard’. > 
No particles were found in control cultures... The cell 
cultures inoculated with the sixth passage culture fluids 
were extensively transformed 6 days after infection. (Fig. 
1). Many densely staining spindle cells with sharp out- 
lines appeared to be lying on top of cells of normal appear- 
ance. A few small round cells were present, but these were =. 
very loosely attached to the sheet. The medium on the 
altered cultures was more rapidly acidified than tha 
the control cultures. There was no evidence of cytopat 
effect and on subculture the spindle cells grew very. 
vigorously. es 
Fluid from transformed cultures filtered through a: 
0-454 membrane filter (‘Millipore’) rapidly produced . 
morphological transformation of mouse embryo. cell 
cultures. ae 
Focus assays with MSV (Harvey) could be carriec 
in the same way as deseribed for Rous sarcoma 
Dilutions of infective culture fluid were. mixed 
5 x 10° mouse embryo cells in each 60 mm dish, 
overnight incubation the medium was replaced s 
of agar medium. After 6-8 days incubation, foe 
formed cells could be seen. When. stained wit! 
red these appeared as more densely stained areas 




























a background of lighter stained normal cells (Fig. 2). 
The tissue culture fluid had a titre of 2-4 x 10° focus 
forming units per millilitre. 

The virus was purified by “picking” individual foci 
from agar assay dishes which showed only one or two 
foci’. Six separate lines of virus have each been purified 
twice by this technique and are referred to as ‘‘focus- 
purified”. Mouse embryo cell cultures were rapidly trans- 
formed by all these focus-purified virus lines. When 
C57 mice, less than 48 h old, were inoculated with fluids 
from these cultures they developed a variety of lesions. 
These included sarcomata, inflammatory lesions, cystic 
changes in lymph nodes, haemorrhages and sometimes 
pleural effusions. On the other hand, the massive spleno- 
megaly, and concomitant splenic rupture which was 
induced by the virus before purification, did not occur in 
the mice inoculated with the foeus-purified virus. No 
lesions attributable to infection with MSV were observed 
in mice inoeulated with fluid from control cultures. 








A, Comparison of normal mouse embryo cells with MSV-transformed 
cells (xc. 50). A, Control cells; B, MSV-infected culture, showing 
transformed spindle cells. 


Mouse embryo cells transformed by focus-purified 
virus can easily be maintained in vitro. Cells transformed 
4 months previously are still growing vigorously and 
continuously release virus into the medium. The cells 
are spindle-shaped and grow into thick multilayered 
sheets, rapidly acidifying the medium. When stained 
with acridine orange the cytoplasm fluoresces a vivid 
red and the nuclei contain numerous nucleoli. Adult 
(C57 Black mice inoculated subcutaneously with 7 x 10° 
transformed cells developed palpable tumours at the 
site of inoculation within 1 month. These experiments 
show that MSV (Harvey) induces a rapid morphological 
transformation of mouse embryo cells, apparently identi- 
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Fig. 2. Foci of transformed cells, stained with neutral red (actual size). 


cal in appearance with that described for MSV (Moloney). 
We have not, however, been able to show the requirement 
for a “helper” virus as described by Hartley and Rowe’. 
Our results show that the production of foci, both with 
and without agar in the medium, is dose dependent in 
057 Black embryo cells (Table 1). Newborn mice inocu- 
lated with focus-purified virus did not die from the 
intra-abdominal haemorrhage considered symptomatic of 
MSV (Harvey) disease’. Recent experiments, however, 
have shown that the same virus concentrated from tissue 
culture fluid approximately twenty-five times by pelleting 
in a centrifuge did induce splenomegaly and _ splenic 
rupture after 5 weeks when inoculated into adult C57 
Black mice. It has been suggested that the splenomegaly 
may be due to the presence of Friend or Rauscher viruses 
in MSV (Harvey) preparations'. The significance of these 
findings is not clear and the experiments are being ex- 
tended to other strains of mice. C57 Black mice, although 
sensitive to MSV infection, are relatively resistant to the 
induction of splenomegaly by Friend and Rauscher 
viruses!!, 


Table 1 


Virus Number of Estimated virus 
dilution foci per dish titre P.F.U. per ml. 

10-29 TNC, TNC* = 

10-9 70, 81 7-5 x 10* 

10> 23, 2 78x 10° 

104-9 8& 5 6-5 10* 


The virus used in this titration had been concentrated approximately 25 
times from tissue culture fluid by pelleting in a high s$ centrifuge and 
resuspending in a small volume of growth medium, Five hundred thousand 
secondary C57 Black mouse embryo cells planted in 60 mm dishes the day 
previously were infected with 0-1 ml. of virus dilution at 37° C for 1 h, and 
4 ml. of growth medium was then added directly, The medium was changed 
ca sio second day, and the foci of transformed cells were counted on the 
fifth day. 

* Too numerous to count. 


We thank Dr R. J. C. Harris for advice, Mr A. J. 
Pringle for photography and Miss C. A. Masters for 
technical assistance. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Rotation and the Helium Line Strengths 
in B Stars 


Na recent communication Deeming and Walker! have 
und that for hot stars there is a significant positive 
_ @orrelation between their helium line strengths and their 
| apparent rotational velocities. This result has important 
--consequences for problems of the primordial helium 

_.. abundance, because it implies that meaningful determina- 
| tions of the stellar helium content cannot be obtained from 
observations of the helium line strengths in stellar spectra. 

-This communication reports some recent investigations 

¿o of the helium line strengths in B stars of the Southern 
- galactic clusters ZC 2391 and IC 2602. These observations 
suggest that the strength of the He 14471 line for main 
sequence stars of spectral types B3 and later is almost 
wholly dependent on the effective temperature of the star 
and not on its rotational velocity. I shall first outline 
|. these new observations and then consider why my con- 
|- clusions differ from those arrived at by Deeming and 

< Walker. 

{C 2391 and IC 2602 are young clusters with very 
similar H-R diagrams, and each contains a number of 
bright B stars. The only striking difference between the 

~“glusters is in the projected rotational velocities (v sin i) of 
the B stars. Values of v sin ¿ were obtained for the ten 
brightest stars in each cluster from the half width of the 
-o intrinsically narrow Mg (IT) 24481 line. The mean values 
for the clusters are shown in Table 1. 



















Table 1 
Mean v sin i km/s 


Cluster Normal stars Si Ap stars 
IC 2391 90 < 20 
IC 2602 180 <20 


With the usual assumption of random alignment of 
` axes one is led to the conclusion that there is a large 
difference in the mean rotational velocities for the two 
clusters. It is thus possible to compare the strengths of 

the helium lines in the two clusters to see whether rotation 
appears to play a major part in determining these strengths. 

Photo-electric scans with a resolution of 15 A and high 

dispersion spectra at 6-7 A/mm [18] and 23 A/mm [2] 
were obtained for the cluster B stars. Parameters charac- 
terizing the atmospheres of these stars, in particular the 
effective temperature, Tep, were obtained by fitting the 
observed energy distributions and hydrogen line profiles to 
“the model computations of Mihalas*. 
Fig. 1 shows the observed relation between the equiva- 
lent width of He 24471, W(4471), and the temperature 


5040 
parameter b= for the two clusters. It demon- 





@ 

strates convincingly the strong dependence of W(4471) on 
the effective temperature. Three stars in Fig. 1 fall off the 
otherwise tight relation between W(4471) and Ogg. 
_ They are all stars with abnormally strong silicon absorp- 
tion lines and in this and other spectral characteristics are 
- typical of the well known class of Si Ap stars. Stars of this 
‘class are generally magnetic variables, and the extreme 
© weakness of the helium lines is a typical feature of their 
| spectra?. This effect is found in Si stars of both high and 

low rotational velocity. 





: 899 


In Fig. 1 there is no suggestion of a large spread of 
helium line strength at a given 0y for the normal cluster 
members, nor is there any obvious separation of the stars 
of the two clusters. The scatter at a given effectiv 















temperature in Fig. 1 is only about 250 mA, and this 
should be contrasted with the figure of Deeming and _ 
Walker which indicates a scatter of about 900 mA ata 
given spectral type. Random errors in the cluster meast 
ments are estimated to be about +100 mA. | 
It is obviously desirable to examine whether th 
stars investigated are typical of B stars as a who 
data of Walker and Hodge‘ provided the material 
analysis of Deeming and Walker. Effective tempera: 
are not available for the stars in this list. Ap: 
closely related to the effective temperature, ho 
Q (Johnsont) which may be obtained from the r 
broad-band photometry. UBV colours are avail 
125 stars in the list of Walker and Hodge from the 
Hiltner®. Their Q values are all < — 0-57 which corre: 
roughly to all stars earlier than type B3. Thus t 
not directly comparable with the cluster stars investig 
If W(4471) is plotted against Q for those stars of himinosi 
classes IIT, IV and V as classified by Hiltner, the seat: 
at a given Q is considerably less than that indicat 
Deeming and Walker. Further, at a given Q, stars : 
high apparent rotation do not have consistently large 
values of W(4471). oe : 
In order to obtain data more directly comparabl ee 
the cluster observations, previous values of W(4471) were 
used?-?-10, These investigations were all made at dis- 
persions of 28 A/mm at Hy or better. Standard errors © 
quoted by the authors are of the same order as the 100 mA 
obtained for the clusters. Q values were calculated from 
published values of UBV photometry''-™ for the cluster 
stars and as many class IIT, IV and V stars in the above: 
lists as possible. ce 
Fig. 2 shows a plot of W(4471) against @-for all the — 
above stars with Q> —0-57 which corresponds to the 
range covered by the cluster stars. Fig. 2 also shows 
basic dependence of the helium line strengths.on temy 
ture in this range. The scatter at a given @ is not 
greater than 300 mA. In view of the fact that th 
strengths were obtained from many sources, the 
are remarkably consistent with the cluster observa 
How can these results be reconciled with’ those 
Deeming and Walker? They attribute the. scatte 
correlations of their figure to the effects of rotati 
line strength. The results shown in Figs. 1 and 2. st 
suggest that this interpretation is incorrect. “Part | 
scatter and correlation may be attributed to the 
clusion of stars of luminosity classes I and IT. 
stars usually rotate slowly, and it is well known that 
have weak helium lines™’ as a consequence of the 
electron pressure in their atmospheres. 
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Fig. 1. The observed relation between the strength of He Ai 
W471) and Geff for the cluster stars. Filled symbols represent, 
peculiar Si stars in the clusters, ©, TC 2301; A, IC 2602, ; 
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; Pig. 2. The ‘W(4471) ~ Q relation for main sequence cluster and field 
EEN stara of spectral types later than B3. ©, vsin <100 km/s; @, v ain i 
> 100 km/s; $. Si stars. 
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Ano vious explanation for the remaining dispersion is 
thet the spectral types assigned to the stars are not 
- uniquely correlated with effective temperature but also 


>o depend on the apparent rotation. I suggest that what has 


been found is not that stellar rotation affects the helium 
line strengths in stellar spectra, but that it gives rise to 
“errors in. spectral classification. 
‘Two points can be made in support of this suggestion. 
(1) Spectral classification of B stars depends critically on 
eye: estimates of line strengths (including helium) on 
plates of intermediate dispersion. Errors of + one-tenth 
of a spectral class are common. It ean be seen from Figs. 
1 and. 2.that such errors will produce a spread of helium 
‘line strengths at a given spectral type of about 700 mA. 
“Line broadening caused by rotation renders it more 
difficult to make accurate estimates of the line strengths, 
“with consequent increase in the errors. Stars of excep- 
tionally high rotation will tend to be assigned too cool a 
spectral type because of the apparent weakening of the 
helium lines. On the figure of Deeming and Walker stars 
misclassified in this way should actually appear as points of 
very high v sin ¢ and high W(4471). 
- (2) "Phe choice of line to be used as a rotation indicator is 
‘important. Deeming and Walker's use of the half width of 
_ He 14388 as the rotation indicator should produce an 
apparent correlation of line strength with v sin i where none 
8 ¿as the intrinsic half width of He 24388 is not neg- 
igible and increases with equivalent width. In their 
| figure the lower envelope of points may reasonably be 
taken to represent the increase of intrinsic half width of 
‘He 44388 as a function of W(4471). The remaining width 
may then be attributed to rotational broadening. 
By such considerations it is possible to explain both the 
scatter and correlation found by Deeming and Walker. 
The present work thus suggests that there is no strong 
dependence of the strength of the helium line on rotational 
velocity for main sequence B stars. It does not, however, 
exclude the possibility that some gravitational diffusion 
“process such as proposed by Greenstein, Truran and 
Cameron may explain the weak helium lines in the 
slowly rotating population IT B stars. The main sequence 
B stars, however, provide no evidence that such a process 
Jcaetually occurs in stars. 






Ss Hogg, A. R., 
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PLANETARY SCIENCE 


Determination of the Astronomical Unit 
by the Dynamical Method 


Tue dynamical method of determining the astronomical 
unit is based on a relation between the astronomical unit 
A expressed in km and the ratio m of the mass of the 
Earth-Moon system to the solar mass. According to this. 

relation m A® equals a constant which is known with... 
sufficient accuracy for all practical purposes. A derivation. 

of this relation was recently given by Brouwer’. 


bodies in close approaches permit the determination ofm: 


and thus of A. Various authors have tried to determine the... 


mass of the Earth-Moon system from observations of the 
Minor Planet (433) Eros which comes near to the Earth. 


The first determination of this kind was performed by. _ 
Witt? and the most recent one was published by Rabe*. o 

An independent determination of the astronomical ‘unit. 

became possible using radar echoes from Venus, but the 
radar result differs significantly from Rabe’s result. 
Considerable effort was made by Eckstein‘ and Marsden® 
to reconcile the two differing values using numerical. 


material previously published by Rabe. 


Recently, Schubart tried to correct the orbit of the Minor a 


Planet (1221) Amor which approaches the Earth as close 


as 0-10 a.u. He used 227 observations (obtained from; 
1932 to 1964) to derive the equations of condition without’ 
For the computation of > 

O-C, a reference orbit was used which wasco 


formation of normal positions. 
the values 
based on Newcomb’s value of the mass of the Earth. Tt. 


turned out that after the differential correction of the. 


orbit, the representation of the observations was un- 
satisfactory. When in a new attempt the correction of the. 
mass of the Earth-Moon system was added as a seventh’: 
unknown to the corrections of the six orbital elements of 
Amor, a corrected value of the mass resulted, which was in. 
fair agreement with the radar value. The representation 
of the observations of Amor is still not quite satisfactory, 
which may result from neglecting the direct attraction of 


Mercury in the computations, or from the uncertainty of |. ; 
other constants used in the numerical integration of the) 


reference orbit. n 
The successful application of this method to Amòr: 


suggested a revision of the results obtained by Rabe. | 
Zech applied this method to Eros. For this purpose he 


made use of the thirty-seven normal positions from 1926 
to 1945 given by Rabe. In 1931 Eros made an approach 


to the Earth with a minimum distance of 0-17 au, The a 











The: 
effects of the attraction of the Earth-Moon system on). 
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esult for the reciprocal mass of the Earth-Moon system 
: in units of the solar mags is-m~1 = 328894 + 30 (mean error). 
This is in excellent agreement with Schubart's result 
< Obtained from Amor (m~!= 328895) and with the radar 
-Yesults. On the basis of the radar results the true value of 
¿m is believed to lie between the limits 328890 and 
828922 (ref. 6). The mean error found by Zech is only 
about half as large as Rabe’s mean error (+64). A 
preliminary comparison of the coefficients of the equations 
_of condition derived by Rabe and by Zech shows strong 
_ differences in the case of the coefficients for the correction 
F m>. Almost all the coefficients of m~ published by 
Rabe turn out to be considerably greater in absolute value 
as compared with Zech’s result. It can be assumed that the 
ifferent result for m-! found by Rabe is caused by the 
eviations in the coefficients. This assumption is supported 
ry the following fact: if Rabe’s coefficients of the equations 
f condition are assumed to be correct in case of the six 
orbital elements of Eros, if the coefficients for m- are 
‘replaced by Zech’s values, and if the right-hand sides of 
these equations are left as in Rabe’s paper, the least- 
squares method applied to these equations for seven 
unknowns leads to the result m-'=328874+31. Our 
|. results demonstrate that it is possible to reconcile the 
_ | dynamical value of the astronomical unit with the radar 
-< measures. 
_The numerical computations were performed on the 
BM ‘7094’ of the Deutsches Rechenzentrum, Darmstadt, 
nd on the Siemens ‘2002° computer of the Astrono- 
isches Rechen-Institut, Heidelberg. For the numerical 
ntegrations the N~Body programme provided by Schubart 
and Stumpff? was used. 
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Effect of the Aswan High Dam on the 
Current Regime in the Suez Canal 


o | DuRInG the course of a recent investigation of the current 
-) -vegime in the Suez Canal, an unusual distribution of salin- 
ity was observed along the Canal in September 1966. 
Comparison with older data from the Canal in September 
1924, September 1933, September 1954 and September 
1964 showed that a complete reversal of the current 
“regime at that time of the year had taken place. The 
present communication gives a preliminary account of 
this phenomenon. 
-o The exchange of water between the Red Sea and the 
iterranean through the Suez Canal shows a special 
‘pattern of circulation quite different from that known to 
oceanographers concerning the circulation in the classical 
sea straits. 
The wide range of salinity and the considerable influence 
_., of the current system on the distribution of the salinity 
= make salinity a good tool for studying the circulation 
in the Canal. While the salinity of the northern part 
of the Gulf of Suez is about 425 parts per thousand 
and that of the Mediterranean near Port Said is about 
_ 39 parts per thousand, the salinity of the Canal reaches 
_ the highest values (44-48 parts per thousand) ever found 
in surface waters in direct connexion with open sea. This 
is mainly because the Canal passes through Great Bitter 
- — Lake, the bottom of which consists of salty layers which 
are gradually being dissolved. 















901 





The Nile flood takes place from August to Dece 
with its peak in September. During the period 
August to October, immense quantities of fresh water are | 
discharged into the Mediterranean. The mouth of the _ 
Damietta branch is only 60 km west of Port Said. 
result of this invasion of fresh water, the salinity of 
in the Port Said region and the northern half of th 
drops to about 30-35 parts per thousand and eve 
at the surface. Oa 

The currents and the salinity distribution in thi 
show very clear seasonal variation. During the 
year, except from July to October, the mean 
higher at Suez than at Port Said; the currents 
northward, the saline waters of the Bitter’ | 
northward, thus increasing the salinity of the 
part of the Canal and the Port Said region. 

During the period from July to October the mean sea 
level at Port Said is higher than that at Suez, and the 
currents are mainly southerly. The sea water, diluted by 
the Nile flood, penetrates the Canal southward. i 
northern boundaries of the Great Bitter Lakes 
saline water mass of the Bitter Lakes is also pushed sı 
ward, and this effect is observed in the Suez B: 
higher values of salinity are often found at this’ 
the year. ce 

From monthly hydrographic sections made durin, 
period 1953-55 (ref. 1), and from direct measureme: 
currents over a period of a year?, I have establish: 
correlation between the monthly changes in the strength 
and direction of the currents, the difference in mean 
sea level, the distribution of salinity and the Nile flood. 
By comparing these data with older monthly observations 
of salinity from 1924 (refs. 3 and 4) and 1933. (ref, §) ib is 
evident that the seasonal variation is more or less @ con- 
stant phenomenon which repeats itself every year. The. 
study also revealed that the two extreme opposite p ea 
for the hydrographic conditions in the Canal are 
represented by April and September observations 

Table 1 compares the values of salinity at-a dep 
6 m at selected stations along the Canal in April 195: 
April 1964, September 1954, September 1964 a: 
September 1966. ee 

I have divided the Suez Canal into seven regions 
are represented by selected stations (as indi 
Table l and Fig. 1). The distributions of salinity i 
1954 and April 1964 are very similar, and demons 
the conditions of a strong northerly current. ‘The s 
of the Suez Bay (g) dominates the southern part: 
Canal (f) and is observed at the southern end of the Li 
Bitter Lake (station 21). A slight increase ‘in sal 
takes place, however, because of water exchange bet a 
the Suez Bay and the Bitter Lakes caused by reve: en 
tidal currents. The waters of the Great Bitter Lake teo 
are transported in a northward direction where they are ` 
slightly diluted to values of more than 43 parts per thou- 
sand in the central part (d), Lake Timsah (c) and the 
northern part (6). In the Port Said region (a) its effect: is 
still noticed at station (1 B), while the open sea station’ 



















































Table 1 2 
Position® — Aprilt September t oy 
Region Station (km) 1054 1964 1954 1984.1906) 
a, Port Said 1A’ 110hm 38:71 39:02 36-62 87-06 89448 
1B 57bm 41-67 40-26 33-60 85-95. 98:58 
b, Northern part of 4 451 43°52 42-92 83-15 32-95 4373 
Canal proper : i 
c, Lake Timsah 9 78:0 43-39 43-57 36-29 34-88 49:37. 
a Central part of 1l 820 48°70 43-75 37-56 84-07 45-98 
“anal meer 
e, Great and Littl 12 97-8 43-01 02 
Bitter Lakes 18 1034 48-05 43-98 
21 134-0 42-31 42-29 
f, Southern part of 22 1461 42-12 42-27 
Canal 
g, Suez Bay 24 1623 42-04 






thousand). l 


; ön: 
n parts per thousand = 1-802 chlorinity in parte per t i 
established by Morcos and Riley“ for the high salty water of the Sue ‘Canal. 





< 902 


(1 A’) to the north represents the normal salinity of the 
Eastern. Mediterranean. ih, 

In September 1954 and September 1964, the salinity of 
the Port Said region (a) showed an abrupt decrease and the 
diluted Mediterranean water invaded as far south as the 
-eentral part of the Canal (d). The highly saline waters 
of the Great Bitter Lake were pushed southward to fill 
the southern part of the Canal (f) and increase the salinity 
of the Suez Bay (g) above its normal value. 


<4 
$ 


gy 
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. Map of Suez Canal. @, Station; A, km. 
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-- The observations made on the cruise of September 1964 oe 
were the last observations made during the flood season. 


because the completion of Aswan High Dam shortly | 
afterwards put an end to the annual discharge of Nile’. 
water during the flood season. The cruise of September 
1966 gives the first observations in the new circumstances. . 
The observations of September 1966 show a very unusual 
picture for this time of the year. Starting from the south 
the distribution of salinity between Suez Bay (g) and the 
southern part of the Little Bitter Lake (station 21) 
simulates the conditions which used to prevail in April, 
indicating a similar northward invasion of Suez Bay 
waters. Also the highly saline waters of the Bitter Lakes 
(e) moved further northward to raise the salinity of regions 
(d), (c) and (b) successively to values never before observed 
at this time of the year, thus excluding any indication of a 
southward current from the Mediterranean. The cessa- 


tion of the discharge of the Nile water is reflected by the ae 


salinity values at the two stations of Port Said (1 A’ and o 
1 B). EERS 
I have previously demonstrated! that the point of- 
maximum salinity along the Canal is not stable. It 
changes its position from one month to another. Both 
the position and the magnitude of the maximum salinity: 
in any month are directly related to the velocity and 
direction of the prevailing current. With the strong 
northward current in April the point of maximum 
salinity is usually found in the northern part of the 
Great Bitter Lake (station 13 in April 1954) or even 
north of it (station 12 in April 1964) and its value is 
relatively low. On the other hand, the weak southward 
current in September is associated with the highest value 
of salinity, the position of which tends to shift to the 
southern extremity of the Little Bitter Lake (station 21 
in September 1964) or even to the southern part of the 
Canal proper (station 22 in September 1954). This is 
partly due to excessive evaporation in summer and 
because if the current is sluggish there is more time for 
the water to come in contact with the underlying salt, 
thus increasing its salinity. The conditions of September 
1966 are very unusual, and show but a weak northward 
current. The point of maximum salinity appears north 
of the Great Bitter Lake (station 12) and influences the 


central part of the Canal (station 11). The value of the a 


maximum salinity is relatively high (46-91 parts per. 
thousand), indicating a slow current. ee 
So far the preliminary investigations show that the 
current regime was completely reversed in September: > 
1966. This is the opposite of the conditions which have | 
hitherto been experienced at that time of the year since 
the opening of the Canal. The most probable explanation 
lies in the huge quantities of the Nile water which are. 
discharged from Damietta Branch and carried to Port 
Said by the counter clockwise surface current along the 
Mediterranean coasts. Aided by the northern wind, = 
which attains its maximum frequency at this time ofi 


year, the water normally piles up in front of Port Said. 


The construction of the Aswan High Dam, however, 
has put a stop to the seasonal flooding of the Nile and 
therefore altered the whole picture. ie 
T thank Eng. M. A. Mashhour, President of the Suez» 
Canal Authority, for permission to use the motor boat 
“Hodhod” and for continuous interest and support. 
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| PHYSICS 
Does a Moving Body appear Cool? 


= THe question, “Does a moving body appear cool ?”, 
which I raised in an earlier note, has now received affirma- 
| tive answers!-3, in agreement with accepted theory’. 
- -These answers appeal to the Doppler effect?, and implicitly 
to the equipartition theorem!*, In this note a continued 
_» Peserve towards accepted theory is maintained by 
_ attempting to show that neither line of argument enables 
one, to discriminate between accepted theory and the 
view that temperature can be Lorentz-invariant. 
Inertial frames will be taken in “standard configura- 
jon’’>; quantities measured in a centre-of-mass frame J n 
Will be given the suffix 0, and B(u)=[1 —u2/e?]1”, 
(A) Ambiguities by arguing from the transverse Doppler 
ffect. The mean occupation number of a radiation mode 
J is the same in the rest frame of a black-body enclosure 
(jo) as it is in any other inertial frame (n;). Thus if 
-radiation is observed in a direction transverse to the 
direction of motion 


njo = ny and nyo = flhvofkT) = fiBhv/kT,) (1) 


© Here f denotes the Bose distribution function. 
ean argue either 


; T = 1/8, that is ny = f(hv/kT) (2) 
or T = Ty, that is ny = f(Bhv/kT) (3) 


- Equation (2) agrees with orthodox theory and associates 
< with the moving radiation a distribution of rest-frame 
form. No general principle exists, however, which 
demands this. Thus equation (3) agrees with my theory® 
and implies the generalized distributions proposed in the 
appendix of the statistical mechanical version’? of this 
theory. Thus the transverse Doppler effect cannot lead 
from equation (1) to a method of discriminating between 
the two theories on theoretical grounds. It suggests, 
however, an experimental method of distinguishing 
between them. 
(B) Experimental test. Orthodox theory leads from 
-Wien’s displacement law Amax,ol'y=@ (a= 0-29 em-degree) 
and Amax=BAmax,9 tO Amaxl'p/8=a. Assumption (2) yields 
a displacement law for a moving radiation enclosure 
which has the rest-frame form 









Now one 





Amar? = a (4) 
Assumption (3), however, generalizes it to 
. AmaxT/B = a (5) 


. [he difference between equations (4) and (5) could yield 
an observational test if Amax ean be determined from the 
spectrum of a moving black body observed in J, and if 
(which seems more difficult) its temperature in J can be 
properly defined and determined independently. The 
product AmaxZ’ must then be compared with the two 
theoretical values a and Ba. 

(C) The general case against the orthodox transformation. 

Because only temperature in special relativity is being 
considered, one would like to simplify and to clarify 
Noerdlinger’s discussion. This can be done by considering 
two equilibrium systems A and B which are large enough 
to have parts of their surfaces near each other for an 
indefinite period, even though they are in uniform relative 

motion. Heat transfer can then take place at right angles 

to the motion by exchange of radiation between small 

“areas in proximity (by appropriately moving reflecting 

screens), or by making a smooth contact. The direction 

_ of heat flow (but not the amount) can be defined invari- 

_ antly as towards the body the proper temperature of which 

_ rises as a result of the contact. Ifthe proper temperatures 

ofA and B change in the same sense, the notion of 

temperature fails just like the notion of simultancity has 
failed. o 


If now A and B are identical bodies, orthodox theory 
says that both proper observers will judge the others 
temperature as low. If the usual relation exists betwee 
heat flow and temperature, it then follows that, on conta 
both proper temperatures will fall. While this kind 
situation is acceptable in the case of clocks (each observ 
sees the other clock as slow), it is not acceptable i 
case of thermometers. The reason is that. tempera 
inequality must, in any reasonable use of language, 
the possibility of heat flow, while there is not 
correspond to this in the case of clocks. Thisis the 
direct argument I have been able to find in favour 
Lorentz-invariant temperature, at least for the case. 
a temperature exists and heat transfer is at right angl 
to the relative motion. fone 

(D) Another self-contradictory consequence of the orth 
transformation. Let I be the rest frame of A, inw 
has velocity u in the positive x-direetion. Suppose an 
inertial frame I’ has velocity v along the positive æ- 
tion of J. If the suffix O refers to measurements 
appropriate rest frame, the conventional theory 


Inf: Ta = Tao, Tz = TrofB(u) 
Int’: T'a = Tajo) i 
Tg = T gobu) = Taipo uj 


Ta 1 Uv 

Tg ( a : 
Suppose u is positive. Then “no heat flow in I (that is, 
Ya=Tp)” implies “heat flow from A to B” for a frame I’ 
having negative v, and “heat flow from B to A” for a 
frame I’ having positive v. Yet the physical situations. 
“A gains heat from B” or “A loses energy to B”-or “A 
does neither” should not depend on the inertial frame - 
from which the bodies are observed. The orthodox 
relativistic theory thus uses the temperature concept.in a 
thermodynamically quite unusual manner. This difficulty 
does not arise if temperature is Lorentz-invariant, as 
proposed earlier®. E 

(E) Difficulties with the kinetic definition of temperature 
It may be thought that another attack on the probl 
possible by appeal to the equipartition theorem: 
an average is taken over all (identical) particles i= 
n of a system at a given instant. Then, if wi, 
a=2,y,2, are typical velocity components, the ther 
states that in J, me 


















It follows that 











aoe 





KMU aD = kT, 


One then considers the velocity components of a typi 
particle as seen from J, making allowance for the bodily - 
motion of the system by subtracting the velocity of the 
centre-of-mass. The random (or thermal) velocity 
components of a particle thus obtained are compared 
with the velocity components of the same particle in J,, 
and each is found to be smaller by a certain factor for the 
y- and z- components, and by a factor 8-times as big for. 
the z-components'*, One infers that a body appears to. 
be cooler when moving, and Professor Fremlin remarks 
that the transformation law (2) is therefore the simpl i 
A minor difficulty in this argument is that the fae 
is different for different velocity components, and fo 
component such as to support the law (2). A major 
difficulty can be explained by considering equation 
(7) as the definition of temperature for a gas of particles: 
which can move with relativistic speeds, the system being 
still considered in its centre-of-mass frame. But this 
procedure is wrong and underestimates what is in. fact 
the generally accepted temperature of such a system. — 
This satisfies’ . 


















Mott 


<< -ui = T. 


rather than equation (7). This example illustrates to i 
in a new situation one can safely proceed from a new 








distribution law to a new quipartition 1 theorom: but: one 


furnish a guide as to the parameters in a new distribution 
law. This second and unreliable course appears to lie 
behind the discussion in refs. 1 and 3. 

(F) Generalized equipartition. It follows that what is 
‘needed isa generalized Boltzmann distribution in J for 
the particles of a system of which the centre of mass has 
velocity w when viewed from I. This is easily obtained 


oes from the appendix of ref. 6 as proportional to 


exp | ~ gm (E — wp) | (9) 


One may take E=c(p E +P? +m). Writing pi= 
‘here w; is the velocity of the ith particle in J and 
= M/V — u/c?) is the inertial mass of the ith particle 
in T, one finds after a short calculation 

<i> >= < Pes =“ (10) 


<a ae Blw) 


This i isa goneralization ‘of equations (7) ) and (8), 

One may apply to equations (9) and (10) the two hypo- 

theses T= T',/6 and T = To as was done in the case of the 

Doppler effect, and one finds that both are compatible 

“with the generalized equipartition theorem. Thus the 
argument from equipartition does not enable one to 
discriminate on theoretical grounds between accepted 
theory. and a Lorentz-invariant temperature, 

(G). Tt is well known? that the transformation laws of 
energy and momentum for a free system of particles are 
different from transformation laws for a confined system. 
It may be of interest to point out, therefore, that the 

statistical oe obtained in refs. 6 and 7 by 
using the laws for a free system are found to remain 
` largely valid for a confined system. Indeed, K. A. Johns 
and I have shown that the transformation laws for a 
_ free system are identical with those for a confined system 
if the stresses in the container are included as part of the 
system. The transformation for heat is @ = Q,/B (this 
corrects a remark in ref. 7) and leads to the second law 
inthe form TAS>8AQ in frame I. 

I thank K. A. Johns for many helpful discussions. 
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Hysteresis in the Flow through an Orifice 


McVeren! has construed my statement concerning the 
novelty of the hysteresis effect in a circular orifice? rather 
itooo literally. With the exception of Grace and Lapple®, all 
` his references are concerned with liquid flows which do not 
fall within the terms of the generally accepted definition 
of a compressible fluid. The effect of compressibility in a 
gas flowing at a Mach number nearly equal to unity can 
never be achieved in a liquid under normal laboratory 
conditions. In a flowing gas it is the compressibility that is 
responsible for the change in the area of the jet which 
leads to attachment to the wall surface, the hysteresis 
itself being due to fluid viscosity. In a liquid, other factors 
such as cavitation may well be the triggering mechanism. 
At the time the note on hysteresis was communicated?, 
the results of experiments with liquid flows in long 
orifices were known but in no case was there a well 





dened Bystero esis loop. ‘The reoult reported by Grace and 
cannot rely on a restricted. equipartition theorem to 





URE, \ 









Lapple may well be the effect of jet attachment on the 
chamfered downstream face of their long orifice üd = 1:0) 








Careful measurements of air flowing through orifices with 


Ud ratios between 0-60 and 20 and between 0:40 and 
0-020 have shown that hysteresis does not occur when the 
downstream face is plane. The experimental points 
defining the hysteresis loop in the case of an orifice with 
an l/d ratio of 0-5 can scarcely be interpreted as a scatter 
as implied by MeVeigh. The hysteresis loop can be re- 
produced with the same tolerance in measurement as 
over any other part of the flow range. 


Details of the experimental techniques used in these.” i 


investigations, and in particular the care taken to avoid. 
uncertainties of the type mentioned by McVeigh, have 

recently been described+. : 
similar orifices earlier investigators may have overlooked 


the existence of a hysteresis phenomenon because of the 
scatter of their measurements which, as in the report by. 
Grace and Lapple, have been attributed to experimental 


limitations. The fact that the hysteresis loop can be 
reproduced accurately each time is evidence that it is a 
natural phenomenon and does not result from any random 
effects associated with the experimental technique. 


B. E. L. DECKKER 


Department of Mechanical Engineering, 
University of Saskatchewan, 
Saskatoon, Canada. 


Received March 28, 1967. 


‘McVeigh, J. C., Nature, 212, 918 (1966), 

2 Deckker, B. E. L., Nature, 209, 604 (1966). 

* Grace, H. P., and Lapple, ©. E., Trans. Amer. 
(1951). 

* Deckker, B. E. L. 
vention, 1966 (Inst, Mech, Engrs. (London), Paper No. 7). 


Soc, Mech. Eng., 73, 689 


THE SOLID STATE 


Conversion of Single Crystals of Chlorapatite 
into Single Crystals of Hydroxyapatite 


Sincere crystals of synthetic hydroxyapatite with mini- ue 


mum dimensions larger than about 0-1 mm have been | 


required for X-ray and neutron diffraction investigations 
The solid state ex- 
change of chloride ions in single crystals of chlorapatite for 
hydroxyl ions, as reported here, produces suitably large. 


but they have not been available. 


single crystals of hydroxyapatite. The exchange holds 


additional interest both as a process and for the effects of a a 


partial exchange on crystal properties. ; 
The chemistry and preparation of hydroxyapatite,” 
Cayo(PO,),(OH),, have been investigated extensively, 


partly because it is the prototype for the inorganic com-) 
ponent of bones and teeth. Hydroxyapatite as normally | 
prepared by precipitation from aqueous solutions, or by’ |. 
solid state reactions at about 1,000° C, has crystals which 


are at most only a few microns in size. Hydroxyapatite 
crystals prepared by the hydrothermal bomb method! 
have typical dimensions of 1 x 0-1 x 0-1 mm. Though small, | 
they have been used for X-ray studies, but have not been 
used in neutron diffraction experiments. 


for thermodynamic experiments, it has the undesirable 
feature that it is often contaminated by §-tricalcium 
phosphate and 8-calcium pyrophosphate. This necessitates: 
sorting by hand which, because of the small size of the 


particle, must be done under a microscope. Furthermore, 
apatites prepared by the hydrothermal bomb method may.) 


depart from stoichiometric composition under certain. 
conditions*-* 


Polycrystalline hydroxyapatite has been prepared from 
both mineralogical fluorapatite® and syntheti¢ chlorapa- > — 
tite powders heated in steam (1,360° © and soo €, E 
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It is possible that in testing 
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Although the : 
bomb product is sufficiently well crystallized to be suitable 
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; respectively) Jes “Prener 5: recent success!? in "growing 
_ essentially stoichiometric single crystals of | fuorapatite 
and chlorapatite i in millimetre dimensions from solutions 
of the apatite in the appropriate molten calcium halide 
dius to try similar experiments on the conversion of 
“these single crystals into single crystals of hydroxyapatite. 
: The fact that powdered chlorapatite is less stable at high 
temperatares in steam than powdered fluorapatite sug- 
_ gested that chlorapatite would be more suitable than 
. fluorapatite for our experiments. The earlier part of our 

work has already been published, We were able to 
show that conversion had occurred by measurements of 
refractive index, by single erystal X-ray diffraction, and 
by neutron activation analysis in one case, and refractive 
index measurements in five other cases. 

__A crystal sphere of synthetic chlorapatite, 0-4 mm in 
ae diameter, was heated on a piece of platinum foil by an 
. electric current passing through the foil. The temperat ure 

of the crystal was maintained at about 1,300° C while 

steam at atmospheric pressure was passed over the crystal 
for 2 weeks. The erystal was heated and cooled slowly 
c over a period of 10 min in order to avoid cracking it by 
. thermal shocks. The refractive indices of the crystal were 
measured before and after the experiment. In addition, 
“the chlorine content of the crystal after the reaction was 
determined by neutron activation analysis. These 
measurements are given in Tables 1 and 2 and suggest 
that the chlorapatite has been changed into hydroxy- 
Apatite with about one in seventeen of the original 
hlorine atoms remaining. 



















C Palle 1. REFRACTIVE INDICES MEASURED IN SODIUM LIGHT. ESTIMATED 
; ERROR, 0-001 
Apatite Ordinary Extraordinary 
Chlorapatite 1-668 1-687 
Oedegaarden, Norway 
Hydroxy apatite 1-651 1-846 


Holly Springs, Georgia 
Chiorapatite (synthetic) 
Before heating in steam 1-670 (nean}* 
After heating in steam 1-651 41-6445 


coo * Pure synthetic chlorapatite is monoclinic and therefore biaxial, but the 
- = cbirefringence is very small, 


-o “Pable 2. CHLORINE CONTENT BEFORE AND AFTER HEATING IN STEAM AT 
1,300° C FOR TWO WEEKS 
Weight per cent chlorine 


Before (ref. 11) 672 
After (neutron activation analysis) 0-4 


zo: The differences in the reflexion intensities and lattice 
constants found on X-ray diffraction precession photo- 
graphs made before and after the steam treatment con- 
firmed that the product of the reaction was essentially a 
| single erystal of pure hydroxyapatite. The relevant parts 
of these photographs are reproduced in Fig. 1. In these 

-X-ray photographs, the relative intensities for the reaction 








a b 








n Fig. he (Corresponding portions of AO! X-ray precession photographs of apatites. From the upper right-hand corner of each porting’ ex 


me 


product are indistinguisbable from those of Holly Springs ae 
hydroxyapatite, but differ significantly from those of the 
initial chlorapatite. (The additional weak: reflexioi 
the precession photograph from synthetic chlorapat 
occur because of the monoclinic space group, P2,/h. 
13).) The lattice constants of the single crystal before a 
after the reaction, given in Table 3 as measured fror 









with recent determinations for eee a and hy 
apatite powders’, respectively. 


Table 3. LATTICE CONSTANTS OF VARIOUS APATITES (A) 


Apatite a (Estimated error) ¢ (Estimated error) 
Chlorapatite* 9-684 (0-005) 6-783 (0-005) 
Hydroxyapatite* 9-422 (0-008) 6-883 (0 003) 
Chlorapatite + 9-63 (0-03) 6-76 tee ý 
Hydroxyapatite t 9-40 (003) 6-86 (0-02) 


* Ref. 13, 
t This work. 










The conversion experiment has been repeated fi 
times with other specimens. Because the identit 
product had been established by the multiple. analy 
made of the first specimen, similar refractive indice: 
considered sufficient in themselves to establish t 
conversion had taken place in later specimens. 

Possible small departures from stoichiometry. in. 
conversion product have not yet been ruled out; additional J 
measurements would be required. It is possible that ; 
ealeium chloride could be lost from the erystal in the early 
stages of the reaction because of its known volatility froni 
strongly heated chlorapatite. This could lead to. the 
formation of an apatite slightly deficient in hydroxyl and 
calcium ions. Another possibility is that, if the temper- 
ture is too high or the partial pressure of steam too. low, 
two chloride ions may in a few instances be replaced by one. 
oxygen ion instead of by two hydroxyl ions. 

We attempted to follow the course of the reaction by 
determining the refractive indices of the erystal after 
heating for different times in steam. The attempt failed 
because accurate measurements of the refractive indices 
of partly compere” crystals could not be made because of 





















after being heated at 1, 300° Ci in steam for onl 
crystals had changed fr from biaxial to uniaxial witho di 


ede presenti in mineral i paner are suffi 
stabilize the S eae fom to the extent that. a m 


and @ to the left: The appearance of the A04 row is especially sensitive to the differences between chlorapatite and hydroxyapatite. a, Syn 
; chiorapatite; b, converted specimen from same crystal; t ae 


o. Holly Springs hydroxyapatite. 
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of especially high chlorine content and that a report is in 
preparation.) ee ee ed 
It-has been shown that single erystals of hydroxyapatite 
at least 14 mm in diameter ¢an be prepared from single 
crystals of synthetic chlorapatite. It would seem that the 
method is suitable for the preparation of hydroxyapatite 
single-crystal specimens for X-ray and neutron diffraction 
and for thermodynamic investigations. 
‘This work was supported in part by the US Public 
“Health Service. We thank Harry Greer for assistance 
with the conversion experiments. 
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CHEMISTRY 
-Metal Compiexing by Tris Buffer 


Tue inhibitory effect of tris buffer (1)* relative to certain 
other buffers in a number of biochemical reactions is 
“known)?, For example, tris gives lower values for the 
rates of synthesis of proteins in cell-free bacterial prepara- 
tions than some other buffers. We report here some 
observations on the inhibition of the reactions of metal 
complexes of cobalt(III) which may be relevant in 
assessing the possible inhibitory effects of trie buffer in 
more complex systems. 


ge 


cH, 


OH NH) 
(1) 
© ion, -hydroxy-aquobisethylenediamine cobalt(ITI) 
hich is stable between pH 6 and 8 reacts with 


aamino-acids and peptides to form complexes B as 
shown: 


OH HN 
CHR 
OH; oO-¢, 
: NY 
x 
; (4) (B) 


*2-Amino-2-hydroxymethy! propane-1,3diol or trishydroxymethylamino- 
methane, 
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Absorption 
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reve vmm smote 
400 450 
A (my) ; 
Fig. 1, +--+, Absorption spectrum for [Coen,(H,O)(OH)|[NOg]o (A); : 


meteen absorption spectrum of (4) and tris buffer (C). 
at pH 7-3 in water. 





Both run‘): 


In our initial experiments at pH 7:3, no buffer was 
used and the reactions (followed by changes in absorption 
spectra and circular dichroism) are rather conveniently 
studied at 50° C. At this temperature, typical half-lives: 
for the reactions using equimolar concentrations of the- 
reactants (3-5 10-3 moles/l.) are about an hour. In 
later experiments, tris buffer was present and reactions 
were very much slower (half-lives of the order of a day). 

The probable reason for this effect is clear from Fig. 1. 
The buffered solution of A contains the cobalt complex of. 
tris formed by a reaction similar to (I). 


e 


[Coen (HOMOJ + tris ———-—3 Pm ee, 


NHp-—G——CH,OH 


CHOH 
(C) 


The tris-complex C is typified by a high absorbance at 
about 350 my and, as might be expected, this absorbance _- 
falls when tris is replaced by a-amino-acid. The rate of 
formation of B from C is lower than that of B from A- 
because the rate of hydrolysis of C to A is small. ae 

We have not been able to isolate solid salts of C because 
of their extremely high solubility in water. Their stability 
arises from the tetra-dentate nature of the tris molecule. | 
considered as a ligand. The entropy factor for thè- 
formation of five membered chelate rings will be very 
favourable, though the enthalpy term will be compara- 
tively small. 

Values for formation constants of tris complexes with 
metal ions are available for silver*, where log K,=3-09 
and log K,= 3-47 and‘ for copper(II) and nickel(II). For 
copper(II), log K,= 3-98, log K,=3-49 and log K,= 3-2, 
while for nickel(IT), only log K, is given accurately, the 
value being 2-86. It seems likely that the values for other. 
first row transition metal ions and also for ions of Chatt 
and Ahrland’s class (a) character’ such as calcium and 
magnesium, will be comparable. In fact, O'Sullivan and) 
Perrin? show that the stability constant for the formation 
of MgATP*- is decreased in the presence of tris compared | 
with the values obtained in N-ethyl-morpholine and | 
triethanolamine buffers. This discrepancy is presumably | 
due to tris-metal ion bonding, although other workers? 
considering metal ions in biochemical systems have 
discounted this effect as negligible. Experiments are 
under way to establish the values of the stability constants ~ 
for other metal ions. eee ee 

We postulate that the most likely inhibiting mechanism 
for biochemical reactions by tris buffer will involve the 
metal binding capacity of iris, although, as suggested — - 
earlier', its mild reducing nature may also ‘be relevant 
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in such inhibitions. This previously unappreciated danger 
will also be present whenever a buffer is used which can 
form five membered chelate rings. 


D. E. ALLEN 
D. J. BAKER 
R. D. GILLARD 


University Chemical Laboratories, 
University of Kent at Canterbury. 
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Diffusion in Gels and Polymeric Solutions 


IN a recent communicstion, Metzner! directed attention 
to some experiments in which abnormally high rates of 
diffusion were found for the transfer of solutes of low 
molecular weight in certain polymer solutions and col- 
loidal suspensions. On the basis of these results he 
speculated on a molecular explanation of how the rate of 
ordinary diffusion in a liquid may be increased appreciably 
by using macromolecules or colloidal particles. 

Metzner’s article appeared just after a study had been 
completed in this laboratory in which the diffusion 
coefficients of carbon dioxide and sulphur dioxide in 
aqueous solutions of carboxymethyleellulose (CMC) had 
been measured!:?, Unlike Metzner, we found no anomalous 
diffusion rates in the CMC solutions; in fact, our caloulated 
diffusion coefficients were in all cases less than, or at best 
equal to, the corresponding values in pure water. We 
afterwards repeated these determinations and extended 
our measurements to other polymeric solutions. The 
present communication lists our results and compares 
them with comparable values in the literature. 

In brief, our experimental method of determining liquid 
phase diffusivities involves measuring the transient rate 
of absorption of a soluble gas into a quiescent liquid sub- 
strate’. The precision of our technique has been demon- 
strated by measuring the diffusion coefficient of carbon 
dioxide in pure water—the numerical value of which is 
known acourately from a variety of different experimental 
determinations‘. Our results are shown in Table 1 together 
with some representative values of diffusion coefficients 
in aqueous polymer solutions which we have obtained 
from the literature*-"4. In no case do the diffusion 
coefficients in the polymer solutions exceed those ın the 
pure solvent. 

The results listed by Metzner are from three sources, 
the major source being the work of Astarita’. In the 
latter study diffusion coefficients were measured with a 
laminar liquid jet. To deduce diffusivity values from 
absorption rates in laminar liquid jets calls for detailed 
knowledge of the fluid mechanical behaviour of the jet, 
in this case a non-Newtonian jet. We cannot, however, 
suggest any ready explanation of why Astarita’s results 
are significantly greater than those of Table 1. Of the 
other two sources the results of Hopper“ appear to 
scatter, that is, for benzoic acid diffusing in solutions of 
cyclohexane, the addition of 2 per cent polyisobutylene 
gives a diffusivity greater than that m the pure solvent, 
whereas the addition of 4 per cent gives a value smaller 
than the pure solvent. 

To sum up, we have measured the diffusion coefficients 
of soluble gases in gels and polymeric solutions and we 
have found in all cases that the diffusion coefficient in the 
solution is smaller than that in the pure solvent. A 
search of the literature on diffusion in gels and polymer 
solutions supports our findings. We have not attempted 


907 
Table 1. DIFFUSIVITY RATIOS 
Diffusing Deolution* Refer- 
solute Medium Dpure solvent ence 
Carbon dioxide 05 per cent OMC t in water 097 Ss 
Carbon dioxide 2 0 per cont CMC in water 0-92 8 
Carbon dioxide 4 0 pet cent PEG 400t in amyl ace- 008 5 
Sulphur dioxide 0-6 and 20 per cont CMCS 10 (actually 322) 6 
ım water 
Water 8 per cent OMO in water 0 87 6,7 
HPO ; (Na, HPO.) 2 6 and 20 per cent gelatine ın 0-42 (fe) s 
a3 
I- (Nat 1-5 per cent agar a water 0-90 9 
B-Naphthol 10 7 cent chr ın water 0-74 10 
Benzoro acid cate kaobmte clay 0 92 10 
agi one! 
Sucrose PVP solutions in water AslowasQ25 Il 


* Ratio of diffusion coefficient 1n solution to that ın the pure solvent. 
t Carboxymethylcallnlose 
pepolyothyiene yoo! (average See weight, , 400). 

These values have not been referred to the pure solvent because of 
ESOT ın the determination of the diffusivity of sulphur dioxide in pure 
water. This imprecision resulted from large convective effects which were, 
however, suppressed by the CAIC gels*. 

‘{Polyvinylpyrrolidone. 


to be exhaustive in our study, but we have not encountered 
a significant body of results, other than the work of 
Astarita, to support the notion that diffusion rates may 
be augmented by adding non-interacting macromolecules. 
Metzner’s speculations may indeed be valid, but it is 
obvious that much experimental work is needed before 
a quantitative description of transport in structured fluids 
can be formulated. 
This work was supported in part by a grant from the 
US Public Health Service. 
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PHYSIOLOGY 


Effect of eh fare Training on Cardiac 
Catecholamine Concentrations 


Homan beings who exercise intensely for long periods 
develop a symptomatology usually referred to as the 
athletic heart. It has been shown that the athletic heart 
18 also present in animals. For example, enlarged heart 
and bradycardia were found in the hare when compared 
with the domesticated rabbit}. Recently, Tipton was 
able to produce an experimental bradycardia and cardiac 
hypertrophy in chronically exercised albino rata’. 
Different hypotheses have been put forward to explain 
the bradycardia in athletes. According to Raab, the 
dominating vagus tone would result from an initial 
decrease in the sympathetic activity of the heart?. On 
the other hand, Tipton and Taylor have advanced the 
view that the decrease in the heart rate is a consequence 
of an increase in the amount of a non-neural cholinergic 
substance bound to the myocardium‘. Because the 
mechanism of bradycardia in the athletic heart is still not 
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completely clear, we have carried out experments to 
examine the effect of chronic exercise on the catecholamine 
concentration of heart tissue. 

Male Wistar rats weighing approximately 160 g were 
used. A motorized “treadmill” was used to exercise the 
animals at a speed of 750 m/h. Exercise sessions 
lasting 1:6 h were carried out every other day, three 
times a week for a period of 3 months. Only animals 
which ran spontaneously were selected; animals which 
slid were discarded from the expermments. Exhaustion 
was not observed and the growth curves as expressed by 
the increase of weight in the control and experimental 
series were identical. 3-4 days after the end of the 
3 month exercise period, the rats were decapitated. Their 
hearts were excised, washed immediately in ice cold 
saline, dissected and frozen in liquid nitrogen. The heart 
tissue was ground and extracted in ten volumes of 10 per 
cent trichloroacetic acid. Total catecholamines were 
assayed by the trihydroxyindole method of Von Euler- 
Lishajko*. The fluorescence of eluates on alumina columns 
was read on a Turner fluorometer. For a 10 yg/c.c. sample 
of noradrenaline the mean recovery was 82 per cent and 
the standard deviation in ten measurements amounted to 
8-5 per cent of the mean. The tissue concentrations 
reported here are uncorrected values for recovery. 


Table 1 
Heart Catechol- ‘Total cardiac 
No. of weight amines catecholamines 
animals (mg)* (ug/g tissue)” (mg)* 
Control 9 769 +166 0 647 +0024 0-402 +0 018 
Experiment 11 742 418-0 0-327 + 0-027 0274+ 0-017 
P<0001 P<0001 


* Mean + standard error of mean. 


As shown in Table 1, the mean heart catecholamine 
concentration, in ug/g heart tissue, decreases 41 per cent 
in the exercised animals as compared with controls. 
This decrease is highly significant (P < 0-001). The 
total heart catecholamines are also significantly less in 
the exercised rats. The heart weights of the control and 
experimental animals are identical. This experiment 
suggests that chronic exercise in rats decreases the cate- 
cholamine content of the heart. Exhaustion is not likely 
to cause the observed effects: the growth curves of 
control and experimental animals are identical, the run- 
ning speed is not excessive, the exercise sessions are 
spaced to allow recovery and 3—4 days elapse between 
the end of exercise and decapitation. The decrease of 
catecholamines per unit of tissue cannot be explained by 
an effect of dilution in a greater maas of tissue resulting 
from heart hypertrophy. This decrease of sympathetic 
transmitter substance might explain in part the brady- 
cardia found in the athletic heart. It does not, however, 
exclude the possibility of an active vagotonic effect by 
myocardial bound cholinergic substances‘. 

C. Du Scuryvur 
P. Ds Herdt 
J. LAMMERANT 
Department of Physiology, 
Tho Facultés Universitaires Notre-Dame de la 
Paix Medical School, 
Namur, Belgium. 
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'Deposition of Inhaled Particles in Human Lungs 


IN & recent communication, Davies and Muir’ pointed out 
that the experimental results from six independent 
studies of the retention of particles in the human respira- 
tory system fall into two groups, the results of one group 
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indicating higher values for the deposition than the 
other. They have attempted to explain this difference by 
suggesting that in two of these mvoestigations*? errors 
were introduced by the experimental method, whereby 
the exhaled air was sampled continuously, including 
during the inhalation period. They said that there was 
an inaccuracy because the last part of the exhaled air, 
which had penetrated deeper into the lungs, contained 
fewer particles than the average. This may be so, but 
Davies and Muir give a false estimate of the magnitude 
of the error and do not account for the difference between 
the two groups of results. 

It is incorrectly stated that in our experiments? “the 
glass bulb was in many cases smaller than the tidal 
volume”. In fact the volume of the bulb was 1 1. and 
the mean tidal air 0-68 1., the maximum being 0-93 1. and 
the minimum 0-48 1. They also consider that there was 
incomplete mixing of the exhaled air, but because the 
entrance to and exit from the glass bulb were at mght 
angles and the air flow intermittent, inertia effects caused 
the cloud to swirl and there was, in fact, appreciable 
mixing. Even if the mixing was incomplete, the long 
period of sampling would probably ensure that a reliable 
average value for the concentration was obtained. Cal- 
culations show that during the inhalation period only 
about 17 per cent of the total volume of the bulb would 
be occupied by air from the last quarter of the exhalate, 
assuming complete mixing, not 100 per cent as assumed 
by Daviea and Muir. In the experiments of Van Wijk 
and Patterson the corresponding error would be very 
much smaller because the total volume of their chamber 
was 28 1. and the tidal air 0-89 1. The baffle divided the 
chamber, according to their drawing, into two compart- 
ments having a ratio of 1:2, giving a volume of about 
18 1. from which the thermal precipitator sample was 
taken. As in our experiments the intermittent flow 
would certainly have caused appreciable mixing of the 
exhaled cloud. Although Van Wijk and Patterson do 
not specify whether their subjects used nose or mouth 
breathing but only that they wore a mask, it is probable 
that nose breathing was used most of the time. 

In my opinion the difference in the results of the two 
groups to which Davies and Muir draw attention is more 
probably due to the methods of breathing. In one group 
the majority of the experiments were with nasal breathing 
and in the other oralt’. I have shown’ that mouth breathing 
gives a lower percentage retention. Also, if the subject 
breathes through a tube to the mouth the retention is 
lower than when a mask is worn. It 1s difficult to decide 
whether this is due to a slightly larger dead space or to 
the mouth being held in a more natural position when a 
mask is worn. 

W. L. DENNIS 
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Sex Differences in Human Skeletal Involution 


CORTICAL and trabecular bone are known to differ in their 
rates of involution, and bones in certain critical sites 
show osteoporosis earlier and with more serious conse- 
quences than elsewhere in the skeletal system. We 
considered ıb important, therefore, to try to ascertain 
the rate of skeletal atrophy with age and sex and also note 
whether there were differences in the rate of involution in 
different skeletal sites. 
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Tablo 1. PERCENTAGE REDUCTION OF BONM TISSUE IN THREE SKELRTAL SITES WITH AGEING ` 


Average percentage 


Age 21-30 31-40 41-60 51-60 61-70 71-80 81-90 reduction/decade 
Percentage reduction In vertebral Male 9 4 22 22 39” 43 43 7 
medullary tissue (g ash/c.c.) Female 0 11 17 30 39 40 57 9 
Average percentage 
Age 21-30 31-40 41-50 51—60 61-70 71-80 81-90 nen 
Percentage reduction in mb Male 0 10 20 26 30 34 39 
medullary tissue (g ash/c.c.) Female 0 $0 26. 26 48 35 56 10 
Average percentage 
Age 21-80 381-40 41-50 51-60 61~70 71-80 81-90 reduction/decade 
Percentage reduction In femoral Male 9 5 8 10 12 10 12 25 
cortical tissne (cm) Female 0 14 9 17 28 31 40 10 


Specimens from three important skeletal sites—rib, 
lumbar vertebra, and femur—from 112 autopsies were 
used for the determmation of grams of ash/om? of medul- 
lary tissue (rib and lumbar vertebra), and mid-shaft 
femoral cortex thickness measured in cm. ‘The cases 
were grouped according to age (in decades) and sex. 
The specimens were obtained fresh, wrapped in plastic 
wrap and frozen until they could be prepared for ashing 
in the case of the samples of rib and lumbar vertebrae, 
or measurement of cortical thickness in the case of samples 
of femoral cortical bone. With the samples of trabecular 
bone the external measurements were made before ashing 
so that the ash could be expressed as g of ash/om® of 
medullary tissue. This permits determination of the 
relative amount of bone present as measured by the ash 
content. The actual composition of bone in otherwise 
normal persons is not thought to be altered in osteo- 
porotic conditions, but the actual volume of bone 1s 
thought to be decreased. If the composition is not con- 
siderably altered, a measure of the ash content is directly 
related to the actual amount of bone present in the 
specimen. Measurements of femoral cortical thickness 
were made with a caliper. It is difficult to differentiate 
between trabecular bone and exceedmmgly porous cortical 
bone on the endosteal surface, and the difference between 
the two may not be functionally or anatomically mpor- 
tant, and so our measurements were made only on non- 
porous bone. 

The rates of atrophy in the three skeletal sites were 
compared with the maximum values obtained (21-30 yr 
old group) as percentage reduction in a decade, and are 
tabulated in Table 1. The average percentage reduction 
of bone in a decade is shown in the last column of Teble 1. 

The reductions in the percentages of bone in a decade 
were significantly different (P<0-01) between the refer- 
ence decade (21-30) and succeeding decades in the skeletal 
sites investigated. The only exception to the above 
was in the case of male femoral cortex in which differences 
between the percentages in a decade were not found to be 
significant at the P=0-01 level of significance. 

There was a marked decrease in the amount of ash in 
both vertebral and rib bone, which was slightly more 
severe in females than in males, from a maximum in the 
21-30 yr old group to less than 50 per cent (vertebra), 
and 65 per cent (rib) in the 81-90 yr old group. The rate 
is quite comparable in rib and vertebra. There is, how- 
ever, a great divergence between the rate of atrophy in 
male and female femoral cortical thickness. Males show 
little decrease in cortical thickness, while the increased 
rate of atrophy in female cortex is marked, and approaches 
rather closely the rate found in trabecular bone. 

The rates of atrophy of cortical bone and trabecular 
bone found in the appendicular and axial skeleton respec- 
tively are not equal in individual cases. The present 
investigations provide a clear indication that the cortical 
bone of women atrophies markedly with age while that 
of men does not, which could account for the higher 
incidence of femoral fractures in women!*, The rate of 
vertebral atrophy appears to be similar in both sexes, 
but the degree of mineralization in vertebral trabecular 
bone is lower ın women to begin with, so that the vertebral 
atrophy occurring in women begins from a lower baseline 
in youth!*. This could explain why the incidence of 


vertebral collapse or compression fracture is one and a 
half times greater in women than in men‘. 

The reasons for the differing rates of atrophy between 
the axial and appendicular skeleton are not completely 
clear. The amount of muscle tissue, the tissue composi- 
tion, and the way in which they are organized on an 
anatomical basis could be influencing factors. Other 
variables such as the differential effects of disease stresses 
and/or the patient’s physical activity levels could also 
conceivably alter the proportional rate of involution’. 

This work was supported by a grant from the US 
National Institutes of Health. 
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Rabbit Visual Cortex: Reaction of Cells to 
Movement and Contrast 


Ir has been shown that, in the rabbit, retinal ganglion 
cells', geniculate cells*? and midbrain cells‘ respond most 
readily to special aspects of light stimulation related to 
movement. In the cat*-’, by contrast, these peripheral 
systems respond most effectively to an alteration of 
intensity of a stationary light spot, and have their recep- 
tive flelds concentrically arranged with ‘‘on-centres and 
off-surrounds’’ (or vice versa). In the rabbit, on the other 
hand, the shape and organization of peripheral receptive 
fields are less stereotyped. 

In the primary visual cortex of the cat, the receptive 
field organization changes. The simplest type responds to 
a border oriented at a particular angle in the visual field, 
for the receptive fields are slit shaped, with definite 
orientations. This is apparently brought about by the 
convergence of precisely placed retinal afferents. In view 
of the greater elaboration which is already known to 
occur in the rabbit’s peripheral system) it is of interest 
to find out how the cortical receptive fields are organized. 
to serve visual function. 

Rebbits weighing between 1-3 and 2 kg were used. They 
were lightly anaesthetized with urethane (1:6 g/kg 
intravenously) and responses were obtained 8-24 h after 
injection. The cornea was protected with a contact lens 
and the exposed brain surface by an agar seal. Low 
resistance stainless steel mucro-electrodes picked up 
predominantly positive spikes, which were routinely held 
for more than 1h. The eye was stimulated by projecting 
images on to the wall of the experimental room. Light 
intensities of 1-8 or 0-4 log ft.-L were used, against 
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Fig. 2. Responses of one cortical cell to movement versus responses to flashes. This receptive fleld, concentric off-centre, on-surround, fired 
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backgrounds ranging from 0-6 to I-7 log ft.-L. Locations 
of receptive fields were measured in relation to the optic 
disk. The animal’s optics, which were routinely examined 
with an ophthalmoscope, remained excellent for the length 
of the experiment. Spikes were made to trigger a fast 
time base oscilloscope, so that waveforms could be 
observed continuously and photographs made from tape 
playbacks. 

The simplest type of rabbit cortical receptive field 
is oval or round, in sharp contrast to that of the cat*°, 
The field sizes ranged from 5° to 75° of visual angle. 
The field sizes were not related to the animal’s tempera- 
ture, the anaesthetic state, or to the eccentricity of the 
field centre. Even large fields had sharp edges. Each 
time the brain was penetrated the receptive fields of the 
cells were found in roughly the same region of visual 
space. Thus it was found that the columnar arrangement 
of cortical cells was the same as that already described for 
the cat’. Field size and response characteristics of each cell 
in a column varied, however. Responses to stationary 
flashes of light and to movement were encountered in 
75 per cent of the cells which were generally similar to 
those found in more peripheral stations of the rabbit 
optic pathway. 

Fig. 1 shows representative examples. The small field 
A responded maximally to movement in the direction of 
the arrow. Movement in the reverse sense could not fire 
the cell. Simular responses to movement have been 
reported in rabbit retina’, though at this site the responses 
to stationary flashing lights were ‘“‘on” or “on-off”, 
never pure “off”. Cell B has an asymmetric field, agam 
seen in the rabbit retina’. This type is not common 
and most closely resembles the simple receptive fields 
found ın the cat cortex. The sizes of the receptive fields 
C and D show that they are formed by the convergence of 
several retinal afferents—field O occupies more than I cm 
of retina. The compound field D appears to be formed 
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from two simpler sub-units. Similar responses have been 
recorded in rabbit geniculate’. 

Evidence for cortical reorganization of function, how- 
ever, has been found, even though the receptive fields do 
not change their shape. In common with previous investi- 
gations on the more peripheral synapses of the rabbit visual 
pathway?, it has been found that moving objects are far 
more effective stimuli than stationary flashing spots of 
light. In the cortex, this special movement sensitivity 
was confined to a small portion of the receptive field, in a 
manner not previously described for retina or geniculate. 
Fig. 2 shows a typical example. A cell with a relatively 
small receptive field (off-centre and on-surround) was 
found to respond briskly to movement only in a portion 
of 1ta receptive field, in an “on zone”. The figure illus- 
trates the feeble response to a flash at this point in con- 
trast to the brisk burst of spikes evoked when the field 
centre was stimulated. Nevertheless, while movement of 
the light spot over the field centre produced little firing, 
high frequency trains of spikes were discharged when the 
spot moved over another zone in the field periphery. 
This “movement centre’ occupied greater than 1°, 
less than 6° of visual angle. Movement of a 2° spot by 
a few minutes of arc within this zone was a very effective 
stimulus. 

Corresponding points elsewhere on the rim of the field 
did not possess this property. The responses were pro- 
voked by movement in any direction, unlike the movement 
sensitive cells in the retina’, Fig. 3 shows that the 
possession of a movement sensitive spot may occur at the 
field centre, or eccentrically, in “on-off” or in pure “on” 
fields. The movement sensitive spot does not therefore 
represent a response to the movement of a stimulus across 
a response boundary, with subsequent firing from both 
regions as in certain retmal and geniculate cells. In 
qualitative experiments ıb seemed that the two properties 
of the receptive fields were independent. Thus illuminat- 
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ing the “static centre” with an additional source sup- 
pressed responses to flashes in that region but completely 
failed to affect the movement responses. 

Of the thirty-six cells so far studied satisfactorily, 
only twenty-five had receptive fields which could be 
plotted with stationary flashing lights. In the remainder, 
although firing to moving targets was observed (in some 
cases only complex outlines were effective), there seemed 
to be no definite spatial receptive field. Some of these 
cells might have lain outside the limits of the primary 
optic cortex, which is smaller than previous maps! 
indicate, for the cella were additionally responsive to 
tactile or auditory stimuli. It appears, however, that 
some of the cells in a column are of a higher order, and 
respond to more general stimulus properties, as found 
by Hubel and Wiesel’. 

The simplest hypothesis to account for the ‘movement 
spots” encountered is to suppose that the afferents which 
activate the cell are complemented by another, purely 
inhibitory, input, which has a similar spatial representa- 
tion. Only when the stimulus moves on to a retinal 
region, which is represented by the activating and not the 
inhibitory system, can brisk firing result. In this way 
the acuity of the visual system could be greatly enhanced. 
The inhibitory input (which could represent the activity 
of more peripheral units or other cortical cells) would 
ee mask most of the receptive field. 
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Autonomic Nervous System and Control of 
Cardiac Rhythm 


Tax advent of drugs with the capacity to block the cardiac 
effects of catecholamines has provoked new interest in the 
study of the induction and blockade of rhythm disorders 
of the heart. Many of these new agents, such as pronetha- 
lol, depress disorders of the ventricular rhythm induced 
by both catecholamines and digitalis'. Initially, it was 
thought that depression of ventricular arrhythmia 
induced by digitalis was caused by the action of pro- 
nethalol in blocking the effect of catecholamines on the 
heart. It is now apparent, however, that the capacity 
of pronethalol to depress ventricular arrhythmia induced 
by digitalis is not related to the blockade of catechol- 
aminest-$. Recently, Roberts and his colleagues’ have 
noted similar effecta on digitalis-induced ventricular 
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arrhythmia by pronethalol and B-T M10, an agent which 
prevents release of catecholamines from the adrenergic 
nerve terminals*, and have suggested that the anti- 
arrhythmic effect of pronethalol, lke that of 6-7'M10, 
may be caused by an action of the drug on adrenergic 
nerve terminals. 

We examined this possibility by studying the effects of 
pronethalol and 8-27.10 on nerve terminals. To avoid 
difficulties mm distinguishing between the action of 
pronethalol on adrenergio nerve terminals and its action 
on adrenergic receptors, a cholinergic nerve terminal 
system was chosen. We found that both pronethalol 
and §-7'M10 depressed cat soleus motor nerve terminals 
in the same range of doses which are effective against the 
ventricular arrhythmia induced by digitals’. Other 
agents known to depress ventricular arrhythmia mduced 
by digitalis, such as procaine, quinidine and diphenyl- 
hydantoin, also depress soleus motor nerve terminals 
(refs. 10, 11 and M. Purtell, mal communication). 
In contrast, neither MJ1998 (ref. 12) (a “beta” blocking 
agent which is not effective against arrhythmia induced 
by digitalis) nor phenoxybenzamine™ (an “alpha” block- 
ing agent which is not effective against arrhythmia induced 
by digitalis) depresses soleus motor nerve terminals*. 

Our studies suggested that arrhythmias induced by 
digitalis are exquisitely sensitive to neurodepressant 
drugs, and that ventricular rhythm disorders induced by 
digitalis onginate, at least in part, in cardiac adrenergic 
nerve terminals. In this regard, the neural actions of 
digitalis are well documented. It 1s common knowledge 
that “toxic” doses of digitalis produce, in addition to 
cardiac arrhythnuas, neurological disturbances including 
emesis, mental and visual aberrations in man, and con- 
vulsions in rodents. An action of digitalis on ganglionic 
and motor nerve terminals has also been demonstrated’’. 

While our experiments implicate the cardiac autonomic 
nerve terminal, disordered function at any point in the 
neural pathways to the heart may result in cardiac 
rhythm disturbances. It is known that cardiac arrhyth- 
mias can be produced by focal stimulation of the brain 
stem and reversed by the administration of neural depres- 
sants such as diphenylbydantoin'*-*. Furthermore, it 
has been shown that disturbing the balance of the neural 
input to the heart by simultaneous stumulation of choliner- 
gic and adrenergic nerves leads to cardiac arrhythmia’. 

These observations led us to consider the mechanism 
by which nervous activity may influence cardiac rhythm. 
It ia generally recognized that the heart is richly inner- 
vated with autonomio fibres and that these fibres can 
influence automaticity, conductivity and excitability. A 
consideration of the anatomy of the heart indicates that 
autonomic influence must be mediated through a multi- 
plicity of individual neuroeffector synapses, and that each 
nerve terminal influences its immediate region of the 
myocardium. In normal circumstances, each nerve 
terminal speeds or slows progression of the cardiac 
impulse through its domain in concert with the activity 
of adjacent terminals. Under experimental conditions of 
synchronous stimulation (supramaximal voltage) of - 
extra cardiac nerve trunks, the response of the nerve 
terminals and the underlying myocardium is perforce 
uniform and a gross slowing or speeding of the heart 
resulta. In so far as each axon or nerve terminal has the 
capacity for independent activity, the system is potentially 
capable of becoming disco-ordinated. Discordant neural 
activity would result in “fractionation” of the myocar- 
dium, that is, conductivity, automaticity and excitability 
would vary from region to region, and the flow of the 
cardiac impulse through such a “fractionated” myocar- - 
dium will become turbulent*®. Our results suggest that 
digitalis affects cardiac nerve terminals to produce focal 
changes in cardiac autonomic nerve function; the extent 
to which these changes occur is related to the dose. This 
suggestion is in accord with the generally recognized 
principle that a given dose of drug will influence members 
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of a population to different degrees. Thus non-uniformity 
in the neural response to digitalis may result in disorgan- 
ized cardiac activity and culminate in ventricular fibrilla- 
tion. The action of drugs to depress arrhythmia induced 
by digitalis may result from their capacity to maintain or 
restore organized neural control. 

Cardiac rhythm disorders have generally been thought 
to originate in the fibres of the myocardium, but our 
studies imply that disturbances in autonomic nervous 
control may cause disordered myocardial function. 
Thus, any study of cardiac rhythm disorders must recog- 
nize the possibility of neurogenic as well as myogenic 
arrhythmias. 

We thank the US Public Health Service for support. 
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Adjustment to Cold of the Isolated Rat 
Heart 


Lyman and Blinks? have concluded that the different 
shapes of the heart rate/temperature curves of the isolated 
hearts of various species of hibernators and non-hiber- 
nators are characteristic of the species from which the 
hearts are taken and must be regarded as resulting from 
species adaptations. 

The heart of the non-hibernating homeotherm is 
normally at a constant temperature, but here we report 
experiments which indicate that, when isolated, such a 
heart adjusts to a cold environment in a manner somewhat 
simular to that of the intact heart of the poikilotherm'. 

Hearts were removed from heparinized, anaesthetized 
Wistar albino rats and transferred to oxygenated perfusate 
solution (Krebs-Henseleit modified according to Taylor, 
Huffines and Young?) at 21° ©. The aorta was imme- 
diately cannulated so as to perfuse the coronary arteries 
and the cannula was supplied with perfusate from a 
polythene reservoir. After we had briefly washed the 
heart, together with its cannula, we transferred it to the 
perfusion. apparatus. The apparatus was essentially 
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Foig. 1. Heart rate/temperature curves for first (@) and second (O) 
cooling. Asterisk indicates mean cardiac arrest temperature. 


similar to that described by Bleehan and Fisher‘ and had 
a perfusion head of 80 om of water. The perfusate was 
circulated by a 5 per cent carbon dioxide in oxygen gas 
lift and cooled by ing water from a refrigerator 
cabinet through the water jacket. The time between 
removal from the body and the commencement of per- 
fusion in the heart chamber averaged 4 min. 

As soon as the heart beats became regular (usually lesa 
than 10 min) cooling was started. Two coolings were 
carried out on each heart using exactly the same procedure 
in each case and cooling at the same rate. Between 20° 
and 14° C the cooling rate averaged 0-4° C/min. The 
temperature of the perfusate was noted just before it 
entered the heart, the rate of which was recorded visually 
using a stop-watch. 

The heart rate/temperature curves, taken from seven- 
teen animals, are shown in Fig. 1, together with standard 
deviations. In comparing heart rates on the first and 
second coolings the difference in rate became significant 
at the 0-01 level at a perfusion temperature of 17° C. 
In addition, the cardiac arrest temperatures, when 
cooling for the second time, were significantly lower than 
after the first cooling (P < 0:001). 

The results do not produce a straight line when plotted 
in accordance with the “Arrhenius equation”. Straight 
lines were fitted to the data between the temperatures of 
20° and 13° C by means of the method of least squares, 
and differences in their slopes subjected to Student’s ¢ 
test. They were significantly different with a P value 
of <0-001. 

Lyman and Blinks’ confirmed the earlier findings of 
Dawe and Morrison’ that when hibernators are cooled 
intact there is a change in the slope of the heart rate/tem- 
perature curve at about 20° C which is followed by a 
decrease in the slope. They related this characteristic, 
which is not found in non-hibernators, to the continuation 
of an organized beat down to low temperatures. 

Adolph’ showed that, at least in the low temperature 
range used in the present experiments, actual heart rate 
at any given temperature is usually lower in the isolated 
mammalian heart than in the intact one and also that the 
slope of the heart rate/temperature curve is shallower. 
These findings were associated with a lower survival 
temperature of the heart when isolated. Adolph ascribed 
these differences between intact and isolated hearts to 
the presence or absence of nervous or chemical control, 
and pointed out that even after isolation mammalian 
hearts retain a substantial portion of the temperature 
co-efficients which are characteristic of the animal from. 
which they come and which distinguish them from 
poikilotherms. He emphasized that poikilotherms have 
little or no extra-cardiac influences on their rate/tempera- 
ture curves and that their relatively very low rates of 
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beat when plotted against temperature produce curves 
which have significantly shallower slopes than any of the 
warm-blooded animals. It is usually true that the rate/ 
temperature curve of the heart becomes progressively 
more shallow as one passes down the series from the 
homeotherm through the heterotherm to the poikilotherm. 
In addition there 1s a broad positive correlation between 
this slope and the temperature at which cardiac arrest 
occurs. 

Lyman and Blinks! noted that cooling the isolated 
heart of the grey squirrel (a non-hibernator) at 0-3° to 
0-4° C/min resulted in cardiac arrest at between 13° and 
16° C and that a second cooling, at half the rate, resulted 
in a cardiac arrest temperature 6°-11° C lower. Their 
second cooling curve also became more shallow at low 
temperatures than the first. Both coolings in the present 
experiment were at a rate simular to the first cooling of 
the grey squirrel heart, which suggests that these changes 
were more likely to be a result of a second cooling than 
of its slower rate. 

We concluded that the heart of the homectherm, which 
is known to possess an inherent rhythm control within 
its cells’, when isolated from its nervous and endocrine 
control, is capable of short-term adjustment to cold. This 
process results in a response to cooling which, so far as 
rate of beat and cardiac arrest temperature are concerned, 
is more like that of the heterotherm and the poikilotherm. 
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Strychnine and Cortical Inhibition 


Ture have been conflicting reports concerning the action 
of strychnine on the recurrent inhibition of single cortical 
pyramidal tract (PT) neurones of the cat. On one 
hand the recurrent inhibitory hyperpolarization is 
apparently depressed, or even reversed in polarity, by 
strychnine administered topically to the cortical surface. 
In contrast, when administered intravenously in doses 
sufficient to eliminate most types of spinal postsynaptic 
inhibition, strychnine hydrochloride has no effect on 
cortical recurrent inhibition, which in the absence of 
intracellular records can be measured as the ‘pause’ 
induced, by brief tetanic stimulation of the medullary 
pyramids, in firing which is spontaneous or evoked by 
amino-acids’. Differences in the susceptibility of inhibitory 
processes to strychnine may reflect the operation of 
different inhibitory transmitters, and thus it is important 
to determine whether or not cortical inhibition resembles 
spinal postsynaptic inhibition in its sensitivity to strych- 
nine. 

When administered electrophoretically strychnine has 
complex actions on mammalian nerve cells. Renshaw 
cells are excited by concentrations which exceed those 
adequate to block postsynaptic inhibition; with higher 
concentrations the extracellularly recorded action poten- 
tials are reduced in amplitude and the sensitivity of these 
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neurones to acetylcholine and excitant amino-acids is 
depressed’. Similar excitant and depressant effects have 
been observed with Purkinje cells’. In view of these 
direot effects of strychnine, it is possible that the apparent 
alterations of inhibitory postsynaptic potentials of cells 
of the pyramidal tract produced by this compound, topic- 
ally administered in comparatively large concentration 
(œ "006-0: 025 molar), arise from changes in the operation of 
inhibitory interneurones, particularly if these be located 
superficial to pyramidal tract cells, and that the altera- 
tions are not the result of a specific action of strychnine 
at inhibitory synapses on pyramidal cells. 

Extracellular action potentials were recorded from 
cells of the pyramidal tract of the postcruciate gyrus of 
cats anaesthetized with pentobarbitone’. The neurones 
were identified by the responses which were produced by 
stimulation of the ipsilateral medullary pyramid, and were 
located at depths of 900-1,400 pm beneath the cortical 
surface. The recording electrodes (4 molar sodium ' 
chloride) were the central barrels of five-barrel micro- 
pipettes, the other, outer barrels of which contained 
pi-homocysteic acid (sodium salt, pH 8, 0-2 molar), 
1 molar acetylcholine bromide, 0:01 molar strychnine 
hydrochloride in 0-165 molar sodium chloride, and 0-165 
molar sodium chloride. The duration of recurrent in- 
hibition was assessed by measuring the cessation of 
spontaneous or amino-acid-induced firing which followed 
tetanic stimulation of the pyramid with bipolar surface 
electrodes (six impulses at 100/sec). The animals were 
paralysed with gallamine triethiodide and artificially 

respired with air, and the end-tidal concentration of 
sadbon dioxide was maintained between 4 per cent and 6 
per cent. 

When ejected electrophoretically with currents of 30-50 
n.amp, strychnine readily increased the ‘‘spontaneous” 
firing rate of pyramidal tract cells, reduced the amplitude 
of the negative-positive extracellular potentials, and 
reduced the effectiveness of DiL-homocysteic acid as an 
excitant. When the ejecting currents were maintained 
for as long as 9 min at or just less than the value at which 
alterations in spike amplitude were observed, how- 
ever, the relations between the duration of the recurrent 
inhibitory pause and the firing rate of all five cells so 
investigated remained unaffected. These results, obtained 
in three animals, thus agree with those found when the 
alkaloid was administered intravenously*. It could be 
argued that the concentration in the region of the terminals 
of inhibitory interneurones responsible for recurrent in- 
hibition was too low to affect the inhibitory process. It 
is probable, however, that the orifice of the recording 
microelectrode, and by necessity also that of the strych- 
nine-ejecting micropipette, was close to the bodies and 
proximal dendrites of pyramidal cells where the recurrent 
inhibitory synapses are likely to be located*.*. On analogy 
with the findings for Renshaw cells, concentrations of 
strychnine sufficient to have a direct stabilizing action on 
the membrane should have been more than adequate to 
suppress strychnine-sensitive inhibition’. 

The location of inhibitory interneurones within the 
postcruciate cortex was investigated using two five-barrel 
micropipettes, a technique introduced in a recent pharma- 
cological investigation of the cerebellum?!*. Action 
potentials from an identified pyramidal tract cell were 
recorded with one micropipette (pipette 1, Fig. 1), and 
the second, orientated with another micromanipulator, 
was used to eject pu-homocysteic acid (or acetylcholine) 
at various depths within the cortex and at different 
positions relative to the pyramidal tract cell. The centre 
barrel of this second micropipette was also used as a 
recording electrode. As in the cerebellum, short latency 
facilitation or depression of the activity of the pyramidal 
tract cell, particularly when associated with firing of 
neurones near the tip of the second micropipette, was 
taken to suggest that cellular components of excitatory 
or inhibitory pathways converging on the pyramidal tract 
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cell were located in the region affected by the excitant 
amino-acid. 

Ejection of pu-homocysteic acid (20-60 n.amp) from 
micropipette 2 at depths of 700-1,300 um invariably 
reduced the firing rate of pyramidal tract cells located 
within 300 wm (see Fig. 1). The horizontal extent of this 
depression has yet to be fully explored, and the depth at 
which a maximum effect could be obtained for a given 
amount of pi-homocysteic acid appeared to be at or just 
superficial to pyramidal tract cells. Occasionally the 
responses of a second pyramidal tract cell could be 
identified among the many cells fired by the excitant 
amino-acid and recorded by the centre barrel of micro- 
pipette 2. In such circumstances, excitation of this 
second cell by acetylcholine, an excitant of pyramidal 
tract neurones!!-1*, was not accompanied by depression of 
the distant pyramidal tract cell. Thus excitation of cells 
other than pyramidal tract neurones is evidently required 
for producing depression. Electrophoretic administration 
of strychnine from microprpette 1 near the depressed 
pyramidal tract cell, in amounts sufficient to increase the 
firing rate and to distort the shape of action potentials, 
did not reduce the depression produced by pi-homocysteic 
acid (Fig. 1B, 0). 

Although histological confirmation is required of the 
extent and the relation of the actual sites of DL-homo- 
cysteic acid excitation to the pyramidal tract cells which 
are later depressed, these results suggest that mhibitory 
interneurones are present in cortical layers IIT and IV, 
and that these have a strychnine-resistant inhibitory 
action on deeper pyramidal tract cella. The participation 
of these interneurones in the recurrent pathway, or in 
pathways subserving other forms of cortical inhibition, 
has yet to be established, but it is tempting to propose 
that these are the cells which give rise to the pericellular 
baskets and Type II synaptic endings round pyramidal 
tract cells!*-15, In several experimente short latency excita- 
tion of pyramidal tract neurones followed administration 
of pr-homooysteic acid at depths of 250-600 um, but 


again the type of interneurone involved has yet to be 
established. 

These experiments have thus demonstrated the presence 
of inhibitory (and excitatory) interneurones within the 
feline cerebral cortex, and have provided support for 
earlier findings that the recurrent inhibition of pyramidal 
tract neurones is not blocked by concentrations of strych- 
nine which suppress spinal postsynaptic inhibition. The 
apparent suppression of cortical inhibition by topically 
administered strychnine is presumably the result of the 
arrangement of neurones within the cortex and the com- 
plex effects on these cells of relatively large, and non- 
uniform, concentrations of the alkaloid. In view of these 
considerations the results obtained with topically ad- 
ministered strychnine should not be interpreted as indicat- 
ing that it alters the nature of the conductance change 
induced in the membrane of pyramidal tract neurones by 
the cortical recurrent inhibitory transmitter’. 
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Storage of Colloidal Carbon in Liver and 
Spleen after Thymectomy 


Ir has been shown that mice thymectomized just after 
birth develop hyperplasia of the reticuloendothelial cells 
and increased phagocytic activity as measured by the 
clearance of colloidal carbon from the blood!~. Experi- 
ments carried out with repeated injections of large doses of 
carbon also showed increased granulopectic activity in 
thymectomized rate‘. 

It is known that in normal animals about 90 per cent of 
the injected colloids are stored in the liver and spleen'.*. 
From the evidence provided by histological findings 
Miller and Howard? concluded that hyperplasia of Kupffer 
cells accounts for the marked increase of phagocytosis in 
thymectomized mice, whereas in the spleen hyperplasia of 
the reticuloendothehal system resulta in extensive haemo- 
poiesis. 

The present communication describes a quantitative 
investigation of the distribution of colloidal carbon which 
was carried out in thymectomized rats in order to esti- 
mate the relative umportance of the retiouloendothelial 
system of liver and spleen in the phagocytic response 
to thymectomy. 

Wistar albino rats 2 days old were thymectomized 
according to the method of Miller’. At 5-6 weeks of age, 
15 mg of colloidal carbon per 100 g body weight were 
injected intravenously and the rate of removal from the 
blood was measured using the method of Halpern et al.*. 
In a number of animals, 5 or 6 h before the injection of 
carbon, 10 mg of iron (as saccharated iron oxide) per 100 g 
body weight were injected intravenously. The animals 
were killed 4 h after the injection of carbon. The liver and 
spleen were weighed and hydrolysed in 8 ml./g of boiling 
30 per cent potassium hydroxide. The samples were 
diluted to 100 ml./g with water, and a few drops of hydrogen 
peroxide were added in order to reduce the variable pig- 
mentation which might interfere with the absorption of 
carbon in the spectrophotometer. The concentration of 
carbon was measured at 570 mu by comparison with a 
standard curve. The acouracy and consistency of the 
results were checked by mixing known amounts of carbon 
le organ hydrolysates. The results are summarized in 

able 1. 
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spleen appears to be very great after thymectomy and is 
well seen under extreme conditions after blockade with 
saccharated iron oxide. 
G. V. Grostr 
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BIOCHEMISTRY 


Effect of Puromycin on Insulin-stimulated 
Amino-acid Transport in Muscle 


InsvLin stimulates both the transport)? of amino-acids 
and their incorporation? into protein in skeletal muscle. 
Previous attempts to associate these two effects have 
failed‘-?. That is, inhibition of new protein synthesis by 
puromycin did not impair the stimulatory effect of 
insulin on amino-acid transport. It was therefore con- 
cluded that the stimulation of amino-acid transport by 
insulin did not depend on the synthesis of new protein. 
Recent studies have shown that the transport of neutral 
amino-acids in embryonic bone’, foetal calvarium (G. A. 
Finerman, 8. J. Downing and L. E. Rosenberg, unpub- 
lished results), diaphragm’ and kidney cortex’? was 
impaired by puromycin or cycloheximide when 2 h of 
incubation’ or preincubation®-!° with these antibiotics 
preceded the uptake study. Because previous experiments 


Table 1. DISTRIBUTION OF INJROTHD CARBON IN THE RETIOULOBNDOTHMLIAL SYSTEM 





Percent of mg recovered/g Percentage of mgrecovered/g Total percentage 
recovery in liver of liver recovery in the spleen of spleen of recovery K 
Normal rats without blockade 89 0 (+0 92) 29 60 (40-77 1-8 050 (+2 50) 0018 ea 0018) 
Normal rata after blockade 747 (42 20) 23 10-8 (+141 3-0 86-5 (+ 2-68 0010 (+ 00020) 
Thymectomized rats without blockade 84-5 (+1 29 27 65 (+1 20 2-6 910 (+416) 0015 (+0-0009 
Thymectomuzed rate after blockade 81:1 (+2 20) 2'8 17-9 (42 85) 7-0 980 (+122) 0008 (+0 


All values represent the average of six observations, Tho figures in brackets are standard errors. 


The observations in normal animals injected only with 
carbon are ın good agreement with the results of Halpern, 
Benacerraf et al.*:*: almost all the carbon was recovered in 
the liver and spleen, the amount in the liver being about 
fifteen times the amount in the spleen. An injection of 
saccharated iron oxide was able to cause blockade of the 
reticuloendothelial system as shown by the reduction m 
the granulopectic index after a subsequent injection of 
carbon. In this case a somewhat amaller proportion of 
carbon was recovered in the liver and spleen; the amount 
stored in the liver was much reduced compared with the 
amount stored in the spleen. 

In the thymectomized rate after one injection of carbon, 
a much larger recovery in the spleen (per unit weight) was 
observed in comparison with the normal animals. The 
differences were more striking after blockade with sao- 
charated iron oxide. More than a fifth of the carbon was 

- stored in the spleen: the recovery per unit weight was 
more than twice that in the control animals. 

The present results seem to indicate that in thymecto- 
mized rate the phagocytic response is greater in the spleen 
than in the liver. The potential phagocytic activity of the 


with insulin and puromycin in diaphragm muscle did not 
measure amino-acid uptake after such intervals of pre- 
incubation with puromycin, we carried out experiments 
to reinvestigate the effect of prolonged inhibition of 
protein synthesis on the stumulation by insulin of amano- 
acid transport ın muscle. 

Normal male Sprague-Dawley rats on a full diet and 
weighing 60-90 g were killed by stunning and decapitation. 
Intact whole diaphragms were prepared by the technique 
of Kipnis and Cori“, These ‘‘cage’” diaphragm prepare- 
tions were then placed in 20 ml. of Krebs bicarbonate 
buffer (pH 7-4), gassed with 95 per cent oxygen—5 per 
cent carbon dioxide and preincubated in a Dubnoff 
metabolic shaker with or without puromycin dihydro- 
chloride (0:55 millimolar) for 180 min. At the end of the 
preincubation period, the cage preparations were trans- 
ferred to 20 ml. fresh buffer containmg 0-1 millimolar a- 
amino-isobutyric acid-1-*C (ATB-™C), a model amino-acid 
which is not incorporated into protein. Bovine insulin 
(Lilly, PJ—4609, 23-8 u/mg) free from glucagon and at a 
concentration of 0-4 U/ml. was added to the flasks during 
the final incubation period as indicated in Table 1. The 
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flasks were gassed and incubated for 60 min. At the end 
of the incubation period the diaphragms were dissected 
from surrounding tissue, rinsed in isotonic saline, blotted, 
weighed, and homogenized in 10 per cent trichloroacetic 
acid. Portions of tissue homogenate and media were 
then prepared for liquid scintillation spectrometry. The 
tissue water, obtained by comparing the wet weight with 
the dry weight, was 80 per cent of the wet weight in the 
presence or absence of puromycin and/or insulin under 
these preincubation and incubation conditions. Similarly, 
the extracellular space, estimated with labelled inulin, was 
28 per cent of the wet weight and was not significantly 
changed by puromycin or insulin. The distribution ratio 
for AIB-“C between extra- and intra-cellular compart- 
-ments was then calculated. 


Table 1, INHIBITORY W¥FROT OF PUROMYCIN ON THR TRANSPORT OF AIB 
IN THR PRBSENOK AND ABSENCE OF INSULIN 
Distribution 
Condition Prelncabation Incubation ratio* Pt 
1 Control Control 1474014 oot 
< 
2 Puromyoun Puromyan 0 886 +007 
3  Puromycin Puromycin 1704008 J <°% } <001 
Insulin 
<0-01 
4 Control Insulin 3634017 
* Values are as the mean + standard error of mx observations. 


Experimental conditions are described extenmvely in the text. 
+ P values were obtained from Student’s t test. 


The results in Table 1 show that the inhibition of 
protein synthesia with puromycin for 3 h before adding 
AITB was followed by significant impairment of amino-acid 
uptake in both the resting muscle and the muscle stimu- 
lated by insulin. It is noteworthy that insulin stimulated 
uptake in puromycin treated tissue by 98 per cent com- 
pared with its control (conditions 2 and 3 in Table 1), 
but even more significant that this increase was statisti- 
cally less than the 147 per cent stimulation found in the 
absence of puromycin (conditions 1 and 4). Furthermore, 
puromycin inhibited AIB uptake significantly more in the 
presence of insulin than in ite absence (conditions 3 and 4 
versus ] and 2). Similar findings were seen in paired 
hemidiaphragms and with cycloheximide, but not with 
puromycin amimonucleoside. The inhibitory effect of 
puromycin on transport after prolonged preincubation 
was not due to altered oxidative metabolism. Oxygen 
consumption remained linear in control tissues over a 
period of 5 h and did not differ in diaphragms treated 
with puromycin. 

Our observations agreed with those of previous investi- 
gators*~? in that 0-55 mmolar concentrations of puromycin 
inhibited the incorporation of labelled lysine into dia- 
phragm protein by more than 95 per centin 3h. We also 
confirmed that when the duration of preincubation with 
puromycin was less than 120 min, no inhibition of amino- 
acid transport could be found. Previous investigators 
used preincubation times of less than 120 min, or added 
insulin and substrate at the time that inhibition of protein 
synthesis was begun, so that the inhibitory effect of 
puromycin on transport was not seen. 

These results suggest that the transport of ATB-C in 
this tissue is mediated by protein(s) with a finite half- 
life of about 3-5 h, and that inhibition of synthesis of this 
(these) protein(s) is associated with a significant reduction 
of amino-acid uptake, provided that sufficient time is 
allotted for their physiological catabolism. If insulin acts 
to increase the affinity of substrate amino-acids for their 
carrier sites? and if these carriers are proteins, then perhaps 
the inhibition of insulin stimulation by puromycin simply 
reflects a decreased quantity of membrane carrier protein. 
The effect of puromycin was significantly greater in the 
presence of insulin than in its absence, however, suggesting 
that insulin stimulation may involve more than a change 
in affinity of a single postulated carrier protein. In this 
regard, Wool and Cavicchi!® have recently postulated that 
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insulin stimulates the synthesis at the ribosomal level of 
a “specific protein” which in turn enhances the synthems 
of other proteins. It has not escaped our attention that 
such a thesis could also explain the present results with 
AIB, insulin and puromyoin. 
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Cell Proteins as Primary Hormone 
Acceptors after Injection of 
Testosterone4-"C into Immature Rats 


ConTINUING our investigations! of the initial fate and the 
mechanism of action of testosterone in the organs of 
mammals we have examined the in vivo binding of this 
hormone to high molecular weight chemical components 
of liver and kidney cells of immature rate. 

Samples of 50, 100 or 300 pe. of testosterone-4-MC 
(29 mo./mmole) in 0-4 ml. of propyleneglycol and water 
(1:1) were injected intraperitoneally into six male 
Sprague-Dawley rata which were 30 days old and weighed 
60-70 g each. The animals were decapitated 15 min or 
3 h after the injection. Homogenates of organs were 
divided into nuclear and cytoplasmic fractions by the 
method of Allfrey*. Total extraction of lipids was carried 
out with isopropanol—ether (2:1) (ref. 3). The extraction 
of the nucleic acids was accomplished with 10 per cent 
sodium chloride solution at 100° C and pH 7. The nucleic 
acids were separated into DNA and RNA after Schmidt— 
Thannhausert. The remaining proteins were hydrolysed 
with ‘Pronase’ (100:1; 0-05 molar sodium phosphate 
buffer pH 7-4, 0-005 molar EDTA at 40° C for 24 h). 
The peptides and amino-acids were separated by descend- 
ing paper chromatography (with n-butanol, acetic acid 
and water; 4: 1:6) for 20h. The radioactive ninhydrin- 
positive spote were read in a liquid scintillation counter, 
extracted and hydrolysed with leucine-aminopeptidase* 
(100 : 1; 0-005 molar trie buffer, pH 8-5, and 0-005 molar 
magnesium chloride at 40° C for 24 h). The products 
were re-chromatographed in the same system. The two 
radioactive ninhydrin-positive spote observed were 
again hydrolysed with 6 normal hydrochloric acid and 
the amino-acid compositions were examined by using a 
Technicon autoanalyser. 

Nuclear DNA and RNA and cytoplasmic RNA showed 
no radioactivity. The nucleus and cytoplasm pro- 
teins, however, contained strongly bound metabolites 
labelled with carbon-14, which could not be extracted 
by 3 days continuously shaking with methanol—chloro- 
form (1:1); the specific activity of oarbon-14 waa 
measured in the gas-phase’ after dry-combustion. The 














Fig. 1 Paper chroma’ matogram of steroid- bindmg ptides aner two-sta; 
enzyme hydrolys, m n-Butanol, acetio acid an E Rar (d (4 1.5) used tor 
20h. — O ~, Cytoplasmic fraction: -= X er ear ‘fraction. 


labelled metabolites hberated by hydrolysis with enzymes 
and hydrochloric acid were found after paper chromato- 
graphy with butanediol/(1-3)-methyloyclohexane® and 
heptane, benzene, methanol and water? in the zone of 
hydroxylated testosterone derivatives. 

After the two-stage enzyme hydrolysis of the nuclear 
and cytoplasmic proteins two sharply resolved radio- 
active peptide fractions were observed on the paper 
chromatograms (Fig. 1). The amino-acid composition of 
both fractions was almost identical. 

The relative composition of amino-acids was arginine 1 
(abs. 0-12 umoles); histidine, 0-5; lysine, 2-3; aspartic 
acid, 2-5; glutamic acid, 3-0; glycine, 2-5; alanine, 2-3; 
valine, 1-0; proline, 0-7; isoleucine and leucine were 
present in trace quantities. It ia remarkable that as well 
as some simple structured ammo-acids the basic amino- 
acids (lysine, histidine, arginine) were present in almost 
the same quantities as the acidic amimo-acids (glutamic 
acid and aspartic acid). These results suggest that specific 
sites of molecules of certain protein fractions m nucleus 
and cytoplasm are preferred locations for binding and 
action of testosterone. 
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Methylation in vivo of Guanine in the Nucleic 
Acids of Rat Testes by Methyl Methane 
Sulphonate 


TREATMENT of male rats with a single intraperitoneal dose 
of 50 or 100 mg/kg body weight of methyl methane 
sulphonate results in infertility during the second and 
third week after the injectiont. Thus infertilty 1s caused 
not by aspermia but by a dominant lethal mutation 
in the sperm which are selectively affected at the late 
spermatid or early spermatozoa stage. The mutation 
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does not interfere with the fertilization of the ova. but the 
resulting embryos die in u¢ero*. It has been assumed 
that this biological action of methyl methane sulphonate 
is connected with its properties as an alkylating agent. 
When a bacteriophage 18 inactivated by treatment with 
methyl methane sulphonate, guanine and adenine of the 
bacteriophage DNA are methylated to 7-methyl guanine, 
3-methyl adenine, and l-methyl adenine in proportion 
78:20:2 (ref. 3). We have now found that an intra- 
venous injection of methyl methane sulphonate methyl- 
ates the 7 position of the guanine of DNA and RNA in 
rat testes. 

The [?*C]methyl methane sulphonate used in this work 
was a gift from Dr. P. D. Lawley and Dr. P. Brookes. It 
was prepared by reacting ['“C}methyl iodide with silver 
methane sulphonate. After an intravenous injection of 
this the eileen of “CO, was most rapid for the first 
12-16 h (Fig. 1). Within 24 h 45 per cent of the injected 
radioactivity had been recovered, 25 per cent as CO, 
and 20 per cent in the urine. Only 3 per cont was re- 
covered in the urine in the second 24 h. The rate of 
excretion indicates that any reaction with the tissue must 
take place within a few hours and for this reason the 
animals were killed 18 h after injection. 

Ton male rats weighing 150 g were each injected intra- 
venously with 18 mg (40 uo.) of [**C]lmethyl methane 
sulphonate dissolved in 0-5 ml. saline. Three of the rats 
died overnight and the remaining seven were killed by 
exsanguination under anaesthesia 18 h after the injection. 
The testes of these seven were removed and DNA and 
RNA extracted from them by a modification of the 
phenol method‘ (K. 8. Kirby, personal communication). 
The samples of nucleic acid were hydrolysed in hydro- 
chloric acid by heating at 100° for 1 h (ref. 5) and the 
hydrolysate chromatographed on ‘Dowex 50’. The ultra- 
violet absorption at 260 my and the radioactivity of each 
fraction were measured. Radioactivity had been incor- 
porated into guanine and adenine through the “formate 
pool”, but in addition to this normal incorporation it was 
found that mn both DNA and RNA there was a radioactive 
peak between guanie and adenine which did not corre- 
spond to one of the major bases (Fig. 2). This peak was 
tentatively identified as 7-methylguanine and it was 
estimated that 0:025 per cent of the guanine residues mm 
the RNA and 0-05 per cent of the guanine residues in the 
DNA had been methylated. 
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Fig. 1. The exhalation of “OO, after an intravenous eosin of [1C]- 
methyl methane sulphonate (2°5 uc.; 120 mg/kg body wt.). 
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Fig. 2 Column chromatography of a hydrolysate of DNA from the 
testes of rata given [*Clmethyl methane sulphonate intravenously. 
10 x 1 om “Dowex 50” x 12H+ eluted with 1--4 normal bydrochloric acid, 
10 ml. fractions. @ --- @, Eom at 260 mu; OO, radioactivity in 
op.m.; P, pyrimidine nucleotides; G, guanine, A, adenine. 


To confirm that the product was 7-methylguanine, a 
second group of ten male rats each weighing 150 g were 
given 18 mg of [“C]methyl methane sulphonate. The 
rats were killed 18 h after injection and the DNA extracted 
from the testes’. The DNA was not contaminated with 
RNA (orcinol reaction’). Twenty-two milligrams of 
this DNA was hydrolysed and chromatographed as 
before. The fractions containing the radioactive peak 
between guanine and adenine were pooled, the aci 
evaporated, and the residue taken up in water. This 
residue was mixed with authentic 7-methylguanine and 
one sample chromatographed on ‘Dowex 50’ using the same 
acid gradient as before. A second sample was used for 
two dimensional paper chromatography on Whatman 
No. 1 paper. Methanol: concentrated hydrochloric 
acid : water (7: 2:1 by vol.) was used as solvent in one 
direction and butan-l-ol : aqueous ammonia (speorfic 
gravity 0-880): water (85: 2:12 by vol.)* in the other. 
The radioactivity was found to be associated with the 
carrier 7-methylguanine after both paper and column 
chromatography. 

Dominant lethal mutations were first found after 
X-irradiation and have since been produced by several 
alkylating agents. They are believed to be the result of 
chromosome breakage and non-viable translocations. 
Alkylation of DNA is known to result in depurination 
and breakage of the DNA strand. Single strand breaks 
have been shown for DNA methylated in vitro’ and for 
B. subtilis methylated in vivo. Such a breakage of the 
DNA chain would be similar to the effect of X-rays; thus it 
seems reasonable to suggest that the dominant lethal 
mutation produced by methyl methane sulphonate is 
attributable to methylation. 

The carcinogen dimethylnitrosamine also methylates 
both RNA and DNA™. The amount of methylation is 
highest in those organs in which tumours occur and it is 
possible that a causal relationship exists between the 
methylation and the induction of tumours. The amount 
of methylation of testicular nucleic acid produced by 
methyl methane sulphonate, 0-05 per cent of the guanine 
in DNA and 0-026 per cent of the guanine in RNA, may 
by compared with the methylation of about 0-06 per cent 
of the guanine in rat kidney DNA and 0-11 per cent in 
kidney RNA after a dose of dimethylnitrosamine which 
will produce kidney tumours. If the dominant lethal 
mutation found in rat sperm after treatment with methyl 
methane sulphonate is caused by methylation, it seems 
possible that similar chromosomal damage might be 
produced in rat kidney after a carcinogenic dose of di- 
methylnitrosamine. 
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Acute Pharmacology of Melatonin 


MELATONIN (N-acetyl-O-methyl serotonin), a pineal 
compound discovered by Lerner!, may function as a 
hormone and is known to be extremely active in certain 
biological systems**. We have investigated the acute 
pharmacological effects of the compound with particular 
emphasis on the nervous and vascular systems. We find 
that melatonin has no acute pharmacological effects in the 
systems studied apart from its effect on sleep mechanisms. 

Melatonin was dissolved ım propylene glycol or ethanol 
and further diluted with Ringer solution to give a con- 
centration of 10-30 mg/ml. Controls in each experiment 
were given the same amount of organic diluent m Ringer 
solution. The toxicity of melatonin was studied in mice; 
doses up to 800 mg/kg failed to produce death. The LD,o 
could not be attained because of the limitation imposed by 
the solubility of the compound. 

Melatonin did not cause any gross changes in the 
behaviour of mice. Studies on hexobarbital sleeping tıme 
(using hexobarbital 100 mg/kg given intraperitoneally) 
showed that in mice simultaneously given melatonm 
26 mg/kg intraperitoneally the sleeping time measured by 
the loss of the mghting reflex was increased 50 per cent. 

To investigate further a direct pharmacological effect 
of melatonin on the central nervous system chicks 4 days 
old were used because the blood—brain barrier ın the young 
chick is relatively undeveloped. The administration of 
2-5 mg of melatonin intravenously by way of the jugular 
vein or intraperitoneally caused the animals to assume 
immediately the roosting pomtion for about 45 min. This 
position has been interpreted as indicating that the animal 
is asleep*. Directly related to our pharmacological results 
are the findings of Marczynski and his collaborators that 
orystalline melatonin (15-30 ug) injected directly into areas 
of the hypothalamus of cats through implanted stainless 
steel cannulae causes sleep lasting about 2 h (ref. 7). 

Many compounds which prolong the effects of hypnotics 
are vasoactive agents’. Consequently the effects of 
melatonin on the circulatory system were investigated. 
The results of experiments on the blood pressure of cats 
indicate that the administration of 10 mg of melatonin/kg 
did not alter the blood pressure or modify the pharma- 
cological responses from acetylcholine (20 ug/kg), adrena- 
line (0-5 pg/kg), noradrenaline (1 pg/kg) or tyramine 
(800 pg/kg). Melatonin (10 mg/kg) also failed to alter 
the contractile force or electrocardiogram of the dog. 
The inotropic and chronotropic actions of the isolated 
guines-pig and rat heart were unaltered when melatonin 
was perfused at a concentration of 10~ moles/l. through a 
Langendorff perfusion apparatus. 

Additional experiments were carried out on the potential 
effects of melatonin on the nervous system. Although 
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many compounds which prolong hypnotic activity can 
lower body temperature*, melatonin (25 mg/kg) had no 
hypothermic action in the rabbit. Melatonin at doses of 
10 mg/kg produced no change in post-synaptic spike 
potentials in the cat superior cervical ganglion, and no 
change in the response of the nictitating membrane. 
In mice, 30 mg/kg of melatonin given intraperitoneally 
every 3 h for 18 h caused no change in gross behaviour or 
in the amount of noradrenaline in the brain or heart. 

These findings are intri because of some of the 
known activities of the compound. Melatonin lightens the 
frog skin melanocyte at a concentration of 10- g/ml., a 
dose one ten-thousandth that of the next most active 
agents—noradrenaline, adrenaline, serotonin, and acetyl- 
choline. Because of the possible derivation of the melano- 
cyte from neural crest tissue and the nature of the other 
compounds which affect the melanocyte there is ample 
reason to believe that melatonin may affect processes in 
the central nervous system. Indeed, our results on the 
acute pharmacology of the compound are further evidence 
for that view. 

Melatonin is found in human peripheral nerves, where 
it is not synthesized, and in human urine’. The human 
pineal gland can synthesize melatonin throughout life!*. 
Melatonin formed in the pineal gland may possibly be 
elaborated and exert an effect on other sites of the brain in 
addition to any peripheral effects of a hormonal nature? 
that it may have. It is not yet possible to say whether this 
pharmacological evidence of a central effect of melatonin is 
due to the compound or one of its metabolites. Further 
experiments are necessary to determine the possible 
relation of melatonin, or a related compound, to the 
systems regulating sleep and to processes in the central 
nervous system. 

Jack Banonas* 
Frances DaCosrat 
Sypney Sprcror 
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Excretion of Thiocyanate in Osteolathyrism 


Tax metabolism and mode of action of nitriles, such as 
f-aminopropionitrile (BAPN), that cause osteolathyriam in 
rats and other animals are far from being understood. 
Lalich has shown that after injection into rats of BAPN 
labelled in the cyano position with carbon-14, 80-90 per 
cent of the radioactive material was eliminated in the 
urine within 20 h. About 40 per cent of the activity was 
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in the form of unchanged BAPN and 20-30 per cent could 
be recovered as cyanoacetic acid. Lalich also found that 
cyanoacetic acid had no lathyrogenic effect when fed to 
young rate and suggested that it was probably a detoxica- 
tion product of BAPN. 

It 13 known that, when aliphatic cyanides are metabol- 
ized in the animal body, hydrogen cyanide 1s split off, 
leading to an increase in the excretion of thiocyanates?. 
It was therefore thought desirable to investigate the 
excretion of thiocyanate in the urine of rats rendered 
lathyritic by the administration of BAPN. Two groups 
each of six rata were used. One group servcd as control 
and the rata in the other group were each given 70 mg 
B-aroinopropionitrile fumarate daily by gavage for 3 
weeks. All rats were fed ad lib. on an adequate diet of 
standard rat cakes and fresh water. Metabolic cages were 
used for the collection of urine. 

Thiocyanate (CNS) in the urine of lathyritic and control 
animals was estimated by its colour reaction with ferric 
nitrate and by comparison with a standard solution’. 
The results are shown in Table 1. 


Table 1. THIOCYANATE (ONS) BXORETION IN URINE OF LATHYRITIO RATS 
Mean conoentra- Total ONS 
Group No. of tion of CNS In excretion 
a urine (mg percent) per day (mg) 
Control 8 4-10 205 
Lathyritio 6 12-04 647 


The urine of lathyritic rats contained three times as 
much thiocyanate as the urine of control animals. The 
total amount of thiocyanate excreted, however, accounted 
for only 3 per cent of the dose of B-aminopropionitrile 
administered. What happens to the rest of the lathyrogen 
after absorption is not known. 
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Absence of Renal Fructose-l-phosphate 
Aldolase Activity in Hereditary Fructose 
Intolerance 


Hureprrary fructose intolerance (HFT) is a genetically 
transmitted metabolic disorder known to be charac- 
terized biochemically by the virtual inactivity of hepatic 
fructose-l-phosphate aldolase!-*. Fructose-1-phosphate 
(F-1-P), the initial reaction product of administered 
fructose, accumulates intracellularly behind this enzymatic 
defect*, much as galactose-1-phosphate (Gal-1-P) accumu- 
lates intracellularly behind the block of Gal-1-P uridyl 
transferase in galactosaemia®*. The kinds and similarities 
of the metabolic and clinical abnormalities of patients with 
HFI and galactosaemia suggest that the cellular accumula- 
tion of hexose-1-phosphate is central in the pathogenesis 
of the multiple cellular disturbances of both disorders. 
Increased amounts of Gal-1-P were demonstrated in the 
kidneys, as well aa in the liver, of two infants with galac- 
tosaemia diagnosed before death’. In both galactosaemia 
and HFI, a reversible hexose induced proteinuria and 
amino-aciduria have been reported®*. Komrower ef æl. 
reported that in two infants with galactosaemia dietary 
reatriction of galactose was followed by disappearance of 
the biochemical characteristics of renal tubular acidosis 
(RTA) (a clinical disorder of renal acidification charac- 
terized by minimal to absent azotaemia, hyperchloraemic 
acidosis and alkaline or minimally acid urine). Subsequent 
experimental ingestion of galactose (as milk) for 10 days 
by these children, however, did not result in the recurrence ` 
of hyperchloraemic acidosis. Mass et al. recently described 
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Table 1. RENAL FRUOTOSE-1-PHOSPHATS (#-1-P) ALDOLABR AND FRUOTOSH 
1,6-DIPHOSPHATE (I'-1,6-diP) ALDOLASH ACTIVITY IN SIX PATIENTS WITH 
NON-SPHOIVIO RENAL DISORDHRS, AND A PATIENT WITH BWREDITARY FRUCTOSE 


INTOLERANOH* 
Cage Age ¥F-1-P F-1,6-diP 
No. Sex (yr) Diagnosis aldolase aldolasa 
1 F 56 Renal calculus 22.9 604 
2 M 71 Multiple renal cysts 17:5 54-8 
8 M 58 nal cell carcinoma 23-6 68-3 
4 M 78 Tubular adenoma 229 911 
5 M 58 A nae eri oyst adenoma 219 71-9 
8 x 78 Aa ormity of zonal pel pelvi 22 719 
7 F 34 Hereditary fructose in- 
tolerance 0 408 
Moan + S.D. 22-0422 697412 4 
* Expressed as umoles of D, yceraldehyde/g of proteln/30 min. Values 
are averages of triplicate determinations 


ea 41 year old woman with HFI and apparently long 
standing RTA which persisted after dietary restriction of 
fructose. In three unrelated adults with HFT it has 
recently been demonstrated that the experimental ad- 
ministration of fructose immediately but reversibly sub- 
verts normal renal function into a state of tubular dys- 
function with the biochemical and physiological charac- 
teristics of RTA and Fanconi’s syndrome (impaired renal 
tubular reabsorption of alpha amino nitrogen, uric acid, 
phosphate and glucose)'**, The tubular dysfunction 
occurred in the absence of the hypoglucosaemia charac- 
teristic of HEI. Because F-1-P aldolase is detectable in 
mammalian kidney and is presumably oritical in the 
renal metabolism of F-1-P (ref. 15), the fructose-induced 
tubular dysfunction of HFI might be mediated by renal 
accumulation of F-1-P behind a defect of renal F-1-P 
aldolase. 

To investigate this possibility, aldolase activity toward 
F-1-P, as well as toward fructose-1,6-diphosphate (F'-1,6- 
diP), was measured in renal tissue from six patients with 
non-diffuse renal disorders and a patient with HFT (Table 
1). The renal tissue was obtained at surgery, immediately 
sliced into 5 mm sections, placed in ice cold 0-15 molar 
potassium chloride and transferred to the laboratory. 
A 5 per cent (w/v) homogenate in 0-15 molar potassium 
chloride was prepared at 0°-2° C from sections of grossly 
and microscopically normal cortex which had been blotted 
and weighed. Aldolase activity (toward F-1-P and F-1,6- 
diP) was measured by a modification of the method of 
Sibley and Lehninger". These reactions were carried out 
in a Dubnoff metabolic shaker in a final volume of 0-5 ml. 
at pH. 7-4 (tris hydrochloric acid) at 37° C. Final substrate 
concentrations were 0:005 molar F-1,6-diP for 1,6-diP 
aldolase and 0:007 molar F-1-P for 1-P aldolase. Each 
diphosphate aldolase system contained approximately 
1 mg kidney protein; each F-1-P aldolase system contained 
approximately 4 mg protein. All reactions were begun by 
addition of substrate, except in control reactions in which 
substrate was not added. The reactions were stopped by 
the addition of 10 per cent trichloroacetic acid (TCA) after 
10 min. In the control reactions substrate was added after 
the addition of TCA. A linear increase in product forma- 
tion occurred with up to 12 mg of protein in the F-1-P 
aldolase assay and 8 mg in the F-1,6-diP aldolase assay. 
In both systems product formation was linear for up to 
20 min of incubation. Protein concentrations were 
measured by the biuret reaction utilizing the reagents of 
Gornall e al”. 

A correction. for the turbidity of the sample was made 
by subtracting the optical density at 700 mp from that at 
546 mu. The resultant net optical density was compared 
with a standard curve derived using bovine serum albumin. 
The colour resulting from the reaction of 2,4-dinitro- 
phenylhydrazine with the produots of the aldolase re- 
actions was compared with that resulting from the reaction 
of this hydrazine with v,L-glyceraldehyde. Enzyme 
activities were expressed in terms of umole of glyceralde- 
hyde/g of protein/30 min. The values recorded in Table 1 
represent an average of three determinations. 

The enzyme analyses of renal tissue from the patient 
with HFI and patient No. 4 were run in parallel. In 
addition, equal volumes of 5 per cent homogenates of 
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renal cortex from these two patients were mixed and the 
aldolase activity of the mixture was measured. The 
activity of each enzyme in the mixture was equal to the 
sum of the respective activities determined before mi ; 

The data indicate that in human renal cortex aldolase 
activity toward F-1-P is predictably detectable and is 
one-third to one-quarter that toward F-1,6-diP. In HFI, 
however, the aldolase activity toward F-1-P and F-1,6-diP 
ia undetectable and dimmished, respectively. These 
findings support the hypothesis that the renal accumula- 
tion of F-1-P underlies the renal tubular dysfunction 
induced. by fructose in patients with HFI. Moreover, the 
data provide evidence that hepatic and renal F-1-P 
aldolase are controlled by one genetic mechaniam. The 
“mixing” investigation provided no evidence that the 
inactivity of F-1-P aldolase in HFI results from an 
enzyme inhibitor present only in HFT or from lack of an 
activator substance present in normal renal cortex. 

This work was supported in part by grants from the 
US Public Health Service and the Blair Fund adminis- 
tered by the Committee on Research of the University of 
California. Many of these investigations were carried 
out in the General Clinical Research Centre provided by 
the Division of Research Facilities and Resources. 
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Plastoquinone C involved in Electron 
Transport in Chloroplasts 


CHLOROPLASTS contain at least nine quinones. These are 
plastoquinones A, B, O and D, vitamin K,, a, P, y toco- 
pherolquinones and an unknown naphthoquinone!. Of 
these ‘quinones plastoquinones 4 and CO, vitamin K, and a 
tocopherolquinone occur in sufficient quantity to be con- 
sidered as candidates for a role in photosynthetic electron 
transport. Evidence for a role of plastoquinone A has 
been reviewed**, We can now show evidence for a specific 
role of plastoquinone C in addition to plastoquinone A as 
an electron carrier between the second and first lght 
reactions of chloroplasts. 

A long term extraction of dried chloroplasts with 
heptane is necessary to remove plastoquinones A and C. 
Freeze dried spinach chloroplasts are extracted by shaking 
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at room temperature (22° C) with ten volumes of heptane 
for 4 h. The chloroplasts are separated by filtration. 
Quinones or extract are added to the dry, extracted 
chloroplasts in 1s0-octane and the solvent is evaporated. 
It 18 important to handle the dry chloroplasts rapidly, 
because they are strongly hygroscopic, and if they become 
sticky by absorbing water from the air activity is lost. 
After appropriate additions the chloroplasts are suspended 
in 0-015 molar sodium chloride. Assays for photoreduction 
of nicotinamide-adenine dinucleotide phosphate (NADP) 
from water mdophenol photoreduction and ascorbate- 
indophenol dependent reduction of NADP in presence of 
monuron were carried out as previously described‘. 
Ascorbate -NNN’N’ tetramethyl-p-phenylene diamine 
(ITMPD) dependent reduction of NADP in presence of 
monuron was assayed as described by Vernon and Shaw’. 
Spinach ferredoxin was required in all assays of NADP 
reduction. 

After extraction with heptane all the above activities 
are greatly reduced. Restoration of NADP photoreduction 
activity which requires both photoreactions one and two of 
photosynthesis! and mdophenol photoreduction (reaction 
two) requires addition of appropriate concentrations of 
both plastoquinones 4 and C. None of the other quinones 
from chloroplasts can replace plastoquinone C in restora- 
tion of indophenol dependent photoreduction of NADP. 
Except for a partial stimulation by plastoquinone B none 
of the other quinones can replace plastoquinone O in the 
restoration of indophenol photoreduction. Restoration of 
ascorbate-indophenol dependent reduction of NADP 
(reaction one) requires only plastoqumone O (Table 1). 
The TMPD-ascorbate dependent reduction of NADP is 
not restored by the addition of plastoquinones but is 
restored by the addition of the aqueous supernatant 
obtained from chloroplasts which have been washed with 
water (Table 2), A red protein with a broad absorption 
band from 600-400 myu (maximum 470 my) is obtained by 
ammonium sulphate fractionation of the aqueous super- 
natant (60 per cent to 70 per cent saturation). This red 
protein which we call rubimedin is required in addition 
to spinach ferridoxin for activity in the TMPD-based 
reaction. 

The extent of restoration of TMPD-mediated NADP 
reduction by rubimedin alone varies for different series of 
extractions. When there is little restoration by rubimedin, 


TMPD 


E 
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Light ye 


Water —» reaction 
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Table 2. RESTORATION OF TRIRAMMTHYLPHANYLENSDIANINE MEDIAFED 
REDUCTION OF NADP BY RUBIMEDIN AFTHE HEPTANE HXTRAOTION 


i Faia oe Achivi i 
Preparation and additions olea/minjmg of chlorophy: 
ASC + ae Water 
—> NADP — NADP 

Dried chloroplasts 4:24 4-14 
Extracted oroplaata 0-42 0-81 
Extracted + 0-1 plastoquinone A +0 01 

plastoquinone C 0-37 1-60 
Extracted + 0 04 mg of rubimedin 1:80 0-52 
Extracted + lipid extract 1:13 1-40 
Extracted + lrpid extract + 0'04 mg rabimedin 8-41 279 
Extracted + 0-1 plastoqunone 4 +001 

plastoguinone 0+rubimedin 186 418 


Plas 


uinone additions were made in umoles/mg of chlorophyll. Lipid 
extract ts. 


ded equivalent to original chloroplas 


lipid extract appears to be necessary to supplement 
rubimedin. On the other hand, the water based NADP 
reduction 1s partially restored by plastoquinones A and C. 
It also shows further stumulation if rubimedin 1s added. 
The results are consistent with the following interpreta- 
tion. Heptane extraction removes plastoquinones 4 and 
O. The extraction also loosens the last of the rubymedin 
attached to the membranes because the red protem can be 
found in the supernatant uf extracted and resuspended 
chloroplasts are centrifuged. With the more extensive 
heptane extractions additional functional hpid material is 
removed as well as plastoquinones A and C. Plasto- 
qumones A plus O are required to restore indophenol 
reduction and overall NADP reduction, whereas plasto- 
quinone O alone restores indophenol-mediated NADP 
reduction and so there is a pathway through plasto- 
quinones A and C from the second light reaction to the 
first light reaction which requires both quinones, and the 
site of interaction with indophenol would be at plasto- 
quinone O. On the other hand, TMPD requires rubimedin 
to supply electrons for the first light reaction and does not 
require plastoquinone C. Additional lipids may be 
extracted which are required for the rubimedin dependent 
pathway. We have some preliminary evidence that vitamin 
K, replaces the extracted lipids. Vitamin K, is present in 
the extract. The additive effects of rubimedin and the 
plastoquinones on overall photoreduction of NADP 
from water indicate dual pathways from the second to the 
first light reaction. One pathway would be through 
plastoquinone C and one through rubimedin as shown in 


the diagram. 


x 


` Light 
Cytochrome — reaction -> NADP 
1 


Plastoquinone A 


Plastoquinone C 


tt 


Indophenol 
ascorbate 


addition of the lipids extracted by heptane plus rubimedin 
is necessary for good restoration. Addition of purified 
plastoquinones A and O does not restore the TMPD system 
and the quinones do not replace the crude lipids when 
added together with rubimedin. Some other factor in the 


Table 1. RESTORATION OF PHOTOREDUOTASH ACTIVITIES BY PLASTOQUINONHS 
IN HAPTANR EXTRACTRD CHLOROPLASTS 


Photoreductase activity 
Preparation and addition (amol: of chlorophyll) 
ASC+DC ater 
CIP — NADP -+ NADP 
Dried chloroplaste 00 1-73 8 60 
Extracted chloroplasts 0-22 0-15 016 
. Extracted +0 01 plastoquinone O 0 85 1-05 0-44 
+01 plastoquinone A 0:28 O-21 0-20 
Extracted + 0-01 plastoquinone 0+ 0-1 
plastoquinone A 480 0-95 2-81 


Additions were measured In «moles of quinone/mg of chlorophyll. ABO, 
ascorbate; DOIP, 2,6-dichlorophenol-indophonol. 
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Relationship between Factor V and Activated 
Factor X in the Generation of Prothrombinase 


Orrar conversion of prothrombin to thrombin requires 
the presence of at least four factors, namely, factor V (pro- 
accelerin, Ac-globulin), factor X (Stuart-Prower factor) 
in an activated form (Xa), phospholipids and calcium 
ions. It has been demonstrated that these species can 
react together to form a macromolecular complex which 
has prothrombinase activity’. In this communication 
prothrombinase is defined as the enzymatic activity which 
produces a conversion of prothrombin to thrombin. 

There is at present considerable confusion in the 
literature reg which factor is the prime activator of 
prothrombin and which factors function in accessory 
roles. Evidence has been presented by Milstone® that the 
enzyme thrombokinase, which is generally considered to be 
equivalent to an activated form of factor X, is the prime 
activator of prothrombin. Milstone compared the rate of 
formation of thrombin from prothrombin in the presence 
of all four of the above factors with the rates obtained 
after omission of any one of these factors. The absence of 
any of the four participants caused an appreciable de- 
crease in the rate of thrombin formation, but only lack of 
thrombokinase (activated factor X) caused complete 
cessation of thrombin formation. Kinetic data pub- 
lished by Breckenridge and Ratnoff** and others*-, 
however, have led to a different conclusion, namely, 
that activated factor X exerts an effect on factor V 
converting it to an activated form (Va) which subse- 
quently converts prothrombin to thrombin. The latter 
conclusions were based essentially on evidence that the 
concentration of factor Xa in the system determines the 
rate of generation whereas factor V concentration de- 
termines the yield of prothrombinase. The difficulty of 
reconciling these two concepte of the nature of pro- 
thrombinase coupled with the availability of highly 
purified coagulation factors in this laboratory led us to 
examine directly the interaction between factors V and 
Xa in the presence of phospholipid and calcium ions, in 
order to obtain a more definitive evaluation of the sub- 
stance(s) capable of converting prothrombin to thrombin. 
This problem was approached by first generating the 
prothrombinase activity, by incubating V, Xa, phos- 
pholipid and Ca*™ ions then separating these components 
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um EDTA on a column of ‘ G-200° (0-94 x 60 cm). 


ined with dextran blue 2000 was 14 1 ml 
for self-adsorption. 





Fig. 1. Chromatography of 0 4 ml. of a mixture of Factors V and Xa, Sele ag oy calcium chloride and 
disodi Sephadex 

AE ~-~, lodine-131. Elution was carried out with veronal-acetate sctste (Micbuolley' buffer, nites, pit 7 85, ata 
flow rate of 8 ml/h. Fraction size determined by by weighing w wasabout0 7ml. The voi ) determ- 
(c.p.m } was corrected for background but not 
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chromatographically and examining them individually 
for activity. 

Factor V was isolated in a highly purified form from 
bovine plasma (unpublished work of Barton and Hanahan) 
and a stock solution containing 10 u/ml. in Michaelis buffer 
pH 7-35 was prepared. (A unit of coagulant activity is 
defined as that amount presented in 1 ml. of normal 
human plasma when assayed in the test system cited.) 
Assay of factor V was by the procedure of Kappeler®. 
Factor X was isolated from bovine plasma, activated with 
Russell’s viper venom and re-purified by chromatography 
on ‘Sephadex 4-50’ (unpubhshed work of Jackson and 
Hanahan). A standard solution of factor X in 0:05 
molar éris-HCl, 0-1 molar sodium chloride buffer pH 8-0 
containing 9 u/ml. was prepared and it was assayed 
as described by Papahadjopoulos et al.1°, a minor modi- 
fication of the technique of Bachmann et al.. Phos- 
phatidyl choline and phosphatidyl serine were prepared 
from egg-yolk and from bovine brains respectively and 
a mixture containing 1 mg of phosphatidyl choline/ml. 
and 1 mg of phosphatidyl serine/ml. was dispersed as 
described by Saunders et al.. Prothrombinase was 
generated by incubating, at 37° C, 0-5 ml. of stock factor V 
solution, 0-5 ml. of factor Xa solution (stock solution or 
1: 100 dilution of same), 0-1 ml. of phosphatidyl choline 
and phosphatidyl serine dispersion and 0-2 ml. of 0-025 
molar calcium chloride. The activity was assayed by 
incubation of 0-1 ml. of the latter mixture with 0-1 ml. ofa 
solution containing 150 ug of bovine prothrombin/ml. for 
30 sec at 37° C. The prothrombin had been prepared 
according to the method of Magnusson and freed of 
factor X by chromatography on DEA-cellulose. The 
thrombin generated was measured by adding 0-2 ml. of 
fibrinogen solution (94 per cent clottable)!* and noting the 
time required for clot formation. A calibration curve for 
the last stage of this assay was obtained using partially 
purified thrombin (unpublished work of Barton and 
Hanahan). After maximal generation of prothrom- 
binase (2-3 min), incubation of the mixture was oon- 
tinued for 20-30 min at 37° C with no in the 
amount of measurable activity. Then 0-2 ml. of 0-025 
molar ethylenediamine tetraacetic acid (EDTA) was added 
and 0-4 ml. of the mixture was chromatographed on a 
column of ‘Sephadex G-200 (0-94x60 cm column) 
whereby factor V and phospholipid (Ve/Vo=1) (elution 
volume/void volume) were separated ete from 
factor Xa (Ve/Vo=2-3) and from the EDTA-calcium 
complex (Ve/Vo=2-7). This 
separation was additionally de- 
monstrated by use of factor Xa 
labelled with iodine-131 in one 
experment. Lebelling was 
achieved using the procedure 
of Greenwood and Hunter’. 
Excess iodine-131 was removed 
by dialysis followed by gel filtra- 
tion on ‘Sephadex G-25’. 
Through chromatography on 
‘Sephadex G—-200’ all the factor 
V activity was recovered in the 
void volume peak (Vo) and all 
of the factor X activity and the 
radioactivity were recovered in 
the second peak (Ve/Vo= 2:3). 
These results are illustrated in 
Fig. 1. Each fraction contain- 
ing factor V was then assayed 
for prothrombinase activity by 
incubating a 0-1 ml. aliquot with 
0-1 ml. 0025 molar calcium 
chloride and 0-1 ml. of prothrom- 
bin solution for periods of time 
up to 10 min. Generation of 
thrombin was followed as de- 
soribed above using purified 
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fibrinogen. Only in one fraction (Ve=165-4 ml., Fig. 1) 
was there any detectable prothrombinase activity 
and here the total recovery was less than 0:5 per cent 
of the activity apphed to the column. Recombination of 
the factor V-phospholipid fractions with the factor Xa 
fractions, however, followed by addition of calcrum 
chloride, regenerated 85 per cent to 95 per cent of the 
original prothrombinase activity. This showed that factor 
V, even after prolonged exposure to factor Xa in the 
presence of phospholipid and calcium, is unable to activate 
any significant amount of prothrombin unless factor Xa is 
also present at the same time. On the other hand, when 
factor Xa in very high concentration (120 U/ml.) is incu- 
bated at 37° C with prothrombin and fibrinogen a clot 
forms in less than 20 sec. Omission of either Xa or pro- 
thrombin from this mixture increased the clotting time to 
longer than 1 h. At lower concentrations of Xa, the 
additional factors, V, phospholipid and calcium are 
necessary to obtain clotting times of less than 2-3 mun. 
DFP-Xa, inactivated by incubation of the stock mixture 
of Russell’s viper venom activated X with diisopropyl 
phosphofluoridate, did not form prothrombinase activity 
in any of the systems. 

In summary, it can be concluded that activated factor X 
18 the prime activator of prothrombin, a result which is in 
agreement with the conclusion of Milstone. In contrast 
factor V which has been exposed to poasible modification 
by factor Xa does not have the ability to generate throm- 
bin from prothrombin after removal of the factor Xa. 
The probability therefore remains that factor Xs undergoes 
some reorientation aa a result of an interaction with factor 
V on the surface of phospholipid particle thereby po- 
tentiating prothrombin activation or conversion by factor 
Xa. Kinetic data which in the past? have led to the 
opposite conclusion probably cannot be interpreted in 
terms of the usual simple enzyme-substrate relationships 
because of the additional variable of adsorption on to a hpid 
surface. Inasmuch as the interaction of factor Xa with 
phospholipid requires added caloium ions, and the inter- 
action of factor V with phospholipid apparently does nott, 
it would be reasonable to suppose that a different behaviour 
would be observed for V-lipid and Xa-calc1um-lipid 
complex formation regardless of which coagulation protein 
is the final activator of prothrombin. Further experiments 
concerning this phenomenon are currently being under- 
taken and will be published elsewhere. 

This work was supported by grants from the American 
Cancer Society and the Life Insurance Medical Research 
Fund. 
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Improved Erythropoietic Recovery in 
Lethally Irradiated Rats after Transfusion of 
Buffy Coat Cells from the Blood of Partially 

Shielded, Heavily Irradiated Donors 


Tms communication 18 & prelimmary one describing the 
advantageous effects of using buffy coat cells from blood of 
irradiated animals over normal bone marrow ım order to 
promote haemopoietic recovery in lethally irradiated rats. 

Because lethally wradiated rats show recovery in the 
bone marrow much earlier and to a considerably greater 
extent than in the spleen, it was felt that the method used 
for quantitating recovery should, in some way, incorporate 
a measure of cell proliferation in the bone marrow. {t was 
decided, therefore, to measure the output of the whole 
erythropoietic system in terms of the numbers of new 
erythrocytes, that 1s, reticulocytes, appearing in the 
circulation. 

It ıs well known that normal bone marrow cells are 
capable of promoting haemopoietic recovery in lethally 
radiated animals so that in order to assess the value of 
the prepared buffy coat transfusions a series of experiments 
was performed using the recovery produced by normal 
bone marrow transfusions as a baseline. Lewis rats of 
approximately 180 g body weight (male or female) were 
given 870 r. whole body y-irradiation from a source of 
cobalt-60 half a day before receiving the injection of bone 
marrow cells. The donor was a normal Lewis rat from which 
femoral marrow was removed and suspended in normal rat 
serum together with a small quantity of 2 per cent sodium 
citrate solution. The numbers of normal bone marrow 
cells injected into the irradiated animals lay between 
9x10? and 18x10". Sıx groups of twelve animals were 
investigated, each group covering a different part of this 
dose range. From the cighth day after the transfusion 
to about the twentieth day a red cell count and reticulo- 
cyte count were made on blood taken from a clean cut 
across the end of the rat’s tail. From these data, the 
average number of reticulocytes/ml. blood/bone marrow 
cell injected was calculated at various mtervals following 
the transfusion and, as this is an exponentially increasing 
figure, its logarithm has been taken and plotted against 
the day on which the observation was made (Fig. 1). 
It can be seen that, independent of the number of cells 
injected, at least over the range of 9 x 10° to 18 x 10® bone 
marrow cells, erythropoietic recovery can be quantitated 
linearly by the simple procedure of determining the 
degree of reticulocytosis. Further, having derived this 
baseline, it should be possible to evaluate the effectiveness 
of other erythropoietic stem cell-bearing inocula by 
comparison with the erythropoietic recovery produced by 
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Fig. 2. Degree of reticulocytosis following the transfusion of b coat 
zelis from the blood of irradiated rate to lethally irradiated sre The 
bone marrow baseline curve of Fig. 11s shown on the graph for comparison, 


the stem cells ın normal bone marrow. The full experi- 
mental details of this method for quantitating erythroid 
recovery will be described separately. 

From the work of Tyler (Caffrey) and Everett on para- 
biotic rats! it was clear that repopulation of the lethally 
irradiated marrow resulted from protected bone marrow 
cells travelling there by way of the cross circulation be- 
tween the parabionts. The following work, therefore, is 
an evaluation of the recovery produced by these circulating 
cells. Rats with both hind limbs shielded by 1 in. lead were 
given 870 r. whole body cobalt-60 y irradiation. Five and 
a half days later (this interval bemg chosen as the time 
after which the lymphocytes and granulocytes started re- 
covering), blood was taken from them by cardiac puncture. 
The red cells were removed by sedimentation with a 6 per 
cent solution of bovine fibrinogen and the remaining white 
cella were washed and resuspended in serum. These cells 
were injected into further lethally wradiated rats in the 
dose range 4,500 to 30,000 cells in several series of experi- 
ments and recovery measured as before. The results are 
shown in Fig. 2. 

The fact that the buffy coat recovery curve lies parallel 
to that of the bone marrow shows that proliferation of the 
cells responsible for recovery is, in both cases, the same 
and it is probable, therefore, that there are cells in the 
buffy coat which are identical to the “stem cella” in the 
marrow. Also, from the separation of the two curves, ıt 
ean be seen that the buffy coat is approximately 9-10 
times richer in these stem cells than in the bone marrow. 

Trobaugh and Lewis* have reported that normal buffy 
coat is about 100 times less rich m stem cells than normal 
bone marrow and certainly, in these present experiments, 
measurable recovery following transfusion of normal 
buffy coat has rarely been obtained because with the cell 
numbers used (up to 400 thousand) death has usually 
occurred at an early stago. It is clear, therefore, that buffy 
coat from partially irradiated animals is very much richer 
in erythropoietic stem cells than either normal buffy coat 
or bone marrow. 

From this investigation, it is not yet possible to identify 
the cell type responsible for the recovery. By using buffy 
coat from irradiated animals it has been possible to reduce 
the lymphocyte content of the buffy coat moculum to very 
low values (less than 15 per cent of the normal level). At 
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the same time, the monocytoid cells as defined by Tyler 
(Caffrey) and Everett can be increased to more than 50 per 
cent of the buffy coat population. These workers followed 
the monocytoid cells marked with tritiated thymidine from 
the buffy coat of the partially shielded parabiont to the 
marrow of its lethally irradiated partner, and later found 
label in recognizable erythroid precursors. ‘Thus, while 
these experiments do not identify the stem cell, they do 
support the thesis of Tyler (Caffrey) and Everett which 
suggests that some part of the monocytoid group of cells 
is responsible for erythroid recovery. In addition, they 
show that the buffy coat from partially irradiated animals 
is a very rich source of stem cells. 

This research was supported by the US Atomic Energy 
Commission. I thank Mrs Gay Anderson for technical 
assistance. 

Baian I. LORD 
Department of Biological Structure, 
University of Washington, 
Seattle, Washington. 
Received November 2; revised December 19, 1966. 
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PATHOLOGY 


Tonsillar Carcinoma in Rural Dogs 


ACCORDING to several reports, the prevalence of tonsillar 
carcinoma among dogs in London and Philadelphia is 
relatively high. Because the prevalence in a rural 
population was never available for comparison, it was 
only speculation that the rate was higher for urban than 
for rural dogs. Carcinoma of the tonsil was the most 
common oral-pharyngeal tumour in both London and 
Philadelphia dogs. Withers* estimated that the preval- 
ence of tonsillar carcinoma in London dogs was 12 per 
10,000. The prevalence was 9-1 per 10,000 in the Phila- 
delphia study*. It has been proposed that an increased 
prevalence of carcmoma of the tonsil may be due to the 
presence of carcinogenic substances in the atmosphere of 
industrialized cities'. 

The Washington State University Veterinary Hospital 
serves a predominantly agricultural area, and less than 
5 per cent of the canine hospital population is referred 
from industrialized areas. The breed, sex and age distri- 
butions of this population were not markedly different 
from the Philadelphia population (see Table 1). The 
number of rural dogs examined at the Washington State 
Vetermary Hospital during the period from June 1955 to 
June 1966 was estimated at 19,500. If the prevalence of 
tonsillar carcinoma in this population had been the same 
as observed in Philadelphia (9-1 per 10,000), 17-7 cases of 
carcinoma of the tonsil would have been expected. Car- 
cinoma, of the tonsil was observed in only two dogs during 
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this period, however, and both of them ped been. referred 
from large, industriahzed cities. 

The absence of carcinoma of the tonsil in the rural 
canine population of Eastern Washington supports the 
views of Cotchin and Brodey that the prevalence in city 
dogs is considerably higher. The relationship of carcino- 
genic air pollutants to carcinoma of the tonsil in dogs 
should, then, receive more attention. 


W. L. RAGLAND, ITI* 
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Effect of Methotrexate on NAD Kinase 
Activity in Leukaemic Mice 


In the course of treatment of leukaemia L1210 in mice using 
an antifolate compound, methotrexate (MTX), the leukae- 
mic cells are affected early during treatment and later, 
while becoming resistant', show impaired retention and 
decreased permeability to the drug*“. Some antifolate- 
resistant sub-lines of leukaemia £1210 have substantial 
dihydrofolate reductase (1.5.1.3) (DHR) activities*-’ and 
uso NADPH to reduce folate to tetrahydrofolate®’*. 
Some authors have therefore considered the possibility 
of using the level of DHR activity to measure the 
effectiveness of the action of a drug on MTX-resistant 
leukaemic cellst?-t1, The extent to which the capacities 
to synthesize NADP and NADPH are influenced by the 
antifolate treatment is, however, unknown. Waravdekar 
et al.4 reported that livers of mice bearing various trans- 
plantable tumours showed impaired capacities to synthe- 
size NAD. Furthermore, differences in the ratio of NAD 
to NADH, are known to reflect the extent of oxidative 
metabolism and reductive synthesis in the livers of differ- 
ent species's, In the present experiments, 
the effects of daily treatment with MTX on 
hepatic and splenic NAD kinase (2.7.1.23) 
were examined in mice implanted with 
leukaemia £1210. 

ODBA. male mice (20-25 g and 8-10 weeks 
old), fed ‘Purina’ laboratory chow and water 
ad lib., were inoculated with either leukaemia 
£1210 or with the MTX-resistant variant 
(F'E-8) of leukaemia £1210 (ref. 14). About 
6x 10° splenic cells of leukaamic ODBA 
donor mice were inoculated subcutaneously 
in the right inguinal region. Three days after 
inoculating the mice with the leukaemic 
cells, groups of leukaemic and normal mice 
were treated daily with 1:08 mg MTX/kg 
body weight. At intervals, eight mice in the 
various groups were killed and the livers 
and spleens of four mice were pooled in order 
to obtain two samples of the organs. Homo- 
genates (10 per cent liver and 20 per cent 
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spleen) were prepared in 0-25 molar sucrose. 8 


The enzyme synthesis of NADP was con- 
ducted using the method of Wang! with Fig. 1. 

slight modifications. [Duplicate incubation TABLO es 
mixtures for each sample contained ATP 
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(7 moles), NAD (4-2 pmoles), nicotinamide (100 pmoles 
and manganese chlomde (0-40 umoles) in 10 ml. o 
0-015 molar iris buffer (pH 7:5). After incubation» 
for 15 min at 37° C, the reaction was stopped by 
immersion in boiling water for 2-3 min. Fris buffer 
(25 mil. of a 0:05 molar solution) was added with 
mixing and the tubes were centrifuged. The supernatan 
fluids were decanted into cuvettes. NADP was estima 
from the increase in absorbance at 340 my after reductio 
of NADP in the presence of isocitric dehydrogenase an 
trisodium isocitrate. Specific activity, based on protein 
content as determined by the method of Lowry et al., 
varied within +5 per cent for duplicate determinations. 
The onzyme activities of the liver and spleen from leukae 
mic mice were expressed in terms of per cent activity, of™ 
non-leukaemic untreated controls, which varies less thans» 
+3 per cent during the course of the study. 

The NAD kinase activity of normal liver decreasedllll 
rapidly during treatment and, by the tenth day of therapy 
with MTX, the activity declined to 20 per cent of the» 
control value (Fig. 1). Further treatment with the drugma 
produced a striking mcrease in the enzyme activity. By 
the fifteenth day of therapy, the activity was approxim- 
ately 155 per cent of the activity in control mice. The 
response of hepatio NAD kinase activity of treated leukae- 
mic mice was similar except that about half the activity 
was lost after 1 day and, by the fifteenth day, the activity 
attained the level of the control activity. The untreated 
leukaemic mice and treated mice bearing the resistant 
sub-line died 9 days after inoculation of leukaemic cells. 

The presence of leukaemia £1210 in untreated mice» 
produced little effect on the hepatic NAD kinase activity. 
On the other hand, major changes were found after inocu- 
lating the MTX-resistant variant (FR-8) of leukaemia 
£1210 into normal mice. The activity declined to about 
half the control activity by the fifth day after inocula- 
tion and, by the eighth day, the activity increased to» 
157 per cent of the control value. This fluctuation in 
activity resembled that found in the livers of normal 
mice during treatment for 15 days. 

The splenic kinase activity in untreated leukaemic mice 
sensitive to treatment was 160 per cent on the fourth 
day after inoculation of the tumour. 3 days later the 
activity decreased sharply to 25 per cent and rose to 
75 per cent on the eighth day after inoculation (Fig. 2). 
The splenic kinase activity in untreated leukaemic mice 
bearing the resistant sub-line decreased to 80 per cent 
on the seventh day from a maximum of 130 per cent on 
the fourth day after inoculation, and again attained 
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30 per cent before the animals died. The splenic activi- 
WMKes of both leukaemic and normal mice decreased during 
wmroatment from 60 per cent to minima of 10 and 20 per 

«ent respectively, compared with the activity of the 
«on-leukaemic untreated control, and attained about 

0-70 per cent at the fifteenth day of treatment. 

Thus, metabolic changes were found in the hepatio 
«TAD kinase activity of the host during treatment. As the 
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Fig. 2. Splenic NAD kinase activity in normal and leukaemic mice. ©, Untreated, 


£1210 sensitive; x, untreated, FR-8 resistant; A, treated, normal: 
51210 sensitave. Control value for spleen of untreated normal mice: 0 
NADP asynthesized/h/mg protein. 


tuctuations in enzyme activities were similar both in 
aormal mice and in the untreated leukaemic mice bearmg 
=, resistant sub-line of leukaemia £1210, the effects of 
+reatment are significant even in the absence of leukaemic 
~wells. The rebounding of the NAD kinase activity may be 
‘elated to the onset of resistance to therapy. Further 
studies on enzyme activities during the course of treatment 
«nay indicate the usefulness of interrupted therapy in 
order to prevent the leukaemic cells from becoming 
wcefractory. 
This work was supported by the U8 Public Health 
“Service. 
R. M. MAATRE 
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V. 8. WABAVDEKAR 
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Concentration of Certain Myxoviruses with 
Polyethylene Glycol 


Tas concentration of animal viruses in two-phase polymer 
systems was originally described by Wesslen, Albertsson. 
and Philipson!, and later by Albertsson? alone. Successful 
large-scale concentration of picorna animal 
viruses and several plant viruses? has been 
achieved using systems containing poly- 
ethylene glycol 6,000 (PEG) and dextran, 
or PEG and dextran sulphate. Concentra- 
tion of myxoviruses by this method 1s 
complicated by the tendency of these viruses 
to collect at the interface of the two phases 
(refs. 1 and 2 and Norrby, E., personal com- 
munication, 1966) instead of in the smaller 
phase. Leberman‘ recently described the 
precipitation of two plant viruses and a 
bacteriophage using PEG alone. The pre- 
cipitation occurred at sodium chloride con- 
centrations of up to 0-9 molar, and was 
related to the pH of the suspendmg buffer. 
We have applied this method to several 
viruses of the myxovirus group. 
Table 1 shows the viruses used, the method 
of propagation and means of assay. These 
viruses were precipitated from suspension 


12 14 16 in balanced salt solutions by mixing with 


PEG at pH 7-4, the amount of viral activity 
removed from suspension being proportional 
@, treated, to the amount of PEG in the mixture up 


trea 
68 moles to an optimum level of 7-5 per cent. In- 


creasing the sodium chloride content above 
physiological normal concentrations reduced 
the efficiency of separation. 

In the experiments shown in Table 2, the mixtures were 
allowed to stand at 4° © for 1 h and the floceulant precipi- 
tate was collected by centrifugation at 3,500-4,500g for 
30 min. The pellet was resuspended in a reduced volume of 
phosphate-buffered saline. 

In all experiments, concentration was achieved with 
complete quantitative recovery of viral activity, measured 
by both infectivity and haemagglutination. The apparent 
overall increases in the titres of influenza virus obtained 
with material grown in eggs were attributed to dis- 
aggregation of agglutinated virus particles. Electron 
micrographs of concentrated suspensions revealed no 
structural damage to virus particles. Precipitation of 


Table 1. METHODS OF PROPAGATION AND ASSAY OF VIRUSES INVESTIGATED 


Virus Culture system Assay system 
Influenza A,/Eng/66 Allantols of fertile eggs HA,chick erythrocytes, 
Infestivity ın fertile 
Rolled pst on HE cmok erythrooytes, 
secondary ey eotivity in primary 
cells, calf kidney call oul- 
Influenza B/Eng/66 Allantois of fertile eggs HA, chick erythrocytes, 
Infectivity in fertile 
Rolled cultures of chick erythrocytes, 
socondary calf kidney Infoestimty in primary 
ocells, calf kidney coll cul- 
tures, 
Respiratory syncytial Primary cultures of & Infectivity ın primary 
Beckenham isolato patat monkey kidne: E. poe moonkeykidney 
ge ; cells, 7 cell cultures 
Simian virus 5 Primary cultures of HA, guinea-pig ery- 
(Laboratory isolate) calf kidney cells. 


Infeotrvity in primary 
calf kidney ce! 


tures. 

Bovine paralnfiuenza 8 Primary cultures of calf HA, ahi 

(Frant strain) kidney cells. eah la pris 
calf kidney oell cul- 
tures. 


Rubella Suspended cultures of Interference assay in 

(Strain HPV 77) BHE 21 cella, E. monkey kadney 
cell cultures, with 36 
virus challenge. 


HA, haemaggiutination, 
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Table 2, CONOGMNTRATION OF ORRTAIN MYXOVIRUSES WITH POLYETHYLENE 
GLYOOL 


Tiferanity 
HA/0 26 ml. Logu TOT w/ Concentration factors 


Virus Pre Post Pre Post Volume HA Infectivity 
Tafluensa A 32 2,048 525 675 x 50 x 64 x 56 
(Allantoie fud) 

Influenza A 612 475 675 x 85 x 64 x 100 
(Tissue culture fluid) 

Influensa B 80 2,660 70 875 x 88 x 82 x 56 
(Allantoie fluid) 

Influenza B 5,120 60 TI x 50 x 40 x 56 
(Tissue culture find) 

Respirato: - ~ 28 412 x 67 - x 63 
Bynoytial wird 

Simian virus b 82 2,048 575 75 x64 x64 x 56 
Bovine para- 

influenza-8 128 8,192 70 876 x64 x64 x 56 
Rubella - - 55 70 x 50 - x 82 


residual cell debris also occurred during the process, and a 
further stage of purification might be desirable before the 
concentrates would be suitable for use as vaccine. The 
considerable reduction in volume obtamed. simplifies the 
operation of additional procedures such as ultracentrifuga- 
tion, gel filtration, column chromatography or solvent 
extraction inactivation. 

An important factor is that PEG precipitation occurs at 
neutral pH in physiologically normal solutions, and the 
process is thus particularly suitable for viruses of poor 
stability. The method has a direct application to respire- 
tory syncytial virus, for which a vaccine of adequate 
antigenic strength is being actively sought, and to the 
preparation of diagnostic reagents for rubella virus. 

A. D. KANAREK 
G. W. TRIBE 
Wellcome Research Laboratories, 
Beckenham, Kent. 
Received April 18, 1987. 
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CYTOLOGY 


Cytoplasmic DNA-containing Bodies and 
the Inheritance of Certain Cytoplasmically 
Determined Characters in Amoeba 
Tue results of experiments involving the transfer of 
nuclei or of small quantities of cytoplasm between cells of 
Amoeba proteus and Amoeba dtacotdes indicate that certain 
collular properties, including nuclear diameter and sensi- 
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tivity to streptomycin, are influenced by self-replicati nya, 
hereditary determinants in the cytoplasm of both species!“ 

In cells of the A. discotdes strain (mD), but not in cells os 
the A. proteus strain (mP) used in these experiments 
cytoplasmically located DNA- and RNA-containmg bodie 

of the type described by Rabinovitch, Wolstenholme anase 
Plaut?*+° have been found’. 

We have tried to determme whether or not the DNA 
contaiming bodies in A. discotdes are concerned with th 
hereditary determinants attributed to the cytoplasm om 
this species. Separate cultures of cells of each of the 
original strains of A. proteus (mP) and A. dsscotde 
(mD)1-*, of the hetero-transfer strains resulting from the 
nuclear transfer experiments®*, and of the ‘‘injected’ 
clones?-4 were grown in parallel 11 modified Chalkley’s 
medium’ and fed daily on Tetrahymena pyrtformise— 
After 2 days of starvation amoebae were centrifuged a 
10,000g for 20 min, fixed and flattened in 45 per cen 
acetic acid, digested in ribonuclease and stained witl 
acridine orange’. At least twenty-five cells of each 
strain were examined ın the fluorescence microscope foi 
the presence or absence of yellowish-green bodies (0-5-0-8u 
in the cytoplasm in the region of the nucleus. DNase 
digestion or treatment of some of the cells with houma 
trichloroacetic acid, together with the corresponding 
controls’, were used to ascertain that the yellowish-greer 
fluorescence of the bodies indicates DNA. 

The data are given in Table 1. The values for the mea: 
nuclear diameter and sensitivity to streptomycin of cell: 
of each strain are those presented and discussed earlier 
and shown to be characteristic of either the original A 
proteus or A. discotdes*. These values were obtained ir 
1962. Four months before the strains were examined fowm 
the presence of cytoplasmic DNA-containing bodies, in 
1966, the mean nuclear diameter and sensitivity to strepto 
mycin of each strain were again determined. No significant 
differences from the original results were found. Also, 
regular examination of the original A. proteus and A. 
discotdes and the heterotransfer strains has revealed no» 
changes in mean nuclear diameter and sensitivity to 
streptomycin over 15 and 6 years respectively. There 
seems no reason to doubt, therefore, that at the time the 
cells were examined for the presence of cytoplasmic DNA- 
containing bodies the values for mean nuclear diameter 
and sensitivity to streptomycin of each strain were essen- 
tially the same as those shown in Table 1. 

As has been noted‘, changes in sensitivity to strepto- 
mycin and ın mean nuclear diameter can be brought 
about independently of each other by injection of cyto- 
plasm. The present resulta reveal that bodies can be 
transferred into body-free cytoplasm by injection, but 
that such transfers are not necessarily correlated with 


Table 1 MHAN NUCLEAR DIAMETER, SENSITIVITY TO STREPTOMYOIN AND THE PRESHNOE OR ABSENOB OF OYTOPLASMIO DNA-OONTAINING BODIES IN THE 
DIFVREENT STRAINS OF AMORBAE 


Presence or absenoe of 


Stram* Clone Btreptomyoin sensitivity t Mean nuclear diameter cytoplasmic DNA- 

in u + standard error containing bodies 
A proteus (TIP) 100 47 84+ 0-62 = 
A. discoudes (mD) 54 89-56 + 0 88 + 
Dent D382 60 (D) 89 40 + 0-48 (D) t + 
O16 69 (D) 48°00 + 0-15 + 
D7 77 (P) 48 17+ 0°37 - 
OL 54 45:42 + 0-68 = 
D2 62 46 20+ 0-80 } = 
O88 62 (D 48-70 + 0 68 = 
D27 69 (D 46°90 + 0-50 + 
yPo>mMD- Heterotransfer 61¢D 41 80 + 0-60 + 
*1Do—>T1P 6 Hoterotransfer bt 46 60 + 0-59 (P) + 
(11Do—>t,. Pe) nP F7 92 (P 44 40+ 0°58 (D) - 
F18 96 (P 45 00 + 0°00 (P oe 
F19 88 (P 47-00 + 0-90 - 
(TiD >ti Pooti P Ha 58 (D 47-00 +034 - 
E8 65 (D 47-70 £0 60 ae 
B17 54 48:90 + 0 60 (D) + 


> The notations are the same as those used before‘; P and D indicate proteus and drseoides spect 


8 


tively; suffixes n and o denote nuclous and 


respec 
cytoplasm respectively. The prefix aes the strain origin. The arrows indicate trensfer as in TIDe—>1P, for example, which indicates the injection of 


dtscovdss cytoplasm into a proteus 


mean generation time in streptomycin (8-6 x 10~ mg/ml.) 





t Expressed as mean generation time in normal medimm 


> and results given on the basis of the most sensitive, TIP «100. 


t The aimflarity to elther 4. proteus (P) or A. discoudss (D) as concluded from a previous discussion of these results in referenco 4, 
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iahanges in either sensitivity to streptomyein or mean 
clear diameter of the recipient cells. These data iidicate, 
erefore, that the cytoplasmic factors which influence 
nsitivity to streptomycin and nuclear diameter of A. 
coides, like the corresponding cytoplasmic factors of 
“proteus®, must be contained in a form other than the 
NA-containing bodies considered. 

‘The finding that the DNA-containing bodies are self- 
plicating within the cytoplasm of amoeba’ together 
th the indication that they are not essential entities 
of the amoeba’ has been offered as evidence that the bodies 
re endosymbionts rather than entities originating from 
he nucleus of the amoeba. This hypothesis is further 
upported by the present finding that the bodies can be 
ansferred and established (the amoebae examined were 
éparated by at least ninety cell divisions from the original 
jected cells) by injection into cytoplasm not originally 
containing them. 

One of the heterotransfer strains, qDr—>tnPo, appears to 
ave obtained bodies as the result of receiving a nucleus 
roma body-containing donor. In view of the above 
indings it seems more likely that these bodies originated 
rom a cytoplasmic contamination of the nuclear mem- 
rane than from the nucleus itself. 
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Cytochemical Evidence for an Ultimobranchial 
; Origin of Rodent Thyroid C Cells 


Tue cells referred to in this communication were called 
parafollicular cells by Nonidez! in dog thyroid. The 
name was afterwards transferred to cells staining in a 
“similar manner in other species, irrespective of their 
anatomical position. It was condemned by Stux et al.? 
“as inaccurate. They substituted the name light cell 
“because, in rat thyroid, the cells are not stained by the 
“periodic acid-Schiff (PAS) method by comparison with 
the colloid granules of the acinar cells. The name C cell? 
“was intended to refer to their responsibility for calcitonin 
“secretion, as indicated by cytochemical tests and by 
immunofluorescencet. It avoids reference to the staining 
qualities of the cells and to their precise localization, and 
_ for this reason it can be applied to all species and to organs 
and tissues other than the thyroid. Not only are the 
cells not parafollicular, they are not confined to the 
thyroid’ and in some species are probably mainly extra- 
thyroid. 
. > Uptake of injected 5-hydroxytryptophan (5-HTP) by 
mouse thyroid parafollicular (C) cells was described by 
-Ritzen et al. and by Gershon and Ross’, using autoradio- 
graphy and tritiated 5-HTP. The same facility was 
“demonstrated for both deg and mouse thyroid C cells by 
+ Pearse*”, using the fluorescent amine technique’, and 
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by Pearse and Ocumpaugh”, using autoradiography and 
tritiated 5-HTP. Larsen et al. later showed that dop- 
amine and 1-dihydroxyphenylalanine (L-DOPA) were 
taken up by mouse thyroid parafollicular (C) cells. The- 
second compound is decarboxylated to the amine, as is 
5-HTP to 5-hydroxytryptamine (5-HT). Both amines 
can be demonstrated by the fluorescence technique. 

Taking advantage of the fact that both 5-HTP and 
L-DOPA cross the placenta freely, we injected either 
5-HTP (25 mg/kg) or L-DOPA (100 mg/kg) into pregnant 
female mice and rats at the eleventh, twelfth, fourteenth, 
fifteenth, sixteenth, seventeenth, eighteenth and twen- 
tieth days of gestation. Adult and newborn male and 
female mice and rats were also injected. The animals 
were killed after 4 h (5-HTP) or 30 min (L-DOPA). In 
each case, uninjected controls were carried through the 
procedure in parallel. The thyroids of the adult and new- 
born animals, and the whole or the upper half of the.” 
embryos, were quenched in ‘Freon 12’ cooled to ~— 150° C: 
with liquid nitrogen. They were then dried overnight at. 

— 40° C in a thermoelectric freeze-dryer before treatment 
with formaldehyde vapour for 2 h at 60° C and 28 per. 
cent humidity. After embedding in 58° paraffin wax, 
5u sections of the thyroids of the adult and newborn 
animals were examined by fluorescence microscopy. The 
freeze-dried embryos were cut in serial 5u sections, alter- 
natively for fluorescent microscopy and for staining by 
the PAS method. The latter stains thyroid colloid deep. 
red. After examination under photomicrography and 
ultra-violet light the unstained sections were stained with“ 
toluidine blue (1 per cent in 60 per cent ethanol) or with 
‘Astrablau’ (0-1 per cent at pH 0-2). 

We found, in the uninjected animals, two structures 
which showed specifie fluorescence. These were adrenergic 
nerves (green) and mast cells (yellow). In the thyroids 
of treated adult and newborn rats the C cells showed. 
brilliant fluorescence, green after L-DOPA and yellow. 
after 5-HTP. In the treated embryos uptake of amine. 
precursor was observed in the developing sympathetic © 
ganglia, but these, and their accompanying nerves, were: 
easily recognized. In earlier studies (unpublished) the 
developing thyroid gland was traced from its origin asa- 
mid-line pharyngeal pouch, through its progressive stages 
as a mid-line organ spreading laterally and backwards. 
At no time in these early stages of development, or from | 
the eleventh to the sixteenth day in this experiment, 
could we detect any fluorescent cells in the substance: of. 
the thyroid. On the twelfth day, however, we first: 
detected one of the pharyngeal pouches (tentatively 
identified as the fourth) which by the fourteenth day had 
divided into two distinct parts, dorsal (parathyroid: 
fourth) and ventral (ultimobranchial body). 
twelfth day brightly fluorescent cells were present in the’ 
ventral part of the fourth pouch and these were even 
more notable on the fourteenth day. We regarded these: 
cells as C cells from the time of their earliest appearance, 
sinee they could be traced through successive stages to 
the definitive thyroid C cells of the later stages of 
development. 

Afterwards, from the sixteenth day onwards, the 
dorsal and ventral parts of the fourth pouch joined the 
lateral wing of the thyroid. The dorsal part was clearly 
distinguishable as the internal parathyroid (Fig. 1, P). 
The ultimobranchial contribution consisted of cords of 
cells, with small developing vesicles but lacking PAS- 
positive colloid. They could thus be recognized in the 
preparations stained with PAS by virtue of their lack of 
staining (Fig. 1, UB). Under the fluorescence microscope 
the fluorescent C cells were clearly associated with these 
cords (Fig. 2, UB); indeed they appeared to be the | 
predominant cell. From the eighteenth day onward they 
were observed to move into the thyroid proper until the 
stage at which it became impossible to identify thyriod 
and ventral fourth pouch as distinct entities. No 
fluorescent C cells were found in parathyroid fourth. 





On the s 
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Our findings are reflected in the structure of the adult 
rodent thyroid gland where the C cells, demonstrated by 
fluorescence or other methods, are mainly confined to the 
dorsomedial portion of the gland, surrounding the region 
of the internal parathyroid. In dog and rabbit, cholin- 
esterase-positive C cells are found in the dorsomedial 
thyroid and also in the internal parathyroid®. 

The ultimobranchial bodies are, by definition, structures 
derived from the last pair of pharyngeal pouches and the 
origin of the latter is variable in different genera. The 
ultimobranchial bodies may derive from the third pouch 
in rats™, or from the fourth pouch in many mammals", 
the sixth pouch in birds", or at the level of the sixth pouch 
in amphibians'’. The ultimobranchial bodies are present 
in all orders of vertebrates except the cyclostomes. An 
older opinion, first voiced by Born", Kastchenko™, and 
Zuckerkandl**, that in mammals the ultimobranchial 
bodies participate in the formation of the thyroid as 
“lateral thyroid” components, has recently been 
revived"!;*?, 

The ultimobranchial origin of the parafollicular O cells 
was suggested by Godwin* in his classical paper on dog 
thyroid. In this he used the term “gray cells”, referring 
to their appearance when stained with haematoxylin and 
eosin, but expressly identified them with Nonidez! para- 
follicular cells. More recently Tashiro** has similarly 
suggested that the parafollicular cells and the epithelial 
cells of the ultimobranchial cyst have a common origin. 

Autoradiographie studies with iodine-131, carried out 
by Sehe**, by Saxén and Toinoven**, and by Gorbman®’, 
have shown that the ultimobranchial bodies do not store 
iodine. After reviewing the literature Sehe*® concluded 
that the ultimobranchial bodies had no endocrine impor- 
tance because they did not metabolize and store iodine, 
they did not hypertrophy after thyroidectomy, and they 
remained unchanged after hypophysectomy. 

We consider, on the other hand, that the fluorescent 
amine-storing C cells of the rodent thyroid, which from 
the twelfth day of embryonic life are demonstrably derived 
from the ultimobranchial bodies, are the counterparts of 
the same cells in the dog and pig thyroid. These have 
been shown to be the source of calcitonin**. The first to 
the tenth days of development are not covered by our 
experiments. It is still possible, therefore, that the 
primary origin of the fluorescent C cells is outside the 
pharyngeal pouches. 

Our findings confirm the ultimobranchial origin of the 
parafollicular C cells proposed by Godwin™ and Tashiro**. 





Freeze-dried. 


Injected with L-DOPA. 
Stained with PAS and haematoxylin. 
Section shows the region of the developing lateral wing of the thyroid 


Fig. 1. Mouse embryo, 16 days. 
Fixed in formaldehyde vapour. 


rathyroid IV (P), trachea (T'R) and oesophagus (0). The 
timobranchial origin (UB), which lack PAS-positive colloid, 
embrace the parathyroid. (x 100.) 


(T), with 
cords of 
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Fig. 2. 
These are contined to the cords of thyroid tissue which are of ultimo- 


As Fig. 1. Specific dopamine fluorescence shows up the C cells. 


branchial origin. (x 100.) 


From other work, referred to in this paper, the C cells 
have been established as an endocrine system of great 
importance in calcium metabolism and growth. The 
precise localization of the system in different animals willl 
depend on the ultimate fate of the ultimobranchial bodies. 
A. G. E. PEARSE 
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Mast Cell Proliferation in Adult Mice 


ANIMALS given injections of tritiated thymidine to label 
deoxyribonucleic acid (DNA) have shown a very small 
percentage of labelled mast cells when killed after intervals 
of 0-5 h to 21 days'-*, and Allen* has suggested that in 
rats aged 10-120 days proliferation of mast cells is in- 
versely related to age. Single injections of tritiated 
thymidine indicate the proportion of cells synthesizing 
DNA, but continuous infusion of the labelled thymidine 
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: os direct information about cell turnover, and 
lts are presented here of the first application of this 
ique to the investigation of mast cells. 

ult male inbred C3M mice in individual restraining 
ges were each given a continuous infusion by a method 
previously used for rats’. Eight mice were used: five 
aged 3 months and of mean weight 22 g (Nos. 1 and 
sed for 24 h and Nos. 3, 4 and 5 for 48 h) and re 
aged 5 months and of mean weight 30 g (Nos. 6, 
infused for 48 h). Each mouse received 1 pe. of 
ted thymidine (specific activity 5-0 e. /mmole)/g of 
weight/day, and each was killed at the end of its 
ion, when the ears and the anterior third of the 
were removed and fixed in formol-saline. Auto- 
graphs were prepared from 5u transverse sections 
uclear emulsion. Exposure time was 4 weeks in air 
at 0°—4° O, and the sections were stained with haematoxy- 
in and neutral red differentiated in 70 per cent ethyl 
alcohol to identify the mast cells*, Labelled and unlabelled 
mast cell nuclei were counted in three transverse sections 
_ of tongue and ear from each mouse. 











AN Table 1. MAST CELL COUNTS AND PERCENTAGE LABELLING IN MALE ADULT 
MICE GIVEN CONTINUOUS INFUSIONS OF TRITIATED THYMIDINE 








i Calculated 
louse Ag Mast celle Mast cells Length percentage 
j (months) in tongue in ear ofinfu- of mast cells 
Labelled Total Labelled Total sion (h) labelled/24 h 
8 13 695 2 861 24 1:26 
3 7 943 2 258 24 0-67 
3 19 691 5 282 48 1-16 
3 8 914 2 247 48 0-41 
3 18 669 7 214 48 1:23 
6 0 799 2 319 48 0-08 
5 3 894 1 356 48 015 
5 T7 676 1 193 48 0-43 


_ The results are shown in Table 1. The mean percentage 
labelling in the twenty-four sections of tongue was 1-25 per 
cent, as compared with 1-075 per cent in the twenty-four 
ear sections. As these percentages are similar, the tongue 
and ear counts were added together for each animal, and 
an estimate of mast cell labelling expressed as a per- 
centage/day has been calculated on the assumptions that 
he duration of DNA synthesis (5) is 8 h and G, (pre- 
mitotic gap) + M (duration of mitosis) is 2h. S, G, and 
M are not known for mast cells, but Cameron and Greu- 
_ lich’ have suggested that S may be a constant for somatic 
_ ells at body temperature, and the majority of the values 
@, + M in rodent cells are in the range 1-8 h (refs. 
: (2). The rate of labelling of cells which have not yet 
divided is half the rate of labelling of cells which 
are dividing, and so the cells labelled during the period 
& + G, + M = 10h ean be considered to take 5 h at the 
rate of labelling of dividing cells. It is thus possible to 
extrapolate the linear rate of labelling of dividing cells 
back to 0 per cent, as this point is G, + M — 5h after 
the beginning of the infusion, that is, 3 h 


Gases 





















efore the beginning of the infusion. The “effective’’ 

ngth of a 24 h infusion is thus 27 h, and for a 48 h 
infusion it is 51 h. These values have been used to cal- 
culate the estimates given in the final column of Table 1 

which have been used for the following statistical analysis. 
_ Comparison of the percentage labelling in the 3 month 
mice Nos. 3, 4 and 5 with that in the 5 month mice 
Nos. 6, 7 and 8 using the Student t test gives 0-10 > P > 
-05, but comparison of all the 3 month mice (Nos. 1--5) 
_ with the 5 month mice (Nos. 6-8) gives the following values 
_for percentage labelling of mast cell nuclei: for 3 month 
_Mice the mean value was 0-95 per cent/24 h (standard 
error 0-17); for 5 month mice the mean value was 0-22 per 
: ent/24b (standard error 0:11). The difference between 
the two. groups is significant (0-02 > P > 0-01). 

- Further consideration -of the actual counts given in 
ie 1 supports the assumption that 
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S (Gs + M) 
Seen ger 
is about 3 h. In the 3 month mice the mean percentage a 
labelling after 24 h of infusion (Nos. 1 and 2) is 1-08 per | 
cent and after 48 h of infusion (Nos. 3, 4 and 5) it ia 
1-98 per cent. The difference between these values is the 
percentage labelling in 24 h (= 0-9 per cent) and this eom- 
pares well with the estimated value of 0-95 per cent. The 
“effective” labelling time of a 24 h infusion can also be 
calculated from the 48 h and 24 h infusion figures as ae 













= 28-8h 


and this compares well with the estimated value of 2 
which suggests that the assumptions made conce 
the length of S and G, + M are approximately valid 
When. a mast cell synthesizes DNA it becomes lab 
and when it divides the result is two labelled mas 
with an increase of one in the total number of cel 
long as none is lost. If no cells are lost, the increase 
total number of mast cells is half the percenta 
labelling, that is, 0-47 per cent/day i in 8 month mic 
0-11 per cent/day in 5 month mice. The increase in body 
weight between 3 and 5 months is 0-6 per cent/day. on 
linear scale, but the rate of increase in body: weight 
diminishes with age’, so the increase in body weight 
in 3 month mice is more than 0-6 per cent and in 5 month 
mice is less than 0-6 per cent. The percentage increase in 
body weight is therefore about twice the calculated per-. 
centage increase in total number of mast cells. This 
strongly suggests that mast cells in the mature mouse do 
not have a “turnover” in the sense of discard and replace- 
ment, but that their rate of proliferation is directly related 
to the rate of increase in body weight. $ 
This work was supported by a grant from St Mary's 
Hospital Research Fund. : 
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RADIOBIOLOGY 





Gonad Dose in Male Mice after Incorporation! 
of Strontium-90 


QUANTITATIVE measurements of gonad dose are necessary 

if genetic effects induced by internal or external radiation 
are to be estimated. The recent development of thermos- 
luminescence dosimetry makes it possible to measure. 
doses in small, distinct zones of the body by miniature 
dosimeters. 

This report deals with the gonad dose of male mice 
its time course after incorporation of strontium-90, 
8-particles of strontium-90 have a maximum energy 
0-6 MeV, a mean energy of 0-2 MeV—and thus a ma: 
mum range in tissue of 2:25 mm—and a mean. rang 
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0-42. mm. The daughter product of  strontium-90, 
namely, yttrium-90 with a half life of 2-7 days, is normally 
in equilibrium with the parent isotope. The data for 
yttrium-90 are 2-2 MeV maximum and 0-0 MeV mean 
energy, which means a range of 12-2 mm and 3-7 mm 
respectively in tissue. Taking into account the size of a 
small laboratory animal like the mouse, the gonad dose 
may be composed of radiation emitted (a) from strontium- 
90 deposited in the gonads, (6) from yttrium-90 deposited 
by a separate pathway in the gonads, (e) from other 
deposits of the body, especially from the skeleton. 

In the case of (c) it must be considered that, although 
the 6-particles have ranges of up to 12 mm, these hard 
betas are only of importance when they are emitted from 
superficial zones of the bone. §-Particles of the inner part 
of bone are mainly lost because of self-absorption, 

A earrier-free isotonic solution of strontium-90 chloride 
was injected intraperitoneally into male hybrids of the 
mouse strains CH3 and 101 weighing 20-25 g. The 
activity was 1-5 ye./animal. After various intervals 
miniature dosimeters were sown into the scrotum of 
treated animals as well as in controls receiving isotonic 
sodium chloride solution. The dosimeters were small glass 
tubes. (length 6-8 mm, diameter 0-5 mm, with walls 
0l mm thick) filled with calcium fluoride (manganese 
activated). The measuring system applied has been 
deseribed by Adler’. The exposure time after injection 
ranged between 6 h and 5 days. During exposition the 
dosimeters were situated in the scrotum on the surface 
of the testicles in living animals. On comparing the 
doses obtained in this way with those measured in the 
inner part of a radioactive preparation of a testicle a dose 

“vate ratio of outside : inside of 0-45 was observed with 
strontium—yttrium-90 as well as with yttrium-90 alone. 
Tn another series of animals the specific activities of 
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Fig. 1, Course of dose rate with time in the gonad zone after injection of 
strontium-90. 
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Fig. 2. Time course of strontium content in the testes after injection of 
strontium-85. 
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Fig, 3. Time course of yttrium-90 activity in the testes. 
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Fig. 4. Activity in the skeleton after injection of strontium-90. 


strontium—yttrium-90 in skeleton and testes were meas- 
ured. To determine whether there was any difference in 
the metabolic behaviour of strontium and yttrium. 
the specific activity of the testes was also determined 
after injection of strontium-85 and yttrium-90 alone. 
The 8-emitters strontium-90 and yttrium-90 were measured 
with a methane flow counter, and strontium-85 with a 
scintillation erystal and multichannel analyser. ohn 

The course of dose rate with time in the gonad zone: 
after injection of strontium-90 is shown in Fig. 1. Com- 
pared with the time course of strontium content in. the 
testes (measured after injection of strontium-85, Fig. 2), 
this curve has a much flatter slope, similar to that of 
yttrium-90 activity in the testes (Fig. 3). After injection. 
of strontium-90, the activity in the skeleton, as shown in’ 
Fig. 4, exhibits an early small increase and then decreases. 
to about 55 per cent of the initial value. After the tenth 
day the strontium-90 content in the skeleton is practically. 
constant. The plotting of the curves of Figs. 1-4 in a 
normalized form (initial value, 100 per cent) shows, 
the direct coincidence of yttrium-90 activity with the dose. 
rate in the testes after injection of strontium-90, while 
the activity of strontium in the form of strontium-85—_ 
corresponding to injection of strontium-90 without. 
daughter—decreases very fast in this organ (Fig. 5)... 

The contributions to the gonad dose from the various 
deposits of strontium-90 and yttrium-90 respectively ean 
be calculated as follows. At a certain time after injection, 
when the activity ratios of the single components differ 
most, the animals are killed. The further course of activity - 
in the carcasses is then governed only by physical half- 
lives. A comparison of the time course of radioactivity 
with the dose rate in the living organism provides some 
information about the composition of the gonad dose, 

In our special case, two groups each consisting of 
four mice received 5 and 10 pe. of strontium-90/ 
animal respectively. On the eleventh day after injection. 
the animals were killed and stored for 4 weeks inca 
refrigerator. 
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During this time the yttrium-90 which was in excess 
f the equilibrium with strontium-90 decayed (Fig. 6). 
osimeters were sewed into the scrotum of injected mice 
aas well as in a number of inactive controls. Exposure 
ime was 12 days. The measured doses were 1:2+0-5 
ad in the animals given 5 uc. and 2-5+0-7 rad in the 
nimals given 10 uc. Controls reached 0-2+0-1 rad, 
and we had a dose rate of 0-8 mrad/uc./h as compared 
vith 6 mrad/uc./h total dose rate on the eleventh day 
© injection into living animals (Fig. 1). This remaining 
lose rate amounting to 13 per cent of the dose rate in the 
g animals at the same time evidently comes from a 
-lived source, namely, strontium-90. By examining 
oealization of the strontium it can be concluded that 
ays after injection the activity from strontium-90 
lone—deduced from  strontium-85—amounts to 9-5 
t cent of the yttrium-90 activity and the value for dose 
ate from the same day (Fig. 5). With the daughter 
isotope in equilibrium, however, strontium-90 must reach 
higher value of about 12 per cent in good agreement 
ith the measured 13 per cent. Obviously, irradiation 
m the skeleton is only of secondary importance in 
inexion with the gonad dose. 
The decrease in activity of yttrium-90 in the testes 
of the living animals is slower than expected if the physical 
ecay and a possible biological elimination are taken into 
account. It must be concluded, therefore, that yttrium 
moves into the gonads from other organs. Investiga- 
tions on this problem are in preparation, The question 
- is whether the yttrium- -90 which is currently generated 
by strontium-90 in the skeleton can be transferred to the 
_ testes.in considerable quantities. 
The intraperitonal injection of 1 uc. of strontium-90 
_ effects an initial dose rate of 60 mrad/h i in the gonad zone 
of the mouse as measured at the surface of the testes 
‘(inside the dose rate may reach twice the value men- 
- tioned here); the dose rate decreases with a half life of 
2-8 days. The gonad dose accumulated within 20 days 
may reach 5-2 rad/ue. Only about 12 per cent of this 
. dose is due to strontium-90 deposited in the gonads 
“themselves. The main part of the dose is induced by 
yttrium- 90 which is enriched in the gonads selectively. 
Earlier investigations of the metabolism of yttrium 
have shown an aceumulation of this element in the 
gonads*:*, Also in the combined system of strontium-90 
and yttrium-90 the specific metabolic behaviour of yttrium 
_ has to be considered. Our results may help to explain some 
observations of the mutagenic effects of incorporated 
_ strontium-90. Liiningt has determined the number of 
a intra-uterine lethal mutations in the offspring of male 
` mice after injection of strontium-90 and caesium-137. 
He compared the mutagenic effects based on supplied 
radioactivity. In the case of strontium-90 (18 p.c./animal) 
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he observed a distinct effect, unlike that for caesium-137. 
(18-38 ue./animal) which showed. no mutagenic reaction, 
Therefore he assumes that strontium-90 is made in the 
nucleoproteins of the germ cells as a metal ions. Jn 
an additional test with a few animals I observed that 
the injection of 1 ye. of caesium-137 induced an initial 
dose rate of only 3 mrad/h in the gonad zone of male mice. | 
This is twenty times less than the dose rate of Ipe. of | 
strontium-90 or yttrium-90. Even without considering | 
the biological elimination of caesium-137 one obtains 
within 20 days—the longest interval between injection 
and mating in Lining’s experiments—only a small 
fraction of the dose produced by strontium—yttrium-90. 
Thus the different genetic effects of both nuclides may be 
explained. 

[thank Dr H. Adler, Technische Hochschule München, 
for carrying out the first dose measurements. I also thank < 
Miss I. Zeller, Miss E. Niedling and Mr U. Linzner To 
technical assistance. : 
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Labelled Fluoroborate in the Stomach of Rats 
Frvoroporare labelled with fluorine-18 (KBYF,) has 
been used for detection of brain tumours by seanningt®, ©. 
Fluorine-18 has the advantage of a very short physical 
half life (1-87 h), which means that more radioactivity can. : 
be given for the same radiation dose to the body, so that 
count rate can be increased and statistical significance’. 
improved, Furthermore, it emits positrons so that coinci- 
dence counting and the positron camera? can be used.) 

The relative merits of various isotopes used for scanning 
have been compared on the basis of the statistical signifi- 
cance of the change in count rate over the target volume 
for a given radiation dose to the critical organ’. Two 
groups of isotopes are most suitable, low energy y-emitters 
and positron emitters. Of the positron emitters con- 
sidered, fluorine-18 as fluoroborate gave one of the highest 
values of the figure of merit. This calculation was based 
on uniform distribution of fluoroborate throughout the 
extracellular space. 

The distribution of fluoroborate has been investigated 
in rats’ and in mice and cats*. No specific localization | 
in any one organ was found; uptakes in stomach were not < 
given. The specific activity of the labelled fluoroborate 
was not stated in one paper*, In the others it was 180 uc./mg 
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Dose (per cent) 





100 200 300 
Min 
Fig.l. Uptake of labelled fluoroborate into stomach at different times 
afterintravenous injectionin rats. O, Carrier-free; +, carrier-free with 
previous injection of perchlorate; @, 0-5 mg of carrier/rat, with previous 
injection of perchlorate. The horizontal line shows the mean value for 
2-4 h for carrier free labelled Auoroborate with perchlorate. For dose 
eviculations uptake is assumed to increase linearly with time from 0-2 h. 


of fluoroborate? and 10 ue./mg'. Amounts of stable 
‘fluoroborate given to human subjects for scanning were 
about 0-1-0-3 mg/kg of body weight? and 0-3-0-4 mg/kg". 

In the present work distribution of labelled fluoroborate 
has been investigated in rats after intravenous injection 
and it has been found that uptake into the stomach can 
be as high as about 30 per cent of the injected dose with 
earrier-free fluoroborate. This may, however, be reduced 
by giving perchlorate or by addition of carrier. Uptake 
in subeutaneously transplanted tumours has also been 
measured. 

Carrier-free fluorine-18 was produced on the Medical 
Research Council cyclotron by alpha bombardment of 
water, and used to prepare labelled fluoroborate®. It 
was dissolved in saline and injected intravenously into 


; male rats weighing 155-280 g, Some rats were given an 
-intraperitoneal injection of 4-8 mg of perchlorate about: 
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20 min before the injection of labelled fuoroborate and 1 
some cases carrier fluoroborate was added. The rats were 
killed at intervals after injection and the organs were | 
removed and weighed. Radioactivities were measured, 
with a scintillation counter or a Geiger ring counte 
calibrated for sources of different volumes. 
used were two fibrosarcomata (RIB5 and SBS). 
were implanted subeutaneously in the flank as previously 
described’. me 

Concentrations of labelled fluoroborate in most organs: 
were similar to the average for the whole body, but with | 
much larger values for the stomach. The values for. 
uptake into the stomach are shown in Table 1 and Fig. 1. 
Perchlorate reduces this uptake, but addition of carrier äs. 
well does not reduce it further. Addition of carrier. 
fluoroborate without perchlorate also reduces uptake, but.’ 
rather large amounts are required to give the same 
reduction as is found with perchlorate. Thus, 2-3 mg of- 
carrier reduced the uptake at 1 h to about 60 per cent: 
of that for the carrier-free material, and 5 mg of carrier 
reduced it to about 30 per cent of the carrier-free value. 
The “carrier-free” material contained much less than: 
0-6 mg of carrier per rat. These last results are not. 
shown in detail because in this earlier series of experiments. 
the radioactive material contained some free fluoride 
and therefore resulted in a higher uptake into bone. 
and a lower uptake into the stomach; nevertheless they 
show the relative effect of addition of carrier. Later, when. 
the method of preparation was modified to eliminate 
labelled fluoride, the concentration of radioactivity in bone: 
was similar to that for other organs, and no increased. 
uptake other than that in the stomach was seen. ee 

Presumably fluoroborate is concentrated in the stomach 
in the same way as iodide. Thyroid uptake of fluoroborate 
has also been shown to be similar to that of iodide’. Fig. 2 
shows a picture, taken with a positron camera’, of a rat 
injected with labelled fluoroborate; the concentration. of 
the labelled material by the stomach is clearly seen. This 
is a convenient method for screening for high concentra- 
tion in a particular organ, and this is how the concentration 
in the stomach was first observed. 

The concentrations in tumour and brain and the ratio of 
concentrations in tumour and brain are also shown in 
Table 1. Perchlorate does not have any significant effect 
on these concentrations. The tumour/brain concentration | 
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Fig. 2. Positron camera picture of distribution of labelled flauoroborate in arat. (a) 8-11 min; (b) 1h; and (e) 2 hafterinjection. Concentration” 
of the labelled fluoroborate in the stomach can be seen. (The faint rectangular grid is Hoe the Sealine ee 
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É Table t i 
PARSE E “Stomach : Tumour i 
Hours after’: : : o Percentage er Brain, : ees 
Injection’. “No. of Percentage Percentage dose/z wall Percentage Percentage’ Tumour/brain | 
tata dose dose/g Percentage dose/g Noy. Type dose/g ss concentration 
dose/g total rallo 
 Carrler-free no 0-62 8 9-2 53 0-81 0-35 1 RIBS 0-044 B10 
_ | perchlorate 0-68 2 SBS1 0-044 es 
ee 1-0 3 18-5 5-6 0-62 0-38 2 RIBS 0-027 
4 Oe s + 
1-3-1-6 3 24-5 115 0-59 029 z spel 0084 
18-41 7 275 94 0-74 032 4 RIBS 0-083 
0-45 1 41 2-2 0-69 0-74 OR 
0-63 l 7-0 3-0 073 0-42 ne 0.088 
1-0 4 73 3-9 0-60 0-73 4 SBS1 0-087 
20-401 18 14-1 4-83 0-87 0-19 2 SBS1 O-022 
(8.D, 61) (S.D. 1-81) 0-38 12 RIBS 0-036 
0-50 6-2 15 1-40 0-40 T. -Ü 
1-0 2 9-4 4:3 0-81 0-55 aa 0.080 
0-43 RIBS 0-060 
2-0 3 15 3-8 0-84 0-62 1 RIBS MoL 
0-59 2 SBS1 0-088 


-* 05 mg/rat, that is about 2 mg/kg, 





_ Tatio is similar to that for other extracellular substances 
_ in the same tumour’. It can also be compared with a 
| ratio of 8-5-11-0 found by Entzian et al. for labelled 
_ fluoroborate in mice?. 


Table 2. RADIATION DOSES IN HUMAN SUBJECTS 
(Rada/mo. injected) 






Stomach* Average whole body + Gonads t 
O57 0-048 0-071 female 
0-060 male 


Stomach weight (wall plus contents) was assumed to he 400 g 

For uniform distribution throughout the body. 

penning ae distance from gonads to stomach to be 10 cm in females 
Ferm in males. 


'alues:for constants used in calculation: Ea = 0-265 MeV; K = 5-8 rfrac,/ 
“hat lcm; r= 4-56 om. Concentration in stomach is assumed to increase 
: linearly with time for 2 h and then to remain constant. 








| The expected radiation doses to human stomach and 
| gonads are given in Table 2. The effect of radiation from 
_ the stomach on the gonads has been allowed for, assuming 
a distance of 10 em from the centre of the stomach to 
_ the female gonads and 20 cm to the male gonads. Uptake 
radioactivity into the stomach was assumed to increase 
linearly with time up to 2 h and then to remain constant 
` (gee Fig. 1). The percentage dose at 2 h in human stomach 
‘after giving, for example, 500 mg of perchlorate was 
assumed to be the same as the mean value in rats given 
| 4:8 mg of perchlorate. 
< Some of the variation in percentage uptake in the rat 
„appears to be the result of variations in weight of stomach 
contents, because the coefficient of variation is only 
27 per cent for stomach concentration compared with 
_ 43 per cent for total uptake (Table 1). Thus, mean uptake 
in percentage dose is taken to correspond to an average 
value for the weight of the human stomach. 

_ For comparison of isotopes used for brain scanning an 

arbitrary limit of radiation dose was taken as 14 rads to 
the critical organ (as to the kidney from 2-5 me. of 
- arsenic-75), or 0-57 rads to the whole body (as from 300 ue. 
_ of albumin labelled with iodine-131)*. On the basis of the 
_ reported uniform distribution of labelled fluoroborate in 
the body it was caleulated that 12 mc. could be given, 
as this would give 0-57 rads to the whole body. This 
_Taust now be revised, however; the amount that will give 
_ 0-57 rads to the gonads is 8 me. This will give 4-69 rads 
_ to the stomach, which can also be compared with 1-8 rads 
to the upper gastrointestinal tract from 12 me. of 
"eTe, 
_ Peonclude that labelled fluoroborate is not quite such a 
favourable radioactive substance for brain scanning as it 
appeared to be, but it still compares well with other 
positron emitters. The A factor of 13-3 which I quoted 
earlier? should now be reduced to 10-9. This assumes 
that perchlorate will be given and will produce the same 
‘king of uptake into the stomach in humans as in rats. 
Possibly carrier-free labelled fluoroborate will be useful 
_ for stomach scanning. 
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BIOLOGY 


Mode of Action of Chloroquine on ce 
Plasmodium berghei and P. cynomolgi __ 


Tais communication describes an investigation of the 
effects of chloroquine treatment on the ultrastructure 
Plasmodium berghei in the mouse and rat, and of I 
cynomolgi in the rhesus monkey. Chloroquine was giver 
to the animals intraperitoneally in doses which produced 
a detectable reduction in parasitaemia on the day afte 
administration (50, 95 and 17-5 mg/kg respectively), — 
Blood samples were fixed for electron microscopy: (25 © 
per cent to 5 per cent glutaraldehyde followed. by 1 per 
cent osmic acid) before and after injection of the drug. ooo 
In the erythrocytes of untreated animals, trophozoites 

of P. berghei and P. cynomolgi showed peripherally dis- 
tributed malarial pigment, sometimes associated with 
partially digested haemoglobin, enclosed in vesicles 
bounded by membranes. Thirty to thirty-five minutes: 
after the administration of the drug, however, adjacent 
vesicles had begun to fuse and in some cases all had 
fused into one large vacuole, as previously described! * 
After 60-125 min, pigment vesicles and digestive vesicles. 

had coalesced to form one or two large vacuoles in each 
trophozoite (Fig. 1). These large vacuoles contained pig- 
ment and ribosomes presumably derived from the cyto- 
plasm of the parasite itself, and often less dense. materi 
which appeared to be partially digested cytoplasm, Ni 
change was detected in the nucleus”? even after 200 m 
In P. berghei in mice (Fig. la) there was some evidence 
damage to the cytoplasm outside the vacuole but in 
P. cynomolgt this could not be definitely distinguished. 


























936 


Mature merozoites, which contain no pigment, seemed 
unaffected by the drug. 

The giant vacuoles produced after treatment with 
chloroquine are very similar to the autophagic vesicles* 
or cytolysomes* which appear in mammalian tissues after 
various treatments. Similar large vacuoles are seen in 
Euglena’ after starvation. The formation of cytolysomes 
is generally regarded as a mechanism whereby a cell is 
enabled to feed on its own substance without damaging 
the rest of the cell’. In contrast, in drug-treated parasites, 
the cytolysome is eventually extruded* and much cyto- 
plasm must be lost. This may lead to the death of the cell. 
(Similar pigment changes, but developing more slowly, 
have been observed in the gametocytes’, which are less 
sensitive than trophozoites to the action of chloroquine.) 

The evidence suggests that treatment with chloroquine 
causes an increased “stickiness” of the membranes of 
digestive vesicles and pigment vesicles of the malaria 
trophozoite, leading to their fusion and to the formation 
of a cytolysome which ingests and digests the cytoplasm. 
This could be either a primary or a secondary effect 





Fig. 1. Electron micrographs (x 36,000) of intraerythrocytic tropho- 

zoltes of P. berghei and P. cynomolgi after treatment of the hosts with 

chloroquine. The double arrows Indicate the boundary of the parasite, 

and the single arrows show the boundary of the BL hae goed . a, P. 

berghei in the mouse, 60 min after drug treatment; b, P. berghei in the 

rat, 60 min after drug treatment; e, P. ceynomolgi in the rhesus monkey, 
125 min after drug treatment. 
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of the drug. Thus the formation of the eytolysome might 
be secondary to an effect on the nucleus**, because 
chloroquine inhibits DNA polymerase and RNA poly- 
merase in vitro, and interruption of the synthesis 
of messenger RNA and the consequent cessation of ribo- 
somal protein synthesis could lead to enhanced auto- 
phagie activity in the eytoplasm™. It would be difficult, 
however, to explain the insensitivity to chloroquine of 
exoerythrocytic stages of malaria parasites on this basis, 
because they resemble the endoerythrocytic stages in 
growing at a high rate and in rapidly synthesizing nuclear 
and cytoplasmic material. On the other hand, the exo- 
erythrocytic stage differs in that it does not metabolize 
haemoglobin"’, and this difference may explain its insensi- 
tivity to chloroquine. If that were the case, the plasmo- 
dicidal action of chloroquine would depend on the presence 
of haemoglobin metabolism, that is, the drug would act 
primarily on digestive vesicles and pigment vesicles. 

These vesicles are analogous to the secondary lyso- 
somes! of other cells (acid phosphatase, a characteristic 
lysosomal hydrolase, has been demonstrated in P. berghei) . 
It is known that chloroquine is taken up by mammalian 
lysosomes'* and stabilizes lysosomal membranes in vitro'*. 
Cortisone and promethazine, drugs which, like chloro- 
quine, stabilize lysosomal membranes, enhance the 
action of chloroquine against P. berghei, Our electron 
micrographs indicate that chloroquine labilizes rather 
than stabilizes the membranes of digestive vesicles and 
pigment vesicles of malaria parasites. This may be an 
effect of drug concentration. For example, at low concen- 
trations, chlorpromazine protects erythrocyte membranes 
against hypotonic haemolysis, but at concentrations 
above 10-* molar it is haemolytic’. The malaria parasites 
concentrate chloroquine from the plasma*®, and so the 
drug may labilize the membranes of their pigment vesicles 
and digestive vesicles. 

The changes in haemoglobin catabolism (absence of 
pigment, multiplication of food vacuoles) seen in chloro- 
quine-resistant P. berghei in the presence of drug* can be 
interpreted as manifestations of a change in the nature or 
function of the lysosome-like organelles. This may be 
a consequence or a cause of drug-resistance. 

We thank Dr A. C. Allison and Dr F. Hawking for 
advice. Miss L. Bottom and Mr R. Folwell gave invaluable 
technical assistance. The work was carried out with 
financial assistance from WHO. 
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Morphological Effects of Chloroquine on 
Plasmodium berghei in Mice 


In a previous communication! it was reported that the 
eantimalarial drug, chloroquine, becomes highly concen- 
trated in red blood cells containing the malarial parasite, 
Plasmodium berghei, through a mechanism of uptake 
which appears qualitatively distinct from that of un- 
infected red blood cells, plasma and host tissues. It 
was suggested that the ability of chloroquine to become 
selectively concentrated in the infected red cell con- 
stitutes the essential basis of its antimalarial activity. 
Because red blood cells parasitized by a strain of P. 
berghei resistant to chloroquine absorbed less than half 
the amount taken up by erythrocytes infected with the 
chloroquine-sensitive parent strain, the phenomenon of 
selective drug uptake may in part account for drug resist- 
ance. We report here observations on the sequential 
morphological changes produced by chloroquine in 
P. berghei in mice. Use of the same experimental model 
allows us to correlate changes in the structure of the 
parasite with changes in drug concentration in the para- 
sitized red cell and suggests a mechanism by which the 
drug becomes concentrated in the parasite. 

Mice were infected with the same chloroquine sensitive 
strain of P. berghei, using the method previously reported’. 
On the third day of infection, the mice were given a 
single intraperitoneal inoculation of chloroquine (40 
mg/kg). At time intervals up to 48 h thereafter, the mice 
were anaesthetized and peripheral blood smears were 
prepared from tail blood; blood samples were obtained by 
axillary artery section and allowed to clot. Small pieces 
of clot were fixed at 4° C, first for 1-5 h with 1-25 per cent 
glutaraldehyde solution in phosphate buffer (pH 7-4 and 
290 mosmoles), next for 1 h with 1 per cent osmium 
tetroxide in the same buffer and after alcohol dehydration 
embedded in an ‘Epon’—‘Araldite’ mixture. Sections 
were stained with either lead citrate or aqueous uranyl 
acetate before electron microscopy. 

The initial morphological effect of chloroquine therapy, 
detectable by light? and electron? microscopy, consists 
of a progressive aggregation of malarial pigment within 
the parasite. This is first detected within 30 min and is 
essentially complete 4 h after drug administration (Figs. 
la-c). There is a noticeable decline in the percentage of 
pigment-containing parasites 8 h after chloroquine admini- 
stration; 48 h after drug admini- 
stration virtually none of the 
parasites contains pigment. 

Electron microscopy of the un- 
treated parasite shows malaria pig- 
ment (haemozoin) in small vesicles 
limited by single unit membranes 
(Fig. 2a), which we designate the 
digestive vesicles. It has been 
postulated that digestion of red cell 
cytoplasm, after ingestion by the 
parasite, takes place in these 
vesicles*. After chloroquine admin- 
istration the pigment aggregation 
shown by light microscopy is 
resolved by the electron microscope 
as an accumulation of malaria 
pigment granules in large vesicles 
limited by single membranes (Figs. 
2b and 2c). Within 1 h of drug 
administration these newly formed 
large vesicles may also contain 
membrane bound inclusions of 
parasite cytoplasm, and within 
3-4 h small vesicles containing 
unidentified material. The vesicles a 
are similar to the autophagic Fig. 1. 
vesicles (lysosomes) which have 
been described in injured cells®+*. 





937 


No other changes involving the parasite nucleus, other 
organelles or cytoplasmic organization have been noted 
by electron microscopy during the first 3 h after therapy. 
Thereafter, however, a gradually increasing number of 
parasites are observed containing multiple inclusions 
of red cell cytoplasm limited by double membranes 
(Fig. 3a). Somewhat similar inclusions have been noted 
by Peters et al.? in chloroquine-resistant P. berghei. 
These structures superficially resemble the food vacuoles 
described by Rudzinska and Trager‘, but differ in that they 
are smaller and frequently have thickened, partially 
separated, or “blurred’’ limiting membranes; their 
contents are frequently of greater density than that of the 
surrounding red cell cytoplasm. Whether these evolve 
from a phagotrophic type of engulfing process‘, a chloro- 
quine-induced malfunction of the cytosomal feeding 
mechanism* or by some other means, is not clear at this 
time. Twenty-four hours after therapy, more than 70 
per cent of the parasites contain large numbers of these 
rounded structures; in some cases they are enclosed in 
larger vesicles (Fig. 3c). 

Cytoplasmic structures such as the ribosomes and 
endoplasmic reticulum are normal in appearance during 
the first 4 h after treatment. Afterwards, however, in 
some parasites Palade granules separate from the mem- 
branous component of the endoplasmie reticulum while 
the cytoplasm of many parasites becomes less electron 
dense; abnormal myelin figures appear with increasing 
frequency (Figs. 3a, b). Forty-eight hours after chloro- 
quine administration most parasites are in an advanced 
state of degeneration. 

The mechanism of antimalarial action of chloroquine is 
presently controversial. Extensive evidence has been 
accumulated which would suggest that this drug works 
primarily by inhibiting replication of parasite DNA’. 
Our findings and those of Warhurst et al.*, however, sug- 
gest that chloroquine may also have a more direct injurious 
action on malarial parasites. Our study shows, for ex- 
ample, that the earliest morphological change after expos- 
ing parasites to chloroquine is in those organelles where 
haemoglobin is presumed to undergo digestion (that is, 
the digestive vesicles). We have been able to detect such 
an effect (pigment aggregation) after administration of 
as little as a hundredth of the chloroquine dose used in 
these experiments. Moreover, there is a parallel between 
the progressive changes in these vesicles and the rise of 


1/2 hour 


Phase-contrast micrographs of unstained blood smears from mice infected with Plasmodium 
berghei ( x 1,800). Malaria pigment particles are (a) widely dispersed in untreated parasites, (b) appear 
somewhat coarser by 30 min after chloroquine treatment and (c) are usually completely aggregated by 


4 h after administration of this drug. 
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chloroquine concentration in parasitized red cells. Both 
processes reach a peak 4 h after drug administration. 
The subsequent decline of chloroquine concentration 
coincides with progressive cytoplasmic degenerative 
changes and disappearance of pigment containing 
vesicles?. 

Mackerras and Ercole!’ discovered that the anti- 
malarial drugs mepacrine (atabrine) and quinine affect 
malarial parasites only at stages in their life cycle when 
the parasites are actively metabolizing haemoglobin. 
The same applies to chloroquine which is generally con- 
ceded to affect the parasite in a manner similar to mepa- 





a 
Fig. 2. Electron micrographs of untreated and chloroquine treated P, 
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erine. Chloroquine (and more weakly quinine) has been 
found to bind to haematin (ferrihaemic acid), a known 
constituent of malaria pigment, which itself is believed 
to be an insoluble residue resulting from digestion of 
haemoglobin by the parasite. It has been postulated 


that production of excess amounts of haematin by the 
parasite might enable the parasite to resist the action of 
chloroquine" *, 

Our study, on the contrary, suggests that formation of 
haematin by the parasite may serve to concentrate the 
drug within the parasite, particularly in the digestive 
vesicles. 


Such an effect would account for the selective 





berghei (a) mouse red coll containing an untreated P. berghei ( x 20,000), 
Arrows show pigment-containing vesicles. (b) Parasite 30 min after chloroquine administration ( x 34,000), 
ment granules are present (arrows), and (c) a parasite 4 h after chlorot 
electron micrograph) contains clusters of pigment granules, portions o 


Enlarged vesicles with several pig- 


iine therapy. The large vesicle (shown on the upper left corner of the 
parasite cytoplasm and a filamentous component (arrow) ( x 20,000). 





Fig. 3. 


b é 


Electron micrographs of chloroquine treated P., berghei (a) 10 h after drug administration, A red blood cell with two parasites; the 


upper parasite contains several small (0-3-0-44), membrane-bound inclusions of varying electron density. A food vacuole is present near the 


centre of the parasite (arrow). 


A myelin figure is seen in the second parasite at the lower right portion of the micrograph ( x 20,500). (6) Another 


P. berghei 10 h after chloroquine therapy showing cytoplasmic disorganization; many ribosomes appear free; within the large myelin figure 


endoplasmic reticulum membranes are swollen and free of ribosomes. 


A portion of a large vesicle containing many pigment granules and 


cytoplasmic components is seen on the upper left (* 27,500). (c) 24 h after chloroquine, separations of the nuclear envelope membranes 
as well as numerous small vesicles (0-3-0-4) containing electron-dense material are seen within the cytoplasm of the parasite ( x 20,500). 
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arrihrocyiie ‘malarial para: 
que concentration mechanism 
os for chloroquine! as well as the 
ly selective morphological alterations of the digestive 
vesicles are readily explained by such a process. We have 
und: that chloroquine does not dissolve or bind to 
laria pigment in vitro, which suggests that chloroquine 
uld be concentrated only by parasites actively forming 
aria pigment. This would account for the inactivity 
hloroquine, mepacrine and quinine on mature gameto- 
ytes’’. Our hypothesis also clarifies the consistent. 
tion which has been observed between the degree of 
roquine resistance (and the accompanying resistance 
mepacrine and quinine) of various, independently 
sted, chloroquine-resistant strains of P. berghei and 
reduced formation of malaria pigment by such 
insi, as well as the reduced ability of such parasites 
concentrate chloroquine (Phifer, K. O., personal 
mmaunication, and ref. 1). 

We thank Jon Hagerty and Ben Dale for their assist- 
ce in carrying out these experiments. This work was 
pported by a contract to Biodynamics Research Cor- 
poration from the US Army Research Program on Malaria. 


Perer B. MACOMBER 
r HELMUTH NPRINZ 
partment of Experimental Pathology, 

alter Reed Army Institute of Research, 

hington. 





A. d. 
ynamics Research Corporation, 
hesda, Maryland. 


‘amber, P, B., O’Brien, R. L., 
1068). 


‘TousIMIS 


i and Hahn, F. E., Science, 152, 1374 
Thurston, J. P., Trans. Roy. Soc. Trop. Med. Hyg., 44, 703 (1951). 

ae P. B., Tousimis, A. J., and Spring, H., J. App. Phys., 85, 3088 
fiance, M. A., and Trager, W., 





J. Biophys. Biochem. Cytol., @, 103 


‘athology Symposium-~Lysosomes, Fed. Proc., 23, 1009 (1964). 

‘arhurst, D. C, and Hockley, D, J., preceding communication. 

Poters, W., Fletcher. K. A., and Staubli, W., Ann. Trop. Med. Parasitol., 
$9, 126 (1965). 

fee). M., Hepler, F. K., Huff, C. G., and Sprinz, H., J. Cell Biol. 28, 355 
ähn, F. E., O’Brien, R. L., Ciak, J., Allison, J. L., and Olenick, J. G., 
Military Medicine, 181 (Suppl. A 1071 (1966). 


kerras, M. J., and Ercole, Q. N., Trans. Roy. Soc. Trop. Med. Hyg., 42, 
443 (1940). 
EF. W., and Cantrell, W. F., J. Pharm, Exp. Therap., 148, 278 


hen, S. N., Phifer, K. O., and Yielding, K. L., 
Peters, W., Nature, 203, 1290 (1964). 

obs, R. L., J. Parasitol., 51, 481 (1965). 
ampson, P., Science, 148, 1240 (1965). 


Nature, 202, 805 (1964). 


Mechanism of Locust Jumping 


Y means of high-speed flash cinematography it has been 
hown that the acceleration period of the jumping locust 
the time taken to extend the metathoracic legs at 
eir tibio-femoral joints—is about 20 msec. Measure- 
mts of the forces exerted by the feet during the jump 
firm this time and show that the maximum force 
m the muscles is reached in from 3~8 msec after the 
tart, Also the measurements show that in a maximum 
ump full extensor tension is available at this time. 

Tt ean easily be shown that the rate of rise in tension in 
‘he extensor muscles is not fast, the peak being reached in 
about 20-30 msec (ref. 1). 

Investigation of the mechanical system shows that the 
lover. arm of the extensor apodeme at the joint varies 
atly with joint angle, while that of the flexor remains 
tant. If torque is plotted at maximum tension against 
gle for both muscles as shown in Fig. 1, it is clear that 
the leg is fully flexed the small flexor muscle can exert 
orque than the extensor and can hold the leg 
against extensor torque. Physiological investiga- 





Torque —> 












20° 40° 60° 80° 100° 120° 
Extension 
Fig. 1. 


tions have shown that the kick is awaya] prec 
activity in both muscles. It is apparent, therefor 
the jump is initiated by release of the flexor muse 
energy being stored in elastic components of the 
system. This can be confirmed in two ways? | 
the flexor apodeme or by attaching a small piece of 
the tibia so that full flexion is impossible. In both 
no jump can take place. 
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Complementary Specialization of Male 
Female Reproductive Structures in the Bear 
Macaque, Macaca arctoides . 


In 1872 Anderson! first noted the etrikingly: 
structure of the glans penis of the red-faced stumy 
bear macaque, Macaca arctoides I. Geoffroy, 183 
speciosa Blyth, 1875; for nomenclatural discussi 
species see ref. 2). Further characterizations 
unusual penis of this monkey have been provided. b: 
authors*~?. The glans of the bear macaque differs 
that of other macaques in being long, slender and le 
late instead of short, blunt and rounded (Fig. 1). e 
bear macaque the glans is 5-7 em long, dorso-von ally 
flattened, and tapers in breadth from about 1.6m at t 
base to less than 0-5 em at the tip. In other maca 
the glans is less than 2-5 cm long and is generally he 
shaped‘, approximately as in man. The penis. bone, 
which provides skeletal support for the glans in macaques 
and most primates, is also about 6 cm long in the 
macaque (Fig. 2), more than twice as long as 
species of the genust®, 

The anatomy of the distal part of the female 
canal of M. arctoides, which has not been pre i 
investigated, also proves to be widely divergent fro: that. 
of other macaques. The following account of female 
structures in this species is based on examination and =, 
dissection of two adult specimens (FMNH Nos. 99367, 
99368) and one juvenile (with permanent first molars 
and deciduous incisors; FMNH No. 99377) given by Dr 
A. Kling, Michael Reese Hospital, Chieag« 
observations were subsequently confirmed by ex 
of external genitalia of three additional | 
specimens.) 

The external opening of the vagina in 
specimens of M. aretoides. is. peculiarly. obstructe 
large mid-dorsal t ellipaoid mass which 'h protrudes v 
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from the roof of the vestibule (Fig. 3). This distinctive 
dorsal vestibular colliculus is about 1 em wide, 1:5 cm 
high (dorso-ventrally) and 2 em long (antero-posterior- 
lyhet is covered by wrinkled whitish epithelium, 
possibly pinkish in life, grossly similar to the general 
mucosal lining of the vestibule and vagina (all observations 
post mortem). Ventral to the colliculus the unobstructed 
vestibular passage is a transverse crescent-shaped slit 
with maximum dorso-ventral clearance of about 0-3 em. 
The: vestibular colliculus is lacking in one juvenile M. 
arctoides specimen examined, which suggests that onto- 
genetic development of this structure is correlated with 
sexual maturation. A vestibular colliculus is not present 
in females of other species of macaques examined by me 
(Mi nemestrina, two adults, one subadult; M. silenus, 
ono adult; M. mulatta mulatta, one subadult, two 
juveniles; M. m. fascicularis [= M. irus and M. cynomolgus 
of many authors], one adult). Previous authors? likewise 
have noted no vestibular colliculus in adult females of 
M: sylvana, M. nemestrina, M. mulatta mulatta, M. 
radiata, M. maura and M. nigra (= Cynopithecus niger 
of many authors), 

Although the vestibule of M. arctoides is more ob- 
structed than in other species of the genus, its cervical 
canal is less obstructed (Fig. 4). M. arctoides lacks the 
dorsal and ventral cervical colliculi usual in macaques. In 
other macaques, the ventral cervical colliculus (main 
colliculus” of Sandys and Zuckerman") is a prominent 
median eminence protruding dorsally from the floor of 
the cervical canal midway between the external and 
internal uterine openings. Interdigitation of this colliculus 
with a pair of variably developed dorsal colliculi results 
-in marked dorso-ventral sinuosity of the cervical canal. 
Cervical colliculi are present in seven specimens of three 
kinds öf macaques (M. nemestrina, two adults, one sub- 
adult; M. mulatta mulatta, one subadult, two juveniles; 
Mom: Jaseicularis, one adult) examined by me. Cervical 
colliculi in M. m. mulatta have been described by several 
previous authors®-" and Hill has described them in Af. 





M. m. mulatta 


Fig..1., Glans penis of bear macaque, Maraca arctoides, compared with 


that of rhesus macaque, M. mulatta mulatin; based on De Beaux! (Figs, 2 
and 4) and original observations. (Natural size.) 





Fig. 2. Radiograph of glans penis of M. arctoides (Zool, Mus. Berlin No. 
5937), showing position of penis bone; courtesy Dr. Rainer Zangert, 


Field Museum of Natural History. (Natural size.) 
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Fig. 3. Female perineum of M. arctoides compared with that of AY, 

mulatta mulatta; M. aretoides figure based on FMNH No. 99868, Mt 

mulatta figure based on Pocock (ref, 6, Fig. 69a), Wislocki (ref. 6, Fig, 77) 
and original observations. (Natural size. ; 
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Fig. 4. Sagittal section of female genital canal of M. aretoides conme 
pared with that of M. mulatta mulatta; M. arctoides figure based on 
FMNH No, 90367, Af. m. mulatta figure based on Wislocki (ref. 9, Pig. 764, 
Clark and Corner (ref. 12, Fig, 4) and original dissections, (Natural size.) 








radiata, Strauss regards these structures as charac: 
teristic of the genus Macaca. There is, however, no trace 
of cervical colliculi in the three specimens (two adults, 
one juvenile) of M. arctoides examined by me; in all: 
three the cervical canal is unobstructed throughout its 
entire length. 

The urethral orifice in M. arctoides is nearer the clitoris 
than in other species of the genus (Pigs. 3 and 4). ‘This © 
more external position of the urethral orifice apparently 
is an accommodation to the presence of the overhanging 
vestibular colliculus. The structure of the clitoris in the ; 
bear macaque does not differ appreciably from that in 
other macaques. 

The distinctiveness of genitalia in both sexes of M, 
arctoides is additional evidence against the zoogeograph- 
ically improbable suggestion of Goodman et al% that 
the bear macaque, M. arctoides (= M. speciosa of Goodman 
et al.) is not reproductively isolated from the crab-eating 
macaque, M, mulatta fascicularis (=M. irus of Goodman 
et al.), with which it is sympatric. 

A comparison of taxonomically aberrant male and) 
female reproductive structures in M. arctoides suggests 
an explanation of their evolutionary significance. . 
unusual structure of the vestibule in this species is clearly = 
complementary to the unusual structure of the penis. 
The slender tapering glans penis of male M. arctoides is 
ideally formed for reaching and entering the vaginal 
opening of the female by passing through the narrow slit 
under the vestibular colliculus; conversely, it appears 
unlikely that this passage would transmit the short blunt 
glans penis of other species of macaques. Absence of 
cervical colliculi in M. arctoides could also be functionally 
related to the unusual structure of the penis in this: 
species. The morphologically complementary male and 
female structures of M. arctoides develop from different 
embryological rudiments and presumably have different 
genetic bases. 

Compared with other species of macaques, the genital 
morphology of M. aretoides is clearly derived or advanced, 


The 
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hot. primitive. An. obvious hypothesis to account for 
Jock-and-key specialization of genitalia in M. arctoides is 
that this is an isolating mechanism which evolved as a 


result of natural selection against disadvantageous 
ybridization with one or more sympatric species or sub- 
species. The lock-and-key hypothesis appears more 
_ appropriate here, and perhaps also for other mammals, 
than Mayr’s'® explanation of such genital specializations 
as incidental by-products of evolutionary differentiation. 
If the lock-and-key hypothesis is correct, the sympatric 
form: against which the reproductive barrier has evolved 
probably the rhesus macaque, M. mulatta mulatta; the 
esus Macaque appears to be the sympatric member of the 
enus most closely related to the bear macaque, judging 
m data I am currently assembling for taxonomic 
ision of the genus. 
Hybridization in captivity between a female rhesus 
ataque and a male which may or may not have been a 
bear macaque is reported by Antonius'*. The male parent 
‘this mating is identified only as ‘““Rotgesichtmakak g”. 
This brief characterization, which is the basis for Gray's? 
lentification of the animal as Macaca speciosa, is not 
adequate to permit positive determination whether the 
male was a bear macaque, M. arctoides (= M. speciosa of 
most recent authors) or a Japanese macaque, M. fuscata. 
‘This work was supported by the US Public Health 
rvice. I thank Mr Kevin Royt for preparing the 
illustrations. I also thank the following individuals and 
nstitutions for donating macaque specimens used for 
mparative study: Dr J. Beuttas, Abbott Laboratories; 
RH. Tuttle, Department of Anatomy, University of 
_ Chicago; Dr G. B. Rabb and Dr W. M. Williamson, 
_ Chicago Zoological Park, Brookfield, Tlinois. 
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Interaction of Growth Regulators in the 
Senescence of Nasturtium Leaf Disks 


-SEVERAL chemical substances retard the decrease of 
_ ‘chlorophyll content and the accompanying loss of protein 
cand ribonucleic acid (RNA) which normally occurs as 
_ leaf disks senesce when they are floated on water. Among 
. thè compounds which retard senescence are the kinetins 
cand related compounds!-* and auxins*’?. Gibberellic 

“acid has been reported to delay the senescence of leaf disks 

‘of Taraxacum officinale’, and in this work it was indi- 
_--eated that senescence delayed by gibberellic acid was not 
< widespread because it. was observed in only one of seven- 

teen spécies tested. Whyte and Luckwill“, however, 
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have since reported that the acid delayed the senescence 
of leaf disks of Rumex obtusifolium. The retardation. of 
senescence of leaf disks of nasturtium (Trapaeolum majus}: 
after treatment with gibberellic acid has recently been 
recorded in this laboratory’. oe 

These observations support the proposition. that 
senescence may be a function of hormonal status, and thus: 
any manipulations which vary the hormone content. of 
leaf tissue may effectively alter the rate of senescence. It 
has been demonstrated that many of the growth retardants 
function by impairing the activity or the production of. 
various hormones#*, Growth retardant (2-chloroethyl)._ 
trimethyl ammonium chloride (CCC) may specifically. 
inhibit the synthesis of gibberellic acid'*)> and the effec 
of N-dimethyl amino-succinamic-acid (B995) can be ove: 
come by application of gibberellic acid'*. In view of 
observation of effectively delayed senescence: in’ } 
tissue of nasturtium!, we thought that application. of | 
growth retardants may influence synthesis of gibberelb 
acid in leaf disks, and thus bring about an accelerated |. 
senescence, ue 

To test this possibility, leaf disks of nasturtium were 
prepared as described previously’? and floated on 20 
gibberellic acid, kinetin, B995 or CCC at various conce: 
tions in Petri dishes. After 10 days, samples of | 
disks were extracted and analysed for chlorophyll, Bi 
and protein content as described by Osborne!, with the | 
modification that the protein content of the alkaline — 
extracts of the alcohol insoluble residues was determined 
by the method of Lowry et al. Y. ES 

The loss of chlorophyll, protein and RNA which occurred 
during the senescence of leaf disks floating on water was 
effectively delayed by treatment with gibberellie acid 
(Table 1) as reported previously'?. In the concentrations 
tested, kinetin had a similar effect in retarding senescence. 
In this respect the nasturtium leaf is similar to that of 
Taraxacum in which either gibberellic acid or kinetin ean 
delay senescence’ ™, 





















Table 1. CHLOROPHYLL, PROTEIN AND RIBONUCLEIC ACID CONTENT IN © 3 
LBAF DISKS OF Tropaeolum majus AFTER TREATMENT WITH. GROWTH: 








REGULATORS 
Chlorophyll Protein 
Sample Treatment OD665 (me) (mg) 
Oday — 0-310 10-22, 
10 day Water 0-080 420 
10 day GA 10 0-305 &11 
GA 20 0-312 8-61 
GA 50 0-300 8-32 
10 day K10 0-295 8:30 
K 20 0-297 8-03 
50 0-298 B14 
10 day CCC 50 0-198 6-06 
cece 100 0201 6-17 
CCC 200 0-173 5-36 
10 day B995 50 0-080 5-07 
B905 100 0-095 4°23 
B995 200 0-090 3-61 
10 day COC+GA (200410) 0-319 7-35 
CCC 4+ GA (200 + 20) 0-322 8-60 
CCC + GA (200 + 50) 0-297 7-65 
10 day CCC+K (200+ 10) 0-292 7:72 
CCC + K (200 + 20) 0-285 6-82 
COC + K (200 + 50) 0-267 791 
10 day 8995+ GA (200 +10) 0-251 6-23 
BOO + GA (500 +20) 0-280 6-59 
B995 + GA (200 + 50) 0-256 764 
10 day 8996+K (e00 t10) "197 TTA ea 
B995 + K (260 + 20 0-285 7-90 aa 
B995 + K (200 + 50) 0273 8-02 B19 


Growth regulators used were gibberellic acid (GA), kinetin (K), N-di- 
Methyl amino-succinamic-acid (B995), (2-chloroethyl) trimethyl ammonium 
chloride (CCC) or water, Numbers in treatment represent solution strength 
of the various compoundsin p.p.m., ten disks per treatment. : 


In small concentrations the growth retardant B995 
delayed protein and loss of RNA when compared with the 
water control disks (Table 1). On the other hand, protein 
and loss of RNA were accelerated by greater. concentr 
tions of B995. Leaf disks in the 200 mg/l. B995 treat 
turned yellow about a day earlier than those in wi 
Leaf disks treated with the growth retardant COC 
more slowly than those floating on water. This compound 
however, was less effective at the concentration tes 
than gibberellic acid or kinetin in delaying senescence. 




























creasing concentrations of gibberellic acid were slightly ` 


more effective in maintaining the content of protein. 
In ‘the ‘concentrations used, however, the leaf disks 
senesced more rapidly when treated with B995 and 
gibberellic acid than with the acid alone. Furthermore, it 
was found that the senescence induced by treatment with 
B995 could be partially overcome by the simultaneous 
application of kinetin (Table 1). Again the retardation 
was incomplete in that the leaf disks treated with B995 
“and kinetin senesced more rapidly than those floating in 
alone. Leaf disks floating on a combination of 
| gibberellic acid or CCC and kinetin senesced only 
trates comparable with those leaf disks treated 
her kinetin or gibberellic acid alone (Table 1). 
ent concepts of the mode of action of growth 
rs cannot explain our results. Thus, although 
celeration of senescence by large concentrations of 
-B995 and the finding that the simultaneous application 
gibberellic acid offsets the growth retardant effect is 
—eonsistent with the proposal that B995 may impair 
synthesis of the acid, it is difficult to account for the 
- fact that smaller concentrations of B995 can partially 
‘delay senescence. The finding that application of kinetin 
< could modify the effect of B995 also suggests that the 
- growth retardant is influencing systems other than those 
“of the metabolism of gibberellic acid. Similarly the 
observation that treatment with CCC retarded senescence 
as iieu to reconcile with the findings that this com- 
d impairs synthesis of gibberellic acid. It is interesting 
note that Halevy et al have also observed an 
-- inhibition of senescence induced by various growth 
: retardants; but the possible interaction of the growth 
tardants was not discussed. It is significant, however, 
he authors indicate that response to the growth 
retardants varies from species to species in much the 
“game manner as different species demonstrate a differen- 
tial response to growth promoting agents. 
«Phe leaf disks of nasturtium provide a useful model 
. for the examination of senescence. With regulators to 
modify the rate of senescence it should be possible to 
determine the biochemical events which underly senes- 
< ¢enee.. Such investigations are currently being under- 
taken. 
‘This research was supported in part by a grant from 
the US National Science Foundation. 
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has boon found to inhibit the ea 
cyanide by chloroplasts from a range of plants? and al 
NADP photoreduction, the accompanying photophos 
phorylation and carbon dioxide fixation by the broad 
bean (Vicia faba) chloroplasts’. Recently, Paton and 
Smith! further reported that ioxynil inhibited the photo 
reduction of endogenous plastoquinone in broad bear 
chloroplasts, even in the presence of ascorbate and indo 
phenol. It was previously found® that although o-phen 
anthroline and the herbicide DCMU inhibit the photo 
reduction of endogenous plastoquinone they do on 
inhibit the enhanced photoreduction in the presene 
ascorbate and indophenol. Furthermore, ascorbate ar 
indophenol reduce plastoquinone in darkness®,) in. 
reaction which has been shown to be non-enzymatic?, DN 

other inhibitors previously investigated have inhibited 
the dark reduction and we therefore decided to investigate 
the effects of ioxynil on plastoquinone reduction in mor 
detail. 





OXIDATION LEVELS OF PLASTOQUINONE LY ISOLATED CHLOROPLA: 
Piastoquinone 


Table 1. 


Conditions ; (per cent in oxidized form). 
(3 min Broad bean Broad bean 
Additions incubation) (‘Aguadulce’) (“The Sutton’) 

None Dark 82-5 93-5 
None Light 72-6 7&0 
foxynil Dark 79-6 91-0 
Joxynil Light 773 91-0 
Ascorbate +indophenol Dark 58-5 O75 
Ascorbate+indophenol Light 38-6 58-5 
Ascorbate + indophenol 

+ioxynil Dark 567 753 
Ascorbate + indophenol 

+ioxynil Light 23d 47-4 


Final concentration of additives: 


ioxynil, 5x 10- moles/L; ascorbate, 
1-6 x 10-* moles/1.; a 


2,6-dichlorophenol indophenol, 8-6 x 104 molesfk oi 


Chloroplasts were isolated by our usual procedure® from 
leaves of two varieties of broad bean ('Aquadulce and © 
‘The Sutton’) and from sugar beet (Beta vulgaris. var. — 
‘Sharpe’s Klein Wanzleben Æ’). The levels of oxidation 
of the endogenous plastoquinone were then measured®, © 
after periods of incubation in the dark or light as indicated 
in Table 1. The sugar beet were used as a cormpariso 
because the beans contain much larger proportions 
plastoquinone C and «-tocopherol quinone relative. 
plastoquinone A than do sugar beet*, and the resul 
obtained using beans probably represent a mixture o 
plastoquinone A and several contaminating polar quin 
In all cases examined, we were able to confirm that ioxy 
inhibited the photoreduction of endogenous plastoquinon 
in the absence of any added cofactors, and in the ‘ease 
the sugar beet chloroplasts we found a photo-oxidation 
plastoquinone in the presence of ioxynil; similar resul 
have previously been obtained with o- phenanthroline » and 
DCMU (ref. 6). In no case, however, did ioxynil inhi 
the enhanced photoreduction of plastoquinone, in 
presence of ascorbate and indophenol-~in many case 
produced a measurable stimulation. Furthermore, iox 
had little effect on the dark reduction of endogenc 
plastoquinone by ascorbate and indophenol; these rest 
are contrary to those reported by Paton and Smith,’ 
have also obtained similar results with spinach: 
chloroplasts. According to our results, ioxynil wi 
appear to inhibit plastoquinone photoreduction ati. 
same site as o-phenanthroline and DCMU. 

Because both o-phenanthroline and DCMU are p 
sumed to inhibit photosynthetic electron transport 
the site evolving oxygen’, and this inhibition ‘car 
relieved by the use of ascorbate and indophenol as 
alternative electron donors", it was decided to investigate 
in more detail the effects of ioxynil on three reactions of 
photosynthetic electron transport, namely, the Hill 
reaction with 2,6- -dichlorophenol indophenol: as electro 
acceptor, the Hill reaction using NADP ‘as ' the pled 
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©" Photoreduction (imed as ‘peroontage 
oF control rate ‘without toxymil) 






































46-2 es 91-8 
iad 20-5 79 
: 7 30 TLS 
107 0 0 675 
trol rates (am/mg chlorophyli/h} 193 40-9 45-9 


stön acceptors: Ae tie ee indephenol; B, NADP (water 
Hectron donor); C, NADP (ascorbate+ indophenol as electron donating 
The ae were isolated in a medium consisting of 0-35 
sodium chloride, 0-05 molar sodium/potassium phosphates pH 7-3 and 
olar OD ILA, and regus) ponded | in 0-4 molar sucrose, 0-05 molar sodium/ 
iim phosphates, PH 7-8, and 0-01 molar potassium chloride. The basic 
xture contained, in 3 ml., 50 moles tris-hydrochloric acid, pH 
moles sodium chloride, 12 ' umoles magnesium chloride and 12 
sodinm/potassium phosphates, pH 7-8. The following were added: 
‘pmucles 2,6-dichlorophenol indophenol: B, 0-6 umoles NADP and 
ting amounts of crude ferredoxin; C, as È plus 9 pmoles ascorbate and 
oles 2,6-dichlorophenal indophenol, 





¢ ptor and the photoreduction of NADP using ascorbate 
d indophenol as the electron donors. The results given 
Table 2 show that whereas ioxynil is a potent inhibitor of 
Hill reactions, it has little effect on NADP reduction 
sing ascorbate and indophenol as electron donors to by- 
the oxygen-evolving site. Thus ioxynil is also 
xchaving in these reactions in exactly the same way as 
oth o-phenanthroline and DCMU and we therefore 
lude that ioxynil inhibits the oxygen evolving step 
stosynthetic electron transport. 

e thank Dr B. J. Heywood of May and Baker, Ltd., 
gift of ioxynil. This work was supported by a grant 
‘the Science Research Council. 
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Coralloid Root Systems in Plants showing 
Lime-induced Chlorosis 


‘ME-INDUCED chlorosis is a well known nutritional dis- 
der of species growing on calcareous soils. The overt 
ymptoms are the development of interveinal chloroses, 
hich are commonly more severe in young leaves. Only 
severe cases are the veins themselves chlorotic. These 
mptoms closely resemble those caused by iron deficiency 
they can be alleviated specifically by applying sprays 
taining iron. Characteristic metabolic changes occur in 
he leaves of plants showing lime-induced chlorosis!~*, and 
the bicarbonate ion has often been suggested as a cause*:5, 
This type of chlorosis is known to affect root respiration as 
vell as iron absorption and translocation®?, The symp- 
oms of the chlorosis caused by treatment with bicarbonate 
elosely similar to those of lime-induced chlorosis and 
ous foliar changes are common to both. 
Vhile the effects on the leaves are obvious and have 
ved considerable attention, the grafting experiments 
Brown, Holmes and Tiffin’ showed that in races of 
‘bean resistant and susceptible to chlorosis the root- 
sand not the shoot, determined whether or not the 
es was susceptible. 

























During experiments with seedlings of Teuorium j 
donia, populations from acidic soil sites were found 
susceptible to lime- induced chlorosis, wh 
calcareous sites were found to be resistant": “Tt was nob 
that the seedlings which developed chlorosis on caleareo 
soils had abnormal root systems compared: with non 
chlorotic seedlings. These abnormal roots were yell 
with few main roots and numerous short, stubby 
each of a uniform size (Fig. 1). Such root. systems 
be described as coralloid. In order to determine wheth 
this association of coralloid roots with limen 
chlorosis was a general phenomenon, a large num 
species were grown from seed on two calcareous 
The species were from both acidic and caleareous 
Controls were grown on a fertile loam. The experi 
were carried out in a greenhouse with supple 
lighting at 18°~25° C. ee 
There was a close association between the develop: 
of lime-induced chlorosis and the occurrence of cor 
roots. On both soils, in general, species from. acidi 
developed intense chlorosis. With one exceptio 
root systems were also severely coralloid (Table 1) 
the Winnatts Pass soil, five species developed. a 
chlorosis and only one of these had a coralloid root sy 
Sixteen species remained green on this soil and al 
normal, healthy root systems. Seven species deve 
severe chlorosis on the Lathkilldale soil and -al 
coralloid roots. Betula pubescens and Lathyrus prater 
developed coralloid roots although they were not. chlorot 
Figs. 2-4 show three of the severely chlorotic specie 
grown on the Winnatts soil. x 
In a further experiment the calcareous-soil species aa 
Galium verum, and the acidic-soil species G. sawatile, were 
grown on seven calcareous soils derived from both Mag- 
nesian and Carboniferous limestones. G. verum did not 
develop chlorosis on any of these soils, nor did it-preduce _ 
coralloid roots. G. saxatile, on the other hand, be ; 
severely chlorotic on five of the soils and on these. 
severely coralloid roots. On the other two soils it develop 
mildly coralloid roots, but instead of chlorosis it show 
the foliar symptoms typical of phosphorus deficie: 
Seedlings of the chlorosis-susceptible and resis 
ecotypes of Teucrium scorodonia? were raised for 4 
in a complete nutrient culture, and then grown in 
deficient culture and in culture with bicarbonat 
at 8 and 16 m.equiv./l. to compare the effects on fol 
















































Table 1. OCCURRENCE OF LIME-INDUORD CHLOROSIS AND OF CORATUO 
ROOT SYSTEMS IN A NUMBER OF SPECIES GROWN ON TWO CALCAREOUS 80 









Leaves 
Proto- Brown 
Species rendzina calcareous rendzina čaleateova 
Betonica officinalis ++ ++ + 
Betula pubescens ++ 0 + 
Deschampsia flexuosa + + ++ + 
Digitalis purpurea to 0 0 
Galium saxatile ++ ++ + 
Lathyrus montanus + ++ + 
Rumex acetosella ++ ++ + 
Sieglingia decumbens ++ ++ + 
Teucrium scorodonia ++ + + + 
Agrostic tenuis + 0 Q 
Cynosurus criatatus + oO 0 
Genista tinctoria + oO oO 
Lathyrus pratensis + 0 + 
Rumex acetosa + 0 o 
Arabis hirsuta ’ O o Q Oo 
Arrhenatherum elatius 0 0 0 zO 
Briza media 0 0 o EOS 
Carlina vulgaris 0 0 0 Oo 
Deschampsia cespitosa ra) (83 0 O 
Festuca ovina oO o Q Qio ° 
Galium verum Q 0 o Oe 
Hieracium pilosella 0 0 oO O° 
Hypericum hirsutum 0 oO Q Q 
Hypericum perforatum oO 0 © O: 
Holeus lanatus 0 0 0 oo 
Holeus mollis 0 Q Q 
Lotus corniculatus o 0 QO. 
Inula conyza 0 0 QO 
Ononis repens 0 0 Q 
Origanum vulgare o 0 Q: 


+t, Leaves severely chlorotic; 
+, Leaves mildly chlorotic; 


+ Roots 
0, Roots 
O, Leaves healthy and green, : 
















short distance from the apex. There was evidence 
‘ll elongation was greatly reduced but cell division 
ot affected. 

melude that coralloid root systems are commonly 
lated. with lime-induced chlorosis, and also are 










Fig. 3. Chiorotic seedling of Betonica officinalis, together with its corale 
loid roots, ee 








: Fig. 1. Seedlings of Teucrium scorodonia grown on a calcareous soil. 
‘The seedling on the left was chlorotic and the root system was coralloid, 
covthat on the right was green and the root system waa normal, 











Fig, 4. Chlorotie seedling of Deschampsia flecuosa grown on: 
Winnatts soil. The root system was highly coralloid, 





associated with iron-deficiency chlorosis and chlorosis: 
induced by bicarbonate. Seedlings were found with 
coralloid roots but with normal, green foliage on calcareous 
soils and in culture with bicarbonate added at 8 moequiv./L. 
There was no case, however, of severely chlorotic seedlings 
occurring without coralloid roots. Species differ con- 
siderably in their susceptibility to lime-induced chlorosis 
and also in whether or not they develop abnormal root 
systems. It would seem that the primary effect. of eal- 
careous soils is on the roots and these effects on the roots 
lead to lime-induced chlorosis. ee 
Fig..2. Two seedlings of Betula pubescens suffering from lime-induced I thank Dr H. W. Woothouse and Dr A. W: Davison 
chlorosis grown on a highly calcareous soil from Winnatts Pass, Their : a oan > x y E A 
roots were coralloid. for their interest in this work, which was carried out 
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i stubby laterals of uniform size can be seen in the latter, 
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-Changes in Catalase Activity in Higher 
Plants and Fungi treated with Oxygen at 
High Pressure 


has been shown by Caldwell? and by Robb? that the 
hibition of growth of fungi by oxygen at high pressure 
HOP) can be reversed after quite prolonged periods of 
reatment. Thus many fungi can resume growth after 
atment with oxygen at 10 atm. for 14 days. On the 
other hand, higher plant tissues, with the exception of 
dormant tissues such as seeds, are usually killed by 
treatment with oxygen at 10 atm. for 1-2 days or lessi, 
Studies on the metabolic effects of HOP on higher plants®:* 
and. on micro-organisms’ ® (and also on mammalian 
issues*1*) suggest that the primary effect of treatment is 
he dame in all cases, namely inhibition of the enzymes 
volved in the metabolism of pyruvic acid, leading to a 
id inhibition of Did haa This primary inhibition is 
ery rapid and can readily be reversed after short periods 
of treatment in higher plant tissues and micro-organisms. 
‘The irreversible effects of more prolonged HOP treatment 
è` probably brought about by a different mechanism. 
he available evidence suggests that hydrogen peroxide 
not.involved in the primary enzyme inhibition®, but the 
irreversible inhibition of growth and metabolism may be 
due to the accurnulation of peroxide under HOP con- 

itions’. The ability of fungi to survive much longer 
periods of HOP treatment than higher plants can tolerate 
could. be due, therefore, to a protective mechanism 
-pre enting peroxide accumulation. Our studies on the 
changes i in catalase activity in two higher plants (Lepidium 


Part of the root systems of Teucriwn scorodonia plants grown in (right) complete 
tient culture and (left) complete culture with 16 m. equiv./L bicarbonate added, The 
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sativum and Hlodea canadensis) and in two 
fungi (Mucor racemosus and Candida utilis) ie 
support this idea. 

3-day-old seedlings of eress (Lepidium 
sativum) grown in Petri dishes were subio 
jected to oxygen at 10 atm. in steel pressure 
vessels!® maintained at 25° O. Controlein o = > 
air were kept in darkness. The catalase 
activity of control and treated samples was _ 
determined at intervals of 3 b. Samples — 
for estimation of catalase were frozen to. | 
~ 15° C for about 30 min, then thawed ae 
and ground with powdered glass in cold.) 
0-05 molar phosphate buffer, pH 68. The 
ground material was centrifuged at 30,0007 =: 
for 10 min and the catalase activity of the > 
supernatant determined by the method of 
Herbert, Determinations were carried, o 
out on duplicate samples and first-order _ 
velocity constants for each sample were. 
calculated from four determinations : 
different intervals of time. Other samples 
of seedlings were kept for observations on 
damage and survival. The changes in’ | 
catalase activity (on a fresh weight basis) 
are shown in Fig. 1. Catalase activity fel = 
immediately after HOP treatment began, at first slowly 
up to 6 h and then rapidly between 6 and 9h. No activity 
could be detected after treatment for 15 h. In seedlings | 
treated for 6 h there was, after removal from oxygen, a 
time lag of about 24 h before damage was very apparent, 
but most seedlings eventually died. Seedlings treated for 
9 h collapsed soon after removal from the high pressure 
oxygen. 

A similar experiment was carried out using the water 
plant Hlodea canadensis. In this case, the death of the 
cells was detected by observing the cessation of protos o 
plasmic streaming and the failure of the cells to show 
reversible plasmolysis. The rate of fall of catalase activity 
was slower in this species than in cress. After treatment 
with HOP for 24 h the catalase activity had fallen.to only 
79 per cent of the original level and the cells were still 
living, but after 48 h the activity had fallen to 7 per ce 
of the original value and the cells were dead. The slo 
response of this species compared with cress may be du 
partly to the time required before the oxygen concentr 
tion of the water in which the plant material was sub- 
merged had reached equilibrium with the gas phase, _ 

The changes in catalase were also measured in fungi 
Cultures of Mucor racemosus were grown in 25 ml. of- 
liquid glucose-glutamate medium™ in 100 ml. Erlenmeyer 
flasks at 25° ©. 4-day-old cultures were subjected to 
oxygen at 10 atm. and samples were taken for estimation 
of catalase activity, dry weight and survival over. a 
period of 21 days. The mycelium was removed by filtra« 
tion and frozen to — 15° © for about 30 min. After 
thawing, extracts were prepared by grinding with 
powdered glass as with the higher plants. Changes in 
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Fi ‘ig. 8. Effect of treatment with 10 atm, pure oxygen on the catalase 
activity of Candida utilis. 


catalase activity (on a dry weight basis) are shown in 
Fig. 2. In contrast to the two higher plant tissues, 
“HOP. treatment resulted in a marked increase in catalase 
activity during the first 24 h of treatment. This increase 
in ‘catalase activity during the first 24 h under high 
pressure oxygen has been confirmed many times. The 
extent of the increase is not usually as great as in the 
experiment reported here and in one case was only a 
doubling of the original activity. Most experiments gave 
an increase of three to five times in 24 h. There was a 
slow rise in the catalase activity of the samples main- 
tained in air, but this followed a very different time-course 
from the change in HOP. Catalase activity in the treated. 
samples declined slowly from the high level reached after 
24 h and this slow decline continued until 13 days in 
HOP, after which time the activity was still at a com- 
paratively high level. Between 13 and 16 days the 
catalase activity dropped to a very low level. A very 
small residual catalase activity was still present even 
after 21 days treatment. The rapid fall in catalase 
activity between 13 and 16 days appears to precede the 
fall in viability but, in the case of a filamentous fungus, it 
is difficult to determine what proportion of the total 
mycelium and spores remains viable. Sub-cultures taken 
after 16 days treatment showed renewed growth within 
5h of the release of pressure, but this was mostly due to 
the germination of oidia which Mucor racemosus produces 
in submerged culture and which seem to be particularly 
abundant in the treated cultures. After treatment for 
2) days, no growth was observed up to 24 h after removal 
from. HOP but a few oidia had germinated after 48 h. 
The non-sporing yeast Candida utilis was taken as a 
second example of a fungus. This was grown on a glucose— 
peptone~yeast extract medium in 100 ml. Erlenmeyer 
flasks at 25° C. The experimental procedure was the 
same as for Mucor. HOP treatment again resulted in an 
increased catalase activity although the relative increase 
was smaller than that usually found in Mucor (see Fig. 3), 
After reaching a maximum at 3 days, catalase activity 
fell slowly until 15 daysin HOP. Between 15 and 20 days 
a more rapid fall in activity occurred. Dilution plate 
counts revealed that even after 20 days in high pressure 
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oxygen: the a number of viable cells was s still a no 5 lower 
in cultures maintained in air. Thus, as in Mucor 
rapid fall in catalase ‘activity must precede the loss 
viability. 

While these results are not sufficient to establish t 
death in conditions of HOP is a result of peroxide acoum 
lation due to the eventual inhibition of catalase, t. 
increased catalase activity induced in fungi does sugge 
a possible protective mechanism which is related to the 
ability to survive long periods of treatment under HOW 
It is interesting to note, as previous workers have showr 
that there is no apparent correlation between the ini 
catalase activity and the susceptibility to oxygen toxic 
The initial catalase activity of cress seedlings (on a 
weight basis) is about fifteen times higher than the int 
extractable catalase activity of yeast. It is the ch 
in activity in response to HOP rather than, the act 
present before treatment which appear to be significan 
The increased level of activity in fungi may be due 
induced synthesis of catalase similar to that found whe 
anaerobically grown yeast is, aerated**,. A. parall 
situation seems to exist in radiation-induced synthe 
of catalase which may be a response to radiation) 
produced peroxide”. 

This work was supported by a grant from the Scien 
Research Council. i 
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AGRICULTURE 


Varieta! Resistance to Clover Rot in White 
Clover 


SLOVER rot, caused by the fungus Sclerotinia trifoliorum 
Erikss., occurs in about 70 per cent of farm crops of red 
clover (Trifolium pratense) in Great Britain, according to a 
recent survey by Lester and Large’. But there are few 
reports of this fungus infecting white clover (Trifolium 
repens). Moore*, Sampson and Western? and Dillon 
Western, Loveless and Taylor* have reported occasions 
damage in white clover in Great Britain, but in no instance 
was the disease considered to be of economic importance 

In the spring of 1964 poor growth was noticed in certair 
plots of a white clover variety trial sown in 1962 at ‘the 
National Institute of Agricultural Botany, Cambridge 
Examination of these plots revealed the presence of large 
numbers of sclerotia in association with the rotting white 
clover plants. The plots of the varieties “Aberystwytt 
S.100° and ‘Grasslands Huia’ white clover showed large 
numbers of patches of poor plants and very many 
sclerotia were quickly seen, whereas the plots of ‘the 
Danish variety ‘Pajbjerg Milka’ had very few rotted 
plants and few sclerotia could be found. 
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similar pattern of varietal resistance was recorded in 
jö and 1966 in a second trial sown in an adjacent field 
1964 and it is clear that the relative performance of 
rieties at Cambridge is being greatly affected by the 
ferential reaction of the varieties to clover rot. 
he distribution of clover rot in white clover crops 
roughout the United Kingdom has not been studied, but 
e disease has been identified in trial plots at the Grass- 
od Research Institute, Hurley, Berkshire; at Harper 
ams. Agricultural College, Newport, Shropshire; and 
Farm, Lolworth, near Cambridge. Clover rot does 
ar to be present in variety trials grown at Traws- 
r Aberystwyth, or at Headley Hall, near Leeds. 
trials provide the first evidence in the United 
m of differences in resistance to clover rot of 
lover varieties. Dillon Western, Loveless and 
commented on. the reputed immunity of wild 
lover to clover rot, and stated that other varieties 
e. clover were not affected severely. Our own 
gs do not support these statements. 
hese results suggest that clover rot can cause loss of 
our and plant mortality in white clover under practical 
conditions. The distribution and economic impor- 
© of this disease are not known, however, and require 
rther investigation. 
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PSYCHOLOGY 


Fall in Critical Flicker Frequency associated 
©- o with Adaptation to Intermittent Light 


wia series of experiments in which the effects of centrally 
ting drugs on the adaptation of the critical flicker 
sequency (CFF) to intermittent light of varying frequency 
"as Investigated, a consistent placebo effect was noted, 
amely a fall in mean CFF!-3, This had not been des- 
cibed by other workers investigating the effects of drugs 
nd placebo on mean CFF alone, and it was therefore 
‘ossibly due to the method used. The method used involved 
ixposing ‘subjects for periods of 1 min to an intermittent 
ght of 25 or 50 c/s, before measuring ascending and 
escending thresholds of CFF*. To investigate this further, 
he CFF was measured in six subjects at 0, 1-5 and 3 h on 
consecutive days, beginning at 9 a.m., about 1-5 h after a 
ght breakfast. The subjects abstained from tea, coffee 
nd smoking during the experimental period. On one day, 
scending and descending thresholds were measured 
7ithout previous adaptation, while on the others, subjects 
rere exposed for 1 min to intermittent light at 25 or 
0 ¢/s before the thresholds were measured. The method of 
aeastrement was the same as that previously described? 
xeopt that the light source was viewed through an arti- 
cial pupil 2 mm in diameter and was placed at the focal 
ioint-of a lens which delivered parallel light to the eye. 
‘his procedure eliminated any effect of changes in pupil 
ize of the subject. An interval of 1 min elapsed between 
ach determination. 

“The results were submitted to analysis of variance and 
he table of means is given in Table 1. 

_ As has previously been shown‘, there was a significant 
ifference between the mean ascending and descending 
hresholds, and between mean thresholds after exposure 
0 25 and 50 c/s. There was no significant change in 
ascending or descending or mean thresholds without 
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Table 1. MEAN ASCENDING. (4) AND DESURNDING (D) THRESHOLDS OF ORF 
(0/5), BOTH WITHOUT EXPOSURE AND AFTER EXPOSURE FOR 1 MIN TO INTER- 
MITTENT LIGHT OF 25 AND 50 C/S, IN SEX SUBJECTS, AT 0, 15 AND 3 H 


A D 25A 25D pd 50D 
0 50-33 47-42 47-42 45-42 50-83 48-58. 
L5 5042 47:92 46-00 44-00 49-25 47-00 
3 49-50 47-75 442 43°50 4017 46-75 


Standard error of any mean = 0-40, 

5 per cent critical difference (2-tail) = 1-14. 
5 per cent critical difference (1-tail) = 0-95, 
1 per cent critical difference (2-tail) = 1-52. 
1 per cent critical difference (1-tail) == 1-36, 





adaptation at 1-5 and 3 h, but exposure to the adapting 
frequencies produced a consistent fall at 1-5 h with a 
further but less marked fall at 3 h. Es 

It appears, therefore, that the fall in CFF which follows > 
the administration of a placebo is due to the adaptation 
procedure used. The nature of this effect is uncertain 
but may be related to fatigue somewhere in the visu 
pathway. This is supported by the observations? th 
central stimulants such as amphetamine and phenmet-. 9. 
razine may abolish this fall without necessarily producing € 
an increase in CFF compared with resting levels, On theo 
other hand, central depressant agents such as barbiturate 
and phenothiazine drugs produce an even greater fallin — 
CFF. AS 

While a placebo control is always desirable in such in 
vestigations, it is essential when investigating the effects. 
of a drug on the adaptation phenomenon, because of the 
physiological change which occurs in CFF after repeated 
adaptation. 

One of us (P. T.) holds a Wellcome senior research 
fellowship in clinical science. 
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APPLIED SCIENCE 


Lubricant Entrapment between Approaching 
> Elastic Solids 


Tue theoretical and experimental work carried out in 
recent years on celastohydrodynamic lubrication has 
been almost exclusively concerned with steady state 
conditions. In many elastohydrodynamic situations 
encountered in machinery, however, the film thickness 
changes with time, and it is important that the effects. 
of “normal” motion of the opposing solids should be 
examined. 

Christensen! examined theoretically the problem of an 
elastohydrodynamic film between approaching cylinders. 
in some earlier work in this department. He predicted . 
that the fluid film pressures could reach very high values, 
often in excess of the Hertzian maximum pressure of dry 
contact, and that these pressures could readily produce 
elastic and possibly permanent indentations in the solids. 
Experimental evidence was provided of the formation of 
permanent indentations when a steel ball was loaded- 
against a plane solid in the presence of a lubricant, but no: 
experimental observations of the development of the 
elastic indentation have been recorded. In this note, we- 
describe how interferometry can be used to detect. the’ 
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development of olasti 





presented. 
< Kirk? demonstrated that i 


method has been considerably developed by Cameron and 
Gohar. All the work described in refs. 2 and 3 has related 
‘to steady state conditions. In the present work inter- 
ferometric techniques have been applied to the dynamic 
situation encountered when a steel ball is pushed through 
~ anv oil film towards a glass plate. 
= The apparatus is shown diagrammatically in Fig. 1. 
A 26-4 mm diameter hardened steel ball (A) approaches a 
glass optical flat (B) through the oil film (C) under the 
: action of a pneumatically applied force (P). Illumination 
ip by. means of a monochromatic source of light (L), and 
interference fringes. are recorded by means of cameras 
< viewing the system through an interference microscope 
(M ). The total ball travel is about 0-05 mm. 

Typical interference patterns are shown in Fig. 2. In 
the first photograph (a) the ball had been loaded against 





jP 





Fig. 1. The apparatus, 





Fig. 2. Interference fringe patterns, Load 8-83 kg. Oil ‘Shell HVI 650’. 


A dentatio 18 and : some o interesting ae 


; interferometry could be used to 
investigate elastohydrodynamic. films in 1962 and the 
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Fig. 3. Film profiles. 


the glass in the presence of air and then lubricant. 
subsequently poured around the contact. The. fri 
pattern is that.commonly associated with such an arr, 
ment, and it demonstrates the Hertzian flattening 
interface between. steel and glass. The second ‘phot 
(b) shows the interference pattern 1 min after the ball 
been forced towards the glass in the presence of a lubri 
In this case the fringe pattern outside the Hertzian co 
zone is similar to the previous arrangement, but the im 
ference fringes within the contact zone provide evidens 
of the elastic indentation predicted by Christensen, _ 
remarkable and unexpected result of these observations. 
that a pool of lubricant remains in the elastic indentat 
long after contact has occurred between the ball- and 
glass. over an annular region. The trapped lubricant 
subjected to very high pressures and pools have 4 
observed to persist for many hours, slow leakage takir 
place across the ring of apparent contact. When the low 
is removed the normal surface contours are recoverew 
showing that the observed indentations are elastic. 

The interference patterns can be used to provide ir 
dentation shapes as shown in Fig. 3. In this diagram tt 
total deformation is shown on the ball and the plate 
represented as a rigid solid. Profile (a) shows the deforme 
shape 1-6 see after loading and before any contact hay 
taken place between the solids. The trapped pool < 
lubricant shown by profile (b) was observed 60 sec afte 
loading. The development of elastic indentations: | 
profile (a) has been recorded by means of a ‘Fastax’ hig! 
speed cine camera filming at speeds up to 1,000 frames pe 
second. The indentations shown in Fig. 3 have. bee 
corrected to allow for the variation of refractive index c 
the oil with density according to the Lorentz equation, | 

The pool pressure was assumed to be equal to th 
Hertzian maximum pressure for this correction and th 
change in apparent depth amounted to about 6 per cer 
for these test conditions. a 

These results, recorded by interferometry, p 
direct evidence of the elastohydrodynamic fea re 
predicted by Christensen for the normal approach o 
elastic solids separated by a viscous fluid. They e 
show that in some cases a pool of fluid may be trappet 
between the solids within the Hertzian contact zone. Thi 
interesting result, which was not predicted by elasto 
hydrodynamic theory, is the subject of continuing in 
vestigations in this department. 
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BOOK REVIEWS 


BERTHOLLET AND HIS CIRCLE 


Bamme Society of Arcuell 
View of French Science at the Time of Napoleon I. By 
aurice Crosland. (Hememann Books in the History of 
sience.) Pp. xx+514+ 20 plates. (London: Heinemann 
‘ducational Books, Ltd., 1967.) 84s. net. 


"aan Napoleon in accepting the dedication to him- 
olf of Laplace’s third great volume wrote in reply, 
px should like future generations when reading your 
Técanique Odleste not to forget the esteem and friendship 
hich I have borne for its author’ he doubtless recalled 
18b General Bonaparte had been elected a member of the 
—First Class” of the Institut. It has been suggested that 
ie science of Imperial France was stifled by interference 
pad constrained by direction to practical ends, but this 
« not Dr Crosland’s opinion. Whereas, he admite, dissident 
titers were driven from France, scientists ‘“were loaded 
ith honours and given pensions. Moreover, Bona- 
«arte went out of his way to attract scientista from other 
<ountries”’. If allowance be made for a little complacency, 
trifle of condescension in the Head of State, then (it 
sems) Napoleon felt himself at home in the scientific 
rorld. He believed in science (mostly, but perhaps not 
olely, for utilitarian reasons as an ex-engineer might) 
nd he put money into it. It is hard for any scientist not 

o find some good in a dictator who does that. 

Dr Crosland’s book sets out to show what Napoleon’s 
aterest and patronage accomplished, partly through a 
eneral review of science and its organization in France 

During the Empire, but chiefiy through a detailed study 
af the activities of the chemist Claude Louis Berthollet 
1748-1822) and of the circle associated with his country 

=emiome at Aroueil, conveniently outside Paris, where m 
summertime the use of Berthollet’s laboratory and 

<cientific discussions at the highest level were relieved by 
pos of prisoner’s base (also popular with the young 
cel Proust). If Napoleon had not supported Berthollet 

she Society of Arcueil would not have existed; without 

t (neglecting possible effects on the older members, 
«mong them Laplace, Humboldt and Biot besides Ber- 
chollet himself) the careers of Gay-Lussac, Arago, Can- 
dolle, Poisson and Dulong might have well been different, 
and so might science have been. ... However this may 

e, it is certain that for a brief space after 1807 the 
Society effectively dominated French science, usually Qt 

mmay be judged) on behalf of youth, ability and productive- 

ess. But, as Dr Crosland honestly points out, the 

Beeavountism of such private power-groups is not invari- 

«ably just. 

With these objects, his book is necessarily complex. 
He has to review French science from the time of Ber- 
thollet’s youth and association with Lavoisier in relation 
to the Revolution and Napoleon, to the institutions 
umposed on it (the Institut, the Ecole Polytechnique and 
so on), and its societies; then he has to consider the 
Society of Arcueil in particular also from several points 
of view: its membership, activities, publications and so 
on. There is inevitably a good deal of movement back 
and forth in the story as well as repetition. This is a 
well-written book, but the complex interweaving of its 
parts makes it difficult to read. It is also a long book, 
for Dr Crosland’s account is full and detailed. And this 
is also the great virtue of a work, making scrupulous use 
of sources, which can only enhance Dr Crosland’s reputa- 
tion as a careful and thorough historian of science. 
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Although everyone is familiar with the outstandmg 
position of French science im the early decades of the 
nineteenth century, and with the earlier work of Laplace 
and Berthollet especially, the detailed achievements of 
the Society of Arcueil are less familiar; furthermore, we 
have few such studies of scientists as a group and of the 
position of science in the community at large at the 
moment when, at the beginning of the second stage of 
the industrial revolution, the question of the utility of 
science and of its connexions with government had once 
more come to the fore. Further, Dr Crosland shows how 
yet more personal traits can affect the course of science, 
as in the closing words of this book where he describes 
excessive partisanship as an evil legacy of Arcueil. While 
interest in the character of the scientific world, in its 
structure and impact on the community, tends steadily 
to increase, so historical studies like this considering such 
issues must be of great interest. A. Rorgerr Hau 


HEISENBERG FIELD THEORY 


Introduction to the Unified Field Theory of Elementary 
Particles 

By W. Heisenberg. Pp. ix+177. (London and New 

York: Interscience Publishers, a Division of John Wiley 

and Sons, 1966.) 47a. 


Onn of the most strikmg phenomena in theoretical 
elementary particle physics 1s the speed with which 
fashions change. A new idea, particularly if it is associated 
with a familiar name, has only to be mentioned, and 
immediately there appears a vast number of theorists 
(who presumably have all just finished other work and 
are therefore eager for new employment) ready to work 
on it. In this atmosphere, W. Hemwsenberg and his group 
at the Max Planck Institute have for many years faith- 
fully pursued a unified field theory of elementary particles 
which has found little acceptance among the many other 
theoretical physicists around the world who are seeking 
to provide explanations of the same set of experimental 
facts. Many theoreticians have presumably diamissed the 
ideas—without bothering to read them in detail—as 
merely showing the refusal of one steeped in the ideas of 
one age to make the necessary accommodation to the facts 
of life of a new one; yet there must always have remained 
the doubt that perhaps Heisenberg has, as in the early 
days of quantum mechanics, been able to see things 
others have missed and the fear that one day soon we 
shall all be doing unified field theory. If only for this 
reason this book, which unashamedly 18 an advocate for 
the work of Heisenberg’s school, should be welcomed. In 
slightly more than 100 pages Professor Heisenberg has 
given us a very readable and lively account of his ideas 
and their present state of development. On the whole, 
it ig an impressive performance; the experimental facts 
are kept well to the fore, analogies from other physical 
theories keep us happy when we might become doubtful, 
and the numbers which are calculated are very close (too 
close ?) to the known values. It is now possible to be 
familiar with the basic ideas and methods of calculation 
without having to study long original papers. 

Although this book is described as an introduction, it 
is certainly not for the beginner. An extremely thorough 
knowledge of conventional fleld theory is required if the 
reader is to make much progress with the book. Also 
some familiarity with recent developments in many body 
theory—together with some patience—is required if the 
approximation methods of the sixth chapter are to be 
understood. Even the initial discussion of elementary 
facts would not have much meaning to a reader who was 
not already familiar with most of them; indeed, the 
introduction is written more to establish a particular 
way of thinking about these facts than to teach the facts 
themselves. 
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The arguments of the second chapter, that amomatic 
field theory is too restrictive, appear to be reasonably 
convincing and lead to the suggestion of an indefinite 
metric. On the other hand, the attempt to show that the 
unified field theory is somewhat sumpler than S-matrix 
theory 1s not a success. In view of the many difficulties with 
the idea of a local field, which Heisenberg very efficiently 
demonstrates, one expects to find more powerful argu- 
ments for rete:ning this idea. The basic assumptions of 
the theory are given in the third chapter. Compared with 
the rather majestically phrased (1f slightly obscure) basic 
postulates of S-matrix theory or axiomatic field theory, it 
is hard to have to start with an equation which appears 
to be one of many possibilities and suggests that ıt was 
chosen merely to fit particular experimental facts rather 
than derived from anything more basic. The situation 
becomes even worse, however, in section 3.3, where it 
appears that the commutation relations still have to be 
guessed rather than derived, and one is left somewhat 
uncertain here as to what 1s being assumed and what is 
proved. 

This book has an enormous scope—unified field theory 
really does attempt to comprehend everything from 
low energy weak interactions to high energy limits 
of strong interactions in terms of one equation. Many 
tentative suggestions are given in the book with regard to 
how the wide variety of phenomena might occur in the 
theory, but, as Heisenberg admits, the theory 18 in most 
cases in its infancy. Whether m general terms the ideas 
are genuinely in their infancy or in their old age 18 ques- 
tionable. Notions of a degenerate vacuum and indefinite 
metric are new and liberating—perhaps they will open up 
the explanation of the whole range of elementary particle 
phenomena. Notions of local field theory, however, are 
old and may well be too restrictive, m which case they 
will no doubt die. Because this book exists—and is well 
worth the 478. it costa—I am relieved of the task of 
forming a judgment. E. J. SQUIRES 


INVISCID FLOW 


The Theory of Jets in an ideal Fluld 
By M. I. Gurevich. Translated by R. E. Hunt. Trans- 
lation edited by E. E. Jones and G. Power. (International 
Series of Monographs in Pure and Applied Mathematics, 
Vol, 93.) Pp. vuit+412. (Oxford, London and New York: 
Pergamon Press, Ltd., 1966.) 100s. 


Tms book was originally published in Moscow in 1961 and 
contains a systematic treatment of the theory of jets in 
inviscid fluids. It has already been widely acclaimed as an 
important major work and will be familar to many English 
language readers through an earlier translation published 
by the Academic Press. A sound knowledge of the funda- 
mentals of hydromechanics and complex variable theory 
18 assumed at the start and the general level of the work is 
postgraduate. 

The book commences with a review of the classical ideal 
flow theory and describes the methods of Kirchoff, 
Joukovskin (Zhukoveky) and Chaplygin. The second 
chapter covers flow from vessels or channels with recti- 
linear walls and is followed by a chapter on infinite flow 
past a polygonal body. Flow past curvilinear bodies 
includes sections on Levi-Civita’s method, Villat’s equa- 
tion and Sedov’s general method for the problem of flow 
past several curvilinear ares. After an introduction to the 
phenomenon of cavitation, the next two chapters cover 
flow at low cavitation numbers past bodies and a variety 
of flows of limited jets, including flow around a symmetric 
and asymmetric wedge and both cavitating and non- 
eavitating cascade flow. The seventh chapter deals with 
planing surfaces and submerged hydrofoils, and the 
eighth covers some miscellaneous free-jet phenomena 
including armour piercing jets. The final chapters cover 
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unsteady jet flows, compressible fluids, axisymmetric JESN 
flows and jet flows in a heavy fluid and the effects 
surface tension. The English text is easy to folk 
although some of the phrases are clearly from a lite» 
translation and could perhaps have been express= 
colloquially. 

The 259 references contain more than a hundred Russiæmm 
titles, but ıt would have been useful to have more deta 
of recent English language translations where these a 
avaiable. Similarly, further reference to work publishes- 
since 1960 would have been desirable. 

Professor Gurevich’s excellent work 18 a valuable adc 
tion to the literature and it has already taken its place a 
standard reference supplementing the earlier work on J 
Wakes and Cavities, by G. Birkoff and E. H. Zarantonel’ 
(Academic Presa, 1957). J. C. MoVEIGH 


TESTING FOR PERFORMANCE 


Testing of Polymers 

Vol. 2. Edited by John V. Schmitz. Pp xii+421. (Ne 
York and London: Interscience Publishers, a Division t 
John Wiley and Sons, 1966.) 152s, 


Tam publishers of this volume clamm that it “gives 
critical survey of testing methods . . . of evaluating ind 
vidual properties . . . for end-use performance”. Usine 
the assertion as a basis for judgment, the work cannc 
be rated a success. 

The eleven chapters, all by different authors, and vary 
ing ın length from sixteen to fifty-four pages, range fror 
a straightforward description of wear testing machine 
to a condensed résumé of the physics of polymer structurt 
Fears are roused by the first sentence of the first chapter 
“The measurement of the stress relaxation of a higi 
polymer is one of the simpler visco-elastic measurements” 
The measurement may be extremely simple, but interpre 
tation and evaluation are completely different matters 
With some exceptions the same fault occurs continuall> 
throughout the volume; idealized principles are mentionew 
and test methods described, but no adequate criticamm 
discussion is given of the relevance of the testa to th 
performance of a finished product. 

In the chapter on tests for hardness and wear of plastic 
the conclusions, which occupy only ten lines, state merely» 
that “test data are valuable ın ranking plastics .. .1 
the conditions of use are properly defined”. The purpose 
of the article ought to have been to aid proper definitior 
of these necessary conditions. This chapter might well ba» 
read as a warning by intending authors. Too much appara 
tus 18 described inadequately; many of the photographia» 
illustrations do little more than give an impreesior 
of the size of equipment; and in a graph purporting to show. 
tho effect of moisture on hardness of PMMA the comparisor 
is made between a wet sample at 25° C and a dry one afl 
60° C, despite an accompanying statement emphasizing 
that hardness is very temperature sensitive. 

The most useful article is probably that on processingm 
of numerical test data. It gives a clear introduction tow 
the design and evaluation of experiments; although the 
statistical methods are general, examples are given froma 
the polymer field. This section of the chapter might welll 
have been expanded by starting at a slightly lesa elemen- 
tary level, and also by omitting irrelevant data. 

Several chapters give competent reviews of test methods, 
but only rarely is the review a critical one. Lists, and some- 
times descriptions, of relevant standard methods are a 
useful feature—-which would have been even more useful 
if an identical procedure had been followed in each chapter. 
Such systematization would, however, have conflicted 
with the editor’s decision that ‘‘authors . . . follow indivi- 
dual preferences in style and organization”. A change in 
this decision might also have prevented phrases such as 
“To pursue the question of induced radioactivity a bit 
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ther, it can be said at the outest that’ ”, or “when one is 

asuring ... he must never forget . 
“Wany of the photographs are on ee and would 

better replaced by hne drawings. 
olymers are highly complex materials, generally 
ibiting non-lmear visco-elastic behaviour. Their 
ormance cannot adequately be assessed by a simple 
ot giving a single rating of quality. Testing of Polymers 
ae not emphasize this point sufficiently, and although 

t a worthless book is a sear poring < one. 
D. W. HADLEY 


PUMPS AND GAUGES 


peer Vacuum Technique 

eory, Practice and Properties of Materials. By J. 
arwood. Fourth edition, completely revised. 

mea} 274. (London: Chapman and Hall, Ltd., 1967.) 368. 
ot. 


<a wide variety of experimental sciences there arises, 

oner or later, the need to produce and measure a low 
—ms pressure. To the beginner in vacuum technology 

o problem may appear to present no particular difficulty. 

«e should, presumably, select | pump guaranteed 
« the manufacturer to achieve the desired ultimate 
‘essure together with a gauge capable of measuring 
and connect the two in some manner to the vacuum 
=mamber. Only after the gauge has remained for some 
surs obstinately indicating a pressure perhaps one or 
«7o orders of magnitude greater than the desired ultimate 
zes One suspect that “Nature abhors a vacuum” may be 
ore than an obsolete proposition in metaphysics. 

Amidst his encircling gloom the novice needs a kindly 

zht, shed by an expert in vacuum science, to lead him on. 

-e will find it in Mr Yarwood’s book, whose past success 

testified to by the appearance of this fourth edition. 

Jhen the third edition was published vacuum technology 
as just at the beginning of the great leap forward 
=itiated by the work of Nottingham, Alpert and others 
mwa the production and measurement of ultra-high vacuum 
a the early 1960's. Since that tıme a hundred flowers 
aa gaat in the form of new and improved ons for 
10n pumps, better methods for the construction and 
alng of systems, bakable all-metal taps, the mtensive 
evelopment of getter-ion and cryogenic pumps and the 
poplication of mass spectrometry to residual gas analysis. 
«ll these are fully described in this completely rewntten. 
urth edition. Today, residual pressures of the order of 
‘0° torr are achieved, more or less painlessly, in many 
mboratories. The majority of vacuum users will probably 

e content with residual pressures perhaps ten thousand 
Munes greater than this limit, but the guiding principles 

f the art of high vacuum production still apply. These 
«rinoiples and their practical implementation are clearly 
nd cogently described. 

As to the measurement of low pressures the novice 
masy, in his innocence, be melined to believe implicitly 
what his gauge tells him. In the past his simple faith was, 

st least in part, shared by the specialist. It was known 
hat some types of gauge were more troublesome and 
sroduced more undesired side effects than others, but at 
ast there was a rock of ages in the shape of the McLeod 
auge as the ultimate calibration standard. Alas, even 
he McLeod gauge has fallen under increasing suspicion 
ms hitherto unknown or neglected sources of error have 
some to light. The advice in the chapter on the measure- 
mont of vacua will make the nov ce aware of these diffi- 
sulties and assist him in the intelligent selection, calibra- 
wion and use of an appropriate type of gauge. 

Though intended by the author as an introductory 
text for students of vacuum science at undergraduate 
nod postgraduate level, the book contains much detailed 
and up to date information for the specialist. Types of 
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vacuum systems, components, methods of leak detection 
and the measurement of pump performance are given 
full attention and there is a final chapter on materials, 
devices and processes which is a mine of useful informa- 
tion. The text is supplemented with more than a hundred 
line drawings, graphs and tables. At its very modest 
price it should find a place in all vacuum laboratories. 
Joun A, PRYDE 


GAS AND ELECTRICITY 


Introduction to Electrical Discharges in Gases 

By Sanborn C. Brown. (Wiley Series in Plasma Physics.) 
Pp. viiit+281. (New York and London: John Wiley 
and Sons, 1966.) 80s. 


THis 18 an admirable book, which gives a comprehensive 
account of the physics of electrical discharges in gases. 
Although meant for beginners in this field of research, the 
book will be invaluable to the research worker as well. 
Too many people in the important field of plasma physics 
do not know sufficiently the background of the subject in 
gas discharges. 

The author is particularly meticulous in the graphical 
presentation of results and clear in the diagrams of 
experiments. The book may be divided into several parts. 
First, one 1s introduced to the basic processes in æ gas of 
atoms and free electrons: elastic collisions, Free diffusion 
and mobility of electrons. As the densrty increases, co- 
operative effects between ions and electrons become more 
important, and aspects such as ambipolar diffusion are 
discussed. This leads naturally to a discussion of the 
processes of inelastic collisions ‘and ionization themselves. 

After several chapters dealmg with miscellaneous but 
important topics such as secondary emission, recombina- 
tion, observational techniques, and a.c. and d.c. break- 
down, Professor Brown introduces the boundary sheath 
problem of a finite plasma, and includes several chapters, 
partly historical, on the various types of gas discharges. 

In a final set of three chapters the author introduces 
important plasma phenomena, including the propagation 
of electromagnetic waves in plasmas, interaction of a 
plasma with an electromagnetic field, and plasma oscila- 
tions. 

Perhaps one fault of the book is the slight imbalance of 
mathematics—too much rigour in some parts, not enough 
in others. There are also a few inaccuracies, but these 
can be left as an exercise for the student. 

E. W. Lare> 


THOUGHTS ABOUT SOIL 


Amazon Soils 

A Reconnaissance of the Soils of the Brazilan Amazon 
Region. By W.G.Sombroek. Pp. 292 (31 photographs) + 
7 maps. (Wageningen: Centre for Agricultural Publica- 
tions and Documentation, 1966.) 45 D.fl.; 908.; $12.50. 


THE scope of this volume ıs much wider than 1ts title 
suggests. Two-thirds of the book systematically presents 
a considerable amount of basic information relating to 
the soils themselves, while the remaining third is con- 
cerned with the vegetation and agriculture, and includes 
some interesting observations on the ecological status of 
the different types of savanna. Much unpublished or 
difficultly accessible information is ably summarized and 
used, and the work is thus an extremely valuable com- 


“pendium of knowledge 


Considerable and original though the body of informa-' 
tion is, the contribution to thought and ideas made by 
the study is limited. Fundamental issues are raised only 
by implication, and the book can be considered to be 
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symptomatic of the apparent lack of fundamental concepts 
and basic philosophy characteristic of most attempts to 
study the goil as a whole since the demonstration of the 
limitations of the zonal concept. Soil science, like regional 
geography, seeks a holistic view but largely fails to attam 
anything more fundamental than a catalogue of informa- 
tion. It is significant, therefore, that Sombroek finds 1t 
necessary to mix the terminology of the Seventh Approx- 
imation with that of the older United States Department 
of Agriculture Classification (compare ‘‘plinthite’” with 
“ground water laterite’, and “‘acrox”’ with “‘latosol’’), as 
well as to introduce terms of his own, in order to describe 
and classify the soils he describes. 

The intellectual affinity of the problems of soil science 
and regional geography is further emphasized in Som- 
broek’s adoption of the “land unit” as the conceptual 
basia of his consideration of the ecological and agricultural 
implications of his work on the soils. This concept, 
originated by the CSIRO, Australia, is essentially derived 
from the traditional physiographic-morphogenetic view of 
geography, which is now being supplemented, and possibly 
superseded, by a more functional and ecological approach. 
It could be suggested that, in view of the scope of the 
work, Sombroek’s study would have been more happily 
served by the latter view rather than the former. 

These criticisms, however, do not detract at all from 
the value of the book in respect of source data for this 
large and poorly known area of the Earth, and in this 
respect it must remain a significant and important con- 
tribution to our knowledge of the South American 
continent. R. P. Moss 


WHOLE FUNGI 
The Fungi 


An Advanced Treatise. Edited by G. C. Ainsworth and 
Alfred §. Sussman. Vol. 2: The Fungal Organism. Pp. 
xvi+805. (New York : Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1966.) 2168. 


Tas is the second volume of the treatise edited by Drs 
Ainsworth and Sussman and it maintains the high stand- 
ard set by its predecessor, which dealt with the fungal 
cell. The editors have secured a reasonably comprehen- 
sive coverage of the most important aspects of their 
enormous field, and all the authors are leading authorities 
on their respective subjects. 

The volume begins with chapters on artificially obtained 
protoplasts (a fifty page review by Villueva) and on cell 
aggregation in yeasts, and proceeds to more extensive 
sections on the multicellular condition (separate chapters 
on hyphae, conidia and conidiophores, and Ascomycete 
and Basidiomycete fruit-body structure), mechanisms of 
morphogenesis, reproductive physiology, genetics, and 
various aspects of spore dissemination. 

There are twenty-three chapters, all by different authors, 
and it is scarcely possible to do justice to all in a brief 
review. Special mention must, however, be made of the 
section on morphogenesis, which contains, among other 
articles, interesting accounts of work on Myxomycetes 
(Alexopoulos), cellular slime moulds (Gregg), aquatic 
Phycomycetes, with emphasis on Allomyces and Blasto- 
cladiella (Cantino), and Ascomycetes (Turian). The bio- 
chemical approach is much in evidence, and valuable 
information has been obtained, but it cannot be said 
that there is much understanding of molecular mechanisms 
of morphogenesis. Many biochemical correlates of 
morphogenetic changes are described, but a cause-effect 
relationship can scarcely ever be deduced with reasonable 
assurance. In the future, perhaps the biochemical study 
of genetic mutants will prove to be as fruitful applied 
to morphogenesis as it has already been applied to 
metabolic pathways. Such an approach is foreshadowed in 
Turian’s article. 
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The section on genetics is for me the high point of 
book. The chapters on life cycles (Roper), mendelea 
inheritance (8. Emerson), heterokaryoss (Davies), 
parasexual cycle (Roper) and extranuclear inheritas- 
(Jinks) stand among the best accounts of their respect 
subjects and collectively constitute a rather compl 
treatise on fungal genetic systems. The chapter on 
compatibility, by Esser, is briefer than the importa 
of the subject would justify, but it is at any rate a cl 
summary of the main situations found in fungi. 

Not surprisingly style and treatment vary considera 
between chapters. This is inevitable with multi» 
authorship but, as with the previous volume, I feel wd 
more could have been done, by way of cross references. 
relate the chapters to each other. Another feature wh 
might have been helpful to many readers would have be» 
the inclusion of an outline classification of the 
explaining the currently accepted nomenclature of i 
main groups and sub-groups. I may not be alone, 
take one example, in not being sure what sort of Basidim 
mycete a Holobasidiomycete is. 

The solid virtues of this volume, however, far outwevm: 
minor criticisms. Those working with fungi will want 
recommend the book to their libraries even if they can» 
afford it themselves. J. R. 8. Fwoname 


VIRUSES ON THE WING 


Insect Virology 

By Kenneth M. Smith. Pp. xii+256. (New Yor 
Academic Press, Inc.; London: Academic Press, Da» 
(London) Ltd., 1967.) 92e. 


Dz KENNETH Smite has pioneered the present upsurge 
interest ın insect viruses, and therefore it 18 not u» 
reasonable to expect his latest work to provide a balanc 
and authoritative account of the subject. A study of t 
contents leaves an impression of imbalance between t: 
topics discussed. It is puzzling to find thirty-two pag» 
devoted to plant virus-insect vector relationships amm 
only a fleeting reference to animal virus-insect vect 
(arbovirus) problems. Dr Smith is of the opinion th 
plant viruses are more dependent on their vectors th» 
are the arboviruses. This is at very least a debatat 
point and for completeness one cannot ignore such me 
important group. 

Furthermore, present knowledge of the nuclear pol, 
hedrosis virus of Tipula paludosa (Meig) is so meagre th» 
five pages of text seems extravagant, This is particular 
apparent when the serological properties of insect virus 
are condensed into two pages. There are also omissiom 
of important work; for example, the intriguing discove» 
of the presence of RNA in the polyhedron protein wa 
first made by Tarasevich in 1946 and not, as implie 
by the author, by Faulkner in 1962. These findings haw 
been confirmed for other polyhedroses by Estes and Faw 
in 1965. 

In the short section on serology there is an error afte 
the disoussion of Krywienczyk and Bergold’s discover 
that serological studies so far published were actualii 
concerned with membrane antigens and not those of tk 
nucleoprotein. The author says: “It would therefore t» 
of interest to study the serological relationships of tk 
DNA from the different nuclear polyhedrosis virus 
and also between the DNA and RNA viruses”. Ther 
is no doubt that such comparisons would provide ver 
interesting results, but such studies would only be po» 
sible if the nucleic acid were linked to a larger protei 
molecule and only then would ıt behave as an antigen. 
suspect that Dr Smith was thinking of the serologic» 
relationships of the inner “membrane” or protein coa 
of the virus particle. 

Insect viruses have received increasing attention i 
recent years, and the publishers of this book claim tha: 
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«3 the first concise account of the subject in English. 
wwo volume work on insect pathogens published a few 
«rs earlier by the same firm covers much of the same 
und in considerably greater detail. It has, however, 
1 serious disadvantage of being approxumately four 
pemmecs as expensive and for virologists there is the addi- 
«aal problem that other pathogens are dealt with in the 
detail. 
ite the few errors and omissions and the low quality 
asome of the photographs, the book is informative and 
-y easy to read. It provides a factual and concise 
sount of two of the main groups of viruses associated 
Baath insects and as such can be recommended. 
T. W. Tovstey 


OBITUARIES 


Professor Jaroslav Heyrovsky 


wrEssoR J. Hayrrovsx«y, the founder of the technique 
polarography, who was awarded the Nobel Prize in 
mm59 for this massive conimbution to scientific progress, 
«od on March 27, 1967, in Prague, at the age of 77. 
The feature that differentiates the development of 
larography from that of most other methods is the 
lationship between the technique and its originator. 
is difficult to find any other technique where a single 
an not only discovered the principle of a method, but 
mained in the centre of its development from the very 
aginning to its full maturity. Few chemists have shown 
mach enthusiasm in the dissemination of the understanding 
? their discoveries and such ability to surround them- 
elves with collaborators, eager to develop both the 
.1eoretical and practical aspects of the methods they have 
The relation between the current flowing between two 
MMectrodes immersed in a conductive solution and the 
pmoplied voltage intrigued the electrochemists from the 
eginning of this century. The introduction of the drop- 
ing mercury electrode, realized by a drop of mercury at 

Mibe orifice of a glass capillary from which the mercury 
sgularly dropped out, facilitated in 1922 the recording 
f the first reproducible current-voltage curves. The 
lean, smooth, continually renewed surface of the dropping 
lectrode initiated the great step forward that led to the 
enaissance of electrochemistry. 

This discovery was due to the work of young Heyrovsky 
mn. 1912 at University College, London, under Professor 

«<. Q. Donnan, where he used a hanging aluminium amal- 
«am drop electrode for measurements of electrode poten- 

ial of aluminium, and his later work, under the guidance 

of Professor B. Kuğera at the Charles “University, on 

bate curves, using a dropping mercury elec- 
Mtrode. 

From 1922 onwards Heyrovsky devoted his life to the 
«nterpretation and application of current—voltage curves 
«obtained with a dropping electrode. With his Japanese 
«co-worker Masuzo Shikata (later a professor at Kyoto) he 
«developed in 1925 an automatic polarograph, for recording 
«current-voltage curves, which helped to promote the 

rapid development of a new branch of electrochemistry, 
that is, polarography. More than 20,000 research papers 
published in this field reflect the success of this technique. 
It is no exaggeration to state that few living chemists 
contributed so much to the development of electrochemis- 
try as Heyrovsky. After teaching for three decades at 
the Charles University he was made in 1950 the first 
Director of the Polarographic Institute of the Czecho- 
slovak Academy of Sciences which now bears his, name. 
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Heyrovsky'’s interest in the development of polaro- 
graphy did not overshadow his interest in human beings, 
especially when they were interested in polarography. 
This interest in the work of his co-workers was deep and 
genuine and his hospitality was proverbial. All his pupils 
and friends could always depend on his support. All of 
them lost something when Heyrovsky died after a long 
illness. They will remember the stimulus and inspiration 
he provided and the excitement of the new discoveries. 
Heyrovsky’s scientific creed was summarized in two 
quotations, which he found in the writings of his hero 
Faraday—‘Work, finish, publish’—and of Newton— 
“A. man must resolve either to produce nothing new or to 
become a slave to defend it”. R. BELOHER 


Academician A. N. Terenin 


AQADEMIOIAN ALEKSANDRE NIKOLAEVICH TERENIN, who 
ded on January 18, 1967, at the age of 70, showed his 
scientific bent early. At school in Kaluga he became 
interested in the photography of electrical discharge 
spectra, and he carried out spectrographic analyses for 
the army durmg the First World War. Roon after 
entering the physics department of the University of 
Petrograd he was experimenting with methods of sensitiz- 
ing spectrophotographic plates for work in the near 
infra-red, and his interests in light quanta, energy levels, 
dyes and basic photochemical processes engaged him for 
his whole career. 

His earliest published work concerned resonance 
fluorescence of atomic vapours, with studies of step-wise 
excitation, collisional quenching and Stark effects. 
Observations of the fluorescence of salt vapours followed, 
with recognition of photo-dissociation processes and of 
fluorescent emission from radical products. Terenin 
pointed out how diatomic molecules showed sharp 
spectral structure below their dissociation thresholds, 
while inoreasing molecular complexity led first to blurring 
and then to continuous spectra. Recognizing the sensi- 
tivity of fluorescence to impurities he explained that 
observed for such substances as aliphatic hydrocarbons 
es caused by trace oxidation effects. He turned later 
to the spectroscopy and photochemistry of adsorbed 
molecules and of molecules embedded in rigid glasses, 
identifying the triplet state of organic substances as an 
important entity and interpreting condensed-phase 
reactions in terms of electron transfer and migration. 
The discovery, with V. L. Ermolaev, of the migration of 
energy from triplet states of molecules opened up a new 
field of the greatest importance in photochemistry. Obser- 
vations of the photo-electronic effects in dyes—as films 
or adsorbed on inorganic semi-conductors—led to con- 
cepts applicable by biochemists to the photosynthetic 
behaviour of chlorophyll. Later Terenin directed the 
work, in the department of biomolecular photon physics 
at the Leningrad State University, on rapid-flash photo- 
chemistry and problems of double excitation. His book, 
The Photochemistry of Dyes and Related Organic Oom- 
pounds, published in 1947, remained until recently a 
unique account of the subject. 

Terenin was the recipient of many honours and state 
orders, including that of Hero of Socialist Labour, given 
in 1966, election to the USSR Academy of Sciences in 
1939, the State Prize in Chemistry in 1945, the 8. I. 
Vavilov Gold Medal in Physics in 1954, the Ciamician 
Gold Medal in 1959 and the Finsen Gold Medal, presented 
at the International Congress of Photobiology held in 
Oxford in 1964. He was a brilliant teacher, with fluent 
English and French, and devoted to the encouragement 
of his staff, many of whom now occupy important research 
positions. Photochemists of all nationalities who had 
the good fortune to meet him will long remember his 
supreme qualities as a man of character, strength and 
reason—he was friendly, humane and motivated by a 
high sense of duty. E. J. Bowen 
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University News: Manchester 


Prorrssork B. H. Frowmrs has been granted leave of 
absence from the Langworthy chair of physics to take up 
his appointment as chairman of the Science Research 
Council from October 1. Professor J. C. Willmott will 
succeed Professor Flowers as director of the Physical 
Laboratories from October 1, and will hold this appomt- 
ment concurrently with his tenure of a chair of physics 
in the university. 


Sheffield 


Tas following appointments have been made: Dr T. M. 
Flett, at present reader in the University of Liverpool 
and visiting professor in the University of Washington, 
Seattle, to the newly established second chair of pure 
mathematios; Dr 8. C. Hunter, at present reader in the 
Department of Mathematics ın the University of Strath- 
clyde, to the newly established third chair of applied 
mathematics and computing science; Dr M. G. MoEnte- 
gart, at present senior lecturer in bacteriology in the 
University of Newcastle upon Tyne, to the chair of 
medical microbiology; Dr F. A. Jenner, at present 
physician in charge of the MRC Unit for Research on the 
Chemical Pathology of Mental Disorders, to the chair of 
psychiatry; Professor G. Clayton, at present professor 
and head of the Department of Economics at the Univer- 
sity College of Wales, Aberystwyth, to the Newton 
Chambers chair of applied economics and headship of the 
Department of Business Studies. 


Strathclyde 


Dr A. M. Norta, lecturer in the Department of Inorganic, 
Physical and Industrial Chemistry in the University of 
Liverpool, has been appointed to the chair of physical 
chemistry in the Department of Pure and Applied 
Chemistry. 

University College, Cardiff 


De D. J. D. HOCKENEHOLL, head of fermentation develop- 
ment, Glaxo Laboratories Ltd., has been appointed a 
university visiting professorial fellow in the Department 
of Microbiology. The appointment, which has been made 
possible by Glaxo Laboratories Ltd., is for a three year 
term, and will enable Dr Hockenhull to deliver a course 
of lectures at the college and to develop an association 
between his own research team and Professor D. E. 
Hughes and hie colleagues in the Department of Micro- 
biology. - 
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Appointments 


Dr Spannwon MoCunm has been appointed director 
the American Geographical Society in succession to 
Charles B. Hitchcock. 


Announcements 


Sim ALEXANDER Happow has been elected a forei, 
member of the Hungarian Academy of Science in Budap: 
in recognition of his contmbutions to cancer research. 


Tum Council of the Faraday Society has awarded t 
Marlow Medal for 1967 to Professor ©. N. R. Rao, of t- 
Indian Institute of Technology, Kanpur, for contributio 

in molecular spectroscopy and solid state chemistry. 


Da M. M. Suarmo, chief scientist of the Laboratory f 
Cosmic Rey Physics at the US Naval Research Labo» 
atory, has been awarded the US Navy Distinguishe 
Civilian Service Award, in recognition of his contributiows 
to cosmic radiation, elementary particle physics, ar 
nuclear physics. 


A Morzoutan Beam Kinetics Group (a Chemictm- 
Society Subject Group) has been formed and its firs 
meeting will be on June 30 in the University of Birmingg 
ham. Further information can be obtained from I 
C. W. Nutt, Department of Chemical Engineering, Thea 
University, Birmingham, 165. 


Meetings 


INVERTEBRATE Receptors, May 30-31, Meeting Room o 
the Zoological Society of London (The Assistant Directo» 
of Science, The Zoological Society of London, Regent” 
Park, London, N.W.1). 


Genusis, Alteration and Synthesis of Clays, June 1-2 
Free University of Brussels (Mr I. L. Freeman, Hon 
Sec. Clay Mins. Group, Building Research Station» 
Garston, Watford, Hertfordshire). 


A SUMMER school in astronomy for postgraduate studentes 
June 14—July 28, University of Manchester (Professor C™ 
Pecker, Observatoire de Nice, France). 


Macurmne Tool Control Languages, June 15, Nationa» 
Engineering Laboratory, East Kilbride (Mr D. Me 
Pherson, National Engineering Laboratory, East Kilbride 
Glasgow). 


THE NIGHT SKY IN JUNE 


All times are ın Universal Time 


Moon 


New Moon 


8d 05h 
Full Moon 22d 05h 


PLANETS 
Times of rising (R) and setting (5) during the month 
Name R/S Beginning Middle 
Mercury S 22h 00m 22h 00m 
Venus S 23h 35m 28h 15m 
Mars S 1h 66m 1h 00m 
Jupiter Ss 23h 40m 22h 50m 
Saturn R 1h 65m 1h 00m 


CORJUROTIONS WITH THR MOON 


Venus 11d 22h, 8° 8. 
Mars 17d 08h, 2° 8. 
Jupiter 11d rm; 5°98 


2d 17h, 0 
Saturn {509 AAR Oie S 


End Mag. Dy (10° miles) Zodiacal position” 
Unfavourable +09 72 Gemini 
22h 88m —3-9 70 Cancer 
Oh 05m — 0-8 75 ‘Virgo 
00m —14 661 Cancer 
Oh 00m +10 606 Cetus 


Dg is the distance of planet from the Earth on the 15th of the month. 


OcounraTrons OF BrARS BRIGHTER THAN MAGNITUDE +6 aT GREENWICH 


Star RID 
808 B. Leo D 


Time 
14d 21h 50-5m 


Mag. 
+50 


(D, disappearance; R, reappearance.) 


OTHER PHENOMENA 


2d 17h Saturn occulted by the Moon, visible New Zealand, Pactfic, N. and Cent. America. 


9d 02h Venus 1-8° N. of Jupiter. 
22d 02h Sammer Solstice. 


80d 04h Saturn occulted by the Moon, visible N. and W. Africa, S. and B. Europe, Asia. 


af 
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FORTHCOMING EVENTS 


(AMeatings marked with an asterisk are open to the public) 


Monday, May 29 


INSTITUTE, LONDON SRorion REINFORORD PLASTICS 80B- 
A ne the Eccleston Hotel, London, 8.W.1), at 7.80 p.m —Annual 
eeting and Film Show. 


Tuesday, May 30 


pemCIATY OF INSTRUMANT TECHNOLOGY (at Manson House, 20 Portland 
Fondon, W.1), at 5 pm—Annual General Meeting. é p.m.— Presi- 


pa Address 
NIVARSITY COLLEGE LONDON (in the j Engines Theatre, Tornin z 
3, Tondon, W.0.1), at 6.80 p.m — Pro Béla, Srokefaivi-Negy (Un. 
ty of Szeged) “Criterion of Similarity to a Unitary Operator’.* 


Tuesday, May 3C-—-Wednesday, May 3! 


oe Socrety oF LONDON (at the Zoological Gardens, Regent's 
oe NW1), at 10am daly—Symposium on “Invertebrate 


Wednesday, May 31 


ZOLOGIOAL SoomTY OF LONDON (at Burlington House, Piccadilly, 
«don, W 1), at 6 p.m.—Dr. W. 8. Pitcher and Afr. AL O. Spencer: “Revised 
Geologueal St chest af Pr -West and Central Donegal” (Demonstra- 
Be; neta a D.E Bast: “Triassic Books of 
ane of Mul; fher Se tion, Facies, Structure and Relationship 
ae Great Glen Fault and the Anll Galdera”” (Demonstration); Dr. B. B. 
tarda. “The Wenlock and Ludlow Succession in the Howgill Fells 
cth-West Yorkshire and Westmorland)” (Paper) 


Thursday, June | 


OYAL SOOTY (at Burlington House, Piccadilly, London, W.1), at 10.80 
e -— Discussion Meeting on “Manpower Problems in Science and Engineer- 
' organized by Prof. M. M Swann, F.R.S. 


Friday, June 2 
y Lam GROUP (at 21 Albe- 
Husain, “Be 


at 1 p.m—Dr. 8. K. mı- and 
c Compounds” 


OYAL INSTITUTION 
‘le Street, Tondon. win 
nee Conduct of Orga 


Saturday, June 3 


<OUNOML VOR THR PRESERVATION OF RURAL ENGLAND, SHRFYIELD AND 

etal Brawou (at the Maynard Arms Hotel, Gnindleford, Sheffield), 

Sra m.Annual General Meeting, followed by Mr. John H. Barrett 
History and National Parkes” 


APPOINTMENTS VACANT 


pe One i are mvited for the following appointments on or before the 
tes mentioned 
ASSISTANT LECTURER In the DEPARTMENT OF PSYOHOLOGY to assist mm 
ching and research in developmental and/or educational a psychol 
Secretary, University College London, Gower Street, on, C1 1 


ay 81). 
(qualified ın pure or applied mathematics) IN ALATHEMATICS 
Che Beorom o of the University Court, The University, Glasgow (May 81) 
SRAROH ASSISTANT (gradusi interested ın the eco ogy of rocky shore 
vertebrates and prepared to undertake fleld work under all weather con- 
ions) ın the Wellcome Marine Laboratory epartment of Zoology), 
arversity of Leeds.—Dr J R Lewis, Wellcome Afarine Laboratory, Robin 
fmod’s Bay, Yorkshire (May 31) 
RESKARCH ASSISTANT or RESRARCH ASSOCIATE (with previous research 
Imperience) in the DEPARTMENT OF Prysios to join a group working on the 
uctural aspects of reine polymers—The Rogiatrar, University 
nate House, Bristol (May 3 
LEOTURER Ix PHYSIOAL hmira: and a LROTURRR IN EXTRACTIVE 
CHEAIOAL ‘Registrar, University college. Cathays 
mark, Cardi June 2). 


ASSISTANT LECTURERS (2) (with a good honours degree in n goography and 
meferably an eee ln nthe eld field of quantitative e and gtatistionl teoa ER, for 
King’s College ( 






METALLURGY —Theo 


«8 of the posta) IN G: 
Sae dbe poata) I GE ienn 0 gS a 


e 5) 
rRY—Tho atar , The University, 
Boordoen (June 6). Jh s 


JUNIOR FRLLOW IN ORGANIO CrmustkRY—The Reglatrar, University 
mate House, Bristol 2 (June 7). 

LEOTUBER Or ASSISTANT LECTURSR IN STATISTIO8 (preferably ın mathe- 
ace statistics or probability theory) The Registrar, The University, 
IN PATHOLOGY—G, R, Anderson, The Old Schools, 


(June 
UNIVERSITY LZOTURER 
Bio University, Cambridge (June 7). 
READER IN PHYSIOLOGY at the Eoyal Free Hospital School of Medicine— 
Er. 34 Gane 8 Registrar, University of London, Senate House, London, 
une 
RR (graduate in physio! or rool or agriculture, with research 
rarte ın environmental physiology r animal behaviour) in the 
DEPARTMANT OF AGRICULTURE Mith pattie cular "reference to animal environ- 
enact housing—The Registrar (Room 89, O.R.B.), The University, 


(June ne) 
MEOHANT ExarnsnarmNGa—The Principal, Lanchester 
“ollege of Technology, Peery y Bireot, Coventry in ane 8). 


s 
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gorrean (preferably with research interests in some aspect 
of TE feography in the DEPARTMENT OF GEOGRAPHY—The Deputy 
Secretary, The Be ae Southam pton (June 10). 
Gee IN PATHOLOGY—' Registrar, The University, Sheffield 
une 
LECTURER IN ANIMAL BIOLOGY at the University of Natal, Durban, South 
Africa—The Assomation of Commonwealth Unrvermties (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1 (June 18) 
LECTURER or ASSIBTART LEOTURER (preferably with research experience In 
electron moroncopy or theoretical studies) ın the DEPARTAMENT OF etallur 
o University, Lrverpool, ool, quoting Ref. RV/5/N Gu eat 
TANT in the DRPARTMENT OF CELL B. 
to work on plant call hybridization—The Secretary. John Tane sumie 
Colney Lane, Norwich, NOR 70F (June 16) 
LECTURER or ASSI9TANt LECTURER IN ZOOLOGY in the DRPARTARNT OF 
NATURAL History Tho Beoretary, Queen's College, Dundee (June 17). 
LECTURER (with an honours degree ın pharmacy or an appropriate science 
subject and a special interest in ment piochemietry) m IN PHARMAOOGNOSY— 
The Clerk to the Council, The Pharmacy, University of London, 
Brunsmek Square, London, W.C.1 du ae 20). 
LEOTURER/ASSISTANT LECTURER IN BIOCHMASTRY at the University of 
Maribor ong—The Assocation of Commonwealth Universities (Branch Office), 
oronga House, Pall Mall, London, 8,W.1 (Hong Kong and London, 


Tages (with an honours di ychology and preferably a bigest 
degree) IN PSYCHOLOGY at the Taweraity of aoe Australa- I'he 
Assocation of Commonwealth Universities (Branch Office), Marlborough 
House, Pali Mall, London, 8 W.1 (London and Brisbane, June 28). 

PRINCIPAL OF CANBERRA COLLEGR OF ADVANOED EDUOATION—The 

Interim Council, Canberra College of Advanced Education, c/o 
Department of Education and Scfence, P O, Box 826, Canberra, Australia 


(June 28). 

RESEARCH DEMONSTRATOR (with a good honours omeo ir in psychology) OF 
Psyvonotoay—Prof, G. Westby, Department of | olo toed Col- 
lege of South Wales and Monmouthshire, Cathays Park, fF (June 29). 


ASSISTANT LEOTURER (with interests in metamorphic petrology) IN 
GroLrogy—The trar, The University of Manchester, Manchester, 13, 
quoting Ref. 66/67 (June 30). 

SHNIOR LECTURERS or LECTURERS IN CIVIL ENGINEERING at the University 
of Canterbury, Christchurch, New Zealand—-The Association of Common- 
wealth Universities (Branch Office), Marlborough Houses, Pall Mall, London, 
B, ne 1 (June 80). 

EOTURER 0 or SENIOR LECTURER IN BIOCHEOOSTRY in the University of 
Sure a tal School, Dunedin, New Zealand—The Secretary-General, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8 W.1 (New Zealand and London, J ae 

Cmam or Psyoniatay at the University of Western "Aus 
Agssouation of Commonwealth Universities (Branch Office) aslborough 
House, Pall Mall, London, 8.W 1 (Australis and London, July 31) 

PROFESSOR and HAAD OF THE DEPARTMENT OF ANIMAL HEALTH, Masse 
University, Palmerston North, New Zealand—The Seoretary: 
Association of Commonwealth Universities (Branch Office 
House, Pall Mall, London, 8.W 1 (New Zealand and London, July $1). 

ASSISTANT and an ASSOCIATE PROFESSOR (with a Ph.D )in RPART- 
MENT oF Evgornical ENGINERRING for duties which will include teaching 
and researoh—Dr. A. H, Waynick, Head, fas antec of Electrical Engineer- 
Biog The: E ounsyivenis State Umversity, University Park, Pennsylvania 


rey PROFESSOR (with a ac Bpod] interest ın teaching and research 
either in the area of hydrology, soil mechanica, or land and water resources 
development, and pre rably with a PhD) in the DEPARTMENT OF AGRI- 
CULTURAL ENGOIVRERING at the Macdonald College campus—The Chairman, 
Department of Agricultural Engineering, Macdonald College, McGill Um- 
versity, Montreal, P.Q., Canada 

BIOOHEMIST or for work which involves the Sales of peptides 
and amino-acid sequ uence in abnormal haemoglobims—Dr. Lehmann, 
Hono: Director, Abnormal Haemoglobin Research Unit, hieducal Research 
Council, miversity of Cambridge, Department of Biochemustry, Tennis Court 

Camb ge 

CHEST or BIOGHAMIST in the Surgical Unit to work on steroid metabolism 
in human cancer-~The Secretary, St. Mary's Hospital Medical School, 
Paddington, London, W.2. 

Laorurge (with teaching, research or industrial experience, and preferably 
with a special interest in ecology) in Botany; and a LEOTURER (with teach- 
ing or industrial experience, and 'preferabl with an interest in 

zoological and botanical ecology) in ZOOLOGY—The trar, Staff Office, 
College of Technology, Hampshire Terrace, Portamouth, Hampshire. 

RUSEAROH een for sterold research with partioulay reference to pas 
chromatography—-Dr J Jenkins, Medical Umit, St. George's Hospital 
Medical School Tonton, S W.1. 

RESBAROH TANT (preferably with experience in semi-conductor 
technology or crystal growing techniques) to take charge of a section respon- 
sible for the nanoia an deroloninent of semi-conductor counters for 
nuclear physics research-—-Prof. D H. Wilkinson, Nuclear Physics Labora- 
tory, The University, Keble Road, Oxford. 

BSHARCH ASSISTANT (with an honours degree in biochemis or agri- 
cultural biochemistry; persons expecting to graduate in 1967 will be con- 
sidered) in NUTRITION BIOOHMAISTRY to work on the effects Of hos t-procrsatne 
on the digestion and nutritive value of protein foo The Secretary, Schoo! 
of Agriculture, The University, Downin, ng Street, Cambri 

RESEARCH ASSISTANT, ZOOLOGIST (with a good honours Ta ina relevant 

to inve te Immediate 
nsing me Thoda on inter- 


subject and an interest ‘in ecology and physiology 
and long-term effects of oil pollution mng beach 

tidal fauna around the shores of Haven—The Scientific Director, 
Field Studies Council, 9 Devereux Court, London, W 0.2. 

RASHAROH DEMONSTRATORS (2) frit a good’ degree In botany or horti- 
culture) in the DAPARTMENT OF HORTICULTURA, to assist with laboratory 
classes and carry ont research In plant physiology or in plant-insect relations 
Prof, O.V 8 Heath, F.R S , University of Reading, Horticultural Research 
Laboratories, Shinfleld Gran , Reading, Ber kshire, 

STIFIO ASSISTANT in the AGRICULTURAL RESHAROH COUNOIL UNTE OF 
PLANT PHYSIOLOGY ——-The Director, A R.C. Unit o of Plan Plant Physiology, Im- 
porial College, London, 8 W.7. 

SENIOR LECTURRRS IN BOTANY, Boraxy/MYOROBIOLOGY, Zooroar, 
PHYSIOLOGY, BIOOHAMISTRY; and d LEOTURERS IN PHYSIOAL 
BOTANY AND PHYsIoLOGy—Tho Princrpal, Barking emona] College ot 
Technology, Tongbridgs Road, Dagenham, Essex 

TEOHNIOLAN (GRADH LT) or JUNIOR TEOHNIOIAR (Grade I) (preferably with 
previous experience in sterile techniques and/or tissue culture) in the Cyro- 
GENETICS SUCTION of the Nuffield Unit of Medical Genetics—The Registrar, 
The Unrvermty, Liverpool, 8, quoting Ref. BV/19/N. 
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REPORTS and other PUBLICATIONS 
(not tnoluded in the monthly Books Supplement) 


Great Britaln and Ireland 


Twenty-second Annual Report of the British Paper and Board Tadostry 
Resoarch Asoclaiion, 1st Getober, 1066-80th September, 19 1066. Pp. 7 
(Kenley, Surrey: The British Paper and Board Indi 


Medical Research Oouncil. Memorandum No. 23: Nomenclature of Fungi 
Animals— 


Pathogonto to Man and ‘Names recommended for use in the United 

dom. edical Mycol Committee.) Pp. iv+20. Third fdition: 
(London: H.M. Stationery Office, 1967.) se net. [148 

University of the University, 1965-66. Reports 


Reading. Prooeedin 
l ted to the University Court. peor 172. (Reading: The eacoariy 
National Institute of Aarona n neerin edi Buildings t- 


ment, tal P 

8 and Direct Fi fing of Othe By . 

Pp; (8ulsoe, Bedford: National Institute of Agricultural Taginconing 

1987, Obtainable from H.M. Stationery Office.) 7s, ôd. 1 
Mediol ne and Government. By Lord Brain. (The Tavistock Lecture 1 8) 


raa Alloys. By Dr. T, B, Mitchell. 
ropy on Ultrasonic fon in Smith and Dr. R. W. B. 
Be ens. Pp. 41-64, 88, 6d. net. Basti and By 2. 2 Behaviour of Engineering 
Materiais, y Dr.J. Marin, Pp. 89. 5s. net. eae and Some Applications 
f Pulsed Current Fields to the Problema of Non-Destructive Seer By 


0. J. Renken. Pp. 241-261, 3s. 6d, net. (Reprinted from Progress in A. 
Afatertals Researoh, Vols. 5 and 6. ) Condon: Fie Books, TEE n Pris 
B. Clark. (An Inaugural 


geology the Study of Anumals. By Prof. 
luvered before the Unaveraliy of Newcastle npon Tyne on Monda. y, 
a November, 1986.) Pp. 18. (Newcastle upon Tyne: Unversity, 10973 


Oe onol! for Scfentific Policy. Report of the Working Party on Lialia 

between Universities and vemment Research Establishments. Pp. 

TENs (Omand. 8222.) (London: H.M. Stationery Office, 1967.) 1M fe 
ne 


Agricultural Research Counoll. Weed Research nization—Second 
Report 1065-1966. Pp. v+56. (London: Agricul Besearch Council, 
1967. Obtainable from H.M., Stationery Office.) 7a. 6d. [178 

8) eld City Museums 1965-1966—Annual Report for the year ended 
te Maroh, 1009. Pp. 36. (Sheffield: The City Museums, 1967.) [178 

ao. Bp. Brewery Convention. Report of the Barle: Commietes—Trlala 
1065. ar. panaon: The Institute of £ Brewing, 1967.) [178 
f Kaidas Frogramming: Dineley and O. Preece. 
(9o Academe pages Pp. 3 (Noweaatle upon Tyne- Oriel Tra 
The arn o Trust for the Universities of Scotland. Sixty-fifth Annual 
(Edinburgh: The 


Report, 1 Pp. 60. Carnegie Trust for the Uny 
versities of Scotland, 1967.) 

Mathematical Association. Universities ana Son Schools Committee—Pamp! iet 
No. 1: 8) ae for Sixth-Form Work in Pure ariel ca. Pp. V+ 23. 
(London: G. Bell and Sons, Ltd., 1067.) 22. 6d. net. [203 

Potato Marke ting Board. Research Sponsored by the Potato Marketing 


Board—Report Ne 1, 1967. wili+ 42. ndon: Potato Meret 
Board, 10079 Pp a (208 


Other Countries 


Museum of Co trve Zoology, Harvard Universi: queen No. 
248, (20 July, 1 : A Triasalc Ammonite from the gh Region, 
Pau n, West akistan By Bernard Kummal. No. 248 ee 


By Michand Additional Notes on the Amphisbaenids of ae Puerto Bi co, 
ard Thomas. mas. ED, 23. EEA No. 250, (November 4, 1966). The Brain of the 

TI: ‘anatomy of the Principal Nerve Cell 

EEE and rest oy st By Btanley Cobb. Pp. oe No. Fels (November 4, 


Chronological Burvey, of the Tetra: c of ntina. 

F. Bonaparte Eb: ae . No, 252, ovambot , 1966): The Chanares 

Argentina) Trani: e Fauna, It; Sketch of the Geology of the Rio 

Rio Gualo Region By Alfred Sherwood Romer and James 

A, Jensen. lai No, 26 November 4, 1966): A New H olan Gecko. 
By Richard Pp. 5, No. 254 (November 4 1006): ae 

Descriptions of New * Honey-Raters (Ares, Melphagi ) Finn Salo- 

nsn., Pp. 12. No. ye (December 66): A Revision XE the Fossil 

ls from the Middle idee Thomas Farm, Gilchrist 


cent Joseph Maglio. Pp. 27. No. 256, (8 February, 
1967): Anolis chocorum, a New Punctatus-like por! from Darien n, Panama 
(Ba Ernest E. Wiliams and Willam E. Du Pp. 
Br tar Af maces on uae 
. 30. No. 258, el 3 : Bio o 
Zeil di anes Mee TE 


By John F. La Pp 14 enhe S073 b: 1986). eaa ding a 
y John F. Lawrence. . No. ‘ebruary, ut e 
100%): Monograph of the amire anu Ol aoa, Daonst, UEan 
nograph o; nus us usoa: nata: Urocop- 
tidas). s Zoology miam Js lendhi EP 10. (Cambridge, Mass.: Museum of 
parative i arsity, ie and dg, ) {133 
Annals of Ry hor vere York kain on Geeta Bit 140, Article 2. Gastric 
Pepsin, Mucus, and Clinical poctotory Biu D David 0. H. Sun and 87 
otber authors, Pp. 685-062. (Ne ork: oe ork Academy of Selences, 


987.) 
12a Health Organisation. Monogra Perles, No. 53: The Assessment of 
the Nutritional Status of the Community (with special reference to field 
regions of the world). By Darrick B Jelliffe. Pp. 271. 


surveys in develo 

18 Sw. francs 3 86. Monogra’ ograph Series No. 54. H ital Planning and 

‘Administration. By R. we avies and H. M, ©. ulay. Pp. 215. 

16 Sw. france; 28s, 8d.; 85:25. (Genova: World Health Organization; London 

FAL t Btattonory ENT 88.) {188 
United States Deperunent of the Interior’ Geol wien 


Supply Paper 1679° Magnitude and Frequency of code ‘in th o United 
States. tart ae Missourl River Basin above Sioux City, Iowa By James L. 


d 
306: E en a of Lear 
Plates 15. Inyo County, California, By Donald O. Ross. Pp. Ui+ 84-+ 
tes 1-5. Professional aper 510: Geo and Igneous Petro of the 
orthern ae Mountains, Jefferson and Broadwater Counties 
Korth ine medes. Pp.. v+116-+-plates 1-3. (Washington, D O.: Govern- 
ment Printing Office, 1 
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Uttar Se at State coupe of Scientific and Industria] Research. } 
ph No. 9: The Structure of the Epididymis of Birds and the Ses» 

hangs a t In the Epidtdymis of the Parrot. By B. Prasad. Pp. vili+ 
pistes (Lucknow: State Council of Belentitic and Industrial Rese: 

ndon: Asis s Publishmg House, 1067. 

Akademie der Wissenschaften und der Literatur, Mainz. Abhandh 
der Mathematisch-Naturwissengschaftlhichen Klasse. Jahrgang 1966, D 
Anomalies de Réactivité Chimique eux Points de Transormmation Magne 
des Corps Solides. Par Hubert Forestier et Marc Daire . 10. ne 

r Wissenschaften und der Literatur, 1868.) 
The Dominion Astrophyaeal Observatory, Victoria, B. o. (A brief 
of ats work, and of some re 


(December 1000) Acoldental Deaths Increase Again i 
ng Problem. Ourrent Aspects of Diabetes Mortals asc 
(New York. Metropolitan Iafe Insurance Company, 10003 
Bulletin of the American Museum of N: more ‘ol. 185, Artic 
A Check List of Reoent Amphisbacnians (Am tilia)” By 
Qane, Pp. 61-108. (New York: American Aae era Nati History, 1 


Bulletin of the Florida State osonmi Biolo Sciences. VoL 2, N 
The Fishes of the Santa Fe River 8. By onan B. Heller, Jr. 
1-40. 30.80. Vol. 2, No. 2: The tne Woods. 8 make, Rkadinaea fiat 
(Gone). By Charlies W. Myers, Pp. 47-97, 30.90. (Gainesville, FIoymma 


International Council of È cientifico Unions. VI Meeting of the Ex 
Committee, Monaco, 7-8 October, 1966, Pp. 141. (Rome: ICSU Secreta 


196 
Olona of the Dominion Astrophysical Observatory, Victoria, 
Vol, 12, No. 15: A Contribution to the Eronen os Ecli ove Binaries 
. By J. B. Tatum. oL 12, No. 
itudes of 671 B stare toy Petrio and B= 
6-454. Vol. 18, No, 1: Accurate Partition tee and Disa 
rium Constants of Diatomio Molecules of Astrophysical Inter— 
. 1-18, Vol. 18, No, 2: The B-Type Spectroscopic Biz 
‘D. Thackeray and J. 2i HD p Pp. 19-26. (Victc 


83.; A. $030 [ 
jaa. of California Publications in a ooog. Vol. 81: Singing 
havior and Its De t Ra the Bo sparrow Mi melodia. 
James A. Mulligan, 8. J. P) rkeley HEr Los Angeles: Universit; 
California Preas; Lo: ‘London: Rimor ge University Press, 1966.) $2; 18s.: 


mptes Rendus des Travaux du Laboratoire Carlsberg. Vol. 85, No. 
Serie pests of Microtbuloe in Bpermatocyte Meiosis in a Crane Fly £ 
Boi suturalis Lowe): Intranuclear and Intrachromosomal Microtubvam 

O. Bebnke and A. Pp. Prae iatea: dai kr. Vol. 35, 

: Amoeba Aold P pbatasen. Distribution in Cell Fractions fi 
Chaos chacs L. proa nd Ep 457-6004 5 plates. 9 kr. Vol. 
No, 21: The Relationship of RNA Syn’ to Temperature as an Ind 
af Bynohronous | rab are By Emul Bernstein and Erik Zuethen. Pp. 501-6 

38 kr. Vol. 36, No. 1: An African Strain of Blepharisma japomeum (8 
a Study of the serait cane and ism, and Macronuc: 
Aberration. ee ason . 1-24 +2 plates. 5 kr. (Cope 

Danish Science Press , 1986 <a 11987, ) 

Se gt a We 
ceros melampus ocage. y wa us 
5. W. A.: Staatsmuseum, P.O. Box 1203, 196 T 

Ql of Terms Frequently Used in Relativistic Astrophysics. al 
(New York: American Institute of ica, 1987. [> 

Indian Forest Bulletin (New Beries)—Entomology. No. 248: Studies 

rallatotermes, Emersonuermes and Ceylonvermel 
from the Ea ge on, steel ea Termitidas: Nasut{termitinae), By 
Prashad an a Rs. 2.60; 68. 1d. Indian For 
Records anes ae "Botany: ol. 5, No. 8° Grasses of the Upper Ga Gan 
Plain-Panicoideao. kancone. By M. B. Raizada ani Ei] 
Pp. 1+151-+228 +10 7; 168. 4d. Indian Forest Leaflet No. lie 
Dyestulls from Tea 30 aes a By P. , A. K. Misra and 8. K. Po 
Pp. 8 (Delhi: Manager of Publications, 1964 and 1966. ) ya 

Indta: Council of Bot Sctontific and Industrial Research. Annual Report of t 
National Metallurgical Laboratory, 1965-1966. Pp. vil+ 225. (Jamshed 
National Metallurgical Laboratory, 1966. 

Ashmound Excavations at Kuper l By Dr. Ganesh Gangadhar and Shar 
pny ar Rajaguru, Pp. xiv +6 rac abe epoonn: Deccan Oollege Po: 

Institute, toe 1 


or States: Breoutive Office of a A Tni, Privacy and Pelita 
Besenroh, Ep. v+80. (Washington, D.O.: Government Printing One 
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EAST OF SUEZ 


THERE will be a great deal of sympathy for poor Mr 
Denis Healey, the British Secretary of State for Defence, 
who has for several months been under attack from 
members of his own political party for what is alleged 
to be a muddled policy for British deployment east of 
Suez. Patiently, and with due care for cost, Mr 
Healey and his advisers have been making plans for 
the future of their far eastern operation when Aden 
becomes an independent state in 1968. The problem 
is how to arrange that sircraft should be able to fly 
to and from the Far East without falling into the Indian 
Ocean for lack of fuel. The notion that aircraft carriers 
might lend strategic mobility to strike aircraft has been 
seriously considered and officially rejected, although 
the carrier lobby still has powerful adherents. Instead, 
the most favoured solution. is that islands in the Indian 
Ocean should be fitted out with airstrips and used as 
staging posts in the rapid eastward (or westward) 
passage of aircraft the range of which is necessarily 
limited. Hats must have been thrown in the air at 
the Ministry of Defence on the day it was discovered 
that the oceanic island of Aldabra is conveniently 
placed off the coast of East Africa. The irony now is 
that Mr Healey has to contend not with those who 
criticize his defence policy but with the conservation- 
ists led, for once at least, by the formidable president 
of the Royal Society (see page 965). Only Mr Healey 
can say which experience is the more alarming. 

Whatever he may say, there is, of course, no question 
that the building of an airstrip on Aldabra would be 
entirely indefensible. The Royal Society has done well 
to argue the case for total preservation. Its memoran- 
dum on Aldabra cogently puts paid to any notion 
that there might be some balanced coexistence between 
the military and the island ecosystem which at present 
occupies the part of Aldabra reef still isolated from 
interference. Experience elsewhere shows how little 
disturbance there has to be for the ecology of an 
oceanic island to be entirely transformed. At the same 
time the memorandum is admirably restrained. There 
is nothing in it to suggest a conviction that all things 
soft and cuddly are entitled to perpetual protection 
from people and even from each other. The case for 
Aldabra is that the island is one of a handful of places 
where the ecology is at once distinctive and compara- 
tively simple. Careful study would be illuminating. 
By comparison, the spattering of post-glacial flowers 
which interfered for a time last year with a proposal 
to build a reservoir at Cow Green in the north of 
England was almost a triviality. To build an airstrip 
on Aldabra will be an intolerable offence. 

What, then, will happen? Mr Healey is plainly 
taking care to keep freedom to manoeuvre. Indeed, 
his reply to the Royal Society contains the ominous 
statement that other islands in the neighbourhood 


have already been rejected as potential airstrips. 
Only a few months ago (see Nature, 218, 854; 1967) 
Mr Healey was supposed still to be considering alterna- 
tives. If the plan for building any kind of airstrip in 
the Indian Ocean is to go forward, he should be required 
to explain not merely why the other atolls will not do, 
but what the extra cost of using them would be. 
The military advantages of Aldabra, however great, 
cannot be decisive in an absolute sense. It would be 
intolerable if some entirely unimportant consideration 
—e few extra million pounds, or a few more minutes on 
an air journey half-way around the world, were to put 
the ecology of Aldabra beyond ken for good. All this 
implies that Mr Healey must be pressed to carry out a 
cost benefit analysis which takes proper account of the 
scientific importance of Aldabra. Even if he should 
find himself being driven to think again of aircraft 
carriers, he should not be allowed to dodge the issue. 


TECHNOLOGY GAP AGAIN 


EvRopnan views about the phenomenon unfortunately 
called the technology gap are rapidly becoming more 
rational, and the meeting of the European Round 
Table in Turin last week will have helped a great deal. 
The address by Dr A. C. Copisarow, the substance of 
which appears on page 966, is one example of how the 
frequently fashionable European view that real pros- 
perity is made unattainable by cruel luck will eventually 
be exorcised. The truth is, of course, that innovation 
does not automatically bring rewards. It is possible 
to invent quite remarkable things such as penicillin, 
magnetron valves and swing-wing aircraft and then 
fail to make an appreciable profit from them. In the 
past there has been a temptation in Europe to believe 
that cleverness is a kind of virtue which entitles those 
who possess it to economic security. What is now 
happening, slowly perhaps, is that those concerned 
with the allocation of resources to science and tech- 
nology are beginning to recognize that sheer innovation 
is only @ small part in the relationship between science 
and economic growth. By itself, indeed, innovation 
is worse than useless, for it consumes resources and 
sometimes provides economic competitors with gratui- 
tous advantages. If a nation is to use science and 
technology to create usable resources, it must be at 
least as much concerned with issues which have little 
to do with laboratory research as such, and which 
range from broad social issues such as educational 
policy to much more specific matters such as market 
research and taxation policy. 

It is ironical that the airing given to these notions 
at Turin should have coincided with the conference last 
weekend in Britain of the National Association of 
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Head Teachers—a body which seems bent on providing 
overworked, educational administrators with a public 
outlet for pent-up irritation (see page 962). On this 
occasion, the headmasters were anxious because the 
minimum school-leaving age in Britain is soon to be 
increased from fifteen to sixteen, and they were con- 
cerned to know where all the teachers are to come from. 
The trouble, of course, is that nations like Britain will 
never be able to make full use of science and tech- 
nology until the population as a whole is educated more 
thoroughly. This was one of Dr Copisarow’s points, 
Some weeks ago (see Nature, 213, 853; 1967) Mr Robert 
McNamara advanced the same argument in a more 
contentious fasbion, and earned from Mr Anthony 
Crosland the rebuke that it ill becomes a representative 
of the richest country in the world to urge others to 
spend more money on education. But what alternative 
can there be? The objective is not to teach more 
science, or to teach technology, but somehow to 
create an adult population which is more easily adapt- 
able to change. It is lamentable that 60 per cent of 
British children leave school as soon as they are allowed. 
to do so at fifteen, and that more than three-quarters 
of them have left a year later. It is plain folly to deal 
this way with cohorts of people who will be expected 
to contribute towards, and to enjoy, the year 2000. 
In the years immediately ahead in Europe, it is clear 
that ministries of education will have as much to do as 
ministries of technology. 

This does not imply that there is nothing for the 
administrators of technology to do until there is a 
better supply of more highly educated young people. 
Dr Copisarow is not the only one to have pointed to 
the importance of wise decisions in the strategy of 
technological development, but the case is well worth 
repetition, especially in a European context. In this 
sense, of course, it is entirely sensible that several 
European nations have been taking steps to make sure 
that they will not entirely lose the capacity to make 
computers on their own account, or that they will 
keep some kind of aircraft industry. The trouble is 
that decisions like these are far too often made emotion- 
ally, without much regard for unpalatable economic 
realities. Thus the development of the Concord 
aircraft, supported jointly by the governments of 
Britain and France, was prompted chiefly by the 
desire of the two countries to preserve a continuing 
interest in the manufacture of advanced aircraft, but 
there seems at no stage to have been serious consider- 
ation of the possibility that some other collaborative 
project might have been at once more profitable and 
less speculative. In this sense, such strategic decisions 
as are made in Europe are far too often coloured by 
irrelevancy. National pride seems often to carry 
people away. In deciding how to commit resources, 
there seems always to be more enthusiasm for the 
development of advanced aircraft than for the cheap 
typewriters and dishwashing machines which are much 
more urgently necessary in Europe—and which are 
likely to earn tangible rewards for those who develop 
and manufacture them. Dr Copisarow is right in urging 
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that European nations should follow a more deliberate 
policy in the allocation of technical resources. This 
will less frequently require that governments should 
sponsor this project or that than that they should 
deliberately leave alone unpromising developments. 

In any case, of course, there is a limit to what 
governments can accomplish on their own. No amount 
of sponsored technology is worth having if it is not 
accompanied by efficient production and sound market- 
ing. In Britain, at least, it seems now to have been 
recognized that an effective strategy for technological 
development must imply the encouragement of mergers 
among industrial companies. The argument leading 
to this conclusion is that only large units are able to 
support viable programmes of research and develop- 
ment, which is part of Dr Copisarow’s case. It is 
important that in this respect, however, Europe is not 
homogeneous. In Italy, for example, many successful 
industrial companies sre conspicuous for their com- 
parative neglect of research and development. As in 
Japan in the fifties, technological innovation is a useful 
but not an essential condition for industrial success. 

What then should governments seek to do! Where 
Britain is concerned, what stands out most clearly 
is that much more attention should be paid to deciding 
what kinds of technical developments are worthwhile. 
Most often, it should be for industrial companies to 
decide what products are likely to sell well at reasonable 
prices, but Europe is at present exceedingly backward. 
at hardheaded market research. This is particularly 
unfortunate because the potential market for most 
kinds of manufactured goods is much more diverse in 
Europe than in the United States. Governments could 
probably do a great deal to help by devising fiscal 
systems that would encourage industrial companies 
to set out to make great fortunes by putting just the 
right product on the market at just the right time, but 
it remains a puzzle to know why companies do not see 
the advantages of doing this on their own accord. Not 
merely in Britain but elsewhere, it seems to be con- 
sidered much more prudent to manufacture what other 
companies have already found to be successful—a 
recipe for making sure that unit costs will be too high 
and that no company grows too large or makes too 
great a profit. The most easily sustained complaint 
against industrial companies in Europe is that they are 
frequently not sufficiently concerned with their long- 
term interest and not nearly ready enough to see how 
innovation could help. Moreover, there is little doubt 
that a transformation in this respect would be much 
more valuable than the most carefully designed pro- 
gramme of research and development. In the long 
run, this is how better education—not necessarily 
centred around science and technology—could be 
inestimably valuable. In the more immediate future, 
it will be for governments to find some way of spurring 
on the process. 

One of the attractions of membership of the European. 
Economic Community for Britain is the promise, or 
merely the chance, that this transformation would 
happen spontaneously. At the same time, the argu- 


r 


fö ~ 
s. ee oo 
row E 


a 3 
NATURE, VOL. 214, JUNE 3, 1967 


ment goes, there would be one large and homogeneous 
market in which to operate, and a technological founda- 
tion large enough to make unnecessary most of the 
painful acts of self-denial that will otherwise be 
necessary. But the steps which need urgently to be 
taken by Europe as a whole are much more urgently 
necessary for those nations bound to remain outside. 
This, certainly, is what the British Government should 
be concerned about. Membership of the EEC is not 
assured, to say the best of it. If the outcome of the 
weeks immediately ahead is a second refusal of the 
application for membership, a more or less drastic 
recasting of the strategy of science and technology 
will be essential. Although the government is appar- 
ently moving gently in the right direction, it is now by 
no means too soon to ask how Britain will learn to 
live not merely with the transatlantic technological 
gap but also with one across the English Channel (as 
it is called in Britain). That should keep the Ministry 
of Technology busy through the summer. 


WATER FOR PEACE? 


Tue international conference under the general 
heading of “Water for Peace” which has just ended in 
Washington has understandably been a Little less 
dramatic and decisive than its sponsors may have 
hoped, but that does not mean that nothing has been 
accomplished. The origin of the occasion seems to 
have been a characteristically impulsive and even 
compassionate decision by President Johnson, eighteen 
months ago, that advanced technology should be 
harnessed to the provision of more and better water to 
overcrowded populations. No doubt the president 
had at the back of his mind the successful conferences 
on nuclear energy organized by the United Nations in 
1955, 1958 and 1962. On this occasion, his first mistake 
was to overlook the importance of the part played by 
the United Nations on those earlier occasions. No 
doubt the absence of the Russians from the conference 
in Washington is at least partly attributable to that 
oversight. Another and more serious difficulty is that 
of sustaining simple enthusiasm for the belief that water 
by itself can solve important problems. For one thing, 
those who would make the deserts bloom are as much 
inhibited by lack of money with which to buy irrigation 
plant as by sheer lack of water. Then, in any case, the 
shortage of water is not absolute but relative. At 
$1 a thousand gallons, water is as easy to come by as 
the sea, and in places like Kuwait the price is well 
worth paying. In Los Angeles, fresh water from a 
plant now being built to produce electricity at the 
same time will cost about §0-4 a thousand gallons, 
partly because a really large nuclear reactor is economio- 
ally supportable. Elsewhere, still cheaper water is 
being or soon will be produced. The irony which 
seems to have moved President Johnson to convene 
his conference is that the people to whom the shortage 
of water is most painfully destructive are those least able 
to buy spanking new nuclear reactors for themselves. 
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This, unfortunately, is a familiar problem, unlikely 
to be solved by a conference of technologists. The best 
they can do is what they did at Washington—to show 
what means are now available for increasing the natural 
supply of fresh water. One result was to provide 
formal confirmation of several important generaliza- 
tions. Thus it seems now to be clear that nuclear 
reactors will probably be the most flexible and even 
the cheapest ways of producing large quantities of 
fresh water, particularly where there is a sufficient 
concentration of people to provide a market for large 
quantities of electricity as well. The cost of producing 
water in this way is still high enough to matter in most 
places except Los Angeles, although in time there is 
every reason to expect that costs will become less 
important. Certainly prosperous and established cities 
need not fear that their development will be restricted 
for lack of water. It is harder to predict how quickly 
the manufacture of fresh water will be undertaken 
away from large urban communities. One obvious 
difficulty is that the production cost of water from 
large distillation plants is already small enough to be 
comparable with the cost of management and distribu- 
tion even in densely settled communities. It follows 
that the use of manufactured water in rural communi- 
ties and in agriculture will be limited much more by the 
cost of using water than by the simple cost of distilla- 
tion. Even where there is plenty of cheap fuel to be had 
for the asking, as in the Middle East, the deserts will not 
be made to blossom overnight. By the same tokens, 
it is not reasonable to expect a transformation of the 
economics of artificial water by the successful exploita- 
tion of some new method of dialysis, or by the ingenious 
use of solar energy in some hot climate. In the long 
run ingenious devices like these may be able to compete 
successfully with nuclear reactors, especially where 
small quantities of water are required, but they cannot 
drastically reduce the real cost of using artificial 
water. 

The United States Administration seems tacitly to 
have acknowledged this by dropping President John- 
son’s original suggestion of a huge fund to support the 
development of water distillation in underdeveloped 
countries. Instead there is to be an Office of Water for 
Peace in the State Department. In time this could 
easily become a useful clearing house for technical 
information on a specialized branch of chemical 
engineering-——and the question will arise of whether the 
State Department is the most suitable home for it. 
For the rest, it would be immensely valuable if the 
immediate result of the conference at Washington is a 
much more clear understanding of the importance of 
water conservation. It is true, of course, that some of 
the incentive for the removal of pollution from rivers 
in recent years, particularly in the United States, has 
been prompted by a recognition that the pollution of 
natural water is an expensive waste of economic 
resources. This is why those who administer water 
supplies, and who fix the rates charged for various 
uses, for example, may have as big a part to play as 
the chemical engineers. 
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NEWS AND VIEWS 


Changes at Teddington 


Tam National Physical Laboratory seems to have 
survived the constitutional re-shuffle which has 
occurred since the advent of the Ministry of Tech- 
nology. The annual report for 1966 (HMSO, £1-5) 
gives details of exactly what has happened, which 
amounts in the first place to the creation of a number of 
committees. There are now two major committees 
concerned with the policy of the NPL, a steering com- 
mittee under the chairmanship of Professor B. H. 
Flowers, and & visiting board of about 50, chaired 
by the President of the Royal Society. The steering 
committee, which in addition to Professor Flowers 
consists of nine members including Dr H. M. Finniston, 
Dr. J. V. Dunworth and several industrialists, is 
responsible for submitting to the Minister of Technology 
the annual research programme, together with the 
budget and staff needs. The function of the large 
visiting board is more obscure, but almost everybody 
is on it, including the entire steering committee, and 
it is to meet annually to discuss the work of the labora- 
tory and make recommendations to the President and 
Council of the Royal Society 

The Royal Society, in fact, is deeply involved with 
the new structure, although the scheme of management 
makes it clear that the Minister of Technology’s decision 
is final. The Royal Society seems likely to fill a useful 
but unexciting role as supplier of committee fodder, 
with no executive authority. 

As for the laboratory itself, it has been divided into 
three groups: the Measurement Group (standards, 
instrumentation, applied physics, acoustics, radiology 
and light), the Materials Group (chemical standards, 
inorganic materials, metallurgy and molecular science) 
and another group which has defied labelling and is 
referred to in the report as the Third Group. This 
includes aerodynamics, autonomics, mathematics and 
the ship division. As the report notes, all this reorgan- 
ization has taken time, but is now coming into opera- 
tion. There is a hint that in future the work of the 
laboratory will not be so widely spread—‘the new 
programme for 1967-68 already represents a useful 
degree of consolidation in that effort is now being 
concentrated on a limited number of objectives”. 
Assailed with advice from all sides, it may be difficult 
to maintain this position. 

The fall cost to the Exchequer of the NPL in 1965-66 
is estimated as £5-5 million, of which £3:6 million was 
direct expenditure. The cost per unit of staff is rising 
steadily, but the cost of administration has declined 
as a percentage of the total cost—in 1965-66 it was 
4-1 per cent, against 4-4 per cent the year before. 


No Change for Chemistry 


Tas Royal Society is carrying out a survey of the 
quality of postgraduate education in the United 
Kingdom. As well as an inquiry about what the post- 
graduate students think, questionnaires are being sent 
to firms employing PhDs, asking what the value of a 
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doctorate really is. Five committees have been set up: 
in chemistry, under Professor R. A. Raphael of Glasgow 
University; in physics, under Professor C. C. Butler of 
Imperial College; in biology, under Professor Harley of 


_ Sheffield University; and in mathematics and engineer- 


ing, both under Professor M. J. Lightill of Imperial 
College. There is also to be an investigation of the earth 
sciences, but this has run into some difficulties, and a 
chairman. has yet to be appointed. 

The studies are being organized as the individual 
chairmen see fit. Professor Lightill, for instance, has 
written to 1,900 postgraduates from five different 
academic years, and to 90 individual firms and institu- 
tions. The information from universities has already 
been collected, and the report on engineering should be 
published by December. Professor Raphael, on the 
other hand, restricted his inquiry to 106 professors of 
chemistry in Britain and to six well known chemistry 
centres in the United States (Columbia, Harvard, 
Princeton, Stanford, UCLA, Wisconsin). The 
chemistry report, now published, is therefore very 
much less valuable than it might be. It has no replies 
from students or from industry. This is all the more 
surprising because the inquiry was prompted by 
industrial oriticism of the PhDs produced by British 
universities. 

The picture that emerges is described by Professor 
Raphael as one of “concerned non-complacency”’, 
though an industrial observer might find EA 
much ruder to say about it. Not surprisingly, a 
majority of the universities are in favour of retaining 
their present arrangements, but those which do con- 
template change were not asked what the changes 
would be. Three-quarters of those asked were against 
the introduction of classes (Ist, 2nd, 38rd) into PhD 
degrees, but more than 70 per cent revealed that their 
postgraduates do compulsory course work. The sug- 
gestions made were mostly rather unambitious—more 
collaboration with industry, the provision of more 
technical help for research students, a toughening up 
of the attitude of outside examiners, and making 
laboratory and library facilities available at weekends. 
The survey means that more is now known about the 
way in which British chemistry departments operate, 
but what people feel about their products is still a 
mystery. 


Technology of Teaching 


Tax National Council for Education Technology now 
seems to be a going concern. According to the Depart- 
ment of Education and Science, the council—the com- 
position of which is still incomplete—held its first 
meeting on May 31. The department also announced 
that the first director of the council will be Mr R. A. 
Becher, an assistant director of the Nuffield Founda- 
tion who is being seconded to the council from Septem- 
ber 1 this year. Mr Becher has for some years been 
closely concerned with the initiation of the foundation’s 
educational work. 

Precisely how the national council will operate is 
not yet clear. Historically it descends from the report 
of the committee of the University Grants Committee 
under Dr Brynmor Jones, Vice-Chancellor of the 
University of Hull, on the uses of audio-visual methods 
and other ancillary devices in higher education. One 
of the recommendations of the committee was that 
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there should be a national centre to foster the use of 
ancillary devices in teaching. The response of the 
Department of Education has been the creation of the 
national council (see Nature, 214, 225; 1967). Dr 
Brynmor Jones will be the chairman of the council. 
The intention is that the council should operate where 
it chooses, and there seems to be no intention that its 
work should be confined to higher education. Usually 
the council will act as a kind of grant broker, putting 
people with good ideas in touch with the sources from 
which funds are now said to be available on an increas- 
ingly generous scale. The council so far includes 
twenty-five ordinary members, largely from education, 
but the Department of Education and Science says 
that farther representatives of industry are to be 
added to the list. 


Technology for Puerto Rico 


A OHALLENGING view of how technology may be able 
to transform the condition of Puerto Rico has been 
produced by a committee of the US National Research 
Council of the National Academy of Sciences and the 
National Academy of Engineering under Dr John C. 
Warner of the Carnegie Institute of Technology. The 
study which the committee has undertaken was com- 
missioned by the governor of Puerto Rico. The 
objective was to find some means by which the living 
standards of the people of Puerto Rico could be made 
more nearly comparable with those on the mainland. 
This implies a more than three-fold increase of the 
per capita GNP (at present $930 a year) between now 
and 1980. The committee has concluded that the 
only way of meeting these conditions is that Puerto 
Rico should energetically embark on a “strategy of 
increased. productivity”. 

Although the committee makes no bones about the 
seriousness of the problems which have to be tackled 
in Puerto Rico, its report derives an undertone of 
optimism from the way in which the economy has been 
moving in the right direction in recent years. Thus the 
rate of growth of GNP per capita was 5-1 per cent a 
year throughout the fifties and early sixties, and was 
accelerating during that period. In spite of the rapid 
increase of population on the islands, Puerto Rico 
did better than the United States as a whole (with an 
average annual increase of GNP of 3-5 per cent) and 
much better than comparatively depressed states on 
the mainland such as Mississippi (2-9 per cent a year 
in the same period, but accelerating in the sixties). 
The growth of manufacturing industry in Puerto Rico 
is largely responsible for this transformation. Since 
1948, the proportion of the net income of the islands 
earned in this way has increased from 14-9 per cent to 
23-4 per cent. During the same period, net income 
derived from agriculture has been stagnant as a total, 
and has declined from 24-6 per cent to 8-4 per cent as a 
proportion. The report warns, however, that the 
industries so far established in Puerto Rico, largely 
as a result of economic incentives under the programmes 
of the Economic Development Administration, are 
mainly concerned with the manufacture of food, 
tobacco, textiles and clothes. For one thing, this im- 
plies too narrow a foundation for the indefinite future. 
For another, the committee points out that the indus- 
tries concerned. are labour intensive, which means that 
the economic value added by each worker’s effort is 
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comparatively smaller than it might be. This, the 
committee of the National Research Council believes, | 
can only be avoided by the provision of a better system 
of education. 

More education is not enough, however. One striking 
passage in the committee’s argument is that Puerto 
Rico cannot hope for economic parity with the main- 
land by continuing development along directions 
now apparent. Although the committee urges that 
efforts should be made to improve productivity by 
investment in plant and machinery, by better rational- 
ization of manufacturing operations, and by a better 
education for the labour force, it considers that these 
devices are ‘technologically limited”. For this reason, 
the argument runs, Puerto Rico should set out deliber- 
ately to foster technological change, chiefly by trying 
to create in Puerto Rico (or to import from the main- 
land) research and development likely to lead to the 
emergence of new industries. 


Brain Drain Bibliography 


Tax unit on research policy at the University of Lund 
has just published a bibliography of 415 items culled 
from the literature of 40 countries and concerned with 
problems of the migration of scientists and technologists. 
The document, Brain Drain and Brain Gain, is in- 
tended “as a source of information for those who are 
motivated to study the various aspects of the migration 
of scientists by the needs of policy or by the delight 
of scientific curiosity’. Although the bibliography 
may seem to serious scholars to be incomplete in 
several ways, it does throw light on the reading habits 
of those who have compiled it. Thus the compilers 
seem to have kept a close watch on publications in 
English, such as the New York Times and even Nature. 
By contrast, two of the three references to Le Monde 
date back to 1964. (The other is undated.) 


Computer Catalogue 


A contract for the development of library catalogues 
in machine readable form has been placed with the 
University of Newcastle upon Tyne by the Office for 
Scientific and Technical Information. The office is 
proposing to contribute £12,500 towards the cost of a 
two year project being undertaken by Professor E. 8. 
Page, professor of computing and data processing at the 
university, and Mr M. B. Line, the deputy librarian. 
Professor Page has in the past few years been respon- 
sible for the work necessary to make the MEDLARS 
retrieval system of the US National Library of Medicine 
accessible to research workers in the United Kingdom. 
The new project is intended to be of general value 
to university librarians, and possibly to others as well. 
One task will be to explore the problems of converting 
an existing catalogue to computer language. The entire 
catalogue of the university library at Newcastle will 
be punched on to paper tape, and an attempt will be 
made to decide whether this can be recast in some more 
suitable form, possibly by the use of automatic com- 
puter programmes for editing individual catalogue , 
entries. The project is also designed to discover what 
kinds of catalogues are likely to be most directly of 
value to readers. As part of the work to be undertaken, 
several variants of conventional catalogues will be 
produced by the computer from the main catalogue. 
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With luck, this part of the project could provide the 
detailed understanding of the needs of readers in 
libraries on which good planning should in future 
depend. 

Librarians elsewhere may think that OSTI is getting 
a bargain at £12,500. The use of computers in the 
management of library catalogues has been a live issue 
for several years, and was, for example, one of the 
principal themes at a conference on the subject in 
Oxford in 1966. Apart from complications such as the 
need that the catalogues of scholarly libraries should 
contain entries in unfamiliar languages, the handling 
of really complicated library catalogues is bedevilled 
by the sheer mechanical difficulty of sorting entries, 
even with computers. One of the possibilities which 
excite librarians is that effective use of computers 
could enable them rapidly and cheaply to compile 
selective bibliographies. 


Profits for Some 


Ir dissatisfaction with past performance were any 
guarantee of improvement, advanced British industries 
would have little to worry about. The latest to come 
under critical examination is the low temperature 
industry in Britain, which is concerned with such 
things as superconducting magnets, liquefaction of 
gases, low temperature solid state devices, and the 
preservation of biological materials. A new ginger 
group, the British Cryogenics Council, has been started 
to encourage British industry to take advantage of 
opportunities in this field. The council, which has the 
support of eleven institutions and societies, is to begin 
work under the wing of the Institution of Chemical 
Engineers, but intends to lead an independent existence 
providing advice to industry, organizing meetings and 
conferences, and collecting and disseminating data. The 
first chairman of the council will be Professor G. G. 
Hasledon of the University of Leeds, and Mr 8. Kugler 
will be both secretary and treasurer. 

There is clearly enormous potential in cryogenics. 
Most of the science is not particularly new—as Dr 
K. Mendelssohn pointed out at the inaugural meeting 
of the council, superconductivity was discovered in 
1911-—but the technology has become profitable only 
recently. An important stimulus has been the United 
States rocket programme, with its need for sophis- 
ticated handling of liquefied gases. To some British 
observers, this alone explains why American com- 
panies are far ahead, but it is probably only a small 
part of the whole story. 

Can the new council help ? The answer is yes, but not 
much. It will be good for British companies to have 
advice at the end of a telephone, but academic advice 
unconstrained by the problems of management is often 
a mixed blessing. Establishing standards and codes will 
also be worthwhile, but standards tend to be set by the 
companies who get there first, not by well meaning 
advice years later. As with other aspects of the 
technology gap, the answer lies much more in finan- 
cial adjustments, the size of the market and the 
availability of capital. 


Wellcome Trust 


Berwken 1964 and 1966 the Wellcome Trust gave 
away about £2:5 million in the support of medical 
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research. The money is derived from the distributed 
profits of the Wellcome Foundation, Ltd. The chief 
aim of the trust is to lend flexibility to the way in 
which medical research is financed, by supporting new 
advances or subjects which fall between two disciplines. 
As the sixth report of the foundation makes clear, it 
does not seek to make up the deficiencies created by 
inadequate allocations from public funds. 

So far some 45 per cent of the funds have been used 
to build research accommodation, but this is not to 
continue—the trustees consider that the provision of 
buildings should not rely on a charitable foundation. 
The Trust will continue, however, to support research 
into endemic tropical diseases, which are insufficiently 
studied because they occur in countries with little 
money to spare for research. The Trust has also made a 
large number of individual grants, continued support 
for its research laboratories in Nairobi, and taken an 
interest in the history of medicine and the problems 
of communication between medical research workers. 


More Elbow Room 


Tue financial freedom of the United States National 
Academy of Sciences has been substantially increased 
by gifts of $1 million and $5 million respectively from 
the Rockefeller and Ford Foundations. In an an- 
nouncement last week, Dr Frederick Seitz, President 
of the academy, said that these gifts would increase 
the academy's ability to carry out its present tasks, 
and he is evidently hoping that other foundations will 
follow the examples of Rockefeller and Ford. In 
practice, what the academy is aiming at is a better 
balance between its own funds and those which come 
from government and other official sources. Although 
the annual operating budget is now rather more than 
$20 million a year, almost all of this is earmarked for 
particular tasks undertaken at the request of the 
federal government or other agencies. The general 
budget of the academy is supported largely by a capital 
fund of $8 million, with the result that the academy’s 
own contribution to its operating budget is less than 
1 per cent of the total. 


Don’t Spare the Rod 


Ir almost looks as if the conference of the National 
Association of Head Teachers which took place in 
Scarborough last week was an elaborate joke. The 
teachers, after all, are in charge of British state schools, 
and responsible for putting into practice the modestly 
radical proposals for reorganization which the British 
Government has proposed. Last week they passed 
some motions so reactionary that they would have given 
even a conference of Conservative women pause to 
think. 

The head teachers fixed their position in the educa- 
tional spectrum by three decisions. By a decision of 
the 15,000 members, top priority for discussion— 
more important than comprehensives, government 
policy, or even pay—went to a motion calling for the 
maintenance of morning worship and religious instruc- 
tion in schools. No head teacher voted against. 
Obedience, however, comes only a short step behind 
godliness, and the head teachers reaffirmed their faith 
in the cane. The Plowden report, which recommended 


NATURE, VOL. 214, JUNE 3. 1967 


the abolition of corporal punishment, was described as 
“premature’’—surely the first time that that cautious 
document has ever been described as ahead of its time. 
One delegate even went as far as to quote the German 
military strategist Clausewitz in support of the argu- 
ment for the cane. Finally, the head teachers called on 
Mr Anthony Crosland, the Secretary of State for 
Education and Science, to postpone the raising of the 
school leaving age to 16 until some unspecified time 
after 1970. 

The head teachers also had something to say about 
university students and about the cost of maintenance 
grants now paid by public authorities. After references 
to the “high pregnancy rate among students”, and the 
growing sense of irresponsibility as shown by recent 
events at the London School of Economics, Mr F.C 
Raggatt, headmaster of Stockwell Manor Comprehen- 
sive School in Lambeth, proposed that part of students’ 
grants should be replaced by loans. Claiming that 
one in seven of London students drop out before the 
end of their course, he suggested that loans would 
induce a greater sense of responsibility. Mr Raggatt’s 
system would provide for exemption from repayment 
if the student agreed to work for a set period in an 
approved form of public service. Unfortunately for 
the cause of public understanding, Mr Raggatt did 
not attempt a definition of what constitutes public 
service, It can hardly contribute to the moral or 
financial good of the country to try to persuade a 
young graduate to empty dustbins rather than work 
for Imperial Chemical Industries. 

Mrs Shirley Williams, Minister of State for Educa- 
tion, must have found all this little to her taste. At 
the dinner she ssid that school management was an 
important part of the ministry’s programme. Heads, 
she said, would be the leaders of a movement to trans- 
form British education and school management. If 
she believes this, she must have wondered whatever 
they would transform it into. 


Co-operative Reactor 


JAPAN has decided to join the current research pro- 
gramme of the OECD reactor at Halden in Norway. 
The reactor, which is under the control of the European 
Nuclear Energy Agenoy, is a boiling heavy water reactor 
used as a test facility by a large number of countries 
including Norway, Austria, Denmark, the Nether- 
lands, Sweden, Switzerland, a West German industrial 
group, Italy and Britam. The research programme is 
mainly concerned with the long term testing of fuel 
elements, fuel irradiation, investigations of the water 
chemistry of boiling reactors, and the development of 
instrumentation, and the reactor can be controlled 
by an on-line computer. At the moment the reactor 
itself is shut down, but will begin operations again in 
July with 37 test fuel assemblies in the core. 

The reactor has been operating since 1958, and until 
the end of 1966 had cost $11-9 million, with a contribu- 
tion from the UKAEA of $2 million. The current 
programrae which runs from June 1 this year until 
the end of 1969 has been increased from $4:9 million to 
$5-3 million by the intervention of the Japan Atomic 
Energy Research Institute, and the UK will contri- 
bute $0-35 million. The AEA has in the past used 
the reactor primarily as an irradiation facility, because 
facilities within Britain were fully occupied. 
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Last Sky Catalogue? 


Tap second and final part of the fourth Cambridge 
catalogue of radio sources has now made its formal 
appearance in the Memoirs of the Royal Astronomical 
Soctety (71, Part 2, 49; 1967). The survey has taken 
seven years to complete and has been made with the 
large interferometer at the Mullard Radio Astronomy 
Observatory. Altogether the catalogue includes 4,844 
radio stars—ten times as many as in the third Cam- 
bridge (3C) catalogue. The chances are that this will 
be the last of the complete sky catalogues, although 
surveys at a still greater resolution are being and will 
be carried out in selected patches of the sky. 

The radio stars in the 4C catalogue lie in declination 
between —7° and +80°. The observations have been 
carried out on a frequency of 178 megacycles by 
aperture synthesis, with a radio telescope beam, 30 min 
of arc across, and the positions of sources have been 
defined to within 0-35 min of arc in right ascen- 
sion and 2-5 min of are in declination. In the compila- 
tion of the catalogue, radio sources have been given 
decimal numbers which indicate their declination 
Thus the radio source now familiar as 30273 has been 
rechristened 40-02-32. It will be interesting to see how 
long it is before the assignments of the third catalogue 
are overtaken by the fourth. 


Ribosome Synthesis 
from a Correspondent In Cell Biology 


Tue latest report from Warner and Darnell’s laboratory 
at Yeshiva University, New York (Vaughan, Warner 
and Darnell, J. Mol. Biol., 25, 235; 1967), summarizes 
the data they and their colleagues have obtained over 
the past few years on the synthesis of ribosomes in HeLa 
cell nuclei. They are able to define a complicated series 
of changes that occur during the maturation of ribo- 
somal precursor RNA. 

A high molecular weight ribosomal precursor RNA, 
sedimenting at 459, is synthesized in the nucleolus of 
HeLa cells and is rapidly split into two RNA molecules 
sedimenting at 328 and 168. The 169 RNA can be 
recovered from the small sub-units of cytoplasmic 
ribosomes only a few minutes after the synthesis of the 
precursor 459 RNA in the nucleolus. The 32S RNA, 
however, undergoes farther changes in the nucleus. 
It is converted into a 28S RNA which after association 
with ribosomal protein forms the large sub-unit of a 
ribosome. 289 RNA first appears in the nucleus some 
30 min after synthesis of the precursor 459 RNA 
and only appears in the large sub-units of cytoplasmic 
ribosomes about 20 min later. 

Since both 288 and 169 RNA are never found free in 
the cytoplasm but always in structures indistinguishable 
from ribosomal sub-units derived from functional 
ribosomes, it was concluded that the assembly of the 
sub-units is largely completed within the nucleus and 
furthermore that the large and small sub-units only 
associate to give functional ribosomes in the cytoplasm. 

By fractionating isolated HeLa nuclei, Vaughan, 
Warner and Darnell have now shown that this is the 
case. HeLa cell nuclei contain small amounts of two 
types of ribonucleoprotein particles which under the 
conditions employed sediment together with authentic 
cytoplasmic ribosome sub-units at 509 and 308. 
Moreover, the 50S and 308 nuclear particles contain 
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288 and 168 RNA with the same base composition as 
288 and 168 ribosomal RNA. Kinetic analysis strongly 
supports the notion that the 508 and 308 nuclear 
particles are indeed precursors of the large and small 
ribosome sub-units; the kinetic data also show that in 
the cytoplasm the pool of ribosomal sub-units is in 
equilibrium with 748 ribosomes and polysomes. 
Pulse-chase labelling experiments indicate that the 
majority of ribosome sub-units found in the cytoplasm 
are not newly synthesized. This implies that 745 
ribosomes dissociate into sub-units at some stage in 
otein synthesis. Joklick and Becker (1965) and 
ishop (1966) reached the same conclusion. 
Surprisingly, Vaughan et al. think it unlikely that 
ribosomes occur in vivo in HeLa cell nuclei. Several 
other groups have reported the isolation of nuclear 
ribosomes from other cell types and if they do not occur 
in HeLa cell nuclei the implication must be that ribo- 
somal proteins are made in the cytoplasm. When and 
how ribosomal proteins are made and associate with 
ribosomal RNA remains a mystery. However, the 
attractive hypothesis that ribosomal RNA before 
methylation acts as a messenger for the synthesis of 
ribosomal protein has recently been eliminated by 
Sypherd (J. Mol. Biol., 24, 329; 1967) and Manor and 
Haselkorn (ibtd., p. 269); they have shown that the 
apparent messenger activity of ribosomal RNA is due 
to contamination with mRNA. 


Sub-units and Activity 
from a Correspondent in Molecular Biology 


Ir has become apparent that the aggregation state of 
an enzyme made up of several sub-units is a major 
factor in controlling its activity. In an article in 
J. Biol. Chem. (242, 1705; 1967) Frieden and Coleman 
describe new findings on the relation between sub-unit 
association and activity in the enzyme glutamate 
dehydrogenase. This is a particularly interesting 
enzyme because of the great diversity of the substiates 
on which it will act and the number of activators and 
inhibitors which have been discovered. The new work 
examines the properties of the enzyme as a function 
of concentration, which over the appropriate range 
determines its aggregation, state in terms of a monomer- 
oligomer association equilibrium. It is established that 
the inhibitor nucleotides, GIP and GDP, bind more 
strongly to the monomer than to the polymer. 

In terms of the allosteric scheme of Monod and others, 
a sigmoidal (co-operative) binding curve requires that 
there should be two states of the protein, which differ 
in their affinity for the ligand; in glutamate dehydro- 
genase these forms are evidently the monomer and 
the polymer. As the concentration is increased, the 
formation of the polymer is favoured and the binding 
curve becomes more co-operative. At low protein 
concentrations no appreciable amount of polymer is 
evidently present, and there is no co-operative binding. 
ADP, on the other hand, which is an activator, binds 
more readily to the polymer than to the monomer, and 
NADH is thought to behave similarly. The kinetio 
* consequences of this situation have been examined, 
taking advantage of a chemically modified (acetylated) 
form of the enzyme, which is active but incapable of 
polymerizing, and can therefore be used to represent 
monomeric behaviour at high concentrations. 
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Another new report on the catalytio properties of 
glycogen phosphorylase a from muscle as a function of 
aggregation state comes from Metzger et al. (Proc. Nat. 
Acad. Sci., U.S, 57, 994; 1967). This enzyme exists 
in a state of equilibrium between dimer and tetramer. 
Graves and co-workers have already found that the 
dimeric form has higher activity, and it now appears 
that only the dimer is capable of binding the substrate, 
glycogen. This is therefore another case of enzyme 
activation by a substrate, which has a much greater 
affinity for the one state of the enzyme than the other. 

‘A study of muscle aldolase by Chan et al. (sbid., 
p. 1013) has new implications in terms of sub-unit struc- 
ture. This enzyme appears to contain three sub-units, 
and Chan e al. have fractionated these. Each is 
reported to possess one active site, and convincing 
evidence, based mainly on the counting of specific 
cleavage fragments, is offered to show that two of the 
sub-units are identical. The enzyme therefore has a 
structure of the type AAB, and appears to represent the ` 
first example of this kind of asymmetry. It must be 
admitted, however, that there has been some conflict 
over the number of sub-units in this protein. New 
results of Sine and Hass (J. Amer. Chem. Soc., 89, 
1749; 1967) strongly support the presence of three 
sub-units, and also show that a part of the confusion 
has been created by a seemingly unique instance of 
specific alkaline hydrolysis of the polypeptide chain at 
a pH of only 12-5. The chains are evidently broken in 
three defined places, with the appearance of three new 
N-terminal residues, serine, threonine and glycine. 


Asking for More 


Tam Ministry of Technology seems to be relaxing its 
guidelines on grants to research associations. Already 
it has arranged to give the British Welding Research 
Association thirty shillings for every pound that the 
association can raise from its members instead of the 
usual pound for pound arrangement, and now it has 
made a tiny concession to the hard pressed Food 
Manufacturing Industries Research Association. As 
reported in Nature (211, 561; 1966) the BFMIRA has 
had its problems in recent months, culminating in the 
resignation of its director, Dr C. L. Cutting, and its 
secretary, Mr D. H. Martin. Although the administra- 
tive arrangements at the association seem to have had 
something to do with its troubles, the root cause was 
years of impoverishment and quite inadequate support 
from many of the British food manufacturers. 

The association is now to make an appeal to its 
members for money to start an urgent programme of 
re-equipment. Included among its needs are an electron 
microscope, a mass spectrometer, spectrophotometers, 
an ultracentrifuge and a mobile laboratory. The 
cost of this is estimated to be in the region of £68,000, 
and the ministry is prepared to match with £1 every 
£1 raised by the association up to a total of £25,000. 
This rate of grant is only exceptional in that it is being 
given for a general re-equipment programme rather 
than for a single piece of equipment. If the research 
association can raise more than £25,000 from its 
members, the additional money would earn the associa- 
tion general purposes grant at the rate of 50 per cent. 
The new arrangement, unexciting as it is, does supply 
some encouragement to Dr A. W. Holmes, the new 
director of the association. 
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More about Aldabra 


Tue war between the Royal Society and the British 
Ministry of Defence over the proposed airfield on the island 
of Aldabra in the Indian Ocean has persuaded the Royal 
Society to take the unusual step of sending a delegation to 
the ministry to plead the case for the total preservation of 
the island. The President of the Royal Society, Professor 
P. M. S. Blackett, led a delegation of his colleagues to the 
ministry on May 22. From what went on it is plain that 
the ministry has not yet decided whether an airfield will 
be placed on the island but that alternative sites in the 
Indian Ocean have been ruled out. The Secretary of 
State for Defence, Mr Denis Healey, says in a statement 
released after the meeting that he will see that the 
scientific issues are fairly presented to his colleagues and 
that if a decision is taken to go ahead with buildmg an 
airfield and harbour on the island ‘we will ensure that the 
scientific bodies concerned are fully and continuously 
consulted about the way in which the decision is imple- 
mented’. 

The Royal Society’s case against the building of an 
airfield on Aldabra is supported by a scientifie memoran- 
dum. which rehearses not merely the arguments against 
gross interference with Aldabra but also the record of 
how other intrusions by human activity have in the past 
damaged isolated ecosystems like that now threatened. 

The memorandum points out that oceanio islands differ 
in fundamental respects from continental areas. The floras 
and faunas found on them necessarily represent those few 
species with efficient long-range dispersal mechanisms 
which may be quite insignificant in a mainland setting. 
Whole groups of continental dominants may be absent. 
Apart from bats, land mammals have not reached true 
oceanic islands. Amphibia, freshwater fishes and many 
orders of insects are lacking. The interaction between 
the various species and groups is of particular interest 
to ecologists, and the Royal Sosiety points out that the 
Galapagos Islands provided Darwin with precisely this 
kind of insight. The existence on oceanic islands of special- 
ized species—-birds which do not fly, for example—and 
of relict species whose range has been reduced to that of a 
single island, is another scientific benefit to be found on 
oceanio islands. 

But isolation is also a protection. ‘Drastic ecological 
changes would occur if the few species capable of colonizing 
oceanic islands were required to compete with the more 
varied species from the mainland.” 

Among the reef islands in the Indian Ocean, Aldabra 
is the largest and the richest. The Royal Society’s 
memorandum points out that the island supports 
400 species of insects compared with 65 on Assump- 
tion Island, 37 on Cosmoledo, 63 from Farquhar and 
22 from Providence. Aldabra has a dozen native land 
birds compared with half that number on Assumption. 
To some extent Aldabra (like Farquhar) has been protected 
by its lack of guano. At Farquhar, however, natural 
vegetation has been cleared for plantation and cata, rate, 
goats and rabbits have been introduced. Aldabra remains 
unique because the giant land tortoises which have dis- 
appeared from neighbouring islands still persist, as do the 
species of flightless rail no longer to be found on Assump- 
tion, Cosmoledo and Astove. 

The Royal Society memorandum continues with a de- 
tailed description of the ecology of the island (see Nature, 
218, 1174; 1967). It argues that the interest of Aldabra 
rests on the fact that it is an elevated atoll rather than a 
sea-level atoll, which means that it has a wider range of 
habitate than is usually the case. Among elevated atolls, 
it is closest to continental land, which again makes for 
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diversity. Proximity to Africa means an exceptionally rich 
collection of unique species—10 per cent of the plants 
are found nowhere olse——and there are endemic crustaceans, 
a molluso, a fruitbat, and even a freshwater fish. Tho 
island is one of the two great breeding grounds in the 
Indian Ocean for the green turtle and is distinguished by 
the absence of human settlement. 

The Royal Society has a gloomy tale to tell about the 
effects of human settlement elsewhere on oceanic islands. 
The construction of airfields and mihtary establishments 
on remote islands since the Second World War “has 
provided a great deal of information on the ways in which 
these modify island ecosystems”. Profound and often 
irreversible changes in the ecology are said often to be the 
consequence. For example, the memorandum records the 
disappearance of the Oordia forest on Canton Island 
following the building of an airstrip in 1939. The native 
flora, then only 14 species, now numbers more than 150. 
At Tern Island in the French Frigate Shoals, five species of 
vascular plants have now been joined by 18 new species. 
At Wake Island, there were 13 species of plants m 1841, 
18 in 1923, and more than 90 in the 1950s. The memoran- 
dum. also points out that the Marshall Islands have been 
similarly joined by exotic species from elsewhere. 

The introduction of exotic species of animals seems to 
lead to more drastic consequences. The endemic flightless 
rail at Wake Island became extinct during the siege in 
the Second World War and other species of flightless rail 
have disappeared from other islands in the Pacific. The 
memorandum says that “the breeding colonies of the 
Laysan albatross, Diomedea immutabilis, on Sand Island, 
Midway Atoll, ın the Pacific, represent the classic case 
of competition between birds and aeroplanes”. One-third 
of the entire population of this species nests at Midway 
and continues to do so even though half the area of Sand 
Island is occupied by airport installations. Between ten 
and twenty per cent of the breeding population seems now 
to be killed each year by aircraft-—18,000 in January 1964, 
for example. Nobody seems satisfied with the efficacy of 
the steps taken to reduce the interaction between aircraft 
and birds. 

On Aldabra, the Royal Society is concerned that the 
breakdown. of isolation will itself be damaging. However, 
damming the lagoon and restricting water circulation will 
affect the ecology of the lagoon mangroves and of bird 
species which now feed on lagoons at low water. The 
large-scale removal of vegetation to build a runway will 
kill off some animals. Sewage disposal, oil waste and the 
uso of pesticides could harm all kinds of animals from 
tortoises and sea-birds to the microfauna. 

And then there is the problem of noise and ite offect 
on the ibis and the flamingo, the indiscriminate or seci- 
dental killing of wild life as well, the possibility that the 
control of sea-birds should be thought necessary, and the 
riak of fire. 

In general, the Royal Society takes the line that the 
well-documented experience of the disruption of island 
ecosystems in other parts of the world makes it clear that 
“any development of Aldabra must cause serious scientific 
loss’. While acknowledging that if development does 
take place on the island, rigorous steps should be taken to 
minimize the interference and disruption there will be, the 
Royal Society emphasizes that “no amount of conserva- 
tion planning and forethought could avoid the loss 
of the major contribution which the study of Aldabra 
can make to science—a contribution that can be made 
only by totel preservation of the island for long-term 
studies”. z 
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Closing the Technology Gap 


What follows is the substance of the address on May 26 to the XIX 
Table Ronde des Problèmes de l'Europe at Turin by Dr A. C. 
Copisarow, Director and Vice President of McKinsey and Company 


Inc. 


Dr Copisarow was until recently Chief Sclentific Officer at 


the Ministry of Technology. 


THESH past 10 years have seen immense changes. It 
should have been possible, one would have thought, to 
make sensible technological forecasts in 1957 about the 
world in 1967, Yet it was almost impossible then to find 
the scientist or technologist who confidently expected 
that rockets would soon be landing gracefully on the Moon 
and men walking about in outer space, that tens of thou- 
sands of computers would be squeezing the work of 
months into seconds, or that chemists would be wresting 
the vital secrets of heredity from nucleic acid and proving 
that even woman’s beauty could be merely a matter of 
chemistry, pure and applied. Nor were there many 
politicians who could see, even then, that the demand 
for road vehicles would grow so fast that choice would 
sometimes have to be made be-ween complete re-design 
of city centres, a major limitation of road traffic, or 
inevitable self-imposed chaos. 

One of the main reasons why earlier predictions would 
almost certainly have been falsified by events is that no 
one guessed that science and technology would soon be 
supported on the scale we have come to accept as normal. 
In most industrial countries durmg this period, research 
and development expenditure has increased four to six 
times as fast as gross national product. In absolute terms, 
it has doubled and almost trebled within the decade. 
Even though the economic impact of much of this expen- 
diture has still to be felt, it is now generally accepted that 
science and technology provide the motor for economic 
prosperity. 

As we survey the European scene today, we see weak- 
ness in total resources and a growing imbalance in the type 
of technological resources that individual countries can 
deploy. We recognize that economies of scale are essential 
for competitive success, and that the structure of European 
industry presents an obstacle to achieving these economies. 
Above all, we observe that strategies for research and 
development are needed which are in harmony with 
economic, social and political objectives. For all these 
reasons, international co-operation is no longer sufficient 
to build a truly strong Europe. What is needed in addition 
18 & well-thought-out programme for developing strong 
technological skills in specific areas, to build a capability 
that can face world competition. 

In extreme terms, Hurope’s concern is that the United 
States is a machine uniquely geared to exploit the flood 
of achievements pouring from richly endowed laboras- 
tories of industry, universities and government; a machine 
with a high-precision education system, turning out a 
swelling army of scientists and engineers commercially 
ambitious, propelled by the aid of a benevolent federal 
bureaucracy, lavishly awarding research and development 
contracts and tax privileges to industry and thereby 
removing risks of the unknown. At the same time cool, 
professional, venturesome managers, directing giant 
concerns, aided by banks of computers, were rationally 
forecasting the patterns of future technology and estab- 
lishing the demand. And all this to capitalize on what is 
already the world’s richest market. 


A description such as this is perhaps less a picture than 
a cancature. But its serious content 1s Europe’s under- 
lying fear that excessive dependence on America—for 
the most sophisticated research, advanced technology 
and consequently most of the associated key decisions— 
will lead to a permanently ‘second hand” economy, 
one m which Europe will be obliged to buy, if it oan, the 
results it needs. 

How valid is this point of view ? 

In the case of traditional activities, such as the weaving 
of cotton shirts or even the manufacture of tractors, 1t 18 
easy for an industrial country to learn the skills from 
others and build on them for the future, but where an 
industry depends on a massive range of techniques and 
thought, as more and more industries do, there is an 
increasingly certain chance of its remaining a dependent 
relative. 

Must this be so for Europe? Cannot steps be taken 
to reduce this dependence—to develop a strong European 
mdustrial base in science and technology? I believe 
it is possible. 

We are confronted at the outset with the problem of 
comparative expenditures on research and development. 
The whole of Western Europe spends only one-quarter 
of the total United States figure. Our relative performance 
is, of course, distinctly better when we take into account 
that the cost of research and development is only about 
half as much in Europe. On this basis, the United States 
effort is a httle more than twice the European effort and 
this 18 borne out by the relatave numbers of qualified 
scientists and engineers. Furthermore, if military expen- 
diture is excluded, the divergence becomes still smaller 
as the civil application of defence research and develop- 
ment does not have the same economic impact. 

On the basis of size of effort alone, therefore, although 
Europe is certainly up against 1t, the odds are not over- 
whelming. Of course, if we were to exclude British expen- 
diture, now approachmg £1,000 milion a year, or two- 
thirds of the total for continental Europe, the situation 
could be quite different. And the combined total for the 
United States and Britain would be seven or eight times 
that for Continental Europe. 

Much study has been made of the relationship between 
research and development expenditure and economic 
growth. It is in relation to international trade, however, 
that the importance of these resources shows up more 
clearly. They are required most of all by industries which 
contribute to the bulk of exports. The five industries 
incorporating the most advanced engineering and chemical 
technology were in 1964 responsible for 90 per cent of 
American research and development spending, for less 
than 40 per cent of her total sales of manufacture, but 
for 72 per cent of her exports of these. Thus, despite 
high labour costs, the United States is able to obtain a 
very large share of world exports of technologically 
advanced products. The relationship is borne out by the 
comparable figures for Europe. For example, the same 
five industries accounted for 84 per cent of Britain’s 
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research and development effort, for only 45 per cent of 
manufactures, but for 67 per cent of exports. 

European inventiveness is not the problem. What 
we must do 1s to improve and accelerate the practical 
application of new ideas to meet market needs. We must 
find a way to increase our capacity to initiate and sustain 
a flow of new and improved products if we are to be a 
decisive factor in world trade. 

American firms operating multi-nationally are the 
first to acknowledge that while their European laboratories 
are most fertile in ideas, these ideas frequently take two 
to three times as long to apply outside the United States. 
In many cases they are not applied at all. We invented 
the swing-wing jet, for instance, but it was developed 
in the United States, and now we are obliged to buy ıt 
back again. I believe Europe has much to learn, especially 
from America and from Japan, ım the more effective 
management of its scientists and technologists in order to 
make the most of their abilities. 

The so-called Technological Gap, in fact, is part of a 
wider Innovation Gap involving aspects of management 
and market size as well as acience and technology. 

How can this gap be closed ? Can it be closed by a gen- 
eral boycott of American technology, by high protective 
tariffs, or by prohibitmg American investment in Western 
Europe? Can it be overcome by narrowly restricting the 
emigration of our highly qualified people? Can we close 
the gap by establishing an immensely expensive defence 
industry ? The answer is demonstrably no. How then 
can we do it? 

Policies are required that will pay off both in the short 
term and the longer term. Ultimately, Europe will be 
heavily dependent on its general level of education, 
for in the long run this will determine the use we make 
of our ideas and creative resources. There is immense 
scope for improvement here. Education up to the age 
of 14 is given to 99 per cent of all American children, but 
to only about 88 per cent of West Europeans. Beyond the 
age of 15, fewer than 20 per cent remain and at the 
university-age level only 9 per cent are p ing higher 
education, compared with 40 per cent in the USA. Clearly, 
to create a stronger European base, we must improve our 
education, both general and special, both m quantity and 
quality. This will, of course, take many years. In parallel 
with this long-term objective, however, there are critical 
shorter term requirements. The proper management of 
our technological resources is perhaps the most neglected 
of them. 

We know that the task of managing technology is 
becoming more difficult day by day both because of its 
complexity and because of the growing threat from 
worldwide competition. Unfortunately, in an ever- 
inereasing number of high-technology flelds—petro- 
chemicals, pharmaceuticals, aircraft and electronica— 
industries that owe their very existence to research and 
development, research and development expenditures 
everywhere are showing signs of diminishing returns. 
Within the next decade spending may still grow by some 
50 per cent and in certain European countries, such as 
Italy and Belgium, growth will have to be much faster, 
but it is clear that economic benefits in future will accrue 
more and more to those who make the most effective use 
of available technological resources. It is a paradox 
that on the one hand we are unfavourably comparing the 
scale of research and development activity in Europe 
and on the other warning of the diminishing returns on 
research and development investments. Programmes in 
Europe have only recently grown large enough to con- 
cern top management, and consequently most firms still 
have far too little experience of managing technology 
offectively. 

In the case of firms, the first requirement, naturally, 
is an explicit definition of overall objectives and strategy, 
based upon a thorough analysis and forecast of markets, 
and a realistic assessment of the company’s total techno- 


967 


logical resources. The research department must know 
the desired rate and direction of company growth and 
whether, for example, product improvements are sought 
primarily in the area of quality, performance, or price. 
It must also know whether its efforts are to be geared 
to hold-the-line strategies, modest gain strategies or 
breakthrough strategies. There are far too few cases of 
this essentially strategic approach. Very few companies 
have formal long-range plans to which they relate proposed 
programmes. More have begun systematic programme 
evaluation procedures, but few have advanced to the use 
of the present value or probability analyses that are 
relatively common in the United States. 

Most European firms are lagging behind in providing 
analytical support for research and development, especially 
the provision of marketing data and product life-cycle 
characteristics to guide research activities. Where, for 
example, the introductory phase of a product life-cycle 
is short, it may be necessary in the interests of speed to 
strike a compromise between technical and marketing 
aims. When the life-cycle is longer, the technology may 
be planned in a more orderly fashion, with a view to 
economy rather than speed. When the technological 
effort has been great but the commercial life is likely 
to be short and the return uncertain, it becomes important 
to apply the technological cut-off at the point when returns 
begin to diminish, rather than wait for technological per- 
fection. 

Agam, the European tradition, so valuable in other 
respects, often leaves the scientific director and his re- 
search teams so much latitude in the choice and conduct 
of pro es that research and development groups 
tend to be isolated from other company functions. By 
contrast, far more often in the United States and Japan. 
Management personnel are rotated through a variety of 
technical and non-technical functions to modify their 
perspectives, and a higher proportion of scientists and 
engineers are to be found among thew marketing and 
manufacturing activities. Both in Europe and the 
United States, of course, a top management that does not 
recognize the aims and aspirations of the individual 
scientist will never be able to reconcile his ambitions 
with those of the organization. 

This coupling of scientist and manager is, in my view, 
a crucial issue in maximizing the return from investment 
in technology. Management must be contmuously asses- 
sing the research and development effort in relation to 
the use of labour and capital, the nature of the competition 
and the prevailing fiscal and legal constraints. 

The same kind of coupling must take place in Europe 
if we are to build a strong technological base—a coupling 
not only within companies but also within and between 
countries. Europe must pool its technological resources 
and managerial capabilities, and concentrate ita efforts 
on exploiting them. We learn from our technological 
experience that there is a minimum “critical mass” of 
effort for any given project. This effort, which is an 
absolute level of men or money, not & percentage of sales, 
is mounting year by year. Because of this, large companies 
are at a considerable advantage in dealing with the 
largest projects. Many European companies are large 
enough for efficient production and distribution but not 
for the full-scale research and development activities 
needed to convert static into dynamic efficiency. 

In recent years, the average size and product range of 
industrial companies have, of course, increased, largely 
because of mergers. But there have been very few inter- 
national combinations within Europe. In a modern 
science based industry with very large plants and high 
capital and research costs relative to running costs, there 
are major advantages in such integration: economies 
due to scale of plant; the spreading of technological 
risks; the cost reduction associated with integrated manu- 
facture of a range of products and the opportunity of 
employing improved management techniques to reduce 
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overheads and marketing coats. Admittedly, such integra- 
tion brings in its wake the inevitable problems of control 
and management, but there 1s no doubt that advances in 
industrial technology provide an increasing force for larger 
groupings. 

The absence of sufficient companies of world scale 
means that technological resources in many respects are 
spread too thinly in Europe. Numerous highly mmportant 
and clearly defined projects cannot be undertaken com- 
petitively. Developments in the electronica industry, 
for example, are especially significant, and yet, if we con- 
sider the all-important role of computers, how can we be 
satisfied with a situation where 75 per cent of all com- 
puters installed in Europe are American ? 

Laissez-faire economists sometimes argue that the 
United States can sensibly be left its dominant role in the 
computer and aircraft industries. Germany, they point 
out, has done well without an aircraft industry. France 
and Britain have soaked up precious scientists and capital 
in their search for prestige, which might better have been 
used elsewhere. If Switzerland can live prosperously by 
selling watches and machinery and buying motor cars 
and ateel, why, it is argued, cannot Europe buy com- 
puters from America and sell whisky and small cara in 
return ? Quite apart from European passions and political 
arguments, there are powerful economic reasons for 
developing industries with a high content of skill and 
ingenuity and added value compared with the minute 
raw material cost. The computer is comparable in its 
significance for the age of automation to steam power in 
the nineteenth century, a force that changes the way of 
economic life. Yet the know-how is esoteric and easily 
kept within the magic circle of the firms involved. Can 
Europe afford to do without it ? Ultimately, the decision. 
is political. If it is held, politically, that Europe should 
be a power with a voice of its own in world affairs, one 
can argue with force that it should also have within its 
borders a key industry that is transforming society. 
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This does not mean trying to go it alone in the computer 
industry, nor in any other department of electronics. 
It would be absurd for Europe to deprive itself of the 
benefits of American discovery and invention out of a 
jaundiced nationalism. It does mean, however, seeking to 
build up strong European entities in the industry, so that 
the terms of trade in patents and licences are relatively 
favourable and Europe can make the most of the American 
know-how and technology it buys. It means trying to 
create centres of research and development in Europe 
strong enough to attract the best brains in Europe and 
break new and economically rewarding ground. 

The building of a technological base strong enough to 
defend European markets in the seventies and expand 
into world markets will require very much more than the 
type of co-operation we have known in the past. In order 
to match the innate advantages of the federal United 
States, it will be necessary to pool our technological 
resources and to deploy them in harmony with a wide 
range of agreed political, economic and social objectives 
The huge investment required for production and market- 
ing is often ten times as large as the research and develop- 
ment investment. It will be forthcoming only if business 
men are confident of obtaining a worthwhile return on 
their investment. How can this be achieved other than by 
a single industrial and trading market of Continental 
proportions ? 

The fractionation of Western Europe’s resources, 
objectives and markets is a greater handicap to our 
competitive strength than our deficiency in resources, 
relative to the United States. To my mind the real choice 
for Europe is between the status quo, with eventual 
dependence on America, or the successful establish- 
ment of an enlarged Common Market with all that this 
involves in order that Europe may become a prosperous 
entity and an indispensable partner of the USA. Britain 
has much to offer Europe. We shall have to work, 
however, as a team. 
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A REGENT publication! described the stereotyped precon- 
ceptions which govern schoolboys’ views of the typical 
arts graduate and the typical scientist. Figures from the 
arts (for example, the Novelist) are regarded as outstand- 
ingly “imaginative”; as “warm”, “exciting”, ‘soft’? and 
“gmooth”; as slightly ‘feminine’; and as distinctly 
‘‘andependable”. The typical physical scientist is charac- 
terized as highly ‘“‘valuable”, “intelligent” and ‘‘hard- 
working”; as “‘dependable”’, “hard”, “manly” and slightly 
“rough”; but also as “dul”, “cold” and marginally 
“unimaginative”. Substantially, these preconceptions 
are shared by boys of all ages so far tested (13-17); of 
all academic specialities, arts and science alike'; and by 
American students as well as English ones*. 

The test used in this investigation was the “semantic 
differential’*. Each schoolboy rated a number of figures 
(for instance, Novelist, Physicist, Army Officer, Athlete, 
Duke, Trade Unionist, Good Mother, Good Father) on 


A recent article described the attitudes of schoolboys to arts and 
science graduates. How far do these attitudes Influence the meaning 
which boys give to words? 


pairs of adjectives (imaginative/unimagmative, warm/ 


cold, exciting/dull, smooth/rough, soft/hard, manly/ 
feminine, dependable/undependable, intelligent/stupid, 
valuable/worthless). These data were first analysed, as 


already reported, in terms of typical figures; then in 
terms of adjectival pairs. The nine adjectival pairs listed 
here were used together with twenty typical figures (four 
connected with the arts, four with physical science, the 
remaining twelve being neutral). The present sample 
comprised 15 and 17 year old schoolboys of high ability; 
seventy-five arts specialista (English, history, modern 
languages), and sixty-seven physical science specialists 
(mathematics, physics, chemistry). Each of the twenty 
figures was rated by each boy on each of the nine pairs of 
adjectives. 

In practice, boys use certain adjectives in association 
(intelligent, imaginative), while other adjectives thoy 
clearly differentiate (intelligent, soft). The strength of 
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such associations between pairs of adjectives was exam- 
ined for arts and physical science specialists separately. 
The two groups of specialists were found to differ in their 
use of adjectives in fifteen out of thirty-six associations 
(in six cases, P<0-001; in three, P<0-01; in six, 
P<005). Further, these arte/science differences conform 
toa pattern. Both groups of boys tend to cluster together 
those adjectives which they use to describe members of 
their own speciality. These clusters are shown in Figs. 
land 2. The arts speciahsts tend to associate the adjec- 
tives ‘imaginative’, “warm”, “smooth” and “soft” 
significantly more closely than do the scientists. Con- 
versely, specialists in physical science associate “valu- 
able”, “intelligent”, “dependable”, ‘manly” and “hard” 
significantly more closely than do specialists in the arta. 
It should be noted, however, that these clusters do not 
encompass qualities which boys themselves regard as 
faults’; ‘“‘undependable”’, “dul”, “cold”, ‘“unmmagina- 
tive”. Associations between these and qualities in the 
arts and science clusters do not represent a clear picture. 

Thus, in their judgments about the twenty diverse 
figures, boys of both specialities differentiate less clearly 
between qualities which they ascribe to their own group 
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than they do between qualities which they ascribe to the 
group which is alien. The literature offers no clear pre- 
cedent for such a finding. It raisea none the less the 
possibility of using semantic habits as an index of an 
individual’s aptitude for the arts or for physical science®. 
It is also of theoretical interest, in that it appears to con- 
flict with the principle that perceptual discriminations are 
learnt, and therefore that perceptions of a familiar group 
will prove better differentiated than those of a group which 
is relatively unfamuliar. In the personal sphere it seems 
that the reverse is the case: we perceive the qualities 
which we attribute to an alien group more clearly than 
we perceive the qualities which we take to typify 
ourselves. 

These results arise from a programme of research 
supported by the Nuffield Foundation. 


2 Hudson, L., Nature, 218, 228 (1067). 
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INTERSTELLAR grains would seem to consist, not of simple 
ice crystals, but of graphite cores (radii ~5x10-* cm) 
surrounded by ice mantles (radii ~10* em). Both 
ice and graphite are likely to contain foreign atoms 
embedded in their orystal structures. Graphite particles 
in H I regions, and graphite particles expelled from stellar 
atmospheres, are exposed to collisions by atoms that in 
some cases have sufficient speed to penetrate to the 


The presence of impurity atoms In Interstellar grains can drastically 
change the Interaction of the grains with electromagnetic radiation 
over a wide range of wavelengths extending from the optical to the 
far Infra-red. 


interior of the crystal. Ice mantles, on the other hand, can 
accumulate only at low temperatures in interstellar space, 
when foreign atoms are likely to adhere to the grain 
surfaces and to become covered and embedded as the * 
mantles grow. 

The acquisition of impumty atoms by a grain must be 
largely a one-way process. Interstellar grains have too 
low a temperature for there to be appreciable diffusion 
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out of the crystal, while circumstellar grains beyond 
~ 1,000 a.u. from the central star will not experience 
_ Serious diffusion in most cases. Because of the general 
one-way character of the process it is reasonable to 
suppose that grains acquire a considerable number of 
impurity atoms over the course of their lifetimes, ~ 10° 
years. Of the order of ~ 107-10° such atoms per grain 
can. have important effects on the interaction of grains 
with radiation, over the whole waveband ranging from the 
visible to the far infra-red. The requirement ia for one 
foreign atom to ~10*-10* atoms of the host orystal, a 
proportion that seems reasonable. 
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Fig.1. Farinfra-red absorption spectrum of crystals of potassium. lodide 
doped with . The mpanity concentrationis 10 om~. The transition 
ise o dipole with an oscillator strength of order unity*. 


The oscillation frequency of an impurity atom depends 
on its mass and on the strength of ita attachment to the 
crystal lattice. Low mass and strong attachment favour 
a high frequency, although an upper limit is set by the 
Debye frequency of the host crystal. This is ~ 200 om- 
for ionic crystals and ~ 1,000 om- for graphite. High 
mass and weak attachment lead to lower frequencies. 
Sievers? has detected a broad resonance peak at 17 om~? 
for Agt in a crystal of potassium iodide (compare Fig. 1). 


Intenmty of fluorescence 
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Weak attachment appears more important at such low 
frequencies than high mass, because Sievers and Takeno 
report the surprisingly low frequency of 16-3 om~ for 
Lı?’ in a crystal of potassium bromide. This suggests 
that helium impurity atoms in interstellar grains could, 
because of weak attachment, give absorption ın the far 

A black sphere exposed to interstellar starlight would 
take up a temperature of ~ 3° K (ref. 5). It has usually 
been supposed, however, that the actual temperatures of 
interstellar grains are considerably higher than this, 
because pure grains—either of ice or graphite—are 
inefficient radiators in the far infra-red. Stein® has 
obtained ~15° K for pure ice and ~30° K for pure 
graphite. At such temperatures it seems unlikely that 
molecule formation can take place at the grain surfaces. 
Thus Knaap et al? have shown that 2H recombination 
to H, cannot take place at grain surfaces with normal 
interstellar densities unless the temperature .is below 
~? K. A similar condition would be expected for the 
formation of ice. Thus it would seem that ice cannot be 
deposited on interstellar grains unless their temperatures 
are below ~7° K. Because the observed properties of 
grains require ice mantles, a contradiction arises unless 
impurity atoms with resonances in the far infra-red serve 
to reduce the grain temperature to below 7° K. Of the 
order of 10t quantum oscillators per grain at frequencies 
10-30 cm-t are needed for the graphite core~—ice mantle 
type of grain to be able to re-radiate its absorbed starlight 
(~ 10-1 erg seo-!). 

Turning now to shorter wavelengths, but still“in the 
infra-red, Balkansi and Nazarewicz* have observed broad 
absorption bands at ~ 500 om~ due to boron and lithium 
impurities in the silicon lattice. Thus there is both 
observational evidence and theoretical reasons for expect- 
ing resonances at ~ 300-1,000 cm“; theoretical because 
we expect frequencies comparable with the Debye value, 
k@/h. H. L. Jobnson’!® has observed humps in the 
interstellar extinction curves for certain stars at ~ 10p, 
which is close to the Debye frequency for graphite. 

Because optical frequencies are appreciably above the 
Debye frequency of graphite, impurities can produce 
optical effecte only if an electronic transition is involved. 
In Fig. 2 we show the fluoreacence and absorption struc- 
tures found by Dietz et al.™! associated with an impurity 
in a orystal of zinc telluride. The main absorption occurs, 
not in a sharp line at 1-986 eV, but over a broad band on 
the blue side of 1-986 eV. This results from coupling 
between the electron transition and the phonons of the 


crystal. 
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Fig. 2. 
at 1 086 eV, with accompanying phonon structures on the biue A 
Is ~ 1 ausoo 


The fluorescence and absorption profiles due to an impurity induced electronio transition In xino telluride. The electronic transition is 
dein Srgorpaion Ta on the red side in emeslon. Tho lifetime of the fluorescence 
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The absorption structure shown in Fig. 2 bears a striking 
similarity to the 4430 A absorption band found in the 
spectra of stars and believed to be caused by interstellar 
material, KR. Wilson’ has reviewed the suggestions 
previously given for the origin of this band, and of the 
other diffuse interstellar lines. Although impurities in 
grains have been discussed before, the kind of solid state 
process giving rise to Fig. 2 has not so far received atten- 
tion from astronomers. 

We conclude by referring back to the effects of impurities 
at long wavelengths. Of the, order of 104 long-wave 
oscillators per grain can provide an effective conversion of 
radiation at optical frequencies to radiation in the far 
infra-red. This is because grains with a graphite core 
absorb energy from a radiation field at optical wavelengths 
while impurity oscillators re-radiate the absorbed energy 
in the far infra-red. Grains with impurities can thus act 
rN aa “thermalizors’”’ of a dilute optical radiation 
field. 

The energy density of starlight near the plane of the 
Galaxy is about 8 x 10-5 erg cm~, close to the energy den- 
sity of the 3° K black-body radiation!1*, Could the 
3° K radiation arise from thermalization due to grains ? 
There is evidence, as we see in Fig. 1, for impurity oscilla- 
tors at frequencies compareble with the maximum of the 
3° K Planck curve, and there is less direct evidence from 
measurements of specific heate?” that comparable effects 
resulting from an OH impurity occur down to ~0-5° K. 
Thermalization to frequencies as low as 10% o/s accord- 
ingly seems possible. Whether thermalization to still 
lower frequencies is also possible remains in doubt, how- 
ever, although it should be noted that dislocations would 
be expected to oscillate at frequencies ~ 10*° o/s and per- 
haps still lower than this. Thus a different kind of imper- 
fection in the crystal structure could be of importance at 
radio frequencies. On the other hand, the observed 
isotropy of the 3° K radiation (in the radioband) would be 
difficult to explain on the basis of a galactic thermalization 
process. A more plausible explanation is that dust on an 
extragalactic scale has served to thermalize much of the 
radiation produced by galaxies over the past 10* years— 
in particular the radiation resulting from the conversion 
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of about a third of all material from hydrogen to helium- 
It has been pointed out by Wagoner, Fowler and Hoyle?’ 
that the average energy density resulting from this 
conversion is also close to the energy density of the 3° 
radiation. 

In the latter connexion it is worth noting that all the 
following quantities have mean energy densities close to 
10-17 erg om~: (1) conversion of hydrogen to helium for 
all galaxies; (2) the 8° radiation; (3) cosmic rays; (4) 
the magnetic field ın the plane of the Galaxy; (6) starlight 
near the plane of the Galaxy; (6) the turbulent motion of 
the interstellar gas. Some connexions between these 
quantities are suspected, but the 3° radiation is currently 
believed to be a relic of a universal fireball. This would 
require the close gimilarity of (2) to the other quantities 
to be a pure coincidence, whereas a dust thermalizor 
would permit a logical connexion between all the quanti- 
ties. 

We thank Professor J. M. Ziman and Dr R. J. Elliot 
for reading an earlier veraion of this paper and for helpful 
comments, 
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Discrete Radio Sources at 38 Mc/s 


by 
O. B. SLEE* 
Royal Radar Establishment, Malvern 


P. K. WRAITH 
mei ean Manchester, 


Nuffield Radlo Astronomy Laboratories, 
Jodrell Bank 


Durma 1966, the series of long baseline interferometer 
observations! between Jodrell Bank and the Royal 
Radar Establishment, Malvern, was extended to include 
measurements at 38 Mc/s. The primary object of these 
observations was to explore the problems involved in 
measuring the angular dimensions of radio sources at low 
frequencies, where the ionospheric and interplanetary 
irregularities in electron density were expected to influence 
the observations. 

Some observations of angular structure have already 
been undertaken at low frequencies by the method of 
lunar occultations and, in addition, angular size limits 


*On leave from the OSIRO Division of Badiophysics, Sydney, 
Australia, 


Long baseline interferometer observations between Jodrell Bank 
and the Royal Radar Establishment of thirty-four radio sources 
have provided valuable information about radio source structures. 
Jonospheritc and Interplanetary scattering effects are present at 
38 Mc/s but do not prevent high resolution studies of sources. 


have been assigned to some sources on the basis of their 
interplanetary scintillation characteristics. It is apparent, 
however, that more detailed structural information on a 
representative sample of radio sources will not become 
available until interferometer methods have been applied 
to decametric observations. 

The baseline of the interferometer was oriented close 
to north-south, and the 78 m Mark I twlescope at 
Jodrell Bank was used in conjunction with one of the. 
25 m telescopes at the Royal Radar Establishment, 
Malvern. Both aerials were equipped with linearly 
polarized feeds. The aerial separation of 127 km resulted 
in a maximum effective baseline of 16,200 wavelengths. 
The final intermediate frequency noise signal at 2 Mejs, 
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together with a 7 Mo/s continuous wave signal required 
for the purpose of maintaining the coherence of the local 
oscillators were transmitted from Malvern to Jodrell 
Bank ‘over a standard microwave radio link involving 
two intermediate repeaters. After phase sweeping one of 
the oscillators at 2 ke/s, the final 2 Mc/s noise signals were 
linearly multiplied, phase-detected and recorded on a 
chart moving at 12 in./h. The 2 Mc/s levels of noise of 
the receivers at the two stations were independently con- 
trolled to predetermined levels by means of an amplified 
automatic voltage control system at Jodrell Bank; in 
order to correct the amplitude for the variable 
background contribution to the total noise, the aerial 
temperatures were measured during the observation of 
each source. 

For the purpose of recording, the natural fringe period 
of typically a few seconds was reduced to 60 sec; oe 
fringe slowing was controlled by a digital fringe spee 
machine!, which also automatically adjusted the teeth 
of a meroury delay line inserted in the path of the home- 
station signal. Using an effective receiving area of 750 m3, 
a system temperature of 9,000° K, a bandwidth of 
0-3 Mo/s and post detector time constant of 4 sec, the 
root mean square level of noise fluctuation on the chart 
was calculated to be 26 flux units. 

Character of the fringe patterns. During the investiga- 
tion, which took place in two separate periods in August 
and November 1966, observations were made of thirty-four 
radio sources possessing sufficiently high flux density at 
38 Mo/s and previous indications of small-scale structure. 
An example of the fringe patterns recorded during these 
observations is shown in Fig. 1. It can be seen that the 
fringes were of irregular appearance, having variable 
amplitude and pericd. Variations in amplitude on three 
separate time scales could be distinguished. 

(a) Irregular variations over a period of a few minutes 
were observed. 

(6) Superimposed on these variations were more regular 
nulls and reappearances of the fringe pattern with char- 
acteristic periods of about 30 min. They were typically 
associated. with changes in fringe period, which departed 
from the expected 60 sec to values lying between extreme 
limits of 18-250 sec. Examples of both types of irregu- 
larity are seen in Fig. 1. 

(e) The third type of amplitude variation, not shown 
in Fig. 1, took the form of an occasional almost complete 
fade-out of fringe patterns for intervals of between 1 and 
3 h. On these occasions, the fringe amplitude could be 
reduced from its normal value to the limit of detection 
in a time as short as 10 min; however, during such fade- 
outs the weak fringes sometimes present did not exhibit 
unusual changes either in period or regularity 

The effects of the ionosphere and interplanetary medium. 
The short period amplitude fluctuations described in (a) 





06h 00m 


05h 45m 
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are confidently ascribed to ionospheric scintillation, having 
a characteristic time scale of the order of minutes. The 
more regular fading (6) with a period of about 30 min 
resulted from a difference in the Faraday rotation of the 
planes of polarization at the two ends of the baseline; 
this was demonstrated by the immediate return of strong 
fringes when the feed dipole at Jodrell Bank was rotated 
by 90° durmg a minimum of the fading pattern. A 
differential Faraday rotation of 90° at 38 Mo/s would be 
produced by an ionospheric irregularity over one station. 
containing 1 per cent of a total electron content of 10% 
electrons cm-*. Such an irregularity will also introduce a 
difference in path length of two wavelengths between the 
two arms of the interferometer and will thus add or sub- 
tract two complete fringes as it moves across the line of 
sight. Thus both the Faraday fading and its associated 
alterations in fringe period are consistent with irregular 
changes in electron content of the order of 1 per cent in 
30 min between stations 127 km apart. 

Our statistics of the longer fade-out periods (c) come 
from about 50 h of observations of the strongest source, 
30 144; during these observations there were six occasions 
on which no fringes or very weak fringes were recorded. 
These fade-outs were not caused by differential Faraday 
rotation with an abnormally long fading period, because 
rotation of the feed dipole at Jodrell Bank did not restore 
the fringes to their correct amplitude. Similar fade-outs, 
although usually of shorter duration, have been reported 
during interferometer observations of sources through 
auroral and equatorial regions of the ionosphere’. The. 
phenomenon in these cases was attributed to the onset of 
ionospheric sointillations with angular amplitudes greater 
than the fringe spacing. It seems unlikely that the 
present 38 Mc/s fade-outs can be explained by ionospheric 
scintillations, because three of the events occurred in 
daytime when scintillation activity in northern temperate 
latitudes is normally very low; moreover, the weak 
fringes which were sometimes seen on these occasions 
showed no evidence of unusual amplitude scintillation or 
change of fringe period. It is now known that the inter- 
planetary medium contains i arities capable of scat- 
tering metre wavelength radiation’ and that they are 
present over distances from the Sun well past the Earth’s 
orbit. The distribution of irregularities is non-uniform, so 
that on some occasions they will have relatively greater 
effects than on others. Under these conditions, although 
significant scattering should be expected more often for 
observations of sources close to the Sun, there will be 
occasions on which observable interplanetary scintillation 
and/or angular size increases will occur at much larger 
angular separations. 

The sources observed are listed in the first and second 
columns of Table 1. The third column shows the hour 
angle range over which observations were made. 





osh 30m 


Sidereal time 


Fig.1. $8 Moa interferometer record of 80 144 showing amplitude sontillations, differen- 
tial Faraday rotation nulls and variations in fringe period. 
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In the presence of Faraday fading, sources of low flux 
density produced recognizable fringe patterns for short 
periods of 10-20 min, here called a fringe sample; these 
samples were separated by similar periods during which 
the fringes could not be detected in the level of noise 
fluctuation. For those sources which gave fringes, the 
number of such samples contributing to the average 
fringe amplitude is given in the fourth column as an 
indication of the reliability of the measurement. Where 
fringes were not obtained, the number in this column 
appears in brackets and indicates the number of hours of 
observation undertaken. The letters in this column 
indicate the centre of the range of effective baselines over 
which the observations were made. 

Tho integrated flux density of each source at 38 Mo/s 
is given in the fifth column. Most of these values are taken 
from ref. 9; the remaining values, which have been 
included in brackets, have been extrapolated from higher 
frequency measurements given in refs. 10-14. 

Column six lists the average fringe amplitudes, which 
have been expressed in unite of flux density. These wero 
caloulated from the recorder deflexions on the assumption 
that the sources 30 48, 196-1, 254, 298 and 459 were 
unresolved. This assumption was consistent with the 
agreement between the observed and the calculated signal 
to noise ratios for these sources. Those sources which 
were not detected have been allocated an upper lmit 
corresponding to twice the root mean square level of noise. 

The seventh column of Table 1 shows the average 
fringe visibility, y, caloulated as the ratio of the numbers 
in columns six and five. With the exception of the 
sources 30 144 and 30 278, which are discussed in the 
notes which follow, the tabulated values of y can be used 
to give only approximate values of angular sizes for the 
sources at 38 Mc/s. If it ia assumed that each source has 
a circular Gaussian brightness distribution, these approx- 
imate sizes are in the range 2-20 are seconds between 
half-brightness points; angular diameters for individual 
sources may be obtained by referring to Table 2. 


Table 1. 88 MO/B RESULTS 
Pet 


Source No ra No. of 
8H O) samples* (flux coun, «ae Gazi) =” 
00-111 22-01 @)a 148 < 66 <05 
38 01-1 2202 8 a a1) 59 ©7 
47 18-20  (2)o 125 <69 <06 
19-05 180 81 66 11t 
01-115 00-08 (2a (74) <63 <09 
e2 02-15 20-21  (2)b (68) <61 <10 
84 20-08 (10) ¢ 8680 <77 <02 
9 08-19 20-02 4a (83) 50 0-6 
128 16-24 10o 580 84 O-1 
05-18 21-22 2a (108) 55 0-5 
144 16-06 786 8,480 880 0-16 
161 06-04 20-01 5 a 175 71 Od 
07—117 21-02 8 a (99) 54 08 
191 23-02 1b 36 0-8 
196 20-06 14o 165 80 O-5 
196-1 08-06 88-04 145 91 84 0-8t 
216 05-07 (2) 0 51 <51 <10 
218 09-14 21-01 18 a (1,050) 59 0-06 
280  09+05 01-04 (4) 76 <48 <08 
254 00-04 4 61 68 1-0+ 
11-18 01-08 (2) d (77) <58 <08 
278  12+08 18-08 386% (195) 130 07 
274 00-06  (6)e 8,570 <63 <0 02 
2883 18-23 0008 (29a (107 < 64 <06 
295 04-08 8b 94 59 06 
208 14405 02-06 8 0 73 63 09t 
3181 1565+07 03-05 (2e 110 <85 <07 
348  16+0i0 23-04  (4)b 1,690 <122 <007 
380 go? (Mo 220 <87 <04 
405 23-06 (10)0 22,000 <181 < 0-006 
409 02-08 5 280 126 05 
444 82-17 00-08 (4a (268) <70 <08 
4590  28+05 01-03 6b 68 64 Let 
461 21-28  (2)e 36,000 <141 <0 004 


a estab coe wore made over & range of baselines centred on a zane 
which waa (a) between 7,600 and 9,000 A; (b) between 12,000 and 14,000 4 
(0) between 14, 000 and 16, 000 4; (d) equal to 10,400 a. 

t Oalfbration source, assumed unresolved, 

t One ftux unit equals: 10-* Wm (o/s). 
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Table 2. DMVANDENOR ON B VISIBILITY AND PROJECTRD BASHLINE 
OF THE ANG DIAMBTAR OF A SOUROB 
' Range of effective baselines* 
visibility y (a) (b) (6) 
09 5 8 2 
O-7 8 5 4 
0-5 11 7 6 
0-3 15 9 8 
O1 20 18 li 

The entries give th: ar diameter in seconds of arc. 


approxunate angular 
* See note to Table 1. For the source 11—18 the measurement gives an 
angular diameter > 6 sec of arc. 


Errors in the tabulated values of fringe visibility are 
compounded from: (1) a root mean square uncertainty 
in recorder deflexion of ~20 per cent for each fringe 
sample; (2) a root mean square error of ~6 per cent in 
the conversion factor from recorder deflexion to fringe 
amplitude (flux units); (3) an uncertainty of ~10 per 
cent in the published flux densities. It is apparent that 
the limiting error resides in the published values of flux 
density so that most sources in the list are likely to possess 
fringe visibilities with root mean square errors of about 
15 per cent. 

Because of the intermittent and irregular nature of the 
fringe patterns, it is important to estimate the probability 
that some weak sources were not detected. An examina- 
tion of all the records obtained from the fourteen sources 
which gave fringes corresponding to flux densities in the 
range 60-100 flux units shows that there was a 26 per 
cent probability of not detecting a fringe pattern of this 
size during observations lasting 1-2 h. 

Notes on particular sources. 30 144. The 38 Mo/s 
measurements confirm the existence of the small diameter 
in the Crab Nebula first proposed as a result of shorter 
baseline interferometry and a lunar occultation of the 
source’#.18, There were no significant variations in fringe 
amplitude in any position angle of the projected baseline 
over the observed range, 127°-238°; it is thus concluded 
that the overall angular diameter of the source is less 
than 3 arc sec, a value which is consistent with the 
estimate of 0-1 arc sec deduced from observations of 
interplanetary scintillations’? of the Crab Nebula at low 
frequencies. The flux density estimate, 380 flux units, 
shows that the small component emits 16 per cent of the 
total flux from the Crab Nebula at 38 Me/s. 

30 273. The fringe amplitudes observed for this source 
are presented as a function of hour angle in Fig. 2, which 
shows that the amplitude did not vary from its mean 
value of 130 flux units by more than 11 per cent at any 
position angle of the projected baseline. 

Ocoultation measurements by Bailey et al.™ at 81-5 Mc/s 
and higher frequencies have verified that this source con- 





Fringe amplitude (Wm- (c/s) x 10-**) 











Or f n 4 1 
18h 20h 22h Oh 02h Mh 06h’ 
Hour angie 
Fi ge amplitudes of 80 ie at 88 Mc/s averaged over eee 
Pay lpia intervals, Tho dashed line indicates the average overall] hour 
angles, the etreotlve baseline varies from 10,500 wavelengths to 
16,200 wavelengths. 
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sists of components A and B, 19-5 arc sec apart. These 
observations also provided radio spectra which show 
that the flux density ratio 4: Bis ~4:1 at 81-5 Me/a 
and is smaller at higher frequencies. The component A 
appeared to possess an diameter, in the range 
5-8 arc sec at frequencies > 81:5 Mc/s. If both com- 
ponents contributed to the fringe patterns observed in 
the present measurements, maxima would be expected in 
Fig. 2 at 22h and 03h and minima at 18h 30m and 00h 30m. 
The absence of significant variations shows that at 38 Mo/s 
the ratio of the fringe amplitudes from the two com- 

ponents is greater than 7:1. 

The most probable interpretation is that more than 
90 per cent of the observed fringe amplitude results from 
component A, which would then have ẹ fringe visibility 
of ~0-7, corresponding to an diameter of 5 arc 
sec. (The integrated flux density for 30 273 of 195 flux 
units at 38 Mc/s has been extrapolated from values given 
in ref. 13.) If B is smaller than 3 arc sec at 38 Mo/s, as 
18 strongly suggested by the higher frequency measure- 
ments, its flux density 1s less than 26 flux units. This 
interpretation does not agree with deductions made by 
Hazard et al. from lunar occultation observations at 
41-5 Mc/s. These are interpreted aa providing evidence 
for a rapid increase in the flux density of component B at 
frequencies below 100 Mc/s, so that at 41-5 Mojs its flux 
density of 168 flux units would exceed that of component 
A by a factor of two. The present interferometer result 
implies that, if this interpretation is correct, component A 
must be resolved out and B possesses an angular diameter 
of ~5 arc sec at 38 Mo/s. This would require an extra- 
ordinarily rapid increase in angular diameter for com- 
ponent B at frequencies below 100 Me/s. 

30 274 and 30 405. These intense radio galaxies were 
not detected by the 38 Mc/s interferometer despite 
observations over & considerable range of position angles 
and projected baselines. It is evident that the fine struc- 
ture emitting a few per cent of the total radiation found 
in higher frequoncy measurements of simular or higher 
resolution is not present at 38 Mc/s. 

The observations of 30 405 (Cygnus A) are of special 
interest since the two component model of this source 
deduced from interferometer!” and supersynthesis? 
observations above 125 Me/s predicts that strong fringes 

. should have been seen at a number of position angles. It 
appears that at 38 Mo/s the structure of the source has 
changed considerably. It has been suggested**, however, 
that the apparent broadening of this source might be 
attributed to scattering by fine structure in interstellar 
H II regions. Observations at much shorter baselines will 
be needed to clarify the situation. 

Sources observed within 40° of the Sun. The sources 
30 273 and 30 298 were not observed to give fringes when 
they were closer to the Sun than 40°, although they had 
given fringes at larger angular separations. It seems clear 
that observation of these sources was affected by scat- 
tering in the interplanetary medium; both the sources 
are near the ecliptic, and were at low heliographic 
latitudes at the times of observation. Only three other 
sources, 30 196, 283 and 318-1, were observed at angular 
separations less than 40°. 30 196 at 33° from the Sun 
gave good fringes on three successive days; at this time 
it possessed a high heliographic latitude, which is known 
to be a factor which would reduce the scattering’. 30 283 
and 318-1 were observed once each only, at times when 
they were 26° from the Sun. No fringes were recorded 
from either source, each of which 1s believed to be intrin- 
sically small enough to have been detected by the inter- 
ferometer when not affected by interplanetary scattering. 

Other sources. The fringe visibilities of most sources 
detected at 38 Mc/s are generally in good agreement with 
the results of 159 Mc/s measurements” with an east-west 
baseline of 9,700 wavelengths, provided allowance is mado 
for the gonerally higher resolution at the lower frequency. 
Exceptions were 30 38 and 30 409, which possessed 
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higher fringe visibilities than the corresponding 159 Mc/s 
observations would predict. On the other hand, 30 196 
and 30 295 had significantly lower fringe visibilities at 
38 Mc/s. In the case of 30 196 observations over a large 
range of hour angles verified that the source possessed 
angular dimensions larger at 38 Mc/s than at 159 Mojs in 
all position angles. For two sources, MSH 05-13 and 
MSH 07-117, no other interferometer measurements of 


similar resolution at metre wavelengths have yet been 
published. 


The present series of long baseline observations have 
demonstrated that ionospheric and interplanetary scat- 
tering effects need not seriously influence high resolution 
studies of radio sources at the long metre wavelengths. 

The major ionospheric difficulty with decametric 
observations appears to be the differential Faraday 
rotation, between sites separated by distances of about 
100 km. This problem can be overcome by using tele- 
scopes which accept only circularly polarized waves. 

Interplanetary scattering will always pose difficulties 
of observation and interpretation at these low frequencies. 
For the few years near sunspot minimum, it appears 
practicable to operate interferometers with effective base- 
line of about 16,000 wavelengths at 38 Mo/s without 
appreciable loss of observing time as a result of fringe 
visibility fade-outs. Near the maximum of the solar 
activity cycle, when interplanetary electron densities are 
believed to increase by a factor of about three*, however, 
it is doubtful whether effective baselines of more than 
5,000 wavelengths could be usefully employed. 

The sources which have been detected im the present 
experiment do not generally exhibit marked changes in 
their overall angular dimensions, as the observing fre- 
quency is reduced from 159 Mc/s to 38 Mc/s. There is 
good evidence, however, from the strong sources Cygnus-A 
and Virgo-A that the radio emission of fine structural 
features within the source continues to decrease at lees 
than 159 Mo/s; in the case of Cygnus-A there may also 
be structural alterations of a more basic kind. 

One of us (P. K. W.) is indebted to the Science Research 
Council for a maintenance grant for part of the period 
during which this work was undertaken. 


BRecelved March 80, 1967. 
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Occipital Alpha Rhythm Eye Position and 


Lens Accommodation 


by 
EDMOND M. DEWAN 


Air Force Cambridge Research Laboratories, 
Data Sciences Laboratory, 
Bedford, Massachusetts 


Tae “blocking” or attenuation of occipital alpha rhythms 
has been associated with ‘‘attention” since the discovery of 
electroencephalography. Many conditions favour the 
appearance of these rhythms such as eye closure, pattern- 
less visual fields if eyes are’open and, of primary impor- 
tance, a lack of ocular fixation. On the other hand, 
such things as pattern vision, ocular fixation, mtense 
concentration on mental tasks or on non-visual stimul 
and the perception of surprising, alerting, or affective 
stimuli favour the “abolition”? of alpha activity. This 
much was shown in 1934 by Adrian and Matthews! and 
has been confirmed many times since then. On the 
other hand, interpretation of these facts has been quite 
varied. 

Berger’s original interpretation was that alpha “‘block- 
ing’’ resulta from attention in general. When Adrian and 
Matthews subsequently found that alpha activity was 
generated in the occipital lobe rather than from the entire 
brain, and that it was “‘blocked” far more effectively by 
Visual than by non-visual activity, they advanced the idea 
that non-visual “blocking” was caused by a spread of 
desynchronizing activity from other areas to the occipital 
lobe. They also explained the effects of eye opening and 
closure on the alpha rhythms by the presence or absence 
of visual attention. A similar explanation was used for 
alpha blocking by the deliberate accommodation and 
convergence of the eyes (or looking”) in complete dark- 
ness or with eyes closed. This view seems to be generally 
accepted today’, although there have been additional 
variations. For example, Cobb? has proposed that pattern 
vision may cause the blocking response by the series of 
momentary stimuli resulting from repeated fixation and 
accommodation. These would act only momentarily, as 
in the case of unexpected stimuli, but would have a con- 
tinuous effect because of rapid repetition. It is significant 
that he found that this happened when something had to be 
kept in focus, as Adrian and Matthews noted the subjec- 
tive sensation of accommodation and convergence when 
they attempted to block activity in the absence of visual 
stimulation, that is, in darkness or with eyes closed. 

More recent experiments have raised additional ques- 
tions regarding the role of attention. For example, 
Mundy-Caatle‘ noted that the blocking response was not 
in one to one correspondence with either attention or 
visualization and that, as was also noted earlier!, consid- 
erable mental activity and attention are possible without 
this response. In addition some workers® have reported 
that the blocking response does not correlate significantly 
with measures of efficacy of perception or attentiveness. 
Of especial interest is the observation of Oswald’ that in 


People can be taught to control voluntarily thelr own alpha rhythms. 
This can be used to send messages In Morse code when an electro- 
encephalogram pattern Is used as part of a computer programme. 
Such procedures may help to explain the mechanisms by which the 
alpha rhythm is “blocked” or “unblocked”. 


some cases during intense auditory alertness the alpha 
rhythms can appear, but in this situation they were accom- 
panied by “loss of ocular fixation and accommodation”. 
He therefore proposed that the blocking response repre- 
sents an “increase of specific visual alertness which may 
be but one component of general arousal”. Still more 
recently, Mulholland and Evans as well as myself?- 
independently noted that eye position can play an impor- 
tant part in alpha rhythm activity, the extreme upward 
position tending greatly to enhance it. As will be shown 
here, one can entertain the hypothesis that this effect 
may be caused by a tendency of the eyes to defocus and 
relax convergence when in the maximum upward position. 
This would be consistent with Oswald’s observation that 
the presence of alpha activity is accompanied by 
absence of fixation and accommodation as well as Adrian’s 
remark that alpha activity is never present during fixation. 


The main purpose of this article is to show that it is . 


possible voluntarily to control one’s alpha activity by tho 
manipulation of oculomotor configuration and accommoda- 
tion with accuracy sufficient to send Morse code to a 
computer and to have the latter type out the correspond- 
ing letters automatically on @ teleprinter, and to-re- 
examine the ‘attention hypothesis” in the light of this 
demonstration. 

The procedure was as follows. A ‘Grass model 7 Poly- 
graph’ was used to record ocoipital electroencephalogram 
activity with one pair of transcortical bipolar paste 
electrodes over the left and right occipital areas. This 
signal was passed through a 10 c/s band pass filter suffici- 
ently broad to pass the alpha activity of all the subjects 
studied. This filtered signal was fed to a Schmitt trigger 
which generated a pulse each time the signal voltage 
exceeded a threshold so adjusted that during the presence 
of significant alpha activity there was a pulse for each 
wave crest. This output was fed to a ‘LINC’ computer 
which was programmed to ignore ‘‘drop ins’ (spurious 
pulse trains) or ‘“‘drop outs” (short interruptions of pulse 
trains) of the duration indicated in Table 1. It was also 
programmed to decide on the basis of duration whether 
or not a dot or dash was being sent, to display this informa- 
tion acoustically and/or visually, to decide on the basis of 
a pause duration when a character had been completed, 
and to translate the Morse character into its alphabetical 
equivalent. 
ray tube in the subject’s field of vision, deleted the com- 
plete letter (assumed incorrect), whenever the subject 
sent a sufficiently prolonged dash, or caused the tele- 
printer to type out the letter on completion of the suc- 


ceeding one. 


1 


It then displayed the letter on a cathode | 
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in’ and “drop out” durations, it can be 
considered as being only a rather crude 
measure of a stochastic component super- 
posed on the voluntary control. 

It was further observed that preliminary 
practice was necessary, external influences 
could be distracting, and that the subjects 
reported occasional difficulties in remem- 











bering the number of dots and dashes 





1. Electroencep noephalograph reco during the “transmisso 
voluntary control of alpha ac a eah E )3 8, ea far? for “ 
~- °); b, record for “sending” the 


Ta 


The subject was placed ın a screened acoustically isolated 
room and provided with the following types of feedback: 
(1) he could hear the Schmitt trigger output through a 
loudspeaker; (2) he was informed of the registration of 
dots and dashes through an intercom or, in the case of 
subject C. H., he was given this information automatically 
by audio-signals triggered by the computer; (3) he could 
check his results by viewing the cathode ray tube through 
a window. (As expected, it was found that this could be 
done without spurious generation of alpha activity.) 

The subject was instructed to control his alpha activity 
by the following technique. For maximum voltage he was 
to turn his eyes to the extreme upward position consistent 
with comfort and avoid fixation or convergence and 
accommodation. For minimum or “blocked” activity 
he was either to open his eyes and fixate them on a nearby 
object (C. H. and 8. M. ) or else to keep his eyes closed and 
fixate them on an imaginary point located almost immedi- 
ately in front of his lids (E. D.). 


Table 1 
Beo/ No. No. Dot-dash Inter-charac- Drop-out 
Sube oorrect of of dividing time ter interval drop-in time 
ject letter errors letters in 1/0 sec in 1/9 seo in 1/9 sec 
C.H. 49 16 26 26 56 4 
85 18 26 26 56 4 
EM. 48 9 15 84 50 6 
346 10 26 20 60. 6 
E.D. 88-6 4 26 B 50 6 


The observations and results were as follows: Figs. 
laand 1b show electroencephalograph recordings of subject 
E. D. while sending Morse code with eyes closed. Fig. le 
shows the effect of the 10 o/s filter on the signal in Fig. 1b. 
Fig. 2 shows a word typed out using the deleted feature 
of the programme to remove errors before print out. 
Fig. 3 shows the print out for three subjects attempting 
to send the alphabet without corrections. Table 1 gives 
the corresponding times used, number of 
errors, and computer parameter settings. 
As can be seen, 35 soo is about the minimum 
average time needed for each correct letter. 
Of interest is the “drop in-drop out time” 
(on the order of 0:5 seo) which gives a 
measure of the duration during which 
alpha activity might spontaneously dis- 

*appear during eye elevation or spontane- 
ously appear during eye fixation. Because 
this parameter was not very carefully 
adjusted to optimize performance and Re. ¢ 
because it was used for both the “drop 





n” or Morse codo 
” the letter 
mom a H.) 0, Fooord for signal in (b) after filtering 
with 10 ¢/s band pecs Alter 


just sent and this accounted for some of 
the errors in performance. Acoustic 
feedback had to be low in volume and the 
subject had to become habituated to it 
in order to avoid an uncontrolled blocking 
response; several hours of this task proved 
to be very fatiguing. Finally, when I 
myself was a subject, I found that merely 
turning the closed eyes to an extreme 
elevation did not result in alpha activity 
if I focused and converged my eyes in 
that position. Fixation or accommoda- 
tion and convergence had to be avoided to 
prevent the blocking response. As indi- 
cated, this result was incorporated in the 
technique used by the subjects in this 
experiment, It would be difficult to interpret these results 
if one were to assume that the alpha rhythm is blocked or 


X 
CYBERNETICS 


EI 


Teleprint output of computer during the use of os delete feature 
ofthe programme. In ne way errors are not typed out, however, this is 


od MEE MAE tE WS 


A6 BCDEF ZNG5IRJKSELMINZOPQRSTTUVLWXYDGHZ 


ABCDEF GAHI JKA 


(6) yy z 
LMNOPQRHSTAUVWXY 


ABBCI DEF GHIEUKLM NOPEDQRSTTUXUTVWKXY SE 


eo tt f Ho imt 


Typed outp tput from three se eun ects sending the alphabet; 
rubjoct oo b, subject 8. M.; c, sub; B.D. Note that the sondiag ts 


Ingad was sont instead ofan H. This is an exam 
of how aee tend to forget the number of dots being sent (H be 
four dots and 5 being five dots). Note also that the lotter Z was 

by band because only “previous” letters are typed out (see text). 


























. Voltage from back of neck diring eye opening and closure (and hence alpha 
r hythm “of” and “on”). The same settings were used as Fig. 1b. Notice the crease in 
signal at the end when neck muscles were delfberately contracted, 
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“unblocked” exclusively by some sort of attention 
mechanism; because, during the experiment, the subject 
was ina state of constant attention. He was forced to listen 
attentively to the acoustic feedback and to keep track of 
what he was “sending”. Subjectively, he was not con- 
sciously manipulating shis attention but, instead, his 
accommodation, convergence and eye elevation. Although 
oyclomydril, a drug causing pupilary dilation and prevent- 
ing accommodation, seemed to have no effect on the 
ability of one subject (E. D.) to send Morse code, it would 
be interesting to know the effects of other drugs such as 
curare. If curare prevented the sending of Morse code 
(and yet allowed alpha activity) one would be forced 
to consider seriously the possibility that alpha rhythms 
are strongly dependent on peripheral ocular activity. 
If the contrary were found, a more exclusively central 
mechanism of the type currently assumed would probably 
be involved and, aa a bonus, one would have a possible 
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“channel of communication” from curarized patients. 
In any event, ıb 1s clear that the common denominator 
for the blocking response of the alpha activity, if one 
exists, is not yet known. 

I thank 8. Michaels for devising the ‘LINC’ programme 
which made this experiment possible and for several 
valuable suggestions. I also thank B. Farley and T. 
Mulholland for discussions. 
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Further Evidence relating to the Mode of Action of Nicotine 


in the Central Nervous System 


by The effects of intraventricular Injections of nicotine and the choline 
ester carbachol have been compared. Carbachol has two actions, 

x % foun one of which resembles that of nicotine. The nicotine-like actions 
ss are potentiated by cholinesterase inhibitors and prevented by 
ioe Council Laboratories, hemicholinium in agreement with the hypothesis that nicotine acts 


Nicormne injected into a lateral ventricle of the brain of 
conscious or anaesthetized cats causes twitching of the 
ears)’, salivation and respiratory changes*. In addition 
a fall in blood pressure, sometimes accompanied by 
a decrease in heart rate, usually occurs’. These effects 
can be prevented or abolished by hexamethonium 
injected into or perfused through the cerebral ventricles. 
The twitching of the ears is potentiated by physostigmine 
injected intravenously and by neostigmine injected 
directly into the brain through a lateral ventricle. A 
possible explanation for this unexpected potentiating 
action of cholinesterase inhibitors is that nicotine acts at 
some central sites by releasing acetylcholine. Further 
experiments, using carbachol and hemicholinium, have 
been carried out to investigate this hypothesis. 
Evidence in the literature suggests that some of the 
actions of the choline ester carbachol are caused by a 
release of acetylcholine‘*. It was therefore of interest 
to compare the effects of carbachol injected into a lateral 
ventricle of a cat anaesthetized with chloralose (75 mg/kg) 
with those of nicotine when similarly injected. Carbachol 
(40 ug) injected into a lateral ventricle usually caused a 
large fall in blood pressure, which was sometimes 
accompanied by profound slowing of the heart rate. The 
blood pressure did not recover unless hyoscine or atropine 
was injected intravenously (Fig. 1). The fall in blood 
pressure, however, was not affected by the intravenous 
injection of atropine methonitrate and this observation 
indicates that the hyoscine or atropine was acting within 
the central nervous system. This effect of carbachol 
differed from that of nicotine. The fall in blood 
pressure caused by injection of nicotine into a lateral 
ventricle was unaffected by hyoscine and the blood 
pressure usually returned to within 10-20 mm of the 
pre-injeotion level within 30 min of the injection. In the 
presence of hyoscine, however, carbachol sometimes 
caused small falls in blood pressure, presumably caused 


by releasing acetylcholine. 


by a nicotine-like action, for they were prevented 
or abolished by perfusing hexamethonium through the 
cerebral ventricles. The site of action of the carbachol 
in eliciting these effects was shown to be the same as for 
the nicotine-induced cardiovascular effects, that is, the 
ventral brain stem, but unlike nicotine, carbachol exerta 
both “nicotinic” and “muscarinic” actions at this site. 
Acetylcholine injected into a lateral ventricle never caused 
more than a small transient fall in blood pressure even 
in amounts up to 1 mg. 

The changes in blood pressure resulting from an intra- 
ventricular injection of carbachol were usually accom- 
panied by twitching of the ears, profuse salivation, shiver- 
ing and violent twitching or jerks involving the whole 
body. The jerks were probably caused by the develop- 
ment of seizure activity because even in the presence of 
gallamine triethiodide (‘Flaxedil’) high voltage surface 
negative spikes were recorded on the electroencephalogram 
from both frontal and occipital leads. Grossman’ has 
described a similar abnormal electrophysiological response 
in cats after micro-injection of carbachol and also acetyl- 
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Fig. 1. Record of r femoral blood pressure of cat (2:8 kg) under chloralose 
anaesthesia. At the white arrow, 40 E of Paks So was injected into a 


lateral ventricle while perfum brain from lateral ventricle 
to cisterna with artuficial iat fluid was temporarily interrupted; 
at the blaok arrow, hyosoine (0 2 mg/kg) was injected mtraveno uly. 
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choline into the basal nuclei of the amygdala. In our 
experiments acetylcholine and nicotine failed to elicit 
seizure discharge when injected into a lateral ventricle 
in amounts up to 1 mg. The shivering, muscular twitching 
and salivation were not always seen in the presence of 
hyoscine. The site of action for the ear response was the 
same as that of nicotine, because the response was readily 
obtained if the carbachol was applied topically to the 
upper cervical spinal cord between Cl and C2. The 
response was also prevented or abolished by hexamethon- 
ium perfused through the cerebral ventricles but was un- 
affected by hyoscine similarly perfused or 
injected intravenously. 

Physostigmine which potentiates the 
nicotine-induced ear response also poten- 
tiated the fall in blood pressure caused by 
the injection of nicotine into a lateral 
ventricle. In one experiment in which 
nicotine caused a rise in blood pressure, 
physostigmine injected intravenously con- 
verted this rise to a fall. These affects of 
physostigmine are shown in Fig. 2. It was 
therefore interesting to ascertain whether 
the offects of carbachol injected into a Hg 
lateral ventricle were also potentiated by 
physostigmine. We have confirmed the 
observation of Renshaw et al.4 that physo- 
stigmine potentiates the fall in blood 60 
pressure caused by intravenous carbachol, 

but we have been unable to demonstrate 
a consistent effect of physostigmine on the 
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If the ear response resulting from the injection 
of nicotine or carbachol involves the release of acetyl- 
choline, the response should be inhibited by hemicholin- 
ium. This substance is thought to interfere with the 
transport of choline to the intraneuronal site where acetyl- 
choline is synthesized. Perfusions of hemicholinium from 
a lateral ventricle to cisterna magna in concentrations of 
either 200 ug/ml. or 500 pg/ml. regularly abolished the 
fall in blood pressure caused by intraventricular 
nicotine and the ear response caused by intraventricular 
nicotine or carbachol. The ear response was usually 
abolished before the fall in blood pressure. With the 
lower concentration of hemicholinium it was sometimes 
necessary to continue the perfusion for 4 or 5 h before 
the fall in blood pressure caused by intraventricular 
nicotine was abolished. If hemicholinium was exerting 
its effect through a non-specific hexamethonium-like 
action’ it would be unlikely that the nicotine and carbachol 
responses would be restored by choline. In experiments in 
which hemicholiniam had been perfused for several hours, 
perfusion with choline then caused some recovery of the 
nicotine response in two out of eight experiments. With 
the larger concentration of hemicholinium, partial restora- 
tion of the ear response was obtained to carbachol and 
nicotine after perfusion with choline in two out of five 
experiments, and there was also a slight restoration of the 
blood pressure response. One of these experiments is 
illustrated in Fig. 3, in which the right ear response caused 
by 80 ug of nicotine injected into the right lateral ventricle 
was abolished after perfusion of the brain with hemi- 
cholinium for 150 min, and the left ear response and fall 
in blood pressure were greatly reduced. The right ear 
response had returned 80 min later (section d) as a result 
of perfusing the brain with choline. 

It is clear that carbachol is capable of exerting two 
actions on blood pressure, a “‘muscarinic” action that is 
abolished by hyoscine and a “nicotinic” action which 
persists in the presence of hyoscine. The ear response - 
appears to be a pure nicotinic action. The data pre- 
sented in this paper provide further evidence that tho 
ear response and the fall in blood pressure resulting 
from the injection of nicotine into a lateral ventricle are 
caused by a release of acetylcholine. The evidence, 
however, will not be conclusive until acetylcholine has 
been collected at the precise sites at which nicotine acts. 
Whether hemicholinium in the concentrations used exerts 


effects of carbachol following injection 
into the cerebral ventricles. In only three 
out of eight experiments was any evidence 
obtained that carbachol had a greater 
effect in the presence of physostigmine. 
Intravenous physostigmine also potenti- 
ated the small falls in blood pressure 
caused by an intraventricular injection 
of acetylcholine. 


N 
80 





3. Cat t e 8 kg) under chloralose ansosthesia. Upper and lower traces show record of 
rah and left ear twitches respectively, Middle trace shows femoral blood pressure. 
x * pach white arrow 80 ug nicotine (N/80) was injected into the right lateral Jntricie 
hile perfusion of the brain from lateral ventricle ostona with artificial cerebrospinal 
fud was temporarily interrupted. Between (a) and (b) the arttficial cerebrospinal fluid 


contained 500 of hamicholinium (H), between (b) and d) it contained 1 . of- 
choline (0). Intervals; between 8) and (5), 150 ia tween (b) and (0), min; 
between (¢) and (d), 45 mi: 
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its effect by interfering specifically with acetylcholine 
synthesis or by a combination of such an effect together 
with a non-specific ganglion-blocking action is not certain. 
Szerb* has demonstrated inhibition of synthesis of acetyl- 
choline in the cerebral-cortex of the cat by hemicholinium 
applied locally and Hebb et al.” has shown a similar effect in 
the rat caudate nucleus. Various workers have demon- 
strated the presence of neurones sensitive to acetylcholine 
in the regions at which carbachol and nicotine act in the 
pons and medulla!!!, and histochemical evidence has 
supported the existence of cholinesterase and cholinergic 
fibres in the spinal cord of the cat at the cervical level}? 
The medulla contains acetylcholine, choline acetylase™ 
and cholinesterase'®-1* and the potentiation of the responses 
of some medullary nerve cells to acetylcholine by physo- 
atigmine and block or inhibition by hexamethonium have 
also been reported’. 

We thank Dr E. W. Gill for the sample of hemicholin- 


um. 
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Magnus and Schafer! found that the urine flow of the dog 
increased when watery neurohypophyseal extracts were 
first injected. This proved to be anomalous, because more 
purified extracts in hydrated animals produced the 
opposite effect, a reduction in diuresis*. By the time of 
Verney’s work?‘ antidiuretic hormone was established as 
a polypeptide reducing high rates of urme flow in dogs 
and man. Little or no effect on electrolyte excretion was 
found except in water-loaded dogs’ and rats’, in both of 
which sodium and chloride excretion was found to 
increase. 

In tropical Australia, Merino sheep without water may 
reduce urme output to 200 ml./day, while concentrations 
rise above 3:5 osmoles/l. (ref. 7). Plasma vasopressin rose 
only late in the course of dehydration and the rise did 
not correlate well with reduction of urine flow. Assay of 
plasma using rats anaesthetized with alcohol will detect 
vasopressin at less than 10 uu/ml. so that it was difficult 
to reconcile the urine flow rates with vasopressin estima- 
tions. When vasopressin was infused into sheep without 
water loading an increase in urine flow was found both 
in the field and in the laboratory by Kinne, Macfarlane 
and Budtz-Olsen*. At urine flows of less than 1-0 ml./min 
vasopressin induces a diuresis of up to 6 ml./min in sheep, 
with an equal or greater increase in the rate of excretion 
of potassium, chloride and sometimes of sodium. Potas- 
sium output increases also during the antidiuretic action 
of vasopressin in water-loaded ruminants. These findings 
have been confirmed*.!*. Usually there is no increase in 
free water clearance, but when sodium and potassium 
are both excreted under the influence of vasopressin the 


Camels and Merino sheep under tropical arid conditions are more 
sensitive to the action of vasopressin than cattle, dogs or men. The 
hormone increases the output of oe from the kidney even 
when the animals are artificially 

vasopressin has the same effect on newborn lambs as on the adult 
sheep, but lysine vasopressin has less effect. 


epleted of potasslum. Arginine 


water output rises three or four times more than the 
increase of electrolytes, so that urine is diluted. 

The glomerular filtration rate (GFR) in sheep and camel 
increases by up to 25 per cent in the early phase of an 
hour-long infusion of vasopressin at rates of 28 to 340 
uu/kg/min, but the main excretion of potassium does not 
occur until after the GFR has returned to the initial rate. 
Vasopressin may change the output of potassium from 
10 m.equiv./h to 40-70 m.equiv./h. Raised filtration alone 
would yield an increase of only 6 m.equiv./h. Secretion 
of potassium or sodium—potassium exchange across tho 
distal tubule are mechanisms which are probably facili- 
tated by vasopressin, possibly by way of cyclic AMP 
(refs, 11 and 12). 

The potassium excreting effect of vasopressin could bo 
associated with the herbivorous diet, because many plants 
are rich in potassium. Vasopressin was therefore injected 
intravenously into cattle and camels (Fig. 1). During 
normal hydration, urine flow and potassium excretion 
rates increased ın these animals. As in sheep, there was 
sometimes additional sodium excretion. The minimum 
single dose of vasopressin given intravenously and effective 
in raising the rate of excretion of potassium was 20 pu/kg 
in adult sheep, 9 pu/kg in camels and 110 pu/kg in cattle. 
while reduction of water flow in hydrated sheep required 
2 wo/ke and 1 pu/kg in the camel. Vasopressin passes 
into the extracellular fluid (200 ml./kg body weight) so 
that vasopressin concentrations in normally hydrated 
camels would be raised by 0-005 pu/ml. of extracellular 
fluid or less than 0-02 uu/ml. if temporarily confined to 
plasma. Thorn™ postulated vasopressin concentrations for 
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„1. A female camel in the arid region near Alice Springs during the 
Het shows the effects of 1,000, 100 and 50 mu of mixed arginine and 
I vasopressin injected intravenously in one dose. For each dose 

is a consistent and parallel increases of potassium and water 

excretion. The sodium increase is lees than that of potassium and ıs very 

small with 560 mv, although clear increases of potassium and water 
output occurred. 


maximal antidiuresis of 2 pu/ml. of plasma. The plasma 
vasopressin levels that alter excretion in the camel are at 
present outside the range of any method of measurement. 

This specialization of response to vasopressin in adult 
ruminants was sought during development, while the 
young feed on milk. It appears to develop with the 
rumen at the time of the change to eating grass. Vaso- 
pressin (45 uwu/kg) administered to lambs 1-3 days old, 
with urine flow rates of 2-4 ml./min, caused urine flow to 
fall, but, in contrast with the effect on adults, 
water, potassium and sodium output de- 
creased. By the age of 3 weeks arginine 
vasopressin raised electrolyte and water 
excretions as in adult sheep. The lamb 
kidney also reacts differently to arginine 
and lysine vasopressin. The neuro-hypo- 
physis of ruminants contains arginine vaso- 
pressin, but in the adult sheep and camel 
there was no difference between the responses 5 
of water and electrolytes to arginine or 
lysine vasopressin and that to ‘Pitressin’ 
(which contains both types of octapeptide). _ 4 
A synthetic phenylalanine arginine vaso- 4 

El 
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pressin (‘Octapressin’, Sandoz) (ref. 15) 
acts similarly to lysine and arginine vaso- 
pressins in adult sheep, but it has a minimum 
effective dose six to eight times greater than 
arginine vasopressin. Lambs differ from 
adults in responding to arginine vasopressin. 
up to five times more than to the lysine form, 
and ‘Octapressin’ is less active still. Arginine 
and lysine vasopressin become equal in 
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In nineteen out of twenty-five infusions there was an 
increased rate of excretion of water, potassium and chloride 
(Fig. 2). In the diuretic dog? urine flow was stopped and 
there was no notable effect on electrolytes when the 
concentration of salt in the carotid was raised. The carotid 
oamotic stimulus in sheep produces excretory effects that 
resemble the action of infused vasopressin. 

Because the effeot of vasopressin on the exoretion of 
potassium could be associated with the high turnover of 
potasgium of sheep, the potassium content in the sheep 
was reduced by feeding cellulose, maize and sodium 
‘Amberlite 120° resin or by emptying the rumen. The 
amount of potassium excreted after a standard dose of 
vasopressin was lowered four times in sheep depleted of 
potassium. 2h after the removal of rumen contents con- 
taining 220 m.equiv. potassium, the output of potassium 
induced by 6 pu/kg vasopressin was reduced to a fifth 
and relatively more sodium was excreted. In spite of 
low levels of potassium, however, the kidney still increased 
the excretion of potassium under the influence of vaso- 
pressin. 

When there is excess of water in sheep, cattle and 
camels, vasopressin reduces urine flow, but the rates of 
excretion of potassium and chloride increase, while with 
normal hydration these animals increase water output in 
association with electrolytes. The hydrated sheep is more 
responsive to the antidiuretic action of vasopressin than 
the dog or man, but the camel is even more sensitive, and 
will respond to 1 po/kg. The newborn lamb is as 
sensitive to arginine vasopressin as the adult, but im- 
mature sheep respond more strongly to arginine vaso- 
pressin then to lysine vasopressin, and decrease electrolyte 
excretion. These effects reverse at 3-4 weeks of 
age. 

An increase of sodium chloride concentration in the 
carotid artery of sheep acts like an infusion of vasopressin, 
to increase excretion of water, potassium and chloride. 

Vasopressin increases renal tubular tranafer of potas- 
sium and chloride even when the animals are depleted of 
potassium. 

This work was supported by the Australian Wool 
Production Research Committee, the Rural Credits Fund 
of the Reserve Bank of Australia and the Australian 
Reeearch Grants Committee. Dr B. Berde, of Sandoz, 
Ltd., Basle, kindly supplied lysine vasopressin and 
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effect at about 4 weeks of age in sheep. 

To determine whether changes in osmotic 
pressure would affect excretion in a similar 
way to infused vasopressin, 3 mmoles of 
sodium chloride were infused during 1 min by 
a cannula passed up the carotid to the base of 
the brain of a sheep during normal hydration. 





Hours 


a b 


Fig. 2. a, At the arrows 8 mmoles of sodium chloride were infused by cannula to 
the upperend of the carotid artery of a 82 kg sheep in the region of the brain stem. 
At each infusion there was an increase in water, potassium and sodium exaretion 
and an {increase in the osmolality of the fud. b, 
chloride near the orrele of Willis doubled the renal potassium and water output, buéno 


this sheep, 3 mmoles of sodium 
change or a slight fall in sodium excretion occurred. 
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‘Octapressin’, and Dr Anderson, of Parke Davis Pty., 
Ltd., the beef arginine vasopressin. 
Roceived November 28, 1906; revised February 18, 1967. 
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Radiosensitivity of Oogonia and Oocytes in the Foetal and 


Neonatal Monkey 


by 
T. G. BAKER 
HEATHER M. BEAUMONT 


Germ cells in developing female monkeys are considerably more 


resistant to radlation-Induced cell death than those at equlvalent 
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Strops of the effects of irradiation on oogonia and: 


oocytes have been largely restricted to the rat and mouse. 
As information on other species accumulates, however, 1b 
18 becoming evident that the response of germ cells 
observed in these two rodents may not be typical of that 
in other mammals. For example, although it has long 
been known that primordial oocytes in the rat and mouse 
are highly susceptible to cell death induced by radiation 
and disappear within 2 days of exposure to 150-300 r. 
(ref. 1), the results of a recent experiment have demon- 
strated that cells at a comparable stage of development 
in the pre-pubertal and mature rhesus monkey are 
extremely radioresistant and are only destroyed by doses 
of about 7,000 r. (ref. 2). Oocytes in growing follicles, on 
the other hand, are eliminated from the ovaries of the rat 
and monkey by approximately equivalent doses of 
irradiation (4,000-5,000 r.); those m the mouse are 
slightly more sensitive'. 

Changes in the radiosensitivity of oogonia and oocytes 
in foetal and neonatal rate? and immature mice‘ are well 
documented. The only information on the response of 
ocells at comparable stages of development in the monkey 
is provided by the study of Ozzello and Rugh*. These 
authors reported that, as judged by qualitative histo- 
logical examination, the ovaries of foetuses aged 4-5 
months post cotum were unaffected by exposure to 200- 
400 r. The present quantitative study was therefore 
undertaken in order to investigate the response of prim- 
ordial oocytes in the neonatal monkey, and to obtain 
information on the sensitivity of earher gametogenic 
stages. 

Pregnant animals were anaesthetized and the beam of 
X-rays was focused on the gravid uterus (about 2 months 
post cottum) or on the foetal pelvis, located by palpation 
(3 months post cottum to term). Neonatal animals (1 or 
2 days post partum) were anaesthetized and the applicator 
was positioned over the inferior region of the abdominal 
wall. Before each irradiation the depth of animal tissue 
lying between the mouth of the applicator and the target 
organ was estimated and the conditions for the exposure 
were adjusted accordingly. The dose of X-rays received 
by the gonads varied from 350 to 600 r., and from 1,000 
to 1,800 r. Animals were killed at 2-4 and 10-14 days 
after treatment and the age of the foetuses was determined 
by measurement of their érown-rump length, using the 
methods and data of Schultz‘, 


stages of gametogenesls In rats and mice. 


Material derived from thirteen foetal and five neonatal 
specimens has so far been examined, and the populations 
of germ cells estimated using a volumetric method’. 
Observations on irradiated ovaries have been compared 
with those made in an earlier study of normal ovarian 
development’. 

In untreated animals, the total population of germ cells 
increases from about 0:5 million at 2 months post coitum 
to reach a peak of 3:6 million at 5 months, and then 
declines to about 1-0 million at the time of birth (Fig. 1). 
A similar pattern of change has been recorded for other 
vertebrate species (rat’, man*, chick’*, guinea-pig" and 
calf#): the initial rise in numbers is brought about by 
the mitotic activity of oogonia and the subsequent 
decline by the ehmination of degenerating cella from the 
ovary. Mitotically active oogonia are present in foetal 
monkeys from 2 to 5 months, and within the same period 
oocytes pass through the leptotene, zygotene and pachy- 
tene atages of meiotic prophase (when they may be desig- 
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poles and in untreated controls (each point represents 

a mean derived from not leas than three specimens; see ref. 0). —-@—, 
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Fig. 2. The proportions of cells at different stages of gametogenesis in 
irradiated and untreated specimens 4-45 months post colum. 


Control values Fopresent means derived from not less than three foetuses; 
those for irradia specimens are derived from one or two specimens/ 
treatment group. 


nated “merocytes’’) and into diplotene (1 per cent of the 
total population has attained the diplotene stage by 3 
months post coitum, 20 per cent by 4 months and 80 per 
cent at term). Degenerating cells are derived from: (1) 
dividing oogonia which reach metaphase but fail to com- 
plete mitosis (“atretic divisions”); (ii) meiocytes, gener- 
ally at the pachytene stage {(“Z” cells); and (ii) oocytes 
at diplotene (‘“‘atretic diplotenes”’). It is important to 
note that because germ cells are not synchronized in their 
passage through the initial stages of meiosis (compare the 
rat’) all monkey foetuses irradiated between 2 months 
and term contained a mixed population of cells. 

The total number of germ cells in irradiated females 
was consistently lower than that in controls of equivalent 
age (Fig. 1). This finding ındıcates that the doses used in our 
experiment were sufficient to deplete the “stock” of germ 
cells within a short time of exposure. No anmal was 
completely sterilized (that is, devoid of germ cells), 
although a severe reduction in numbers occurred after 
doses of 1,000 r. or more (Fig. 1). In addition, the per- 
centage of degenerating cells in irradiated specimens was 
consistently higher than in the controls, suggesting that 
the intervals between irradiation and autopsy were too 
brief to permit the full expression of radiation damage. 

If the population of germ cells in treated animals is 
compared with that in controls of equivalent age, it 
appears that the most severe and rapid depletion occurs 
after exposure at 5 months post cottum. This conclusion, 
which is based on information derived from only three 
specimens, clearly needs to be substantiated. It is inter- 
esting to note, however, that Hrickson!® has recently 
reported peak radiosensitivity in the calf (another animal 
m which germ cells develop asynchronously) at a com- 
parable stage in ovarian development. Thus high sus- 
ceptibility to cell death induced by radiation 18 observed, 
in both species, at a time when oogenesis is almost com- 
plete (and when, by analogy with the rat’, oogonia may 
be particularly sensitive); when the total population 
reaches its maximum, and large numbers of degenerating 

«cells are present. 

The results of experiments on the rat? have shown that 
irradiation increases the incidence of atretic cells, of the 
same type as those which arise spontaneously in the 
course of normal development. Erickson’s results!? give 
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no information on the mode of atresia in irradiated 
ovaries; the animals used in his study were examined 
several months after treatment. Short post-irradiation 
intervals have been used ın the present experiment and 
we have attempted to see at what stages the cells die, 
and to define the most radiosensitive phases in gameto- 
genesis. In view of the wide variability between individual 
specimens, differences in the absolute numbers of the 
various cell-types are of little significance. A comparison 
has therefore been made between the proportions of cells 
at different stages of development, in control and irradi- 
ated specimens. These observations are illustrated with 
findings taken from two of the four age-groups included 
in the present study (Figs. 2 and 3); they are fully repre- 
sentative of the whole series. 

The proportion of normal oogonia probably declines 
slightly after irradiation (Fig. 2): a point not shown on 
this diagram is that at least 50 per cent of the oogonia 
scored are in the prophase stage of a mitotic division 
(compare < 10 per cent in untreated specimens). Many 
of these cells (which are apparently arrested in the process 
of division) subsequently undergo lysis and are scored as 
“atretic divisions” (see also rat*), although most oogonia 
in irradiated specimens degenerate at prophase, rather 
than at metaphase. A decline in the percentage of meio- 
cytes also occurs after exposure (Fig. 2). This may result 
from the depletion of oogonia and their failure to enter 
meiosis. At the same time, a transitory increase m the 
proportion of “Z” cells (Fig. 2) suggests that some meio- 
cytes may be destroyed by irradiation (see also rat). 
Pyknotic cells, which are present in appreciable numbers 
in treated specimens (Fig. 2), may, again by analogy with 
the rat®, be derived from oogoma degenerating at mter- 
phase. In addition, this category almost certainly includes 
other germ cella at an advanced stage of degeneration, the 
origin of which can no longer be defined. 

The response of oocytes at diplotene differs from that 
of oogonia and meiosytes. The proportion of cells at 
diplotene is raised in foetuses examined 10-14 days after 
exposure to 1,000 r. or more (Fig. 2), which suggests that 
these cells survive for longer periods after irradiation than 
do those at earlier stages in gametogenesis. Thus as the 
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Fig. 3 The proportions of cells at different at of gametogeneals in 
noonatal specimens, Numbers of irradiated and untreated animals as 
given in the legend for Fig 2. 


NATURE, VOL. 214, JUNE 3, 1967 


more radiosensitive types of cells are elimmated from the 
ovary, the more resistant represent an increasing propor- 
tion of the total population. Changes in the neonatal 
animal after irradiation (Fig. 3) show that the proportion 
of normal cells at diplotene dechnos after exposure while 
cells classified as atretic increase. This “late rise” in the 
percentage of atretic cells indicates that radiation damage 
sustained at diplotene may remain latent for some time. 

Thus the results obtained so far suggest that the 
minimum dose required to sterilize the ovary of the 
developing monkey is of the order of 2,000 r., about 
twenty times that required to eliminate almost all germ 
cells from the foetal and neonatal rat®. Changes observed 
in oogonia and meiocytes after exposure seem similar in 
the two species, although we need more information on 
the response of oogonia in monkeys irradiated during the 
early stages of development (about 2 months post coitum). 
The higher radioresistance of the monkey ovary may in 
part be because the phases of gametogenesis are not syn- 
chronized. Oocytes at diplotene, which become organized 
as primordial follicles, seem more susceptible to radiation 
damage at the time of birth than at later stages*; they 
are, nevertheless, much more refractory than those in 
neonatal and immature rats and mice*4. In these two 
species, early primordial oocytes represent the most radio- 
sensitive phase in gametogenesis. An examination of the 
structure of primordial oocytes in primate and rodent 
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species (refs. 13 and 14, and also Baker and Franchi, in 
preparation) suggests that differences in the radiation 
response may be correlated with variations m nuclear 
morphology. Whether or not other radiation-induced 
changes such as frequency of mutation show a sunilar 
relationship has yet to be determined. 

The expenses incurred in this study were defrayed from 
grants made to Professor Sir Solly Zuckerman by the 
Medical Research Council and the Ford Foundation. The 
X-ray machine was generously provided by the Nuffield 
Foundation. During this study one of us (T. G. B.) was 
in recerpt of a Medical Research Council junior fellowship. 
We thank Professor P. L. Krohn for his helpful criticisms. 
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Size Fractionation of Exponentially Growing Escherichia coli 
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A GENETICALLY homogeneous population of bacteria 
undergoing exponential growth through binary division 18 
characterized by an exponential age distribution', the 
age of a single cell being defined as the tıme since physical 
separation from ita sister. Thus, although each cell inde- 
pendently traces the same growth cycle within small 
statistical fluctuations’, at any instant the culture consists 
of cells of all ages. Thus, studies of such populations 
provide no information about the variation of the measured 
properties during the cellular growth cycle. The several 
attempts which have been made to carry out biochemical 
analyses on this level have mvolved synchronization. 
Bome synchronization methods applied to exponentially 
growing cultures may, however, change the physiological 
properties of the cells and may not be correlated with 
studies conducted on exponentially growing cultures. 
Other methods are technically difficult’. 

We have developed a relatively simple zone centrifuga- 
tion technique which allows biochemical studies to be 
conducted directly on selected cell groups within exponen- 
tially growing populations. This technique involves 
fractionating bacterial cultures into size groups (a size 
group of cells within a population is a group possessing a 
particular size distribution different from the average). 
Because the size distribution of exponentially growing 
populations is correlated with their age distribution’, 
this method is suitable for studying the biochemical 


* Present address: Depsrement of Molecular Biology, The University of 
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A new method for differentiating between bacterla of different sizes 
In a single population is used to show that the rate of synthesis of 
RNA in a population of Escherichia coli varies linearly with the size 
of the cell. 


properties of cells of different ages. We have used it to 
study the pattern of synthesis of metabolically stable 
RNA in exponentially growing cultures of Æ. colt. We 
found that, within the resolution achieved in our experi- 
ments, the higher the proportion of large (old) cells in a 
size group, the greater the average rate of synthesis of 
metabolically stable RNA in that group. 

E. coli 58-161 ROrlaxedmet-, kindly supplied by Dr 
B. S. Strauss, was stored on tryptone-agar slants at 4° C. 
Liquid cultures were grown at 37° © with vigorous shaking 
in medium Æ‘ supplemented with 0-5 per cent glucose and 
100 pg/ml. methionine. 250 ml. culture flasks with sus- 
pension volumes not exceeding 20 ml. were used to alow 
sufficient aeration. Cultures were started by overnight 
growth to stationary phase. The bacteria were then 
diluted into fresh medium, grown exponentially for three 
or four generations and diluted again. After three or 
four generations of additional growth, and well within the 
logarithmic phase, 2-“C uracil was added to the medium. 
Incorporation and growth were terminated by pouring 
the suspension on to a half volume of frozen medium H 
containing 500 ug/ml. of unlabelled uracil. The culture 
was centrifuged at 0° C and resuspended in 1 ml. ofice-cold 
medium E before zone centrifugation. Al later operations 
were carried out at 0°-4° C unless otherwise stated. s 

1 ml. of resuspended exponentially grown bacteria was 
layered on a 63 ml. linear caesium chloride gradient 
(0-30-0-50 moles/l.) in a centrifuge tube 6 in. long. The 
tube was spun in a swinging bucket rotor in an Inter- 
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national centrifuge’. After centrifugation, twelve frac- 
tions were collected from the bottom of the tube. Portions 
from each fraction were mixed with trichloroacetic acid 
(TCA) to a final concentration of 5 per cent. The mixtures 
were kept at 0° C for at least 1 h and not more than Š h. 
They were then filtered and counted as described before*. 

Additional portions were diluted with a solution con- 

ining 0-15 molar sodium chloride and 0-5 per cent 
formaldehyde, which was previously filtered through an 
HA ‘Millipore’ filter. The number of bacteria and their 
size distribution were measured in each fraction with a 
model B Coulter counter. The counter was operated 
with a 30p orifice, reciprocal amplification setting of 1/4 
and reciprocal current setting of 1/4. Readings were 
maintained between 5,000 and 25,000 particles. Correo- 
tions were made for background values. Counting was 
carried out at 20°-25° C. 

Microscopic examination of bacteria was performed by 
placing drops on glass slides and covermg them with 
cover glasses; the edges of the cover glasses were sealed 
with paraffin to prevent drying. The proportion of 
bacteria which had formed visible constrictions was 
measured with a Spencer phase-contrast microscope at a 
magnification of x 970, using immersion oil. The eye- 
piece was equipped with a marked closed boundary to 
allow the counting of cells within specified areas. 

E. cols 58-161 met-RCtelaxed growing exponentially at 
37° C in & glucose minimal medium supplemented with 
100 ug/ml. methionine multiplies with a generation time 
of 40-42 min. The size distribution of an exponentially 
growing population was analysed with a Coulter electronic 
counter and is shown in Fig. 1. As expected, the distribu- 
tion is skewed towards the larger cells’. Microscopic 
examination of such a culture revealed that less than 
0-5 per cent of the rod-like cells constituting it appear as 
chains of three or four individuals. 20-22 per cent of the 
cells appeared to possess a visible constriction in an 
equatorial plane. Marr et al.* have found that 26 per cent 
of the cells within a binarily dividing exponentially grow- 
ing population of E. cols have formed visible constrictions. 
In our experiments, therefore, the individuals which 
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Fig. 1. Size distribution of exponentially grown population of E cols 
58-161 ROrdaxed, A portion was withdrawn from a | ithmic phase 
e culture of bacteria grown as described in the text, and the size distribu- 


tion of the cells was measured with a Coulter electronic counter; the 
distributions were analysed differentially, that 1s the number of cells was 
measured between pars of upper and lower electronic thresholds, as 
recorded. The sizes of the electronic signals are roughly proportional 
to the volumes of the cells. The d bution is normalized (total 
population, 100 per cent), 5-6 per cent of the cells were larger than the 
uppermost threshold specified and are not included in the 
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E. coli 68-161 RCreacd, Centrifugation was at 2,600 rpm. and 4° 0 


for 25 min and twelve fractions were collected as desoribed in the text. 

The total number of bacteria waa determined in each fraction with a 

Coulter electronic counter, The sedimentation profile is normalized (total 
analysed population, 100 per cent). 


have formed such constrictions were regarded as single 
cells at the final stages of their growth cycle. 

Exponentially grown cultures were fractionated into 
size groups by zone centrifugation. A typical sedimenta- 
tion profile is illustrated in Fig. 2. Fig. 3 shows the cell- 
size distributions observed in fractions 2, 6 and 10, 
collected in this experiment. Obviously the proportion 
of larger cells increases in the direction of sedimentation. 

Microscope examination of several fractions showed that 
the proportion of cells which had formed visible constric- 
tions did not exceed 20 per cent in fractions close to the 
bottom. of the centrifuge tube, and decreased towards the 
top. The corresponding proportion in the unfractionated 
population was also about 20 per cent, and a higher 
proportion of such cells might have been expected among 
the larger size groups. Because the recovery of cells after 
centrifugation was only 55 per cent (see the legend to 
Table 1), however, a high proportion of those which 
had formed constrictions apparently fell to the bottom 
of the centrifuge tube and were not collected. 

Using the zone centrifugation technique, we have set 
out to measure the relative average rates of synthesis of 
metabolically stable RNA in different size groups within 


Table 1, RHLATIVE RATES OF SYNTHESIS OF MATABOLIOALLY STABLY RNA IN 
SIZE GROUPS OF AN BXPONMNTIAL POPULATION OF E. coli 58-161 ROm 
(Furst experment) 


Fraction No. of MC-Uracil incor- C.p:m-jcell Relattve 
No. bacteria porated (¢.p.m ) x1 o p.m. cell 

1 5,019 1,780 S44 2 06 

2 8,188 2,834 2°87 172 

8 710 3,208 252 1:51 

4 17,864 4,019 2-25 1-85 

6 22,814 4,306 197 1-18 

6 22,238 4,070 1-88 1:10 

q 16,704 2,823 1 69 1-01 

8 9,268 1,603 1-78 . 

9 6,418 918 1:69 101 
10 2,440 408 1:67 1:00 
T1 1,837 553 3-01 80 
12 20, 4,076 1-97 118 


Uracil labelled in the 2-position with carbon-14 was added to a log phase 
culture of E. cols ROrel strain at 2-2 x 10° cells/ml. 0 27 uc./ug of uracil was 
added to a final concentration of 0 18 wc /ml. Incorporation was stopped after 
4-5 min and the bacteria were fractionated by xone centrifugation for 25 min 
at 2,000 r.p.m. The sedimentation profile and the size distribution of bac- 
teria in fractions 2, 6 and 10 are shown in Figs. 2 and 8. The volume of each 
fraction was 64 ml., except that of No. 12 which was 2:7 ml, The radio- 
actuvities Insoluble In TCA were measured on 1 mi. portions. The numbers 
of bacteria are those in 0-05 mi. of a 68 times dilution. The recoveries after 
zone centrifugation were 55 per cent in the number of cells and 48 per cent 
in the radioactivity insoluble in TOA. 
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exponentially growing populations of HE. colt. 58-161 
ECriaxed, The design of the experiments was based on 
the following information: (i) When uracil labelled with 
carbon-14 is meorporated into exponentially growing 
cultures of Æ. colt for as much as half of the generation 
time, at least 85 per cent of the radioactivity insoluble in 
trichloroacetic acid (TCA) is found in RNA nucleotides® t9, 
(ii) The internal pool of uracil in Æ. cols does not expand 
when this compound 1s present in the growth medium at 
a high concentration’. (iii) A period of labelling with 
4C-uracil extending over about one-ninth of the genera- 
tion time is long enough to label preferentially the meta- 
bolically stable RNA. It has been calculated’ that 85 
per cent of the radioactivity incorporated into RNA, and 
thus at least 72 per cent of the radioactivity insoluble in 
TCA is in newly synthesized stable components after such 
a period of labelling. Because ribosomal RNA consti- 
tutes about 80 per cent of the stable cellular RNA™ at 
least 55 per cent of the radioactivity insoluble in TCA is 
expected to be in newly synthesized ribosomal RNA. 

Therefore, exponentially growing cultures of E. cols 
58-161 ROQrelaxed were pulse-labelled with %C-uracil for 
about one-ninth of the generation time, cooled and 
fractionated by zone centrifugation as already described. 
The total number of cells and the radioactivity precipit- 
able with TCA were then measured, and the radioactivity 
incorporated in each cell was calculated for each fraction 
(the cell-size distributions were measured in several 
selected fractions). These calculated values were normal- 
ized by dividing each by the minimal value observed 
among the twelve fractions. The resulta of two inde- 
pendent experiments are shown in Tables I and 2. 

During the labelling period about 7 per cent of the cells 
divided to become young cells constituting about 13 per 
cent of the total population analysed. On the average, 
however, each of them existed as a young cell during about 
half the labelling period. Hence, we treat the data as if 
uracil were incorporated into an exponential population 
which did not undergo division, regarding the division 
which actually occurred as a perturbation not large enough 
to distort the general pattern of incorporation. 

When bacteria which had been pulse-labelled with 
4C-uracil were kept at 4° C for 30 min in the presence of a 
large excess of unlabelled uracil, the radioactivity pre- 
cipitable with TCA decreased by 4 per cent. This result 
and the fair agreement between the recovery of radio- 
activity and of the number of cells from a gradient, as 
shown in the legend to Table 1, indicate that the radio- 
activity measured after the fractionation procedure 
represents quite faithfully the uptake of uracil during the 
labelling period. 

These observations and the features of uptake of “C- 
uracil by FE. cols indicate that the relative proportions of 
radioactivity insoluble m TCA, given in Tables 1 and 2, 
correspond to the relative average rates of synthesis 
of metabolically stable RNA by different size groups within 
exponentially growing populations of W. colt 58-161 
RCrelaxed, 

In several centrifugation experiments, it was found 
that the final fraction contained bacteria of intermediate 


Table 2, RELATIVE RATES OF SYNTHESIS OF METABOLIOALLY STABLE RNA DT 
SISA GROUPS OF AN MXPORENTIAL POPULATION OF Æ., colt 58-161 ROreL 
(Second experiment) 


Fraction No. of 4Q-Uraollincor- O.p.m./cell Relative 
No. bacteria porated (0.p.m.) xI c.p.m./cell 
1 8,373 2,402 8-77 171 
2 7,899 8,259 412 1:87 
8 11,628 4,600 408 1:88 
4 16,528 6,660 4 08 1:83 
5 188 8,788 8 97 1-80 
6 24,454 9,244 8-78 172 
7 26,149 8,168 8'12 142 
8 18,81 5,815 3 09 1-40 
9 13, 8,480 2-56 1:16 
10 7,057 1,767 2-60 1:18 
11 2,717 608 2 22 1:01 
18, 4,181 2 20 1:00 
The experiment was carried out as indicated In the legend to Table 
1, except that centrifugation was carried out at 1,800 r.p.m. for 80 min. 


283 


sizes. Mechanical turbulence occurring at the end of the 
collection procedure apparently resulted in washing out 
bacteria which had precipitated to the bottom of the 
centrifuge tubes during centrifugation. It should also be 
noted that the number of bacteria in the last two fractions 
(corresponding to the top of the gradient) could not be 
determined acourately because small debris ın these 
fractions increased the level of noise. The resulta con- 
cerning these fractions should not therefore be considered 
as significant. ‘The difference ın the patterns of relative 
rates observed in the two experiments the results of which 
are given in Tables 1 and 2 probably resulted from a 
difference in the cell-size distributions over the gradient, 
because the conditions of centrifugation, and therefore 
the sedimentation profiles, were different. (Compare 
the second column from the left ın the two tables.) The 
reproducible, and therefore the significant result of the 
two experiments, is the systematic uncrease in the relative 
rates observed ın the direction of sedimentation. As 
shown in Fig. 3, the proportion of large ceils increases in 
this direction. We therefore conclude that, within the 
limits of the resolution achieved in these experiments, the 
higher this proportion in a size group of bacteria, the 
higher 1s the average rate of synthesis of metabolically 
stable RNA in the group. 

Finally, an exponentially growing population of an 
E. coli ROstringent gtrain (WE. colt 58-161 RCstringent 
mei- biotin-, kindly supplied by Dr G. 8. Stent) was 
found to show similar patterns of synthesis of meta- 
bolically stable RNA. Hence, the nature of the RC 
character (relaxed or stringent control of RNA synthesis") 
does not seem to influence these patterns. 

Exponentially growing populations of bacteria, though 
very rare in nature, can easily be obtamed in the labors- 
tory in a reproducible manner. Thus, genetic lines of 
certain bacteria may be stored for indefinite periods of 
time. Whenever a liquid medium is inoculated with such 
a line, the developing culture is expected to reach the 
so-called logarithmic phase of growth, in which the 
population multiplies exponentially and has well defined 
properties depending on the nature of the medium™. 
During this phase of growth, a bacterial culture is a steady 
state system, that is, its average properties are indepen- 
dent of time, and can be studied quantitatively. It is 
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Fig 3. Bize distribution of the bacteria in fractions 2, 6 and 10 from the 
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therefore desirable to be able to correlate analyses con- 
ducted on the single cell level with measurements on 
exponentially growing populations. 

The zone centrifugation technique, as already described, 
is a new method for investigationg the properties of 
different size (age) groups within exponentially growing 
populations of bacteria, and it may be an alternative to 
synchronization procedures. Experiments involving this 
fractionation technique may also be correlated with studies 
involving synchronization, thus providing a check on 
whether varioua synchronization procedures applied to 
logarithmic phase cultures do or do not affect the proper- 
ties of single cells. 

With this technique, we measured the average rate of 
synthesis of metabolically stable RNA in different size 
groups comprising an exponentially growing population 
of H. coli. Within the range of sizes resolved in our experi- 
ments, the rate was found to increase monotonically with 
average cellular size. Thus, in this range, which spans 
the first 33-50 per cent of the growth cycle, and more 
than half the population, as estimated from a comparison 
of Figs. 1 and 3, the results are not consistent with models 
involving bursts of synthesis of RNA over periods of 
more than one-ninth of the generation time (the length 
of the incorporation period). 

Rudner et al.**:15 conducted a series of experiments in 
which they pulse-labelled synchronized cultures of two 
E. colt K12 Hfr strains with phosphorus-32, for periods of 
80 sec, at various pots over the growth cycle. They 
showed that the rate of uptake of phosphorus-32 into 
RNA varied significantly over the cycle, such that two 
peaks of incorporation were observed, the position of 
which depended on the nature of the Hfr strain. More- 
over, the base composition of the RNA during these peak 
periods waa similar to that of ribosomal RNA, while the 
base composition of the RNA synthesized during the 
rest of the cycle resembled that of DNA. As Rudner 
et al. themselves noted, the variation in the rate of uptake 
of phosphorus-32 into RNA does not necessarily corre- 
spond with the variation in the rate of synthesis of RNA, 


The Enzyme Electrode 


by 
S. J. UPDIKE 
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Department of Medicine, 
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ADVANCES in biomedical telemetry have made possible 
the continuous remote monitoring of such physiological 
variables as temperature, gastrointestinal and blood pres- 
sure, respiratory rate and biopotentials (electrocardio- 
gram and electroencephalogram)!. Instrumentation is 
also available for the continuous measurement in vivo of 
carbon. dioxide and oxygen pressures, blood pH and 
electrolytes*?, and gastric pH (ref. 4). To extend the uses 
of this type of instrument to include the measurement of 
the chemical substances of intermediary metabolism, such 
as blood glucose concentration, small chemical trans- 
ducers need to be developed. 

A miniature glucose transducer, suitable in principle 
for continuous use in vive, has been developed. This 
glucose transducer is called an enzyme electrode because 
it is made by polymerizing a gelatinous membrane of 
immobilized enzyme over a polarographic oxygen electrode. 
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because fluctuations in the size of the pools of RNA 
precursors containing phosphorus-32 may occur during 
the growth cycle. This and other complications are 
probably avoided in experiments involving the incor- 
poration of labelled uracil conducted over periods of 
several minutes. Our results may be consistent with those 
obtained by Rudner et al." in experiments conducted 
with one of the Hfr strains (HjfrH), in which the first 
burst of RNA synthesis occurs during a period close to 
the middle of the growth cycle. For the reasons already 
atated, however, it would be more revealing to compare 
our results with those of experiments on the incorporation 
of uracil conducted for comparable periods on synchronized 
cultures. 

We thank Professor R. B. Uretz for the use of his 
Coulter counter, and Mr George Gibson for the design and 
construction of the 6 in. centrifuge tube and swinging- 
bucket rotor. This work was supported by a research 
grant from the US Public Health Service. H. M. was a 
predoctoral trainee on a grant from the US Public Health 
Service; R.H. holds a research career development 
award from the US Public Health Service. 


Received December 10, 1966; revised January 28, 1967. 


1 Powell, B. O., J. Gen. eines by 492 (1958). 

* Schacchter, M., Wilamso Hood, jun., J. B., and Koch, A. L, 
J. Gen. Microbiol., 2, 421 "(1968)" 

"Kuempol, P. L., and Pardes, A. B., J. Osll Comp. Physiol., 62, 15 (1963). 

t Vogel, J. H., and Bonner, D. BL, J. Biol. Chom., 218, 97 (1958). 

* Manor, H., diseert., Univ. Chicago (1966), 

* Manor, H., and Haselkorn, R., J. Mol. Biol., 24, 269 (1987). 

t Ecker, R. B., and Schaechter, M., Ann. N.Y. Acad. Set.,108, 549 (1963). 

* Marr, A. G., Harvey, B. J., and Trentini, W. O., J. Bact., 91, 2388 (1966) 

* Buchwald, M., and Britten, R. J., Biophys. J., 3, 165 (1988). 

46 McCarthy, B. J., and Britten, a J., Biophys, J., 2, 85 (1062). 

11 Maalge, O., and Kjeldgaard O., Control of Macromolecular Synthesis 
(W. A. Benjamin, Inc., $800). 

44 Stent, G. 8., and Brenner, 8., see U.S. Nat. Acad. Sci., 47, 2005 (1961) 

44 Schacchter, M., Maalae, O., and Kjeldgaard, N. O., J. Gen. Microbiol .19, 
592 (1968). 

u“ Rudner, R., Prokop-Schnelder, B., and Chargaff, E., Nature, 208, 479 (1964). 


Re. , Rojman, B., and Chargaff, R., Proc, U.S. Nat, Acad. Ser , 54, 


The enzyme electrode Is a mintature chemical transducer which 
functions by combining an electrochemical procedure with Immobil- 
ized enzyme activity. This particular mode! uses glucose oxidase 
tmmobilized on a gel to measure the concentration of glucose in 
blological solutions and in the tissues in vitro. 


The oxygen electrode measures the diffusion flow of 
oxygen through a plastic membrane®. The current output 
of the electrode is a linear function of oxygen tension. 
Specificity for glucose is obtained by immobilizing the 
enzyme glucose oxidase in & layer of acrylamide gel 25-50 
thick over the oxygen electrode as shown in Fig. 1. When 
the enzyme electrode ıs placed in contact with a biological 
solution or tissue, glucose and oxygen diffuse into the gel 
layer of immobilized enzyme. The diffusion flow of oxygen 
through the plastic membrane to the oxygen electrode is 
reduced in the presence of glucose oxidase and glucose by 
the enzyme catalysed reaction of glucose and oxygen, as 
shown in the following equation. 


Glucose 
oxidase 


Glucose + O, 2... ——— Gluconie acid + H,0, 
Sa A 
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Fig. 1. Principle of enzyme olectrode, 
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Fig. 2. Dual cathode ensyme electrode. 


When oxygen is in non-rate limiting excess and the 
glucose concentration is well below the apparent Km for 
the immobilized glucose oxidase’, there is a linear relation- 
ship between glucose concentration and decrease in oxygen 
tension. The output current of the enzyme electrode is 
measured after allowing sufficient time for the diffusion 
process to reach the steady state. This interval varies 
from about 30 sec to 3 min for 98 per cent of the steady 
state response, depending primarily on the thickness of 
the plastic and gel membranes. 

Oxygen electrodes are available commercially or can be 
made in the laboratory’. It is desirable to keep the 
platinum or gold cathode tip of the oxygen electrode of 
small diameter (25u or less) if measurements in stagnant 
solutions are to be made. 
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A diagram of the oxygen electrode assembly and enzyme 
gel configuration used in this experiment is‘ shown in 
Fig. 2. A nylon net 35p thick impregnated with silicone 
plastic cement was used as a support to anchor the 
immobilized enzyme layer over the rigid oxygen elec- 
trode. Small holes, 50-300, in diameter, were made in 
the impregnated net directly over the cathode tips by 
thermal puncture with a fine point hot platinum wire. 
The electrode in Fig. 2 was constructed in the laboratory 
with two platinum cathodes referenced to a single silver— 
ailver chloride electrode. It may be used with a single 
cathode, just as a single oxygen electrode, or with both 
cathodes as a differential electrode, as is discussed in 
more detail later. For a single cathode measurement, 
commercially available electrodes (such as the Beckman 
No. 325812 cathode) perform equally well. 

An electrometer recorder was used, as shown by the 
block diagram in Fig. 3, for both single and dual cathode 
measurements. As shown in Fig. 3, a feedback resistor, 
Ef, was placed between the recorder servopotentiometer 
and the chopper contact. The potential developed across 
Rf is a balancing reference voltage, Hs. When the chopper 
contact is grounded, as shown by 5, in the single position 
in Fig. 3, the servomotor will balance when the current 
through Rf is equal to the current in the electrode circuit, 
thereby making the voltage at point A equal to ground 
potential. Therefore, the oxygen electrode current, I,, 
equals Hs divided by Rf according to Obm’s law. When 
S, 18 in the dual cathode position, the servo will balance 
when the current through Rf is equal to the difference 
between the currents of the two cathodes (I,—J,). 

For polymerization of the gelatinous membrane, two 
reagents are prepared in 0-1 molar phosphate buffer, 
pH 7-4: (1) a 50 per cent solution of acrylamide; and 
(2) a 3 per cent solution of N,N-methylene bis-acryl- 
amide. To immobilize the enzyme in the gel matrix, 
2 mg of glucose oxidase (130,000 u/g) are dissolved in 
two drops of physiological saline solution. Four drops of 
the acrylamide reagent are mixed with twelve drops of 
the dis-acrylamide solution and about 0-01 mg of ribo- 
flavine and 0-01 mg of ammonium persulphate are added. 
to catalyse the co-polymerization reaction. Seen through 
a dissecting microscope, the tiny puncture sites in the 
supporting net are immediately filled with the enzyme 
gel solution using a micro-pipette. The co-polymerization 
reaction is inhibited by oxygen and requires light. A 
deoxygenated polymerization chamber is therefore con- 
structed as shown in Fig. 4. The enzyme electrode 
assembly is placed in the chamber and nitrogen is used 
to flush oxygen out of the chamber. The photocatalytic 
polymerization reaction is complete in leas than 10 min. 
Detailed information for the preparation of different 
acrylamide gels with immobilized enzyme activity is pro- 
vided elsewhere®. 
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Fig. 3. Olrenttry for the measurement of oxygen electrode current response, 
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Table 1 
Change in nse 
Glucose per Gel layer from st: to 
100 diameter (u) stagnant state (%) 
500 50 —4:8 
60 —4:5 
30 -5:0 
500 800 —10 
60 -14 
80 —18 


The technique for measuring glucose concentration with 
the glucose oxidase enzyme electrode is sumilar to that 
used to measure the hydrogen ion concentration. After 
a standard curve is constructed with standard glucose 
solutions, the electrode is ready for use. 

The calibration curve of this analytical device is first 
order at low substrate concentrations, becoming zero 
order at high substrate concentrations. Calibration curves 
were studied as a function of intragel enzyme concen- 
tration and pore size. Four calibration curves prepared 
with different gels are shown graphically in Fig. 5. An 
increase ın the gel concentration decreases mntragel pore 
size and displaces the calibration curve to the might, 
extending the linear calibration range, but decreasing 
sensitivity. An increase ın the intragel enzyme concen- 
tration displaces the calibration curve to the left, de- 
creasing the range of linearity, but increasing sensitivity. 

The glucose oxdase enzyme electrode is sensitive to 
temperature with an increase in electrode output of about 
5:3 per cent/°C in the range 25°-40° C and can be made 
to function with ample sensitivity at 0° C. Recalibration 
of an enzyme electrode that was left overnight in buffer 
solution at room temperature was within + 10 per cent 
of the previous day’s calibration. Enzyme membranes 
could be dred in room air and rehydrated with the 
recovery of activity. 

Calibration curves using whole blood or plasma appear 
the same as in Fig. 5, but average about 5 per cent less 
than values obtained by an automated standard chemical 
determination. 

Oxygen electrodes can be made essentially independent 
of solution flow by using a platinum cathode of tip 
diameter leas than 25u and plastic membranes of 25u or 
greater thickness. Using these specifications, only a 
negligible amount of oxygen is consumed at the surface 
of the microcathode, and the diffusion flow of oxygen 
through the plastic membrane becomes a rate limiting 
process which varies with oxygen tension according to 
Fick’s first law of diffusion. Similarly, to minimize the 
effect of flow on the enzyme electrode response, the orifice 
over the cathode is made as small in diameter as tech- 
nically possible. For example, as summarized in Table 1, 
the difference between the stirred and stagnant solution 
response was less than 5 per cent for a gel filled orifice of 
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Big. 4. Apparatus for the polymerization of enzyme gel layers on the 
oxygen electrode. 
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Fig. 5. Response of enzyme electrode with different enzyme gels. ——, 
1,000 mg glucose oxadase/100 ml. of gel; - - - , 100 mg glucose oxidase/100 
ml. of gel; O, 8 per cent gel concen uns @, 19 per cent gel con- 
cen on. 


50u diameter, but 10-20 per cent for an orifice of 300p 
diameter. To construct enzyme electrodes with a flow 
dependence of 6 per cent or less was technically difficult. 
The data presented in Fig. 5 were obtained in stirred 
solutions at steady state. 

The single cathode glucose oxidase enzyme electrode 
18 sensitive to changes in the concentration of both glucose 
and oxygen. For in vivo monitoring of tissue glucose 
concentration a glucose transducer independent of oxygen 
tension is desirable. The dual cathode oxygen electrode 
shown in Fig. 2 was tested essentially to eliminate the 
sensitivities to changes in oxygen tension not mediated 
through glucose oxidase. Glucose oxidase gel was im- 
mobilized in each of the two micro-puncture sites. Because 
immobilized glucose oxidase activity is rapidly destroyed 
at temperatures above 7° C (ref. 6), one of the two enzyme 
electrodes could be made unresponsive to glucose by 
inactivating its enzyme activity with heat. This heat 
inactivated electrode, however, remains responsive to 
changes in oxygen tension. By recording the difference 
between the output of the two cathodes referenced against 
the same silver—silver chloride electrode, an enzyme elec- 
trode sensitive to changes in glucose concentration, but 
relatively insensitive to changes in oxygen tension, was 
obtained. Tho block diagram of the circuitry used to 
make the differential current measurement is shown in 
Fig. 3. 

In summary, a miniature electrical transducer of glucose 
is described. Its design takes advantage of the high 
sensitivity of the oxygen electrode and the specificity 
associated with enzyme analysis. Implantation radio- 
telemetry? has advanced sufficiently that we are hopeful 
that a gluccse transducer with these features when 
implanted in an animal can be monitored continuously 
and remotely. The enzyme electrode illustrates some of 
the advantages for chemical analysis obtained by using 
immobilized enzymes®. 
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Assimilation of Lolium in Relation to Leaf Mesophyll 
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Iv is now well established that differences in the maximum 
net photosynthetic rate of angle leaves at normal concen- 
trations of carbon dioxide exist between and within 
species. At light saturation and normal concentrations of 
carbon dioxide, the rate of supply of carbon dioxide is 
the limiting factor in photosynthesis in many plants? and 
attempts have been made to determine the relative 
significance of stomate and mesophyll in offering resistance 
to the transfer of carbon dioxide to the reaction mtes in 
chloroplasts**. Although Gaastra! concluded that the 
differences in photosynthetic activity between different 
species (tomato, cucumber, turnip) resulted mainly from 
variation in mesophyll resistance, Holmgren et al., 
comparing several woody and herbaceous species, emphas- 
ized the importance of stomatal resistance. El-Sharkawy 
and Hesketh’, however, have demonstrated that among 
fifteen species there was a strong negative relationship 
between the maximum net photosynthesis and the resist- 
ance of the mesophyll. In two comparisons of groups of 
species, differences in rates were also negatively related 
to the average diameter of palisade mesophyll cells, 
a relationship explained by the authors as the result 
of an increase in the surface to volume ratio with decreas- 
ing cell size. If marked differences in the net photo- 
synthetic rate at non-limiting light and limiting concentra- 
tions of carbon dioxide could be found within agronomic- 
ally umportant species and related to readily measurable 
anatomical characteristics, an important tool could be 
provided for crop improvement. In Lolium, prelimmary 
investigations have yielded useful information. 

Plants likely to exhibit differences in photosynthetic 
rate at high light intensities were obtained by growth 
analyses on seedlings of twenty-eight varieties and 
ecotypes of Lolium perenne and Lolium multiflorum. 
These had been grown in a glasshouse at 15° + 2° Cina 
9 h photoperiod of 2,700-3,500 ft.-candles (0-243-0-315 
g cals/am*/min of visible radiation) provided by Philips 
400 W mercury fluorescent lamps. The net assimilation 
rate, measured between the third leaf stage and a point 
before self-shading became apparent, seamed likely to 
provide some indication of the rate of photosynthesis. 
Marked differences in relative growth rate between the 
populations were based on differences m net assimilation 
rate, while values of leaf area ratio showed little variation. 
From results of this initial screening, eight populations 
with a wide range of net assimilation rate, directly related 
to relative growth rate (Fig. 1), were chosen for more 
detailed physiological and anatomical investigation. The 
following experiments were designed to determine whether 
the net assimilation rate of these populations and/or 
photosynthetic rate of selected plants at high light inten- 
sity was related to characteristics of leaf anatomy. All 
plants were grown at 17° C during the day and 13° O at 
night, with a 8 h photoperiod of 3,000-4,500 ft.-candles 
(0:270-0-405 g cals/em?*/min of visible radiation) provided 
by Philips 400 W mercury fluorescent lamps. 


* On leave from DSIR Grasslands Division, Palmerston North, New 
Zealand, 


Comparisons of the rate of assimilation and the anatomy of the 
leaves of contrasting genotypes of the grass Lolium indicate that the 
rate of photosynthesis at saturating light intensities depends on the 
thickness of the leaves and the size of the mesophyll cells. 


The anatomy of leaves from twelve plants of each of the 
eight populations was examined. One leaf from each 
plant was sampled; they were all specified carefully as 
young, fully expanded, from the centre of the plant, and 
having developed in full light. Leaves were treated with 
ethyl alcohol and lactic acid, and upper epidermal strips 
were prepared for the measurement of stomatal length 
and frequency as described by Clarke’. Mesophyll and 
other internal characteristics were recorded from cross- 
sections near the centre of the same treated leaves. 
Mesophyll for examination was taken from the first two 
ridges from the midrib. For each leaf, the number of 
mesophyll cells in ths region was ccunted and the area 
occupied by them, excluding vascular and supporting 
tissue, was measured. A figure for mean leaf thickness, 
which allows for varying ridge shapes, was obtained from 
measurements of surface width and cross-sectional area of 
mesophyll tissue of each region. The mean cross-sectional 
area of each cell was calculated for each leaf from measure- 
ments obtained by dividing the number of cells by the 
area of the mesophyll. This estimate of mean cell size 
is biased to the extent that the entire area measured was 
assumed to be occupied by cells, but the error involved 
in this assumption is very slight because intercellular 
spaces, although they may influence physiological pro- 
cesses, were go small as to be invisible. Estimates of the 
total number of mesophyll cells under unit leaf area were 
made assuming the number ın unit longitudinal distance 
to be equal to that counted in unit transverse distance. 

The rate of apparent photosynthesis, as measured by the 
rate of gas evolution in the closed circuit system of a 
Warburg flask and manometer, was based on detached 
leaves of eight pairs of plants selected for a range of 
mesophyll characteristics. Leaves were cut from plants 
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Hie 1. Regression of relative growth rate EER) on net agsimilation rate 
(NAR) per unit leaf surfaco area among è populations of Lolium 
grown at 2,700-3,500 ft.-candles (r= 0 04, P< 0-01). 
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at a fixed time after the beginning of the light period in the 
growth room. An area (0-7 om?) of young fully expanded 
leaf from each of the two plants was kept in each flask for 
2-5 h and changes in gas pressure were recorded at regular 
intervals. Light intensity of 3,000 ft.-candles (0-270 
g cals/em*/min of visible radiation) at right angles to the 
leaf surface was provided by Philips 400 W mercury 
fluoreacent lamps, while a temperature of 20° + 0-5° C was 
maintained by immersing flasks in a tank of water. 
Carbon dioxide was maintained by 2 ml. of buffer; 
0:2 molar sodium carbonate and 0-2 molar sodium bicar- 
bonate, 1/9 v/v at 0:2 molar. Other experiments of ours 
have shown that the concentration of carbon dioxide 
provided by this buffer concentration limits the rate of 
photosynthesis of these plants at 3,000 ft.-candles. Full 
details of this method of measuring the apparent rate of 
photosynthesis and the type of result obtained in this 
laboratory will be described elsewhere by Treharne. 

The time course of apparent photosynthesis per unit 
leaf area (measured at 30 min intervals) at 3,000 ft.- 
candles of the eight pairs of plants is shown in Fig. 2. 
After cutting and handling of leaves, equilibrium was not 
reached until the second measurement was made, so that 
valid measurements were taken as the mean for the last 
2h. This period of adjustment is confirmed by other 
experiments in the laboratory. 

From determinations of the volume of mesophyll tissue 
in the sample regions, we have been able to express the 
apparent rate of photosynthesis of detached leaves in 
terms of leaf volume (mm), excluding vascular and 
supporting tissue. This removes the effect of variation 
in ridge width, depth and form, and reveals a negative 
relationship between apparent photosynthesis/mm? and 
mean mesophyll cell cross-sectional area (Fig. 3). In 
other words, rate of photosynthesis per unit volume of 
mesophyll increases as total mesophyll cell surface area 
increases, because the surface to volume ratio will increase 
as cell size decreases. 

Increase of photosynthetic officiency with increasing 
mesophyll cell surface area at high light intensities when 
carbon dioxide is lumting can be explained as a lowering 
of “mesophyll resistance”, because greater surface area 
will presumably promote transfer of the gas to the reaction 
sites in the chloroplasts. This relationship could also be 
expressed as an increase in apparent photosynthesis with 
increasing cell number, because, in unit volume of meso- 
phyll, the number of cells will clearly increase as the mean 
cell size decreases. If the cell number was the main factor 
involved, the photosynthetic rate/unit leaf surface area 
might be expected to be related to the number of cells 
under unit area. The results of this experiment indicate, 


28 
Plant 

è 1 
md 
x 
D g4 3 
El 4 
fa s 
a 8 
3 16 
2 
S 
a 
F 12 
a 
a 8 
pe 
a 
3a 
a 
< 

0 

30 60 90 120 150 180 


Time (min) 


Fig. 2. Bate of ap nt photosynthesis (rate of gan ovolitionjunit leaf 
surface area) of detached leaves of eight paus of Lohum plants. Iaght 
ıntonsity-—3,000 ft.-candies, 


NATURE, VOL. 214, JUNE 3, 1967 





150 
a 
A 
$ 140 
g 
kr 
© 
g 
gn 180 
is 
En 
jn, 120 
ed 
ax 
ig 
3 110 
Q 
A 
a 
5 100 
fA 
f 
90 
600 700 800 900 1,000 1,100 1,200 
Mean mesophyll cell cross-sectional area (z?) 
Fig. 3. Regression of apparent rate of photosynthesis (rate of gas evolu- 
tion)/unit volume of mesophyll tissue at 3,000 ft.-candles on mean mego- 
phyll cell cross-sectional ares among eight of Lohum plants (1~8). 


(r= — 0:91, P<0-01.) 


Ed 8 


z 


B 


Apparent photosynthesis (ul. gas/min/mm*) x 10 (45.5) 
tw rw 
Qo nw 





125 
N/mm! x T (x) x 10+ 
n of apparent rate of poten (rate of gas 


180 185 140 145 150 


Fig. 4. Regressto: 

ovolutlony/unit leaf surface area on leaf thickness (T) x number of 

mesophyli cells (N) under unit surface area among eight pairs of Lolium 
plants. Iaght :ntensity—8,000 ft.-candles (1 =O 90, P <0 01), 


however, that the number of mesophyll cells per unit 
surface area (N) and leaf thickness (T) interact to deter- 
mine the rate of apparent photosynthesis/unit leaf surface 
area (Fig. 4). In other words, where two leaves have the 
same number of mesophyll cells under unit area but 
different thickness, the leaf with the greater thickness 
will have the greater photosynthetic rate in spite of a 
larger mean cell size. On the other hand, with the same 
leaf thickness the photosynthetic rate will be determined 
by cell size. Thus, two factors seem to be involved here. 
one related to cell size and the other to leaf thickness. As 
proposed here, it seems likely that cell size acts through its 
effect on gas transfer into the cells. Leaf thickness may 
influence the passage of carbon dioxide from the stomata 
to the cell walls by altering the volume of the intercellular 
spaces available for gas transfer because when there is 
greater thickness under unit area the intercellular space 
must increase where cell numbers remain constant. 
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Among the eight populations subjected to growth 
analyses, net assimilation rate/unit volume of mesophyll 
tissue was negatively correlated (r= -— 075, P<0-05) 
with mean mesophyll cell cross-sectional area (Fig. 5). 
This relationship appears to be similar to the general 
association shown by El-Sharkawy and Hesketh in two 
comparisons between groups of species®. In their results 
two groups of species with small mean diameters of pali- 
sade of mesophyll cells had greater maximum net photo- 
synthetic rates per unit leaf area (as measured on single 
attached leaves by an infra-red gas analyser) than two 
groups with relatively large diameters. 

The association of cell size of plants with the rate of 
apparent photosynthesis/unit volume of mesophyll (Fig. 3) 
and the association of mean cell size of populations with 
net assimilation rate per unit volume of mesophyll 
(Fig. 5) provide a link between the two efficiency para- 
meters at high light intensities. This suggests that the 
net assimilation rate of whole Lolium seedlings from the 
third leaf stage until self-shading begins is largely a reflex- 
ion of the rate of photosynthesis of young healthy leaves. 

Because of high variation within populations in leaf 
thickness there were no significant differences in this 
parameter between populations. This contrasts with the 
large differences between the selected plants (Table 1). 
Thus we can expect that the relative order of the popula- 
tions will be similar for both net assimilation rate per 
unit leaf surface area and per unit volume of mesophyll 
tissue. This is apparent from Fig. 6, which shows a 
close relationship between this rate per unit volume and 
relative growth rate among the eight populations. This 
can be compared with Fig. 1 where net assimilation rate 
is expressed on a unit leaf surface area basis. Fig. 6 shows 
that two significantly deviant populations (O, m) had 
the smallest and greatest leaf thickness of all populations 
(Table 1). 
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It seems that variation between plants in the efficiency 
of photosynthesis when related to the volume of photo- 
synthetic tissue may not always be comparable with 
that related to the leaf surface area, because variation in 
leaf structure can cause differences in the mesophyll cell 
surface area and volume of intercellular spaces under the 
leaf area. At high light intensities, mean mesophyll cell 
size, acting through its effect on total cell surface area, 
may be an important determinant of photosynthetic rate 
among plants the leaf thicknesses of which are similar. 
Many plants, however, show marked differences in impor- 
tant structural characteristics such as the xeromorphic 
leaf ridges occurring in many Gramineae, which result in 
leaf thickness variations. 

That cell size and leaf thickness can be independent is 
demonstrated in Figs. 3 and 4. Plants 1 and 2 had fast 
photosynthetic rates per unit volume of mesophyll (Fig. 3) 
and per unit leaf surface area (Fig. 4), but plants 6 and 7 
had slow rates per unit leaf surface area (Fig. 4) and fast 
rates per unit volume of mesophyll. All four plants had 
simular cell sizes (Fig. 3), but leaf thickness of plants 1 
and 2 was greater than that of plants 6 and 7 (Table 1). 
Clearly small cells can exist in greater or smaller numbers 
depending on leaf thickness, and thick leaves can contain 
many small cells. Specific leaf weight, and/or chlorophyll 
per unit leaf area, which may be greatly influenced by leaf 
thickness and cell number, has been shown to be an 
important determinant of crop growth rate in herbage 

7 


Variation in stomatal length and frequency, which 
may influence “stomatal resistance”, showed no associa- 
tion with photosynthetie rate or net assimilation. rate of 
the plants and populations respectively, at least over the 
range of values of stomatal characteristics found in this 
material. 

In terms of crop improvement, the apparent inde- 
pendence of cell size and leaf thickness implies that it 
may be possible to produce plants the leaves of which 


Table 1. MEAN LEAF NESOPHYLL THIOKNESS (#) OF POPULATIONS AND SHLECTAD PLANTS 


Populations Selected Leaf thickness 

Symbol Species Origin Leafthickness plants Individual Mean 

ÀA = Lohum perenne Varlety, ‘Viria’, Sweden 172 8 181, 187 184 

C) Lolium perenne Reotype, Badajos, Spain 162 7 128, 147 185 

@ Lohum perenne Variety, ‘Voya’, Lithuania 170 2 164, 154 159 

A Lohum perenne Reo , Macedonia, 1,500 metres altitude 165 6 128, 151 189 o 

mM oLolium perenne Variety, ‘Norlea’, Canada 171 1 104, 167 180 

x (L perenne x L. mulitflorum) x L. perenne Vanety, ‘Long-rotation’, Netherlands 185 191, 214 

* Lolium perenne Ecotype, Pamplona, oes, 450 metres altitude 171 8 108, 187 183 

O Loum perenne Variety, ‘Steinacher’, Germany 170 4 190, 172 181 


N.S , not significant. 
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have many small mesophyll cells, thereby maxmizing 

potential net photosynthetic rate at high hght intensities. 
These experiments were conducted during tenure of a 

New Zealand National Research Fellowship held by one 

of us (D. W.). 

Recelved January 24; revised March 2, 1967. 
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Cellular Basis of the Immunological Defects in 


Thymectomized Mice 


by 
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Experimental Pathology Unit, 

Walter and Eliza Hall Institute of 
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Most small lymphocytes in the thoracic duct lymph are 
neither end cells nor newly formed cells but reciroulating 
cella. After entering the blood stream from the thoracic 
duct, they migrate through the endothelial cells of the 
postcapilary venules to enter the lymph nodes, traverse 
the lymphocytic fields to leave again through the efferent 
lymphatics eventually to reach the thoracic duct and 
hence the blood’. For convenience, and to distinguish 
them from other cells classifiable morphologically as small 
lymphooytes, they may be referred to as the “circulating 
pool” small lymphocytes. Their function is in the initia- 
tion and mediation of immunological responses*. They 
are capable of reacting to certain antigens by giving rise 
to a progeny of sensitized “committed” lymphoid cells 
through progressive differentiation and repeated divisions*. 

Thymectomy of neonatal mice has been associated with 
a marked deficiency in the lymphocyte population of the 
blood, lymph nodes and spleen and with defects m 
ummunological performance, particularly im cell-mediated 
immune responses, such as transplantation immune 
reactions and delayed hypersensitivity reactions‘. Anti- 
body responses to sheep erythrocytes have also been 
impaired’. Experiments have been performed in an 
attempt to define more closely the nature of the cellular 
basis for the immunological deficiency of neonatally 
thymectomized mice. Part I reports determinations of 
the output of thoracic duct lymphocytes from neonatally 
thymectomized and sham-operated control mice. Parts 
IL and IH deal with the immunological competence of 
the circulating pool lymphocytes of neonatally thym- 
ectomized mice, the number of antigen-sensitive cells 
present in that population and the capacity of neonatally 
thymectomized mice to support the differentiation and 
proliferation of antigen-sensitive cells in response to 
antigenic stimulation. 


(1) Output of Thoracic Duct Lymphocyte b 
Unanaesthetized Mice thymectomized at Birt 
(Mitchell, G. F., and Miller, J. F. A. P.) 
° Highly inbred male mice of the CBA strain (originally 
obtained from Harwell, Didcot, Berkshire) were thym- 
ectomized or sham-operated within 24 h of birth by the 


* Present address: Stanford Untversity School of Medicine, 300 Pasteur 
Drive, Palo Alto, California, 


The thymus Is known to play a central part in the establishment of 
immunological competence. 
experiments aimed at defining the nature of the cellular basis for the 
Immunological deficiency of neonatally thymectomized mice. 


The following three articles describe 


method of Miller® and their thoracic duct was cannulated 
when they were 56-6 weeks old by a modification of the 
method devised by Boak and Woodruff’. At 5-6 weeks, 
neonatally thymectomized CBA mice did not yet show 
any of the signs of the wasting syndrome which is associ- 
ated with neonatal thymectomy in non-pathogen-free 
mice’. Output determinations were made on three 
separate occasions on a total of fifteen neonatally thym- 
ectomized mice and twelve sham-operated controls. After 
recovery from the cannulating procedure the mice were 
restrained in modified Bollman type cages which allowed 
them to move freely on a rotating drum on which they 
were resting. The lymph was collected in Dulbecco’s 
medium containing 10-20 per cent normal CBA mouse 
serum and 100 units preservative-free heparin/ml. The 
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Fig. 1. Three hourly output of thoracic duct lymphocytes from mice 
8 wouks old. Unshaded blocks represent cells collected from sham- 


thymectomuxed mice and shaded blocks from neonatally thymectomized 
mice. 
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collecting tubes were immersed in ice water m vacuum 
flasks. Estimates of the volume of lymph and the total 
number of lymphocytes drained per mouse were made 
every 3 h on a total of four thymectomized and four sham- 
operated controls during a 48-h period. Differential 
smears of the cells collected were made at intervals and 
stained with Giemsa. Constant attention had to be 
given to the cannulae to overcome obstructions to the 
lymph flow such as clots. These could easily be removed 
by passing a fine horse hair up and down the cannula. 
During the 48 h period the mice had free access to food 
and water and were given 3 ml. of 5 per cent glucose in 
saline by intra-cesophageal injection. The average output 
of lymphocytes from the thoracic duct of neonatally 
thymectomized and sham-operated mice over a period of 
3 h 1a shown in Fig. 1 and the average volume of lymph 
recovered every 3 h in Fig. 2. It can be seen that durmg 
the first 12 h the output from non-thymectomized mice 
over a period of 3 h varied from 5-17 milhon cells per 
mouse. During the next 24 h it dropped to about 3-9 
mullion cells and after that it dropped again to about 
2 mullion cells. By contrast, the output of cells from 
neonatally thymectomized mice over a period of 3 h 
remained well below a mullion cells per mouse during the 
entire 48 h period. Fig. 2 shows that there can be no 
correlation, at least in the control mice, between the out- 
put of cells over a 3 h period and the volume of lymph 
over a similar period. This effect was previously re- 
ported in normal mice’. With neonatally thymectomized 
mice the volume remamed at between 0-1 and 0:3 ml. per 
mouse per 3 h period. The average cumulative total 
number of lymphocytes drained per control and thym- 
ectomized mouse during the 48 h of cannulation is shown 
in Fig. 3. The initial output of lymphocytes from 
neonatally thymectomized mice was 1 per cent of that of 
control mice. By 24 h each control mouse had given 
about 80 million cells and each thymectomized mouse 
only 1 million cells. At the end of the 48 h period almost 
100 million cells had drained from each control mouse in 
contrast to only about 3 million cells from each thym- 
ectornized mouse. The average cell output and standard 
error of the mean is shown im Table 1 for each of four 
control and four thymectomized mice at 12, 24, 36 and 
48 h after oannulating. The percentage of large (diameter 
greater than 8u in smears) and small (diameter 8u or 
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Fig. 2 Thres hourly output of lymph in ml. from mice 5-6 weeks old. 
Unshaded blocks represent volume of lymph collected from sham- 


thymectomized mice, and shaded blocks from neonatally thymectomized 
mice. 
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Fig. 8. Cumulative total number of lymphocytes drained from the 
thoracic duct of mice 6-6 weeks old sham-thymectomlzed at birtb 
(upper curve) and thymectomized at birth (lower curve). 


less) lymphocytes and of smudges or unidentifiable celle 
recovered in the lymph of normal and thymectomized 
mice between 0 and 6 h and between 24 and 30 h after 
cannulation is shown in Table 2. The duct lymph from 
control muce contained about the same percentage of 
small lymphocytes during the two periods tested, namely, 
93-91 per cent. The proportion of small lymphocytes in 
the lymph of thymectomized mice was significantly 
reduced, being 66 and 68 per cent during these two 
periods. 

Blood leucocyte counts were determined before cannu- 
lation and are shown in Table 3. The white cell counts 
in thymectomized mice were less than those in controls: 
total counts were lowered by almost 80 per cent, neutro- 
phils by about 50 per cent and lymphocytes by almost 
90 per cent. 

e lymphopenia reported here is of the game magnitude 
as that reported before in neonatally thymectomized 
mice‘. The deficient output of lymphocytes from the 
thoracic duct after thymectomy has not previously been 


Table 1, OUTPUT OF OBLIS FROM THH THORACIC DUCT OF MIOH SHAM- 


OPHRATED OB THYMEOTOMIZED AT BIETH 
Average cumulative 


Period of Operation No.of total No. of cells 
drainage at birth mice drained ( x 10) P 
h) (48.8.) 
0-12 Sham 4 48-0492 <0-01 
Thymectomy 5 0-68 40:18 
12-24 8 4 28-044-7 < 0-05 
Thymectomy 4 0-48 + 0-17 
24-86 4 183-0471 Not significant 
Thymectomy 4 0-75 +022 
86-48 Sham 4 70+8-5 Not significant 
Thymectomy 4 0-74 40-28 
0-48 Sham 4 86-0 + 19°65 0 06 
my 4 2654015 


Table 2. DIFFERENTIAL OOUNTS OF CRLLS IN THORACIO DUOT LYMPH OF 
MIOH SHAM-OPBRATHD OR THYMEOCTONIZED AT BIRTH 


Period of Teroentago of ving in duct lymph 
drainage Operation 8mall lympho- Others unidenti- 
h) at birth oytes + S B. iymphosytes flable or smudges 
0-6 h 038 t16 87 280 
0-6 h Thymectomy 665 + 6-1 25-7 738 
24-86 h Sham 13 t18 6-3 24 
24-88 h  Thymectomy 68-5 ETA 22-9 8-6 


Table 8. LEUCOOYTH COUNTS AND LYMPHOOYTE : POLYMORPHONUCLEAR 
OBLO RATIO IN BLOOD OF 5 WERK OLD CBA MION THYMROTOMIZED OR SHAM- 


Operation No. of Total count ymphocyte: 
at birth mice per mm? {( S.B.) Be ee tatio 

Sham 6 18,000 + 2,500 L7 

Thymectomy 12 3,000 + 500 0 
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reported in mice.. Our observations, however, are m 
general agreement with the results of lymphocyte output 
estimations after thymectomy in the guinea-pig and 
rat. When thymectomy was performed on young adult 
guinea-pigs, the number of thoracic duct lymphocytes 
fell to about 50 per cent of that in normal animals. When 
performed on 2 month old rats, the cell content of the 
lymph collected from the thoracic duct 65 days later was 
60 per cent of normal levels'!. When performed at 6 days 
of age the output at 2 months of age was 26 per cent of 
normal" and an even more pronounced fall was reported 
when thymectomy was performed at birth. 

Examination of the lymphoid tissues of neonatally 
thymectomized mice has shown a deficiency of small 
lymphocytes in the lymphocytic fields of the lymph nodes 
and in the periarteriolar lymphocyte sheaths of the 
spleen‘, that 18, in those areas which, in normal rats, 
become depleted of cells following chronic thoracic duct 
fistula’*. All the expermmental evidence is thus in accord- 
ance with the conclusion that circulating pool small 
lymphocytes are a class of cells of which the development 
is dependent on a normally functioning thymus. Absence 
of the thymus from birth is associated with deficient 
numbers of these cells wherever they would normally be 
found. 


(") Immunological Competence of Cells In the 
Thoracic Duct Lymph of Mice thymectomized at 
Birth (Miller, J. LE A. P., and Mitchell, G. F.) 


Neonatally thymectomuzed mice exhibit a severe reduc- 
tion in the number of circulating pool small lymphocytes 
(Part I). Because this class of lymphocytes contains 
immunologically competent cells’, it follows that the 
immunological defects which characterize neonatally 
thymectomized mice may be explained in terms of the 
observed reduction in the number of such cells. We do 
not know, however, whether there is simply a quantitative 
reduction in the number of competent cells, whether a 
particular class of competent cells is missing altogether, 
or whether there are qualitative deficiencies among the 
existing cells. 

In the present experiments, circulating pool lympho- 
oytes from control and neonatally thymectomized 5-6 
week old male OBA mice were subjected to two tests: in 
one, an index of the immunological competence of the 
population as a whole was gained; in the other, an 
estimate of the actual number of cells competent to 
respond to a given antigen was obtained. The thoracic 
duct lymphocytes used in these testa were collected over 
a period of 6 h during the first 24 h of cannulation, and 
pooled from as many thymectomized or control mice as 
was necessary to obtain the required number of cells for 
the test. 

In the first test, increasing numbers of lymphocytes 
were injected intravenously into newborn (OBA x 
O57BL)F, mice. It is known that the injection of normal 
parental strain lymphoid cells into young F, hybrid 
recipients produces a graft-versus-host reaction of which 
one of the manifestations is splenomegaly’®. An estimate 
of the graft-versus-host activity of the injected cell sus- 
pension can be obtained 9 days after inoculation by 
calculating the splenic index, that is, the ratio of spleen 
to body weight of each recipient injected with one group 
of parental cells divided by the average spleen : body 
weight ratio of all the recipients injected with F, cells. 
An index equal to or greater than 1:5 is considered 
evidence of a graft-versus-host reaction. It can be seen 
from Fig. 4 that doses of thoracic duct cells from sham- 
operated OBA mice greater than 0-5 million per recipient 
suniformly produced a graft-versus-host reaction. No such 
reaction was evident when 1 million duct cells from 
neonatally thymectomized mice were used. In simular 
experiments performed on rats, it was shown that while 
as few as 2 million normal thoracic duct cells uniformly 
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produced runt disease in appropriate recipients, up to ten 
times as many cells from neonatally thymectomized rats 
were without effect??. These results in rats, and the 
results presented here in mice, suggest that lymphocytes 
of the type responsible for cell-mediated immune reactions, 
such as graft-versus-host reactions, may either be lackmg 
altogether or, if not, may be qualitatively deficient. 

The second test was used to determine the individual 
number of cells in a pool of thoracic duct lymphocytes 
capable of responding to a given antigen by the production 
of an antibody-producing progeny. The assay method 
was that described by Kennedy et al.!®, It is based on 
the observation that, when lymphoid cells are injected into 
heavily irradiated mice together with sheep red cells, 
discrete clusters of cells producing haemolysin arise in the 
spleens of the irradiated hosts. An average of one focus 
was detected in the spleens of irradiated mice receiving 
either sheep erythrocytes alone or lymphoid cells alone. 
This was considered to be background and subtracted from 
the experimental results. When varying doses of lymphoid 
cells were given together with sheep erythrocytes the 
relationship between the number of nucleated celis in- 
jected and the average number of haemolytic foci that 
resulted was a straight line extrapolating back through 
the origin. This indicated that each resulted from the 
activity of a single cell that was randomly distributed in 
the inoculum, that was sensitive to the antigen used and 
that lodged in the spleen. The fraction of antigen- 
sensitive cells that reached the spleen was determined by 
a double transplantation method in which irradiated mice 
receiving an inoculum of cells 2 h before were used as 
donors of spleen cells to be injected into further irradiated 
mice, After 8 days the spleens of these mice were assayed 
for the number of haemolytic foci!*. 

In the present experiments, either spleen or thoracic 
duct cells from sham-operated mice were injected into 
lethally irradiated, 8-12 week old OBA mice together 
with sheep erythrocytes. As can be seen from Fig. 5, a 
linear relationship was obtained between the number of 
nucleated cells given and the number of “active areas” 
occurring in excess of background in the irradiated 
spleens. The slope of the curve for thoracic duct lympho- 
cytes is much steeper than that for spleen, indicating that 
there is a much higher proportion of antigen-sensitive 
cells present in the former population. Injection of 
thoracic duct cells from neonatally thymectomized mice 







0 

25 $8 

o 

I o 

E o0, 

ja o 

§2 o 

& o 
16 


0-5 i 165 2 
No. of thoracic duct lymphooytes ( x 10~*) 


Fig. 4. Splenic indices of (OBA x C57 BL)F; mice in. at birth with 

thoracio duct lymphocytes from OBA donors. An ades =:1:5 is oon- 

sldored evidence of a graft-versus-host reaction, Index of mice 

ving thoracic duct cells from OBA mice 5 weeks Ota sham-thymec- 

tomiised at birth. einai of mice receiving thoracic duct cells from 

OBA muce 6 weeks old thymectomized at bir Each point represents 
the caine obtalned from one mouse. 
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Table 4. NUMBER OF ANTIGHN-SENSITIVH OHLLS PWR MILLION NUOLRATHD 
ORLLS 


No. of pools No. of antigen-sensitlve 


Donor Type of cells assayed cells per million cells 
Sham-operated Spleen 48 15 
Thoracic duot 47 60 
lymphocytes 
N bith Thoracic duct 8 2-6 
thymectomized lymphocytes 


increased the number of active areas in the irradiated 
spleen above the background value by one for each 4~65 
million cells injected. The fraction of antigen-sensitive 
cells that lodged in the spleen was found to be 10 per cent 
when either spleen cells or thoracic duct cells were given. 
With this knowledge, the values in Table 4 could be oal- 
culated. The test has thus revealed that there are, in one 
million circulating pool lymphocytes, about sixty cells 
sensitive to sheep erythrocyte-antigens when the pool 
comes from sham-operated mice, but only two or three such 
cells when the population is obtained from neonatally 
thymectomized mice. This leaves fifty-seven or fifty-eight 
cells unaccounted for in the latter populetion and raises 
a number of questions. For example, are these cells 
absent and their place taken by other types of cells, 
perhaps by cells committed to react to other antigens, 
such as bacterial antigens ? Are they present but qualita- 
tively deficient in a manner that precludes their inter- 
action with antigen? Are they unable, after interaction 
with antigen, to proliferate in a normal way because 
of the lack of some thymic humoral factor ? 

It can be assumed from the work of Gowans’ that the 
precursors of the cells producing haemolysin in the spleen 
are cells of the circulating pool. Assuming that the total 
pool of ciroulating lymphocytes that can be mobilized in 
the 5 week old sham-thymectomized mouse is about 100 
million cells and 3—4 million cells in the 5 week old neo- 
natally thymectomized mouse (Part I), there are thus in 
the former pool 6,000 and in the latter only between six 
and twelve antigen-sensitive cells that can respond to 
sheep erythrocytes. Because on exposure to antigen one 
antigen-sensitive cell produces about 100 plaque-forming 
cells'*, the number of plaque-forming cells that might be 
expected in the spleen of mice 5 weeks old, sham-thym- 
ectomized at birth and challenged with sheep erythrocytes, 
must be approximately 6 x 105 if all antigen-sensitive 
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cells are recruited and 6 x 10‘ if 10 per cent are recruited. 
Because the number of plaque-forming cells per spleen at 
the peak of the response was about 3x 10t (Part HI of 
this article) it would appear that about 10 per cent of the 
available antigen-sensitive cells are recruited in the sham- 
thymectomized mouse. If only 10 per cent of the antigen- 
sensitive cells in the mobilizable pool of the thymectomized 
mouse are recruited, the peak response cannot be expected 
to be more than 120 plaque-forming cells per spleen. If, 
however, all the available antigen-sensitive cells are 
recruited, the total number of plaque-forming cells per 
spleen at the peak of the response in the neonatally 
thymectomized 5 week old mouse would range from 600 
to 1,200 with an average of 900. As seen in Fig. 7 (Part DI), 
this is exactly the average figure that was obtained in the 
spleens of such mice injected 5 days previously with sheep 
erythrocytes. This suggests that any antigen-senaitive 
cell present in neonatally thymectomized mice can respond 
to antigen by a burst of proliferation associated with pro- 
gressive differentiation to antibody-producing cells, and 
that the rate at which they can do this is the same as 
that found in normal mice and is thus independent of the 
presence of the thymus. Further evidence for this is 
given in Part I. 

In conclusion, therefore, it can be said that the pool of 
circulating lymphocytes in the neonatally thymectomized 
mouse is deficient not only in the number of its cells but 
also in the number of antigen-responsive cells. Until an 
assay is available to determine the number of cells com- 
petent to respond to histocompatibility antigens, the 
results of the first test performed here cannot be unequi- 
vocally interpreted: either such cells exist in very small 
numbers or they are lacking or qualitatively deficient. 
On the other hand, the second test has detected the 
existence of a few normal erythrocyte-antigen-sensitive 
cells, thus revealing a simple but important quantitative 
deficiency in this class of immunologically competent 
cells. But it has also revealed a dilution of these few 
responsive cells by other cell types, insensitive to sheep 
erythrocyte, either because they are qualitatively deficient 
to respond, or because they form part of a population of 
cells committed to some other antigen. 


(Ill) Proliferation and Differentlation of Antigen- 
sensitive Cells In Neonatally Thymectomized Mice 
(Weiss, N. S., Mitchell, G. F., and Miller, J. F. A. P.) 


As shown in Parts I and IT of this article, a marked 
deficiency in circulating pool lymphocytes and a reduction 
in the proportion of cells in the pool which are competent 
to react to histocompatibility antigens and to respond to 
sheep erythrocytes ocour after neonatal thymectomy. It 
is not known whether this deficiency is caused by an 
absence of certain types of responsive cells or by some 
qualitative cellular defect. Previous work has shown that 
the thymus exerts its effect on ummunogenesis partly 
through a humoral mechanism™. A humoral factor could 
either “accelerate the proliferative response of lymph 
node and spleen primitive lymphoid and plasma cells 
when antigenically stimulated’’!, or be responsible for the 
differentiation of lymphoid precursor or stem cells into 
mature immunologically competent cells?*. 

In order to ascertain whether antigenically stimulated 
antigen-sensitive cells require a thymus influence for their e 
proliferation and differentiation to antibody-producing 
cells, the response of neonatally thymectomized mice 
inoculated with circulating pool lymphocytes and sheep 
erythrocytes was determined. It was first necessary to 
atudy the response cf thymectomized mice not receiving 
an moculum of lymphocytes. Groups of thymeotomized 
and sham-operated mice were challenged intraperitoneally 
with 10% sheep erythrocytes at various ages and the 
number of plaque-forming cells produced in their spleen 
was determined by the method of Jerne et al.™*. As in 
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previous experiments, it was found that the peak number 
of plaque-forming cella produced in the spleens occurred 
at the same time following challenge in both sham- 
operated and neonatally thymectomized mice™. There was 
no delay in the attainment of the peak response in the 
thymectomized mice in contrast to what has been reported 
for the serum haemolysin response. The background 
number of plaque-forming cells per spleen in non-injected 
10 day old mice varied from 0-650 in either thymectom- 
ized or controls. Figs. 6 and 7 show the peak number of 
plaque-forming cells produced per 10* spleen cells and 
per spleen of mice challenged at various ages. It can be 
seen (1) that neonatally thymectomized mice uniformly 
failed to respond by the production of plaque-forming 
cells in excess of background when challenged at or before 
10 days of age, and (2) that they developed the capacity 
to respond between 10 and 20 days of age and subse- 
quently produced a maximum number of about 10? 
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plaque-forming cells per spleen. By contrast, sham- 
thymectomized mice challenged at 10 days already had 
the capacity to respond by producing 10°-10‘ plaque- 
forming cells per spleen and, at 5 weeks of age, produced 
about 2 x 10‘ such cells per spleen. Neonatally thym- 
ectomized mice thus exhibited both a delay in the 
development of immunological capacity, as already 
reported independently by other investigators**, and a 
peak response of magnitude lower than that given by 
control mice. Several possibilities may account for these 
effects. The development of the capacity to react to 
sheep erythrocytes may be partly dependent on a system 
other than that governed by the thymus. The depreased 
response may arise because there is a proliferation of 
antigen-sensitive cells at a lower rate in the absence of 
the thymus. Alternatively, the maturation of these cells 
from lymphoid precursor cells, originally processed in the 
thymus before birth and presumably present in the cir- 
culation at the time of thymectomy, may occur more 
slowly in the absence of a humoral thymus factor. 
Increasing numbers of circulating pool lymphocytes 
were introduced into infant mice thymectomized or sham- 
operated at birth. The lymphocytes were obtamed by 
cannulating normal adult CBA mice which had not been 
exposed to sheep erythrocytes. Cells from a 6-h sample 
collected during the first 24 h of drainage were pooled in 
order to obtain the number required for the experiments. 
In one experiment the cells were injected intraperitoneally 
into 10-12 day old mice, these being challenged intra- 
peritoneally with 10° sheep erythrocytes 2-3 days later. 
The number of plaque-forming cells per million spleen 
cells was determined at the peak of the response. The 
results are shown in Fig. 8. One million thoracic duct 
cells injected into thymectomized mice resulted in the 
peak response increasing from an average of about one 
plaque-forming cell per million spleen cells to an average 
of ten. There was then a linear increase in the peak 
response when the dose of thoracic duct cells was increased 
from 1-5 million. Thereafter the response levelled off 
to reach almost the value obtained in sham-operated 
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controls. There was no further increase in the peak 
response when doses of thoracic duct cells were increased. 
from 10 million to 28 million cells. Likewise, the peak 
response of the sham-operated controls could not be 
increased by the injection of 14 milion and 28 million 
cells. The failure of doses of thoracic duct cells above 
10 million per mouse to increase the peak response beyond 
that attained by normal mice of that age may result from 
either the operation of inhibitory feedback mechanisms 
limiting the number of antigen-sensitive cells recruited in 
the spleen, or the inability of the spleen to accommodate 
more than a certain number of cells from a large pool 
injected 2 days previously. In a second experiment 
thoracic duct cells from normal mice were mnjected intra- 
venously into neonatally thymectomized mice the day 
after thymectomy. Sham-operated controls were un- 
injected. At 10 days of age some of the mice were killed 
and their spleens assayed for the number of antigen- 
sensitive cells!* and plaque-forming cells?? (background). 
Others were injected with 10° sheep erythrocytes and 
their spleens assayed at the peak of plaque-forming cell 
response and five days later. The results are shown in 
Fig. 9. The peak plaque-forming cell response per spleen 
was lowest in the neonatally thymectomized mice given 
one million thoracic duct cells, intermediate in sham- 
thymectomized controls and highest in thymectomized 
mice injected with 10 million cells. Thus when lympho- 
cytes were inoculated intravenously into thymectomized 
mice at birth and 10 days before challenge the peak 
response in mice receiving 10 million cells was actually 
greater than that in sham-operated controls. Fig. 9 also 
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shows that entities detectable as antigen-sensitive cells 
in the spleens of thymectomized and control mice increased 
at about the same rate in response to antigenic stimulation, 
and went on increasing even after the number of 109 
plaque-forming cells had reached its peak. It can also be 
seen that the number of antigen-sensitive cells present m 
the spleens of thymectomized mice at day 10 roughly 
corresponds to the number known to be present in the 
population introduced (sixty antigen-sensitive cells per 
million thoracio duct cells (Part II)). This suggests that 
all the antigen-sensitive cells present ın the inoculum 
localized ın the spleen of the thymectomized recipients. 
It is not known, however, whether the host itself provided 
any antigen-sensitive cells or whether those introduced 
might have proliferated during their 10 days residence in 
the thymectomized. hosts. 

In conclusion, normal responsiveness to sheep erythro- 
cytes can be conferred on neonatally thymectomized mice 
by introducing pure populations of lymphocytes, pre- 
sumably free of macrophages. In addition, antigen- 
sensitive cells seem to be capable of proliferating and 
differentiating to antibody-producing progeny as efficiently 
in thymectomized hosts as in sham-operated controls. 
This strongly suggests that the thymus must exert its 
influence on the development of the precursors of antigen- 
sensitive cells. Once these cells have matured, their sub- 
sequent behaviour no longer depends on the thymus but 
on antigen. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Einstein A Coefficients for the 18 cm 
Transitions of OH 


A NUMBER of recent papers'-* have dealt with the values 
of the Einstein A coefficients describing spontaneous 
emission for the hyperfine split *1,,, J =3/2, A-doublet 
transition in OH. These values are important in connexion 
with determinations of the interstellar abundance of OH 
and the non-Boltzmann population of the hyperfine levels. 
At least four different sets of calculated values have been 
presented. All previous authors, however, have attacked 
the problem by the methods outlined in the books of 
Condon and Shortley? and Townes and Schawlow’. 
Because these methods involve complicated algebraic 
manipulation and, moreover, a pertinent matrix element 
listed by Townes and Schawlow has been shown to be 
incorrect, we decided to approach the problem differently, 
using Racah algebra and the transformation theory of the 
group of all rotations in free space’-", This method gives 
a check on previous calculations; it also provides a 
general formula for the squared matrix elements in the 
A coefficient which is applicable for any multipole transi- 
tion within or between J levels in a Hund’s case (a) mole- 
cule containing a single magnetic nucleus of spin I. Our 
calculation shows that Turner’s set of values? is correct, 
contrary to Lide’s recent notet, although we agree with 
Lide’s criticisms of certain expreasions ın Turner’s paper. 
The more general approach presented here is also, in some 
ways, easier than the previous calculations in that the sum 
rules and orthogonality relations of the general theory 
allow one to apply checks to the calculation at various 
stages. 
The Einstein A coefficient is given by 


Au = f(vis) luy]? (1) 


where f(vy) 18 a function of the frequency (vy) of the 
transition and fundamental constants depending only on 
the multipole involved. The squared matrix element 
leul? is given by 


luul’ = E | < el TeZ > |? (2) 
g 


where the summation index q runs over the components 
of the irreducible tensor operator T' of rank k which 
describes the multipole moment. For the case of electric 
dipole radiation the tensor T is, of course, the electric 
dipole moment and the summation over spherical com- 
ponents q provides an expression equivalent to the more 
familar sum of squared matrix elements of the cartesian 
components’. For dipole radiation, f(vij) assumes the 
familiar form 32n%j/3h0°. For a Hund’s case (a) 
molecule, + and j denote the assembly of quantum numbers 
Q, J, F, Me, having their usual significance’. 

In order to obtain the total emission from a state F, 
Mp to a state F”, we must sum over Mp. Invoking the 
Wigner-Eckart theorem and performing this sum’-"!, we 
obtain 


E]<QIFMp|THOIP’M > |*=|< SFT QI’ E > |? 
aM, : 
x E <F’Mkq|FMrp> <FMplkqgF’M p> 
g,Mr 


= |< OSP||TH|QU' PF’ > | (3) 
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where the orthogonality of the veotor-coupling coefficients 
has been used to eliminate the double sum and yield the 
second equality. The matrix elements containing double 
bars are the well known reduced matrix elements. We 
may now express the F dependence of these elements by 
means of a Racah coefficient’ 
|< OFF || TQM > [P= |< OF |[ Z| (QT? > |* 

(27 +1)(2F’ +1) [W(J'F'JP; Ik) (4) 
Because the Racah W coefficients are tabulated we need 
only to derive a formula for the reduced matrix element 
in equation (4) to obtain an explicit formula for A. To 
do this we note that T+ constitutes a tensor with com- 
ponents in a space fixed co-ordinate system, while its 
components in the molecule fixed co-ordinate system that 
are diagonal in Q are simply the electric dipole moment, 
magnetic dipole moment, etc. (Our method is also valid 
for components off diagonal in 2 but we omit these 
because they do not refer to permanent moments.) Because 
the two co-ordinate systems may be made to coincide by 
a simple rotation, the spherical components of the tensor 


in the two systems are related by a matrix of finite 
rotation}* 


T$ (space) = Dé,{—y,—8,—«) Tmol.) (5) 
where Di YB- «) is the matrix of rotation through 
the Euler angles «,8,y. Now the normalized matrices 
[(2F + 1/87}! Diin ( aßy) are the rotational eigenfunctions 


for a diatomic molecule!*-“4. (For the case 00, we 
should take the symmetric and antisymmetric combina- 


tions of Dži gy (aBy) and Di; _)q\(«By) as basis functions, 
but the matrix elements of the tensor that are diagonal 


in Q are the same between these combinations as between 
the simple basis function, save that electric multipoles 
vanish between states of the same parity and magnetic 
multipoles vanish between states of different parity.) 
Thus the matrix elements of interest are given by 1? 


<QJM| TÄ QJ'Mj> = 
J Dipg (By) D lepy)Tě(mol.)Dirn (aBy)de 
= (207+ 127 +1) "TÈ(mol.) x 
<J'Mikq|JMy> <J/Ok0|TQ> 
Again using the Wigner-Eckart theorem we obtain 
<OQS|[P[QI > = (207+ 1)9(2T + 1)? TE mol.) 
<J’OKOTQ> (7) 
Thus the required general expression for |p|? is 
Jusl? = (27741) (2F" +1) (TH (mol.) W (JF IP; Ik) 
<J’QkO[JQ>]}* (8) 


The calculation can be checked at this point by summing 
over the states F” to obtain the squared matrix elements 
describing the half-life of a molecule in the excited state. 
Performing this sum and using the orthogonality of the 
Racah coefficients yields 


i ale ee cet (9) 


(8) 


which confirms that the matrix elements are independent 
of magnetic quantum numbers and the nuclear spin, as 
they must be. 

Inserting the values for OH of J = J’ = 3/2, T*(mol.) = 
To(mol.) = 1:66 D., Q = <Q> = 1-47 into the general 
formula and evaluating the Racah and Clebsch—Gordan 
coefficients®° gives the results shown in Table 1. 


Table 1 
Transition uoncy Arr 
Fa” ears (sec) 
2-+1 1,720 0 94 x 1071! 
242 1,667 7-71 x10 
1-1 1,685 711x10? 
1->2 1,612 1:29 x 10-1 
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Our numerical results are the same as those given 
earlier by Turner. Lide has recently commented on 
Turner’s method and disagrees with his final results. We 
agree with Lide that Turner’s equation (4) is not correct; 
the required result is readily derived from our equation. 
(6) by setting J = J’, squaring the right-hand side, and 
summing over Mi and q. One obtains 

|< QJM TÄ QJ M, > |? = pt x | <J’OKO|TO> | = 

wOQYI(J+1) (y= T4(mol.)) (10) 
In which we have used the orthogonality properties of the 


Clebsch-Gordan coefficients to carry out the double sum- 
mation. From equations (1) and (10) one sees that 
32ra PA 
A Bho S(T +1) 
in agreement with Lide. Lide, however, has assumed that 
one can calculate the coefficients Are by multiplying A, 
by a factor involving the statistical weights of the levels 
and their normalized relative transition probabilities. 
This is incorrect because his 4, depends on the frequency 
vg for a mythical A-doublet transition that is devoid of 
hyperfine splitting. The values of Arr also depend on a 
vy value, but now the required value is the observed fre- 
quency for each hyperfine transition. Thus Lide’s values 
are in error by the oube of the ratio of the mythical 
A-doublet frequency to the observed transition frequency. 
This error is approximately 10 per cent for the F=1— 2 
and 2— 1 transitions. The statement that 
dis t An = ds + dn = Aa (12) 
18 also meorrect. The correct statement, we believe, is 
our equation (9), which simply states that the sum over 
final states of the squared matrix elements is the same, 
whether or not the hyperfine interaction is present. 
We thank the Marshall Commission for a postgraduate 
scholarship awarded to T. A. M. 


= 8-53 x 10-4 seo (11) 
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Delineation of Jovian Decametric Sources by 
Millisecond Pulses 


Jovian decametric emission is received in bursts of pulses 
that form three rather distinct groups. For analytical 
purposes we have assigned “character numbers” to these 
groups as follows!: char. 1, a rare type, consists of long 
pulses lasting up to tens of seconds; char. 2, by far the 
most common variety, includes pulses lasting from 
tenths of a second to several seconds; char. 3 are extremely 
short pulses with durations in the millisecond range and 
at times are moderately common. In the analysis of 
high speed pen records, a character number is assigned 
to each half minute interval of activity. If two types of 
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pulses occur in an interval, a half integral character is 
assigned; for example, if chars. 2 and 3 occur together. 
the interval is given a character number of 2:5. 

Recently we reported’ that char. 3 pulses are received 
most often when source B is on the central meridian, a 
result supported by Baart, Barrow, and Lee?. In analyses 
in which no distinction is made between pulse it is 
the “main” source, A, that shows the highest probability 
of emission. Our study also suggested that char. 3 radia- 
tion 1s especially sensitive to the position of Io, although 
the data were derived from only a single set of observa- 
tions, those of 1963. The analysis has now been extended 
to the four apparitions from 1961 to 1964 utilizing observa- 
tions of the University of Florida Radio Observatory and 
the Maipu Radioastronomical Observatory of the Uni- 
versity of Chile. Fig. 1 shows profiles of 18 Mc/s char. 3 
activity versus the System IIT longitude of Jupiter’s 
central meridian for eight positions of Io relative to the 
Earth—Jupiter line. It is evident that the results of the 
preliminary study were not peculiar to 1963. Source 4, 
which is so prominent in char. 2 radiation, is relatively 
inconspicuous in char. 3. In both types of emission A 
is rather insensitive to the movement of Io, whereas 
B and O, as in other studies‘, peak sharply when Io is 
roughly 90° or 240° from superior conjunction with 
Jupiter. The response of B and O 18 especially striking 
for char. 3 radiation. 

This sensitivity of the secondary sources to the position. 
of Io led to the study shown in Fig. 2, an unexpected 
result of which was a rather clear cut confirmation of the 
division of source B into two subsources, B, and B,, an 
effect only suggested by earlier work’. Lake Fig. 1, this 
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ing char. 3 pulses. The upper curve is based on radiation 
received while source B, was on the central meridian, the 
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longitude of the sub-Io point on Jupiter. It ıs evident 
that B, By, and O, which were sensitive to Io’s position 
with respect to the Earth—Jupiter line, are equally sen- 
sitive to the satellite’s System III longitude. On the other 
hand, A, which was insensitive to Io’s position with respect 
to the Earth—Jupiter line, is also relatively insensitive 
to the satellite’s movement in System II. Notice that 
distinctly different System III longitudes of Io stimulate 
B, as compared with B,. It is interesting that Fig. 2, 
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based entirely on mullisecond pulses, 
agrees with Dulk’s observation that normal 


Am OF CM Jovian emission is stimulated only when 
Io is over the hemisphere 110° < Aim 
< 290°¢, 

ae The angular relationships are more 
90" 


striking in the polar diagrams of Figs. 3 
and 4, derived from the same observations 
as Fig. 2. Here the azimuthal co-ordinate 
B2 is System III longitude, while the radial 
co-ordinate is the number of intervals of 
millisecond pulse activity received when 
each longitude was on the central meridian. 
Fig. 3 includes only those intervals when 
the System ITT longitude of Io lay between 
the left hand pair of dashed lines in Fig. 2, 
that is, along the arc shown by the arrow 
in Fig. 3. Similarly, Fig. 4 includes only 
data recorded when Io was between the 
right hand pair of dashed lines in Fig. 2. 
Fig. 3 shows that when B, is active on the 
central meridian (that is, directed toward 
the Earth), Io is near System DT longitude 
210°, and also roughly 90° from superior 
conjunction. Fig. 4 shows that milh- 
second emission from B, also is received 
when Io is about 90° from superior con- 
junction, but in this case the System LT 
longitude of the satellite must be near 270°. 
Because the System ITI longitude of Io advances 27-5°/h, 
2-2 h are required for Io to move from 210° to 270°, but 
during this interval the longitude of the central meridian 
increases 80°. Suppose B, is on the central meridian, 
with Io at System ITI longitude 210°. By the time Io has 
moved into position to stimulate B, that source is already 
well past the central meridian. Although the peaks have 
finite widths, Figs. 3 and 4 indicate that the overlap is so 
limited that it is improbable that both B, and B, will be 
detected during the same Jovian rotation. This hypothesis 
was checked by an inspection of the data outputs for the 
entire apparitions of 1963 and 1964, which showed that on 
no occasion were millisecond pulses received from both 
B, and B, during the same Jovian rotation. The same 
was generally true of char. 2 pulses, although on several 
occasions during the two years this type of pulse was 
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received from B, and B, during the same rotation; it is 
‘possible that these exceptions represent what has been 
_ termed “‘non-Io-related” emission, The fact that B, 
-and B, are stimulated by distinctly differcnt Io positions 
is perhaps the strongest evidence to date of the reality 
of the division of B into subsources. 

; This research was supported by the US National Science 
Foundation, the US Army Research Office (Durham), 
< the Office of Naval Research, and the National Aero- 


: _ nautics and Space Administration. 


C., N. OLSSON 
ALEX G. Suir 


i Department of Physies and Astronomy, 
:'University of Florida, Gainesville, 
‘and 


Maipu Radioastronomical Observatory, 
: University of Chile. 
Received February 6; revised May 1, 1987. 


‘Smith, A. G., Lebo, G. R., Olsson, C. N., Block, W. F., Six, N. F., and Carr, 
T. D., Proc. Caltech-J PL Lunar and Planetary Conf., 128 (1965). 


o Olsson, C. N., and Smith, A. G., Science, 158, 289 (1966), 


* Baart, E. E., Barrow, C. H., and Lee, R, T., Nature,211, 808 (1966). 
+ Bigg, E. K., Nature, 202, 1008 (1964). 
7 panha G., Carr, T. D., and Six, N, F., Mem, Soc. Royal Sei, Liège, 7, 543 


* Dulk, G. A., Science, 148, 1585 (1985). 


PLANETARY SCIENCE 


Discovery of an Anthracosaur Skull in the 
Durham Coal Measures 


Tae discovery of labyrinthodont amphibia in the Coal 
Measures is most unusual. Most of the finds on which 
our knowledge of these forms is based were made in 
the past century and have been summarized elsewhere! 
The only major discovery to be made in this century was 
the Coope Collection from Swanwick Colliery, Derby- 
shire, in the Yorkshire and East Midland coalfield, and 
some material from this collection has already been 
described?. Although the Low Main Seam at Newsham, 
Northumberland, was a classic collecting site in the past 
century, there have been no records of finds of fossil 
Amphibia from the Durham coalfield. 

The present find was made at Usworth Colliery, Wash- 
ington, County Durham, in November 1966 by Mr 
‘Bernard Casey, a miner. It was presented to the Sunder- 


o land Museum by Mr L. Bottoms, of the Washington Anti- 


 quarian Society, and is registered as No. 193/1966 a-f. 

The specimen (Fig. 1), which consists of, roughly, the 
anterior two-thirds of a jawless skull, is preserved in a 
micaceous silty sandstone and is uncrushed. The normal 
mode of preservation of Coal Measure Amphibia is in a 
cannel or an ironstone and in the former considerable 
compression is usual. 

The matrix overlies the Top Busty Seam at Usworth 
Colliery. The latter is almost certainly near the top of 
the Communis Zone, the boundary between the Com- 
munis and Modioclaris Zones being somewhere between 
the Top Busty and Harvey Seams in the Durham coal- 
field’. The horizon is thus in the Lower Coal Measures 
of Stubblefield and Trotter’s classification’. It is of 
Yorkian age and is late Westphalian A on the European 
system!, 

The specimen is from an embolomerous anthracosaur, 
as shown by the toothless vomers, and appears strikingly 
similar to the type of Anthracosaurus russelli Huxley 1863 
(ref. 5). The dentition allows preliminary identification 
of the new skull as the second known specimen of the 
species and the estimated size is approximately the same. 
There are ten maxillary teeth present on the right side 
which together with replacing pits would give a total 





Fig. 1. The skull in palatal view. 


count of seventeen or eighteen as in the type specimen; 
the size of the individual teeth is also comparable. The 
palatal dentition corresponds to that of A. russellé and 
the whole is in striking contrast to the more numerous 
teeth of Hogyrinus attheyi Watson, an anthracosaur of 
comparable size*-*, Preparation and comparison with the 
type of A. russelli should confirm the identification. — __ 

The type specimen comes from the Upper: Modiolaris 
Zone of Airdrie, Lanarkshire, in the Scottish sentral 
coalfield and is thus considerably later than the new 
specimen! .°, but the collection from Swanwick also 
showed that genera known previously from Westphalian 
B had a range extending down into Westphalian 4. — 

We thank Mr Casey and Mr Bottoms for the preserva- 
tion of this important discovery, Mr A. Pollack, manager 
of Usworth Colliery, and the area officials of the National 
Coal Board for permitting us to visit the site, and partiou- 
larly Mr L. S. Robinson, unit surveyor at the colliery. 
Dr J. M. Jones confirmed our opinion on the nature of 
the matrix. 
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Abundance of Radioactive Elements in 
Crystalline Shield Rocks 


Data on the major element composition of the crystalline 
surface rocks of 200,000 square miles of the Canadian 
Shield in northern Quebec have been published recently?. 
The rocks discussed are chiefly foliated Archaean grano- 
diorite gneisses of amphibolite facies. Within the area, 
however, rocks of hornblende granulite facies are also 
widespread (Fig. 1). The work on major elements has 
provided the average composition of this large area of 
shield and indicated that, relative to rocks of amphibolite 
facies in this area, the gneisses of granulite facies are 
depleted in potassium, water and silica, and enriched in 
aluminium, total iron phosphorus, magnesium, calcium 
and titanium. These differences were thought to reflect: 
a chemical zoning of the Earth’s crust in response to 
regional metamorphism. Because this is an ancient 
terrain containing much gneissie material of high meta- 
morphie grade it was suggested that it represents deep 
continental crust. For this reason the abundance of trace 
elements in these rocks, and in particular the abundances 
of the radioactive elements thorium, uranium and 
potassium, are of special interest. 

The abundances of thorium, uranium and potassium in 
most of the composites the preparation of which has been 
deseribed! were determined by J. A. 8, Adams’, and the 
results of these determinations have been used to calculate 
the averages given in Table 1. The area numbers in tho 
table refer to the numbered areas of Fig. 1. Areas shown in 
black on the figure are areas of hornblende granulite 
facies; surrounding rocks are of amphibolite or lower 
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facies. Some areas of Fig. 1, for example areas 1 and 3, 
contain rocks ‘of hornblende granulite facies, but the 
composite ‘samples prepared to represent these rocks 
were too small for accurate determinations of thorium, 
uranium and potassium by the method used. As a result, 
thorium, uranium and potassium determinations of both 
granulite and amphibolite facies rocks are available for 
only seven of the fifteen areas. 

One question in treating these chemical data is whether 
the thorium and uranium contents of these near surface 
samples have remained unchanged since the rocks were 
last regionally metamorphosed. Richardson and Adams? 
found that uranium was lost from apparently fresh New 
Hampshire granite outcrop samples as a result of weather- 
ing. The samples from New Quebec, however, are all fresh- 
looking and lack any visible signs of weathering; the 
outcrop area was glaciated only recently and the surfaces 
of the outcrops are at the present time frozen for most of 
the year. On these grounds it seems unlikely that sig- 
nificant leaching has taken place since retreat of Wisconsin 
ice from the area, 

The data of Table 1 indicate a rough positive relationship 
among the abundances of the three radioactive elements in 
the surface crystalline rocks of New Quebec. Thorium, 
uranium and possibly potassium have significantly lower 
average concentrations in rocks of granulite facies than in 
surrounding rocks of amphibolite facies. 

The ratio of thorium to uranium (Th/U) in the New 
Quebee rocks averages 8-4, a value more than double the 
commonly accepted one of 3-4 for average continental 
erustal rocks’. This agrees with observations by Heier? 
and by Heier and Adams‘, who attributed higher local 
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Table 1. THORIUM, URANIUM AND POTASSIUM CONCENTRATIONS* IN ORYBTAL- 
LINE ROOKS OF NAW QUBBEO, CANADA 


Area, 
shown on Th U (per 
Fig. 1 (p.p.m.) (p.p) cent) Th/U 
Hornblende granulite 2 9-8 0-4 21 24-5 
facies 4 57 06 18 95 
5 42 0-6 14 a4 
6 1 0-6 1-6 68 
8 5&8 0-7 21 8'3 
12 87 08 2-9 10-9 
15 10:7 18 22 8-2 
Average Th, U and K 
content of hornblende 
ulte facies of New 
mabe t Ti 0-8 21 89 
Amphtbolite facies 1 10-1 0-9 2-3 11:2 
2 66 os 2-0 8-2 
8 61 0-6 1-6 10-1 
4 TA 0-9 2-0 8-2 
5 83 0-9 28 70 
6 11:6 09 21 12-9 
7 11:8 14 27 84 
8 12:3 ti 24 11-2 
9 13-0 12 29 10:8 
10 10-1 Li 29 92 
11 129 1-2 20 108 
12 90 1-0 27 9-0 
18 4:8 1-0 22 48 
14 9-2 1:8 238 61 
15 9-2 23 2-8 40 
Average Th, U and K 
content of amphi- 
bolite facies of New 
uebeo p8 18 2-4 T4 
Average Uand K 
content of all the 
rocks of the sampio 
area 92 1i 23 8-4 
Concentration ın 
chondrites (ref, 5) 0-04 0014 0-086 2-9 
Concentration in 
continental orust 
(ref, 5) 26 27 2-09 86 
* The weight of each of the composite samples the radioactive content of 


which was determined was 450 g. For a general description of the method 
used, seo ref. 7. The estimate of errors in undtvidual determinations 18 as 
follows. Th, +08 p.p.m. or 6 per cant of the amount (whichever 1s larger); U, 
+03 p.p m. or 5 per cent of the amount prement {whichever is larger); K, + 
0 1 per cent as metal for amounts greater than 1 per cent. 


t Weighted according to the area represented by each analysis. 


ratios in high grade metamorphic rocks to large fluctua- 
tions in uranium concentrations, with high ratios being 
related to much lower than “normal” uranium content. 
They have suggested that because of the greater solubility 
of the oxidized uranyl complex ion uranium is easier to 
remove in metamorphic processes. The use of composite 
samples in the present investigation undoubtedly irons out 
the effect of large local fluctuations of this type. There 
still remains a higher than “normal” overall Th/U ratio 
for this part of the Shield. 

The Th/U ratios in the rocks of New Quebec are lower 
in general in rocks of amphibolite facies than in rocks of 
granulite facies. Heier and Adams‘, who analysed a series 
of metamorphic rocks ranging from epidote amphibolite 
to high granulite facies, found that if the lowest Th/U 
ratios from each metamorphic group are compared, the 
Th/U ratios decrease with increasing grade of metamor- 
phism. They concluded that the Th/U ratio may decrease 
with increasing metamorphism. Data from the present 
investigation do not appear to support this. We suggest 
that uranium is more strongly fractionated than thorium 
during high grade regional metamorphism. 

The abundance of thorium in the rocks of New Quebec is 
remarkably close to the estimate of 9-6 p.p.m. which 
Taylor’ has published for the abundance of this element 
in the crust (Table 1). Els estimated crustal average of 
2-7 p.p.m. for uranium, however, is about twice the 
abundance in these rocks. Taylor’s estimate is based on 
basalt and granite averages, but the granitic average 
undoubtedly contains a preponderance of analyses of 
high level magmatic granitic materiel with a uranium 
content much greater than that of deep crustal gneisses*. 
Gneisses such as the ones discussed here may have been 
profoundly metamorphosed more than once during the 
Archaean. The mineral transformations which occurred 
during each episode would allow fractionation of elements 
such as uranium. In addition, such predominantly high 
grade gneisses contain few silicate species with the capacity 





1003 


of incorporating foreign ions into their structures, so that a 
higher percentage of these ions would be in adsorbed 
positions from which they could easily be mobilized. ' 

In generalizing about the significance of the chemical 
composition of the surface crystalline rocks of this area 
we are faced with one major question. Would most shield 
areas if eroded to moderate depths (say 5 miles) expose 
high grade gneisses similar to these? If this is an accept- 
able assumption, then the bulk of the continental crust 
is likely to have radioactive element abundances similar 
to the surface rocks of New Quebec. 

We thank A. F. Gregory for helpful advice on this 
project. 

Radiometric measurements made at Rice University 
were supported by a grant from the Robert A. Welch 
Foundation. 
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Origin of Hot Brines in the Red Sea 


TuE hot, highly saline waters in a limited area at the 
bottom of the Central Red Sea have attracted much 
interest since they were reported by Swallow and Crease’. 
More recently, Miller et al.* have distinguished two deeps, 
separated by a distance of about 4 km (Fig. 1). The tem- 
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Fig. 1. Map showing station positions (after Swallow and Crease), 
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perature of the bottom brines in Discovery Deep was 
approximately 44° C, and that of the bottom brines in 
Atlantis IT Deep was 56° C, though in both cases there 
are layers of water at intermediate temperatures over- 
lying the hottest bottom water, and below the normal 
22° C Red Sea bottom water. 

The source of the heat is generally supposed to be geo- 
thermal, but it has not been established whether heating 
occurs gradually as a result of conduction of heat through 
the sediments to brines in situ, or whether a more ostas- 
trophic mechanism is involved. Recent measurements of 
fine temperature structure in the bottom brines of both 
deeps indicate that the latter mechanism. is more probable. 

Using a modified form of the Cambridge heat flow 
apparatus’ detailed temperature gradients were measured 
in November 1966. Thermistors were used as the tem- 
perature sensitive elements, and position fixing relative 
to the bottom was achieved using a precision pinger. 
Relative accuracy of temperatures is + 0-003° C in 
Discovery Deep, but less in Atlantis IT Deep because of 
the adverse effects of 56° C temperatureson the electronics. 
Absolute accuracy is limited by the resistance of plugs in 
the circuitry, but is better than + 0-2° C at these tem- 
peratures. Temperature gradients are recorded during the 
raising and lowering of the apparatus. In order to convert 
the pinger records to distance, it is necessary to know the 
velocity of sound in the bottom water. A velocity of 
1,900 m/sec has been assumed, based on an extrapolation 
of Horton’s formula‘; the extrapolation is known to be 
good to + 20 m/sec at 17° C and 26 per cent salinity by 
direct measurement in brine reservoirs (Bullard, E., per- 
sonal communication) so that errors resulting from this 
uncertainty are probably less than 1 per cent. 

The temperature profile for Discovery Deep (Fig. 2) 
(Stn. 147) shows a gradual decreasein temperature of 0-5°C 
n the bottom 60m. This decrease was also observed by 
Swallow and Crease! but was only just measurable within 
the lmits of their acouracy using pressure-corrected 
unprotected thermometers. The marked decrease in tem- 
perature between 76 and 83 m above the bottom suggests 
layering within the 44° C water. In contrast, the tem- 
peratures in Atlantis IT Deep are constant to 001° O of 
56-7° O to within 5 m of the bottom. This was confirmed 
by three lowerings (Stns. 138, 140, 141). 

The colder water at the bottom of Discovery Deep 
implies that this water cannot have acquired its heat 
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from below because such heating leads to vertical con- 
veoction, and adiabatic temperature gradients. Atlantis IT 
Deep water, however, is probably being heated in this 
way, causing almost uniform temperatures throughout 
the 56° C bottom layer. It appears that Atlantis IL Deep 
water has overflowed into Discovery Deep at some time 
in the past. The layering at 80 m may be caused by 
overflowing on different occasions. If this is so, then not 
only 1s the source of the hot brines restricted to Atlantis 
II Deep, but a catastrophic mechanism, for example a 
submarine volcano, is indicated. 

I thank the scientists and crew of the R.V. Chain for 
help in making these measurements. The work was sup- 
ported by the Natural Environment Research Council 
and Shell. 
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Unmetamorphosed Volcanic and Sedimentary 
Xenoliths in the Kimberlites of Sierra 
Leone 


Tum dominant xenolith types in the kimberlites of the 
Sefadu area of eastern Sierra Leone are granite, amphi- 
bolite and amphibole-schist derived from the wall rocks. 
Eclogite and dunite xenoliths are only rarely encountered. 
Small inclusions of a suite of virtually unaltered volcanic 
rocks and derived sediments for which no counterpart 
is found in the mapped country rocks of the area are a 
feature of the kimberlite now exposed by mining at 
Koidu. I recently collected a series which included 
undeformed amygdaloidal basalt, clastic basaltic sand- 
stone, fine-grained basic tuff, fragmental andesitic tuff 
and calcareous tuff. The kimberlites occur in granite 
emplaced in the Pre-Cambrian Kambui Schiste, a strongly 
metamorphosed. schist series of largely voleano-sedimen- 
tary parentage’*, The unaltered xenolithic material 
in the kimberlites is most readily explained as being 
derived from an overlying sequence of volcanic and asso- 
ciated sedimentary rocks, now removed by erosion. 

Approximately 100 miles west of the kimberlite area 
a series of essentially unmetamorphosed sedimentary 
rocks with volcanics, the Rokel River Series, outcrops 
in a long tongue which passes southwards into west 
central Sierra Leone from the Guinea border. The rocks 
ocourring in the east of this belt, according to Allan’, 
are mainly mudstones passing mto thin-bedded sand- 
stones and mudstones with thin conglomerate horizons. 
Laminated arkoses and feldspathic sandstones outcrop 
locally along the eastern margin where there is visible 
unconformity on the basement gneisses. In the west, 
demonstrable lavas and tuffs outcrop and are associated 
with grey mudstones, siltstones, subgreywackes and rare 
feldspathic greywackes. Nothing is known of the nature 
of the western limit of this series. The Rokel River Series 
is unconformably overlain in the north by the rocks 
of the Saionya Scarp Series. The precise age of the Rokel 
River Series is not known but the unconformable relation- 
ships indicate an age younger than the basement gneisses 
and older than the aionya Scarp Series which, in its 
northern extension, has been ascribed a Cambro-Ordovi- 
cian age by French geologists‘. 

No precise correlation can be made, but it is possible 
that the volcano-sedimentary relics preserved as xeno- 
liths in the Koidu kimberlite correspond to the Rokel 
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River Series. If this were so it would indicate that formerly 
this sequence extended considerably further to the east. 
Alternatively a distinct voloanic cycle may have occurred 
in eastern Sierra Leone. No evidence of extrusive rock 
formation younger than the volcano-sedimentary period 
of the Kambui Schists has to date been recorded in eastern 
Sierra Leone, however, although hypabyssal mtrumons 
(dykes and sills of dolerite, olivine dolerite and basalt) 
are commonly found. The dominant west-north-west 
trend of these corresponds with that of basio intrusions 
found in the west of the country which cut rocks of the 
Rokel River Series and apparently connect with the 
dolerite cap of the Saionya Boarp Series. A comparable 
age for the eastern intrusions has therefore been tenta- 
tively suggested’, that is, Palaeozoic or younger if a 
Palaeozoic age is accepted for the Saionya Scarp Series. 
The volcanic sequence indicated by tho xenoliths of the 
kimberlites may represent the surface products of this 
igneous cycle and, if so, they point to a considerable 
extension to the east and south of the present Palaeozoic 
cover at the time of emplacement of the kimberlites 
in their present location (certainly post-dolerites, very 
probably post-Palaeozoic and thought to be Cretaceous). 
The earliest of the epeirogenic movements which led to 
the development of the three recognized erosion surfaces 
of eastern Sierra Leone is considered unhkely to be older 
than the end of the Mesozoic Era‘~*. It seems reasonable, 
therefore, to suggest that Palaeozoic to early Cretaceous 
voloanio and sedimentary rocks, or possibly even older 
rocks belonging to the Rokel River Series, were still 
present in the area at the time of emplacement of the 
kimberlite and that they would subsequently have been 
subjected to accelerated erosion following uplift asso- 
ciated with the first epeirogenic phase. It has been 
suggested that removal by erosion of 1,000 feet has 
occurred in the area since the Upper Cretaceous’. It 
is tempting to speculate that the emplacement of the 
kimberlites in their present locations may have been 
connected with this period of movement. 

Only a few small kimberlite pipes are known from 
Sierra Leone and yet large quantities of alluvial diamonds 
have been, and are being, won from the area. It may be 
supposed, therefore, that the kimberlites now exposed 
represent the roots of much more extensive bodies now 
removed from erosion. On this supposition, however, 
the greater frequency of surface derived xenoliths found 
in the Koidu diatremes, as compared with eclogite and 
dunite, is unexpected. This apparent xenolith frequency 
distribution may to some extent, however, result from the 
relative ease of recognition of the volcanic and sedi- 


OFFRETITE (P6m2) 





Wig. 1. An (0001) projection of a proposed structural scheme tor cereal compared with that of erionite’, (S1, Al) atoms are represented by 
o dou = 


corners of the hexagonal rings; oxygen atoms are ignored. 
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mentary xenoliths in situ compared with eclogite and 
dunite. 
F. H. HUBBARD 
Department of Geology, 
Fourah Bay College, 
University of Sierra Leone, 
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THE SOLID STATE 


Non-identity of the Zeolites Erionite and 
Offretite 


THe structure of the aluminosilicate frame of eriomte 
was proposed and tested by Staples and Gard!. Hey and 
Fejer* have stated that X-ray powder photographs of 
offretite from Mt. Simnouse, Montbrison, Loire, France, 
were identical with those of erionite from Durkee, 
Oregon“, They claim that the name offretite has 
priority over erionite. 

Recent electron diffraction and X-ray single crystal 
studies have shown that the unit cell of offretite (B.M. 
68970) is hexagonal, with a 18-31, c 7-59 A, that is with 
c half that of erionite. There are no systematically absent 
reflexions. Streaks parallel to c* in electron diffraction 
patterns of some crystals suggested slight disorder due to 
stacking faults. Patterns from a synthetic specimen, 
Linde Zeolite T (ref. 7) were more strongly streaked, and. 
had diffuse maxima which indicated a disordered inter- 
growth of erionite and offretite. All reflexions with ! odd 
in Debye—Scherrer and Guinier photographs of erionite 
were absent from those of Linde 7. 

Offretite and erionite are evidently two distinct but 
closely related minerals, which can mtergrow; both 
names are therefore valid. They can readily be dis- 
tinguished by single-crystal X-ray or electron diffraction, 
but with less certainty by X-ray powder techniques. 
For finely divided samples, electron diffraction can dis- 
tinguish offretite from intergrowths with erionite, but 
X-ray powder techniques are inadequate. Specimens 
from seven localities were identified as ordered erionite, 


ERIONITE 


(P 64/mmc) 


the 
mbered ringa are represented by double hexagons, and relative 


heights of the rings are numbered. 
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but the Mt. Simiouse specimen is the only natural 
offretite we have found. 

Offretite is a new member of the series of hexagonal 
zeolites structurally related to chabazite. Its a-dimension 
is closer to those of erionite! and levyne’, which have both 
double and single rigs of 6 (8i,Al)O, tetrahedra, than to 
those of gmelinite*?° and chabazite!!, which have only 
double six-membered rings. A proposed frame structure 
for offretite, space group P6m2, contaimng one double 
and one single six-membered ring per unit cell, is com- 
pared with that of eriomtein Fig. 1. It will be tested by 
structure analysis. The relation between the two minerals 
resembles that between gmelinite and chabazite. Offretite 
has wide channels parallel to c, bounded by rings of 
twelve tetrahedra. It should therefore have sorptive and 
catalytic properties superior to those of eriomte, but 
structural faults, comprising an occasional thin layer of 
erionite parallel to (0001), could effectively block the 
channels, as with disordered gmelnite. These faults 
would be indicated by streaks parallel to c* in electron- 
diffraction patterns. Linde zeolite T is unlikely to have 
better sorptive properties than erionite, but fully ordered. 
offretite could possibly be synthesized by careful choice 
of experimental conditions. Such a synthetic product 
would have valuable commercial applications. 

Part of this work was included ın a doctoral disserta- 
tion!%, and we are indebted to the Norton Company, 
Worcester, Massachusetts, for generous financial support. 
We also wish to thank Professor R. M. Barrer, Dr L. B. 
Sand, Dr D. L. Peterson and the Department of Miner- 
alogy, British Museum (Natural History), for specimens 
of erionite and offretite. 
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CHEMISTRY 


Sodium Naphthalenide-Alkyl Halide 
Chemiluminescence 


WE wish to report the production of violet chemilumin- 
escence when alkyl halides are reacted with sodium 
naphthalenide at room temperature under anaerobic con- 
ditions. This effect, which can be detected by eye in a 
darkened room without dark adaptation, was found to be 
general for primary, secondary and tertiary bromides, 
chlorides, fluorides and iodides. Preliminary experiments 
show that light emission is most intense for tertiary 
halides and iodides. 

The reaction is initiated by rapidly injecting an approx- 
imately 1 molar solution of sodium naphthalenide in 
dimethoxyethane into an excess of halide in dimethoxy- 
ethane which is protected from oxygen and moisture by 
a serum cap. Mixing is facilitated by stirring with nitrogen. 
Light omission is followed with a photomultipler tube 
arrangement similar to that of Dimbat and Harlow’. A 
Bausch and Lomb No. 33-86 grating monochromator was 
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uoserted between the reaction vessel and photomultiplier 
tube for studies of chemiluminescence and fluorescence 
apectral distribution. 

Light emission occurs immediately the reactants are 
mixed, and decreases to 10 per cent of the initial intensity 
within 1-5 min, depending on the halide and conditions 
used. The close correspondence between the chemi- 
luminescence spectrum and the fluorescence spectrum of 
naphthalene shows that excited naphthalene is the 
emitting species. 

A recent study of this reaction (carried out under 
similar conditions) suggests the following reaction path*: 


electron 
RCH,CH,X + NatO,,H,-—> RCH, + C,,H, + Nat +X- 
transfor (1) 


disproportionation 
RCH,CH, + RCH = CH, (2) 


(3) 


Excited naphthalene could be produced directly ın the 
electron-transfer step (1) and in the subsequent radical 
reactions (2) and (3) in which the excited product may 
transfer onergy to naphthalene and give rise to a sensitized 
chemiluminescence. Electron transfer reactions are found 
to be very efficient for excitation because the energy 
release is rapid, and the energy 1s thus conserved for the 
production of excited states rather than dissipation 
through slower non-radiative processes?*. Efficient 
sensitized chemiluminescence involving highly condensed. 
aromatic sensitizers has been observed for the reaction of 
oxalyl chloride with hydrogen peroxide’. We are con- 
tinuing experiments designed to clarify the excitation 
process, and to study the effects of halide type and 
structure on luminescence intensity. 

This work was supported by a grant from the US 
National Science Foundation through its College Teachers 
Research Program. 


2 RCH,CH,— 


combination 


R(CH;) E 
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The Chemiluminescent Reaction O +- 
H— OH + h 


CHEMILUMINESCENOE has been observed spectroscopically 
in the reaction between ground state oxygen atoms and 
hydrogen atoms. The emission corresponds to the trans- 
ition 

OH(A E+) + OH(X *x) 
The (0, 0) band was by far the most intense feature, but 
the (0, 1), (1, 0) and (1, 1) bands were also observed. 

Hydrogen atoms were produced by flowing hydrogen 
through a Wood’s tube, and oxygen atoms in the absence 
of oxygen by the NO-N atom titration technique. The 
gas streams were mixed in a reaction tube at a total 
pressure of 2 torr and flowed past the observation region 
with a linear velocity of about 1,000 cm/sec. 

The emission was clearly shown to result from the 
reaction of the atoms in the reaction tube. It was not due 
to any discharge process or to the presence of water vapour. 
Nor was ıt caused by any process which excited ground 
state hydroxyl] radicals. 
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The dependence of the (0, 0) band intensity on reactant 
concentration at constant total pressure was found to be 
of the form J = K[H][O]. Atomic oxygen concentrations 
in the observation region were determined from the 
NO-N titration values and the decrease along the tube as 
monitored by the NO-O glow*. Atomic hydrogen con- 
centrations were measured with an isothermal calori- 
meter probe*. Preliminary results on the effect of total 
pressure on the intensity indicate that the excitation 
18 a two body process. 

Since the upper (A *2i+) state of the transition does 
not correlate with ground state atoms, it is likely that the 
combining atoms enter the A state by way of an electronic 
transition from a repulsive state. If this is the case one 
might expect to find evidence for pre-association. The 
following observations support such an interpretation. 

Although measurements of relative band intensities 
show that the I»ı/ Too is in fairly good agreement with 
the values calculated from Shuler’s Einstein A coefficients‘, 
the I,,o/Zo,) ratio is considerably greater than that expected 
from thermal equilibrium at 300° K. The V’ = 1 level of 
OH(A *2+) occurs at 36,429-2/em above V” = 0 for the 
ground (X *z) state’, which is very close to the value of 
35,450 + 150/em for the heat of association of ground 
state atoms’. On the other hand, the (1, 0) band was not 
observed when discharged water vapour was used as a 
source of OH(A *#+), even though this is a much stronger 
source of (0, 0) band emission. This suggests that pre- 
dissociation oceurs in this case. 

An anomaly in the rotational intensity was observed in 
the (0, 0) band at the line 13Q,. The energy of the K = 13 
level is 35,459/cm which, again, is very close to the heat of 
association of ground state atoms. The 13Q, line is 
enhanced which is the expected behaviour for pre-asso- 
ciation at this level. On the other hand, the 13Q, line is 
attenuated when discharged water vapour is used as the 
source, which suggests pre-dissociation in this case. 

These observations strongly suggest a perturbation 
at an energy near the heat of association of ground state 
atoms. Further studies of this perturbation are under way. 
This chemiluminescence has practical, as well as theoretical, 
interest. From absolute intensity measurement of the 
atmosphere ıt should be possible to determine the height 
profile of [(O][H]. From a knowledge of the oxygen atom 
concentration it would then be possible to deduce the 
hydrogen atom concentration as a function of altitude. 
Such information would be very valuable in understanding 
a number of aeronomic processes. 

This work was supported in part by the Defence Re- 
search Board of Canada and in part by the US Army 
Research Office, Durham. 
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Empirical Rules for Absolute Configuration 
in Co-ordination Compounds 


Tas article is an attempt to reconcile several independent 
and often contradictory approaches to the deduction of 
absolute configurations of octahedral complexes. 

For the complexes of cobalt(III) containing two or 
three rings with five members or fewer, there is a rather 
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rebable empirical rulet to which no exceptions are so far 
known. The rule is that if the Cotton effect of the longest 
wavelength absorption is dominantly positive, the enantio- 
mer has the configuration corresponding to that of the 
D(+)(Coen;)** ion (that is, S(C;)R(C,) or R(C,) in a 
nomenclature depending on axial symmetry). _ 

Difficulties have, however, arisen in complexes of poly- 
dentate ligands, such as ethylenediamine tetraacetate and 
NNN'N1-tetrakis-(2+-aminoethyl)-1,2-diaminoethane. The 
stereoselective co-ordination to cobalt of R(—)mepenten* 
and of R(—)PDTA® gives complexes the absolute config- 
uration of which is known to be of the form R(C,) because 
both ligands are made from R(—)propylenediamine. By 
comparison of the curves for the Cotton effect for these 
two materials of known configuration, the configurations 
of the resolved complexes of symmetrical ligands R(C,) 
(-)(Co penten) and B(C,)( + )sas1(Co(EDTA)) are obtained. 
In practice, however, both these enantiomers have Cotton. 
effects as follows: larger negative (at lower energy); 
smaller positive (at higher energy). This is the opposite 
order to that for the complexes covered by the rule speci- 
fied above. 

The apparent discrepancy may be resolved on the followf 
ing lines. For complexes with C, symmetry, the tranmtion 
144<—14 (parallel to the ©, axis) involves the promotion of 
an electron in a helical path. In either classical or quantum 
theories of optical activity, an electron constrained to move 
in. a right handed helix gives a positive Cotton effect. Thus, 
for the R(C,) configuration, 14<1A will show positive 
rotational strength, and for the S(C,) configuration, 
14<—14 will show a negative rotational strength. 

The order and rotational strengths of the B transitions 
cannot be deduced because they are not determined by 
symmetry. It was recently pointed out‘ that empirical 
assignments of configuration using Cotton effect curves 
are unreliable in cases where the electronic transitions of 
the chromophore considered are degenerate in the zero 
order. This is certainly true for attempted comparisons of 
polydentate with bidentate complexes because the effects 
of amall changes of molecular geometry on the ordering of 
components of Band I cannot yet be predicted. 

The A component of Band I can usually be assigned, 
because it is determined by try. For (+)sis:[Co 
{R(—)(PDTA)}]- and (+)sai[Co(EDTA)]}-, and for (—) 
[Co penten]*t and (—)[Co{R(—)mepenten}]*, all known 
to have the R(C,) configuration, the positive Cotton effect 
may be assigned to 144-14, as shown in Table 1. This 
spectroscopic deduction for the diamine tetraacetate 
complexes was given earlier’. The order of the spectro- 
acopic levels in the polydentate complexes is then 4 >B 
(in contrast to the complexes covered by Rule I, where it is 
B>A). y 


Table 1. SPMOTROSCOPIO ASSIGNMENTS FOR COMPLEXUS OF THE R(0,) CON- 


FIGURATION 
Complex Positivo Cotton effeot Other Cotton effects Order 
CAA) CB ++ Bet4) 
v 8,-tr ” bsr 
(+ )eun[Co{R(—)PDTA}]~ 19,420 +07* 17,040 ~16 A>B 
(4+ DTA)]- 19,420 +0-9* 17,010 -17 A>B 
(= SfGofRl — Mapen- 
ten}] 22,000 +02+ 10,600 ~15 A>B 


* Data from ref. 5 
+ Data from ref, 2. 


A very similar example arises in comparisons of com- 
plexes of cobalt(III) and chromium(III). For the tris- 
diamine chelates [Coen,]** and [Cren,]*+ the splitting of 
the spectroscopic levels is the same in each case [A > E]» 
For complexes of polydentate ligands this is often not the 
case; for example, with the ligand (+) PDT A, the circular 
dichroism ourves for the complexes of cobalt(III) and 
chromium(III) are approximately enantiomeric’, although 
the complexes have the same configuration. This is better 
explained by a spectroscopic effect—changes in the order 
(or relative rotational strengths) of energy levels of 
chromium(III) relative to cobalt(iII}—than by an in- 
version® of octant sign. ° 7 
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In the case of (— )[Co penten], it appears that the order 
of levels is A > B. The virtual disa of the Cotton 
effect due to the A transition arises because the A and B 
levels are so nearly degenerate. The total negative rota- 
tional strength of the B levels is (in this case) greater, and 
14<-14 appears only as a residual wing absorption. 
The similar situation for [Co(EDTA)]- is more clear-cut, 
because the components 14 +1B+1B are more distinctly 
split. 

It now seems clear that the assignment’ of configurations 
to complexes of C, or lower symmetry on the basis of 
alterations in Cotton effecta due to ion-pairing with anions 
such as selenite may be unreliable. (It was on this basis 
that (—)[Co penten]*+ was meorrectly assigned to the same 
configuration as (— )[Coeny(NH;,),]**.) 

Finally, the problem of the relationship between 
spectroscopy and configuration arises in an important way 
in the complexes [Co(x-dipeptide),]-, which we have 
recently investigated. These complexes, formed stereo- 
specifically, all have strong negative circular dichroism 
for Band I ((4+'!B+18). If this Cotton effect arises, as 
we have assumed, from 14«—1A, then the configurations are 
8(C,)[Co(z-dipeptide) 7 . If, for some reason, one of the B 
transitions had a larger rotational strength than A, how- 
ever, this assignment could be in error. Work on the con- 
figuration of complexes of polydentate ligands is being 
continued. 
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PHYSIOLOGY 


Site of the Visual Suppression Effect 


TEMRE 18 no general answer to the question of the possible 
existence and function of a centrifugal pathway to the 
retina. Evidence for the presence of such a system in 
mammalian species is controversial, but Holden! has 
pointed out that in the case of the pigeon there is substantial 
anatomical and physiological evidence for a centrifugal 
system. He goes on to suggest possible functions for such 
a pathway in mammals mediating known visual phenomena 
although Brindley? has argued that there is little be- 
havioural evidence for the necessity of such a pathway. 

Holden suggests that retinal rivalry and saccadic sup- 
pression are two phenomena which may be mediated at a 
retinal level by a centrifugal pathway. In both phenomena 
vision is suppressed by some intervening state, this being 
accompanied by a reduction or alteration of the visual 
evoked response produced by stimuli delivered to the 
suppressed eye’. The retina is suggested as the site of 
this suppression by the fact that in both phenomena there 
is a reduction of the pupillary reflex during suppression 
There are, however, good reasons for believing that this is 
sot the case. 

The first reason is that the reduction in the visual evoked 
response accompanying retinal rivalry occurs with no con- 
comitant reduction in the electroretinogram‘, so that there 
is no gross change in retinal activity during suppression. 
Secondly, an interaction between eye movements and 
vision analogous to saccadic suppression has been observed 
in the cat; during eye movements visual evoked responses 
at the cortex’ and the lateral geniculate" are reduced, 
although there is no chenge in the response in the optic 
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tract*®. This, of course, suggests that suppression is occur- 
ring at the lateral geniculate. (Such a phenomenon could 
be mediated over a pathway described by Bizzi and Brooks’ 
from the medial reticular formation to the lateral genicu- 
late body.) 

Finally, if saccadic suppreasion is related to the corollary 
discharge, as has been suggested by Michael and Stark’, 
it is dificult to imagine that a centrifugal pathway, 
which in the mammal would be small if present, could 
carry out the intricate data processing involved in the 
transformation of the spatial co-ordinates of retinal ac- 
tivity. Saccadic suppression is more likely to occur at a 
higher level in the central nervous system, possibly at a 
site where monocularly oriented data processing can 
occur”, 

The experimental results referred to here have all been 
obtained at the level of the evoked response, and it is 
possible that at the level of the single neurone events are 
occurring that are not reflected in the gross electrical 
activity bemg monitored. Direct recording of single cell 
activity in the retina during suppression is necessary to 
eliminate completely the retina as the active site in sup- 
pression phenomena. Nevertheless, it seems unlikely 
that visual suppression, whether the result of retinal 
rivalry or saccadic eye movements, occurs at the retinal 
level. 

This is, of course, not an argument against the presence of 
a centrifugal pathway either in the pigeon or in mammals, 
but it would seem to remove one possible function for such 
a pathway, and thus weaken the argument that such a 
pathway is necessary to explain known visual phenomena. 
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Disconjugate Eye Movement Patterns 
during Optokinetic Stimulation of the 
African Chameleon, Chameleo melleri 


Orroxnmmrio nystagmus can be elicited in humans and 
in many animals by presenting a moving optic pattern, 
for example, of vertical stripes moving horizontally at 
constant velocity. The eyes follow (“pursue”) the pattern 
at an angular velocity that may approach or equal that 
of the moving stripes: this ocular pursuit movement 
(the “slow phase” of the optokinetio nystagmus) tends to 
stabilize the position of the image on the retina'*, Each 
pursuit movement is terminated by a rapid, “saccadic” 
ocular return movement (the ‘‘fast phase”) that trans- 
ports the image to a new retinal location!*. Alternation 
of slow-phase movements in one direction with fast- 
phase movements in the opposite direction results in an 
oscillatory eye movement pattern called a nystagmus. 
Mammalian optokinetic nystagmus is normally conju- 
gatet", that is, the two eyes move in unison, as if yoked; 
however, we do not think the extent to which the pattern 
of optckinetic nystagmus is conjugate in the infra- 
mammalian vertebrate has been clearly determined. 
Discussions of inter-ocular motor co-ordination at 
different levels of vertebrate evolution have generally 
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categorized the movements into “voluntary” and “in- 
voluntary” types, and have then stated that whereas the 
“voluntary” eye movements are conjugate only in mam- 
mals, the “involuntary” eye movements are conjugate 
in all the vertebrates‘*. The “involuntary” category 
has been defined to include “the various .. . ‘nystagmio’ 
movements”*’—presumably, therefore, it includes opto- 
kinetic nystagmus, with the implication that the whole of 
the pattern is a conjugate one in infra-mammalian 
animals as well as in mammals. It is also stated, however, 
that the “involuntary” category consists of “‘eye-muscle 
reflexes which are needed to compensate for head and body 
movements and maintain the status quo of the visual 
field”’*. While the slow-phase component of optokinetia 
nystagmus tends to ‘maintain the status quo of the visual 
field”, this is not true of the fast phase movements. 
Thus, there is some ambiguity in applying these cate- 
gories to the fast phase. If the pattern of nystagmus 
as a whole is “anvoluntary”’, then movements of the two 
eyes should be yoked with respect to both the slow 
and the fast components of optokinetio nystagmus; but 
if only the stabilizing component is “involuntary”, then 
the rapid component might exhibit asynchrony, while the 
slow component remained yoked. Such considerations 
led us to attempt direct observations. 

We began with the African chameleon, O. melleri, 
because it has conspicuous, very mobile eyes (with 
excellent foveate vision), and therefore the movements 
of both eyes can be seen simultaneously, by a single 
observer, without use of mirrors or other apparatus. 
Non-conjugate optokinetic and pursuit responses similar 
to those described below in the chameleon, Atkin has since 
observed in striped poison puffer fish, Tetraodon immacu- 
latus, Tauber has seen in rainbow parrot fish, Scarus 
quacamata (unpublished results), and Griisser in goldfish, 
Carassius auratus (personal communication). (An inter- 
esting, and possibly non-conjugate, type of optokinetic 
nystagmus in the herring, Clupea L., has also 
been reported‘, although without any mention of rela- 
tions between the movements of the two eyes.) 

A chameleon was tested by placing it within a verti- 
cally oriented cylindrical screen that could be rotated in 
either direction by an electric motor, at speeds up to 
10 r.p.m. The cylinder was open at the top so that ob- 
servers could look down upon the animal, and closed at 
the bottom by a stationary circular floor (surfaced glossy 
black) upon which the animal stood. The cylindrical 
soreen was 30 in. in diameter, 24 in. high, and had a 
vertical pattern of alternating black and white 1 in. 
stripes on ita inner surface; the latter was illuminated 
from above by a 100 W incandescent bulb placed along the 
axis of the cylinder approximately 3 ft. from its top. 

Three adult chameleons were tested. Each animal was 
observed by two or three observers while the cylinder 
was rotated at gradually increasing speeds, first in one 
direction and then in the other. Each run started at about 
1-5 r.p.m. (9°/sec). With few exceptions, the chameleon 
was permitted to walk about freely within the confines 
of the optokinetio cylinder. Experiments were carried 
out on five separate occasions. On one occasion slow- 
motion cinematography at 128 frames/sec supplemented 
direct visual observation (adequate photographic expo- 
sure was attained by substituting a 400 W flood lamp 
for the 100 W bulb used at other times). Room temper- 
ature varied between 70° and 80° F, which was considered 
satisfactory for the chameleon. 

Generally similar results were obtained with each of 
the three chameleons, When the animal was placed 
on the stationary platform within the revolving cylinder 
it consistently circled in the direction in which the cylinder 
was turning, and usually at an equal angular velocity. 
With increasing cylinder speed the animal moved pro- 
gressively in toward the centre of the cylinder and ran in 
a circle of smaller radius, thereby continuing to rotate 
at the same speed as the cylinder. So long as the animal’s 
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turning -kept up with that of the cylinder, the head 
remained in a fixed position relative to the body, and 
there were no slow stabilization movements of the eyes 
in relation to the head; but head nystagmus?”, or ocular 
nystagmus, or both could be observed when the animal’s 
locomotion lagged behind the angular speed of the cylinder. 
This occurred at speeds of cylinder rotation that exceeded 
about 30°/sec, or at slower cylinder speeds if we impeded 
the animal’s locomotion. 

During periods of ocular nystagmus: (a) the eye move- 
ments were sometimes co-ordinated with respect to both 
slow and fast phases, with both eyes consistently turning 
in the same direction at the same time; (b) at other times 
both eyes were makıng slow-phase movements in the 
same direction but the interspersed saccades were never- 
theless disconjugate and dissynchronous; and (c) there 
were also periods in which neither fast nor slow phases 
were co-ordinated, for example, when one eye was not 
moving at all and was looking up toward the ceiling or 
down at the table. In other words, there were frequent 
periods when eye movements during optokinetic nystag- 
mus were co-ordinated as if yoked, but there were also 
periods revealing clear-cut evidence of disconjugate 
optokinetic nystagmus. These findings were confirmed 
by slow-motion photography. 

The apparent variability of binocular co-ordination 
can be interpreted as follows. If the animal had kept its 
visual axes directed laterally while it also remained near 
the axis of the cylinder, the distributions of angular 
velocities dominating the fields of view of its right and 
left eyes would have been very similar. It usually did 
neither, however. During optokinetic stimulation the 
directions of gaze of its two eyes retained their indepen- 
dence to a striking degree, with respect to angle of eleva- 
tion as well as of azimuth; thus, as noted above, the line 
of vision of one eye was sometimes directed at stationary 
objects above or below the rim of the rotating cylinder 
while that of the other eye was directed at the moving 
pattern. Furthermore, the chameleon’s usual path of 
locomotion kept the axis of rotation of the cylinder off 
to one side of its head; this introduced a second source 
of stimulus assymmetry, for the distribution of velocity 
magnitudes on one side of the animal’s head was then 
quite different from that on the other side of it. When 
these factors were taken into account, the general impres- 
sion gained was (a) that presence or absence of slow phase 
movement by each eye depended only on whether or not 
the visual detail fixated by that eye had an appreciable 
angular velocity with respect to the animal’s head; and 
further, (b) that direction and rate of slow-phase move- 
ment were determined independently for each eye by the 
direction and rate of angular movement of the detail 
fixated by it. Such a pattern might be considered a dis- 
conjugate version of the postulated mammalian “active” 
type of optokinetic nystagmus composed of a sequence 
of focal fixations, as contrasted to the “passive” pattern 
evokable only by rotation of the visual environment as 
a wholel§, 

We also investigated the directional symmetry’’ of 
the responses to monocular optokinetic stimulation. 
When one eye was covered (with a small patch cemented 
in place), the nystagmoid movements of the head and 
other eye during clockwise rotation of the striped cylinder 
were consistently similar in amplitude and pattern 
(although of course opposite in direction) to those which 
occurred during counterclockwise cylinder rotation at 
the same angular rate. This bi-directional equivalence 
of caudal-to-rostral and rostral-to-caudal directions of 
monocular optokinetic stimulation resembles that seen 
in primates!*, and contrasts with findings in, for example, 
rabbit? and pigeon’, in which caudal-to-rostral movement 
of the monocular stimulus is regularly more effective in 
eliciting optokinetic nystagmus than movement in the 
opposite direction. These relationships will be dealt with 
more fully elsewhere. 
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In conalusion, the observations demonstrate that 
optokinetic nystagmus can be disconjugate in infra- 
mammalian vertebrates, and suggest that in the chameleon 
each eye (and the half of the visual-oculomotor system 
associated with it) functions independently not only in 
the control of saccadic eye movements, but also in the 
control of pursuit movements. This may not be true, 
however, for all the infra-mammalian vertebrates, specifi- 
cally not for the afoveate species. Foveate animals, like 
the chameleon, can selectively “fixate” objects of focal 
interest: afoveate animals have a somewhat simpler 
visual-oculomotor organization, and, although their eyes 
may be quite mobile, lack this capacity. Thus, explor- 
ation of optokinetic co-ordination in infra-mammalhan 
animals with afoveate vision will be a logical next step. 
Our tentative prediction is that these animals will not 
show disconjugate eye movement patterns during opto- 
kinetic stimulation. 

This work was supported by grants from the William 
Alanson White Institute of Psychiatry, New York, and 
from the US Public Health Service. We thank Dr Hern- 
don G. Dowling, Curator of Reptiles, New York Zoological 
Society, for bis help. Slow-motion cinematography was 
carried out by Mr Robert Young and the technical staff 
of Roemer-Young Associates, New York City. 
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Motor End-plates in Fast and Slow Muscles 
of the Chick after Cross-union of their 
Nerves 


Stow and fast dorsal muscles of the chick have different 
types of motor innervation’. In the fast posterior latia- 
simus dorsi, muscle fibres are supplied with single en 
plaque end-plates which have richly branched troughs and 
strong acetylcholinesterase activity. On the other hand, 
the slow anterior latissumus dorsi muscle consists of muscle 
fibres with multiple end-plates of the en grappe configura- 
tion, with weak acetylcholinesterase activity*®. The two 
muscles differ in their electrical response to the stimulation 
of their respective motor nerves*. In the fast muscle, 
indirect stimulation by single shooks produces syn- 
chronous propagated action potentials. This 18 not the 
case in the slow anterior latissimus dorsi muscle. Although 
propagated action potentials are readily evoked in this 
muscle in vitro’, only local potentials are observed in 
response to a single nerve volley when electromyographic 
fecording is carried out in vivo‘. Propagated action po- 
tentials are not evoked except in some fibres by repetitive 
stimulation or during post-tetanio potentiation‘. 

In the present experiments nerve crogs-unions were 
made in the chick so that fast muscles were supplied with 
“slow” nerves and slow muscles with ‘fast’? nerves, with 
thé aim of learning whether the type of motor innervation 
would be changed according to the new nerve supply. 

The operations were carried out under ‘Nembutal’ 
anaesthesia in adult White Leghorns of about 1:5 kg body 
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weight. In the first group of six anumals the ‘‘slow” nerve 
to the anterior latissumus dorsi was sewn to the peripheral 
nerve stump of the posterior latissimus dorsi muscle. In 
the second group of six animals the “mixed” nerve’ 
to the posterior was connected to the anterior latissimus 
dorsi in an analogous way. In the third group of three 
animals of about 150 g body weight a pure “twitch” 
nerve to the anconeus scapularis muscle was implanted 
into the anterior latissimus dorsi, the original nerve of 
which was cut. As controls, the original nerves were cut 
and resutured so that the latissimus dorsi muscles were 
reinnervated by their own nerves. Two to eight months 
after the operation, the electromyographic response to 
supramaximal nerve stimulation was recorded with a 
concentric needle electrode in animals under ‘Nembutal’ 
anaesthesia. After the experiment the investigated 
muscles were stained for cholinesterase’. This staining 
could be used safely to detect the newly formed end-plates, 
because cholinesterase activity was found to be greatly 
reduced or absent at the original junctions from about 6 
weeks after cutting the nerves onwards. 

When muscles were reinnervated by their original 
nerves, the normal patterns of innervation and of electro- 
myographio response were restored within 2 months of the 
operation. 

When the nerve from the slow anterior latissimus dorsi 
was connected to the fast posterior muscle, the electro- 
myographic response to nerve stimulation and the type 
of innervation were changed. Four to six months after the 
operation only end-plate potentials were recorded in the 
muscle in response to indirect stimulation with single 
pulses, whereas propagated action potentials were reg- 
istered after a short tetanus and during post-tetanic 
potentiation (Fig. 1). This finding is in agreement with 
the results recently obtained by Feng et al.* by another 
method. 

Motor end-plates in the posterior latissimus dorsi after 
nerve cross-union were of the en grappe type, with low 
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pig. 1. Blestromyographic records with coaxial needle electrodo from the 
fas poataor latısarmus dors: (PLD) and from the slow anterior dorm 
(ALD) muscles of the chick to electric stimulation of their motor nerves 
PLD, Self-union three months after the resuturing of the origmal 
nerve. -union six months after crose-union of the nerves. ALD re- 
innervated by both the or) and the implanted nerves, three months 
after the o hon, Records from two different areas of the muscle after 
separate stimulation of the reapecttve nerves. Self-union. response to 
stimulation of the regenerated original nerve Oross-union’ response to 
atrmulation of the umplanted nerve from the anconens scapularis musole, 
Records before (unpotentiated) and after tetanic stimulation 200 
impulses/sec for 15 sec (post-tetanie potentiation). Time scale: 5 msec. 
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acetylcholinesterase activity, as is typical of slow muscle 
fibres. They were not, however, as numerous as in the 
anterior latissimus dorsi. On isolated muscle fibres one to 
three end-plates were detected on segments 10-20 mm 
long, whereas in the anterior latissimus dors ten to twenty 
end-plates are found on segments of comparable length. 

After the crogss-union of the posterior nerve to the slow 
anterior latissimus dors: muscle, no marked changes were 
observed either ın the pattern of mnervation or in the 
character of the electromyographic response. Propagated 
action potentials were recorded only exceptionally m 
response to indirect stimulation with single pulses, and a 
small number of end-plates of the fast type were found 
after stemming for cholinesterase. Because the nerve to the 
posterior muscle 1s a mixed nerve, the findings could be 
interpreted either as a result of the prevalence in re- 
innervation of the slow component’, or as a failure of the 
“fast” nerve fibres to form end-plates of the “fast” type. 
An attempt was therefore made to find a more suitable 
model for further investigation. 

A purely ‘‘fast” nerve to the anconeus scapularis muscle 
was implanted mto the denervated anterior latissimus 
dorsi of young chickens. Three months after the operation 
it appeared that the type of innervation and the character 
of electrical response had altered in a narrow region around 
the implanted nerve. Single shocks applied to the ım- 
planted nerve elicited propagated action potentials, and 
focal innervation with end-plates of high acetylcholin- 
esterase activity could be demonstrated histologically. In 
this series the distal part of the muscle also became re- 
innervated by the orginal nerve, so that the differing 
results of reinnervation by two different types of motor 
nerves could be seen in the same muscle (Fig. 1, ALD, 
and Fig. 2). 

In conclusion, the type of mnervation and electro- 
myographie response of slow and fast muscles of the 
chick was found to be changed after nerve cross-union. 
On the other hand, preliminary observations show that the 





Fig. 2, Two different areas of the same section from the anterior latis- 
mmus dorsi muscle innervated by two different nerves. A, Multiple end- 


lates in the region supplied by regenerated original nerve; B, single 
end-plate ın the area supplied by the implanted nerve from the anconeus 
scapularis muscle Stained for cholinesterase, incubation 1-5 h. Note the 

difference in the cholinesterase activity of the two types of end-plates. 


contraction tıme remains unaffected ın the chick p. 
latissimus dorsi supplied with the “‘slow” nerve. a.» 
discordance warrants further investigation, the more so 
because in analogous experiments on cats®, rats? and 
frogs'', the contractile properties of slow and fast muscles 
were altered after cross-union of the nerves. 
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Cortico-thalamic Facilitation of Somato- 
sensory Impulses 


Reouwr evidence indicates that the cerebral cortex may 
excite or inhibit neurones of various sensory relay nuclei*. 
For example, stimulation of the cat cerebral cortex may 
give rise to trans-synaptio activation of relay cells of the 
thalamic ventrobasal complex, occurring some msec after 
the antidromic invasion of the same cells'.7-?. 

In an attempt to study the significance of the cortico- 
fagal effect on thelamuc relay cells, extracellular responses 
of neurones in the ventral postero-lateral nucleus (VPL) 
were obtained im response to stimulation of the super- 
ficial radial (SR), median (M) and ulnar (U) nerves, as 
well as to stimulation of the somatosensory SI area. 
Sumilarly, the responses of cells of the medial geniculate 
body to click and auditory cortical stimulation were 
studied. The experimental animals were cats, anaes- 
thetized with pentobarbital sodium. : 

Stimulation of the foreleg area of the post-cruciate 
cortex produced an imtial negatrve deflexion in the VPL, 
signifying the antidromic invasion of a number of relay 
cells, followed by a negative wave (N-wave) with super- 
imposed spikes, and, finally, a positive wave (P-wave). 
Following an increase of the stimulus strength, or of the 
rate of stimulation, the N-wave increased in size and 
duration to conceal the subsequent P-wave. Thalamic 
relay cells, identified by antidromic mvasion from the 
post-cruciate cortex, were synaptically discharged one or 
several times in relation to the cortically induced N-wave. 
Similar thalamic responses to cortical after-discharges 
make it likely that they are produced by orthodromic 
cortico-thalamic volleys. 

Because of the high safety factor for synaptic trans- 
mission in the ventrobasal complex’, it is difficult to 
detect an altered synaptic efficiency. At low rates of 
stimulation, a converging cortico-thalamic volley failed 
to umprove the synaptic transmission of the lemniscal 
volley (Fig. 1, Cort-»+U, 2/sec). When the stimulus fro- 
quency was raised to 10/sec, the latency of the ortho- 
dromic spike decreased to an even lower value than that 
obtained with stimulation twice a second. Further 
imerease of the frequency of the cortical stimulation to 
30/sec gave an even greater decrease of the latency to 
ulnar nerve stimulation. The cortical stimulation was 
kept so weak that it did not by itself discharge the cells 
synaptically, only antidromically (Cort, dots). 
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Fig. 1. Upper line gtves tho nses of a thalamic relay cell to ulnar 
nerve (U) stimulation at 2, 10, and 80/sec. The stippled line Indicates the 
spike latency at 2/aec stimulation, e second horizontal row Indicates 

decrease 1n aynaptlo latency produced by a simultaneous cortico- 
thalamic volley (Cort). Cortical stimulus marked by a dot. Lower 
row shows the antidromic rosponea or na neurone to cortical stimulation 
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Fig. 2. 4, Open circles give the latency of a thalamic relay cell to six 
trials of ninar nerve stimulation at 1/aec, Filled circles give the latenoy 
to the same cell when a cortico- o volley colncides with the 
lemnisca] volley. B—F are results from simular runs where the frequency 
of stimulation has been increased from 5 to 20/aec, With imoreased 
frequency of stimulation, there 1s a Ls harap hs increase in the latenoy to 
ulnar nerve stimulation. In E and a number of stimuli did not 
discharge the cell at all, as indicated by the open circles boing behind the 
stippled hnes, Uncond (O), unconditioned responses, stimulation of 
ulnar nerve alone, Cond ©), conditioned responses-—--cortico-thalamio 

effect added to ulnar stimulation effect. 


In Fig. 2 (Uncond), ulnar stimulation at 2/sec dis- 
charged another VPL cell after a latency of 7-9-9-1 msec, 
Higher frequencies of stimulation resulted in a lengthening 
of the latency, and transmission sometimes failed (15 and 
20/sec). When the cortico-thalamic depolarization was 
added (Cond, 5-20/sec), the latency of the spike decreased 
and the probability of cell discharge increased. The effect 
was not present when stimulation was at l/sec. The effect 
was elicited from a restricted cortical area, namely, the 
yegion to which the orthodromically activated thalamic 
neurones sent their axons. Thus, on stimulation of the 
forelimb receiving area of the post-cruciate cortex, the 
major effect was noted in that part of the VPL receiving 
afferent impulses from the forelimb. Similar observations 
were made for the hindlimb. Furthermore, corresponding 
resylts were seon in the responses of medial geniculate 
neurones to click and auditory cortical stimulation. 

Thus, a train of cortico-thalamic impulses depolarizes 
thalamic relay cells of a particular region, and assists the 
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synaptic transmission of afferent orthodromic volleys at 
medium and high frequencies. This improvement of the 
relay of sensory messages can most easily be demonstrated 
when the synaptic transmission is somewhat impaired, 
for example by fatigue due to long-standing stimulation. 

This work was supported by grants from the National 
Institute of Neurological Diseases and Blindness, US 
Public Health Service, and the Norwegian Research 
Council for Science and the Humanities. 
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Summation of Motor Units in a Mechanically 
Elicited Phasic Stretch Reflex in Human 
Subjects 
Ix a previous article’ brief reference was made to the 
results of preliminary investigations which revealed a 
high, positive correlation between the height and area of 
the myogram in a mechanically elicited patellar reflex. 
This relationship between the maxumum force and the 
impulse (integral of force and time) of the isometric 
reflex contraction has now been confirmed repeatedly 

and the reasons for it have been established. 

The apparatus used was the same as that previously 
described?. -Seven normal subjects (four male, three 
female) participated in the experiments and all had been 
fully trained in Jacobson’s method of relaxation’. Two 
indices of muscle tonus were used, quiescent electromyo- 
gram from rectus femoris and biceps femoris, and when 
the pendulum hammer was released from a uniform 
height, very consistent peak forces for the tap on the 
ligament were recorded (mean and standard deviation 
about 2 kg and 0-04 kg respectively). 

The subjects were blindfolded and sat in a special 
chair. The angle between the thigh and leg was about 
90°. Taps to the ligament were delivered at random 
intervals of at least 15 sec. 

Product-moment correlations in the range 0:919- 
0:999 (P<0:001) have been observed over many sessions 
with each subject. Fig. 1 shows a correlation plot for one 
subject to show that the relationship 18 linear. 

The explanation of this relationship between the 
height and area of the myogram of rectus femoris muscle 
can be found in the characteristics of its shape. For all 
subjects, irrespective of amplitude, the total duration 
of the isometric contraction (response time) is consistently 
0-4 seo and the maximum height is reached in 0-1 seo 
(contraction time). 

The consistency of response time and contraction time, 
irrespective of the height of the myogram, found in the 
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present expermments (Fig. 2) with intact human beings 
agrees with the findings of experiments on anaesthetized 
cats when the motor neurones were stimulated electrically 
with a synchronous square wave pulse of 1 msec duration 
to elicit unit twitch and muscle twitch responses’. 

Close, in work on animal preparations, has shown that 
provided the temperature and resting tension of the muscle 
remain constant, and the compliance of the transducer 
used to record the myogram is low, the motor twitch 
responses add arithmetically with increased mntensity of 
brief electrical stimulation‘. 

The time course of the various partial responses in the 
present experiment suggests that the time relations of 
the motor units closely resemble those for the response 
of the whole muscle. There is no way of knowing whether 
the additions to the height of the myogram are single 
unite or groups of units but, in any event, all additional 
motor units behave in the same way and there is a very 
narrow distribution of the time relations of the myogram. 
In fact, myograms of the same height were found to have 
identical shapes within sessions, and often between 
sessions held on different days, in the same subject. 

There is evidence that the responses in the present 
experiments are probably twitches. First, the muscle 
action potentials were discrete, di-phasic spikes lasting 
0:04 seo without any obvious repetitive activity in the 
electromyogram. The motor volley was therefore 
probably highly synchronous. Second, the contraction 
time of 0-1 sec observed for mechanical stimulation 
corresponds with the contraction time for twitches in 
response to a brief, single shock stimulus to motor nerves in 
human leg muscles'-’. For these reasons, the responses 
of these intact subjects are likely to be twitches of units 
or groups of units operating in parallel and adding 
arithmetically. 

Under conditions of rigid control over the relevant 
environmental and organismic variables? amall standard 
deviations of the order of 0-40 kg have been obtained in 
the amplitude of the myogram for uniform mechanical 
extension of the muscle. The large range of amplitude 
shown in Fig. 2 is the result of some trials being augmented 
by a Jendrassik manoeuvre. The enormous range of 
possible response is striking, however, and under the 
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Fig. 1. Correlation plot to show the linear relationshrp between the 
impulse and maximum force of the isometric contraction 1s 8 mechani- 
cally elicited patellar reflex, r=0 099. Subject B.H. 
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Fig. 2. Supermy traces of the my am of the isometric contrac- 
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ject B.H, The ae ote of the tap on the hgament ranged from 

a 70 to 1:88 kg, mode a 76 Jendrassik augmentation was used in 
some trials to the amplitude of the responses. 


conditions of these experiments must be attributed to 
supra-spinal influences operating on the threshold of 
muscle spindles (indirect fusimotor sensitization of the 
receptor) and motor neurones (direct potentiation of 
spinal cells). 

I thank Drs J. R. Trotter and R. I. Close for discussions 
and Professor C. A. Gibb fer the use of facilities in his 
department. 
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Effect of Lung Inflation on Alveolar Surface 
Area in the Dog 


Tue anatomical changes which occur in the lung during 
deep inspiration and expiration are the subject of some 
argument. Macklin! considered that during inspiration 
the main increase in volume occurred in the alveolar 
ducts, and that the alveoli underwent little or no stretching 
but merely became “shallower and wider at the mouth 
when the tube into which they open dilated”. This view 
has been challenged by Storey and Staub’, who showed, 
using rapid freezing techniques in the lungs of living cats, 
that the mean alveoler diameter increased during in- 
spiration. They concluded that the surface area of the 
alveoli increased correspondingly. The alveolar surface 
area has not hitherto been measured directly in varying, 
degrees of inflation. 

Twelve lungs were taken from six healthy greyhounds 
and inflated and fixed at different pressures with formalin 
vapour’. 'The fixed inflated lungs were sliced and subjected 
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to randomsampling for quantitative histological analysis‘:’. 
Using paraffin sections cut at 4u stained by the periodic 
acid-Schiff method, the alveolar surface area was de- 
termined by the mean linear intercept method"? and the 
volume proportions of alveoli and respiratory ducts 
(alveolar ducts and respiratory bronchioles) by the point 
counting method of Chalkley®. 

Details of the lung volumes and surface areas are given 
in Table 1. The total volume of the lung divided by its 
weight, V,, has been taken as an index of the degree of 
lung distension. In each dog the lung which showed the 
greater degree of inflation had a greater surface area and 
so it may be concluded that an increase in the volume of 
the lung results ın an increase in the alveolar surface area. 
Furthermore, the percentage of lung volume occupied by 
the alveoli, A, rises with an increase in lung inflation. This 
is illustrated by the regression line 


A= 46-69 41-83 Vy (1) 
This relationship is significant at the 5 per cent level. The 


percentage volume occupied by the ducts shows a corre- 
sponding decrease. 


‘Table 1 
lame Alveolar 
Percentage volumes of componente of of surface 
lung parenchyma* une/g area/g 
Dog Alveolar Respirato (ml.) (10 ee em) 
No. alr ductam Tisane Vessels ’ 
I Left 681 278 126 18 381 10:6 
I Bight 59 3 27 0 118 19 4-24 11-4 
Le 50-8 87-8 96 18 2-23 6'4 
II Right 626 241 115 1-8 447 128 
Im Bight 645 28 9 14°38 23 8 78 13-2 
It Le 5O1 24-9 13-5 265 4:58 149 
IV Left 543 847 88 22 5 B4 10:9 
IV Bight 61:4 265 10-2 1-9 6-18 161 
V Bight 68 7 26-7 12 8 28 8 92 184 
Vie 59-5 26 5 11-9 21l 438 13-9 
VI Left 56 8 28:8 18-0 14 3-38 12:6 
VIRight 624 28-0 86 10 7-16 178 
* Lun 


parenchyma 1s defined as that volume of lung not Gesu pice by 
eter. 


conduc blood vessels and bronchi of greater than 0 1 om diam 


It would be possible to have a system of alveoli which, 
by changing shape during inflation, creased in volume 
without alteration in surface area. The alveolus would then 
expand rather hke a paper bag and not like a rubber 
balloon. In fact the present investigation supports the 
work of Storey and Staub which indicated that alveolar 
surface area increased with inflation. Weibel and Gomez? 
suggested that the alveolar surface area, S, was a function 
of alveolar volume, Va, and followed the relationship 


JaK Va?! (2) 
where K is a constant which depends on an alveolar shape. 
In Fig. 1 the values of total lung volume, V1, and alveolar 


volume have been plotted on a logarithmic scale against 
alveolar surface area. The relationship is linear in both 
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Fig. 1. Relationship of alveolar surface area to total lung volume (O) 
and to alveolar volume (@). 
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instances, which 18 significant at the 1 per cent level. In 
the case of total lung volume the relationship is 


log $= 0-813 log Vz + 30224 (3) 


where the standard error of the regreasions coefficient is 
0-17. For alveolar volume the relationship is 


log S= 0-769 log Va+ 33767 (4) 


and the standard error of the regression coefficient 18 0-10- 

If equation (2) were true, the regression lines shown in 
Fig. 1 should be parallel straight hnes with a slope of 2/3. 
In fact the gradients of both hnes do lhe within one standard 
error of this figure. It would be possible for the power of 
Va to be greater than 2/3 if the alveolus changed shape 
considerably during inflation. 

The fact that the alveolar surface area increases as the 
lung is inflated is of considerable functional rmportance, 
because it allows a greater surface area for gaseous diffusion 
across the alveolar membrane when the total volume of gas 
in the lungs 18 increased. This is also reflected ın functional 
investigations?® which show that the pulmonary diffusing 
capacity increases with increase in lung volume. 
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Acceleration of Rate of the Early Chick 
Embryo Heart by Visible Light 


IN the course of an investigation of the control of the heart 
rate in the early chick embryo it was noted that under 
certain conditions exposure to visible light accelerates 
the rate. The following report presents a study of this 
phenomenon. There are many reports in the older 
literature of effects of visible light, unrelated to ultra- 
violet radiation, on cellular activity. Cessation of 
amoeboid activity when Pelomyza was suddenly exposed 
to light was noted in 18791, and has been extensively 
studied more recently’. Activity of cells in tissue cul- 
ture is affected by exposure to light; amoeboid activity 
of lymphocytes in frog spleen explants‘, and the rate of 
beat® of explants of 6 day chick embryo hearts and of 
cilia of explants of frog throat epithelium, are all modified 
by growth of the cultures in visible light. Recently, there 
have been reports of increased metabole activity’ and 
of accelerated growth rate and early hatching’* in chick 
embryos from eggs incubated in permanent light. The 
stimulation of the chick embryo heart rate to be reported 
here was obtained in the visible range without addition of 
dye or photosensitizing agents. 

Hearts were dissected from 2-5 day chick embryos and 
freely suspended in a phosphate-buffered medium at 
37° C. The medium contained (in grams per cent): 
sodium chloride, 0-8; potassium chloride, 0:02; sodium 
monohydrogen phosphate, 0-115; potassium dihydrogen 
phosphate, 0:02; calcium chloride, 0:01; MgCl,.6H,0, 
0-01; glucose, 0-1 at pH 7-4. The hearts were observed 
through an incubated dissecting microscope and the rates 
were recorded as beats per minute on a hand tally. The 
intensity of illumination of the microscope could be varied 
through a transformer, and the microscope was placed in 
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a temperature controlled box so that changes ın intensity 
of illumination did not affect the temperature of the 
medium in which the hearts were suspended. The onse 
of the hearts to monochromatic light was studied with the 
light source of a DEKLA Beckman spectrophotometer 
equipped for transmission between 1769 A and 35,000 A. 
It was calibrated so that at different wavelengths the 
hearts were exposed to the same total light energy. 

Light stimulation of the rate of beat of the early chick 
embryo hearts was observed only in the phosphate-buffered 
medium where the rates are about one-third of those 
tn ovo*. The response of 2 to 5 day chick embryo hearts 
to exposure to strong illumination is illustrated in 
Fig. 1. The control rates were measured in minimum 
illumination (just sufficient to enable the observer to see 
the heart), and the hearts were then exposed for 10 min 
to strong illumination, after which the rates were recorded 
in the bright light for the subsequent 10 min. When the 
hearts were exposed to darkness for 10 min after strong 
ilumination, the rates were depressed; subsequent 
continuous exposure to bright light accelerated the rates, 
as can be seen in Fig. 2. After a period of darkness, 
exposure of the hearts to even 1 min of strong illumination 
caused an increase in the rate. 
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Fig. 1. Response of the isolated chick embryo heart to bright light. 

Initial rates are measured in dim light. The hearts are then exp to 

bright light for 10 min, after which the rates are measured; this w 

Indicated on the graphs as 0 min. Subsequently, the rates are measured 

at 2 min intervals for a further 10 mın ın continuous bight ight. Rates 
are the average of between ten and twelve hearts for age. 
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Fig. 2. Response of the igolated chick embryo heart to darkness and to 

bright light. Initial rates are measured in bright light. The hearts are 

then ara to darkness for 10 min, after which the rates are measured ın 

dim light; this is indicated on the as 0 min. Subsequently, the 

hearts are to bright light and the rates are measured at 2 min 

1ntervals ın continuous bright ght for 10 min. Rates are the average of 
between ten and twelve hearts for each age. 
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Big. 8. Response of the 4 day chick embryo heart to monochromatic 
ght. Rates are the average of petron vom! ten and twelve hearts for each 
wavelo. 


The response of 4 day embryo hearts to monochromatic 
light was investigated by altering the wavelength by 10 mu 
increments and decrements between 450 mp and 640 my, 
where a maximal stimulation of rate was obtained at 
470 mp (Fig. 3). This effect was obtained whether the 
change was made directly from one wavelength to another, 
or whether there was a pause of 5 min of darkness between 
each wavelength. An absorption spectrum of an acetone 
extract of the embryo hearts showed a broad peak at 
475 mu. 

These data suggest that in the early chick embryo 
heart there is a substance (or substances) capable of 
absorbing light energy with a maximal sensitivity at 
470 mp, and of transferring this into the energy utiliza- 
tion of mechanical contraction. Many biological sub- 
stances are capable of absorbing visible light. Flavins, 
for example, have several absorption bands in the visible 
range, including one at 445 mu, and when attached to 
other substances such as adenine in flavin adenine di- 
nucleotide, other bands appear usually with a shift to 
longer wavelengths. Flavoproteins exhibit absorption 
maxima in the 460-490 mp. region1!, where we found the 
maximal effect of light stimulation on the heart rate of 
the embryo. Cytochromes have several absorption bands 
in the visible range!*. Several enzyme systems have been 
shown sensitive to visible light. NADPH, dehydrogen- 
ases of human red blood cells and of mouse heart are 
greatly stimulated by visible light». ATPase activity of 
a mitochondrial fragment preparation exposed to ultra- 
violet filtered light is depressed when compared with a 
preparation in the dark. Absorption of visible light 
energy by substances such as these in the early chick 
embryo heart might accelerate electron transport or 
cause inhibition of ATPase activity which would result 
in greater availability of ATP for the contractile elements. 

An alternative hypothesis for the mechanism responsible 
for the stimulation of the embryonic heart rate by light 
can also be presented. We have previously postulated’ 
that endogenously formed acetylcholine is involved in 
regulating the rate of the early chick embryo heart, and 
have suggested that the slow rate observed in the phos- 
phate-buffered medium, which is accelerated by acetyl- 
choline, is caused by inadequate endogenous acetylcholine 
metabolism. Thus we have considered the possibility 
that the stimulation of the heart rate by visible light 
may be related to the synthesis or release of acetylcholine. 
Accordingly, we tested the response of the 4 day chick 
embryo heart to a very low concentration of acetylcholine 
(1: 10%) in dm and bright light, and obtained 26-6 per 
cent stimulation of the rate in dim light, but 5-2 per cent 
depression of the rate in bright light where the rate was 
already accelerated. A sensitive biological test for the 
presence of acetylcholine is depression of the force of 
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contraction of isolated atria’. We tested for an increase 
in the amount of endogenous acetylcholine in 4 day chick 
embryo hearts exposed to light by measuring the force of 
contraction of isolated rat atria after addition of homo- 
genates of 4 day embryo hearts that had been exposed for 
5 min to bright light or to darkness. Between twenty-two 
and twenty-four hearta were used for each homogenate 
preparation which was made in the phosphate-buffered 
medium containing physostigmine (1:10*) to prevent 
destruction of endogenous acetylcholine by the enzyme 
cholinesterase, which is present in the early embryonic 
heart!*, After exposure to light or to darkness, the hearts 
were homogenized and equal portions of the homogenate 
added to the isolated rat atria, stimulated at a rate of 
200 per minute, the force of contraction of which was 
recorded on an Offner dynograph. Both types of homo- 
genate depressed the force of contraction, but the homo- 
genate of hearts exposed to light produced the greater 
depression. Expressed in terms of protein units, P.U. 
(ref. 17), the homogenate of hearts exposed to light 
depressed the force of contraction of the atria 22-6 per 
cent/r.u., while the homogenate of dark-exposed 
hearts produced only 13:6 per cent depression/?.v. 
In the presence of atropine (1: 10°), a specific blocking 
agent for the action of acetylcholine, homogenates 
of both light- and dark-exposed hearts produced about 
the same degree (8 per cent/P.v.) of non-specific depres- 
sion of the force of contraction of the isolated rat atria. 
Thus, because endogenous acetylcholine appears to be 
involved in the regulation of the rate of the early chick 
embryo heart and because its synthesis may be impaired 
in the phosphate-buffered medium’, a step in acetyl- 
choline metabolism sensitive to light can be considered 
because the data here indicate that a substance capable 
of depressing the force of contraction of isolated rat atria 
is released by homogenates of 4 day old chick embryo 
hearts, that the action of this substance is blocked by 
atropine, and that exposure of the embryo hearts to 
light increased the amount of this “‘acetylcholine-like”’ 
substance. 

This work was supported by grants from the US 
National Science Foundation. 
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RADIOBIOLOGY 


Loss of Photorepair Ability in Conidia of 
Neurospora crassa 


Puorormrars in Neurospora conidia has been shown to 
be an enzyme process which operates on both lethal and 
mutagenic damage induced by ultra-violet light!.3. When 
irradiated conidia are incubated in the dark they lose 
their ability to r nd to subsequent exposure to photo- 
repairing light. “this loss is dependent on temperature 
and can be much reduced at temperatures approaching 
0° ©. It occurs as well on the surface of growth medium 
as in water. The main features of the phenomenon are 
shown in Fig. 1. The results here refer to survival, but 
essentially the same results were obtained for adenine 
reversion induced by ultra-violet light (Kilbey, unpub- 
lished experiments). 

The purpose of this note is to examine various sugges- 
tions concerning the mechanism of the loss of photo- 
repair ability and to indicate the lines along which a 
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Fig. 1. The loss of photo: 
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Fig. 2. Inactivation and photorepatr in unfractionated and fraction- 
ated ultra-violet exposures (sea text for explanation). Unfractionated: 
A, photorepair; A, dark. First fraction. rit dark. Second fraction: 

C, photorepatr; Wi, dar 
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Table 1, INACTIVATION AND PHOTOREPAIR IN UNFRAOTIONATED AND FRACTIONATED DOSES OF ULTRA-VIOLET LIGHT 
Unfractionated Fract: ted 
Ultra-vialet Dark Light Ultra-violet Dark ne Tight 
£ ores Survival 8 dose ( 4 Survival survival 
mm’ x16") (%) Cols. (%) x10) Cols (%) ls, (%) 
0 8,470 100-0 _ = Fraction 1 = — 
6 4.880 58-8 6,260 740 8 ee ho — — 
9 8,380 30-5 6,620 66-0 j 9 3,200 46-0 — — 
Fraction 2 9 5 
12 1,555 184 5,020 59-0 12 Kn 300 2688 a 
15 744 8-8 4,500 58 0 16 "4238 60 1,950 27-0 
18 269 82 3,810 89-0 18 189 27 1,520 214 


solution is more likely to be attained. The two essential 
components of the system are (A) the photoropair 
mechanism which is made up of the photorepair enzyme 
and possibly an independent chromophore and (B) the 
substrate of the enzyme, the lesions, which are presumed 
to be pyrimidine dimers. Loss of photorepair ability can 
reasonably be attributed to a change in either of these 
components. The photorepair enzyme itself may be 
inactivated or an alteration may occur in the state of the 
lesions which prevents them repair by the phutorepair 
enzyme. One can distinguish between these possibilities 
experimentally: if the photorepair mechanism itself is 
inactivated during post-irradiation incubation, the cells 
should be unable to photorepair lesions incurred from a 
further dose of ultra-violet light. To test this, two sus- 
pensions of conidia were prepared, each of 20 ml. and 
containing 6 x 10° conidia/ml. Both suspensions received 
a total incident dose of ultra-violet light of 18,000 ergs/mm* 
(measured directly beneath what was effectively a point 
source of ultra-violet light). The first suspension received 
this total dose in an uninterrupted exposure. The second 
suspension was exposed to two fractions each of 9,000 
ergs/mm* separated by an interval of 3 h during which 
the suspension was incubated in the dark at 35° C. 
Samples of 0-1 ml. were withdrawn throughout the 
uninterrupted exposure and durmg the second half of the 
fractionated exposure in order to follow the course of 
survival with and without photorepair. Five experiments 
were carried out each of which gave similar results. An 
example of the type of result obtained is given in Table 1 
and Fig. 2. 

During the interval between the two ultra-violet 
fractions the ability to photorepair lesions induced by the 
first fraction is completely lost. In spite of this the lesions 
induced by the second fraction are photorepsired normally. 
The photoreactivable sector (1—dose reduction factor) 
differed slightly from experiment to experiment, but 
within each experiment the value was the same for the 
unfractionated dose and for the second half of the frac- 
tionated dose. These results are taken to indicate that 
the photorepair mechanism is not affected by incubation 
after irradiation and that the loss of photorepairability is 
the result of modification of the lesions themselves. At 
present direct evidence concerning the alterations of these 
lesions is lacking, but two suggested explanations may be 
considered. The first suggestion is that the activity of a 
dark repair process modifies the damage induced by 
ultra-violet light, rendering it inaccessible to photo- 
repair’. This might be the excision-repair type of process 
similar to that found in some bacteria. Close scrutiny of 
this suggestion makes this an unlikely explanation. No 
dark repair processes or any evidence of liquid holding 
recovery have been satisfactorily shown to exist in 
Neurospora to date. In any case, the activity of a dark 
repair acting on the same lesions as those which are 
potentially photoreactivable might be expected to maak 
photorepair itself. The second suggestion is that ultra- 
violet damage which leads both to lethality and mutation 
becomes stabilized towards photorepair when DNA 
replication takes place. At present independent results 
concerning the timing of DNA synthesis are difficult to 
obtain for Neurospora conidia for technical reasons. 
An indirect approach to the problem of DNA replication 


is possible, however, and this may be able to provide 
evidence of a correlation between DNA replication and 
the loss of photorepair ability. 
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Generation Cycle of Mouse Bone Marrow 


Tum cell cycle of various tissues in mammals and plants 
has been much investigated. Our previous investigation! 
of cell synchronization in vivo after irradiation’ led us 
to examine the cell cycle of the bone marrow in normal 
and irradiated mice. 

Three independent experiments were carried out on 
normal mice using for each sixty-five female C3H mice. 
At time zero, tritiated thymidine (50 po./mouse, specific 
activity 8-5 c./mmole) was injected intraperitoneally 
and five mice were killed at various times between 15 
min and 24 h after the injection. 

Samples of bone marrow were taken from the femora 
and tibiae by flushing with warm polyvinylpyrrolidone 
and smears were made from the pooled marrow of five 
mice. Autoradiographs were prepared by the dip-coating 
method’ with liquid Ilford K2 emulsion and the slides 
were exposed for 3 weeks at 4°C in a light-tight box. 
After developing with Kodak D19B solution, the smears 
were stained according to the Romanowski technique. 

Tho phases of the cell cycle were measured by the method 
which involves labelled mitoses. Fifty mitoses in the whole 
population were counted to determine the percentage of 
labelled mitoses. No effort was made to differentiate 
the cell line of the bone marrow. 

When mice were irradiated three independent experi- 
mente were carried out each with sixty-five female 03H 
mice, 36 h after a dose of 250 rads of K-rays (220 kV, 
half value layer 0-75 mm of copper; dose rate 40 r./min). 
The intervals between irradiation and the experiments 
were chosen to correspond to variations in the DNA 
synthesis peaks found in our previous work?, The pro- 
cedures for determining the percentage of labelled mitoses 
against time were the same as those used for normal 
mice. 

Wig. 1 and Table 1 show the results of the mean of 
three independent experments with a total of fifteen 
normal mice for each point. Fifteen minutes after injection 
of tritiated thymidme, 6 per cent of the mitoses were 
labelled. The first peak ocourred after 5 h when 88 per 
cent of the mitoses were radioactive. From the curve, 
it can be seen that the minimum duration of the G, 
period was about 15 min. DNA synthesis lasted about 
4-5 h (the time interval between two corresponding points 
on the ascending and descending curves at the 50 per cent’ 
levels). The total generation time, which is the inter- 
val between two corresponding points on the ascending 
curves at the 50 per cent levels, is about 8-5 h. 
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The maximum mitotic index found in the bone marrow 
of the O38 females was 2 per cent. Knowing the total 
generation time, one can deduce the duration of mitosis 
by multiplying the generation time by the mitotic index. 
This is equal to 0-17 h. G, was calculated by subtracting 
the sum of the known phases (G, + M + S) from the 
total generation time and was equal to about 3 h. 

Fig. 1 and Table 1 show the mean of the results of three 
independent experiments totalling 15 mice to each point 
36 h after 250 rads of X-rays had been given. The first 
labelled mitoses appeared 15 min after the mjection of 
tritiated thymidine as in normal mice. The peak was 
reached after 3 h when about 80 per cent of the mitoses 
were labelled. The curve as a whole differs only slightly 
from the one obtained in the normal mouse. 

We are aware that our results are the mean of those for 
the whole bone marrow population and that different 
cell lines may have variable cell cycles; it is impossible to 
determine the exact nature of a mouse bone marrow cell in 
mitosis and the errors in interpretation would make the 
results unreliable. In the dog, using double labelling 
techniques, Lala? has shown that the duration of S is 
the same for myelocytes and myeloblasts as well as the 
erythroid precursors. 

Our results indicate that phases of the cell cycle in the 
mouse bone marrow are shorter than those of the other 
tissues in the same animal. Sherman‘ found that the 
generation time of the intestinal epithelium was 18 h, 
and Lesher* found a total generation time of 13-6 h for 
duodenal. crypt cells. Defendi’ investigated murine 
lymphoblastic cells and found the cycle to last 11-5 h. 
The DNA synthesis phase is quite constant in various 


Table 1, PHROHNTAGE OF LABBLLED MIKOSRS. FIFTY TOTAL MITOSES ARE 
COUNTHD FOR BACH POINT 
Time after injection 


of trituated Normal bone marrow 86 h after 250 rad 
thymidine 1 2 8 Mean 2 3 
15 min 2 8 8 5 8 6 6 7 
Lh 10 20 18 16 26 22 30 26 
2h 30 52 54 45 58 42 54 51 
8h 40 82 82 68 73 92 81 
6h 86 86 96 89 41 62 90 61 
Th 46 66 42 51 86 70 62 
10h 12 58 58 42 59 22 62 48 
12h 80 72 76 16 52 84 
18h 80 80 84 84 
14h 04 82 42 74 a3 
16h 56 74 65 62 26 88 59 
18h 40 
20h 44 80 62 28 20 44 81 
24h 22 36 29 44 16 56 39 
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tissues and lastas from 6 to 8 h in the intestinet-*.?; 6-7 h 
in murine lymphoblastic cells! and 6 h in the skin of the 
mouse’, Wolfsberg’ found longer generation times and 
periods of DNA synthesis in the forestomach of the mouse, 
which were 30 h and 13-5 h, respectively. The only results 
comparable with ours were found in the embryonic neural 
tube of the mouse where the cyole lasts 8-5 h and DNA 
synthesis 4 h", 

From our data we calculated the growth fraction 
of normal mouse bone marrow. Knowing the length 
of the generation cycle and of S, we calculated the theo- 
retical labelling index (LI = S/oycle). If the labelling 
index observed corresponds to the labelling index cal- 
culated, then one oan consider that the growth fraction 
is equal to 1. The ratio of the observed to the calculated 
labelling index gives an estimation of the growth fraction. 
In the bone marrow, the observed labelling index was 
45 per cent and the growth fraction was deduced to be 
0-86. 

Thirty-six hours after radiation, the cycle is back to 
nearly normal. These results agree with those we found. 
(unpublished data) using NOTO fibrosarcoma of the 
mouse. When this experimental tumour was irradiated 
with a dose of 600 rads of X-rays, the generation cycle 
investigated 48 h after irradiation was not different from 
the one found in the unirradiated tumour. In the bone 
marrow, however, the presence of a step on the down- 
ward slope suggests the possibility of two populations of 
cells. G, seems to be shorter and the fluctuations in the 
length of G, seem to be greater than in normal marrow. 

Our results indicate that the cell cycle of mouse bone 
marrow is much more rapid than in the other tissues of the 
same animal. The growth fraction of the normal marrow 
is almost 1. Thirty-six hours after administration of 
250 rad, the phases of the cell cycle have returned almost 
to normal values and the modifications cannot explain 
the peak of DNA synthesis which we found before. 

We thank Miss R. Marjanovic for technical assistance. 
This work was supported by a grant from the Commissariat. 
à l'Energie Atomique. 
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PATHOLOGY 


Thalidomide in Rabbit Semen 


It was found in an earlier study that when thalidomide 
is ingested by male rabbits over a period of weeks, the 
entire experimental dose not exceeding 2-5 g per animal, 
it exerts an unfavourable influence on their subsequent 
reproductive performance (refs. 1 and 2 and unpublished 
observations). Experiments comprising ten males and 
ninety females of proved high fertility indicated that 
while the breeding capacity in some of the treated males 
was much less seriously affected than in othera, the 
overall untoward effect of prolonged intake of thalidomide 
expressed itself in seventy-two of 103 experimental 
matings as follows: in eighteen pregnancy failed tcensue, 
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im twelve the number of young born was low, in twenty- 
five more than half the litter was lost by 14 days after 
birth, in eleven the young were grossly underweight at 
birth, and in six the young were malformed (spina bifida, 
absence of tail, cranial blister, absence of both kidneys, 
paralysis of hind limbs with lack of centres of ossification, 
and symmetrical haemangioma of the fore-lumbs). To 
be seen in their proper light, these results must be set 
agamst the consistently high incidence of pregnancy in 
the rabbit colony, the excellent litter size and survival, 
and an incidence of spontaneous gross malformation of 
less than 1 per cent. 

These findings on the progeny of male rabbits treated 
with thalidomide have induced us to examine the be- 
haviour of this drug in relation to rabbit semen in vivo 
and in viro, using thalidomide labelled with carbon-14. 
Two kinds of experiments were carried out. In one 
experiment we tried to find out how soon carbon-14 can 
be detected m semen. after oral intake of the labelled 
thalidomide, 1ts distribution between the seminal plasma 
and the spermatozoa, and how long it persista m semen; 
for comparison, carbon-14 was also followed up in the 
blood of the treated animals. In the other experiment, 
labelled thalidomide was added directly to rabbit semen, 
and after moubation the distribution of the label was 
again determined separately in the spermatozoa and the 
seminal plasma. 

For the tn vivo experiment, two male rabbits A (3-6 kg) 
and B (3-5 kg) were each fed, in two divided doges separated 
by an interval of 18 h, a total of 244 mg of labelled 
thalidomide, corresponding to 288 uc./animal. The 
semen and blood were collected as indicated in Table 1. 


Table 1 OONCENTRATION OF “THALIDOMIDE” IN SPERNATOLOA, SR MINAL 
PLASMA, WHOLE BLOOD AND BLOOD PLASMA OF HALB RABBITS AFTER ORAL 
ADMINISTRATION OF LABELLED THALIDOMIDE (288 “0./ANDMIAL) 


Thahd- Time Spermatozoa Seminal plasma Blood 
omide- from ml. ja agjml, ig paml, ggiml. 
treated endof seamen semen ie whole blood 
iabbit treatment ejaculate weight ejaculate weight blood plasma 
A 6h 0 05 870 960 21100 6 81 7:29 
(0 07)* 
8 days 0 03 205 a 3, 25-50 124 079 
7 days 0-04 2°88 oe 0 077 047 
12 days 0 02 188 0 0 051 031 
(0)* 
B 6h — _ 5-98 18200 4 39 4-32 
(0 12)* 
1 day 0 02 0 88 oe 6110 108 076 
8 days 0 0 22 4:80 073 0-47 
(0)* 
11 days 0 0-02 0 48 ~~ — 


* In parontheses values for second wash-fluid, expressed as ug/ml. 


Semen collected by an artificial vagina was freed 
from gel, and weighed; a sperm count was made. Seminal 
plasma was separated from spermatozoa by centrifugation. 
The spermatozoa were thoroughly washed twice with 
sperm-Ringer®. The fractions examined were: seminal 
plasma, twice-washed spermatozoa, and the second wash- 
fluid. 

Blood was heparinized, and plasma separated by 
centrifugation. 

It can be seen from Table 1 that radioactivity derived 
from a relatively small amount of orally ingested thalido- 
mide was present in the semen, though to a different 
extent, in both experimental rabbits, within 6 h of the 
end of treatment. The label could still be detected at 
12 days in the semen of male A and at 11 days in male 
B. Later samples, collected over a further 6 weeks 
from both males but not included in Table 1, have all 
remained negative. The sperm counts were within normal 
limits during the entire experimental period. 

By far the greater proportion of radioactivity was 
present in the seminal plasma, which showed values of 
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about the same order as blood plasma. With regard to 
the spermatozoa, it is clear that thalidomide not only 
rapidly penetrated into them, but was also bound to the 
cells so firmly that it could not be dislodged by two 
exhaustive washings with large volumes of Ringer solution. 
Another point of interest is that, in male A, radioactivity 
was evident in the spermatozoa at 7 and 12 days respec- 
tively, when the seminal plasma no longer showed label- 
ling, a fact which presumably shows that labelling of these 
spermatozoa must have taken place in the epididymis. 
In male B, however, no such phenomenon was observed, 
and by day 3 the spermatozoa gave negative results, 
while the label persisted in the seminal plasma for several 
more days. 

The extent of labelling, not only in the semen but also 
in blood, indicates that the uptake of thalidomide was 
greater in male A than male B. It is highly probable 
that, as with other drugs, there is much variability in 
absorption and distribution of thalidomide in body fluids 
and especially in cellular elements, such as spermatozoa 
and erythrocytes. This inherent variability, together 
with individual differences in rates of elumination, may 
explain why in some male rabbits treated with thalido- 
mide the breedmg performance was affected more than 
in others. 

For the in vitro experiment, 2 ml. of labelled thalido- 
mide solution in phosphate buffer (pH 6) was added to 
4 ml. of freshly collected, gel-free rabbit semen; 1 ml. 
of this mixture contained 2-90 ug thalidomide. After 
incubation for 15 and 120 min at 37° C, 1 ml. samples 
were withdrawn; the seminal plasma was separated by 
centrifugation, and the spermatozoa were twice washed 
with sperm-Ringer. Fractions for determination of 
carbon-14 were: seminal plasma, twice washed sperma- 
tozoa, first and second wash-fluid. 


Table 2. DISTRIBUTION OF LABALLED THALIDOMIDE IN SPERMATOZOA AND 
SEMINAL PLASMA AFTER INOUBATION AT 87° O 


Incubation perlod 
Fraction 15 min 120 min 
Seminal plagma 2-600 2 640 
Wash-fiud No. 1 0-180 0 140 
‘Wash-fluid No. 2 0-080 0-020 
Spermatozoa, twice washed 0 064* 01380t 


Incubation mixture: 4 mil. rabbit somen+2 mi. labelled thalidomide 
solution; 1 ml. Incubation mixture co: nds to 2:00 ug thalidomide, 
Results expressed as ug thaldomide/ml. ın. tion a 


* 3-26 ug/g dry weight spermatozoa, 
+ 6°50 ug/g dry welght spermatozoa. 


As can be seen from Table 2, rabbit spermatozoa 
incubated in the presence of C-thalidomide also showed 
a tendency under tm vitro conditions to pick up thalido- 
mide from the environment and bind it firmly. It is also 
evident that the extent of labelling increased with time, 
as the amount of radioactivity in the spermatozoa after 
2 h was twice that found after incubation for 15 min. 
The actual values, when calculated per gram dry weight 
of spermatozoa, came within the range observed under 
in vivo conditions, and, similarly, exhaustive washing 
failed to remove the carbon-14 label acquired in vitro. 

There is no doubt that, in the rabbit at least, thalido- 
mide and its metabolites will be present in appreciable 
amounts in semen ejaculates, soon after oral ingestion 
of the drug, and for some considerable time afterwards. 
Prolonged administration, as for example in the experi- 
ments mentioned earlier on the progeny of rabbits treated 
with thalidomide, can confidently be expected to cause a 
marked accumulation of thalidomide and its breakdown 
products in the semen, though important individual 
variations in the extent and duration of this effect are 
bound to oceur. As yet, we have no information, however, 
whether spermatozoa contammated with thalidomide ane 
at all capable of fertilizing eggs successfully and, if so, 
whether such conceptus is viable; nor do we know 
whether malformations could be engendered by the 


1020 


introduction at syngamy of quantitius of thalidomide 
carried in the sperm. 
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Development of Epileptic Seizures 
through Brain Stimulation at Low Intensity 


A RECENT communication by Herberg and Watkins! 
reported that animals are more resistant to convulsions 
shortly after having had a convulsion than at other times. 
This note does not debate this temporary elevation of 
convulsive threshold but rather emphasizes an equally 
important phenomenon in which, over a longer period of 
time, the convulsive threshold is reduced. 

Herberg and Watkins showed that repeated bursts of 
sub-cortical electrical stimulation in rats will elicit a 
convulsion early in a given session, but subsequent bursts 
of electrical stimulation will not cause convulsions until 
1 or 2 h have elapsed after that mitial convulsion. They 
did not mention, however, whether the convulsions could 
be elicited on the first day of stimulation, or whether they 
developed only after several days of teating. The experi- 
ments to be reported show that daily electrical stimulation 
of certain sub-cortical areas of the rat brain will eventually 
cause convulsions even though the intensity of stimulation 
is relatively low and initially has no such effect. 

I have carried out experiments on seventy-seven rats 
with bipolar electrodes implanted chronically in various 
sub-cortical areas. Many of these rats are still being 
studied, but the site of stimulation has been examined 
histologically in forty-five of the animals. Each rat was 
implanted with one bipolar electrode, either nichrome or 
platinum, and allowed cither 1 week or 2 months for 
recovery after operation. The longer post-operative 
period was to allow gliosis, oedema and other processes 
to become stable : it did not appreciably alter the resulte. 

On the first day of stimulation several rats were stimu- 
lated with a current of high intensity, but after this, and 
in all other rate, the current was held constant at 50 vamp 
as calculated from peak to peak voltage. The burst of 
stimulation was held constant at 60 sec and was repeated 
once each day until the rat responded with a bilateral 
clonic convulsion. At the beginning of convulsive 
behaviour stimulation was stopped and the response was 
scored as a convulsion only if it continued in the absence 
of stimulation. 

Other than intensity and duration, which were held 
constant, the conditions of stimulation were varied from 
animal to animal. Sine wave, capacitively coupled 
rectangular pulses and biphasic rectangular pulses, at 
frequencies ranging from 20-200 pulses/sec, were all 
found to be effective in eliciting the phenomenon. 

Of the seventy-seven rata tested, forty-four developed 
convulsions. The convulsion usually began a few seconds 
after the onset of stimulation and consisted of bilateral 
clonus involving primarily the head and fore-limbs. 
Typically this clonic phase continued for 10-20 sec and 
was followed by 1 or 2 min of post-ictal depreasion, after 
which the animal would jump violently if touched on the 
back or flank. Subsequent daily stimulation regularly 


NATURE, VOL. 214, JUNE 3, 1967 


elicited convulsions. During the first week the latency 
decreased and the duration of clonus increased to between 
20 and 45 sec. Thereafter, the duration remained con- 
stant to within a few seconds for a given rat. The convul- 
sive threshold progressively decreased over days, some- 
times to as low as 6 pamp. Spontaneous convulsions 
did not develop, however, stimulation always being 
required to trigger a convulsion. 

The primary observation is that not one animal had a 
convulsion on the first day. This is particularly striking 
in those rats that were stimulated at higher intensities 
on day one. Eight animals that later developed convul- 
sions at 50 pamp all failed to respond on that first day 
even though the intensity was progressively increased to 
exceed 300 pamp. The number of days of stimulation 
required before the first convulsion varied considerably, 
the range being between 4 and 136 days. It is not known 
whether all rats would eventually develop convulsions. 
At the time of writing ten animals have lasted 180 days 
with no signs of convulsive bebaviour. 

The major variable under investigation ia the relative 
sensitivity of different sub-cortical areas to this type of 
treatment. A statement of the results must remain 
tentative for several reasons. Apart from the sheer 
number of animals and number of days required before 
negative evidence is accepted, there is the problem that 
stimulation parameters have not yet been balanced 
across groups. Furthermore, it was not anticipated that 
a few animals would develop convulsions only after 
several months of testing. Early in the study many 
animals were taken out of the experiment if they did not 
respond within 30 days and so cannot be counted in the 
analysis. Within these limitations, however, certain 
differences between areas are apparent. 

The amygdaloid area was stimulated in twenty-two 
rats and twenty of them developed convulsions after a 
mean of 15 days’ stimulation. Unfortunately, experi- 
ments in the other two rats were discontinued after 30 
days. Four placements in the septal area all resulted in 
convulsions after a mean of 25 days. Surprisingly, the 
hippocampus and entorhinal area, which are known to 
have a low threshold for electrographic seizure discharge, 
do not readily evoke convulsions. Experiments on many 
animals were discontinued too early, but in six rata which 
did develop convulsions, an average of 53 days’ stimula- 
tion was required before the firat convulsion appeared. 

The globus pallidus and caudate-putamen are quite 
unreliable, with some animals developing convulsions 
early and other animals showing no response even after 
180 days. It is hoped that further investigation will 
reveal anatomical differences between such animals, 
possibly the involvement of fibre tract systems. 

The hypothalamic areas have been studied in only a 
very few animals. It is to be expected that at least some 
nuclei will be responsive. The convulsions reported by 
Herberg and Watkins, for example, were elicited from the 
hypothalamus. Brain-stem areas studied included the 
reticular formation, the paraventricular grey matter and 
the substantia nigra. In no case has a convulsion been 
observed, even though experiments on some animals 
with placements in each area have been continued for 
more than 180 days. 

As previously stated, once convulsions have been 
elicited in a given animal, subsequent convulsions occur 
reliably in reaponse to stimulation. A check on the 
permanence of this change was made on some animals 
after a resting interval of several weeks. Eighteen rats 
were stimulated daily at 50 amp until they had had 
several convulsions. After this the stimulation current 
was varied each day until a seizure threshold had been 
established. The rate were then set aside without further 
stimulation for a period of 3-6 weeks. At the end of this 
rest interval each rat was stimulated for a maximum of 
15 sec at threshold intensity. On the first day convulsions 
were observed in eight of the eighteen animals. On the 
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second day, using a slightly higher intensity, four of the 
remaining ten animals responded with a convulsion. 
Twelve animals were given an additional rest interval of 
12 weeks. The threshold rose in all but two animals, but 
all the rats responded with convulsions within a few days 
of repeated stimulation. Whatever the neural change 
responsible for the development of convulsions, it is 
relatively permanent. 

All the details involved here require a great deal of 
further study, but one thing is quite clear; there are some 
areas of the rat brain in which a progressive sensitization, 
leading to convulsions, will result from daily stimulation 
for l min each day. It is not clear why some areas of the 
brain are more disposed to this sensitization than other 
areas. In fact, it is not known whether the phenomenon 
is due to local changes in the area, or to the establishment 
of connexions with other parts of the brain. Histological 
examination of the site of stimulation reveals no gross 
peculiarities. Morrell* has argued that there is an analogy 
between the phenomenon of learning and the development 
of an independent focal discharge in the hemisphere 
contralateral to a dominant epileptic focus. On the basis 
of this analogy he pointes out that the independent focus 
can serve as a useful model in the physiological investiga- 
tion of learning mechanisms. Similarly, it can be argued 
that the phenomenon described in the present note is 
analogous to learning. At the very least it is a relatively 
permanent change in behaviour that depends on repeated 
experience. Just how far this analogy can be extended 
must await further research. It is an appealing notion 
and deserves the attention of physiologists and psycholo- 
gists alike. 

At the more immediate and practical level the pheno- 
menon described here should be considered carefully 
by anyone working with chronic and repeated brain 
stimulation. Species differences have not been explored, 
but if this phenomenon is widespread, if it exists for the 
human brain, then the current type of therapy which uses 
brain stimulation has many potential hazards. They 
should not be overlooked. 
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Research Council of Canada. 
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Delayed-type Skin Sensitivity to Human 
i n in Experimental Allergic 
ncephalomyelitis 


EXPERIMENTAL allergic encephalomyelitis (EAE) 1s an 
auto-immune disease in which an animal develops delayed 
or cellular hypersensitivity to its own central nervous 
system (CNS). Several groups of investigators have 
recently succeeded in isolating and, to a large extent, 
purifying the encephalitogenic constituent of the CNS. 
Studies of guinea-pig, rabbit, bovine, and human ONS 
extracts indicate that the antigenic substance is a 
highly basic, water soluble protein of low molecular 
weight which is a constituent of myelin'*. When emulsi- 
fied in complete Freund’s adjuvant and injected intra- 
dermally into guinea-pigs, microgram amounts of CNS 
basic protein regularly induce acute EAE. 

Wilkie ef al.*, then Shaw ef al.’, have reported that 
delayed-type skin reactions to homologous encephalito- 
genio proteins may be elicited in guinea-pigs during induc- 
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tion of acute HAE. The reactions resemble tuberculin 
reactions and occur maximally 9-13 days after the original 
sensitization. The optimal dose of skin test antigen 
lies in the range 0-005-0-05 mg in 0-1 ml. saline injected 
intradermally. The intensity of the skin reaction to homo- 
logous encephalitogen was found to correlate well with 
the subsequent development of disease. 

Earlier reports of failure to induce delayed-type skin 
reactions in guinea-pigs during EAE were undoubtedly 
due to the use of complex mixtures (usually whole tissue) 
for induction and equally complex mixtures (whole tissue 
or non-encephalitogenic saline extracts) for the akin test. 
The shortcomings of such systems for demonstrating 
positive or negative correlations between the skin test 
and the disease have been discussed extensively by several 
investigators in this field’. 

The studies reported by Shaw et al.” were based on 
skin tests with purified encephalitogeme extracts from 
guinea-pig and bovine CNS, the positive skin reaction 
being demonstrable after sensitization with either whole 
nervous tissue or purified extracts. Simultaneously, 
Caspary and Field? reported their failure to detect delayed 
skin sensitivity to buman encephalitogen in guinea-pigs 
sensitized with whole human brain m Freund’s adjuvant 
and acutely ill with EAE. They did, however, report 
marked dermal hypersensitivity in these same animals 
to a non-encephalitogenic aqueous extract of brain. One 
of us’ suggested that the timing of the skin test—after 
the onset of disease instead of before—and the relatively 
low doses of skan test antigens used (maximum 0-001 mg) 
might explein the failure of these authors to detect 
delayed skin sensitivity with the human encephalitogen. 
Another factor which was not considered at that time was 
the possibility of suppression of the response to a weak 
antigen (the encephalitogen) by the concurrent sensitiza- 
tion with a large quantity of unrelated strongly antigenic 
material. Caspary and Field did not describe their ino- 
culum, so there was no possibility of assessing this factor. 

Although Shaw et al.” had shown the cross-reactivity 
between homologous end heterologous (bovine) extracts 
for both induction and skin test, the demonstration that 
the human encephalitogen could elicit a similar skin 
response had a special significance because of the possible 
usefulness of this purified encephalitogen in the study of 
human auto-immune disease. In order to resolve this 
inconsistency between the reports of Shaw et al.’ and 
Caspary and Field’, we carried out the following experi- 
ment. 

Encephalitogenic CNS basic proteins were prepared 
from a post-mortem sample of human white matter and 
from whole guinea-pig brains according to the method 
described previously’. Two groups of five male guinea- 
pigs of strain 13, each weighing about 500 g, were sensi- 
tized with five intradermal injections each containing 
0-02 mg of encephalitogenio protein and 0:02 mg of 
M. butyricum in a water/oil emulsion. The first group 
was sensitized with the human preparation, the second 
with guinea-pig encephalitogen. 

Ten days later, before the onset of acute HAH, skin 
testa were carried out with 0-015 mg of both encephalito- 
genic extracts in 0:1 ml. of sterile saline. In addition, a 
bovine encephalitogen was used in the skin test to evaluate 
further the extent of cross-reactions between encephalito- 
gons of different species. 

The results aro shown in Table 1. Disease indices 
(indicating the severity of the disease on a scale from 
1 to 10 on the basis of independent clinical and histo- 


Table 1. DELAYED TYPA SKIN RMAOTIONS IN GUINHA-PIGS BEFORE ONSHT OF 
OLINIOAL SIGNS OF BAB” 


Species ofsensitixing Disease ie of skin test antigen 

peo antigen index Bovine Guines-pig, 
Human 5 irid 8412 8+10 
Guinea-pig 9 e+04 9406 7410 


* Score is average diameter of erythema in mm standard deviation. 
Uninjected and adjuvant controls less than 6 mm in all cases 
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logical data) are included to indicate the encephalitogenic 
potency of the two sensitizing antigens’*. Appropriate 
controls for these skin test antigens were always less than 
5 mm in diameter. 

The results show that the human encephalitogen is 
indeed capable of inducing delayed skin sensitivity as well 
as HAH. Thus the failure of Caspary and Field to detect 
skin sensitivity was due either to an inadequate amount 
of skin test antigen or to the fact that the skin test was 
carried out after the onset of the disease, or to a combina- 
tion of the two. The results also show the cross-reactivity 
among HAE antigens derived from the three species. 
This 1s consistent with the results of our recently reported 
studies of PCA and precipitating antibodies to encephali- 
togenic basic proteins". 

The fact that the guinea-pigs sensitized with human 
encephalitogen show & stronger reaction to the human 
preparation than to homologous guinea-pig encephalitogen 
suggests that the human extract contains extra antigens. 
Whether the extra antigens present in the human prepara- 
tion are cies-specific or whether they represent addi- 
tional 8-specific antigens not shared by the other 
encephalitogens cannot be ascertained from these results. 

On the other hand, the positive skin reactions to both 
guinea-pig and bovine encephalitogens in guinea-pigs 
sensitized to human CNS basic protein show that the skin 
reaction is directed to a non-species-specific antigen shared 
by all three encephalitogenic preparations. Thus the 
encephalitogenic protein prepared from human CNS 
can be a useful tool in immunological investigations of 
human auto-immune disease of the CNS. It should be 
noted, however, that negative as well as positive observa- 
tions made in such studies should be subjected to critical 
evaluation before final conclusions can be reached. 
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Lymphatic Leukaemia associated with 
Dysproteinaemia in Ferrets 


THE occurrence of lymphoreticular malignancy in patients 
with congenital agammaglobulinaemia! or acquired 
hypogammaglobulinaemia* 1s considered to suggest an 
interrelated response mediated by the thymus’. In spite 
of the wealth of experimental data about the part played 
by the thymus in leukaemogenesis‘', lymphocytopoiesis® 
and immunological ecompetence’*, the whole function of 
the thymus is not completely understood. There are 
patients with chronic lymphatic leukaemia who show 
evidence of autoimmune phenomena in the face of hypo- 
gammaglobulinaemia and marked susceptibility to infec- 
tions’. A similar paradox is seen in thymoma-hypo- 
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gammaglobulinaemic patients who may show “auto- 
immune” type antibodies while their normal immune 
response is virtually non-existent?®1!, 

The first suggestion of a thymic abnormality was 
made in mustelids when thymic hypertrophy was 
observed in ferrets with hyperg lobulinaemia of G 
immunoglobulins (IgG)4%. Before this certain lines of 
ferrets maintained for several years in close association 
with strains of mink very susceptible to Aleutian disease 
had been observed to have large hepatic infiltrates of 
lymphocytes-lymphoblasts!*. These ferrete had normal 
serum electrophoretic patterns although there was 
hepatomegaly ın some animals. On the other hand, 
ferrets with a relatively short exposure to Aleutian 
disease infected mink were found to have as high as 72 per 
cent incidence of hypergammaglobulinaemia™. Of particu- 
lar interest in the latter investigation was the finding of 
isolated instances of a monoclonal IgG and thymic hyper- 
trophy, because thymic enlargement had not been described 
m mink dying of Aleutian disease. 

The observations reported here were made during an 
investigation to determine the incidence of dysprotein- 
aemia in ferret families. One of five families selected on 
the basis of marked hypergammaglobulinaemia (30 per 
cent to 42 per cent of serum proteins) in dams consisted 
of seven kits (54, 5p, 59, 5p, 5x, ÖF, 5q) of which three 
had pronounced hypergammaglobulmmaemia by 4 months 
of age while the remaining had normal to low contents of 
gamma globulin. By 8 months the contents of gamma 
globulin had increased in five of the seven kits (Table 1, 
Fig. 1). During this period, kits 54 and öy had a significant 
decrease, although neither animal seemed to be acutely 
ill. In the eighth month, kit öp rapidly developed acute 
signs of disease and was in extremis; it was bled. Blood 
smears were prepared; serum was collected for immuno- 
electrophoresis! and zone electrophoresis on cellulose 
acetate. 


Table 1. GAMMA GLOBULIN OONONNTRATION 


Percentage of gamme globulin 

Dam No. 5 84 
4 months 8 months 

Kit 5a 16 6 

5p $2 84 

5g 9 80 

öp 8 21 

ög 33 42 

by 9 3 

5a 26 80 


A complete post-mortem was performed, and tissues 
were sectioned at 5y, fixed ın neutral buffered formahn, 
and stained with haematoxylin and eosin. 

The illness ın ferret kit 5p was considered to be lymph- 
atic leukaemia on the basis of morbid anatomical and histo- 
logical lesions with a fully developed clinical disease. The 
gross changes consisted of a tumorous mass involving the 
thymus and mediastinal lymph nodes. The liver was 
greatly enlarged, 87 g, as opposed to a normal range of 
25-35 g for a 700 g ferret. Similarly the spleen weighed 
47 g, compared with a normal range of 3-7 g. All peri- 
pheral lymph nodes appeared neoplastic. Examination of 
blood smears revealed a lymphocytosis (83 per cent) 
caused by small lymphocytes and lymphoblastic cells 
which were frequently vacuolated and in mitosis (Fig. 2). 
Histologically, there was marked proliferation of lympho- 
blastic cells ın the cortices of the nodes and in many cases 
disruption of the normal architecture with neoplastic 
processes into the surrounding fat (Fig. 3). Very little 
of the thymus could be identified as the parent gland 
because of the massive neoplasia. The hepatomegaly 
resulting from lymphoblastic infiltrates totally disrupted 
the normal structure of the liver. The kidneys and lungs 
showed only scattered foc: of lymphoblastic infiltrates. 
The extensive lymphadenopathy leaves little doubt that 
the disease observed was lymphatic leukaemia. Of the 
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Fig. 1. Cellulose acetate electrophoretic patterns of ferret family No. 5 when kits were 
ta) 4 and (b) 8 months old. 








Fig. 2. 


Blood smear showing neoplastic lymphocytes, 1 and 2 at x 470 
and 8 at x 900, all stained with Wright-Giemsa, 


two general types of murine leukaemia (Gross or Moloney) 
and what has been referred to as erythroleukaemia 
(Friend or Rauscher)’, the leukaemia observed in this 
ferret resembled the former with gross and microscopic 
patterns of widespread lymphatic neoplasia. 

Lymphatic leukaemia in a ferret kit from a family 
selected on the basis of dysproteinaemia in the dam is 
intriguing when one considers the association of the 
lymphoproliferative disease in ferrets with Aleutian 
disease in mink. In each the disease manifested may be 
caused by one of a group of closely related agents able to 
induce neoplastic transformation in lymphoid tissue. The 
ferret with lymphocytic leukaemia represents one extreme 
in the spectrum of lymphoproliferative disease of mustelids 
and Aleutian disease of mink as the other. What could 
be considered as intermediate types are normoprotein- 
aemic ferrets with lymphocytic-lymphoblastic hepatic foci 
and ferrets with hypergammaglobulinaemia which resemble 
mink infected with Aleutian disease. In hypergamma- 
globulinaemic ferrets and mink, the infiltrating cells are 
an equal mixture of lymphocytes and plasmacytes. 

A pertinent human parallel to the gamma-globulin 
abnormalities observed in kits (54~5q) might be the situa- 
tion observed in infants afflicted with the Rubella syn- 
drome!?-*, Fig. 1 shows that kits 5, and later 5g showed 
what might be considered monoclonal banding in the 
gamma region of their electrophoretic patterns. Our 
other work currently in progress indicates that these 


monoclonal proteins in kits are not caused by placental 
transmission of maternal immunoglobulins. In the 
rubella syndrome marked increases particularly of IgM 
have been documented- and are apparently associated 
in these infants with persistent virus infection. One then 
wonders if the range of electrophoretic gamma-globulin 
abnormalities investigated here (Fig. 1) is related to the 
influence of a leukaemia agent active in all the kits 
as well as originally in the dam. 

In the lymphoproliferative disease of ferrets, the thymus 
is greatly hypertrophied or even tumorous as in the ferret 
with lymphatic leukaemia. However, in Aleutian disease 
of mink the thymus undergoes what may be normal 
regression and remains refractory to plasma cell infiltrates. 
The investigation of murine leukaemia has added greatly 
to the field of oncology, and the oceurrence of lymphatic 
leukaemia in association with dysproteinaemia of ferrets 
may open an area of understanding about the thymus~ 
immunoglobulin control mechanisms and lymphoprolifera- 
tive disease. 





Lymph node showing neoplasia with disruption of capsule. 


Fig. 3. t 
(x200, stained with haematoxylin and eosin.) 
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BIOLOGY 


Plant Regulators alter Translocation of 
Photosynthetic Products 


Kintys have been shown to be strong mobilizing agents'-*, 
and a spot of kinin on a leaf can attract substances such 
as amino-acids from adjacent untreated tissue. We are 
aware, however, of no investigations in which kinin- 
induced mobilization and concomitant alteration of trans- 
location patterns have been demonstrated in shoots of 
perennial plants such as grapes and tree fruits. 

In 1965 and 1966 we used potted vines of Vitis vinifera 
L. to determine the effects of a kinin and other types of 
plant regulators on translocation patterns of elaborated 
food materials. The normal translocation pattern of 
assimilate of young grape shoots shows that most of the 
shoot tip is importing only‘. After the leaves have ex- 
panded to about half their full extent they begin exporting 
assimilates upward. When a leaf is separated from the 
oldest importing leaf on the shoot tip by two or three 
other exporting leaves, the assimilate is translocated 
both to the shoot tip and downward. Translocation 
from more basal leaves is almost all downward. 

Rootings of Vitis vinifera L., variety ‘French Colom- 
bard’, were grown in ‘Sponge Rok’ in 1 gal. containers. 
The plants were irrigated as needed with half strength 
‘Hoagland No. 1 solution’. Various experiments were 
carried out when the shoots were 12-14 in. long. The 
direction of translocation of carbon-14 after the assimila- 
tion of labelled carbon dioxide by individual leaves was 
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determined. by autoradiegraphic techniques*... In each 
experiment a young, fully expanded leaf which was ex- 
porting photosynthate upward, and an older, more basal. 
leaf from which export was mainly downward, were treated. 
Barium carbonate (0:5 mg) labelled with carbon-14 and 
with a specific activity of 0-061 mc./mg was used as the 
source of labelled carbon dioxide. It was applied to the 
leaves according to the method of Hale and Weavers, 
Each leaf was exposed to the labelled carbon dioxide 
for 30 min. Shoots were collected 6 h later, mounted 
and autoradiographed according to the method of Yama- 
guchi and Crafts®. The X-ray film usually was exposed 
to the mounts for 7 days. Two shoots were used for each 
treatment. 

In one experiment entire shoots were sprayed with 
1,000 p.p.m. of a kinin, 6-(benzylamino)-9-(2-tetrahydro- 
pyranyl)-9H-purine (BTP). Two days later the plants 
were similarly sprayed, and the following day separate 
leaves were exposed to labelled carbon dioxide. In one 
set of shoots an upper leaf was exposed and in a second 
set a lower leaf was exposed. As a control a similar group 
of shoots was exposed to labelled carbon dioxide without 
previous spraying with kinin. In addition a single shoot 
was treated with neither kinin nor labelled carbon dioxide 
to detect the presence of pseudoautoradiographs. In 
unsprayed shoots the movement of photosynthate was 
entirely downward when the lower leaf was treated with 
labelled carbon dioxide (Fig. 1). In shoots that were 
sprayed with BTP, however, and the lower leaf then 
treated, there was much movement into the upper parts 
of the plant, as well as some downward movement. As 
a result of the kinin treatments, the upper portion of the 
plant became a “sink” for assimilates. When the upper 





a h 
e d 
Fig, 1. (a) and (b). Unsprayed shoots in which lower leaf was treated 


with labelled carbon dioxide, (a) Mounted specimen; (b) autoradio- 
graph. A, section of internode; B, portion of leaf and petiole; C, ten- 
dril; D, shoot tip; TL, treated leaf. The dark areas of the autoradio- 
graph indicate the presence of carbon-14, the darker the area the greater 
the concentration of the isotope. slocation was downward. (0 
and (d). Shoot sprayed with kinin. (e) Mounted specimens and (d) auto- 
radiograph. Note that much upward movement has occurred, 
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leaf on unsprayed shoots was treated with labelled carbon 
dioxide, there was ‘considerable upward movement of 
photosynthate. The upward movement, however, was 
much greater when the tips of the shoots previously 
_ had been sprayed with BTP (autoradiographs not shown). 
» In a second series of experiments, carried out in a similar 
“Manner but using 100 p.p.m. of gibberellic acid instead of 
. Kinin, the results were similar to those obtained with kinin. 
wbberellic acid, however, produced stronger sinks than 
did the kinin. 
In a third experiment 2,000 p.p.m. of a plant growth 
retardant, (2-chloroethyl)trimethyl-ammonium chloride 
(CCC), was used instead of the kinin. When the upper leaf 
of the unsprayed control was treated with labelled carbon 
joxide, movement of photosynthate was almost com- 
pletely upward (Fig. 2). In plants sprayed with CCC, 
however, only slight bidirectional movement of photo- 
“synthate occurred out of the leaf. Either the production 
of photosynthate produced was sharply reduced or, 
more likely, the amount of translocation was severely 
reduced, Evidently, CCC greatly decreases the capacity 
of the plant for mobilization of assimilates in the upper 
portion of the shoot. When the second leaf from the 
base of unsprayed plants was treated with labelled carbon 
dioxide, almost all movement of photosynthate was 
downward. The pattern was similar in shoots that had 
been sprayed with CCC, but the intensity of radioactivity 
was far less than in the unsprayed control (autoradio- 
-graphs not shown). In another trial, only the shoot tips 
were treated with CCC. In both the control plant and 
that sprayed at the tip, movement from the upper leaf 
was mostly acropetal. The amount of translocation, 
however, was strikingly reduced in plants treated with 
CCC (autoradiograph not shown). When the second leaf 
from the bottom was treated, movement was downward 















a b 
e d 
ig. 2. (a) and (b), Unsprayed shoot in which upper leaf was treated 


with Tabelled carbon dioxide. (a) Mounted section and (b) autoradio- 

graph. Note that translocation of carbon-l4 is mainly upward. (c) 

and (d), Shoot sprayed with CCC. (e) Mounted specimen and (d) auto- 

radiograph. Note that very slight export of carbon-14 from the treated 
leaf has occurred. 
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only; and again there was much less radioactivity i m the 
sprayed plants (autoradiograph not shown) ae 
These results, which have been supported by biochemical 
analyses of carbohydrates, amino-acids, and organic ac 
(unpublished results of Shindy, Kliewer and. Weaver), — 
indicate that applications of growth regulators to shoots | 
or portions of shoots markedly alter translocation patterns. 
The changes may be effected by an alteration in the capa- 
city of certain tissues to accumulate photosynthetic pro- 
ducts. This, in turn, could affect the growth of the plants. 
This investigation was supported in part by a grant 
from the US National Science Foundation. 
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Distribution of Auxin in Horizontal Woody 
Stems in Relation to Gravimorphism 


THE response of an inclined branch of an angiosperm 
tree to gravitational stimulation is manifested in several 
ways. Usually the young apical region exhibits a negative 
geotropic curvature, resulting from increased growth 
on the lower side, while the older woody parts show out- 
growth of lateral shoots and greater cambial activity 
on the upper side’, 

The negative geotropic curvatures of the apical regions 
of the stem are explainable in terms of the Went-Cholodny 
theory of geotropism, in which it is postulated that in the 
horizontal stem, auxin moves to the lower side and there. 
stimulates growth, leading to an upward curvature... The 
increased cambial activity on the upper side of older 
parts of a horizontal stem is difficult, however, to interpret 
in terms of this theory. It is well known that auxin 
stimulates cambial activity, but in horizontal stems there 
appears to be greater cambial activity on the side where 
less auxin is to be expected according to the ‘'Went— 
Cholodny theory. Furthermore, if indolyl-3-acetic acid» 
(IAA) is applied to excised, disbudded stem pieces of 
Populus held in a horizontal position, cambial activity is 
stimulated and is found to be greatest on the upper side’, 
This latter observation would seem to suggest that there 
is greater auxin on the upper side of horizontal poplar 
stems. We have carried out the following experiments 
to determine the distribution of [AA in woody horizontal 
stems in an attempt to resolve this problem. 

Horizontally placed, 10 cm lengths of disbudded 1 year 
old shoots of Populus robusta were each treated with 
2 ue. of TAA-2-4C (specific activity 5-27 me./mmole) in 
ethanolic droplets applied to the apical cut ends. After 
7 days, the first 7 em of stem were split lengthwise in the 
horizontal median plane and each half stem was divided. 
into 1 em lengths, the apical 2 mm being discarded. The 
segments, consisting of both bark and wood, were extracted 
with 100 per cent methanol. The residues obtained 
after evaporating the extracts were radioassayed usinga 
gas-flow proportional counter. The mean values of e.:p.m. 
above background, obtained by averaging the values 
from ten replicates, are set out in Table 1. From theses 
data it can be seen that the ratio of the upper side: lower 
side radioactivity decreases with distance from the site 
of application. Using the original c.p.m. values, the 
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Table 1. MEAN C.P.M, ABOVE BACKGROUND FROM TEN HORIZONTAL STEMS OF Populus robusta APICALLY TREATED WITH TAA-2-MO 
iy ia Positions tem) along the gremi from point or application s ne 
a att. -2 i B4e7 . 
B me e a ae m o oa 
Percentage of total Upper 50 4T 2 43-8 415 40-1 34-7 32-4 
Lower 50 52-8 562 58-5 59 9 65 3 67-6 
1-0 and wheat coleoptiles for Rr 0-5 to 0-8. The results 
g presented in Fig. 1 show that in the extract of the lower 
Eg Upper Lower 10:1:] side more auxin activity was to be found in the IAA 
= TAA IAA Ser region, and also in Ry 0-8 to 0-9, than in the extract of the 
H fresh upper side. This observation was coupled with the rather 
B 6 weight surprising finding that the concentrations of growth 
inhibitory substances were also greater on the lower 
Ea side. The occurrence of larger concentrations of both 
a promoters and inhibitors on the lower side of horizontal 
: oan oy „a m stems has recently been shown also for blackcurrant 
Doi j 20 g (unpublished results of El-Antably). The inhibitory 
_ i9 = substances in poplar have been separated into two chief 
eg E components, one of which is acidic and is most probably 
3 the “8-inhibitor’’® and a second which has been defini- 
17 2 tively identified as catechol. No differences could be 
16 & detected in the gibberellin content of the upper and lower 
i 2 sides using the lettuce hypocotyl assay‘. 


00-05 05-08 08-10 00-05 05-08 08-106 
Rp ip 
Fig. 1. Combined mesocotyl and coleoptile bioassay of chromatographed 
extract of cambial tissue from horizontal poplar stems. Loading equiva- 


lent to 0-9 g fresh weight of tissue. Developing solvent isopropanol: 
ammonia : water, 10:1: 1. 








difference between the regression coefficients calculated 
for the upper and lower sides respectively for the distance 
2 em to 7 cm was significant (P < 0-025). If this label is 
representative of intact TAA, then there is proportion- 
ately more auxin on the lower side as distance increases. 

To determine whether the greater radioactivity on the 
lower side was in the form of LAA, carboxyl-labelled TAA 
(specific activity 32-1 me./mmole) was supplied to poplar 
twigs set up as before. Application of the ethanolic drop- 
let was, however, restricted to the extraxylary tissues at 
the apical cut end. After 7 days, the stems were sampled 
in pairs. Sampling took the form of removing bark and 
cambium, as 4 mm wide strips, from the upper and 
lower sides over the distance from 3-5 to 9 em from the 
apical end. This extraxylary tissue was extracted three 
times with 100 per cent methanol and the bulked extracts 
were reduced to dryness. The residues were chromato- 
graphed together with added unlabelled IAA, which 
acted not only as a carrier enhancing separation, but also 
as an easily observable marker. The solvent system used 
was 10:1: 1 of isopropanol, ammonia and water. 

In Table 2, a comparison is given of the radioactivity 
of the [AA-containing regions of the chromatographed 
extracts of the upper and lower sides. In all replicates 
more radioactivity was found to be present on the lower 
side, thus providing evidence that greater amounts of 
TAA occur there. 

The question now arises as to whether or not these 
results were indicative of the distribution of endogenous 
auxin in intact trees. To test this, bioassays were carried 
out on chromatographed extracts of the cambial tissue 
from poplar stems foreibly inclined in the field. The assay 
involved using oat mesocotyls for Rp 0-0-0-5 and 0-8~ 





Table 2. OP.M. ABOVE BACKGROUND IN THE TAA REGION OF THE CHROMATO- 
GRAMS 
Upper side count 
Replicate* Upper Lower as a percentage 
of total 
1 BOLLS 62-6 + 38-5 
2 405414 60-1 40-2 
3 4Q5+1-4 701 37-7 
4 AVS ADS 532 44-4 
5 115-04 1-7 197-5 37-0 
Mean ¢.p.m. 56-1 88-7 
Percentage of total 38-7 61:3 


* Each replicate consisted of bark strips from two stems. The 95 per cent 
confidence limits are shown against the c.p.m. 


A count of the macroscopic root primordia, easily seen 
by removing the bark from the stems of the horizontally 
trained poplar branches used for extraction, showed the 
distribution ratio of upper side : lower side to be 38-3: 
61-7. When these stems were placed vertically in water 
the majority of roots emerged on the side of the stem which 
had previously been lowermost and diametrically opposite 
the region of greatest cambial activity. 

By staining transverse sections of horizontal poplar 
stems with iodine and observing in the flank regions of 
the sections, starch grains were seen to be clustered on the 
lowermost wall bounding certain cortical cells (Fig. 2). 
This can be taken as slight evidence that in the poplar 
stem starch grains constitute the statolithic gravity 
perceptors as suggested by Neméc®, Haberlandt? and 
most recently by Audus’. 

Our deductions are that in the horizontal stem of a 
broad-leaved tree such as Populus, auxin is present in 
greater concentrations on the lower side than on the upper. 
The ratio of the auxin content of the upper and lower 
sides is about 40:60, which agrees closely with that 
obtained many times in horizontal organs, as. for example, 





Fig. 2. Iodine stained starch grains contained in cortical cell from the 


flank region of horizontal poplar stem. 


“NATURE, VOL. 214, JUNE -3, 1967 





coleoptiles of Avena" and Zea’: ; epicotyls of -Phaseo- 
ua; hypocotyls of Helianthus and stems of Coleus". 
Tt is not clear from our results how this differential 
distribution -of auxins in horizontal poplar stems arises, 
ut by analogy with the results demonstrated for coleop- 
tiles it would seem that there is a lateral movement of 
auxin from the upper to the lower side. The lesser activity 
f the cambium of the lower side may be explicable in 
terms of the greater content of growth inhibitory sub- 
stances to be found there. 

- Our results with Populus are also in agreement with the 
ecent work of Cronshaw and Morey“ and of Kennedy 
































nd Farrari, These workers applied tri-iodobenzoic acid 
‘hich is known to antagonize the effects of endogenous 
uxin) to vertical poplar stems and induced the formation 
f tension wood. This tissue normally occurs on the upper 
ide of inclined ‘branches and would thus seem to be 
indicative of reduced concentrations of auxin. 
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` Retardation of Flower Opening in Oenothera 
lamarckiana caused by Blue and Green Light 


“Te a plant of Oenothera lamarckiana Ser. is placed in a dark 

“oom 1 h before the flowers would have opened outdoors, 
_ all the flower buds open within 1 h because they have 
-oi -yeached the physiological stage of development which 

: permits them to bloom on the same evening. On the 
other hand, if the plant is exposed to continuous illumina- 
tion with white light of sufficient energy there is no 
flowering as long as the plant is exposed to the light. 
“These phenomena show that light retards the opening of 
“the fully developed flower bud of this plant, and that the 
opening of the flower of O. lamarckiana has a response to 
\ light and dark which is different from the response shown 
© by O. berteriana and several other species of Oenothera. 
In addition, it was shown that the light sensitive region is 
“located in the flower bud. 

The buds used for the experiments were produced on 
plants of O. lamarckiana grown outdoors in pots. Plants 
with buds were placed in a dark room about 1 h before 
the expected time of natural flower opening and the buds 
were exposed unilaterally to monochromatic light. The 
» illumination with monochromatic light of various wave- 

=c lengths between 412 and 550 my was adjusted uniformly 
to an intensity of about 600 erg/em?/sec at the sensitive 

- -part of the bud, and of more than 600 erg/cm®/sec in the 

ease of wavelengths shorter than 395 my or longer than 
570 mu. Monochromatic light was obtained by passing 
‘light from a tungsten bulb through a coloured glass 
filter and a metal interference filter. Thirty combinations 
of glass and metal interference filters with Tmax ranging 
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Action spectrum of flower opening of Oenothera. tamarektana. 
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from 34 per cent to 52 per cent, at AA1/2 10-14 mu, w 
used to obtain the different narrow spectral reg 
Because the time of flower opening was affected by oe 
outdoor light conditions on the day of the experiment, — 
the retarding effects of each monochromatie light have _ 
been expressed in terms of the length of time which ela) 
between the full opening of the buds on plan 
outdoors and of those on the illuminated plants 
temperature during the experiment was 23-0+1-0° 
and the relative humidity 67+ 5 per cent. se 
In the action spectrum for the retardation, of flower 
opening shown in Fig. 1 each point is the mean of the 
significant values chosen according to a modification of 
Haldane’s method. This action spectrum clearly shows 
that the spectral regions around 362, 419, 447,473 and 
512 mu have aretardingeffect on floweropening. The action 
spectrum at wavelengths shorter than 500 my has similar 
peaks as that in the low energy range for the positive > 
phototropism in the Avena coleoptile’ and the Phycomyces. 
sporangiophore®. ‘The induction of retardation of fl 
opening by light around 512 my. is interesting becau 
proves that green light has a physiological effect: on 
plants. oe 
These results are in agreement with those obt 
in a series of preliminary experiments on flower op 
of O. lamarckiana in which monochromatic light 
obtained by passing solar light through the same 8 
of filters as in the above experiment. 
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Flower Induction in Excised Shoot Apices of ° 
Pharbitis and Chrysanthemum cultured in vitro 


Tur existence of flower-inducing substances has. be 
demonstrated by many workers, although it. has. be 
done in a more or less indirect way. Efforts to extract and 
isolate these substances, however, have. so. far had b 
few encouraging results. One of the main reasons for 
rather disappointing results could be attributed to the 
lack of a proper means of detecting the active substances. 


ae 
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The use of the entire plant as a system: for bioassay is 
relatively easy, but has many shortcomirigs!®, The use of 
tissues such as the root’ and the stem‘ of Cichorium 
intybus and the stem of Plumbago indica! has opened up 
new possibilities in the search for flowering substances. 
While plant apices were long thought to be adequate 
material for this purpose, the results so far obtained with 
them have been rather discouraging . 

This report concerns a relatively simple and rapid 
method of apex culture for the investigation of the sub- 
stances which would affect flowering. Emphasis was 
placed on shortening the time required from planting to 
the appearance of a visible bud and on simplifying 
techniques. After a series of comparative experiments 
aimed at finding adequate plant species, size of apex, and 
culture medium, we chose 3 mm long apices of chrysan- 
themum (variety ‘Honeysweet’) and 2 mm long apices 
of Pharbitis nil (variety ‘Violet’). The culture medium 
was Heller’s solution® with 3 per cent sucrose and 30 
ug/l. each of sodium molybdate, cobalt chloride and 
cuprous chloride; also added were 200 mg/l. of u-gluta- 
mine, 100 mg/l. of myoinositel, 0-5 mg/l. of nicotinic 
acid, 0-5 mg/l. of pyridoxine and 0-1 mg/l. of thiamine. 
Pharbitis. seeds were soaked for 1 h in concentrated 
sulphurie acid, then washed overnight with running 
water. After that they were sterilized for 5 min in a 
filtered suspension of 5 per cent calcium hypochlorite 
in. water and rinsed several times with sterile water. 
These seeds were planted in a previously autoclaved 
beaker with wet cotton, and left to germinate for 3 days 
in the long-day conditions described below. Apices (2 mm) 
were taken with 1 mm portions of cotyledonary petioles 
at their bases. In the case of chrysanthemum, vegetative 
apices larger than actually required to be planted were 
taken from vigorously growing plants, and the cut ends 
were sealed with molten paraffin, and sterilized in calcium 
hypochlorite as in the case of Pharbitis. The extra tissues, 
except unfolded leaves on 3mm long apices, were aseptically 
removed before the last of repeated washes with sterile 
water. These prepared apices were planted in tubes 
(16x25 em) with 1 per cent agar medium. The test- 
tubes with the explants were placed in either short-day 
conditions of 10 h or long days of 16 h. A combination of 
fluorescent and incandescent lamps gave an illumination 
of about 700 ft.-candles outside the culture tubes. The 
temperature was about 30° C during the light period and 
20° C during the dark period. 

With the method described above, Pharbitis produced, 
on average, the first visible flower bud only 3 weeks after 























Fig. 1. Pharbitis, flower produced after 5 weeks of culture (x 1-1), 
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Fig. 2. Chrysanthemum, flower produced after 12 weeks of culture 


(x 0-8), 


planting in tubes and the first mature flower 2 weeks 
later in short-day conditions (Fig. 1). Chrysanthemum 
initiated terminal flower primordium inthe fourth week, and 
gave visible flower buds in the seventh week, and flowered 
normally in the twelfth week in the short days (Fig. 2). 
The long days kept both species in a completely vegetative 
state. Incorporation of indolyl-3-acetic acid (105-107 
molar) and gibberellic acid (10-*~L0-7 molar) into the medium 
retarded the flower initiation and development, but 
kinetin (10-10-77 molar) had little effect on flowering. 
Experiments on floral induction in non-inductive day 
length by incorporating into the medium plant extracts 
which have been prepared from induced plants are in 
progress; preliminary results suggest that this technique 
possesses many advantages for research on the effects of 
floral-inducing substances. 
I thank Mrs J. Cheruel for technical assistance. 
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Nature of the Aldolase Activity in a 
Unicellular Red Alga 


THE occurrence of fructose-1,6-diphosphate (FDP) aldo- 
lase in red algae (Rhodophyta) has been the subject of 
some controversy. Whereas Jacobi! reported the absence 
of aldolase in four species of multicellular red algae, 
Fewson et al? were able to demonstrate activity of this 
enzyme in extracts of a multicellular species (Chondrus 
crispus) and a unicellular species (Porphyridium cruentum), 
The recent discovery of aldolase in blue-green algae 
(Cyanophyta)*.* after earlier failures?) to detect it in this 
algal group indicates the need for similar re-examination 
and characterization of aldolase in the red algae. During 
comparative investigations on aldolase activity in marine 
phytoplankton species belonging to several classes of 
algae, we had occasion to re-examine the unicellular red 
alga Porphyridium cruentum Nägeli and were able to 
confirm activity. Furthermore, a developing interest in 
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-the biochemical evolution of aldolase’ prompted us to 
> investigate certain characteristics of this enzyme activity, 
-cand we have obtained interesting results which may be of 
value to algal phylogeny. 
oP. eruentum (Vischer strain) was obtained in axenic 
condition from Dr F. T. Haxo (Scripps Institute of 
Oceanography, La Jolla, California) and was grown 
photoautotrophically in mass culture’. Algal acetone 
powders® and their phosphate buffer (0-05 molar, pH 
7:5) extracts (from 16 h extraction at 0°-4°C)* were 
assayed for aldolase activity by the triose osazone colori- 







_ metric method of Sibley and Lehninger’. Enzyme incuba- 


tions were effected at ambient room temperature (20°-24° 
) and at pH 7-5. 0-05 molar tris (hydrochloride) buffers 
‘were used for the pH investigations carried out in the 
| orange 7-5-9-0. The inhibition investigations were made 
with ethylenediamine tetraacetate (EDTA) as metal- 
_ ehelating agent and with p-chloromercuribenzenesulphonate 
= (PCMBS) as sulphydryl-binding agent. Dithiothreitol'* 
< (DTT) was used'as'sulphydryl-protecting agent. The algal 


extract was preincubated 10 min with these agents before 


addition of the substrate (Na FDP, Sigma Chemical 
== Co.). Protein was determined by the method of Lowry". 
~" Aldolase activity was readily demonstrable with both 
the acetone powder and cell-free extracts of P. cruentum. 
Unlike the blue-green algae, no protection of sulphydryl 
groups was required to observe the activity. The aldolase 
reaction was roughly proportional to extract protein and 
showed linear rate up to at least 30 min incubation with 
“the appropriate extract concentration (Fig. 1). The rate of 
FDP split was about 7:8 ymoles/mg protein/h, The 
activity was inhibited 25 per cent by EDTA (5 mmolar) 
and 100 per cent by PCMBS (0-1 mmolar). It was slightly 
stimulated (13 per cent) by DTT at a concentration of 
l-mmolar; the stimulation was reversed when the con- 
centration was raised to 8 mmolar. The pH investigations 
indicated optimum activity at pH 8-0-8-5 with 10-15 per 
cent decrease in reaction rate at pH 7-5 and 9-0. These 
results reveal the occurrence of an aldolase relatively 
insensitive to EDTA, pH, and sulphydryl activation but 
with sulphydryl groups involved in the expression of 
activity. The possibility that the EDTA concentration 
used was too low for effective inhibition by metal-chelation 
was excluded by testing with a range of concentrations. 
© Table 1 shows that concentrations of from 5 to 50 mmolar 
EDTA give the same degree of inhibition and that this 
inhibition is significantly reduced at lower concentrations. 
The oceurrence of two principal types of natural aldolase 
“Fs now well documented. In contrast to type I aldolase 
(for example, from rabbit muscle), type IL aldolase (for 
example, from yeast) is characterized by sulphydryl and 
divalent metal-ion requirements, by inhibition from 
metal-chelating agents, by a narrow pH optimum, and by 
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Fig. 1. Rate of aldolase reaction from P, eruentum extracts: (A) of 
protein content 7-4 mg/ml. obtained from 100 mg acetone powder in 2 ml. 
phosphate buffer (see. text); (B) of protein content 3-3 mg/ml. obtained 
from 50 mg acetone powder in 2 ml. phosphate buffer. Reaction 
mixture: 0-7 ml. tris buffer (005. molar, pH 7-5), 0-1 ml. hydrazine 
(0-56 molar, pH 7:5), O1 mi. FDP (0-05 molar), 0-1 ml, algal extract, 
total volume 1-0 ml. Reaction terminated by adding 1-0 mi. TCA (10 
percent). 
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Table 1. INHIBITION OF P. cruentum ALDOLASE ACTIVITY BY EDTA 


EDTA concentrations (mmolar) 0l 05 10` 80 100 500 
Percentage inhibition (+2 percent) 12 10 14 24 22o 22 


activation from potassium ions (ref. 6). Because sulphy- o 
dryl groups are thought to be involved in the mechanism — ca 


of action of both types of aldolase®, differential: sensi- 
tivity to sulphydryl reagents appears to be of doubtful. 


diagnostic value. The other criteria, however, have proved: 
more useful in this respect. In particular, the degree of - 


inhibition obtained from EDTA has served as a singularly. 

valuable identification marker for the two types. During 

an extensive survey of organisms ranging from bacteria — 
to plants and animals, Rutter obtained 0-8 per cent 

inhibition for organisms with type I aldolase only, 94-100 

per cent inhibition for organisms with type IT aldolase 

only, and intermediate levels (46-67 per cent) of inhibition 
for organisms with both types. Applying these criteria 
to the aldolase of P. cruentum, it appears from. the pro- 
perties observed that this red alga may contain about. 

75 per cent type I and 25 per cent type IT aldolases 

(barring the unlikely possibility of an aberrant. hybrid 

form hitherto unrecognized in nature). Raat 

The finding of type I as the chief aldolase in a uni- 
cellular red alga is very significant from the point of view 
of algal phylogeny. Rutter’s survey® has shown that type 

TI aldolase is restricted to primitive organisms (bacteria, 

yeasts, fungi, blue-green algae) and type I to the more 

highly evolved forms of life (green algae, protozoa, plants, 
and animals), with both types oceurring in a few transitional 
forms (Euglena, Chlamydomonas). These observations 
reveal the value of aldolase as a biochemical marker in 
tracing algal evolution. Because only type II aldolase 
has been found in the blue-green algae hitherto examined*'* 
the appearance of type I aldolase in P. cruentum points to 
an evolutionary advancement from blue-green to red 
algae at the enzymological level and adds weight to 
similar inferences? on the relative phylogeny of these 
algal groups drawn from other lines of evidence. ke 
We thank Dr F. T. Haxo for providing us with a speci 
men culture of the red alga used in this investigation. 
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Tissue Culture of Oats 


Tissue culture of monocotyledonous plants has rarely 
been successfull? and to our knowledge Avena sativa has 
not previously been grown as a callus on completely syn- 
thetic media. The Avena coleoptile and straight growth 
tests have been used widely as biological assays for plant 
auxins, and the effect of growth substances on various 
parts of oat seedlings has been the subject of a number 
of investigations**. This communication will report 
successful callus induction and callus growth of oats. : 
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Table 1.. EFFEC OF @ 
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M Not tested; ~~, no callus formed; +, calins only on some replications: 
+, small callus; + +, medium callus; +++, large callus. Based on data 
from six. replications. 


Seeds of oats Avena sativa, variety ‘Victory’, were 
debusked, sterilized for 10 min in 0-2 per cent mercurous 
chloride, washed overnight in tap water, resterilized in 
O02" per cent mercurous chloride for 2 min, rinsed in 
70 per cent ethanol and then rinsed six times in sterile 
distilled water. The seeds were then placed aseptically 
. On the surface of agar media and incubated either in the 
_ dark or light at 25° ©. The medium used was the same 
-as that described by Linsmaier and Skoog® except that 
‘none of the optional constituents was added and the 
- growth regulators kinetin, 2,4-dichlorophenoxy acetic 
acid (24D) and indolyl-3-acetic acid (TAA) were added in 
the amounts shown in Table 1. 

- When a suitable concentration of auxin was present in 
the media (Table 1) the root system was replaced by a 
large undifferentiated callus (Figs. 1 and 2). The shoot 
system remained alive for about 2 months but eventually 
died, although callus growth continued. Callus tissue has 
been suceessfully sub-cultured on to media of similar 
composition to that which gave callus induction (Table 1). 
Suceessful transfer on to a series of four new media has 
been ‘achieved without any apparent change in growth 
rate. When the concentration of auxin was barely 
sufficient to induce callus a series of small calluses 
developed from the meristematic zone adjacent to the 
root tip. At greater concentrations of auxin the root 
system was completely replaced by callus with the initial 
callus forming at the junction between roots and coleop- 
tile. Callus induction and growth on 24D media were 





Fig... Oats callus formed using media with 22-5 pmolar 24D and 

46 pmolar kinetin. Centre plant had no auxin and 0-46 umolar 

kinetin, Left hand and centre plants incubated in the dark, right hand 
in the light at 25° C, 
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Oats callus formed using 570 pmolar LAA (left) and 225 r 
molar 24D (right). Both media contained 0-46 zmolar kinetin and were > 
incubated in the light at 25° C, 


unaffected by light (Fig. 1) and, although callus could be 
induced with a large concentration of LAA, growth was 
normally less than with 24D media (Fig. 2). 

Table 1 shows that induction of callus is very dependent 
on concentration of auxin but kinetin is of little import- 
ance. There is a tendency for large concentrations of 
kinetin to suppress callus induction. Callus was induced 
by IAA but only at much greater concentrations than 
those necessary with 24D. Experiments with rice (an 
published results of Yamada, Tanaka and Takahashi) 
indicate that the auxin requirements for callus induction 
are similar for oats (Table 1). Transfer of callus to media. 
containing no auxin and 0-46 ymolar kinetin or no auxin 
or kinetin gave immediate cessation of oats callus growth: 
and redifferentiation into a large number of shoots and:a 
few roots. 
extremely sensitive to auxin concentration but relatively 
unaffected by kinetin. These results contrast with those. 
obtained with tobacco pith callus* where appreciable 


callus growth can occur after transfer from a medium. — 


containing 24D to one without auxin, but tobacco callus 
growth was very sensitive to kinetin concentration. These 
results suggest that the two callus tissues differ greatly 
either in net synthesis of auxin or in their ability to 
destroy auxin remaining in the tissue from a previous 
culture medium. 

It is suggested that oats callus which is very sensitive 
to concentrations of auxin will be a valuable experimental 


material for future investigations of mechanisms of action 


of growth regulator, and of the growth and development. 

of plants. ns 
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Chemosterilization of the Red Bollworm 
(Diparopsis castanea Hmps.) by Mutagenic 
Agents 


THE red bollworm, a noctuid moth, is an important pest of 
cotton in Central Africa. It spends moat of its larval life 
inside the cotton boll and so it is difficult to control with 
insecticides. 

At the Tropical Products Institute in London, work is in 
progress for the isolation and eventual synthesis of the 
female sex attractant of this insect. If the theories of 
Knipling! are accepted, then in order to control the insect 
population it would be more efficient to sterilize the 
attracted males than to kill them by using 4 poison bait. 
Such a method of sterilizing the natural male population 
would avoid the use of an expensive sterile male release 
programme, like the one used for the control of screw worm 
fly (Cochliomyta hominivorax) in the United States’. 

LaBreeque ef al. found that certain alkylating agents 
are capable of sterilizing houseflies**. Three of these 
compounds have since been used on a variety of msects 
with varying degrees of success in the inducement of 
sterility, namely: tris (l-aziridinyl) phosphine oxide: 
(tepa): iris (2-methyl-l-aziridinyl) phosphine oxide 
(meteps); and 2,2,4,4,6,6,-hoxakis (1-aziridinyl)-2,2,4,4,6,6 
hexahydro-1,3,5,2,4,6,-triazatriphosphorine (apholate). 
A non-alkylating compound, hexamethylphosphoric tri- 
amide (hempa), which has a chemical structure analogous 
to that of tepa, has also shown some sterilant activity 
against a few insect species including houseflies’. 

The disadvantage of these chemicals, with the possible 
exception of hempa, is that they are not only toxic but 
can also cause sterility in mammals‘. Furthermore, 
because of their mutagenic properties, should they be 
spread through the environment indiscriminately, as, for 
example, by spraying, a considerable increase in sub- 
lethal mutation could occur in man, which would only be 
evident in generations to come. A sex attractant could be 
a way of exploiting these dangerous chemicals by restrict- 
ing their use to localized bait-stations. 

This preliminary investigation was therefore under- 
taken to see whether the male moths could be sterilized 
by the above mentioned chemosterilants and at the same 
time retain their full mating capacity. 

Adult moths were obtained from diapause pupae which 
had been collected in the field and stored at 75° F and 
70 per cent relative humidity. Mating occurs only at 
night and, because the moths are sexually mature on 
emergence, they were kept ın continuous light; in these 
conditions, premature mating was thus eliminated. They 
were assembled on a daily emergence basis, sexed and 
placed individually in glass specimen tubes. They can 
live in laboratory conditions for up to 12 days without 
requiring water or sugar. For the initial tests, injection 
was used for application. Dissolved in distilled water, 
1 ul. of solution was mjected into the haemocoel of the 
insect. Control males were injected with distilled water 
only. Just before treatment, the insects, still ın their 
specimen tubes, were anaesthetized by minimal exposure 
to carbon dioxide. They were treated on the first day after 
emergence and held for 3 days to observe any mortality 
effect. They were then mated to 1 day old virgin females, 
with two males and one female in each mating contamer. 
The containers, hurricane-lamp glasses, were partially 
lined with blotting-paper on which the eggs were laid. 
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Mating usually occurred on the first night, while egg- 
laying commenced on later nights. During the day the 
moths were generally inactive and could easily be handled. 
The eggs were usually collected after the third night in the 
mating-jars and male post-mating mortality noted. The 
females were dissected for the presence of spermatophores 
as evidence that mating had occurred, the frequency of 
spermatophore transmisaion providing a useful way of 
determining whether or not the chemosterilants were 
having a deleterious effect on mating performance. ' 

All the eggs laid by unmated females were discarded, 
while each batch from the mated females was counted and 
incubated separately, and the number hatching noted. 
On average, at least twenty males were treated for any 
concentration of chemical tested. 

As shown in Table 1, tepa, apholate and metepa steri- 
lized the male moths at approximate doses of 1:5 ug, 
3-75 ug and 15 pe respectively. At the lower effective 
dose levels, post-mating mortality, which is assessed 4 days 
after treatment, compares favourably with the controls, 
while mating ability is unimpaired. With larger doses 
both an increase in mortality and adverse mating per- 
formances will generally be noted. No sterilizing activity 
was found for herapa with this method of appheation. 

In order to see whether chemosterilized males could 
compete with untreated ones, competitive mating tests 
were carried out. Outdoor cages (6 ft. square) were used. 
each cage being provided with a 5 ft. cotton plant to 
simulate more natural conditions. The treated males 
were injected either with 2 ug of tepa or 5 ug of apholate, 
while the untreated males were marked with a green dye. 
They were released together with virgin females at sunset 
into the cages either the same night or the following night 
after treatment, m varying ratios of treated males: un- 
treated males: untreated females, as ahown in Table 2. 

The following morning the moths were recaptured and 
counts were made of the live treated and untreated males 


Table 1. STHRILIZING HFFKOT OF INJHOTHD DOSES OF TEPA, APHOLATE, 
METHPA AND HENPA ON MALES SUBSEQUENTLY MATED WITH VIRGIN WHMALES 
Percen 
Chemo- Dose Percentage post-mating Percentage 
sterflant (ug) Eggs laid hatch mortality successful 
(4 days) mating 
Tepa 1 191 0-51 8:8 86-7 
2 324 0 0 462 
4 461 0 8-8 533 
10 No data for — 55 40 
20 these oon- — 85 25 
40 centrations — 96 163 
80 of tepa — 100 0 
Apholate 25 261 61 0 81-8 
5 188 0 0 58°38 
10 166 0 4 68-7 
20 136 0 16 68-2 
40 68 0 24 278 
80 8 0 24 0-9 
Metepa 2-5 295 26°1 10 88 9 
5 114 16-7 15 556 | 
10 120 28 5 700 
20 61 0 24 68 2 
40 180 0 818 600 
80 180 0 64 50 
Hempa 8-25 181 32:8 864 700 
12-5 170 16-3 50 864 
25 275 378 81-8 400 
50 131 276 45:5 66 6 
100 39 28 2 50 0 
200 — — 55 0 
400 _ — 96 0 
800 — — 100 0 
Controls — 226 509 22 2 510 
(averaged) 


Table 2. COMPETITIVE MATING TESTS WITH MALES TREATHD WITH 2 ug OF THPA OR 5 ug OF APHOLATEH BY THW INJECTION METHOD 


Ratio of No. of Time of treat- Age of Age of 
Chemo- sterile males: moths mentinrelation malea females 
sterilant untreated actually to tume of when when 
used les : females used release released released 
Tepasi Tikit 42:42:42 Same da: 4 days 1 day 
2 1:3:1 24 : 72 ° 24 The day before 5 days 3 days 
e 1:6°1 10:50:10 Same day 1 day 1 day 
4) 9:11 90:10:10 The day before 2 days 1 day 
Lede) 42 .42:42 Same day 4 days 2 days 


Apholate 
a) 


Percentage No. of Found Expected 
Recovery No.of mating of sterile peron percentage 
of successful recovered egg of sterile sterile 
females matings females masses matings matings 
88 28 73-6 14 50 50 
23 21 91-5 5 28-8 26 . 
8 8 100 2 25 167 
10 10 100 8 80 90 
35 18 515 10 55-6 600 
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which were held for comparative mortality assessment. 
The females were individually confined for two days in 
glass specimen tubes containing a roll of filter-paper to 
facilitate egg-laying, after which they were examined for 
spermatophores as proof of mating. The eggs were counted 
and incubated to determine whether or not a sterile 
mating had occurred. The results, which are seen in 
Table 2, suggest that the treated males are fully com- 
petitive in that the expected percentage of sterile mating 
in each instance approximates to the theoretical value. 

With a view to the development of a sterilizing bait- 
station, the induction of sterility by contact methods was 
then investigated usmg tepa and apholate. Male moths 
were left in overnight contact with filter paper soaked in 
various concentrations of aqueous solutions of the chemo- 
sterilants. The results which are shown in Table 3 suggest 
that complete sterility ia achieved by this method at a 
concentration of 0-2 per cent for tepa and 1-0 per cent for 
apholate. 


Table 8. GHBMOSTHRILIZING BYFEOT ON MALE MOTHS OF FILTHR PAPER 
SATURATED WITH AQUEOUS SOLUTIONS OF SRPA AND APHOLATE FOLLOWING 
OVHRNIGHT OONTACT 


Percent- Percent- 


No. of Percent- Percent- age t- age Percent- 
mal 


Ohemo- males Eggs success- age 
sterilant treated ste t lard hai mortali sterile 
solution (8 days) mating mating 
Tepa 20 0-25 142 62 1 50 20 
20 0-05 188 17 1 50 60 
20 0-10 275 18-5 3 80 87-5 
44 0 26 617 9 48 7T 100 
18 0-50 — _ 7 oor 
14 10 106 0 7 30 100 
Control 86 — 569 78:5 16-7 61 66 
Apholate 20 O1 284 761 0 70 14 
20 2 156 487 10 55-6 20 
i8 05 82, 48 0 25 
16 10 161 0 6 37-5 100 
Control 80 846 88 8-8 71 0 


In order to sterilize the natural population by such a 
method, the attracted males would have to be held at the 
bait-station for several houra before being released back 
into the environment. On anything but a small scale this 
would create many mechanical difficulties. The possibility 
of sterilizing the males by shorter control times or even 
casual contact was therefore investigated. Short contact 
periods of up to 2 h failed to induce complete sterility 
with either tepa or apholate. The moths tested, however, 
had emerged the previous night in a room of high humidity 
where they had been stored for several months as pupae. 
Males were therefore retained in the drier atmosphere of 
the laboratory for 2 days in order to induce probing. In 
these conditions a contact time of 30 min on a filter paper 
saturated with 0-1 per cent tepa-water was sufficient to 
cause complete sterility. It was also observed that the 
insects probed almost immediately on coming into contact 
with the wet filter paper. Conditions in which the moths 
would probe in order consistently to induce male sterility 
were later more carefuly investigated and will be reported 
elsewhere. 

Meanwhile the use of bait-stations using filter paper 
soaked in various concentrations of aqueous tepa solutions 
and with virgin females as bait was investigated in the 
outdoor cages 6 ft. square. The males were released 
overnight, recaptured the following morning and mated to 
virgin females the following night to see whether they had 
picked up a sterilizing dose either by probing on the treated 
surface or by casual contact. Even though the full possi- 
bilities of probing inducement had not been realized at the 
time, particularly in relation to suitable concentrations of 
the chemosterilant, some sterility in the male population 
was achieved by these crude methods. The results are 
summarized in Table 4. 

The variation in the column headed “Percentage sterile 
mating” is probably a reflexion both of the mcidence of 
probing that occurs and the degree of attractiveness of the 
virgin females. In straightforward trapping experiments 
in these conditions the average male catch was 37 per cent. 
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Table 4. OHEMOBTRRILIZATION RFFHOT OF TEPA BAIT-BTATIONS IN OUTDOOR 


SAGES 
No. of 
Experi- males Fer- Peroent- Percent- Percent- 
ment Treatment per Age of centage age age age 
No. treat- males lai hatch ma successful storile 
ment mortalty mating maung 
1 Water only 82 1 469 727 23 66-6 0 
2 01% tepa 1 208 60-6 26-5 53-8 
3 02% ,, 14 8 70 116 0 28-6 50 
4 06% ,, 2 4 129 6867 188 81-8 40 
5 056% tepa* 37 5 29 488 64-0 105 50 
6 10% ,, 4 896 956 12 B71 83 


* In this instance males were maintained in laboratory conditions where 
humudity was low for 2 days before testing. 


Further investigations will be needed to find out the 
degree of probing that occurs for the insect in its natural 
environment as well as improvement of bait-station 
design. Results so far, however, suggest that provided the 
sex-attractant becomes available the use of sterilizing 
bait-stations in the field would be a distinct poambilty. 

This work was carried out in conjunction with the Cotton 
Pest Research scheme, based at the Gatooma Research 
Station, Rhodesia. I thank the membera of the team, in 
particular Mr Q. A. Matthews, as well as the Director of 
the Agricultural Research Council of Central Africa, Dr 
H. C. Pereira, for their enthusiastic co-operation. I also 
thank Mr L. Dube for his help. 

Samples of chemosterilants were supplied by Dr A. B. 
Borkovec of the US Department of Agriculture, Belte- 
ville, Maryland, the Chemirad Corporation and the 
Squibb Institute of Medical Research. 
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Activation of the Prothoracic Glands of 
Antheraea polyphemus 


Evipenon has accumulated that the moulting cycle in 
insects follows a basic pattern involving the activation of 
the prothoracic glands by a hormone from the brain. The 
active prothoracic glands then secrete into the blood the 
moulting hormone, ecdysone. Secretion of the brain 
hormone has therefore been thought critical in the in- 
duction of moulting. The central role of the brain is 
particularly evident in animals with a pupal diapause, 
where adult development is not initiated if the prothoracic 
glands are not activated. Many experiments’? have 
shown that the brain of the diapausing saturniid pupae 
can be activated by exposing the pope for various periods 
to temperatures of less than 10° O. The present investiga- 
tion confirms the additional observation of Williams 
(unpublished work) that the brain may be activated by 
surgical means not involving chilling, and suggests that 
in oertain circumstances the prothoracio glands are 
activated without the mediation of the brain. 

The pupae of Antheraea polyphemus (Lepidoptera) 
used in these experiments were grown on maple trees in 
Connecticut during the summer of 1965, and were collected 
soon after pupation (between August 16 and September 
15). Immediately after collection, all pupae were exposed 
for 21 days to a “short-day” photoperiod of 7 h light, 
followed by 17 h darkness at 25° C and 70 per cent relative 
humidity. This short-day “pretreatment” ensured that all 
pupae were in a “firm” diapause and showed no visible 
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Tablo 1, M¥FROT OF PHOTOPHBIOD, BURGERY AND CHILLING ON THE INITIATION OF ADULT DBVELOPMMNT IN DIAPAUSING PUPAE OF A. polyphemus 
Percentage 
Duration of Photoperlod completing Pereen 
experiment (h) No. of ult remam Percentage 
Group treatment (in days) Light development in diapause died Remarks 
1 Freeh diapausing pupae 105 0 A 60 0 100 0 
2 Fresh diapansing pupae 77 17 7* 12 0 100 0 
8 Fresh diapausing pupae with thor own brains 124 17 7% 15 80 7 14 Average time for 
transplanted to abdomen development 72 
i Pe days (88-124) 
Fresh diapausing pupae, with an extra brain 54 17 7* 18 100 0 0 Average time for 
implanted to abdomen development 40 
days (82-64) 
5 Fresh diapaumng pupae debrained immediately 112 17 i hd 16 0 93 7 
6 Diapausing pupae debrained after storage for 90 ~ t 10 30 70 0 Average time for 
105 days qerolopiment 39 
7 Diapauslng pupae debrained immediately, yes ; 
injured r storage for 105 days at photo- 
period of 17h+7b 17 7 10 10 20 70 
8 Diapausing pupae debrained immediately, 60 17 7 10 40 40 20 Completed de- 
chilled 8 months after storage for 105 Yaya velopment by 40 
at photoperiod of 17h+7h days 


e supei these experiments were exposed to a photoperiodio regime of 7 h light and 17 h dark for 8 weeks within 8 weeks of pupatlon, and thon treated 
as indicated in column 1 and eed to the photoperiodic regime indicated in column 3 2 S 


+ Those pupae maintain 


signs of development even when exposed for 77 days to a 
photoperiodic regime of 17 b light and 7 h darkness, 
which is thought to favour the initiation of adult develop- 
ment* (Group 2 of Table 1). A larger number of controls 
(Group 1) maintained in darkness with no pretreatment 
showed no signs of adult development after more than 
105 days. 

Groups of short-day pupse were subjected to the 
following surgical procedures using standard techniques’. 
The brains of two groups of pupae were extirpated after 
the short-day treatment. In one group, the pupal bram 
was reimplanted into the insects own abdomen. The 
brains from Group 2 were implanted into the abdomen of a 
second, host pupa, so that the host had its own brain 
in situ and a second, isolated, brain in its abdomen. The 
resulta of these operations are recorded in Table 1. 

When the brain of a diapausing pupa was severed from 
ita nervous connexions and transferred to the tip of the 
abdomen, 80 per cent of pupae so treated initiated de- 
velopment, some within 2 weeks of the operation (Group 
3). Apparently isolation of the diapausing brain permits 
it to function as an endocrine organ, just as does exposure 
of the insect to cold. When a diapausing pupa received an 
implant of a second diapausing brain in the tip of the 
abdomen (Group 4), 100 per cent of pupae so treated 
terminated diapause, and they did so more rapidly than 
the pupae of Group 3. Perhaps the extra brain “turned 
on” the pupa’s own brain as well as the prothoracic glands, 
and thus hastened the initiation of development. We have 
obtained similar results with pupae of Hyalophora cecropia 
and Calosamia promethia and thus the effect may be 
common among saturniid moths. These results confirm 
a similar observation of Williams and support his sugges- 
tion that the neurosecretory activity of the brain is 
normally inhibited by centres external to the brain itself. 
Apparently preoccupation with the effectiveness of chilled 
brains resulted in failure by numerous investigators to 
examine the endocrinological capacities of diapausing 
brains until Williams re-examined the matter himself. 

The inhibition of the brain can be terminated by 
exposing the pupa to temperatures of less than 10° C for 
various periods. How rapidly does this inhibition decay 
at higher temperatures? When unchilled, diapausing 
polyphemus pupae were stored in the dark at 25° C, they 
initiated development and began to emerge in late April 
and early May (that is 7~8 months after pupation). This 
observation suggests that the inhibition of the bram 
begins to decay spontaneously as the pupae remain in 
diapause for extended periods. Similar observations have 
been made by Wiliams’ on Antheraea pernyi. If the 
brain is removed shortly after pupation, the pupae do not 
initiate development (Group 5), and, indeed, this pro- 
cedure has been routinely used aa a method of placing the 
pupae in a stable diapause. This result gives reassurance 


in photopeniods considered ‘‘negative” as developmental stimuli (five at 0 h +24 h, five at 12 h +12 h). 


that the brain 18 important ın the normal endocrine events 
which result in the initiation of adult development. 

The experiments cited are consistent with the popular 
idea that the normal stimulus for activity of the pro- 
thoracic glands arises in the brain, and that the ultimate 
control of the termination of diapause and the initiation of 
adult development depends on factors which act on the 
brain. Further experiments, however, reveal that the 
situation is not so simple, and that the prothoracic glands 
can be activated in diverse ways in the absence of a brain. 
Consider the following: one series of pupae was injured by 
removal of the brain immediately after 3 weeks of short 
day treatment (Group 5), and another series (Group 86) 
8-5 months thereafter. The data in Table 1 show that 
the injury caused by debraining was not an effective 
stimulus for development directly after short-day treat- 
ment, but was effective after 3-5 months of storage, at 
which time 30 per cent of pupae so treated terminated 
diapause and initiated adult development. 

Termination of diapause after surgical removal of the 
brain from pupas aged 3-5 months suggests that in this 
experiment the action of the brain was by-passed, and 
that the effects of injury were directly on the prothoracic 
glands. An alternative possibility is that the metabolic 
stimulation produced by injury*’ sensitizes the prothoracic 
glands to sub-threshold amounts of brain hormone re- 
leased during diapause. 

In prelimmary experiments designed to 
between these alternatives, animals which had been de- 
brained just after exposure to the short-day regime were 
aged for 3 months and then injured by removal of the 
tip of the abdomen. Most of the pupse in this experiment 
did not survive the trauma of the operation, but, of the 
three that did survive, one completed adult development 
in approximately 1 month (Group 7). Further evidence 
for a direct action of agents other than brain hormone on 
the prothoracic glands is given by the following experi- 
ment. A series of pupae (Group 8), which had been de- 
brained immediately after short-day pretreatment and 
which showed no visible signs of adult development after 
storage at 25° C for 3-5 months, were chilled at 4° C for 3 
months. When these animals were returned to 25° O, 
40 per cent emerged as adults after 40 days. Evidently 
both low temperature stimulation, as observed in other 

ies*-!, and injury can activate the prothoracic 
glands of brainless pupae to initiate adult development. 

These experiments confirm that the brain can be aoti- 
vated in polyphemus by surgical procedures which do not 
involve chilling the animal. It is also evident that the 
prothoracic glands can be activated directly by injury 
and low temperature in the absence of a brain. The 
fundamental picture of the brain activating the pro- 
thoracic glands remains intact, but in exceptional cir- 
cumstances other agents may be effective. 
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Resting Stage in the Reproductive Cycles of 
Gammarus 


WHEN mature, a female Gammarus has long oostegites 
fringed with setae which lock together to form a brood 
pouch where the fertilized eggs are meubated. The 
development of the setae coincides with the enlargement 
of oogonia and is presumably dependent on hormonal 
control. The setose oostegites may persist through several 
consecutive moults, provided a new brood is produced 
each time. If the development of oogonia is stopped either 
by removal of the ovary or by some external physical 
factor, the oostegite setae are lost at the next moult and 
the female is said to have entered a resting stage. The 
reappearance of the setae may be brought about by the 
subsequent enlargement of the oogonia’-*. It is apparent 
that the resting stage is a mechanism by which the repro- 
ductive cycle may be regulated. 

During the past few years this mechanism has been 
atudied in several marine amphipods of the intertidal 
region (Gammarus duebent, G. oceanicus, G. setosus and 
Marinogammarus obtusatus) both in the field and in the 
laboratory. More detailed accounts of the reproductive 
cycles and their relationship to environmental factors 
will be published elsewhere. The present note discusses 
only the variations in the resting cycle mechanism in 
these species and their probable adaptive qualities. 

Gammarus duebent and Marinogammarus obtusatus are 
boreal Atlantic species found up to the north-eastern 
coast of Newfoundland. GQ. oveanious extends farther 
north to Baffin Island but is confined to the Atlantic 
region. All three species begin to breed in the autumn 
and release the first brood in late winter or spring and tho 
subsequent broods during the spring until the summer. 
In August the mature females, if they survive, stop 
breeding and enter the resting stage. This occurs after a 
variable number of broods in each individual, and because 
it takes place in different latitudes at approximately the 
same time it may be largely independent of temperature. 
Moreover, G. oceanicus maintained at constant tempera- 
tures of 3° and 13° C has a resting stage at the proper 
season. Prolonged exposure to temperatures above 
13° C may initiate a resting stage, because oogonia and 
embryos fail to develop at 15° C in the laboratory. Few 
survive at 15° C, but the mature females will go into resting 
stage. It is quite probable that the resting stage in these 
species is normally induced by some environmental vari- 
able other than temperature. The effect of photoperiod 
is thought to be important and is being studied at present. 

Gammarus setosus is a northern species, circumpolar in 
distribution and recorded from the northern limits of land 
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(Ellesmere Island) south to the Gulf of Maine. It also 
begins to breed in the autumn, but, unlke the species 
already mentioned, each brood is followed by a resting 
stage which can be regarded as obligatory. In the labora- 
tory this resting stage occurred whether the animals were 
maintained at 3° or 13° C and thus proved to be inde- 
pendent of temperature. At 3° C (which equals or exceeds 
the normal mean temperature which the species experi- 
ences in its northern range), months elapsed between 
successive broods. Collections of animals from high 
latitudes confirm that a single brood is produced each 
year in the north. At 13° C at least two cycles occurred 
in a single year, but it is not clear as yet whether this is 
true for southern populations living at temperatures 
comparable with an annual mean of 13° C. 

While Gammarus species are not specialized feeders 
and consume living and dead plant and animal food, 
recent observations ın Newfoundland suggest that the 
young benefit from a diet containing filamentous algae, 
which first appear during February and persist until 
August-September with a peak of development in late 
June. 

The cycle shown by Q. oceantcus, G. duebent and M. 
obtusatus appears to be adapted to such conditions. 
Young are released in the spring and summer when food 
is available in large amounts, but stop in the autumn and 
winter when food in the form of filamentous algae is 
largely absent. The production of sequential broods 
can take advantage of the relatively long period of food 
availability. 

Gammarus setosus, although it is similar in commencing 
the reproductive season during the autumn and releasing 
the majority of the young during the spring, would be at 
a disadvantage under the same conditions because of its 
obligatory resting stage which limits its productivity 
during the summer months. If, however, the production 
of ephemeral fine algae is more seasonally restricted at 
higher latitudes, the production of a single brood may be 
of advantage if it can be timed more precisely. This 
may explain at least in part the success of G. setosus 
in the Arotic. 


V. J. STEELE 
Department of Biology, 
Memorial University of Newfoundland, 
St John’s, Newfoundland. 
Recetved November 8, 1906. 


1 Charniaux-Cotton, H., in The P. 
T, H), 1, 411 (Academie Prese, 1960). 


* Kinne, O., Zool. Anz., 150, 41 (1958). 


of Crustacea (odit. by Waterman, 


Association of Folin-positive Material with 
the Blood Proteins of the American 
Cockroach and the Oviposition Cycle 


TuE synthesis of blood proteins in the female adult 
Periplaneta americana has been described in relation to the 
ovarian cycle and its control by hormones!. Much of the 
interpretation rests on measurements of blood protein by 
the method of Lowry et al.*, which the existence of 
cyclical changes in the concentration of blood proteins. 
The purpose of the present communication is to ahow that 
these changes are probably artefacts, and to make it more 
widely known that this method for chemical estimation may 
be generally unsuited to the measurement of insect blood 
proteins. 

The animals used in the present experiments had the 
following physiological properties: the mean time 
interval between the deposition of successive oothecae 
was 3-0 days, but each batch of oocytes spent 5-5 days in 
the state of active vitellogenesis, so that the ovarian cycles 
overlapped and growing oocytes were always present in 
the ovaries. By contrast, Mills et al.' report that their 
animals had a simple ovarian cycle lasting 6 days, with 
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vitellogenesis limited to the last 2 days. This difference 
is important because the ovaries in their animals made 
cyclical demands for those blood proteins which form the 
protein reserves of the oocytes, whereas the ovaries of 
my animals did not. Thus, while they could correlate 
fluctuations in the concentration of blood protem with the 
changing activity of the ovaries, I did not expect to find 
marked fluctuations in the amount of protein in the blood 
during the interval between successive ovipositions. It 
was because this prediction was contradicted by the 
resulta of analyses using the Lowry method that the 
suitability of the method was questioned. 

In the present experiments, measurements have been 
made of the total amount of protein in the blood rather 
than of protein concentration. This was done in order to 
avoid the necessity for parallel measurements of blood 
volume. Blood was collected from indrvidual animals 
by a modification of the method of Sternburg and Corri- 
gan’. All operations were performed at 2° C. Blood was 
first centrifuged from the chilled animals through a hole 
in the frons ; ice-cold Ringer solution was then injected 
into the tip of the abdomen and centrifuged through to 
remove blood remaining in the body cavity. Each cell- 
free blood sample was made up to 0-5 ml. and the proteins 
separated from the crystalloids by passage through 
standard columns of ‘Sephadex G-25’, and each sample 
was obtained in a final volume of 2-0 ml. Lowry assays 
were performed on 0-06 ml. of the protein solution using 
bovine serum albumen and tyrosine as standards. 1-9 ml. 
of the protein solution was precipitated with ice-cold 
5 per cent trichloroacetic acid; the precipitate was washed 
with hot ethanol/ether and ether and dried to constant 
weight at 100° C. 

Fig. 1 shows how the amount of Lowry-positive protein 
in the blood increases with increasing weight of the ovaries 
and then returns to its original value during the 8-12 h 
period‘ when the terminal oocytes are being extruded. 
This cycle is essentially similar to that obtained by Mills 
et al.1, The apparent loss of 10 mg of protein from the 
blood during oviposition is not accompanied by any 
increase in the rate of acoumulation of protein in the 
oocytes remaining in the ovary and is, in any event, more 
than the total protein present in one batch of mature 
terminal oocytes. That this cycle cannot be explained in 
terms of the protein nutrition of the oocytes is confirmed 
by quantitative evaluations of starch gel electrophoreto- 
grams of the blood proteins, which have revealed no 
changes in the percentage contribution by the eight 
components thereby revealed. This is in agreement with 
the results of other experiments (to be published) which 
show that the blood protein precursor of the oocyte 
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Fig. 1. Belationship between total blood protein content as measured 
by the Lowry method (O) and by direct vimetry (+) during the 
interval between two ovipositions. The weight of the ovaries falls 
from 85 mg to 40 mg during oviposition. 
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proteins is only a minor component of the blood proteins. 
Finally, direct gravimetry of the blood proteins shows 
there to be no change in the true total protein content 
(Fig. 1). 

The spuriously high readings given by the Lowry 
reagent appear to result from the association of some 
strongly reacting compound with one or more of the 
blood proteins, probably the tyrosinase enzyme. At the 
maximum binding observed here there is the equivalent 
of 150 ug of tyrosine/mg dry weight protein. 

The blood of insects is rich in phenolic compounds, 
including tyrosine and related substances, which are 
utilized at moulting in the formation of new cuticle’. 
Phenolic compounds are also an important constituent 
of the ootheca, where again they are responsible for 
the hardening and darkening of the secreted protein’. 
Although it has been shown that the relevant component 
of the secretion of the left collateral gland 1s the 8-gluco- 
side of protocatechuic acid’, the exact form in which the 
phenolic moiety enters the gland has not yet been estab- 
lished. Whatever the compound is, it might accumulate 
in the blood during the period when the gland is not 
pouring out its secretion, and this would provide an 
explanation of the results presented here. The nature 
of the compound and whether or not ita association with 
the blood proteins is the condition tn vive remain to be 
determined. 

This work forms part of a study on the uptake of pro- 
teins by the cockroach ovary. I thank the Agricultural 
Research Council for financial support. 
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Co-operation by Male Protection of Ovipositing 
Female in the Diptera 


Boxe species of Diptera utilize freshly dropped cattle dung 
(cow pats) not only as an oviposition site and larval habitat 
but also as a male aggregation site where mating ocours!*. 
The presont investigation shows that the males of some of 
these species protect their mates, thus preventing the 
mating activity of the preponderant and aggressive un- 
paired males from interfering with oviposition. Such 
co-operative behaviour 1s most striking in the cosmopolitan 
yellow dung fly, Scatophaga stercorarta (L.) (Anthomyiidae), 
but also existe in Saltella sphondylsi (Schrank) (Sepsidae) 
and Copromyza atra (Meigen) (Sphaeroceridae); these 
three species are closely related only in an ecological 
sense. 

Field investigations, including a film analysis, in several 
places in northern California on more than fifty fresh 
cow pate show that the sequence of events in mating and 
oviposition in Scatophaga is essentially the same in all 
localities during the breeding season. The bright golden 
males start aggregating on a cow pat within 5 mm of being 
dropped, frequently mounting each other and other flies 
that land there. The oryptically coloured dull-green 
females approach a cow pat slowly and generally make 
short flights over it drawing the males into the vegetation 
after them, where copulation usually occurs; but fernales 
sometimes crawl or fly directly on to the cow pat before 
being seized. Copulating pairs remain for about 30 min in 
the vegetation within 1 m of the pat, then fly back to it 
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and uncouple genitala. For about another 30 min the 
male accompanies the female in the mounted position 
while she oviposite. When the male unmounts, the female 
flies away immediately. 

The Scatophaga male holds the female by anchoring the 
tarsal claws of his forelegs into the pleural membrane at 
the base of her abdomen, and the femoro-tibial joint of 
each of his forelegs 1s tightly flexed over her thorax; his 
two hind pairs of legs remain on the substrate. Thus when 
the pair uncouples genitalia, the male remains holding the 
female’a waist, allowing her maximum independent move- 
ment during oviposition. 

Although unpaired males are not as responsive to ovi- 
positing females with attendant males as they are to un- 
paired females, unpaired males occasionally attack couples, 
attempting to copulate with preoccupied females. The 
paired male responds to this aggression with one or both 
of two distinct actions: (a) one middle leg is thrust out in 
the direction of the aggressor, or both middle legs are 
raised, pushing him away, or (b) both forelegs are extended 
so that the paired male rears upward and backward, 
throwing the aggressor off. These actions usually prevent 
the aggressor from contacting the female. In less than 5 per 
cent of such encounters the aggressor succeeds in gaining a 
hold on the female, and the ensuing struggle often attracts 
other males, so that a mass of males is soon tearing at her. 
If the paired male is forced to relinquish his hold, another 
will take his place; then copulation occurs again and the 
new partners fly back to the vegetation. In observations 
of hundreds of ovipositing pairs, I have seen this last 
phenomenon only twice. 

A new copulation with a different male can also occur 
in the rare instance when an ovipositing female does not 
leave the pat ummediately after the protective male 
unmounts. I have seen a female ovipositing alone only 
once, and she was hidden deeply in the grass at the edge 
of the pat. It seems evident, then, that the male Scato- 
phaga performs a vital role in assuring the deposition of 
eggs by the female. 

Males of Saltella and Copromyza appear to protect 
females in the same manner as Scatophaga, but the re- 
productive activity of each of these three species is 
separated temporally or spatially. Other coprophilic 
Diptera probably also exhibit male-female co-operation, 
for in Denmark Hammer! has observed that Sepsis 
cynipsea (L.) (Sepsidae) and various Sphaeroceridae, as 
well as Scatophaga, remain paired during the oviposition 
period. With the exception of uninterpreted observations 
by Hammer’, protective post-copulatory alliances among 
the Diptera have not been reported previously. The special 
case of a short-term pair bond in the coprophilic Diptera 
resolves the conflict, between comeident mating and ovi- 
positing activities, but probably does not represent a 
significant step toward sociality, for the position of the 
male ia only an extension of the copulatory position, and 
the raising of the middle legs is a common reaction to 
intruders, occurring not only in unpaired Scatophaga of 
both sexes in confinement, but in many flies. But the 
mounted position itself and the exaggerated foreleg 
extension appear to have developed especially for male 
protection of the ovipositing female. 

This investigation was supported in part by a US 
Public Health Service fellowship from the National 
Institute of General Medical Sciences and by a Public 
Health Service grant from the Division of Environmental 
Engineering and Food Protection. 


WOODBRIDGE A. FOSTER 
Division of Parasitology, 
University of California, 
Berkeley, California. 
Received October 17, 1986. 


? Hammer, O , Dansk Naturhistorisk Forening, Copenhagen, 105, 148 (1948). 
* Thomas, H T., Proc. Roy. Entomol. Sos., Series A, 25, 98 (1950). 


NATURE, VOL. 214, JUNE 3, 1967 


MICROBIOLOGY 


Lack of Oncogenic Effect of the H-Viruses 
for Hamsters 


BuoavusH the H? and RV®* viruses are somewhat similar 
in size to members of the oncogenic papove group, there 
has been considerable speculation about whether they, 
too, might have an oncogenic property. Toolan' first 
reported that H-1 virus had not produced tumours in a 
small group of aged ‘‘mongoloid-type” hamsters injected 
at birth with H-1. Later, Kılham and Maloney? noted that 
neoplasms had not been found in any of the species 
mmoculated with RV when newborn, except for a few 
benign odontogenic tumours. 

I have just completed a survey of 2,000 hamsters kept 
in the laboratory until they died at 2-3 years of old age. 
All the animals had been obtained from the Lakeview 
Hamster Colony, Newfield, New Jersey. The ‘‘mongo- 
loid” animals had been injected with H-1 at birth except 
for a few that had received H-3. Four tumours were found 
in 1,729 of the deformed animals (Table 1). Two of the 
neoplasms were lymphosarcomata, one a hepatoma, and 
the fourth an angiosarcoma of the liver. The thirteen 
tumours found in the 259 control hamsters were quite 
varied. The list included two melanomata, two reticulum 
cell sarcomata, two adrenal carcinomata, and one each 
of an ovarian carcinoma, a lymphosarcoma, a papillary 
adenocarcinoma of unknown origin, a leiomyosarcoma 
of the bladder, a myxosarcoma, an epidermoid papilloma 
and a hepatoma, 


Table 1. INCIDENCE OF TUMOURS IN AGED “MONGOLOID” HAMSTHRS 

INJRCTED AT BIRTH WITH H-1 on H-8 

Bex of 
No. of No. of pean 
0. 0 0. 0: 

animala tumours Inoldence penne, 
Mongoloid 1,729 4 0 0023 8g, F 
Control 259 18 0-05 63,7 


The 5 per cent tumour incidence found in the control 
hamsters is more than twenty times the tumour incidence 
observed in the mongoloid animals. It is possible that the 
deformed and dwarfed animale were not ideal nutritional 
hosts for neoplastic growths. In any case, it is apparent 
that the H-viruses were not oncogenic for these hosts. 

This work was supported by a grant from the American 
Cancer Society and the National Cancer Institute, 
National Institutes of Health, US Pubho Health Service. 
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Proliferation of Mycobacterium tuberculosis 
from Mouse Lung Tissue on Various Carbon 
Sources 


Ture has been increasing interest in various biochemical 
differences between tubercle bacilli grown in vitro and 
those recovered from lung tissue of infected mice. During 
investigations of enzyme and metabolic changes in the 
H37Rv strain of Mycobacterium tuberculosis after transfer 
of bacilli from tn vivo to tn vitro conditions and vice versa, 
the proliferation of tubercle bacilli from isolated mice lung 
tissue (LH37Rv) was observed ın defined culture media 
which differed in their source of carbon. 
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Isolation of the LH37Rpv cells from pulmonary tissue of 
moribund infected mice was performed by the procedure 
originally described by Segal and Bloch! modified in 
this laboratory’. The purified bacterial mass was suspended 
in saline and the density of this suspension was adjusted 
to 1:0 mg of dry weight/ml.; 0-1 ml. of this suspension 
was used for seeding 16 ml. of the respective medium. 

The basic medium was a synthetic solution of Youmans? 
without glycerol and contaimng 0:5 per cent of asparagine, 
0-08 per cent of ‘Tween 80’ and enriched with 0-5 per cent 
(final concentration) of fraction V bovine albumin. 
This medium was further supplemented with one of the 
following carbon sources: glycerol, glucose, sodium pyru- 
vate, sodium lactate, ethanol, sodium succinate, or sodium 
malate in s final concentration of 1-5 per cont. The media 
mentioned were distributed in 15 ml. samples into L 
shaped tubes 17 mm in diameter. The tubes were in- 
cubated at 37° C ın a horizontal position, and so the surface 
of the medium was spread in the entire longer part of the L 
tube, thus facilitating good contact with the air. Sufficient 
submersed growth was obtained by the procedure men- 
tioned before, even with static cultures which were shaken 
regularly once a day, because prelimmary experiments 
with LH37Rv cultures grown with continuous shaking 
(100 shakes/min, at 37° C) yielded identical results. L 
shaped tubes were used simultaneously as cuvettes for 
photometric density determination. The values obtained 
showed linearity up to 2 mg of dry weight of baculli/ml., 
which corresponds to about two-thirds of the cell con- 
centration in the basal medium at the stationary phase 
peak. Small samples were also collected from all tubes for 
counting of the cells‘. At the end of the experiment cells 
were separated from the medium by centrifugation and 
the supernatant was analysed for the presence of certain 
components (asparagine, albumin, and further ninhydrin 
positive substances). Fig. 1 shows that except in the 
media containing pyruvate, lactate, and malate the 
proliferation of bacilli displayed the usual exponential 
curves up to about 2-5 mg of dry weight of bacilli/ml. 

Among the registered growth characteristics of the 
DH37Rv strain in various culture media two are particularly 
important—the time at which growth starts and the 
exponential growth rate. Table 1 summarizes results 
of three experiments, and the respective values are 
in all cases means obtained in two parallel cultures. 
Beside the exponential growth rate is the time at which 
cultures reach an optical density of —0-1 (column L). 
The last mentioned data permit assessment of differences 
at the beginning of growth, that is the lag phase. 








Time (days) 
1. Proliferation of the LH87Rv strain in various media (experument 


ea Table 1). (1) Basic medium; (2) basic medium plus glucosa; (3) 

basio medium plus succinate, (4) basic medium plus glycerol, (5) bame 

medium plus malate; (6) basic medium plus ethanol. No gro was 

Tegiste: pyruvate or lactate (+ or x on the 
horizontal line), 


im media con 
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The results in Table 1 and Fig. 1 are sufficient for the 
conclusion that there are no differences in proliferation of 
LH37Rv cella in the basal medium with or without 
glycerol. On the contrary, bacilli seemed to grow more 
quickly and with a shorter lag time in the medium devoid 
of glycerol. This observation is rather surprising because 
glycerol 18 considered to be the most important carbon 
source for human type tubercle bacili under conditions in 
vitro’. Glycerol is therefore the usual component of 
various liquid and solid culture media employed for 
recovering tubercle bacilli from pathological specimens’. 
In the conditions of the present experiments the LH37Rv 
cells can be assumed to have utilized asparagine and 
albumin as sources of carbon and nitrogen. Glycerol may 
be utilized later, that is after the asparagine and other 
carbon sources have been depleted or decreased to a 
certain level or after the repression of glycerol utilization 
by other medium components has been withdrawn’. 


Table 1. PROLIFERATION OF LH37Rv TUBBROLE BACILLI IS THE BASAL 
MEDIUM OR IN ITS MODIFICATIONS OONTAINING VARIOUS CARBON SOURCES 


Experiment 1 Experiment 2 Experiment 8 
Growth rowth Growth 
Daea oo (di ahh (aay ) (doubtngs (aay ) (d abi (das ) 
plus ou yo ys) (doublings ye, 
carbon sources /24 D {24 b) (24h) 

_ 0-57 T2 058 86 0-41 7-2 
Glycerol 0-53 8-6 0-46 10-7 0-38 10-2 
aa 0°52 wine 2 0:54 aig 8 O39 ie 
Pyruva no gro no gro no gro 
Lactate no growth* no growth* no growth* 
Ethanol 0:87 10:2 0-41 22-0 0 144 
Succinate 039 T2 045 8 0-38 8-7 
Malate 0-10 18: 0-10 17-0 0-29 72 


* Observed for 60 days after seeding. 


Further results seem to suggest that neither glucose nor 
succinate in the medium will influence bacterial growth 
considerably. Among other carbon sources the addition of 
malate to the medium in the concentration used resulted 
in significant decrease of the rate of exponential growth 
and there was even a total growth inhibition if the former 
compound was supplemented by pyruvate and lactate 
(see Table 1). It seems that the quality and quantity of 
nitrogen sources which can also serve as carbon sources 
can influence the utilization of glycerol or other exclusive 
carbon sources. 
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Taxonomy of the Achromobacter and Allied 
Species 
CONSIDERABLE difficulties are still being encountered by 
many workers in the identification of the Gram-negative 
rods, which in practice are classified as belonging to the 
genera Achromobacter, Acinetobacter, Alcaligenes, Morax- 
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ella, Herellea, Mima or as Bacterium antiratum, B 5 W 
and Bacterium alcaligenes. 

Many of these organisms occur in both human and 
animal clinical material, in foodstuffs such as meat and 
fish, in marine and fresh water, and soil. The majority 
are non-motile coccobacilli which retain much of the 
basic fuchsin counter stain and thus are sometimes 
described as “Gram variable”. 

Some named strains, such as Achromobacter hartlebii, 
are motile by peritrichous flagella and are distinguishable 
from the Hnterobacteriaceae by, among other things, their 
oxidase-positive reaction. 

In an attempt to resolve some of these taxonomic 
difficulties we have examined more than 300 strains of 
these organisms, culled from as widely different sources aa 
possible, both environmental and geographical. Of those 
studied, about sixty are from marine materials and the 
others from a variety of sources such as milk, soil and 
human clinical material. 

Strains have been examined for 150 features, morpho- 
logical, physiological and biochemical, and analysed for 
DNA base composition! by thermal denaturation’. 
Similarity values have been obtained from a computer 
analysis of the 150 features, according to the classification 
programme CLASP of the Department of Statistics, 
Rothamsted Experimental Station. 

The results so far indicate that in the non-motile cocco- 
bacilli two groups stand out very clearly. The first is a 
main one containing, among others, strains labelled 
Bacterium andratum, Achromobacter anttratum or Acineto- 
bacter antiratum. The DNA base composition of this 
group is in the range 41-5-43 per cent GC (mean molar 
guanine +oytosine content). The second main group, 
which incorporates nearly all the marine strains, is more 
widely dispersed and has several subgroups. The largest 
subgroup comprises some of the round, non-motile strains 
producing alkal: in litmus milk and some named Achromo- 
bacter, Moraxella and Acinetobacter spp. These organisms 
have GC values of 44-46 per cent. e rest of this second 
main group incorporates almost all the other marine 
strains and with a few exceptions has a GC ranging from 
44 to 48 per cent. 

These results agree with several groupings recently 
suggested in that the anitratum group comprises organ- 
isms such as Bacterium anttratum, Herellea vaginicola 
and Neisseria winogradskyt?“, The marme organisms, 
like their counterparts ın the genera Vibrio and Pseudo- 
monas, appear to form distinct groupings. 

The remaining organisms constituting about 15 per cent 
of those examined and including named strains, such as 
Achromobacter harilebit, are apparently unrelated to 
either of the two chief groups or to each other. They are 
either non-motile or peritrichously flagellated and their 
GC ranges from 40 to 70 per cent. 

A most interesting finding is that most of the motile 
peritrichously flagellate named Achromobacter and Alcals- 
genes spp. are quite distinct from the anitratum, marine 
and most other non-motile groups, both in their numerical 
similarity values and DNA base composition. Moreover, 
the GC values are so widespread (from 56 to 70 per cent) 
that these organisms cannot poasibly belong to the same 
species. The type species of the genus Achromobacter was 
originally described as a Gram-negative coccobacillus, 
motile by peritrichous flagella, but none of the named 
strains fits this description except perhaps Skerman’s 
strain (NOIB 9660). The organism recently described by 
Tulecke et al." appeared to fit the description very closely 
and moreover was oxidase-positive. It is unfortunate 
that we have been unable to obtain this strain as described 
by them. 

It would appear desirable, however, to retain tempor- 
arily the name Achromobacter for such organiams and to 
use some of the other proposed names, such as Moraxella, 
Acinetobacter or Alcaligenes, for the non-motile groupings. 
The interrelationships of these various groups must await 
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further work, for example, DNA hybridization experi- 
ments. 
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BIOCHEMISTRY 


Formation of Nucleic Acid Coacervates by 
Dehydration and Rehydration 


Nuoamo acid subjected to simple environmental changes 
of dehydration and rehydration will yield coacervates 
under a wide range of conditions. Coacervation has long 
been postulated as an important means of concentrating 
the substances necessary for the origin of cells’. Several 
mvestigators have speculated that dehydration and re- 
hydration phenomena may have been important on the 
primitive Earth**. We have already shown‘ that co- 
acervates could be formed from a possible prebiological 
polymer, thermal proteinoid, by means of simple dehydra- 
tion and rehydration. Experiments were carned out 
using nucleic acid to see whether similar self-organizing 
tendencies exist under the same conditions. 

Nucleic acid from yeast (Anachemta) was mixed in water 
in various concentrations (10, 1, 0:5, 0-1, mg/ml.) at 
room temperature and filtered on Whatman No. 1 filter 
paper. A drop of the solution was then placed on a micro- 
scope slide and observed without a cover glass. Coacer- 
vates 5 to 20u m diameter were seen at the dehydrating 
border. The drop was then allowed to dry and rehydrated 
with one drop of water. The drop was placed adjacent 
to the matrix so that there was an overlap of the rehydrant 
as shown in Fig. 1. Other slides prepared in the same way 
were rehydrated with one or two drops of the solutions 
listed in Table 1. 

On rehydration of the 10 per cent and 1 per cent slides, 
coacervates (Fig. 2) were observed after a few minutes 
in the region between the matrix and the rehydrating 


DRIED N.A. 
MATRIX 


REHYDRANT 
DROP 





COACERVATION 
ZONE 


Fig. 1. Rehydration of matrix on microscope slide. 
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solution, in the pH ranges 0-5-3-5 and 6-0-11-5. These 
coacervates were in the range 30-100u in diameter. In 
the coacervation zone there was much motion of the small 
nucleic acid particles (1-2u) as the rehydrant flowed 
into the matrix. In many cases, the nucleic acid matrix 
broke up into several parts each of which contracted onto 
itself to form a sphere. These spheres showed vigorous 
internal motion as they underwent vacuolation to form 
coacervates of complex morphology (Figs. 3 and 4). 
This motory phenomenon is similar to that reported by 
Bungenberg de Jong for coacervates in d.c. electric and 
diffusion fields*. 


Table 1 

Water (distilled, deionized) 

Succinic acid 0-1 molar 
Aspartic acid 0-1 molar 
Glutamic acid 0-1 molar 
Phosphoric acid 2 per cent 
Formic acid 1 per cent 
Citric acid 0-1 molar 
Acetic acid 3 per cent 
Sodium ga 0-01 molar 
Formaldehyde 3 p: cent 
Phosphate buffer pH 2-2-8-0 
FePO, 0-1 molar 
CaHPO, 0-1 molar 


At the rehydration front there was streaming of the 
nucleic acid particles from the matrix into the rehydrant. 
Many of these particles aggregated at the front, then 
formed buds which separated and moved into the rehy- 
drated medium as coacervates. Rehydration with the 
citric, formic, aspartic, and phosphoric acid solutions 
of the 0-5 per cent and 0-1 per cent slides also produced 
large vacuolated coacervates with similar morphology 
to those produced from slides of higher nucleic acid 
concentrations. 

The occurrence of nucleic acid coacervates over a range 
of nearly nine pH units and with a variety of rehydrating 
substances shows the strong tendency of nucleic acid for 
self organization into visible structures. These experiments 
suggest that coacervation of nucleic acid alone and with 
other substances may have occurred in nature and may be 
connected with the important part played by the nucleic 
acids in the cell. 

This phenomenon may be significant in prebiological 
evolution. Possible nucleic acid precursors have been 
produced under simulated primitive Earth conditions®. 
Many of the rehydrating agents used in this experiment 
are considered possible constituents of the primitive 
Earth’. If a substance similar to contemporary nucleic 





Fig. 2. Coacervates budding off at the rehydrant front and moving into 
the solution. Arrow indicates direction of coacervate movement. 
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Fig. 3. Coacervates entering the rehydrant after budding from the 
matrix. Arrow shows direction of coacervate movement. 





Fig. 4. The blurring within the coacervate shows the rapid internal 
currents of particles and vacuoles. 


acid could have been produced on the prebiological 
Earth, then our experiments suggest that it could have 
formed coacervates under a great variety of primitive 
Earth conditions using the forces involved in simple» 
dehydration ard rehydration. This process could have 
concentrated the substances necessary for chemical 
evolution from a dilute aqueous solution. 
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New Vasoconstrictor, Bovine Peptide-B, 
released during Blood Coagulation 


Tur final stage of blood coagulation, the conversion of 
fibrinogen to fibrin by thrombin, is associated with the 
release of two acidie peptides designated A and B in the 
bovine system!. These peptides have been fully charac- 
terized by physico-chemical, chemical and enzyme 
methods; and the exact amino-acid sequence has been 
determined’. Laki? has shown that the peptides released 
from fibrinogen affected the frog heart, and experimonts 
“-sartied out in this laboratory have indicated that 4x 10-5 
molar bovine peptide-B (Fig. 1) produces a slow con- 
traction of the rabbit carotid artery strip, while in a 
concentration of 1-6 10-* molar the peptide markedly 
potentiated the bradykinin-induced contraction of the 
isolated oestrus rat uterus. The present experiments were 
undertaken to ascertain whether bovine peptide-B has 
any vasopressor effect in vive. 
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Fig. 2. Rhythmic response of blood pressure in mm of mercury above 
stable baseline after injection of 8x107 moles of bovine peptide-B, 


The mean increase in blood pressure for a given dose is 
very reproducible and shows a small standard deviation 
(+ 20 mm of mereury), The maximum increase with. 
intravenous angiotensin occurs in less than 1 min, and 
the blood pressure returns to the baseline in less than 


Table 1. BLOOD PRESSURE RESPONSE TO STANDARD DOSES OF SYNTHETIC 
VALINE D-ANGIOTENSIN IL IN TWENTY-FIVE RATS PREPARED BY STANDARD 
BIOASSAY 


Measured blood 


Injected dose pressure above Range in blood 


of angiotensin baseline in pressure response Standard 
(mag) mm of mercury in mm of mercury deviation 
100 7025 68-73 1-42 
50 52-12 4957 185 
25 38-0 35~42 180 
125 28-08 25-32 1-70 
625 21-42 18-24 1-68 
3125 14-69 12-18 1-63 
1-566 11-33 o-14 1-43 
0-780 8-38 7-10 0-27 


| 
Pyroglu.~phe.~pro.—thr.-asp.~tyt.-asp.-giu.-gly ~ghu.-asp,-asp.-arg.—pro.-lys.-val.-gly_-leu.~gly~ala.~arg,-OH 


Fig. 1. The primary structure of bovine peptide-B, 


Vascular responses were determined with a standardized 
bioassay technique in the rat, previously described by 
Morris and Robinson*. In this bioassay, blood pressure 
in an anaesthetized rat chemically sympathectomized 
with pentoliniam is measured by a mercury manometer 
connected to a carotid artery cannula. Increase in the 
blood pressure was measured after intravenous adminis- 
tration of angiotensin, oxytocin and bovine peptide-B,. 
The dose response for angiotensin is shown in Table 1. 


3min. The baseline pressure is constant within exopepti- 
dases. Binding of the bovine peptide-B to smooth muscle 
might also decrease the rate of enzyme inactivation, This 
prolonged effect in vive would be analogous to the pro- 
longed action on the contraction of muscle of the rat 
uterus by one of the human peptides released during 
blood coagulation. The ‘active site” of this peptide was 
determined to be a small fragment from the interior of 
the peptide molecule’, 


Table 2. VASOPRESSOR EFFECT OF BOVINE PEPTIDE-B COMPARED WITH ANGIOTENSIN 


Dose 
Experiment Sample (emoles) 
1 Angiotensin 5 x10 
Angiotensin, 25 x10 
Angiotensin 1°25 x 10 
Peptide-B 25 x10 
Peptide-B 16 x104 
Peptide-B 125 x 10- 
Peptide-B &2 x10 
Peptide-B 62 «10-3 
2 Angiotensin §& xio- 
Peptide-B 4 x 10Q-* 
Peptide-B 4 «10-4 
3 Angiotensin 5 «105 
Peptide-B 2 x«110-% 
Peptide-B 4 x10 
Peptide-B 2 x10 
Peptide-B 4 xioa 
Peptide-B 8 xja 
Peptide-B 1-6 xio 
Peptide-B 3-2 x 10° 


Time of Duration of 
Maximum blood maximum. blood vasopressor 
pressure rise pressure rise response 
(mm of mercury) (min) (min) 

54 058 20 
40 0-66 18 
27 O75 17 

2 4-00 ~ 
10 4-00 > 15 
18 2-25 > 15 
20 7-00 >15 
24 6:50 >15 
52 0-58 1 
14 5:00 >15 
15 1-50 >15 
51 0-66 2-0 

5 1-00 85 

7 2-00 10-0 

8 0-66 9-0 
il 5-00 12-0 
17 1-50 > 15-0 
13 7-00 14-5 
i 6-00 8-0 
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_ Oxytocin. produces vasoconstriction in the prepared rat 
_ bioassay with a 16 mm rise in blood pressure that lasts 
9 min after a dose of 3-5. 10-* moles. The vasopressor 
effect of 4x 10-4 pmoles of bovine peptide-B produces in 
he same bioassay preparation an increase in the blood 
ressure of 14 mm of mereury and will last longer than 
min; While oxytocin produces a rhythmic contraction 
he uterus*®, it does not produce a rhythmic vascular 
nse. Bovine peptide-B is here shown to produce a 
hmic vasopressor effect on blood pressure. 
While the concentrations of bovine peptide-B producing 
ivo response are large, they still represent the amount 
eptide (4x 10-4 pmoles) expected to be liberated 
g the clotting of 1 per cent of the total fibrinogen in 
at plasma. If intravascular clotting is a continuous 
rocess, then this amount of endogenous peptide might 
the circulation. The concentrations producing vaso- 
striction are more appropriate to the expected con- 
ntrations locally in.an injured tissue, thus suggesting 
he material may be acting in a physiological manner. 
he: mechanism of. action of bovine peptide-B in pro- 
cing peptide-B is postulated as assisting in local haemo- 
tasis by vasoconstriction. 
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-Production of Lymphocytosis by Polysaccharide 
Polysulphates (Heparinoids) 


Ir was recently reported!-* that the administration of 
-heparin can evoke lymphocytosis in experimental animals. 
- It has now been found (Table 1) that a lymphocytosis can 
be produced by many heparinoid compounds. It is thus 
_ possible to gain more information to elucidate the mecha- 
nism of the lymphocytotic effect, by using synthetic 
polysaccharide sulphates of various molecular sizes, 
‘shapes, and degrees of esterification. 
. Adult female rats weighing 150-200 g were kept under 
‘stress-free conditions for more than 5 days and then 
tarved overnight before the experiment. The experi- 









Approximate Sulphur 








Heparinoid molecular weight content (per cent) 
Glucose sulphate* 400 18-5 
Galactose sulphate* 400 16-8 
> Maltose sulphate” 900 18-8 
Sucrose sulphate* 800 17-7 
Carboxymethyl dextran 
< subphate* 5,000 7:6 
© Dextran sulphate* 5,000 19-1 
‘Heparin 20,000 102 
G-31150F 40,000 13-0 
Glycogen sulphate* 5,000,000 15-0 
Sucrose 300 0 
Dextran* 4,000 0 


. + Polygalacturonie acid sulphate derivate. 


: after inistration, 5 mg/100 g body weight. 


. * These samples were prepared by sulphating the commercial sugars wi 
repared by heating dextran sulphate with sodium hydroxide and sodium monochloracetate. 
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ments were carried out at about the same time -of day to 
avoid diurnal variation in the leucocyte count. The hepa: 
rinoids used in this investigation are listed in Table 1. 
Each heparinoid was dissolved in sterile physiological 
saline to give a suitable concentration so that the volume 
of the solution injected did not exceed 0-2 ml./100 g body. 
weight. The solution was injected intraperitoneally into 
the rats. The rats of a control group were injected intra- — 
peritoneally with 0-2 ml./100 g body weight of physi 
logical saline. Because preliminary experiments show 
that, in most cases, a maximal leucocytotic effect wW: 
obtained about 3 h after the intraperitoneal administ 
tion of heparinoids, the rats were anaesthetized 3 h after 
the administration of heparinoid by an intraperitoneal > 
injection of sodium pentobarbital (7 mg/100 g body- 
weight) and blood samples were collected by cardi 
puncture. The blood was transferred immediately to 
test-tube containing potassium oxalate powder (2 mg/ 
blood). Blood cells in these samples were counted using 
standard techniques. Student’s t test was used to assess 
the statistical significance of the results. oe 

As shown in Table 1, the polysaccharide. sulphat 
tested produced a leucocytosis, while the monosacchari 
sulphates and one of the disaccharide sulphates were not — 
effective. In each experiment, the mean leucocyte count i 
of the experimental group was compared with the mean 
value obtained in a control group, Differential counting - 
showed that lymphocytes contributed chiefly to the 
leucoeytosis, while the neutrophil count was increased to 
a small extent. The number of eosinophil leucocytes, 
erythrocytes or platelets in the circulating blood did not 
change. From the results in Table 1, it can be seen that, 
in general, increase in the molecular size of heparinoid 
increases the lymphocytotic effect. It is noteworthy that 
sucrose and dextran of about the same molecular size as 
their sulphated counterparts have no lymphocytotic 
effect. 

The influence of the degree of esterification of heparinoid 
on the lymphocytotic effect was investigated using @ 
series of dextran sulphates of various sulphur contents. 
These preparations were obtained by sulphating a single 
sample of dextran ({j]= 90-0378), and it can be assumed 
that these sulphates had about the same molecular size: _ 
As shown in Fig. 1, increasing degrees of esterification of 
dextran sulphate resulted in increasing lymphocytotic — 
effects. Boe 

It is well known that positively charged amino groups in’: 
protamine combine stoichiometrically with negatively 
charged sulphate groups in heparinoid, producing a stable 
salt. Mixtures of varying quantities of dextran sulphate 
with a fixed amount of protamine were injected into rats. _ 
The results are shown in Fig. 2. It is clear from this 
figure that the lymphocytotic effect of heparinoid is 
neutralized by protamine up to a dextran sulphate/prot- 
amine ratio of 0-70. This value is in good agreement with < 
the dextran sulphate/protamine combination ratio of 0-77 
that was determined in vitro by colloid titration according: 
to Terayama’. 








































Table 1, LEUCOCYTOTIC EFFECTS OF VARIOUS HEPARINOIDS 


Relative number Number 
of WBC of rats P 
(control = 100) 

112¢ 6 non-significant 

112 7 non-significant. 
98 t 6 non-significant 

188 t 7 <0-01 2 

281 T < 0-001 

415 8 < 0-001 

355 6 < O-001 

336 8 < üI 

701 7 < 0-001 
B4 5 non-significant 


98 13 non-significant a 
th chlorosulphonic acid and pyridine, Carboxymethyl dextran sulphate was 


Maximal leucocytosis obtained 1-5 h after administration of heparinold. WBC counted at that time. For the other heparinoids, WBC counted 3 he 















“Fig. 1; Influence 





5 
i line 





= WRC Ghousands per mn) 








16 15 20 


Sulphur content (per cent) 
of degree of esterification of dextran sulphate on 
 Jeueoeytotic effect. Leucocyte counts were carried ont 3 h after ad- 
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DS mg/100g 0 tl at 31 61 

Prot mg/l00g O ERU 3-0 30 3-0 

DS ratio 0-37 0-70 1-03 2-08 
; p* non-sig,  non-sig, < 0-001 










2. Neutralization of leucocytotie effect of dextran sulphate by prot- 
i to eight rats. Dotted 


ine. Hach point represents a mean + S.E. of six 
8 te alone. *P 


shows the leucocytosis produced with dextran sulp 
e for the difference between the groups receiving protamine (Prot) 
and dextran sulphate (DS) and the group injected with saline only, 


ri : From the results reported here, we conclude that (1) 
not only heparin but also sulphated carbohydrates which 
< are composed of more than two sugar units produce 


lymphocytosis, (2) sulphate groups in the heparinoid 


molecule play an essential part in the lymphocytotic 
effect. and (3) the molecular size of heparinoid also plays 


oe 


an important part. 


. This work was carried out during the tenure of a Medical 
Research Fellowship provided by the Medical Research 
Council of Canada. I thank Professor L. B. Jaques of this 
department for advice and review of the manuscript. 
Dr E. Morii of Meito-Sangyo Laboratories, Nagoya, 


-Miss M. Ackerma 
technical assistance. 










the supply of the heparinoi | sa 
ckerman, Miss D. Willems and Miss 





Boyd for 






ee Susumu SASAKI 
Department of Physiology and Pharmacology, p 
University of Saskatchewan, 
Saskatoon, Canada. 


Received November 14, 1986. 

1 Cronkite, E. P., Jansen, C. R., Mather, G. C, Nielsen, N. 0., Usenik, BoA; 
Adamik, E. R., and Sipe, ©. R., Blood, 20, 203 (1962). 

* Jansen, C. R., Cronkite, E. P., Mather, G. C., Nielsen, N. 0., Rai, Ki. 
Adamik, E. R., and Sipe, C. R., Blood, 20, 443 (1962). re 

* Paluska, D. J., and Hamilton, L. H., Amer. J. Physiol., 204, 1108 (1983); © 

4 bath rae H., Chemical Researches, 1, 75 (Asakura Publishing Co., Tokyo 








Genetically Determined Electrophoretic 
Variant of the Human Complement 
Component C’3 


Tue major component of human complement (C3 
readily seen with agar gel electrophoresis as a: narrow 
zone in the slow B-region. It has been named Cro globulin}, 
although on a historical as well as on a logical basis the 
term @,C globulin seems the more appropriate?. Hoe 
Polymorphism of this protein has not been described 
in man, but we recently found several members, in a 
family of Flemish stock (pedigree on Fig. 1), showing ari 
electrophoretic split of this protein. Routine separation 
of fresh serum of the affected individuals (agar gel electro: 
phoresis, with 1 per cent Difco agar-Noble in barbital buf- 
fer, pH 8-4 and p=0-05, separation at 12° C (ref. 2) for. 
40 min at 20 V/cm) showed a supplementary protein 
in quantities about equal to the conventional 8,0 protein, 
which was itself present in nearly half the normal concen- 
tration (Fig. 2). The relative electrophoretic mobilities 
(mr values, referred to pure human serum albumin) whieh 
we measured in the specified conditions are 0-391 for the 
conventional B,C globulin and 0-369 for the extra protein 
component. oes 
We identified this protein as a 8,C variant for the follow- 
ing reasons. Both disappear simultaneously as the serum | 
ages, and at the same time a rather blurred zone appears 
in the rapid B-area, which seems identical to that arising 
in ageing conventional serum. In addition, the proteins | 
show an immunological reaction of identity. This was 
demonstrated as follows: the serum of the propositus was 
run for 90 min, the relevant zones were removed and placed 
on an agar slab for immuno-diffusion according to Ouchiter- 
lony against antihuman complement serum (horse anti- 
serum No. 365, Institut Pasteur, Paris). The two lines 
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Fig. 1. Pedigree of family with electrophoretic variants of complement 
factor C’3. The propositus 4 piiat by an arrow: Trf= transferrin, |” 
T.s not tested, 9 EE 
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rge electrophoresis) of the B.C variant in 
J compared with two normal sera, The 
jli Note ok so the ASM mixture (serum albumin, 
nsferrin, stad by dae used for measuring electrophoretic mobilities. 


ve a reaction of identity and were equally intense. 
mventional immunoelectrophoresis reveals the presence 
two proteins by a slight shift towards lower mobility 
the corresponding precipitation line, 
Starch gel electrophoresis in a Poulik system also 
eveals the B,C split, the separation being identical to that 
btained in agar gel. The variant protein thus seems to 
iffer mainly in electric charge. 
The pedigree indicates that there is an autosomal 
transmission of the trait. It is interesting that one of the 
affected members married a man heterozygous for a 
ransferrin variant of the slow type, which is a rare 
ariant in Belgium. This resulted in individuals possessing 
wo. transferrins and two B,C globulins. 
“Preliminary investigation of the functional value of 
his aberrant C’3 has failed to disclose any abnormality. 
© propositus (B.E.) was investigated for Hodgkin’s 
isease, but all other members tested were healthy. 
R. J. WIEME 
L. DEMEULENAERE 
- aboretory for Protein Chemistry, 
Academic Hospital, 
hent, Belgium. 
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Neutrophil Alkaline Phosphatases in Blood 
Cells of Primates 


EUTROPHIL alkaline phosphatase (NAP) activity is a 
useful diagnostic tool in clinical haematology, although 
the biological significance of observed differences is un- 
plained. Furthermore, differences in this activity are 
characteristically found in different species of mammals! 
d suggest a species-linked genetic control of the type of 
non-specific alkaline phosphatase demonstrated by histo- 
chemical methods. 

As part of a continuing investigation of comparative 
primate haematology, the activity of neutrophil alkaline 




















phosphatase has been investigated in a number of sel 
primate species. It will be shown that closely rel 
species show similar activity, whereas great differe 
in activity were found in more remotely related species 

Chimpanzees, gorillas, orang utans and: gibbo: 
investigated, together with a number of lower prima 
The different species and the number of anil inves 
gated are shown in Table 1. The results were ¢ 
with the data obtained in normal human controls ex 
at the same time. All animals were clinically | 
One chimpanzee was pregnant and one polye; 
These, and other animals with evidence © 
infection, showed consistently greater values : 
excluded from the tables of results. Blood we 
by venous punctures, and smears were air-dri¢ 
for 14-24 h at 4°C. The histochemical techniqiu 
included metal-salt methods and azo-dye methods 
procedures of Gomori? and Burstone? were followed 
modifications. In brief, chilled methanol-formali 
used for fixation. Naphthol AS phosphates ( 
AS-MX) served as substrates in the azo-dye me 
together with red-violet LB and garnet GBC ( = 
Chemical Company) as coupling salts. In addi on, 

“specific” phosphatases were investigated by using 
adenosinetriphosphate, -diphosphate and -monophos- ~ 
phate (ATP, ADP and AMP) as substrates which were 
combined with a modification of the Gomori proceduret. © 
A hundred neutrophil leucocytes from each animal were 
scored. For non-specific alkaline phosphatase, diffuse 
and granular activity was evaluated. Cells showing 
diffuse cytoplasmic activity only were scored as grade 1. 
Cells showing diffuse and granular activity were scored as: 
grades 2—4, according to the number of granules observed. 
Presence of granular activity without diffuse activity 
was never observed. In non-specific alkaline phosphatase, 
diffuse staining was uniform in intensity. In“ ‘specific”’ 
alkaline phosphatase, diffuse cytoplasmic activity was — 
seen only without granules and was scored accordin to. 
its intensity from 0 to +4. : 

The results obtained for the non-specific alkaline ph 
phatases are shown in Table 1. Activity of neutro 
alkaline phosphatase could be demonstrated in neut 
leucocytes of all species except rhesus monkeys 
spider monkeys, and very little activity was foun 
the brown stump-tailed monkey. Very strong activity 
was present in all other species of Old World monkeys - 
and in all other New World monkeys with mean i 
of more than 330. 

Among anthropoid apes, the chimpanzee neuteopi 
showed scores less than but comparable with res 
obtained in man. Gorillas had consistently smalle 
orang utans consistently larger scores than man 
greatest scores in anthropoid apes were obtained ; 
gibbons. The scores of chimpanzees and gorillas were 
closer to the scores of human neutrophils than to scor 
from monkey cells. Scores of orang utans and’ gibbo ns 



























Table 1. NON-SPECIFIC NEUTROPHIL ALKALINE PHOSPHATASE ACTIVITY IN PRIMATES AEE : 
Species N AS-MX GBC AS-MX RV LB A&s-BI GBC AS-BI RV LB Gomori cĉ fen: 
17 33 (1-109) 125 (13-218) 86 (60-186) 140 (60-237) 102 (16 225): 
Anthropoid apes : 
Chimpanzee (Pan troglodytes) 8 10 (0-32 37 (6-93) 32 (2-92) AT (7-110) 24 (0-66). 
Gorilla (Gorilla gorilla) 10 1 (0-4) 44 (4-181) 0-2 (0-2) 55 (4-206) 35 W134) 
Orang utan (Pongo pygmaeus) 10 146 (34-367) 363 (341-399) 178 (80-256) 308 (2 a 327 (287-300) 
Gibbon (Hylobatus lar) 5 om 400 (400) mene 400 (406 400 (400) 
Old world monkeys ba 
hesus macaque (Macaca mulatta) 10 0 0 0 0 ; 
Brown stump-tailed macaque (Macaca speciosa) 5 -l 0-6 (0-8) a 1 (0-3) 2 (Q--1) 

Va macaque (Macaca irus) 4 oe 333 (226-400) mee 377 (837-400) 348 (260-400) 
per macaque (Macaca maura) 3 = 400 (400) ~ 400 (400) 393 (886-400) 
pay tailed macaque (Macaca nemestrina) 10 ood 394 (390-400) ve 398 (891-400) 394 (390-400) | 

Celebes black ape (Cynopitheeus niger) 10 - 400 (898-400) = 400 (309-400) 398 (371-400). 
Drill (Mandrillus leucophaeus) 4 400 (400) = 396 (388-400) 2. 






iy monkey (Lagothrix lagotricha) 2 
er monkey (Ateles geofroyit) 3 sods 
üirrel monkey (Saimiri sciureus) 5 


N indicates number of animals investigated. 


New world Monkove 


Mean values and range are given for each species. Results obtained for each method are listed se 
Gomori method? and azo-dye methods with naphthol AS phosphates (AS-BI, AS-MX) as substrates and red-violet LB and garnet hie as coupling 







a ae 00) 
397 (392-400) 


w (400) 
398 (892~400) 
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Table 2.00 “SPECIFIO” NEUTROPHIL ALKALINE PHOSPHATASE ACTIVITY. IN 
i PRIMATES : Tor : 
Species N ‘ATP* ADP AMP 
Man I7 > 180 0 
(140-230) 
; Anthropoid apes 
Chimpanzee 8 102 0 0 
{Pan troglodytes) (103-166) à 
Gorila: 7 233 0 0 
(Gorilla gorilla) (225-246) 
Orang utan 5 200 27 164 
(Pongo pygmaeus) (120-222) (42-218) (70-285) 
Gibbon 5 217 38 396 
(Hylobatus lar) (99-307) (370-400) (392-400) 
aie a etek Old world monkeys 
Rhesus macaque 10 0 0 0 
> (Macaca mulatta: 
“Brown atump-tailed macaque 5 Q 1 0 
| (Macaca speciosa 
Java macaque 5 270 2 03 
‘(Macaca wus) (111-852) (114-395) (0-266) 
Moor macaque 3 177 2 319 
` (Maedea maura) (167-186) (208-368) (281-377) 
Pig-tailed macaque 10 151 282 270 
`: (Macaca nemestrina) (93-195) (185-373) (130-400) 
Celebes black ape 10 192 282 332 
(Cynopithecus niger) (162-207) (182-399) (215-398) 
P ee 210 378 372 
| (Mandrilhis leucophaeus) (158-280) (360-896) (323-391) 
A E Si New worid monkeys 
Woolly monkey 4 306 876 
 Chagolhaie lagotricha) (3-92) (233-380) (358-393) 
Spider monkey 0 0 0 
Cota teles geafroyit) 
Squirrel monkey 160 327 344 
~ (Saimirisoiurens) (111-192) (157-387) (146-8397) 


N Andicatws number of animals investigated, Mean values and range are 
giventoreach species. Results obtained for each method are listed separately. 
Substrates were ATP, ADP and AMP, used in a modification of the Gomori 


procedures’, 
* Results variable. 


were closer to monkeys than to man. Results obtained 
with GBC. as coupling salts were consistently less than 
results obtained with red-violet LB. The results obtained 
“with specifie substrates are shown in Table 2. 

In the interpretation of the results, it must be borne in 
mind that formalin fixation may impair the activity of 
ATPase and that a number of other enzymes can 
hydrolyse ATP. This probably explains the inconsistent 
results found with this substrate. Specific inhibition 
tests to. demonstrate sites of true ATPase activity were 
not performed. Only cytoplasmic activity was counted. 
Nuclear staining was present in some species, but we have 
not yet investigated whether nuclear staining was the 
result, of specific enzyme activity or artefact, or both. 
The results obtained with ADP and AMP were comparable 
with ‘the results obtained with non-specific substrates, 
inasmuch as chimpanzees and gorillas showed scores 
eloser to man than to monkeys, whereas ADPase and 
AMPase activity were increased in orang utans. 

The interpretation of the results reveals some interesting 
aspects: it is possible that neutrophil leucocytes from 
different, species differ quantitatively in their content of 
alkaline phosphatase. The results suggest that neutro- 
phils of a number of species are completely devoid of 
alkaline phosphatase enzymes. This is unlikely, but it is 
possible that leucocytes from different species show differ- 
ent substrate specificities, and that substrates giving 
differentiated responses in human cells result in a different 
response in other species. This investigation shows that 
“obvious differences are present in NAP activity in different 
“species, and that the greater the dissimilarities the more 
remote the phylogenetic relationship. 
> The degree and distribution of NAP activity in chimpan- 
zee and gorilla were comparable with the degree and distri- 
bution of enzyme activity in human cells. Although 
the total scores were smaller, the neutrophils showed 
activity varying from 0 to +4 in different cells. Orang 
utans showed much less variation in activity. Gibbon 
and monkey cells were almost consistently +4, and 
Macaca mulatta cells were consistently 0. Only rhesus 
monkeys with evidence of bacterial infection showed some 
NAP activity. NAP activity was practically 0 in the 
brown stump-tailed monkey and in the spider monkey, 
whereas all other monkeys showed activity scores between 
330 and 400. 





NATURE, VOL. 214. JUNE 3.1967 


The results therefore suggest that for specific cells 
and within one given test system, closely related species — 
show qualitatively and quantitatively similar histo. © 
chemical properties, whereas remotely related species” _ 
show great dissimilarities and an ‘‘all cr nothing” response. 
As a general phenomenon, these histochemical findings 
are parallel to the results obtained by immunochemical 
methods*, By analogy, we propose the term histochemical 
perspective. Conceivably, it is related to the protein 
structure of the enzyme, but differences in membrane... 
properties interfering with histochemical methods cannot. _ 
be excluded. Histochemical perspective indicates that, if 
all other factors are favourable, histochemical similari- 
ties and dissimilarities of a specific tissue with a given tes 
system are connected to the phylogenetic relations} 
of the different species. 

This work was supported by a grant from the US _ 
National Institutes of Health. We thank Dr Geoffrey Hi: 
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Covington, Louisiana, for providing the gibbon blood 
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Estimation of Steroid Hormones by an 
Immunochemical Technique 


Previous studies in this laboratory have established that- 
steroid hormones can be rendered antigenic by coupling” 
them to proteins'. On immunization with the appropriate 
steroid~protein conjugate, antibodies to testosterone, 
cortisone, deoxycorticosterone, aldosterone, oestrone and: 
progesterone were produced. Because hapten-inhibition. < 
studies were used successfully to elucidate the specificity: 
of these antisera, it was decided to investigate the possi- 
bility of developing a procedure sufficiently sensitive for 
use in the assay of steroids. 

The analytical methods now applied to the assay of 
plasma steroids utilize either fluorimetry*, gas chromato- 
graphy’, or the “double isotope” technique’. They are 
capable of assaying quantitatively progesterone, testo- 
sterone and oestrogens at levels as low as about 0-02 ug - 
in 50 ml. of plasma after suitable extraction, concentration © 
and fractionation procedures. aan 

The main advantage of an immunochemical assay would > 
lie in its simplicity and specificity. We chose to investi- 
gate the haemagglutination-inhibition method which has. 
been shown to be both specific and sensitive’~*. Several. 
variations of this technique have been developed, all 
involving the attachment of the antigen to erythrocytes. 
These erythrocytes can then be agglutinated by the > 
appropriate antiserum and the effectiveness of various 
concentrations of haptens in inhibiting agglutination can > 
be tested. zi 

Steroid-protein antigens adsorbed to erythrocytes 
treated with tannic acid according to the procedure of- 
Stavitsky and Arquilla®’, or adsorbed to erythrocytes 
treated with formalin before tanning, gave preparations 
that were either unstable or gave inconsistent resulte. 
On the other hand, covalent linkage of steroid—protein 
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conjugates to erythrocytes. by means. of bis-diazotized 
 benzidine according to the procedure of Stavitsky and 
_Arquilla® proved. satisfactory. 
‘Serial dilutions of the antiserum (0-5 ml.) were mixed 
ith 0-05 ml. of a 2 per cent cell suspension in depressions 
a plastic plate and the titre was determined after 18 h 
room temperature. The titre was taken as the recipro- 
‘of the last dilution giving detectable haemagglutina.- 
on. For hapten-inhibition studies, a concentration of 
ntiserum four times that giving detectable haemagglutin- 
tion was used. For example, if the titre was 64,000, 
16,000 dilution of the antiserum was used. This con- 
tration was mixed with 0-1 ml. of various concentra- 
ms of the hapten in saline and 0-05 ml. of the 2 per cent 
rythrocyte suspension. In some cases, the hapten was 
t dissolved in 10 per cent propylene glycol. The end 
jint was taken as the lowest concentration of hapten 
at completely inhibited haemagglutination after 18 h 
at room temperature. 
-Preliminary studies using T-17-BSA{ coupled to erythro- 
ytes and anti-T-17-BSA indicated that 5 yg of T-17-HS 
were required for complete inhibition. On the other hand, 
if T-HSA were coupled to erythrocytes, as little as 0-1 ug 
of T-17-HS completely inhibited haemagglutination by 
< anti-T-17-BSA. Accordingly, steroid-HSA conjugates 
were couplers to erythrocytes for the experiments reported 
here. 





















Table 1. SYSTEM: ANTIGEN, T-HSA; ANTISERUM TO T-17-BSA 
Minimal concentration (ug/ml.) 





Hapten for 100 per cent inhibition 
oo Teatosterone* 0-05 

Testosterone 17-HS OL 

Jastradiol* 1 
Cortisol* 1 
Cortisone 21-HS 1 
Hydrocortisone 21-HS 1 
Progesterone 20-OCMO 1 
Progesterone 3,20-d1-OCMO 1 
‘Aldosterone 21-HS 1 
Deoxycorticosterone 21-HS 13 


>: Propylene glycol used to keep hormone in solution (final concentration, 
<b per cent; see text), 
In Table 1 are the results of a haemagglutination- 
inhibition of the T-HSA~anti-T-17-BSA system by various 
-c haptens. This system is sensitive and relatively specific 
>for testosterone, as little as 0-05 ug/ml. causing complete 
-= inhibition. Other steroids and their derivatives could 
inhibit haemagglutination but at concentrations at 
least twenty times higher than testosterone. 


Table 2, SYSTEM: ANTIGEN, E-17-HSA; ANTISERUM TO E-17-BSA 


Minimal concentration (wg/ml.) 
for 100 per cent inhibition 


0-08 
1 


Hapten 


Qestradiol 178* 

Oestrone 17-OCMO 
Testosterone 17-HS 
Cortisone 21-HS 
Hydrocortisone 21-HS 
Progesterone 20-OCMO 
Progesterone 3,20-di-OCMO 
‘Aldosterone 21-HS 
Deoxycorticosterone 21-H8 


zis Propylene glycol used to keep hormone in solution (final concentration 
15, Ad cent; see text). 
notes maximum concentration used. No inhibition seen at this 
ee otcem hon, 
The E-17-HSA, anti-E-17-BSA system is also somewhat 
“more specific (Table 2). 17-8-Oestradiol inhibited com- 
pletely at concentrations of 0-06 ug/ml. Oestrone 17-0- 
--garboxymethyloxime, the oestrone derivative used in the 
_ preparation of the steroid~protein conjugate, was ao 
at l ug/ml. All others were ineffective at 10 ug/m 
We conclude that small quantities of pee acl and 
= testosterone can be detected using the haemagglutination- 
inhibition technique. Preliminary studies also indicate 
‘gome success in the immunochemical assay of progesterone. 
‘The ease with which these analyses can be made suggests 
‘that the additional effort necessary to develop practical 


+ Abbreviations used: T-17-BSA, a conjugate of testosterone-17-hemi- 
io uccinate and bovine serum albumin; T-HSA, a conjugate of testosterone- 
oA ehemisuccinate and human serum albumin; T-17-HS, testosterone-17- 
| Nemisuccinate; OCMO, O-carboxymethyloxime. 
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procedures. may be rewarding. An immunoe 
procedure might be most useful in the assay of a 
for which the present methods are the least s 
and where the greatest specificity in the hapten: i 
test has been observed?. 
This work was supported by a contract with: th 
space Medical Division of the US Air Foree- 
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Non-exchangeable Calcium in Human Urine | 


Pearson? has recently presented evidence which suggests. 
that human urine may contain appreciable quantities of 
non-exchangeable calcium. Urine, labelled with calcium- 
47 in calcium chloride, was passed through a column of 
‘Zeokarb 225’ cation exchange resin and the effective non- 
exchangeable calcium (Cyz) was calculated, asing the 
following expression: 


Crg=C,~— A, (C,- Cjl Ad) 


where A, and A, are the original and final count. 
(c.p.m.) and O, and C, the initial and final concentr : 
of chemical calcium (mg per cent). i 

We have repeated this experiment, using. the same 
experimental conditions and similar methods of esti 
calcium, namely flame photometry and titration 
ethylenediamine tetraacetic acid (EDTA) with mi 
as indicator’. These procedures yielded values for 
exchangeable calcium which were similar to thos 
tained by Pearson!. It was noted, however, tha 
value of A, was frequently zero and that in thi 
dition equation (1) reduces to: 


Cys=C, 


The value of Cyg therefore depends largely, or entire 
on the accuracy of the determination of calcium-40 in 
treated samples of urine. These samples usually contained 
very small quantities of calcium associated with relatively 
largo quantities of sodium released from the ion-exchange 
resin. Such conditions result in relatively large experi- 
mental errors, particularly when calcium-40 is estimated 
by flame photometry, and more sensitive and specific 
methods of estimating calcium-40 were therefore sought. 

We found that sodium did not interfere with the de- 
termination of calcium when the latter was estimated by: 
atomic absorption spectrophotometry, using the Unicam 
SP90 spectrophotometer and this procedure was therefore 
adopted in preference to flame photometry. Calcium was ‘e 
also determined by a sensitive colorimetric method, using a 
stabilized murexide reagent’. These two methods yielded 
much lower values for C, and consequently for Gwe.” 
Moreover, summation of the statistical errors in the. 
determination of O,, Ca A, and A, yielded overall errors _ 
which were comparable in magnitude with the values “a 
Cyne (Table 1). : ; 

Our failure to detect non-exchangeable calcium in ‘urine ; 
is consistent with the observations of Raaflaub‘, who found 
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OS ol Method of Period of 
Sample determining «equilibration 
calcium th} 


sample, mg sample, mg 
: per cent) per cent) 

T 1 3 1340-02 0-024 + 0-002 
2 l 3 6-702 0-01 +0002 
3 1 3 24-040-6 0-015 + 0-002 
4 1 24 1:8 +0-02 0-008 + 0- 

ü 1 24 OT +02 0 

6. 1 24 240 +06 0-002 + 0-002 
7 2 24 5140-01 0-002 + 0-001 
8 2 24 10-5 + 0-02 0-004 + 0-001 
9 2 24 30-4 + 0-06 0-006 + 0-001 

; oe 
dlenoted by: + 1 standard deviation. 


. that all the complexed calcium in normal urine can be 
accounted for as calcium citrate, phosphate and sulphate, 
all of which are freely exchangeable. Abnormal binding 
of calcium may occur in some pathological conditions, for 
example, proteinuria, but we were unable to detect any 
_ hon-exchangeable calcium in these or any other abnormal 
urines which we examined. 

We thank Dr J. B. Dawson, Department of Medical 
Physics, University of Leeds, for his advice. 
cee A. HopaxKinson 
: P. M. ZAREMBSKI 
EEEN B. E. C. NORDIN 
-o Medical Research Council 
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_ Free Amino-acids of Blood Plasma and 
Erythrocytes of Normal Ducks and Ducks 
infected with Malarial Parasite, Plasmodium 

oes lophurae 


Iv the nutritional requirements of an intracellular parasite 
are to be revealed, it must be grown axenically in a medium 
susceptible ultimately to chemical analysis. Such cultiva- 
tion has not yet been achieved for an intracellular parasite, 
but some progress has been made with the erythrocyte 
stages of the bird malarial parasite, Plasmodium lophurae. 
-Tho single largest complicating factor in simplifying the 
culture medium is the red cell extract. This has been 
partially replaced by an enzyme hydrolysate of lactal- 
_bumin' indicating the importance of supplying the appro- 
-priate amino-acids. Bowman? suggested that an analysis 
of the free amino-acids of the red cell extract would un- 
‘doubtedly lead to a simplification of the extract. The 
-objectives of this investigation were: (a) to determine the 
„free amino-acid pool `of plasma and erythrocytes from 
normal ducks and ducks infected with P. lophurae; (b) 
pare the relationships existing between the plasma 
ellular free amino-acids; and (c) to detect deviations 
normal in ducks infected with malaria. 

ie} ird malarial parasite, Plasmodium lophurae, 
maintained in white Pekin ducks was the experimental 
material’. Two week old ducklings were inoculated with 
BP. lophurae in such a way as to give severe and very 
yuchronous infections‘. On the fifth day of infection blood 

an from the infected ducks and from the corre- 
uninfected ones. Both normal and infected 
sod for this investigation were fasted for 16 h 
blood was drawn for analysis of amino-acids. 
| was. centrifuged and the plasma was removed. 
_ Samples (0-5 ml.) of both the erythrocytes and the plasma 
were deproteiized separately by a ten-fold volume of 
l per cent pieric acid by the method used by Stein and 
Moore? for the determination of free amino-acids of human 
blood plasma. The qualitative and quantitative analyses 






















he methods used were (1) atomic absorption spectrophotometry, and (2) colorimetry (ref. 3). Each result ig the mean of two experiments. Errors are. 













fee : Ud ONE 
Activity in: Activity in (Non- 
“Wntreated > treated exchangeable 
sample, p.m.) sample, -¢.p.m.,) calcium, mg 
A per cent) 

2,566 + 26 95 t08 0019+011 146 £850. 
2,560 + 26 0 0-01 +0-002 O15 +003: 
2,543 + 25 0 0-015 + 0-002 0-06 +0-01 
3,849 +10 56-764 1-4 ~ OOLE + 0-002 ~LO7 +0180: 
2,268 + 10 0 0 0 
3,825 + 10 0 0-002 + 0-002 0-008 + 0-008 
3,100 + 9 0 0-002 + 0-001 0-04 + 0-02 
3,055 + 9 a 0-004 + 0-001 0-04 +002 
8,073 + 9 0 0-006 + 0-001 0-02 +001 







of free amino-acids of the blood plasma and the erythr 
cytes were determined by ion-exchange chromatography*? 
The analyses of samples of the plasma and the erythrocytes 
from normal ducks and ducks infected with malaria were ee 
performed in duplicate, with thoroughly reproducible. 
results. These analyses were run with an accelerated 

chromatographic system on 55 x 0-9 and 11x06 em | 
columns at 52° C. An amino-acid analyser of increased 
sensitivity in which the potentiometric recorder had 

range of zero to 0-10 absorbence, full scale, was used. The 
accelerated system used for these investigations does not : 
provide resolution of the constituents more acidic than 
aspartic acid (for example, taurine and reduced àrd. 

oxidized glutathione). Tryptophan and citrulline were _ 
detectable in the plasma in small amounts but were not ve 
estimated quantitatively, i a 









Table 1. FREE AMINO-AOIDS OF THE BLOOD PLASMA AND THE ERYTHROCYTES 
OF NORMAL DUCKS AND DUCKS INFECTED WITH Plasmodium lophurae 


Values as moles per 100 mi, 
Eryth 


















Plasma rythrocytes. 

From ducks Parasitized 

with 80 (80 per 

Normal percent Normal cent para- 

parasitaemia sitaemia). 

Aspartic acid 26 6-2 bs 

Threonine 24-0 914 15-4 
Serine, glutamine, asparagine 126-0 69-8 517 
Proline 20-4 40-3 <02 
Glutamic acid 11-2 14-1 5-8 
Glycine 86-6 34-7 80-0 
Alanine 59-4 83-4 23-0 
Valine 26-4 54-6 3-2 
Cystine 9-2 10-6 2-2 
Methionine 47 6-0 <02 
Isoleucine 14-1 17-6 12 
Leucine 20-7 39-9 0-9 
Tyrosine 18-4 37-2 <01 
Phenylalanine 7 18-0 <01 
Lysine, ornithine 40:7 57-6 69 
Histidine 79 9-9 46 
Arginine 29-4 118 5-0 


* Values were off the maximum level of the scale. 


The results of this investigation have been summarized 
in Table 1. The plasma from normal ducks is very similar 
in amino-acid composition to human blood plasma’. Th 
plasma from ducks infected with P. lophurae is markedly 
changed. Threonine is four times the normal concentra- 
tion and aspartic acid, prosine, valine, leucine, tyrosine. 
and phenylalanine are present at two to three times the 
normal concentration. Arginine, however, is present at 
less than half the normal concentration. The small 
concentrations of glutamic and aspartic acids are note- 
worthy in the plasma from both normal ducks and those 
infected with P. lophurae. The concentrations of these 
two amino-acids in human plasma have also been shown 
to be very low® 8, a 

The normal duck erythrocyte is very different from ‘the 
human erythrocyte in its free amino-acid content. Stein 
and Moore’, from analyses of whole blood and plasma, 
noted that the human erythrocytes were similar in 
amino-acid composition to the plasma, with the presence, 
of course, of large amounts of the peptide glutathion 
The normal duck erythrocytes, on the other hand, hav 
only traces of phenylalanine, tyrosine, proline and. 
methionine. The quantitative picture of the free amino 
acid pool, however, is very difforent.in duck erythrocyte 


infected with P. lophurae. With the exception of cysti 





_ NATURE, VOL. 214, JUNE 3, 1967 

















ipproximately. two-thirds of the 
ial cor tion, there is a definite increase of all 
her amino-acids. Phenylalanine, tyrosine, methion- 
proline, which are present in very low concentra- 
that is, <0-1 to <02 umoles/100 ml. of normal 
hrocytes, are increased to 10-37 pmoles/100 ml. of 
hrocytes infected with malaria. Serine, arginine 
glycine increased three-fold, while alanine, threonine, 
tidine, lysine and valine increased eight- to sixteen-fold 
he normal concentrations. The twenty- to twenty-five- 
Increases in the concentrations of isoleucine and 
tamie acids and the fifty-fold increase of leucine in 
ocytes infected with malaria are noteworthy. In 
analogous investigation an increase of glutamic acid 
found in erythrocytes in chronic granulocytic leukae- 
. dt may be interesting to compare the concentrations 
ee amino-acids in the erythrocytes and the plasma from 
ks infected with P, lophurae. The concentrations of 
nine, proline, valine, methionine, isoleucine, leucine, 
ylalanine and arginine are approximately the same in 
the samples mentioned here. With the exception, 
ever, of cystine and tyrosine, the concentrations of 
hare greater in plasma, the concentrations of the 
_rest of the amino-acids are much greater in duck erythro- 
_eytes infected with P. lophurae than in the plasma from 
_ the same infected ducks. 
ince the erythrocytic forms of malarial parasites 
ily increase in size and number in the blood of infected 
animals, the requirement of nitrogen for the synthesis of 
site protein is undoubtedly great. The haemoglobin 
rasitized erythrocytes is a readily available source of 
gen for the parasites!*, and the presence of large 
unts of haematin in infected erythrocytes! suggests 
the malaria parasite has the ability to break down 
) haemoglobin during the course of its metabolism. 
‘ythrocytes infected with P. knowlesi or P. gallinaceum 
m such large quantities of free amino-acids that they 
could not have come from any other source than the 
hacmoglobin'® 12.13, Although an isolated plasmodial 
enzyme system capable of cleaving haemoglobin into 
haematin and globin is still to be demonstrated, Moulder 
et al. and Cook et al.4, working with P. gallinaceum 
and with P. knowlesi and P. berghei respectively, showed 
that the extracts of these parasites can hydrolyse globin 
with ‘the liberation of free amino-acids and that this 
‘proteolytic activity is caused by parasite enzymes and not 
-by those of the red cells of the host. The increase of free 
‘amino-acids in erythrocytes infected with P. lophurae 
sported in this investigation may indicate that the 
tentiality of the parasites for the hydrolysis of host 
tein is greater than that for the incorporation of the 
ting amino-acids into parasite protein. The results 
e determination of the free amino-acids in normal 
k erythrocytes and erythrocytes infected with P. 
hurae would be of value in determining the amino-acid 
nposition for the extracellular cultivation of P. lophurae. 
must be pointed out, however, that the analyses of the 
ected cells in the present investigation represent the 
free amino-acids of the host erythrocytes and the free 
mino-acids of the parasites growing therein. Analyses 
f the parasites alone would be necessary in order to decide 
what extent the observed markedly elevated concentra- 
ons of amino-acids reflect changes in the amino-acid 
OL of the host cells or the composition of the malarial 
wrasites. (Analyses of duck erythrocytes and plasma 
ifected with P. lophurae by Sherman and Mudd (personal 
nnmunication) indicate smaller values for certain amino- 
‘ids in normal plasma (proline, serine, glutamine and 
aragine). These authors found only slight increases in 
> amino-acids of plasma during infection. Infected 
ythrocytes show increases in almost all amino-acids 
though the magnitude of the increase determined is in 
eral greater in this paper. These discrepancies, in 
may reflect the age of the host, diet and genetic 
itution as well as modifications in methodology.) 
























































Tn a similar investigation White et al. 
rat liver carcinomata growing in the yol s 
embryos, found a greater elevation of concentrat 
glutamic acid than that in an uninfected egg. 
interesting finding was that the free tumour tiss 
contained a very small amount of glutamic acid. 
et al.*5 therefore postulated that the much greater 
in glutamic acid in an egg is not contributed by th 
but may be caused by an alteration in embryonig 
bolism. o 

Chromatography was carried out at the Rock 
University by Miss Wanda Jones. We thank. 
Moore for his help. This work was supported by 
Publie Health Service grant. Ae) 
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Chymotrypsin Inhibitor | from Potatoes : 
a Transient Protein Component in Leaves 
of Young Potato Plants 


PLant proteins which inhibit various animal, bacteria i 
fungal proteolytic enzymes, although apparently not ubi 
quitous in plants, are common in the storage organs o 
large number of species. It is not clear whether 
ability to form complexes with proteolytic enzym 
related to physiological phenomena in the intact plant. 
but this question has generated considerable interest and 
some speculation?. eee er 
Recently we have isolated from potato tubers two. 
crystalline proteins that potently inhibit widely diverse | 
proteolytic enzymes including chymotrypsin, subtilisin; | 
pronase and trypsin?*. These inhibitor proteins, becaust 
of their high purity, gave us an opportunity to study, for. 
the first time by immunological techniques, the specific. 
location and possible function of proteolytic enzyme. 
inhibitors in all the tissues of the potato plant. 
results presented here reveal that one of the prote 
(called inhibitor I‘) has a transient existence in seve a 
different tissues of the potato plant that is influenced byo 
the physiological condition of the basal or apical meristems |. 
of the plant. The results suggest that the biosynthesis Hen 
and degradation of the protein is directly related to 
various growth and storage processes. Thus, while the ad 
inhibition of proteolytic enzymes by inhibitor I can he 
rationalized as a survival factor for the potato, this 
property is probably not the primary function of t 
protein in the potato plant. 5 
Chymotrypsin inhibitor I crystallized five times 
regular hexagonal crystalline form was prepared 
described previously*? using juice from ‘Russet Burba: 
potato tubers. Rabbit anti-inhibitor I. serum 
obtained from two rabbits injected subcutaneous! 
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Figi. Immuno-diffusion reaction of rabbit anti-chymotrypsin inhibitor 

Y serum (centre well) with three times crystallized inhibitor I (left and 

‘right wells}, homogenized ‘Russet Burbank’ potato tubers (top well) and 
homogenized apical leaflets (bottom well). 


appropriate intervals with 1 mg inhibitor I incorporated 
“into complete Freund’s adjuvant. 

: Using the double diffusion agar plate method developed 
by Qucehterlony®, purified inhibitor I reacted with rabbit 
anti-inhibitor I serum to give a single precipitin line. 

= Diffusion experiments were carried out in plastic Petri 
dishes 5 cm in diameter containing 5 ml. of 2 per cent 
special Noble agar in 0-1 molar veronal, 0-9 per cent 
` sodium chloride, pH 8-2, containing 0-01 per cent thimero- 
sal. The antiserum was diluted 1:2 or 1:4 with the 
- buffer before use. Fig. 1 shows the typical reaction of 


antiserum with three times erystalline inhibitor I and 


- with macerated leaflets and tubers from mature ‘Russet 
: Burbank’ potato plants. The method will detect concen- 
trations of as little as 8 ug/ml. of inhibitor. This high 


-< resolution of a single protein, among hundreds present in 


tissue macerates, was ideally suited to a study of inhibitor 
Tin potato plants. 

“Although the protein could be detected in both tubers 
“and apical leaflets of mature plants, true seeds, the 
progeny of a cross of varieties B 3820-14 female and 
12-3 male, gave no reaction. It was therefore of interest 
to determine at what stage of growth the inhibitor would 
appear in leaflets of young plants grown from the true 
seed. 

Plants were grown from seeds in trays of local soil 
planted at a depth of approximately 1/8 in. and covered 
with a 1/16 in. layer of sand. The trays were placed in 
a controlled growth chamber using a 14 h day under 
light of 1,500 ft.-candles with temperatures of 26-5° C 
during daylight hours and 17-0° C at night. Between 
4 and 6 days after the emergence of young plants, they 
were transplanted singly to small peat pots. Growth 
was continued under the same conditions of light and 
temperature. 

The presence or absence of inhibitor protein I in tissues 
of the young growing plants was determined within the 
limits: of the Ouchterlony method. The largest plants 
were usually selected and the various leaflets were removed 
from: the. stem. Each component was individually 
“macerated and tested. The protein could not, be detected 
in either the seeds or in any of the tissues of the very 
“young plants within 4-5 days after emergence (about 
10 days after planting), After this time, the protein 
_ appeared in increasing numbers of upper leaflets. Fig. 2 
- shows a plot against time of the number of total leaflets 

(the cotyledonary leaves are not included, because they did 
not develop well and were often injured on transplanting), 
- the number of leaflets showing a positive response, and 
the number of rhizomes present. During this growth 
period the number of leaflets with inhibitor I can be seen 
to proceed through a maximum at about the same time 
as rhizomes appear at the cotyledonary nodes. As the 
number of rhizomes increases in number and size, inhibitor 


` Numberot 


; Number of 
ts itive 


Tissue leatte’ 












removed tested. eal ai + 
None 76 
Rhizomes 50 2 
Apex 87 10 
Apex + rhizomes Bl 46 
Apex + lateral buds 54 18 
Apex + rhizomes + 

lateral buds 72 62 





* Plants tested 40-60 days after planting seed. 


t A leaflet was considered positive that gave a visible precipitin line in the i 
double diffusion assay. Lower limit of detection of inhibitor I is 8 pg/ml i: 


I disappears from the leaflets and after 40 days is difficul 
to demonstrate at all. 

The simultaneous increase, then decrease, of inhibito: 
concentration in the leaflets coincidental with the appear- 
ance of rhizomes suggested a possible relationship between. 
the two phenomena. The rhizomes of several plants, 
approximately 45 days from the initial planting, were’ 
therefore carefully removed in order to see whether the 
excision would effect the concentration of inhibit 
protein in the leaflets as compared with controls receiving. 
no treatment. Within 24 h the protein was present in. 
more than 30 per cent of the leaflets of de-rhizomed plants | 
and in 48 h 50 per cent of the leaflets gave a positive: 
precipitin reaction (Table 1). The reaction was almost 
entirely confined to the leaflets nearest the apices of the 
plants. In plants at equivalent age the protein could 
also be induced in the upper leaflets by removing. the 
apices of the plants. In this case, however, the induction 
was considerably less than when the rapidly growing | 
rhizomes were removed (Table 1). Because the removal 
of either apices or rhizomes visibly influenced the concen- 
tration of inhibitor I in leaflets, even within the 48 h- 
period of induction, some experiments were carried out 
which combinations of growth centres (that is, ape 
lateral buds and rhizomes) were removed. The resul 
are shown in Table 1. The presence of inhibitor I in 
leaflets is seen to be greatly reinforced if both the @ 
and rhizomes are simultaneously removed, but the excision | 
of lateral buds does not appear to alter the effects alread. 
induced by removal of apices or rhizomes. 

Because the concentration of inhibitor I seemed. to 
a direct result of removal of growth centres, it. was c 
interest to know whether the phenomenon could: þe 



































22 


Number of leaves or rhizomes 








20 30 
Days after planting 


40 


Fig. 2. A plot of the total number of leaflets (©). and rhizomes ( 

each growing young potato plant. Solid triangles (Y) are the n 

of the leaflets showing presence of inhibitor. Iin the | mmuno-di 
assay. 
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“Table 2, ACCUMULATION OF INMIBITOR 1 IN LEAVES OF YOUNG POTATO 
ee PLANTS* ON REMOVAL OF APEX 


oe Number of Numberof Number of Percentage of 
Treatment plants leaves ositive positive 
oe tested tested eaves fT leaves 

0 14. 58 19 33 

PeX removed 14 56 31 55 


Plants 16 to 19 days from planting, or about 7 to 10 days after emergence. 
tests for the presence of inhibitor I were made 48 h after removal of apex. 


eated by decapitating very young plants that had 
mtly emerged but as yet exhibited little or no protein 
nse and possessed no rhizomes. Table 2 shows the 
ts of an. experiment. in which the apices of several 
these small plants were removed and the leaves tested 
inhibitor I 48 h later. 
shown in Table 2, the control plants already began 
accumulate inhibitor I in some of the leaves. The 
sion of apices, however, increased the percentage of 
ive leaves by 22 per cent over control leaves and 
icated that the removal of the apex in the very small 
ants exerted an effect on the concentration of irhibitor I 
he leaves. 
. These preliminary results suggest that there is a direct 
< correlation between the presence of inhibitor I protein in 
“normally growing young potato leaves and apical or 
rhizome growth. The findings that the protein can be 
induced experimentally in leaves seem to imply that 
iockage of transport of amino-acids, or the protein itself, 
the growth centres is a major factor in the increase. 
his response suggests that the leaves have the ability 
» synthesize this specific protein. Subsequent transfer 
the protein to meristematic regions (such as the stolon 
| tuber) offers’ a rational explanation of the results 
 Premenitod here. 
-We thank Mr Charles Oldenberg for technical assistance 

-in growing potato plants, and Dr W. Hoyman for a gift 

of seeds. This work was supported by a grant from the 

us Publie Health Service. 
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Effects of 2 : 4-Dichlorophenoxyacetic Acid 
on Enzyme Systems in Jerusalem Artichoke 
Tubers and Chicory Roots 


: te a previous communication! it was reported that disks 
_ eut from tissues storing inulin, such as the tubers of 
~ Jerusalem artichoke and roots of chicory, showed a large 
uptake of water when treated with a number of sub- 
stances which can regulate plant growth. Associated 

“with this uptake of water were changes in the carbo- 

: hydrate composition of the tissue. Treatment of Jerusalem 
artichoke material was shown to lead to a decrease in 
the amount of lower oligosaccharides and an increase in 

' the. amount of reducing sugars, chiefly fructose’. In view 
_ of this important effect of growth substances in promoting 
- hydrolysis of these oligosaccharides, we thought it inter- 

_ esting to examine the activity of enzyme systems asso- 
cie ted with these carbohydrate changes. 

=o För this purpose disks were cut from Jerusalem arti- 

-choke tubers and chicory roots and treated with 10-5 

molar 2: 4-dichlorophenoxyacetic acid (2: 4-D) or with 

z Water for 3 days at 25°C. The activity of the extracted 
































hydrolytic. enzymes was 5 assessed for oth 
compared with that obtained from fresh i 

Measurements of enzyme activity were mad 
obtained as follows. A sample of the material 
integrated and extracted with 100 mrmolar ph 
buffer, pH. 7-6, containing 100 mmolar cysteine | 
mmolar sodium diethyldithiocarbamate.. This’ 
subsequent operations were conducted at 2°C 
extract was dialysed overnight against six chi 
20 mmolar phosphate buffer, pH 7-6, containing 
cysteine and 5 mmolar sodium diethyldithi 
Protein was precipitated from the dialysate 








pellet was dissolved in the minimum eeen of 

phosphate buffer at pH 7-6 and dialysed overnigl 
six changes of the same buffer. The invertase anc 
lase activity of this crude protein extract was 
ined?. Portions were fractionated on a column. o 

cellulose? and the invertase and hydrolase activity 
fraction was assessed. Substrate M, described b 
man and Jefford*, was used for the hydrolase asse. 
0-1 molar sucrose for measuring the invertase | 
Protein content was determined from measureme 
optical density at 260 my and 280 my’ except for the 
extract, where the protein determination was based or 
micro-Kjeldahl determination of nitrogen. 


INVERTASE AND HYDROLASE ACTIVITY AND WATER UPTARE “OR” 


Table 1. 
CHICORY DISKS 
Units of Units of Water. 
Treatment Time invertase* hydrolase t uptake t 

(days) activity (x 10°) activity (x 10°) EEA, 
Untreated —_ 463 95-9 ti 
Water, 25° C 3 52-5 1305 35-2, 
we jolar 2: 4D, 3 3,392 131:5 280. 






* One unit of invertase activity represents 2 moles of hexose. iberated/ 3 
min/mg initial dry weight at 25° C. ; aE 
+ One unit of hydrolase ey represents 1 pmole of hexose: iborat 

ation initial dry weight at 26° © 
t Increase in weight compared with the initial weight. 


Table 2. INVERTASE AND HYDROLASE ACTIVITY AND WATER 


JERUSALEM ARTICHOKE DISKS 







A Wate 
tak 


Units of umee of 
Treatment Time invertase* hydrolasët 
(days) activity (x 10°) activity y x 10°) 
Untreated — 0 436 
Water, 25° C 3 0 351 
10-5 molar 2:4-D, 3 324 1,011 


* One unit of invertase activity represents 2 pmoles of texa libérated 
min/mg initial dry weight at 25° C. 

+ One unit of hydrolase activity represents 1 umole of hexose liberated 
min/mg initial dry weight at 25° €. 

t Increase in weight compared with the initial weight. 


The results are summarized in Tables 1 and 2. Extracts 
from chicory and artichoke disks treated with 10-* molar | 
2:4-D show very marked increases in invertase activity. | 
This activity is not due to a comparable increase in enzyme 
protein because the amount of protein extracted (about 
20 mg/g dry weight of tissue) was not altered significantly 
by treatment with growth substance. Extracts from » 
disks of Jerusalem artichoke tissue after treatment with 
growth substance also show enhanced hydrolase activity, 
whereas extracts from chicory show little change. It 
is possible that growth substance treatment leads to a 
loosening of invertase and hydrolase from a membrane 
or the cell wall and this might account for the increased + 
activities we have found in extracts. Invertase activity 
is known to develop in washed tissue slices of Jerusalem 
artichoke, but such activity cannot be brought into solu: © 
tion’. Our results could also arise through new protei 
of very high specific activity being produced in amount 
too small to be detected by our analytical metho 

A third possible explanation of the results is that the 
2:4-D treatment in some way enhances the activity of 
invertase and hydrolase. Further work is in progress to 
examine these possibilities. 
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Although it is well known that gibberellic acid can 
induce increased amylase ‘activity in some: tissues, the 
highly. significant results reported here reveal the impor- 
tant effect which an auxin can exert on certain plant 
enzyme systems. 
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CYTOLOGY 


Nuclear Pioidy in Mammalian Parenchymal 
i Liver Cells 


ALTHOUGH it has generally been assumed that the nuclei 
of the parenchymal cells of mammalian liver have ploidies 
in the ratio of 2N : 4N : 8N : 16N .., (ref. 1), contradictory 
reports have recently appeared. One described the 
existence in C3H mice of nuclei with ploidies of 3N, 6N 
and 12N, the first amounting to as much as 25-50 per 
cent of the nuclei during the first 2 weeks of life’. The 
other claimed that there is, in human liver, a continuum 
of nuclear DNA contents and volumes, and that individual 
classes of nuclei are not present*. The reasons for the 
discrepancies between these results and the generally 
accepted theory are not known, but one possibility is that 
the. methods of preparation and measurement of the 
material may produce systematic errors. Both the studies 
were carried out on sections of fixed tissues with miero- 
spectrophotometric methods that were less than optimal. 
During the course of the investigation of the relationship 
of cell size to cell ploidy’, measurements of nuclear size 
and ploidy have been carried out with intact, single 
parenchymal cells. The results obtained again confirm 
the existence of clearly defined classes of parenchymal 
cell nuclei. 

Isolated liver cells were prepared by treating liver 
minces with sodium tetraphenylboron’, a reagent which 
does not require the prior perfusion of the tissue. After 
the dissociation of the tissue, the cells were washed and 
then treated in one of two ways. For spectrophotometric 
measurements, about 10,000-15,000 cells were collected 
on ‘Millipore’ filters with a pore size of 5u. The filters 
were fixed in absolute ethanol and stained by the Feulgen 
reaction® with fast green as a counterstain (Fig. 1). The 
stained filters were then dehydrated in ethanol, impreg- 
nated with xylene, and mounted in ‘Permount’. Micro- 
speetrophotometry was carried out at 540 mu with a 
Barr and Stroud GN2 integrating microspectrophotometer, 
a: scanning instrument that minimizes distributional 
errors. The diameters of the nuclei were determined with 
an eyepiece micrometer disk. This method of measuring 
DNA content is not subject to the errors that would be 
introduced by sectioning of nuclei during the preparation 
of the specimen. 

For determination of nuclear ploidy by measurement of 
nuclear diameters’, the unfixed isolated cells were sus- 
pended in an isotonic buffer containing trypan blue 
(1.: 1,000) to stain the nuclei (Fig. 2). The suspensions 
were placed in a haemocytometer chamber to prevent 
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distortion of the cells and were measured at a magnifica- 
tion of x 1,000 to the nearest scale division of an eyepiece 
micrometer disk. eee 
Measurements of the DNA content of nuclei ‘were 
carried out on preparations of cells from the livers of six 
Swiss mice ranging in ages from 6 to 40 days and from one - 
adult man. In all cases, the nuclei were clearly separated: 
into discrete groups, the mean DNA contents of which 
were in a ratio close to 2: 4:8 (Fig. 3). In no case was 
there evidence for groups of nuclei of intermediate ploidy. 
Nuclear area increased with DNA content, and the ratios 
of the mean areas of the different groups of nuclei were 
close to the value of 1 : 1-59 (that is, 1 : 22/3) expected for 
a population of nuclei with some nuclei twice the volume 
of the others. There was considerable overlap of | 
nuclear areas of adjacent classes, however, probably. as 
the result of varying degrees of flattening during collection’. 
and fixation of the cells on the ‘Millipore’ filters. This 
made the use of area unreliable for the determination:of 
Nuclear ploidy was determined by measurement of th 
diameters of nuclei in intact cells prepared from mor 
than fifty mice (Swiss and C57BL/6J), more than sixty. 
rats (Sprague-Dawley and Fisher), and three human 
beings. The mice ranged in age from 2 days to 1 year, 
the rats from 3 weeks to 9 months, and the human — 

























Photomicrograph of isolated mouse liver cells fixed on a ‘Milli- 
pore’ filter and stained by the Feulgen reaction and with fast green. 
Cella varying in size from 2N x 2 (binucleate cell with two 2N nuclei) 


Fig. 1. 


to 8N x2 are present. (x 290.) 


Fig. 2. Isolated intact mouse liver cells, stained with trypan blue, The 
nuclei have ploidies of ZN and 4N. (x e, 66y ; 


























vith mean diameters in ratios 
th hat is, 1: 21/8) expected for nuclei 
g two-fold in volume (Fig. 4). This was true even 
uclei as large as 32N. Only rarely were the nuclear 
rs.such that they could not be easily classified, 
here was no evidence for the existonce of any signifi- 
numbers of nuclei: with intermediate ploidies or 
S. 
dition. to avoiding errors due to sectioning, both 
described make possible the rapid evaluation of 
chymal cell populations. Because the cells are 
ated, the identification of binucleate cells is made 
-Using these methods, it was possible to define 
mposition of the liver parenchymal cells of Swiss 
ranging in age from 2-days.to 1 year, and in weight 
2 gto more than 50 g (Fig. 5). Early in life, the cells 
almost: entirely mononucleate with 2N nuclei. With 
h, however, there is a shift in the cell population to a 
ominance of cells containing two nuclei, the nuclei 
asing in ploidy to 4N and 8N, and occasionally to 
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ig. 3, Relationship of nuclear area to DNA content in parenchymal 
diver cells of Swiss mice 6 to 27 days of age. Isolated liver cells, fixed on 
Mlipore' filters with ethanol, were stained by the Feulgen reaction and 

hb fast green. Although there is a tight clustering of DNA values as 
letermined by microspectrophotometry at 540 mu, there is a moderate 
overlap of nuclear areas. The mean values of DNA content and of nuclear 
Yea occur approximately in the ratios of 2: 4:8 and 1:14:50: 2-53, 
‘spectively, expected for dniblings of the nuclear DNA content and 
volume, 
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Nuclear diameter (4m divisions) 


; 4... Distribution of nuclear diameters in a suspension of isolated 
mouse liver cells, The nuclear diameters, measured to the nearest whole 
Vision of an ocular micrometer disk, form distinct, non-overlapping 
ips the means of which bear approximately the relationship (1 : 1-26) 
eee expected for doubling of nuclear volume. 





n all cases, the nuclei were 
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Fig. 5. Relationship of the frequencies of various classes of parench. 
liver cells to body weight in the Swiss mouse. Each point represen 
determination carried out in a separate animal, and representa. 

evaluation of at least 200 cells. Ae 


higher values. Similar shifts, but to a lesser exte) 
also observed in the livers of rats and human beings 
implications of these findings are discussed: elsew 
The results presented here confirm those of pre’ 
authors':-!*, who found that the DNA conte 
volumes of liver cell nuclei occur in discrete groups de! 
by the geometric progression, 2". Neither: cont: 
distributions nor intermediate classes of ploidy or vo 
were found in the livers of the mouse, the rat, or mai 
We thank Dr George Glenner for the use of th 
and Stroud microspectrophotometer. yie 


CHARLES J. Hester 
EUGENIE A, Gat 


Laboratory of Chemical Biology, 
National Institute of Arthritis and 
Metabolic Diseases, 

National Institutes of Health, 
Bethesda, Maryland. 


Received December 22, 1966. 


’ Helweg-Larsen, H. F., Acta Path. Microbiol. Scand, Suppl., 92,1 (1952). of 
i Pome. a 0., Cordero Funes, J. R., and Mordoh, J., Bap. Cell Res, 21482 0° 
3 Fautrez, J., and Laquerriere, R., Exp. Cell Res.,18, 403 (1957). 
‘Epstein, C. J., Proe. U.S, Nat. Acad, Sei., 87, 327 (1967). A a 
y Rappoport, C., and Howze, G. B., Proc, Soc, Exp. Biol, and Med. 121; 

1 a see 


J. ¥F.),1, 220 (Academic Press, Ine., New York, 1988). 
7 Jacobj, W., Arch. Entw. Mechan., 106, 124 (1925). 
è Swartz, F. J., Chromosoma, 8, 53 (1056). 
* Dolianski, F., Intern, Rev. Cytol, ,10, 217 (1960). 
te Swift, H., Physiol. Zool., 28, 169 (1050). 


* Leuchtenberger, C., in General Cytochemical Methods (edit. by Dani } 


1052 


Free Endotoxin 
THE term “endotoxin” is used to denote the lipopoly- 
saccharides of high molecular weight (1 million or above) 
which are considered to be integral structural units of the 
cell. walls of Gram negative bacteria’, The conventional 
method of preparing endotoxin is by chemical extraction 
from intact cells (or cell walls) using, for instance, tri- 
chloroacetic acid at 4° C (ref, 2), 45 per cent aqueous 
phenol at 65°--68° C (ref. 3), or mixtures of ether and 
‘water at 6°-12° © (ref. 4). Heterogeneous extracts are 
“obtained which may require extensive purification before 
they yield the final homogeneous product’. 
oo Emdotoxins extracted from different sources have 
similar biological properties. These include toxicity, 
pyrogenicity, the ability to induce non-specific resistance 
‘to infection, diarrhoea, tumour necrosis and the local 
“and general Schwartzman reactions. In certain growth 
conditions, we have found that an appreciable amount of 
toxic material indistinguishable biologically from endo- 
„toxin is liberated into the culture supernatants of a wide 
variety of Gram negative organisms. Preliminary chemical 
analysis of this material has shown the presence of lipo- 
polysaccharide and ultracentrifugation has indicated a 
molecular weight of about 1 million. We propose to call 
this material “free endotoxin”. 

In addition to its other biological properties, when 
injected parenterally into mice in small doses, it induced 
hypothermia as did chemically extracted endotoxin. This 

haa also been described in guinea-pigs* and rabbits", 

‘Maximum yields of free endotoxin are obtained when 
bactoria are grown, with vigorous aeration, in a diffusible 
medium consisting of hydrolysed casein, sucrose and yeast 
extract at pH 65. Vibrio, Salmonella, Escherichia and 
Serratia strains grow to high bacterial densities (10'°-10" 
organisms/ml.) and secrete free endotoxin in these 
conditions. 

To investigate whether free endotoxin was produced by 
cell lysis, endotoxin contents were determined for cells 
grown on solid and in liquid media and for the culture 
supernatant from cells grown in liquid. Endotoxin 
content was assayed by the induction of hypothermia and 
diarrhoea in mice, a method we have found to be quick, 
reliable, and almost quantitative. Cells grown on solid 
and in liquid media possessed approximately equal 
amounts of endotoxin; the culture fluid of the latter 
contained in addition as much free endotoxin as could 
be extracted from the parent cells. These results suggest 
that free endotoxin is released because of excess produc- 
tion of cellular material during vigorous growth of the 
bacteria rather than as a result of cell lysis. 

‘We. have investigated in detail free endotoxin from 
Escherichia coli 078K80. A crude preparation containing 
free endotoxin was isolated from culture supernatants by 

precipitation with ammonium sulphate at a concentration 
of 66 per cent w/v. The yield of solid non-dialysable 
“o material from culture fluid endotoxin was about 0-1 per 


cent w/v. It had physical and biological properties 
‘Table YO BIOLOGICAL PROPERTIES OF FREE AND CHEMICALLY EXTRACTED 
vee ENDOTOXINS 
Biological Free Conventional cellular endotoxins 
activity endotoxin Phenolextract Ether extract 
Beet on mouse temperature Hy pothermie Hypothermie Hypothermic 
after parenteral injection 
lethality* (LD: 370 > 600 550 
Perea os 
“NON-S cife resistance toin- 
vo ofeetion (EDs | 12) 0-018 OL üt 
Rabbit prrogcrecity (FT 40: 
PAA E 17 31-7 25 
Tumour necrosis in mice 
` (Sarcoma 180)* + + + 
. Schwartzman reactions 
(a) Localt + + + 
(b) General + + + 
* See ref, 9, 
t Fig: The dose producing an area of 40 em? under a fever curve’, 


+ Determined in mice. 


A URE OL. 214, _ JUNE 3 96 


| Ether eee 
extract 


` Phenol 
oo extracti 

















Antiserum 


Comparison of free and conventional endotoxins by imm 
ksion, Antiserum was prepared by immunizing rabbits aaite 
endotoxin, 


identical to those of crude endotoxin extracts of the. 
intact parent cells’, Crude preparations of free and- 
conventional endotoxins were examined by the Ouchter-. 
lony gel diffusion technique’, and they a found. to be 
immunologically indistinguishable (Fig. 1 
Our method of preparation is probably ts mildest y 7 
described and the least likely to lead to any degradation 
of endotoxin. Experiments have shown that the crude 
precipitated extracellular material can be further frac- 
tionated by column chromatography, yielding endotoxin 
and a non-toxic fraction. This latter substance has some 
of the immunological, but none of the toxic, properties of 
endotoxin and has a much smaller molecular weight’. 
M. J. Crurcaiey 
D. G. Marsa 
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Characterization of Antilymphocytic 
Antibody 


ANTILYMPHOCYTIC serum (ALS) is now well known. to 
have the power of prolonging the life of homografts on. 
the animals into which it is injected!-*. All who have 
studied ALS agree that a high proportion of its immuno- 
suppressive power resides in the 7S globulin fraction? 
The experiments described here represent a formal analysis 
of the power of different fractions of ALS raised in rabbits. 
and horses to prolong the life of A-strain tail skin homo- 
grafts on CBA mice. Rabbit antisera against mouse 
thymocytes were prepared by the method of Levey and. 
Medawar’, The horse antiserum, made by a sealed-up 
variant of the same technique, was kindly supplied to us 
by the Wellcome Foundation. The serum fractions were. 
normally reconstituted to the concentrations at which 
they were originally present in whole serum, and assayed: 
by the subcutaneous injection of 0-5 ml. on the second 
and again on the fifth days after skin grafting’. 

All sera were inactivated at 56° C for 30 rain before 
further treatment. Separation into the 198, 78, 458 
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lasses (and an intermediate class, 10S) was accom- 
ed by filtration on ‘Sephadex’ gel at 4° C as described 
lodin and Killander*, using 17-20 ml. serum volumes 
ephadex G-200' columns. (90 x 5-7 cm) equilibrated 
0:15 molar sodium chloride containing 0-06 molar 
phate buffer pH 7-2. The pooled fractions were 
mtrated to the original serum volume by ultra- 
tion at 4° C through dialysis tubing. 
duction was carried out at 20° © for 2 h using 0-1 
2-mereaptoethanol.. The reduced material was 
ted by dialysis against 100 volumes of 0-06 molar 
hate buffer (see above) containing 0-02 molar sodium 
cotamide®’. The reduced and alkylated preparation 
finally dialysed against phosphate buffered saline to 
ve the excess iodoacetamide. 
10 IgG fractions were made by two procedures, 
bbit antisera were fractionated by diethylaminoethy] 
Ey cellulose batch chromatography*, and the horse 
um by first precipitating with sodium sulphate 
| concentration 14 per cent w/v) and then batching 
DEAE cellulose. Whatman DEAE cellulose (DH#11) 
h an exchange capacity of 1:0 molar equiv./g was 
d, and equilibration and elution were performed 
_ with 0-025 molar sodium chloride containing 0-01 molar 
. phosphate buffer pH. 7-2. 
< The composition of the various fractions was assessed 
both by immunoelectrophoresis’, using either sheep 
anti-rabbit serum or rabbit anti-horse serum, and by 
trophoresis on polyacrylamide gel*. Protein content 
3 estimated by the Folin-phenol procedure’. Analysis 
wed that the rabbit IgG preparation was free from 
ontaminating proteins. The horse preparation, on the 
her hand, contained small amounts of another globulin, 
presumably the IgA(T) globulin’. 
_ The survival time of A-strain tail skin grafts on normal 
untreated CBA males is 11-6+ 1-3 days’. Table 1 records 
the daily incidence of graft breakdowns in mice treated 
-with rabbit or horse antisera and their various fractions. 
¿With rabbit serum it is clear that all the activity is 
accountable for in the IgG (78-y) fraction and that the 
serum fully retained its potency after reduction with 














GRAFT MORTALITY DISTRIBUTIONS ASSOCIATED WITH DIFFERENT 
FRACTIONS OF RABBIT AND HORSE ANTI-MOUSE ALS 


Days after transplantation 
21- 26- 3l- 41- 


O Tabea. 













10 11 12 13 14 15 16 17 18 19 20 25 30 40 50 >50 
1 3 1 
4 1-2-2 2 
23 1 1 1 
4 1 1 1 
111 2 
Rabbit ALS XX: 
25 1 1 22 2 
22112 2 
2 2 3 3 2 
1 3 2 1 21 
5 aasa litt] a 
2-ME treated 
Ho MO25%) 1 8 1 4 1 
“Horse ALS 
: 4506A: 
Whole serum 
3 oee) 1 1 & 4 1 1 2 
AMS (039%) 3 1 3 1 
LAS os” 
2 12 2 1 
4 414 1 
1 2 2 2 2 
ETELA 
3 1 92 1 


Each entry in the table shows the number of skin graft breakdowns 
egistered as complete on the day indicated. All grafts A->CBA. All sera 
nd serum fractions injected subcutaneously on the second and again on the 
_ fifth day after grafting. Figures in brackets represent protein concentrations 
| (grams per cent) ~ 

* Twice serum concentration. 















2-mercaptoethanol. The activity of horse an 
resides: almost wholly in the 79 size fraction, bu 
destroyed by reduction ‘and alkylation unde 
that did not affect the potency. of rabbit antiser 
we must leave open the possibility that: fraction 
than IgG, possibly the IgA(T) fraction, may contribu 
to its immunosuppressive power. pre 
We are grateful to our colleagues in the We 
Research Laboratories for preparing and. supplyi 
with horse anti-mouse sera. . 
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Department of Surgical Science, 
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Oral Immunization of Mice with a Soluble 
Protective Antigen obtained from Entero- | 
pathogenic Serotypes of Escherichia coli _ 


Sopium deoxycholate extracts were obtained from, strains 
of enteropathogenic serotypes of Escherichia coli type 
0.111 by the following technique: the E. coli. were cult: 
in a well oxygenated broth culture for 6 h at. 
They were centrifuged and washed three times, 
suspension was adjusted to give a density of organisms 
of 16x10, as estimated turbometrically. . 2-4 ml 
1/10 molar ‘Chelaplex’ was then mixed with 210 

this Æ. coli suspension. While stirring the mix 
24 ml. of a 20 per cent solution of sodium deoxyehola! 
were added. The lysis of the bacterial cells was checks 
in the photometer at 540 nm. At an extinction point 
50 per cent the material was centrifuged in a refrigerati 
centrifuge for 45 min at 20,000g. The surface layer was 
then dialysed. The dialysate corresponded to an Æ. coli 
suspension of 1-2x 10! Æ, coli/ml. and this antigen was - 
stored frozen at — 20° C, : 

The extracts produced in this way were examined 
serologically by the latex test, using several specific — 
anti-#. coli sera. The extracts proved to be group: 
specific, that is, they only gave reactions with the H. coli: 
antisera which contained antibodies against enteropatho- 
genie E. coli type 0.111. 

The antigenic extracts were used for intravenous and 
oral immunization of rabbits and rats, to produce specific 
antibodies against EH. coli type 0.111, which could pe 
detected by the appearance of 0 agglutinins and in the 
latex test. A passive protection experiment was carried 
out on mice using one of the rabbit immune sera produced 
by this extract injection. E 

The mice were given subcutaneous injections: of th 
rabbit antiserum 24 h before they were given an in 
peritoneal inoculation with live Æ. coli type 0.111 (str: 
2380 by Rowley). We were able to show that the anti- 
bodies produced in the rabbit, by the inoculation of the — 
antigenie extract described here, protected the mice as 

































well as did an immune se 
of the intact bacterial an 
‘Mice were also immu | 
of the deoxycholate extracts and other mice immunized 
by heat-killed intact strains of E. coli 0.111; the strains 
‘used included 2380 (Rowley) as well as a strain. recently 
isolated from a patient. The mice which had been 
‘immunized orally were challenged by an intraperitoneal 
inoculation of enteropathogenic W. colt type 0.111. In 
the experimental series more than 350 mice were immun- 
ized with the antigenic extracts obtained by the treatment 
ue | sodium deoxycholate. The final mortality in this 
ip was 20 per cent, whereas the mortality in the con- 
paap, the members of which were not immunized, 
0 per cent. 
e experiments demonstrate that the sodium 
olate antigenic extracts obtained from the 
pathogenic types of Æ. colt are suitable for experi- 
tal research into possible oral immunization against 
l. coli causing gastroenteritis. 
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PSYCHOLOGY 


ao Learning and Memory in Baboons with 
Bilateral Lesions of Frontal or 
Inferotemporal Cortex 


A RECENT review of evidence for a “frontal lobe system"? 
-indicates that damage to lateral frontal cortex could 
interfere with mechanisms that contribute to the regulation 
of selective attention. Such evidence gives physiological 
- foundation to Oxbury’s “sensory disinhibition” hypo- 
: thesis’. This suggests that the poor delayed response 
<: performance of sub-human primates with bilateral frontal 
lesions arises from the difficulty they find in limiting 
attention to the stimulus to be remembered rather than 
from impaired short-term storage” or recall*. 
“In. the present experiment, a multi-object visual 
discrimination task tested Oxbury’s prediction that 
- inereasing the number of distracting stimuli in problems 
‘not requiring a delayed response would nevertheless 
“produce a progressive learning impairment in the frontal 






Table 1. 
Task 1 
First problem (BDR) Second problem (WDL) 
: cts Objects 
Correct Incorrect Correct Tncorrect 
Day. A A versus B 
cn Day Zoi A v B A v B+B 
Day g eteo A v B+B A v B+B+B 
RS Task 2 
First problem (BDR) Second problem (WDE) 
« ta jects 
“ee Correct Incorrect Correct Incorrect 
oo Day Lo A A versus B 
Day 2 A v B A v B+C 
Day 8, ete. A v B+0 A v B+C+D 
; Task 3 
ge : First problem (BDR) Second problem (WPL) 
ae bjects eats 
: col Garreet Incorrect Correct Incorrect 
oo Days A A versus B 
Daw ao A v B A v C+D 
“Day 8, ete, A ¥ C+D A y EFG 





7 zepoan 3 
mized by the oral administration — to modify the: 
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the relative familiarity of 





















arose in part from difficulties 
the long-term storage of visual information. The applica 
tion of this hypothesis to the visual discrimination defi 
of the baboon with bilateral inferotemporal lesions" 
examined by including a measure for the “between 
retention” of the multi-object problems. ve 
Nine East African baboons (Papio cynoce] 
weighing from 3-4 to 4-7 kg, each received 200 g of 
daily after testing and water ad lib. Three groups 
equal ability were formed on the basis of the pre-operatr 
learning of a delayed matching task. In three baboons 
the entire lateral frontal surface was bilaterally ablated 
from the depths of the arcuate suleus to the frontal po 
including the depths and banks of the sulcus prine 
(Fl, F2 and F3). Three received bilateral inferotemp 
lesions (T2, T3 and T4), and three were unoperats 
controls (N1, N3 and N4). EEO 
Twenty weeks after surgery, having experienced a 
variety of matching problems’, the baboons were ¢ 
fronted by six variations of a multi-object visual dis- 
crimination task in a modified Wisconsin general test 
apparatus. The discriminanda, small plastic toys on 
metal plaques (3x 2 in.), covered any of eight food wells 
(diameter 0-75 in., depth 0-5 in.) set 1 in. apart along the 
length of a board (8 x 25 x 1-5 in.). Displacing the correct 
objects revealed one shelled peanut, but no correction 
trials were allowed. There was a delay between trials of 
15 sec. A criterion of eight consecutively correct d 
criminations had to be met for two different problems on- 
each day. On day 1, after the baboons responded to one 
object presented over each of the food wells, they learned. 
to discriminate between two objects. This we shall eall 
‘“within-day learning’ (WDL), and it was measured by 
the number of errors to criterion. The first problem on 
day 2 was a retention test of the second problem of 
day 1, that is ‘“between-days retention” (BDR), measured 
by the saving seore: Bo 












WODL errors — BDR errors 
WDL errors + BDR errors 





This BDR on day 2 was followed immediately by the 
WDL of a new problem involving an additional dis- 
criminandum. By day 8, each baboon had provided 
WDL and BDR scores for seven problems with from two 
to eight discriminanda. In each of three tasks, the 












TASKS 1-6 
Task 4 bas 
First problem (BDR) Second problem (WD) 
Objects Objects 
Correct Incorrect, Correct In 
Day 1 A B versua I 
Day 2 B v I C v I Uy 
Day 3, etc. Cc v +E D CE ES ES 
Task 5 E 
First problem (BDR) Second problem (WDL) 
jects Objects oe 
Correct Tneorrect Correct Incorrect: 
Day 1 A B versua J ee 
Day 2 B v I c y he FE 
Day 3, ete. ¢ v fed D v bdk. 
Task 6 E 
First problem (BDRB) Second problem (WDLY 
Objects s 
Correct Incorrect Cortech. 
Day 1 A fe Ase Boos 
Day 2 B ¥ I EA 
Day 3, ete. C ¥ JER eee 

























ng number of incorrect, objects 
‘her identical (task 1), different (task 2), or novel 
erent (task 3), as shown in the left of Table 1. 
4,5 and 6 had the same variations of incorrect 
s as tasks 1, 2 and 3 respectively, but had a novel 
rect: object for each problem (Table 1, right). 
The learning and retention for tasks 3 and 6 are shown 
gs. l and 2 respectively. All the differences between 
s mentioned in the legends and text were assessed 
Mann-Whitney test (one-tailed), and were signi- 
(P, 0-012). 80 few errors were made in tasks 1 and 
further analyses were unwarranted. (The superior 
R of the frontal group for problems with from five to 
discriminanda in task 3 (Fig. 1b) is an artefact of 
ving score measure, and reflects an inferior WDL.) 
temporal group had no significant difficulty in 
but its BDR was significantly impaired in tasks 2, 
and 6 (Figs. 1b and 2b). The WDL of the normal and 
oral groups. benefited. from the positive transfer of 
trategy of search used in the preceding BDR problem. 
negative saving scores for BDR of the temporal 
up are interpreted to be evidence for relearning rather 
n evidence for a prolonged warm-up period, because 
o temporal baboons alone were slow to apply the 
ypropriate strategy of search that had been acquired 
wing the WDL of the problems on the previous day. 
ese results are similar to those found for inferotemporal 
mkeys by Iversen and Weiskrantz. 
The frontal group had no difficulty in BDR but showed 
impairment of WDL in tasks 3 and 6 because they 
pled more of the incorrect novel objects (Figs. la, 2a 


No. of discriminanda 
a 
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ig. 1. a, Task 3, within-day learning. The frontal group were inferior 

for problems with from six to eight discriminanda. (WDE for task 2 

wed. no group differences.) b, Task 3, between-days retention. The 

mporál group were inferior for problems with from three to 

ight discriminanda. (In BDR for task 2 the temporal group were 

nilarly inferior for problems with from four to eight discriminanda.) 
$ wain Frontals; e=, temporals; ----, normals. 





ne i hroughout all seven n 
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WODL (errors to criterion) 
= oe 
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No. of discriminanda 


BDR (savings scores) 
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-08 
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No, of discriminanda 
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Fig. 2. a, Task 6, within-day learning. The frontal group weréin 
for problems with seven and eight discriminanda. (In. WDE for task 
Fi and F2 were superior throughout.) b, Task 6, between-days 
tion. The temporal group were inferior for problema with. from: 
eight discrimimandsa. (In BDR for task 5 the temporal. group were 
similarly inferior for problems with from five to eight. diacrimihanda,) 
——, Frontals; -~--~-— , temporals; ----, normals, =; Fay 





and Table 2). Fl and F2 made fewer errors than other 
baboons throughout the WDL of task 5, in which the 
correct object was novel and the increasing number of 
incorrect objects familiar. In a later delayed matching — 
task, the frontal baboons alone made a greater number of 
correct matches to the more novel sample stimuli, These. 
findings are consistent with the sensory disinhibi 













Table 2. NUMBER OF RESPONSES BY EACH BABOON TO DIFFERENT INCORRECT 
NOVEL OBJHOTS DURING THE WITHIN-DAY LEARNING OF TASK 8 (LEFT) 
TASK 6 (RIGHT) ein 


For both tasks the greatest number was sampled by the frontal group, 









Task 3 Task 6 
Incorrect novel objects 2 Incorrect novel objects: of d 
12 3 4 56 6 7 28 128 4 6 GURBE CE 
Frontals Frontals ae 
Incorrect novel Incorrect novel Ce Se 
objects sampled z objects sampled. P 
FL 1228 5 6 7 2 Fl 12 2 4 4 6 6: 25 
F2 12 3 256 5 7 2 F212 8 8 4 pF 
F3 122 4 4 6 6 25 F3 1223 65 86) 
Temporais Temporals : 
T2 12 2 ~ 23 ~ 1 B8 T2 1 2 
T3 112 - 82 - 9 T 1 1 
T4 1 2 2 1} 1 2 1 «240 T4 1 2 
Normals Normals 
NI 1 22 1111 9 Ni i 2. 
N3 112 3211231 «41 «28 NB 1 1 
N4 1213.2 24 18 NG 72 
















defined dimensions. 


1056. 











hypothesis but. weaken those of a recent 
because, first, ‘the intra-trial delay is shown to be an 
unnecessary condition for frontal impairment and, second, 
because the discriminative response of frontal baboons to 
novelty: presupposes that they are able to assess the 
relative familiarity of their environment by reference to 
stored information. 
. Hyper-responsiveness to novel stimuli suggests that 
. after damage to the “frontal lobe system” the selective 
_attention of sub-human primates is controlled more by 
ernal attraction than by internal direction. Perhaps 
us for regulating selective attention has been 
red from disturbed cortico-thalamic systems to 
kolov terms the “novelty detectors’** of the 
ting reflex (for example, caudate nucleus and 
ippocampus). 
These multi-object visual discrimination tasks demon- 
-oo strate for the baboon the “double dissociation”! of an 
impairment in within-day learning after lateral frontal 
` lesions from an impairment in between-days retention 
after inferotemporal lesions. 
oeo The experiments were carried out at the University of 
‘Cambridge with the support of a Medical Research 
‘Council scholarship. This research was aided by the US 
‘Air Force: European Office of Aerospace Research. I 
thank Dr La. Weiskrantz for supervising the study and 
performing the surgery, and Professor O. L. Zangwill and 
Mr A. J. Watson for their interest and advice. 
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Intelligence Measurements 


Recest work by Furneaux'-* represents certainly the 
“most original contribution to the exact measurement of 
attributes. of mental functioning for many decades. 
There is growing interest in the study of mental test 
performance in terms of individual items in precisely 
It is unfortunate, however, but 
» unavoidable, that the argument and symbolic expression 
used in the basic work have a forbidding complexity‘. 
Not a little of the difficulty in following the development 
of: Furneaux's argument is contributed by the first 
published paper. In this paper a set of three fundamental 
equations was stated. These govern the probabilities of 
item solution, completion and error. All three equations 
“appear to contain errors. 

Furneaux found by experiment that the distribution 
of log solution times for any particular item (log t) was 
“Gaussiin (this agreed with the findings of previous 
workers, for example, Tate’). In addition, Furneaux 
observed that the variance was constant, irrespective 
of the item difficulty and for all normal persons. Thus, 


t memory deficit the frequency F of any solution time t appearing 










difficulty level D is given by: oe 
pal L dogt-imDE A 
P = say op (SEEDS 


where m is the gradient of the line d(log #)/dD. 
speed slope in terms of ref. 3.) 








(The | 
Because this is a straight — 
line at the low levels of difficulty concerned, the term. | 
(log t- [mD + 8]) in equation (1) reduces to the deviation 








of the specified log t from the mean. S is a constan 
defining the individual’s characteristic speed, and 6;? i 
the variance of the distribution. Bee 

In other words, integrating equation (1) the probabili 
of a solution within time ¢ is given by 


a 
1 ~ (log t~[mD + 8])* oe 
Py = | aon exp (=e il Joi a log ¢ 


~~ Me 
The limits being from —« to a=(log t+{mD+8]) | 
where [mD +8] is mean log t again. ee 
The argument is similar for the equation of item 
completion probability Pe a 





logt if 

1 — (log t— C)? oo 

Pe= 1- | oa exp ans Ja log ¢ {3 
-a : 





where C defines the subject’s continuance, that is, repre- 
sents the mean log continuance time. Under conditions 
where log t=[mD+ 8] and thus Da log t, the probability: 

of error Pg at any difficulty D is expressed by fe 


1 —(D—-E)* 
TESES EEA on Jap 
9 : 
where E is a funetion of mean error time at the given. 
difficulty which reflects solution recognition efficiency, _ 
and is a constant for the individual. ae 
In a further development of this argument, Furneaux! _ 
holds m and S as constants in equation (1), and establishes ~ 
a more precise definition of item difficulty, in terms of | 
response speed, than hitherto. It permits the predietions | 
of performance over a range of difficulty on the basis of 
performance at two fixed difficulty levels. Furneaux?) 
found actual test results to correlate r= 0-8 to 0-9 with the 
theoretical predictions in this way. oe 
As Eysenck? has pointed out, Furneaux’s work repre- 
sents a new approach to psychometrics to the extent: that 
it considers in detail the response to the individual items — 
such that the test can be regarded as a learning situation. 
This opens up possibilities of examining such performance 
variables as fatigue, reactive inhibition, rest pauses and 
reminiscence. It also differs from the more traditional. 
factor analytical studies in psychometrics, by being a 
considerable step towards establishing an adequately 
defined set of psychological dimensions. Such a set of 
dimensions may be applicable not only to the study of 
intellectual performance, but also to the measurement 
of personality and at least some aspects of mental illness’ 
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the most important development 
spectrophotometry since Perkin-Elmer 


troduced the Infracord spectrophotometer 
1957: 


ne new infrared flow chart recording system 


arkin-Elmer Infracord spectro- 
y0tometers, introduced in 1957, 
it the cost of infrared instru- 
ents to one third and became 
mous throughout the world. 
| 1961, the Infracord Model 
17 dramatically increased the 
srformance of low-cost instru- 
ents. Now, a new Model 257 will 
idoubtedly become an equally 
yportant landmark in infrared 
yectrophotometry. Though still 
w-priced, this Model has a new 


flow-chart recording system and 
is far more versatile, much faster, 
much more automatic; the new 
recording system Is inherently 
more accurate than any other 
now made. 

The Model 257 Is of the 
double-beam optical-null type 
with a scanning range from 
4000 to 625 cm. At the 
Operation of one press-button, 
it gives direct recording of 
linear transmittance against 


wavenumber on a precalibrated, 
synchronised strip chart, with- 
out gaps or overlap. No align- 
ing of chart paper; up to 40 
spectra without reloading; three 
abscissa scales (x 2kand x10); 
time drive built in; three record- 
Ing speeds; extra fast run 
back; Impressively accurate; 
surprising in price. Full details 
available from Perkin-Elmer 
Limited, Beaconsfield, Bucks, 
Telephone: Beaconsfield 2571, 
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qualifications does a teacher of English need, 
nd do-courses at colleges of education provide 
em? David Holbrook answers boldly and in detail. 
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mpiricism and Ethics 

H. MONRO 

moral statements objectively true, or do they 
press a subjectivist preference? Professor Monro, 
vuthor of a number of books and articles on 
oral philosophy, examines both views and presents 
tailed defence of the subjectivist position. This 
ortant and original contribution to the theory 
ethics will be valuable for students and pro- 
fessional philosophers. 405. net 
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The Letters and Charters of 
Gilbert Foliot 


Edited by DON ADRIAN MOREY 
C. N. L. BROOKE 


Gilbert Foliot, a figure of great importance in the 
English church of the twelfth century, left a sub- 
stantial collection of letters and charters which are 
valuable source material. This edition is the first- 
reliable text and consists of a critical Latin text with 
footnotes; all known manuscripts are collated, the 
letters dated (often for the first time) and the 
circumstances of their composition discussed. 
£10 net 























Pollbooks How Victorians Voted 
J. R. VINCENT 


Pollbooks were unofficial lists of voters in British 
parliamentary elections indicating address, occupa- 
tion and political leanings. This is the first book to- 
collate and interpret such lists. It is primarily a 
compilation in tabular form of data on the voting 
of particular social groups, or at particularly interes- 
ting constituencies, Statistics are given for over 150 
elections from 1826 to 1872 355. nee ons 





















The Evolution of Australian 
Foreign Policy 1938-1965 


ALAN WATT 


Sir Alan Watt, a distinguished scholar and diplo- 
mat, speaks at first hand of the changes in direction 
and scope of Australian diplomatic activity during 
and after the Second World War. He discusses the 
controversial negotiations behind the formation of 
ANZUS and SEATO; Australian immigration 
policy; the implications of Sukarno’s opposition to 
Malaysia; and the Chinese threat. bos. net 
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BOOK REVIEWS 


IMPORTANCE OF BEING HUMAN 


The Cancer Cell In vitro ; 

By E. J. Ambrose, D. M. Easty and J. A. H. Wylie. 
(Cancer Monograph Series.) Pp. xi+90. (London: 
Butterworth and Co. (Publishers), Ltd., 1967.) 35a. 


Tas history of experimental cancer research up to now 
has tended to be that of tumours in experimental animals. 
The reason is clear; tho accessibility of human material 
to the average research worker is limited and the handling 
of this material has presented great difficulties; and 
indeed it does still. For many purposes the experimental 
animal must hold its own for the present: the early 
stages of the carcinogenic process can be studied only in 
animals at least until we understand it sufficiently well 
to be able to detect early stages m the human being. 
The work of the past few years has made it clear that there 
are certain differences in behaviour between human 
tumours and those of animals and thatsome of the peculiar- 
ities of human cancers are difficult to reproduce in animals. 
Even tumours of the same organ may differ considerably 
in their behaviour between the ordinary small experi- 
mental animal and the human being, although it is possible 
that in some cases the use of the primates may make it 
easier to carry out a more suitable comparison. In the past 
few years considerable interest has been aroused among 
a number of cancer research workers, who have hitherto 
concentrated mainly on animal tumours, in the possibility 
of working with certain types of human tumour material 
in order to avoid some of these difficulties. 

Work on human tumours has to be carried out with 
those which have been removed at operation when, by 
collaboration between the pathologist and the surgeon, 
material may be obtained in a suitable state for investiga- 
tion. The number of investigations that oan be performed 
during the short period of viability after its removal from 
the body is limited to certain biochemical and perhaps 
enzyme estimations. Much more could be envisaged if 
the material could be kept alive for longer periods. It is 
natural that those interested in such investigations have 
turned to tissue culture in one form or another. The 
present work has been produced by members of a group of 
workers at the Chester Beatty Research Institute who 
are active in this field. It is, they say in the preface, “not 
intended to be a vade mecum describing general tech- 
niques of such culture’ but the authors have ‘“concen- 
trated on those methods and results obtained using human 
tumours and on methods which could be applied to studies 
on human tumours in the future”. 

After two introductory chapters, culture methods are 
dealt with under the headings of “Explant Culture”; 
“Monolayer and Suspension or Cell Culture’; ‘Organ 
Culture” and then “Transplantation”. Finally, there 
are two short chapters on carcinogenesis and cancer 
immunology as related to culture. Unfortunately this 
type of set-up seems to lead to a great deal of repetition 
and to a lack of oritioal appraisal of both methods and 
results. The first chapter, by Wylie, is indeed an extra- 
ordinary one. It covers some of the aspects of the history 
of the development of tissue culture, but its emphasis and 
ita assumptions will not go uncontested by many workers 
in the field. To start with, it is doubtful whether the 
work of Van Leuwenhoek which takes pride of place can 
really be regarded as tissue culture. The passage which 
is quoted by the author as substantiating his claim that 
Van Leuwenhoek is the father of this technique must 
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surely refer, as the author himself suggests, to protozoal 
rather than to metazoal cells. The picture of Van Leuwen- 
hoek’s microscope rather poorly reproduced as a frontis- 
piece seems most irrelevant. It is also doubtful whether 
workers would agree on the overwhelming importance of 
antibiotics ın making the techniques of tissue culture less 
exacting and therefore more freely usable. It is true 
that the use of the non-toxic antibiotics has helped to 
reduce contamination in some cases, but it must be a 
general experience that unleas prime importance is placed 
on asepsis, rather than relying on antibiotics, the infection 
of cultures by spores from fungi and by bacteria which are 
not susceptible to antibiotics and indeed may destroy 
them renders the technique fruitless. The second chapter 
deals with the collection and storage of specimens for 
culture, but it cannot be said that the two pages, one of 
which is occupied by description of freezing monolayer 
cells, is likely to be of much benefit to anyone wishing to 
commence the study of human tumour tissue. 

The most interesting chapter is that by Dorothy Hasty 
on organ culture in which she points out the importance 
of this method for future investigation of tumour material. 
The amount of work, particularly on human material, 
which she is able to describe is less than that which 
appears in the chapter on cell suspension culture, but 
limitations of this latter method are becoming more 
apparent as the question of proper investigation of 
human material is further considered. Undoubtedly a 
good many biochemical and general physiological proper- 
ties of cells, including human cells, have been elucidated 
using methods of cell culture in which the cells concerned 
are grown in entirely unnatural conditions. This method 
tells us very little about the peculiar properties of tumours 
whether they be human tumours or individual tumours in 
animals. These properties reside rather in the pattern of 
the tissue, taken as a whole, or in the differentiated proper- 
ties still remaining in the tumour cells and these are 
entirely lost in cell culture. In organ culture they can 
be preserved at least for a period. The organ culture 
method 1s undoubtedly full of difficulties, as is inevitable 
with a complex system, but it is essential that attempts 
be made to overcome these. i explant cultures 
which are dealt with in the third chapter also have their 
place because, as the author points out, the preserva- 
tion of structural, biochemical and physiological character- 
istics by the cells in such cultures, while not as good 
as in organ culture, is nevertheless sufficient for investiga- 
tion of certain aspects of their behaviour. So far these 
types of differentiated culture have been used chiefly for 
investigating methods of treatment, particularly the 
susceptibility to anti-cancer drugs, and in the establish- 
ment of diagnostic criteria of the cella in vitro. In future 
the application of such methods may be extended to the 
considerations of the hormonal sensitivity of tumours 
and to the investigation of the peculiarities of certain 
tumours, which produce endocrinological effects in 
humans. 

The authors spend a little time in justifying a chapter 
on transplantation methods in this book, but one would 
agree with them that such methods as the use of the 
various membranes of the incubated egg approach tm 
vitro technique in the more normal sense, and are a useful 
adjunct to it. It does seem a little odd that J. A. H. 
Wylie takes up part of this chapter in a diatribe on his 
vision of the Greater London Council pulling down St 
Paul’s Cathedral to make way for a comprehensive school, 
this being loosely hung on the fact that Sir Christopher 
Wren was active at one time in the field of fluid and blood 
transfusion. 

This book is reasonably well produced although the 
relevance of at least two of the pictures is in some doubt. , 
It is noticeable that the references, although numerous, 
include very few after 1964. In a book dealing with a 
topic in an active state of development, the absence of 
references within the past two or more years is a serious 
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matter, and when one considera the size and lack of 
complexity of the book it appears that we must blame the 
publishers for being somewhat dilatory. This is a book 
on a topic of rapidly increasing importance which needed 
to be written but which seems to have fallen short in its 
execution. Cancer research workers who are willing and 
able to find their way around the tortuosities of the produc- 
tion will undoubtedly find something of value. The 
authors of books to come will be grateful to the present 
authors for having provided them with such an excellent 
list of references to the work before 1965. J. O. Laws 


BIOLOGY IN BRIEF 


Embryologle 
By Charles Houillon. (Collection Méthodes.) Pp. 184. 
(Paris: Hermann, 1967.) 27 franca. 


Sexuallté 
By Charles Houillon. (Collection Méthodes.) 
(Paris: Hermann, 1967.) 27 francs. 


La Cellule 
By M. Durand et P. Favard. (Collection Méthodes.) 
Pp. 223. (Paris: Hermann, 1967.) 30 franos. 


TaesE three French books are part of a series of single- 
topic texts appropriate, in English terms, for the sixth 
former and early undergraduate. They have a good 
format, the writing is well organized and the illustrations 
are clear and relevant. There is, however, a tendency to 
tell the reader a subject is interesting rather than to culti- 
vate his interest through stimulating prose or by bringing 
out the mtellectual appeal of the subject. 

Embryologie commences with a very brief historical 
account of embryological studies and a short, generalized 
review of stages in developmental processes. The develop- 
ment of amphibia, birds and mammals is considered in 
detail; indeed the book deals almost exclusively with 
vertebrates. There is a final section on experimental 
embryology which suffers from not being integrated well 
with the other topics. 

This book could easily have been written a decade or 
more ago. There is no reference to developmental genetics 
or any real consideration of the role of the nucleus. 
Possibly this resulted from a policy of keeping the subject 
matter of each of the books in the series distinct. For the 
student it is a serious omission because it places the 
subject in an unreal and incomplete context. 

Sexualité deals only with animals, mainly vertebrates. 
The first major section is a short but useful discussion of 
the concept of the continuity of the germ plasm in relation 
to modern findings. Spermatogenesis, oogenesis and fert1- 
lization are then each considered in some detail. There is a 
final section on the development of the urimo-genital 
systems of vertebrates including a review of the deter- 
minants of sexual differences. 

To some extont Sevualité covers some of the omissions of 
Embryologie. In the day of the large textbook they would 
have been sections. However, the reason for producing 
smaller books is not just to make them easier to carry. The 
limitation of size should stimulate an author to rethink his 
subject and to glean essential and relevant concepts. He 
should depict a way of looking at the subject which will 
encourage the student to explore it not only within the 
frame of reference presented by the book but also in 
comparison with other accounts. In this respect Sexualité 
18 better than Embryologie, but it would be unreasonable 
to recommend either because there are already several 
beoks in English that compare more than favourably 
with’ them. 

La Cellule is concerned mainly with cell chemistry, but 
there are also sections on cell morphology and techniques. 
Throughout the book there is a refreshing respect for the 
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critical assessment of evidence and technique. As a survey 
of the field it is comprehensive and to the point. It exceeds 
the requirements of the srxth former, but for an under- 
graduate it would be a profitable way of using his ‘French 
for Scientists”. P. J. Karry 


MICROSCOPY FOR BEGINNERS 


Introduction to Microscopy 
By G. W. White. Pp. vu+2565. (London: Butterworth 
and Co. (Publishers), Ltd., 1966.) 30s. 


Sormmrrisrs and technologists who make use of the micro- 
scope come from many different disciplines, ranging from 
clinicians and morphologists on the one hand to metal- 
lurgists, engineers and physicists on the other. For 
most of these workers, microscopy is not an end in itself 
and few of them have received formal training in the 
technique. As a result many have to acquire knowledge 
and experience during the course of their work. Mr 
White’s aim in writing this book is to smooth the path 
for those students, technicians and graduates who aro 
commencing the use of the microscope. 

The book includes a chapter on the history and one on 
the construction and care of the microscope. Four chapters 
are devoted to optical theory and construction, and a 
further chapter to setting the instrument up. There 
follow three chapters on specimen preparation, and threc 
further ones dealing with measurements, methods of 
illumination and photomicrography. The final chapter is 
an attempt to cover the material omitted in the previous 
chapters. 

The material on theory, construction and setting up of 
the instrument 18, on the whole, well covered at a suitably 
clomentary level. The sections on preparation of speci- 
mens contain useful material although they sometimes 
appear to be written more from the point of view of the 
amateur enthusiast than that of the budding professional. 
Some of the methods given are not standard practice in 
histological laboratories. 

While admitting the vastness of the fleld of microscopy 
and the consequent enforced selection of material for a 
book of this kind, the choice of material is not always 
satisfactory. For example, while dispersion staming gets 
three pages, electron microscopy 1s dismissed in two. 
Phase contrast and interference techniques likewise get 
scant treatment, 

The book can, however, be recommended as an m- 
formative elementary account of light microscopy. The 
book is pleasant to read and the author’s enthusiasm is 
evident. M. A. WILIAMS 


FIRST CATCH YOUR BEE 


Trap-Nesting Wasps and Bees 

Life Histories, Nests, and Associates. By Karl V. Krom- 
bein, Pp. xi+570. (Washington, D.C.: The Smithsonian 
Press, 1967.) $12.60. 


For many years people interested in the natural history 
of solitary bees and wasps that normally nest in, for 
example, tunnels in wooden posts and plant stems havo 
put drinking-straws, dead bramble stems, and other 
artificial nest-sites in places frequented by these insects 
in the hope of attracting them (here called “‘trap-nesting’’). 
During the past few years, such techniques have been 
developed considerably, particularly in North America, in 
attempts to increase the numbers of those solitary bees 
known to be useful specialist pollinators of certain crops, 
such as lucerne. 

Dr Krombein, who describes the improvements he has 
made in this technique, is a systematist who believes that 
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xonomists should consider non-morphological differences 

tween genera and species, as well as traditional morpho- 
logical characters. He has used trap-nesting to study the 
Miiife-history, nest architecture, food, parasites and pre- 
«dators, and ecology, of seventy-five species of solitary 
bees and forty-three species of non-parasitic bees. Alto- 
gether during the twelve years work described in this 
book he collected and studied more than 3,400 nests. 

While giving details, species by species, of, for example, 
the life history and ecology of these bees and wasps, Dr 
Krombein also directs attention to many points of general 
interest such as the pressure that predatory solitary wasps 
exert in some areas on populations of other arthropods. 
For example, the common vespid Budoynerus formicatus 
apopkensts, the nests of which contain an average of eight 
cells, stores about ten caterpillars in each cell; or again, 
the wide-ranging sphecid, Trypargium tridentatum trident- 
atum, uses about twenty-three spiders to provision each 
cell of her six to nine cell nest. 

Many biological discoveries are described, a particularly 
interesting one being that the leaf-cutter bee, Megachile 
poltcaris, usually exhibits bumblebee-like behaviour, 
storing a brood cell with a large pollen-nectar mass and 
laying eggs in pockets in this food. The resulting larvae 
develop together in thig one cell without cannibalism. 

The final section of 132 pages gives data on the parasites 
and predators found and greatly increases the value of 
this book. Five familes of Acarma, one of Thysanoptera, 
five of Coleoptera, five of Diptera, and nine of Hymen- 
optera are involved. Although it is concerned with North 
American species, the book will be of interest to all 
studenta of solitary bees and wasps. C. Q. BUTLER 


CANADIAN FISHES 


Fishes of the Atlantic Coast of Canada 

By A. H. Lem and W. B. Scott. (Fisheries Research 
Board of Canada, Buletin No. 155.) Pp. 485. (Ottawa: 
Queen’s Printer, 1966.) $8.50. 


“Tris volume attempts the first step mn filling the need for 
an. authoritative reference book on the fishes taken off 
the twenty-one thousand miles of Canadian Atlantic 
coastline from Grand Manan to Cape Chidley.” Thus 
says Dr Scott in the introduction to this excellent book 
on the marine and brackish-water fishes of Canada’s 
eastern seaboard, down to the 1,000 fathom hne. 

Dr Scott (who edited, revised and expanded the original 
drafts prepared by the late Dr Leim between 1956 and 
1960) calls the book an attempted first step. It is, in 
fact, a very substantial step, and will most certainly fulfil 
the authors’ intentions of providing a nucleus for further 
expansion of knowledge in this area. Because so many 
of the species occur in other parts of the Atlantic, it must 
mevitably also become a source book for comparative 
studies. 

Some 300 species are described, and most are illustrated. 
Keys to the orders, families and species are provided, and 
seem reliable and easy to use. For each species the formal 
morphological description is carefully pruned; wherever 
possible the chief diagnostic “field characters” are 
emphasized by their segregation under a separate heading. 

Throughout, one is aware of the fishes as living creatures 
and not just as so many aggregates of “museum charac- 
ters”. Particular attention is paid to distribution records, 
especially within Canadian waters. There are good 
summaries of the species’ natural histories and economic 
ımportance. Thorough documentation is an outstanding 
feature of these sections as made plain by the biblio- 
graphy listing 532 papers. Because the book is not 
directed primarily at the systematist, the authors have 
taken a rather conservative approach to the nomenclature 
used. They have not, however, failed to draw attention 
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to examples of disputed specific identity or uncertain 
taxonomic status. 

The introductory sections provide a lucid and gentle 
initiation for those unacquainted with the means of 
identifying fishes; there is a short account of the oceano- 
graphy of the region, and a brief historical essay on 
Canadian. ichthyology. 

This book should have a wide appeal on both sides of 
the Atlantic, for it has been written with the interests of 
many different disciplines in mund. It is carefully planned, 
well produced, pleasant to handle, and not unreasonably 
priced. P. H. GREENWOOD 


FLOWERS OF THE EAST 


Flora of Turkey and the East Aegean Islands 

Vol. 1. Edited by P. H. Davis, assisted by J. Cullen 
and M. J. E. Coode. Pp. 567. (Edinburgh: Edinburgh 
University Press, 1965.) 1688. 


Flora Palaestina 


Part 1: Equisetaceae to Mori . By Michael 
Zohary. Text. Pp. xxxviii+364. Plates. Pp. xxxvi+ 
plates 1-496. (London: H. A. Humphrey, Ltd., 1966. 


Published for the Israel Academy of Sciences and Human- 
ities.) 2208. the two volumes. 


To be strictly accurate, this admirable and long-awaited 
work should be entitled the “Floras of Turkey” rather 
than the Flora of Turkey, for (exclusive of the Hast 
Aegean Islands) the 300,000 or so square miles that make 
up modern Turkey can be sub-divided floristieally mto 
three parts: a Mediterranean flora around the coasts, 
a steppe vegetation on the Anatolian hinterland and a 
narrow belt of high forest on the wet north-facing 
mountainsides bordering the Black Sea. The combination 
of these three elements, coupled with the varied nature 
of the topography, contributes to the astonishing richness 
of the indigenous flora as a whole, and makes it of out- 
standing interest to botanists and gardeners alike. It may 
also account for the delay in the publication of an author- 
tative book on Turkish plant-life, for botanists have long 
been aware that the undertaking is a labour worthy of 
Hercules. Apart from scattered papers, our only reliable 
source of information on Turkish plants has been Bois- 
siers Flora Orientalis (1867-1888)—a splendid effort, 
but written when the botanical exploration of Turkey 
was just beginning, and now sadly deficient in the sort of 
information required by modern taxonomists. 

No one is better qualified than Dr Davis to undertake 
the Herculean task which the new Flora imposes, no one 
has botanized more extensively or more intensively in the 
area concerned, and no one has a wider field knowledge of 
the floras of adjacent regions in the eastern Mediterranean 
and Middle East. Such are Dr Davis’s qualifications that 
1t ia almost an impertinence to add that this first instal. 
ment of an eight-volume project amply fulfils our highest 
expectations. This is likely to be for many years the most 
important scientific guide to Turkish vascular plants. 

The editor has wisely refrained from over-elaboration: 
descriptions are short but succinct, and a great deal of 
care has been taken to provide practical keys to genera 
and species—a maddening deficiency in Boissier’g other- 
wise revered classic. 

A lucid introduction furnishes the essential background 
on Turkish topography and phytogeography, and this, 
supplemented by the habitat and distribution notes which 
accompany each description in the text, should supply, 
perhaps not all that one might wish in the way of biological 
data, but certainly as much as one can reasonably expect 
at the present time. 

The citation of specimens and relevant synonyms will 
be welcomed by those whose studies of the Turkish flora 
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are carried out in herbaria rather than in the field. And 
the illustrations, though few, are neat and well selected 
for maximum usefulness. One hopes that publeation 
funds may allow for rather more plates in future volumes. 

For many years the two cditions of Dr G. E. Post’s 
Flora of Syria, Palestine and Sinat have been our sole 
accessible guides to the flowering plants and vascular 
cryptogams of an area almost as interesting from the 
floristic as it is from the historic point of view. Post’s 
Flora, even in its second, enlarged edition, suffered from 
a variety of defects: it was poorly illustrated; the 
descriptions were brief and sometimes rather unhelpful; 
the keys for the identification of species were often 
exasperatingly inadequate; ond it furnished a patchy 
and incomplete survey of the area which it purported to 
cover. None the less, one respected it as a pioneer effort, 
and one feels that the authors of the present work might 
have given it rather more gonerous acknowledgment, 
however far short it fell from what one might have desired. 

The new Flora Palaestina is more restricted in geo- 
graphical scope, omitting Lebanon, Syria and the Amanus, 
and including Israel, the Gaza Strip, and a not very clearly 
defined portion of Jordan. What it loses in scope is more 
than fully outweighed by the ampleness of the descrip- 
tions, the excellence of the keys, and by the provision of a 
most valuable companion-volume of line ulustrations, 
including drawings of many species not previously figured. 
In short, it will be a work of the greatest service to all 
who are interested, professionally or otherwise, in tho 
flora of the eastern Mediterranean and western Asia. 

In three respects, the Flora Palaestina proves a little 
disappointing: the amount of ecological and phytogeo- 
graphical data furnished is considerably less than one 
would have hoped for in a book written on the spot by 
those who are known to have an extensive and intimate 
field knowledge of local vegetation; the incidental com- 
mentse—often the most readable part of a Flora—are 
few, brief and not always very noteworthy, and the 
omission of cited, numbered specimens seriously detracts 
from the authority of the work in the eyes of professional 
taxonomists. When so much has been done so wall, it is 
a pity that these details should not have been given 
rather more attention. R. D. MEIE 


TREES GIVE WATER 


Role of Forests In Water Conservation 

By V. V. Rakhmanov. Translated from the Russian by 
A. Gourevitch and L. M. Hughes. Pp. viii+ 192. (Jeru- 
salem: Israel Program for Scientific Translations; 
London: Oldbourne Press, 1966.) 72s. 


Tas ever increasing demand for water to meet growing 
domestic and industrial needs has, among other things, 
stimulated a considerable amount of research mto the 
effects of land use on the hydrology of catchmont areas. 
Particular attention has been paid to the relative merits 
of forest versus grass covers for water conservation. A 
great deal of work in this fleld has been carried out in 
the Soviet Union, but although the general nature of the 
research is reasonably well known, most of the details are 
available only in Russian publications. Many of the views 
expressed in the Soviet Union concerning the hydro- 
logical role of forests differ from those current in other 
countries, and so translations of Russian texts on the 
subject by well known authorities are to be welcomed. 
The translation in 1963 of Molchanov’s Hydrological Role 
of Foresis' provided the first comprehensive account in 
English of Russian research and ideas on the subject; 
the present publication by Rakhmanov, who has worked 
for a long time at the Central Weather Forecasting 
Institute in Moscow, covers much the same field, but 
differs sufficiently in presentation and emphasis to serve 
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as a useful complement. The list of topics includes the 
relation between forests and the hydrological cycle in the 
atmosphere, ground-water and soil moisture, evaporationss: 
and transpiration, precipitation and snow accumulation 
and river discharge. 

The reader is left in no doubt as to the author’s con- 
victions regarding the beneficial influence of a forest 
cover. Most authorities outside the Soviet Union would 
agree that in general forests do consume more water than 
grass; Rakhmanov believes otherwise. He argues that 
the way m which water tables are frequently lower under 
forests than in the open is to be explained not by a higher 
evapotranspiration but by peculiarities of the ground- 
water dynamics mainly determmed by the greater permea- 
bility of forest soils. Conclusions based on soil moisture 
contents are also criticized because, he claims, they usually 
neglect downward seepage of water from the rooting zone 
to the ground wator. The author also imphes that the 
generally lower summer temperatures, lower wind veloci- 
ties and greater humidities of torest micro-climates are 
responsible for the relatively low evaporation rates from 
forest soils and are effective in reducing transpiration. 
There is also the rather curious suggestion that the 
lower frequency of gullies and ravines in forested areas, 
because there 1s less erosion, means a smaller evaporating 
area and thus less evaporation. Though nov 
admits that forests intercept appreciable amounts of 
rainfall, he states that this is no greater than in grass- 
land; in any case, he argues, contrary to recent evidence, 
that interception by trees is compensated by a correspond- 
ing reduction in transpiration. He maintains also that 
the condensation of mst and dew on forests represents an 
important contribution to the procipitation, though 
rather less ın the plains than in the mountains; he 
claims that in the latter, horizontal interception con- 
stitutes at least 25 per cent to 30 per cent of the total 
precipitation. A further benefit of a forest cover lies in 
the greater accumulation of snow under the trees, because 
there is a lower evaporation rate and less intensive 
thawing than in the open. 

Rakhmanov also believes that forests tend to increase 
the local rainfall, a view which despite its popular appeal 
has never really been adequately substantiated. In pro- 
viding an explanation for this effect, he discounts earlier 
suggestions based on a higher air humidity and a closed 
hydrological cycle; instead, he considers the forest as a 
factor of surface relief and suggests that the higher rainfall 
is caused by an increase in atmospheric turbulence and 
an enhanced vertical flow of air (this despite an earher 
mention of descending air currents over forests). His 
evidence is based largely on regressions of local mean 
annual rainfall, or seasonal rainfall, on the local percentage 
of forest cover in various regions of the Soviet Union. 
Unfortunately, Rakbmanov’s presentation of the statistics 
and the conclusions drawn from these leave much to be 
desired. He is apparently unaware that correlation 
coefficients of the order of 0:4, even though statistically 
significant, are of negligible predictive value, or that 
regressions of this kind cannot be interpreted simply in 
terms of cause and effect. 

Similar limitations in the suthor’s application of 
statistics are evident in his attempts to prove that forests 
increase river discharge from regreasions of this quantity 
on the percentage forest cover in numerous drainage areas 
in the Soviet Union. Rakhmanov argues that those 
catchment experiments which have revealed a depressing 
effect of a forest cover on stream flow (by far the 
majority) have been made on too small an area and hence 
have failed to allow for sub-surface flow. 

Rakhmanov has olearly gone to considerable lengths to 
argue the case for forests ın water conservation and his 
detailed criticisms of investigations which lead to opposite 
points of view cannot always be ignored. Nevertheless, 
it is most unhkely that many readers outside the Soviet 
Union will be convinced by his arguments. The publication 
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=s of value as a source of Russian references on the subject, 
«of which 247 are quoted; it 16 of interest that only about 
moventy of these are mentioned ın Molchanov’s publica- 
Wion. The inclusion of only eighteen American references 
mincluding texts) ın the eighty-seven references quoted in 
«other languages would suggest, in view of the considerable 

American contribution to this problem, not a little 
méelection. 

The translation on the whole appears to have been 
reasonably well done. There are some technical mis- 
translations and ambiguities, also certain errors in trans- 
iteration (for example, Kovita for Coweeta), but generally 
these are too few to cause any serious concern. Repro- 
ductions of graphs and line drawings are clear, but those 
of most of the photographs are so poor as to be virtually 
unrecognizable. L. LESION 
* Molchanov, A. A., The Hydrological Role of Forests (Moscow, 1900), Trans- 


lated by Gourevitch, A., for Scientific Translations, 
Jerusalem, 1963, (Oldbourne Press, London.) 


MOLECULES JOIN TOGETHER 


Polymerlzation by Organometallic Compounds 

By Leo Reich and A. Schindler. Pp.x+740. (New York 
and London: Interscience Publishers, a Division of 
Jobn Wiley and Sons, 1966.) 200s. 


‘Tue pioneering discovery of the zino alkyls by Frankland 
was followed after a considerable interval of years by 
the more convenient method of Grignard, using organo- 
magnesium derivatives. This led to rapid acceleration of 
the synthetical applications and also to a search for 
similar and possibly more selective methods. Of these, 
one of the more significant was the use of lithium alkyls. 
K. Ziegler was early engaged in this development and it 
led him, twenty years later, by way of an interest ın lithium 
aluminium hydnde, to the discovery of moderate poly- 
merization of ethylene by trialkyl aluminium. A chance 
observation of the effect of nickel in promoting the decom- 
position of aluminium alkyls resulted ın the further 
discovery of the high polymerization of ethylene by an 
organo—titanium—aluminium complex. This proved to be 
of immense theoretical and industrial importance, so that 
the relation of Ziegler to his predecessors in this field has 
been analogous to that of Grignard to Frankland. 

‘This book is an item of a series—edited by H. F. 
Mark and E. A. Immergut-—and some of the appar- 
ent gaps are (or may be) filled by other volumes ın 
the collection. Thus Volume 2 deals with stereoregular 
addition polymerization which is accordingly here neg- 
lected. Similarly tho oligomerization processes of bute- 
diene, for example, will doubtless receive more attention 
in the future. It is a defect of this system that cognate 
matters are separated by a rigid adherence to the actual 
title. 

The present Volume 12 of the series is a compendious 
monograph which will take ite place in the literature as a 
standard work. It is particularly strong in dealing with 
the physico-chemical aspects of the subject and research 
workers will be very grateful for this excellent predigestion 
of the material scattered in the voluminous literature. 
Almost a third of the work is devoted to general consider- 
ations, including mechanism, and here the usual rather 
dogmatic classification is adopted. It is true, however, 
that the authors are not responsible for ideas which they 
reproduce. 

There is no possible argument about free radical poly- 
merization, but so-called cationic and anionic processes 
seem to be rather naively assumed and with little direct 
evidence. For example, the Ziegler-Natta polymeriza- 
tion of olefines is often characterized as anionic but, if 
that means that the unsaturated unit is attacked by an 
anion in the first place, the theory flies in the face of 
the established electron-donor character of olefines. As 
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suggested many years ago, it is much more likely that the 
olefine exhibits normal nucleophilic reactivity in the first 
stage, followed by migration of the anionic alkyl group 
already combined with the metal; possibly a virtually 
synchronous process. However short the interval, this 
push-pull mechanism cannot be described as aniome. 

The coverage of the book is remarkably comprehensive: 
radical ions, alfin catalysts, co-polymerization and poly- 
merization of conjugated dienes are all treated ın so far 
as organo-metallic compounds are involved. 

The book, which is very well arranged and produced, 
can be warmly recommended to the general reader as well 
as to the research worker. It is indeed unique in its field 
and its authors have made a tour de force which represents 
a noteworthy service to the chemical community. 

R. ROBINSON 


PUSHING FORWARD 


Mechanics and Chemistry of Solld Propellants 

Edited by A. C. Eringen, H. Leibowitz, 8. L. Koh and 
J. M. Crowley. (Proceedings of the Fourth Symposium 
on Naval Structural Mechanica held at Purdue University, 
Lafayette, Indiana, April 19-21, 1965.) (Office of Naval 
Research: Structural Mechanics Series.) Pp. xix+ 627. 
(London and New York: Pergamon Press, Ltd., 1967.) 
160s. net. 


By bonding the solid propellant charge to the walls of 
the pressure vessel ın which it burns, so that ıt can act 
additionally as a thermal insulator protecting its highly 
stressed container, rocket propulsion engineers have 
achieved a striking simplicity and elegance of design. 
Without the sgnificant reductions in the fractional mass 
of inert components which the use of this technique haa 
permitted, the greatly extended application of solid pro- 
pellant rocket motors during the past fifteen years would 
not have been possible. Because of large and unavoidable 
differences between propellants and case materials in 
respect of thermal expansion, coefficient and other physical 
properties, and of the wide range of temperatures in which 
motors may be required to function reliably, such 
apparent simplicity of design has added complex mech- 
amoal requirements to propellant specifications. Pro- 
perties such as high performance, appropriate combustion 
characteristics and chemical stabihty must now be 
coupled with often conflicting attributes such as adequate 
extensibility and strength. These additional attributes 
are difficult to formulate because propellants are, of 
necessity, highly loaded visco-elastic materials with 
mechanical properties which are time and temperature 
dependent, non-linear, and sometimes anisotropic. They 
are subject, in the motor, to oritical strains which may be 
developed in times ranging from the duration of the 
ignition phase, measured in milliseconds, to the period of 
years for which long term storage may be required. 
Fracture of the charge ıs not easily predicted in a stress 
field which is normally multi-axial, and ita consequences 
may be catastrophic. 

The significance of propellant mechanics is reflected by 
the papers in this important collection, of which only 
three from a total of twenty-two are concerned with 
chemistry as such. All the others deal in some depth 
with relevant problems of visco-elasticity, including 
material characterization, analytical techniques applicable 
to linear, non-lmear and anisotropic materials, failure 
mechanisms and experimental stress and strain analysis. 
Each author provides an authoritative survey of part of 
the large and comprehensive attack which has been 
mounted, particularly in the United States, to elucidate 
such problems. Of the three papers on propellant chem- 
istry, two discuss some implications of the relationships 
between combustion characteristics and mechanical 
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properties, including the interesting possibility of charge 
reinforcement by the incorporation of combustible metal 
filaments. 

A principal aim of all the authors, directly or indirectly, 
18 to eliminate empiricism from the design and develop- 
ment procedures used in solid propellant technology 
This is a formidable task, and the project engineer, 
working with real propellants and aware, therefore, of 
their often wide departure from either ideal or even 
reproducible mechanical behaviour, will perhaps derive 
little comfort from the analytical complications associated 
with the simplest of model materials. Nevertheless, 
enormous increases in the size of motors ın the past decade 
have made empiricism mtolerably expensive, and the 
next ten years will certainly see development engineers, 
chemists and theoreticians moving closer together. 
Furthermore, the researches which have been stimulated 
by the complex requirements of sold propellants will 
benefit other branches of engineering and technology. 
The sponsors, editors and authors of these papers are to 
be congratulated on providing a text which will do much 
to accelerate both of these processes. R. HERON 


UNDERGRADUATE ASTRODYNAMICS 


An Introduction to Astrodynamics 

By Robert M. Baker, jun., and Maud W. Makemson 
Second edition. Pp. xiii+ 439. (New York: Academic 
Press, Inc.; London: Academie Press, Inc. (London), 
Ltd., 1967.) 94s. 


Tue second edition of An Introduction to Astrodynamics 
19 much revised, and expanded to two volumes. So far 
only the first introductory volume has ap ; it 1 
larger than the single volume of the first edition. The 
authors define astrodynamics as the engineering or practi- 
cal application of celestial mechanics and allied fields, 
which include, for example, the study of atmospheres and 
observational techniques. 

The book is based on undergraduate courses given by 
the authors durimg several years at the University of 
California; this is reflected in an improvement in presenta- 
tion. Throughout this volume, especially in the intro- 
ductory sections, there ıs a tendency to describe methods 
by which equations are derived, and to state them. The 
most important proofs, however, are given either in the 
text or in one of the appendixes, the scope of which 
includes interpolation formulae and vector analysis, as 
well as orbital relationships. 

The early chapters cover in a convincing fashion a 
description of the classical calculations made for, and 
discoveries of, the minor planets, the Moon and comets; 
there is also a discussion of interplanetary matter. The 
undergraduate who is interested in the subject cannot fail 
to be intrigued by these analytical sagas. 

The mathematical chapters serve chiefly as introduc- 
tions for the advanced volume. A lot of work on co- 
ordinate systems is presented, leading up to some basic 
equations used in the calculation of orbits. 

A fairly long chapter is devoted to constants and their 
determination, by both classical methods of celestial 
mechanics and modern methods involving the use of 
radar. The constants include masses and other gravita- 
tional constants of the planets and the Moon; also atmo- 
spheric constants, which are not, however, true constants, 
for they are subject to irregular fluctuations. 

More than a hundred pages are devoted to a chapter on 
observational theory. This is almost entirely descriptive, 
and relates to the determination of time, systems for 
observing space vehicles, and brief details of observational 
instruments. It is typical of the comprehensiveness of the 
book that a section on anomalistic observational pheno- 
mena, that is, flying saucers and the like, is included. 
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Key equations are collected, and a set of exercises 18 
given at the end of each chapter. Although, from a mathe- 
matical pomt of view, astrodynamics would still be 
considered to be part of celestial mechanics, this book 
clearly shows that a distinctive course on astrodynamics 
can be given at undergraduate level. The book, however, 
is priced well out of the undergraduate market. 

R. GRAHAM. 


FEATURING FERROELECTRICS 


Ferroelectricity 

By Ennio Fatuzzo and Walter J. Merz. (Series of Mono- 
graphs on Selected Topics in Solid State Physics, Vol. 7.) 
Pp. x+289. (Amsterdam: North-Holland Publishing 
Company, 1967.) 35 guilders; 70s. 


FERRONLECTRIOITY is a rapidly advancing subject. Every 
year new ferroelectrics are discovered and new types of 
ferroelectric behaviour shown to exist, either in the newly 
discovered ferroelectrics or in the old and well-known 
ones. In these circumstances the publishing from time to 
time either of books or of review articles is valuable 
to both the student and the research worker. A number of 
useful books on ferroelectrica have been published, and 
this book is a valuable addition to them. 

The subject of ferroelectmeity can be treated in two 
main ways. Individual ferroelectrics or classes of ferro- 
electrics can be described in detail, or the various types of 
phenomena associated with ferroelectricity can be con- 
sidered, referring to individual ferroelectrics only as 
examples. The first approach was used in an excellent 
book by Jona and Shirane, while Merz and Fatuzzo have 
used the second approach. They have discussed all the 
important ferroelectric phenomena, but have properly 
paid most attention to the recently discovered ones, 
particularly those that have not been previously described 
in & book or review article. 

The book starts by discussing the “‘classical” equilibrrum 
properties of ferroelectrics and the thermodynamic theory 
used to interpret them. There is then a chapter on the 
lattice dynamic theory first developed by Cochran, which 
has not been previously described ın a book; its relation 
to the older local field theories is also considered. After 
a brief chapter on the static properties of domains there 
18 & chapter on the switching and other dynamical proper- 
ties of domams. This last is a subject on which the authors 
have done a great deal of work, and, as might be expected, 
it is treated at some longth. There is then a short chapter 
on the theory of these dynamical properties, followed by 
three short chapters on radiation damage, some special 
effects (mostly recently discovered) and applications of 
ferroelectrics. A. F. DEVONSHIRE 


DEALING WITH MACHINES 


Eddy Currents 

By J. Lammeraner and M. Staf. English translation 
edited by G. A. Toombs. Pp. 233. (London: liffe Books, 
Ltd.; Prague: SNTL-—Publishers of Technical Literature, 
1966.) 378. 6d. not. 


ORIGINALLY a Czech publication, this book has been 
well translated and the style is easy to read. The 
material which it contains is largely a collection of par- 
ticular cases of eddy current problems which arise fre- 
quently in electrical machine design, although the 
applications are certainly not restricted to this field alone. 
Each example is carefully treated and whenever possible 
rigorous mathematical arguments are developed leading 
to many well-known results and others which are less 
frequently encountered. The authors have not restricted 
themselves to the linear regime where iron is concerned 
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mind have given some analysis, which includes a simple 
reatment of saturation effects, for example by regarding 
che B—H relationship as rectangular with no hysteresis 
fect. 

A. useful section of the book deals with approximate 
mmethods of calculation including some numerical, step- 
Mby-step and graphical methods. As claimed on the cover, 

he book will be useful to readers who are interested 
either the limitation or the exploitation of eddy currents 
«and is suitable for design engineers and university students. 
The treatment is fuller than would be required for most 
undergraduate courses and the postgraduate student 18 
more likely to decide to have his own copy 

Unfortunately, the bibliography which was originally 

intended for the authors’ fellow countrymen was not 
revised when the work was translated, and is therefore 
not very useful for English readers. Much of the material 
is standard bookwork, and so there are obviously English 
substitutes for many of the references. Nevertheless, this 
is a most useful reference book, for it collects together 
material which is not contained so concisely in a single 
volume anywhere elso and presenta ıt in an interesting 
manner. The style of type used is excellent, the use of 
bold face type being most effective. The diagrams are 
not elaborate but quite adequate and the index is reason- 
ably detailed. As a reference book it is certainly one which 
I am pleased to have myself. E. R. Larrawarre 


OBITUARIES 


Professor T. 5. Moore 


Tom StpneY MoorE was born in Islington in 1881 and 
attended the local church school, from whence he gained 
a scholarship to the East London College. He derived 
intense pleasure from his undergraduate training and 
regarded this period as the real start of his mind’s develop- 
ment. By the age of twenty, he had his BSc (London) 
in chemistry and had published three papers (with 
J. T. Hewitt and A. E. Pitt), concerned with determina- 
tions of methoxyl-groups and with nitrogenous aromatic 
compounds. 

The tenure of a Postmastership at Merton College, 
Oxford, was a memorable experience for him; he often 
recalled with affection the imtellectual stimulus and 
gracious living and the development of his treasured 
life-long friendship with N. V. Sidgwick. His MA merely 
added to these delights. There followed a year at Wurz- 
burg under A. Hantzsch, for whom he delivered, in 1936, 
the Chemical Society’s Memorial Lecture. Their joint 
interests were in the absorption of gases and in the 
possibilities of asymmetry at a nitrogen centre. 

Moore spent two years (1903-1905) as a lecturer in the 
University of Birmingham before returning to Oxford 
as a fellow (later tutor) of Magdalen College and a lecturer 
at St John’s College. In 1907 he married his cousin, 
Mabel Moore, and they remained in Oxford until 1914. 
During this period, his researches centred on tautomerism 
in dyes (with N. V. Sidgwick) and on methods for deter- 
mining equilibria in aqueous solutions of amines, acids and 
lactones. From conductivity measurements, he and T. F. 
Winmill proposed structures for amine salts and concluded 
that hydrogen could sometimes be divalent (hydrogen- 
bonds). 

Moore was appointed in 1914 to the Chair of Chemistry 
at Royal Holloway College in the University of London. 
He was faced almost immediately with a heavy teaching 
load in war-time conditions, but found time to examine 
urgent national problems concerned with the electrolytic 
oxidation of ethylene to acetic acid and with the removal 
of arsenic from sulphuric acid. Peace brought the intro- 
duction of one term’s research into the undergraduate 
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courses and a renewal of his studies of nitrogenous com- 
pounds. Syntheses of aromatic amines, tricyclic bases 
and N-substituted derivatives of piperazine and ethylene- 
diamine were achieved in collaboration with I. Doubleday, 
M. Boyle and V. M. Thorn. Later he became interested 
in copper derivatives of B-diketo-compounds (with M. W. 
Young), problems of stability ın molecular compounds 
(with F. Shepherd and E. Goodall), routes to phenacetin 
and syntheses of pure hydrocarbons. 

“7.8.” was both teacher and friend to his students, 
whose academic and social welfare was always his prime 
concern. Invitations to his home were eagerly accepted. 
Students admired his patience and thoughtfulness, his 
love of classical music, his fund of reminiscences and his 
abhorrence of personal aggrandizement. 

Acceptance of office was to him an opportunity for 
service. He was twice elected to the Governing Body 
of Royal Holloway College. He was an able Chairman 
of the Board of Studies in Chemistry of the University 
of London during the Second World War. He served 
the Chemical Society as a Member of Council and of the 
Publications Committee, as Honorary Secretary (1928- 
1934) and as Vice-President (1934-1937). To mark its 
centenary, he and J. C. Philp compiled The Chemical 
Society, 1841-1941. 

After thirty-two years in the University of London, 
Moore retired in 1946 as Professor Emeritus and Fellow 
of Queen Mary College. He continued to live in Englefield 
Green and so was able to maintain close links with Royal 
Holloway College. He enjoyed walking in Windsor Park 
and playing golf on the beautiful Wentworth course. 
His family holidays in the Lake District and among the 
Scottish mountains were a source of great pleasure to him. 
During hia later years he greatly missed his wife, who 
died in 1954, but he drew comfort from his family. Alert 
and erect to the end, he died at the age of 85, in November 
1966, after gently failing in health for some time. 

E. J. BOURNE 


Professor V. Tonolli 


Vrrrogro Tonor, director of the Istituto Italiano di 
Idrobiologia Verbania Pallanza, died on March 13 after a 
long and severe illness. 

Born in Milan in September 1913, Tonolli studied medi- 
cine and graduated shortly before the Second World War, 
during which he was involved in underground activities 
and consequently had to make himself inconspicuous. 
Those years of forced hiding were spent at the Istituto, 
where he read a great deal on hmnology, and by the end of 
the war he had become an ardent hydrobiologist. He had 
been a research fellow and an assistant at the Istituto 
since 1944. Tonolli was made director of the Istituto in 
1951 and he was also a reader in hydrobiology and fish cul- 
ture at the University of Milan where, in 1957, he became 
a professor. In the years of intense scientific and adminis- 
trative work which followed, the Istituto became recog- 
nized throughout the world as a centre of research. Until 
his last days Tonolli was engaged in his own research; he 
wrote many papers, particularly on topics concerned with 
the zooplankton. 

Vittorio and his wife Livia Tonolli were generous hosts 
at the Istituto to many visitors from all over the world. 
The Memorie del Istituto has records of collaboration 
between many scientists in investigations of the problems 
of modern limnology. 

A member of many Italian and foreign academies and 
scientific societies, Tonolli devoted much thought‘ and 
energy to the International Biological Programme; he 
was Convener of its Freshwater Productivity Section. The 
beautiful Istituto on the shores of the Lago Maggiore has 
lost a distinguished director, and limnologists all over the 
world have lost a generous friend; it is good to know that 
Professor Livia Tonolli, the new director, will continue her 
husband’s outstanding work. Journ RzdésKa 
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University News: Bradford 


Dr M. G. Myxror has been appointed professor of control 
engineering. 

London 
Proresson W. MURGATROYD, professor of nuclear engin- 
eering at Queen Mary College, has been appointed to the 
chair of thermal power tenable at Imperial College of 
Science and Technology. The title of professor has been 
conferred on the following: Dr R. E. Gibson, engineering 
science, in respect of his post at King’s College; Dr K. J. 
Ives, public health engineering, m respect of his post at 
University College. 


Announcements 


Sm LANDSBOROUGH THomson has been elected chairman 

of the board of trustees of the British Museum (Natural 

peat in succession to the late Professor ©. F. A. 
entin. 


Tam Meldola Medal for 1966 has been awarded to Dudley 
H. Williams in recognition of his work on the application 
of nuclear magnetic resonance spectroscopy and mass 
spectrometry to organic chemical problems. The medal, 
which is a gift of the Society of Maccabaeans, is awarded 
by the Council of the Royal Institute of Chemistry. 


Tam Unilever European Fellowships, two fellowships of 
£1,500 per annum, will be awarded for the academic year 
1968-69, one for research in biochemistry in a laboratory 
in continental Europe by British citizens resident in Great 
Britain, and one for work in Britain by European 
nationals. Applicants should hold a PhD degree or 
equivalent qualifications. Further mformation can be 
obtained from the Executive Secretary, The Biochemical 
Society, 20 Park Crescent, London, W.1. 


APPIIOATIONS are invited for the Carlsberg-Wellcome 
and Wellecome-Swedish Travelling Research Fellowships 
1967-68. The object of these is to encourage working 
visits, on an exchange basis, between Danish and British, 
and Swedish and British, investigators in any branches of 
the natural sciences which have a bearing on human 
and animal medicine. Further information can be obtained 
from the Assistant Secretary, the Wellcome Trust, 52 
Queen Anne Street, London, W.1. 


A Soormry tor Invertebrate Pathology has been formed. 
Further information can be obtained from Arthur M. 
Heimpel, Secretary-Treasurer, Society for Invertebrate 
Pathology, Insect Pathology Laboratory, Entomology 
Building A, Agriculture Research Centre, Beltsville, 
Maryland. 


Meetings 


INTERNATIONAL Conference on the Physics Problems in 
Thermal Reactor Design, June 27-29, London (The 
British Nuclear Energy Society, 1-7 Great George Street, 
Westminster, London, 8.W.1). 


Exxzornon Diffraction, July 3-5, Imperial College, Lon- 
don (The Meetings Officer, the Institute of Physics and 
the Physical Society, 47 Belgrave Square, London, 
8.W.1). 


Fovrra Meeting of the Federation of European Bio- 
chemical Societies, July 3-7, Oslo (Fourth FEBS Meeting, 
Department of Biochemistry, University of Oslo, Blindern, 
Oslo-3). 


Fourrs International Measurement Congress, July 3-8, 
Warsaw (The Secretary, the Society of Instrument Tech- 
nology, 20 Peel Street, London, W.8). 


Suse School in Health Physics (Radiation Protection), 
July 3-14, Imperial College, London (The Registrar, 
Imperial College, South Kensington, London, 8.W.7). 
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Summer School on Control Theory, July 3-14, University 
of Manchester Institute of Science and Technology (The 
Secretary, The Institution of Electrical Engineers, Savoy 
Place, London, W.C.2). 


POLYMER Analysis, July 4, Welsh College of Advanced 
Technology, Cardiff (Organizer of Short Courses, Welsh 
College of Advanced Technology, Cathays Park, Cardiff). 


INTERNATIONAL Symposium on Naturally Occurring 
Phosphoric Esters, July 10-12, Newcastle upon Tyne 
(Scientific Affairs Officer, The Chemical Society, Burlington 
House, London, W.1). 


Erratum. The communication entitled “New Vaso- 
constrictor, Bovine Peptide-B, released during Blood 
Coagulation” by Robert W. Colman, Albert J. Osbabr 
and Russell E. Morris, jun., which appears on page 1040 
of this issue is incomplete and should be disregarded. 
The complete communication will appear in a later issue. 


Erratum. The price of The Oulture of Vertebrate Embryos, 
reviewed in Nature, 214, 855; 1967, is 60s. and not 112s. 
as atated. 


CORRIGENDUM: In the article entitled ‘Metabolic Path- 
ways of Red Blood Cell Copper in Normal Humans and 
in Wilson’s Disease”’ (Nature, 213, 775; 1967) the following 
changes shculd be made: line 53 (1.h.s.) p. 776 to “and a 
normal rate of incorporation of copper-64...”; line 2 
(.h.s.) p. 777 to “counting it m a Packard ‘Tricarb’ 
scintillation counter ...”; line 43 (.h.s.) p. 777 to ‘The 
copper red blood cell content ...’’; line 31 (Lh.s.) p. 779 
to “This pool is labelled in vivo, 70-80 per cent...” 


CORRESPONDENCE 


Titles 


S1, —As one who reads and records a good many scientific 
articles, I should like to add my voice to the intermittent 
but earnest chorus that calls for self-explanatory titles. 
Clarity is usually compatible with brevity, but if they are 
in conflict clarity should prevail. Generally, however, 
obscure titles seem to result from attempts at eye-catching 
metaphor, allusion or humour, rather than from the more 
worthy effort to be succinct. Curiously, it is in articles 
with the widest range of potential readers that uninforma- 
tive titles are most frequent. This is illustrated in your 
own pages, where titles of technical articles and letters 
are clear and specific, whereas those of editorials or leading 
articles are often the reverse. In some more popularized 
science journals clever but unintelligible titles seem almoat 
to be the rule. 

From Nature, such recent titles as “New Broom, Sweep 
Clean”, “Machine at the Ready”, ‘The Numbers Game”, 
or “Closing the Stable Door”, give little information when 
seen in a card file on science policy. From other journals, 
“Conventional Wisdom, How Wise 2” (on breeding wild 
animals in captivity), “Putting Man in the Picture” (on 
computerized visual displays for control of machinery), 
and “Physics for the Queen” (on design of instruments 
of the violin family) are examples selected because they 
came first to hand, rather than because they were particu- 
larly extreme or ludicrous. 

A few journals earn the reader’s gratitude by printing 
only clear and carefully arranged titles. I hope that 
othera may follow their example. 


EUGENE MUNROE 


Science Adviser, 
Science Secretariat, 
Privy Council Office, 
Ottawa, Canada. 
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FORTHCOMING EVENTS 


(Mestings marked with an asterwk are open to the public) 


Tuesday, June 6 


CONCRETA § PRESTRESBRD CONORETR COMMITTEE (at Church 

Qupo , Great Smith smith Street Westminster, London, 8.W.1), at 9.15 am.— 
ng on “The Design of Prestressed Concrete Bridge Structures”, opened 
Mr Stephen Swingier, M.P. 


IMPERIAL COLLEGE (1n Mechanical Engineering Lecture Theatre A A, Eixhibi- 
Bion Eoad, London, 8.W.7), ab 5.80 Em Por G. R. Davis: “Mining 
Geology ın Prospect” (Inaugural Lecture). 


ROYAL INSTITUTION (at 21 Spe Street, London, W. I) A at 5.80 
Prof. R. “Faraday and the Beginning of eseru Blootri ectricity”. sotare 
mmfor Fourth Form Boys and Girls from Schools in London and the Home 
Counties. To be repeated on June 7, 8 and 9 ) 


Tuesday, June 6—Wednesday, June 7 
LNBTITUTE OF Murats (Joint meeting with the Iron and Steel Institute, at 


Church House, Westminste ter, London, §.W.1)—Mereting on “Thermal and 
High Strain Fat! igue”. a = à 


oao fa June niaii June 9 


IagrrirurTs OP PHYSIOS AND AL BOOIETY, 1n collaboration with 
the Ministry of ‘Technology (tt (in the Royal: Tail of the Yorkshire of Harro- 
te)}-—Conference on “Industrial Physice—the Contribution of Government 


boratories”. 
Thursday, June 8 


pms Gee it (at Burlington House, iusto London, W.1), at 4.80 
ae eynes ; Rt sac Ha rvey, and the Onginators of the 
Ree Boole aikins Lect ure). 


Friday, June 9 


ROYAL PHOTOCHEMISTRY Discussion GROUP (at 21 Albe- 
marle Street, London, Ww. 1), at 1 pm.— Prof. A. Maccoll: ‘“Photolysis and 
Blectronolysis". 

Monday, June 12 


ROYAL GEOGRAPHIOAL Soormry (at 1 Kensington Gore, London, 8.W.7), at 
5 p.m.— Annual General Meeting. 


ea on 0Y Civ Lal ed at 
at 5.30 p.m. ponum on “ 
bridge and After”. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before the 


dates mentioned: 
W IX ORnGANIO CHEMISTRY—The Registrar, University 


JUNIOR FELLO 
Senate House, Bristol, 2(June 7). 


Great George Street, London, 8.W.1), 
Draught Cooling Towers—Ferry- 


bed obtain, a good honours degree in 

chemistry or bi ochomistry, and pre ın research ın biochemistry 

with a view to obtainın r oes es IOCHEMISTRY—The Professor 

oF B T , Bt omas’s Hospital Medloal School, London, 8.H.1 
une 10). 


DIRECTOR OF THe UNIVERSITY OOMPUTER CANTRE—The Staff Officer, The 
University of Aston ın Birmingham, Gosta Green, Pumingham 4 (June 10 
OFFICAL W AND LECTURER IN PRILOSOPHY—‘he President, St 
John’s College, afore (June 10), 
EXFHRIMERTAL OFFICER or SENIOR EXPERIMENTAL OFFIOUR (with a good 


c chemistry or biochemistry) in the DEPARTAENT OF SURGERY 
emic Council, The Queon’s University of Belfast, Bolfast 7, 
Northern fi Treland (June 12). 


Heap OF THY DEPARTMENT OF ELECTRICAL ENGINEERING—The Prin 
Lanchester College of Technology, Priory Street, Coventry (June 12). 
ASSISTANT LROTURER IN PHYSICAL CHEMISTRY—The Clerk to the Council, 
The Bohol of aed nnomi of London), Brunswick Square, London, 
une 
MEDICAL LABORATORY TROMNICIAK (A.LM L.T.) for a joint appointment 
in the DEPARTWENTS OF MADIOINE AND CHERAYEUTIOG ( 
areant Hin mary, ? RETAN ain y Dae tary, Univ f Edinburgh, 
burgh)—The Seore es 0 
Old ege, South Bridge, Edinburgh (June 14). ty 
ANT LROTURBR Or LROTURER IN CHEMISTRY (the appointment may 
bo made in any branch of onanie chenustry)—The Registrar, The University, 
Sheffield (June 15). 
ASSISTANT I, 


KOTURER (with a good honours degres. in os in fhe and pre- 

ferably research experience) IN ENVIRONMENTAL e Bla of 

Agricultural Sclences at Button, nore wai e adele niversity, 
June 


University Park, Nottin 
TLMOTURER or ASSISTANT ae Terra IN AltoROWAVH Puysics—The Staff 
Proar, University of Surrey, Battersea Park Road, London, 8.W.11 (June 


ASSISTANT LECTURER (with h epooisl g quahfoations in aesthetics) In PAKO- 
FY fal ne Registrar O.B.B.), The University, Reading (June 


COMPUTING ASSISTANTS (with a good honours degree and preferably an AL Eo: 
in computing or equivalent computing experience) IN THE ELEOTRONI 
COMPUTING LasornaToRY—The Registrar, The University, Loods, 2(June 10) 
LBOTURER (with special qualifications in organic chemistry) IN CHEMISTRY 
—The Registrar (Room 39, O.B.B.), The University, Reading (June 19). 
RESEARCH ene call biologist) in the DEPARTMMNT OF ZOOLOGY to 
work mth Dr L. G B ll on problems of growth and differentiation of 
amoebae—The Deputy ‘Becretary, The Unrversity, Southampton (June 20). 
SENIOR LECTURER IN GENERAL BIOLOGY 1n the DEPARTMENT OF ZOOLOGY, 
Univeraity a Bap ok n ew Zealand—Aseociation of Commonwealth 
Universities (B ) Mar borough House, Pall Mall, London, 8.W.1 


(New Zealan and. Tendon, June 20); 
Cuam N ARTMEN'T BIOCHAMISTRY—The Registrar and 
Secretary, The E Bristol Or une 23). 
enterology) IX MHDIOINS (Con- 


(with a s ee eal in 
ostgraduate Medical School, Ham- 


LEOTURBE 
sultant Mae o 
peas Hospital, Du Cane me A da W.12, quoting Ref. 2/10 (June 


1065 


COMPUTER OFFICER ery Dupancien OF COMPUTATIONAL AND STATIS- 
TIdaL SOENOR—" , The University, Liverpool, quoting Ref. 
RY 486 (June 24). 


Bain a or call biologist with a good honours degree and 
posteradnate experience) IN CEL BIOLOGY -The Seoretary of the University 

art, The Univorsity, ow (June 26). 

ROTURER (preferably with interests in analysis 
or mathematics education) IN MATHEMATIOS at the University of Botswana, 
Lesotho and Swasiland—The Inter-Unrversity Counen, 33 ord Place, 
London, W.0.1 (June 26). 

Asaigrant OvRaTtoR in the DEFAEDLART or GEOLOGY to undertake the 
collection, conservation and preparation of geological specimens under the 
supervision of the Curator, and to assume responsibil: oor palacontological 
material—The Curator, Department of Geology, The University, Leicester 


(June 80). 

Assistant Kaspar (with an appropriate university di and pie 
forably between 25 and 40 ae e Darannonet oF ZOOLOGY- 
Beorotary, Ni Natonal Muse Museum of ales, Oarduit (lune 80 


pore. (vith interesta 1n aie petrology) iv 

Geer The nents niversity of Manchester, Manchester, 18, quoting 
Ref. 66/67/Na Gan toy. 

L: ASSISTANT arosi (with sultable qualifications and pre- 

alized in some branch of analysis) IN MATHAMATIOS at the 

A Hong Kong—-The Association af Commonwealth Universities 

ny ne by hahaa House, Pall Mall, London, 8.W.1 (Hong Kong 


(w Th i ‘oud general knowledge of electrical ee 0- 
tice are Aer IN APPLIND PHYSICAL BOImNCES—Tho Registrar (Room 89, OB. 7 
The Univermty, Reading (une 30). 

‘ABSOOIATH Deeg or ABSISTANT PROFRSSOR In (a) PHAR- 


Ethopu 
peg rae Place, Chae W. roi T (J roly 15) 


forably 
Universi 

(Branch 

and 9 Londons 


University Council, 

LAOTURERS/ASSIB' G at 
the University of Hong Kone The ghe Association of Couiion treatin Univer- 
sities (Branch Ofitce Thorough House, Pall Mall, London, 8 W.1 (Hong 


Kong a and London, uly $1). 

TANT BXPRRIMHRTAL OFYI OER (with at least G.C. E. in five subjects, 
maai two sofentific subjects at ʻA” level or equivalent; or, at age 22 or 
ovr ie .C. or equivalent, and with skills in electronics and workshop 
praokios ) to work in the NBUROPHYSIOLOGY LaporaTory—The Secretary, 

tite: of Animal Physto! , Babraham, Cambridge. 

CHEMISTRY GRADUATE (pre erably with industrial ence) for research 
in large scale processes for production of synthetics and isolation of natural 
produie The Principal, College of Technology, Headington, Oxford 

DEMONSTRATOR (wi some postgraduate experience and preferably 
ing ahortly to complete studies for ee Ph.D.) in Borany—The Registrar, 
University College of Wales, Aberys' 

LECTURER or ASSISTANT Dea Gi referably with a degree in either 
mathematics, computer science or statistics, and, rience in the con- 
struction of compilers or systems programmes) in the DEPARTMENT OF 
MarHsewatios to join the COMPUTER SEctTION—The Assistant Academic 
ae ne The Olty University, Bt John Street, London, E.C.1, quoting 

LECTURER (with an Hons. B So. in biochemistry and preferably a Ph.D. 
degree with relevant postgraduate rience) In PHARWAOOLOGIOAL BIO- 
r aeg Registrar (8), The Univermty, Bath, Somerset, quoting 

PosEDOCTORAL FELLOW in the DEPARTNENT OF CHBMISTRY for work on 
relaxation methods applied to fast processes in non-aqueous solvents-—~Prof. 
K. J, Ivin, The University, Belfast, Northern Ireland. 

POSTDOCTORAL RESEAROH FELLOW In ORGANIO CHEMISTRY in the DEPART- 
HENTS OF PATHOLOGY AND CHEIOSTRY, Monash University—The Academic 
Reglstrar, Monash Universtiy, Wellington, Road, Clayton, Victorias, Aus- 

and The Secretary-General ation of onwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1. 

PROFESSOR OF (08—The Registrar (Room 80, O.B-B.), The University, 
Reading. 

RWSEAROH ABEISTANT in the DEPARTMENT or BOTANY to undertake research 
involving electron moroscopy and high-resolution autoradi phy the 
Secretary, University College London, er Street, London, F. 

RESEARCH AssigtaNtT (preferably biologist with a know. of bio- 
chemistry and/or genetics) in the BIOOHEMISTRY OF AGRING, to co rate in 
studies on the ageing process in inseots.—The Secretary, The Medical College 
o 5t Bartho Bartholome A omi n Smithfield, London, K.0.1. 

with B.So, or E.N.. or equivalent ın bio- 

aR chemistry oF or x ENER subject) ın the DHPARTIENT OF BIO- 

OHBRMISTRY for work on biochemical investigations on photosynthesis or 

biochemical studies of insect tight muscle—The Personnel Adviser, Pi a 
ar jet. Univermty of Birmingham, Birmingham 15, quoting Re 

BHAROH FRULOW (with a fig‘ honours degree in engineering or physics 

and a higher pea or suitable industrial or research experience) in the 

DHPARTMENT OF MEOHANIOAL NEERING, to undertake a fondamental 

ee oft ba joints en high temperature—Prof. J. C. Levy, Head 

nt of Mechanical Hog neering, The City University, i. John 


Street, eae to. a raul Ref- Ref. 

Bunion LECTURER O ea OOHMMUBTRY—~The Olerk to the 
Sovornors, Woolwich Pol 0, Tinio Fondon. 8 E.18. 

aston Laorurur (with a vigorous research interest as well as a concern 
with teaching) IN A a da Secretary, London Hospital Medical 
College, Turner Street, London, H.1. 
BERIOR LECTURHES, LECTURERS or ASSISTANT LROTURERS (2) (with a good 
honours degree ın erther mathematics or statistics, and prefera: biy ue 
Interesta 1n one of the following. statistics, algebra, or some branch 
of analysis) 2p the DEPARTMENT OF MATHBMATIO’ (one permanent and one 
6 Secretary, ‘Department of Mathematics, Sir John Cass 
teahnpal High etree London, B 1 
UNIOR THOHNIOIAN or TECHNIOIAN (preferably with some experience of 
electronics) in the DEPARTMENT OF PHYSIOLOGY to be in charge of a meuro- 
laboratory and to form part of a research team-~Head 
Department, Chelsea College of Sc:ence and Technology 
(University of ngon), Manresa Road, London, 8.W.3. 

STATISTICIANS, HOOLOGISTS, MARINE BIOLOGISTS and others for research on 
plankton of the North eA ante and the North Sea, tncluding dies of 
variation in relation to hydrography and meteorology, methods of pling 
and processing fleld survey data, taxonomy and biogeography, plankton in 

relation to fishorles—The Director, Srp eerie Laboratory, Scottish 
Marine Biologoa] Association, 78 Craighall Road, Edinbargh, 8. 
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REPORTS and other PUBLICATIONS 


(not snoluded in the monthly Books Supplement) 


Great Britaln and Ireland 


The Ciba Foundation for the Promotion of International Co-operation 
in Medical and Chemical Research. 1966 Report. Pp. 70, (London poe 


Ciba Foundation, 1967.) 

B.B. eorıng Monograph No. 66: V.H.F. Aerial 1: Gein Calcula thd 
Using Tables of Mutual tance Between the Radiat Elements. By 
a il tond nd R. E. Davies. Pp. 39, (London: British sr iret Corporis 
10n, 


Royal Ghienaises Edinburgh. Publicationg-—Vol. 6, No. 1: a tbe Chemical 
Com: tion of the Binary Peculiar A Star HR 4072. By B. N. G. Guthrie. 
pp, d+ +18. (Edinburgh and London: H.M. Stationery Omio, 1967. ) gro 
ne 


Gardens to Visit 1967. Pp. 60. ad neta Gardeners’ Sunday, te 
Witches, Claygate Road, 1967.) 1z. neluding postage. i 

Annual rt of the International ‘Tin Research Counoll 1966. Fp. 44 
(Greontord i ddlesex: Tin Research Las titute, 1967. 

B.B.C. Lunch- ume I Lectures Fifth Berles—ö. Television for Schools. By 
Fepneth Fawdry. . 18. (London: British Broadcasting Corporation; 


Prooeedin f the Ro Irish Academy. Vol. 65, Seotion A, No. 8° 
Timelike He oga in Fat pace-Time. By J. L. Sya Pp. 27-42, ‘4s. Vol. 
: Bome Properties of Bound Bivainne Functions and 
T B. Kennedy and J. B. Twomey. 

48-49. 28. Vol. 65, Section B, No. 8: The Boulder Bed Succession at Glen- 
columbkule, County Donegal. By J. Howarth, O. Kilburn and B. B. Leake, 
Pp. 117-156 + plate 1. 8s. Vol. S5; geonon Be No. 4: The Geology of some 
Granite Plutona from Western Conn Galway. By R. Townend. 
Pp. 157-202 -+ plate 2. Os. Vol. 65, Beaton BS No. 6: The Ardara Pluton—a 
Study of the chemist and, zation Sr & PAE na 


Adrenalestomy in the Sheep, 
éd. Vol. a5, Section B, a ; Peapirato my Bis in the "D 
Caudal Gills of tlonig Larvae. By N. MacNelll. Pp. 261- 
plate 8. 28. Vol. 65, Section No, 9: Anticancer Agents—I. O nthess and 
Antumycobaoterial ‘Activity of some Novel Methylglyoral Derivatives, By 
Vincent O. Barry, Joan Byrne, A. L. Conalty and J. F. O’Sullivan. Pp. 
269-284. 48. 6d. Vol. 65, Section B, No. 10: clpadi in Ireland (Irish 
Cirripedes in the Collections of the National Museum of Ireland and in the 
Idterature). B ate . Pp. 285-206. ls. 6d. (Dublin: Royal 


rt of the Direoior 


19 Pp 122, erles Laborato: 
Ministry of Agronltre Fisheries and rood. 1967.) 
Working for Nature— Annual Report 1966-67. Pp. 24. 
aa othe Bae FINEER Socisty, Vol. 1, Part 1 1807); 
n of the y, Vo ar Si iyeolog 
1-52. Cro) aie price’ 20s. per annum. (London: Brit 


Pp. 
Bocle 

fates The Coat of Joining the Common Market. By T. K. wae 
aren Series, No. 8.) Pp. 57. ndon: Political and Economio Planning, 
1967. 6d. 


[288 

The Council of Engineering Institutions. Wducation and Training 1967. 
Statement No. 5: Exemptions from the Council's Bzemunathion, PSE G 
(London: The Council of Bngineering Tositntons 1867.) 1a. 8d [288 


genlotin of phe, British Museum (Natural ry). Historical Series. Vol. 8, 
Notebooks on ae D of Species Part VI. Pages 

Booted by ‘Darwin, Edited by Sir Gavin de Beer, Af. J. Rowlands and B. B. 

eae Pp Pp. 129-176. (London: British Museum (Natural HEDD) 


Other Countries 


Canada: Department of the Secretary of State. National Museum of 
Canada, Anthropology Papers, No. 18° The Swampy Cree—a Study in 
Auiron; By Leonard Mason. Pp. x1+75. (Ottawa: Quoen’s Printer, 


178 
Population Reference Bureau, Inc. Po hon Bulletin, Vol. 28, ne 1 
(February, 10967): The s Uputed Nations on Population—1966, Tho Year of the 


Een Pp. 2 ‘Washington, D. C2 Population Reference Piwan 
ne 
Studia Forestalia Suecica, Nr. 89° Forest Econom m the U.8.8.B.— 


rl Viktor Algvere. 


an Analysis of Soviet Competitive Potentiahties B 
Box 16816, aguas 


a oes (Stockholm: Sveriges dau 


203 
Ghana Academy of Solopos. Taal ‘Sapo of the Agrioultural Research 


p. 80. (Kumasi, Ghana: Ghana 

Academy of Sciences, 1067.) 208 
State of California. PaT roes Agency’ Department of Fish and Game. 
Pian pi Bulletin No. 185- The California Marine Fish Catch for 1965. By 
reenwood and David J. Mackett. California Salmon Landings 

1062 th through 1965. By Paul T Jensen and oa G. Swartzell. Pp. ST 

(Sacramento: Department of Fish and Game, 1967, [20 

Carnegie Institution. Annual eae of thoi Ba dor of tho Dopartment oF 
Torrestrial Magnetism, 1965-1066. Pp. aprind from Carnegie 
d peanihon Year Book 65.) CWashinwton D. Carnegie Tnstitution, 
East African Common Services Organization. Annual Report of the East 
African Freshwater Fisheries Research Organization, 1965. Pp. 78. (Jinja, 
ygandh: East African Freshwater Fisheries Research Organization, 10683 


Records of the Australan Museum. Vol. 27, No. 8 (10th February, 1087)" 
A Study of Dulac hae Solomon Islands) Ceremonial Paddles. By H. 
Boiogel. Pp. 88-78 + pla! 15 (Sydney The Australian Museum, 208 

Department of Mines, New South Wales. Geological Survey ort 
No. 80: Geological Report on the No. 2 Drift, Wyss State Coal Aine. Bee 
ranker and G. Fronda. Pp. 28. (Bydney. vernment Printer, 1 82 
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The American Phytopatholo; Asal si eee Monogra} A ae: 1: Barle 
Yellow Dwarf. By Georgo W. eet 2. $1.60. ph No. oy 
Corn Bmut arn by Porshe yJ. J. seen. 41. $1.51 
Monogra DN ; Sial Rot of omn By J. J. Christensen and R. D. Wi 
coxson. : Dr David H. Marsden, Treasures 
American ytopathologial Soolety, ipa, 1088 and 1968.) (20. 

United Bin rtment of the Interlor: Geological Survey. Profemuonsgg 
Paper 550-D: Geological Survey Research 1066—Chapter D. Pp. vt 
(Washington, D.C vernment Prin Office, 1968.) 32 a 


Pp. ane sBoptamber, 20a Cumatlogcng 


: aa 
Jas Immedtaciones de la Peninsula Ardley, Isla 25 de Mayo, Ielas Shetlan. 
del Sur. Por Dr. Hector A. Orlando. 17. No. 82. La Inves I» 
Actual de la Aurora Austral, Por Otta Set connect. Pp. 54. No, 88: Bx; elor 
Terrestre Invernal Antartica entre Bahi wave bt y Bahia Margari 
1062. Por Gustavo A. Pde Tapper, Po; de, 94: El Hombre en 6l Antar 
tico. Por Carlos A. Perticararı. Pp. 1 i gunos Aspectos do le 
Investigacion Heparioial en las Regiones Boteres. D Otto Schneidei. Pp, 21 
(Buenos Aires: Instituto Antartico Fret geese 1063, 1964 and 1965. 
pean and Mediterranean Plan tion Organization. o. 
the International Conference on noina and Rodenticides, ha 
tions. Series A, No 41.) Pp. 115. (Paris: E 
Plant Protection ie aie 15, rue Jes V, 1967.) {218 
ig eee Ney Vol. 1, No. 1 (February 1967). Edited by J. O. Williams, 
B, H. Kayo and D. F. Kelsall. Published bimonthly. Pp. 1-60. 8u tionem 
rice: 1268, 817.50; o volume (plus postage). (Amste 
vier Publishing is okey 7.) [223 
United States Department of the Interior: Geological Survey. Abstracts of 
North American Geo logy January 1987. Pp. 1-+1-158. (Washington, D.C.. 
Government Printing Office, 1987.) 30.45 
Bulletin of the Alusenm of Comparative Zool Harvard University. 
Vol, 185, No. 4 ebruary 24, 1967): A Review o the Moso inao and 
Nothoc! ochrysinae (Neuroptera guirysonitee). By Phillip A. A Pp 
215-238. (Cambridge, + Museum of Comparative Zoology, Harvard 
University, 1967.) ide 
Deutache A alemio der Wissenschaften xu Born. Arbelten aus 
Coenen may Potsdam, Nr. 14: Ein Tongitudinalkomparator fur 


Geodatische ràte. Von H. Welse and W, Theilig. Pp. 56 (Potadam, 
DDR.: IAN es Institut, 1966.) [104 
Computers in Higher Education—Report of the Presidents Science 


Advisory Committee. Pp. vi+79. (Washin 


Office, 1967.) $0 30. 

New South Wales’ Department of Mines. Geol ca Survey opori cat 37° 
Silver-Lead, Zinc and per Alineralisation at Hall’s Peak, South-Kaast of 
eles. By L. MeClatahte. Pp. 81. (Sydney: ee 


Armidale, New South We 
ment of Mines, 1 ) 
Toward Topica + a Collection of Significant Reprints for the 
Faulty. Pp wut 417, (Atlanta, Georgia Us Department’ of Health, 
acuity. +41 nta, TIA ent o: eg 
Education and Welfare, Public Health Service, ier d [1 od 
The University of the State of New York/The State Education Department. 
New York State Museum and Science Service/Albany. Educational Leafiet 
No. 20: Geology of New York: a short Account. Adapted. Eroni ae text of 
Be on Map of New York State” bY J. G. Broughton W. Fisher, 
Y. W. n and L. V. Rickard. 


yitar (Albany, WY Y.: New York 
State Museum and Science Service, 1: [104 


Canada: “Alscalieo of Energy, AD arces, Geological Survey 
of Canada. Miscellaneous Bepo 12° Rocks and Heol Scene’ of Terra Nova 
National Park. By David M. aird. 


.V +62. $1. Paper 65-22. The Carey 
Foster In Situ Btseeptibulty Meter. By P. J. Hood and D. F. Sangster. 
Pp. 1v +17 (8 plates). $1 Paper 66-7: Jurassic and Cretaceous Stratigraphy 
Between Peace and Tetsa Rivers, Nortteastern British Columbia. By D. F 
Stott. EITAS v+78. $1. Paper 66-57; V Vanadium Occurrences in da. 
By E. R. Pp: V+22. 81. Paper 67-18" A Re-Examination of Certain 
Btnitleal a ‘Methods in Palacomagnetism. By A. Larochelle. Pp. lv+15 
(9 ttawa’ Queen’s Printer, 1967.) [134 
e te des Deutechen Wetterdienstes. Nr. 108 (Band 14) Konstruktion 
und Gite von 24 stundigen Hohenvorhersagekarten unter Verwendung 
Barotroper Vorhersagen. Von Hans Klaus Meyer. Pp. 18. (Offenbach a Mi 
Selbstverlag des Deutschon Wetterdienstes, 1967.) [134 
India’ Council of Sclentific and Industrial Research. Research Survey and 
Planning Organization. Qocamional Paper Series, No. 2° Flight of Solentuflc 
and Technical Personnel. By A. Rahman and T, H. Shama Rau. P: 1¢.(New 
Delhi- Counc! of Bolentino 1 and Industrial Research, Research Survey and 
Planning Organization, 1987 ) 184 
Sechsundzwanzigster Jahresbericht der Schweixerischen Gesellschaft fur 
orerbungaforachung Bociété Suisse de Génétique (8 8.G.), 1966. Mit Unter- 
stutzung der Julus Klaus- -Stiftung fur Yorerbungsforsoh ung, Soz Lear hi 
polome und Rassenhygiens in Zurich. Hera en 


gton, D.C.: Government Printing 


rauagerebe: n Ernst 
(Zurich. Druck und Verlag Art Institut Orell Fasell, 1967.) 
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PURITY MADE TO MEASURE: 


Neale oe ies alt ee 


EE ik toa nom 





REAGENTS MERCK 


Organic Reagents for inorganic and Metal indicators for com- (LAB), Biochemicals, Synthetics 

analysis, Reagents for clinical plexometric determinations, (adjuvants for syntheses). 

analysis with Colorimeters and Indicators, Indicator Papers, 

Photometers, Suprapur® Chemi- Reagent Papers, Reagent For generations Reagents 

cals for Laboratory and Pro- solutions, Tack have been indispensable 

duction, Special reagents for helpers of the Laboratory and 

diagnostic purposes, Reagents for microscopy and Production Chemist. The ex- 
bacteriology, Reagents for Chro- perience of decades, careful 

Titrisols,© Volumetric solutions, matography, Uvasols® for manufacture, extensive control 

Buffer substances, Buffer solu- spectroscopy, Deuterated com- and guarantee of purity ensure 





tions, Buffer Titrisols, Titriplexes pounds, Laboratory Preparations their reliability, 


E. MERCK AG DARMSTADT 





aie 
Please visit us at the ACHEMA in Frankfurt (Main), hall 4, stand IF 8-10/G 8-10 
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Classified Advertisements 


Semi-displayed £4 16s per single column inch, 
Minimum £2, each additronal 1/12th of an inch 
8s Full page £132, Half page across £66. Colour 
{orange} £15 extra. ls. ıs charged for the 
re-direction of replies to advertisements with 


a box number, 


ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T, G. Scott and Son, Limited, | Clemenc’s 
inn, Strand, London, W.C.2 Telephone 
O1-405 4743 Telegrams: Texcualise, London, 
W.C.2 


APPOINTMENTS VACANT 


SCOTTISH MARINE BIOLOGICAL 
ASSOCIATION 


OCEANOGRAPHIC LABORATORY 
EDINBURGH 


STATISTICIANS, ECOLOGISTS, MARINE 
BIOLOGISTS AND OTHERS for research on 
Plankton of North Atlantic and North Sea, m- 
cluding studies of variation m relauon to hydro- 
graphy and meteorology, methods of sampling 
and processing field survey data, taxonomy and 
biogeography, plankton im reladon to fisheries. 
Twenty years data and computer facilities avail- 
able Now starting a major new project for de- 
sign of oceanographic survey equipment includmg 
electronic recording of physical and biological 
Parameters, Opportumry for physicists with 
interest in {nstrumentation and manne ecology. 

Four appointments as Scienufic Officer or 
Senor Scienufic Officer. Salary, depending on 
age and expenence, in range £926 to £1,574 
(SO) or £1,744 to £2,155 (S.S O), with F.S.S U. 

One appointment as Asmstant Expemmental 
Officer (biologist with pass degree), on scale £803 
(age 22) to £1,243 with contributory superanoua- 
tion scheme. 

Further particulars and applicauon forms from 
Director, Oceanographic Laboratory, 78 Crag- 
hall Road, Edinburgh 6. (2239) 


EXPERIMENTAL OFFICER 
QUEEN MARY COLLEGE 
(Univeraty of London) 

A graduate, or person with equivalent qual:fi- 
cations or experience, having some knowledge of 
electronics ts required for work in connection 
with the University of London Intercollegiate 
Research Services for Chemistry and Related 
Sciences He will be responmble for the day-to- 
day maintenance of a Decca electron spin 
resonance spectrometer, for the runnmg of 
spectra, and for the organization of the Inter- 
collegiate Service, Mayor items of martenance 
will be covered by a service contract; general 
supervision will be given by Dr. K. D. Sales, 
Previous experience of electron spin resonance 
spectroscopy is not essential Opportunives will 
also be available to take part an the research 
Programme. Commencing salary according to 
age and experience on scale msing to £1,680 

per annum 

Application with relevant detalls to be sent 
o the Registrar of the College, Mile End Road, 
London E.l, naming two referees. (2283) 





ONIVERSITY OF EDINBURGH 
DEPARTMENT OF GEOLOGY 
LECTURER OR ASSISTANT LECTURER 


Applications are invited for two posts of 
Asistent Lecturer or Lecturer in the De- 
partment of Geology Salary scales, 
Assistant Lecturer, £1,105 to £1,340; Lec- 
turer, £1,470 to £2,630 per annum, with 
placement according to qualifications and 
experience and with superannuation benefit, 

Candidates for the firat post should have 
interests in any of the major 
fields of Geology, Candidates for the 
second post should have mterests in marine 
geology, scdimentology, or stratigraphy. 

The successful candidates will be expected 
to take up duty on October 1, 1967, 
*Applicauons by letter (three copes), 
giving full academic qualifications, details 
of expenence and the names of two 
referees, should be lodged with the Secre- 
tary to the Unwershy, University of Edin- 
byrgzh, Old College, South Bridge, Edin- 
burgh, 8, not later than June 7, DE a 











AUSTRALIA 
GSCRO 


DIVISION OF PLANT INDUSTRY 
TOBACCO RESEARCH INSTITUTE 


RESEARCH SCIENTIST— 
PLANT NUTRITION 


Applications are Invited for appointment as Research Scientist or Senior Research 
Scientist (Plant Nutrition) with the Organization's Tobacco Research Institute located 
at Mareeba, North Queensland. 


The Tobacco Research Inetrtute, which forms part of the Division of Plant Industry, 
has a field station of approximately 125 acres adjacent to its well equipped laboratory 
and !s concerned with the general problems of tobacco growing and tobacco science, 


The appointee will be required to Initiate and undertake studies on the nutrition of 
fleld-grown tobacco planta, especially the time and rate of nutrient uptake and distri- 
bution within the plant. 


Applicants should have a Ph.D. degree in Science or Agricultural Science or have had 

relevant postgraduate research experience of equivalent standard and duration, 

supported by satisfactory evidence of research ability. 

SALARY: Depending upon qualifications and experience within the ranges of: 
8A5,198-8A6,570 p.a or $A6,840—8A7,922 pa 

Salary rates for women are $A428 p a. less than the corresponding rates for men. In 


addition, a district allowance of A140 p.a for a married man or 8A70 p a. for a single 
person will be paid. 


Promotion within CSIRO to a higher classification will be determined by merit. 


The duration of the eppomtment will be determined in consultation with the successful 
candidate; some applicants may prefer a fixed term appointment for three years, in 
which case consideration will be given to the continuation of F.S S.U. arrangements. 
Fares paid for the appointee and his dependent family. If the appointee is permanently 
domiciled outside Australia, return fares will be paid at the conclusion of a fixed term 
appointment. 


A house of reasonable rental 18 available for a married male appointee, Further particu- 
lars supplied on application to, 


Mr. R. F. Turnbull, Chief Sclentific Liason Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W.C 2, 


to whom applications (quoting Appointment No. 815/72) should be addressed by 
the 30th June, 1967. (2381) 


CTTEL THE UNITED STEEL COMPANIES LIMITED 
LLL RESEARCH & DEVELOPMENT DEPARTMENT 


ASSISTANT LIBRARIAN 


An Assistant Librarian is required for a large industrial and scientific 
library. Applicants should have experience of indexing and retrieving 
technical information. In addition to handling readers’ enquiries, 
literature searches and general reference work, the duties would 
include cataloguing, classification and assisting with co-ordinate 
indexing. Considerable scope for personal initiative in developing 
present services. Excellent working conditions ; 5-day week ; pension 
scheme; pleasant surroundings; private coach connection from 
Sheffield to Laboratories ; modern dining facilities. Salary according 
to qualifications and experience but equivalent to AP II range. 
Applications should be addressed to: 

The Deputy Director of Research, The United Steel Companies Ltd., 
Research and Development Department, 

Swinden Laboratories, Moorgate, Rotherham, Yorks. (2370) 
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ALL CHANGE ON EDUCATION? 


Tux conference on manpower at the Royal Society last 
week was clearly one of those occasions, increasingly 
common in contemporary Britain, at which quite 
moderate and well-intentioned people find themselves 
seriously contemplating revolution. The pattern is 
now familiar. Sober discussions of how to make more 
efficient use of existing institutions turn out to serve 
chiefly as a demonstration that existing institutions 
have become hopelessly inappropriate. Pure reason 
prompts talk of radical reconstruction, and participants 
find themselves exhilarated by the prospect. For a 
time at least, it seems as if radical innovation is not 
merely desirable but attainable. Last week, it was by 
all accounts acknowledged to be self-evident that the 
British educational system is ripe for transformation. 
The paper by Dr 8. D. Davies and Dr M. C. McCarthy 
(page 1079) was one example of how people felt. The 
question that remains is that of knowing what should 
now be done. 

The place on which to fix attention is the interface 
between secondary schools and the universities. This is 
where the British system differs most markedly from 
those elsewhere, and where it has long been recognized 
that the structure of the system, well suited as it may 
have been to the preparation of a small proportion of 
the British population for a university education half 
a century ago, is not suited to the modern world. The 
principal complaint is that the schools provide an un- 
suitable and even an unhealthy education for the best 
student. Everybody seems uneasy about the way in 
which the British system requires that in the two or 
three years before students move on to higher educa- 
tion, they should follow a course of studies which is 
closely geared to what they think they would like to 
study later on. For practical purposes, higher education 
begins at fifteen. It is not surprising that a great many 
students end up following courses of study which are 
quite unmatched to their own interests and to the 
broader needs of the community. In the same way, it is 
no surprise that even those students who emerge suc- 
cessfully from the sixth-form straitjacket are badly 
educated by most ordinary standards. But it is now 
more plain than ever that a broad education is not 
just a cultural asset but an essential preparation for 
adult life in a changing world. Evidently the schools 
are providing an education which falls far short in 
quality of what it is reasonable to expect of them, 
particularly when it is necessary to find some way of 
exposing a greater proportion of the British population 
to the influence of education. 

There is no doubt of the reality, and of the absurdity, 
of the present practice of specialization, and most of the 
interested parties are to blame. The universities, 


individually and collectively, are conspicuous culprits, 
chiefly in their administration of admissions policy. 
Scottish universities are traditionally and now defiantly 
liberal in these matters, but in England and Wales it is 
common for universities to specify with such precision 
the academic hurdles which potential entrants must 
surmount that most students must decide two years 
before leaving school what courses they will ultimately 
follow at university. Departments of mathematics 
are the worst offenders, for they usually require that 
intending entrants should spend roughly half their 
time, in the last two or three years at school, in the 
study of mathematics. The chemists run the mathe- 
maticians a close second in this dubious competition, 
not merely in their detailed specification of entrance 
requirements but in the literal way in which they 
interpret their regulations. The results are plain. Of 
the 8,400 school-leavers in September 1964 who found 
their way into university courses in pure science (see 
Statistics of Education, 1965, Part ILI), only 10 per cent 
had managed to follow a course at school leading to an 
advanced level qualification in a subject outside 
science. Worse still, three-quarters of these liberally 
educated people were students who had added a fourth 
specialist’s course to the usual complement of three 
courses in pure science or mathematics. 

By now there is good reason to believe that circum- 
stances like these have serious effects on the supply of 
skilled people of various kinds. The interim report 
of the Dainton Committee more than a year ago 
acknowledged that specialization at school, partiou- 
larly in the sciences, may account for some of the 
difficulty of recruiting bright young people into the 
sciences. Certainly the supply of mathematicians, 
and probably of chemists as well, is artificially dimin- 
ished by specialization. So much is almost openly 
acknowledged. Until recently, however, there has 
been much less readiness to admit that the kinds of 
people now leaving universities with degrees usually 
lack the kind of education which would allow them to 
keep pace with the world in which they have to live. 
After all, it is more than unhappy coincidence that 
such a large proportion of the British graduates should 
be unwilling to leave the pastures of academic life 
for the harsher realities of industry. No doubt the 
universities could do a lot to improve the courses they 
provide. It is, for example, negligent of them not to 
provide all undergraduates in the physical sciences 
with an opportunity to learn some simple economios 
and some engineering. But there is also no doubt*that 
the narrowness of sixth-form education has a lasting 
effect. This is yet another reason for reform. 

Although several interested parties now agree that 
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something should be done, such attempts at reform as 
there have been in recent years have done little more 
than draw attention to the problem. The Committee 
of Vice-Chancellors and Principals announced some 
years ago that two passes in the advanced level 
examination should be enough to qualify a student for 
entrance to a university, but so far the principal result 
has been the setting up of a committee to study the 
question. For the most part, university departments, 
particularly in the sciences, draw attention to the way 
in which at present the specialized courses in the 
sixth form are an indispensable part of university 
instruction. Take them away, the argument goes, 
and university courses would have to last for four 
years, not just for three. The attempt by the Schools 
Council to introduce a more flexible and varied pattern 
into the sixth form has come to grief for the same 
reason, although on this occasion the discontents of the 
universities were strengthened by the traditional 
unwillingness of the schools to give up what still at 
present seems to many of them the apogee of their 
teaching skill—the parody in the sixth form of what 
is supposed to happen at universities. This, no doubt, 
is why the protests of the schools at the influence of 
the universities must be taken with a pinch of salt: 
the straitjacket is also a release from too much 
responsibility. 

The great merit of the conference at the Royal 
Society is that it appears to have shown that it is time 
to stop tinkering with the problem. But if modest 
reforms are likely to be unacceptable, what hope is 
there for revolution? And what kind of revolution 
should there be? The first need is that sixth-form 
courses in the schools should be made genuinely liberal, 
and of such a kind that students do not have to decide 
about their careers until they have found their way into 
a university or some other establishment. Such an 
arrangement need not prevent dedicated scholars— 
humanists or scientists—from pursuing particular 
interests to the full, but it would ensure that students 
could not leave school without a liberal and modern 
education. Most probably, advanced level examina- 
tions would have to go, and universities would have to 
shoulder once again the responsibility which they 
have for years abandoned of deciding which applicants 
should be given places in which departments, but this 
would be a gain and not a loss. After all, there is no 
reason why the advanced level examination as it has 
by chance evolved should be particularly suitable for 
picking potential undergraduates. 

But would not it then be necessary to have a four- 
year university course for undergraduates? Most 
probably the universities are right in saying that 
they could not teach what they have to teach in three 
years without help from the schools. They are wrong, 
however, in their common assertion that a four-year 
course is out of the question on financial grounds. 
In practice, the cost of keeping a pupil in the sixth 
form of a maintained school seems to be, according to 
the Department of Education and Science, £260 a 
year. This is almost identical with the cost of keeping 
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students for a year at teachers training colleges and 
presumably is similar to what the cost would be of 
teaching a student for a preliminary year at a univer- 
sity. In other words, it could easily turn out that a 
careful examination of the real costs would show that a 
four-year university course would not be an expense 
but simply a way of transferring costs from one line 
on the budget of the Department of Education and 
Science to another on the budget of the University 
Grants Committee, and the benefits, of course, would 
be inestimable. 


UNIVERSITY LIBRARIES 


Tux report of the committee which has been studying 
university libraries for the University Grants Com- 
mittee (see page 1072) is a careful and constructive 
document, and most of its conclusions have all the 
appearance of good sense. Unfortunately, és recent 
experience of the difficulties of improving facilities for 
higher education all too vividly suggests, it does not 
follow that the committee’s proposals will be every- 
where embraced. When reform implies increased 
spending, for example, the British Government in its 
present mood is unlikely to be helpful. But it will 
also be hard to persuade a great many of those concerned 
with the administration of libraries for higher education. 
that they should subordinate their present interests to 
the cause of central planning. 

In the circumstances, it is possibly a mistake that 
the committee has followed a comparatively moderate 
line of argument on the cost of university libraries. 
In the past two decades the cost of university libraries 
chargeable to the UGC has fluctuated narrowly 
between 3-7 and 4-0 per cent of the total cost of operat- 
ing the universities. The committee points out that 
the cost of books has risen if anything more quickly 
than the cost of teaching undergraduates, which is a 
fair but minor point, so that the real value of library 
services has if anything declined. But the committee 
does not make as much as it might have done of the 
increasingly demanding tasks which libraries have to 
undertake. For one thing, postgraduate students are 
now æ greater proportion of the British university 
population than they were in the early fifties, and there 
has also been a disproportionate (but welcome) increase 
of the proportion of more senior research people. 
Then there are innovations such as mechanical retrieval 
systems which will have at some stage to be fitted into 
library budgets. In the circumstances, the committee 
could probably have made a stronger case for asking 
that an increased proportion of university budgets 
should be spent on libraries. (It could also have been 
more forthright in its entirely proper criticism of the 
way in which the new universities have been asked to 
set up new libraries with a non-recurring grant of 
£175,000—enough to buy 75,000 books.) What it has 
done, instead, is to endorse the conclusions of a study 
by the Standing Conference of National and University 
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Libraries which tends to suggest that for a university 
of 3,000 students the cost of library services should 
be more like 6 than 4 per cent. This is probably a 
good rule to which to work, at least in this period when 
the new library technologies are still more like promises 
than realities. Whether the UGC will be allowed to 
live by it is another matter. 

Ifthe universities are likely to be in agreement among 
themselves on costs, the chances are that the proposals 
on central planning will be more closely looked at. 
The committee suggests two separate developments. 
First, it wants to see a hierarchy of advisory commit- 
tees working to the Department of Education and 
Science and responsible for the continuing review of 
policy for libraries in science, the social sciences and 
the humanities. Second, it wants the library part of 
the British Museum to grow into what is called the 
British National Library, with responsibility for the 
organization of loans (at present the responsibility 
of the National Central Library), the maintenance of 
catalogues (for which the British Museum is ideally 
suited) and for the conduct of research. 

These are jobs which need doing, everybody will 
agree. But the immediate difficulty is that of knowing 
how best to link the functions of co-ordination and 
making policy with the necessarily executive function 
of a national library. There are obvious dangers in 
the kind of separation which the UGC committee has 
in mind. To interpose a government department 
between those who give advice and those who must 
act on it is always a great hazard. In the circumstances, 
it could easily be much better to endow the British 
National Library with the functions of a research 
council, able to make policy for itself and equipped. 
with funds for supporting research in libraries of all 
kinds. 


FASTER AND COLDER 


Tx controversy about the temperature of a moving 
body which has erupted in Nature on several occasions 
since last November (see page 1105) may sometimes 
promise to become comparable with what is called— 
or miscalled—the clock paradox. Certainly both 
controversies have their roots in special relativity. 
Both of them seem also to be so well provided with 
logical imprecisions that ingenious minds are able to 
invent new lines of argument at least as quickly as 
they are refuted. Sometimes it seems as if the School- 
men are at work again, counting the angels on the 
point of a needle. But the clock paradox is well served 
with experimental evidence. Measurement shows 
quite unambiguously that faster mesons live longer. 
The argument about the temperature of ẹ moving 
body is less accessible to experiment, though it should 
not be scorned. on that account. 

It is, of course, entirely proper that somebody 
should ask what are the implications for thermodyna- 
mics of the kinematical transformations of special 
relativity, and, as it happens, Einstein was the one who 
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recognized, in 1907, that there is a problem to be 
solved. His first attack was to generalize the thermo- 
dynamic definition of temperature in terms of entropy 
in such a way as to include uniform and possibly 
relativistic motion of a system as a whole. In practice 
this implies that the energy due to the motion of the 
centre of mass of the system must be added to the 
thermodynamic internal energy of the several parts 
of which it is composed. By a plausible analogy with 
conventional, or static, thermodynamics, Einstein 
convinced himself and those of his contemporaries 
who were concerned that the temperature, like physical 
dimensions and velocities, is not invariant under 
Lorentz transformation. Indeed, this argument con- 
cludes, the thermodynamic temperature of a moving 
system will seem to be less than if it were at rest in a 
ratio given by the familiar factor B= +/(1—v?/o*). 
This view that a moving body must appear cool has 
since been supported by arguments based on Lorentz 
transformation of molecular velocities and calculations 
about the frequencies of black-body radiation from a 
moving source. One way and another, it would seem, a 
moving body should appear colder than when it is at 
rest. 

These conclusions have now been questioned by 
Professor P. T. Landsberg (Nature, 212, 571; 1966), 
and there is clearly a long way to go before all the 
participants in the controversy will be satisfied. For 
one thing, there are physical and intuitive objections 
to the notion that temperature should change from one 
frame of reference to another. One of Landsberg’s 
arguments, for example, is that the temperature of a 
body is a statistical concept involving the relative 
motions of molecules, so that the uniform motion 
of the centre of mass should make no difference. There 
is a particularly neat example to show how the flow 
of heat between two bodies moving relatively to each 
other could seem to two different observers to be in 
opposite directions. But he also argues that in con- 
structing analogies between conventional and relativis- 
tic thermodynamics, it is possible to manipulate the 
algebra in such a way that temperature comes out as 
an invariant. 

Not everybody is satisfied with this, which is entirely 
understandable. Detailed arguments about the correct 
way of transforming molecular velocities or radiation 
frequencies in a moving body are full of intricacy but 
also frustrating. One obvious difficulty is that the 
straightforward kinematics of relativity applied to the 
velocities of an assembly of molecules in internal 
equilibrium does not yield another distribution which is 
recognizable as another Maxwell distribution. In 
other words, there are doubts about the freedom with 
which the concept of temperature can be handed from 
one frame of reference to another. This is what 
Professor J. H. Fremlin was getting at when he wrote 
(Nature, 218, 277; 1967) that “the whole concept of 
the apparent temperature of a moving body needs 
some physical consideration before any mathematics 
are employed at all”. Luckily, that could be an 
entertaining exercise. 
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NEWS AND VIEWS 


Too Few Scientists 


Tun idea that excessive specialization in English 
schools discourages potential scientists was given an 
airing at the Royal Society on June 1, when Professor 
M. M. Swann organized a meeting to discuss the 
shortage of qualified manpower in Britain. The inten- 
sive nature of English education was challenged on 
two fronts; first it was said that it does not provide 
enough scientists, and secondly that the ones it does 
provide are not the sort that are needed. It may have 
come a8 some consolation to those present to discover 
that Britain is not alone in its plight. 

There undoubtedly is a problem. Lord Bowden 
described the situation as fundamentally unstable. “As 
soon as industry finds a need for people with particular 
qualifications, the schools stop getting them as teachers, 
and the source dries up”, he said. The defection of 
mathematicians to computer firms was an example of 
this. Dr F. S. Dainton and Professor Louis Rosenhead 
spoke of the swing away from science in British schools, 
and linked it with the difficulty of getting good science 
teachers, Another reason may be a sense of disen- 
chantment with science and technology among sixth 
formers, although this is so ill-defined that many 
scientista are unwilling to accept it. Distasteful an 
explanation as it is, several of the participants at the 
meeting admitted that they had begun to believe in it, 
as the trend away from science seems increasingly to be 
a worldwide problem. The American Institute of 
Physics has expressed anxiety, and at the meeting 
Dr K. Tuchel of VDI-Hauptgruppe in Düsseldorf and 
Professor P. Chabbal from France both confirmed that 
their countries share the problem. Last year for the first 
time the number of science students in France fell, 
Professor Chabbal reported. The problem is not 
exclusively British and explanations narrowly based 
on the English education structure will not do. 

This is not to say that all is well with British science 
teaching. The schools, participants agreed, are at the 
heart of the problem, and most felt that more general- 
ized courses should be introduced to replace the rigid 
specialization in England and Wales. (Scotland has 
always had @ more general structure.) Dr D. 8. Davies 
from ICI, in a paper read by Professor Swann, argued 
for more widely based qualifications (see page 1079) 
and suggested that British education was suited to a 
static traditional economy rather than a fast moving 
technologically based one. Extensive retraining 
would be needed. 

Teacher supply is another problem common to 
Britain and Germany. In France, Professor Chabbal 
said, the situation had been tackled by enlisting large 
numbers of women—90 per cent of lyeée teachers 
are*women——and by offering premium rates of grant to 
students in return for a pledge to teach for 7 years 
after graduation. In Germany, on the other hand, 
Dr Tuchel said that there would be a 28 per cent 
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shortage of science teachers by 1971, unless remedial 
measures were suc ; 

Lord. Jackson spoke of another aspect of the problem. 
His anxiety is that Britain is training far too few 
technicians; if the supply of technicians is not main- 
tained, he said, the need for qualified scientists and 
engineers might well be overestimated. The brain 
drain, too, can affect the situation, and Professor Ball 
spoke of this. In this atmosphere of gloomy head 
counting, the idea of science as an education rather 
than an economic investment tended to get lost, except 
by Professor H. Bondi. He said that Britain should 
aim for overproduction of scientists and engineers. 
If not, he said, “It’s like estimating the need for clerks, 
and restricting the teaching of reading and writing”. 
How could production be increased 1 As a theoretician, 
he suggested reducing the time students spend in the 
laboratories, in expensive and wasteful experimental 
work. No hats were thrown in the air at this sugges- 
tion. 


No Telescope for Europe? 


RADIO-ASTRONOMERS in Britain have almost given up 
hope that an optical telescope will be built to cater for 
their needs. The idea, which has had the support of 
both Sir Bernard Lovell and Sir Martin Ryle, was to 
build an 80 to 100 inch telescope on a site in Europe 
where viewing was good. The instrument would have 
been similar in size and possibly in design to the Isaac 
Newton telescope which is being built at the Royal 
Greenwich Observatory, Herstmonceux. When it is 
finished next year the 98 inch Isaac Newton. telescope 
will be the largest of its kind in Europe, but there will 
remain, a need for an optical telescope for use by radio- 
astronomers. The most obvious use for this would be 
to relate radio-sources to visible objects in the sky. 

Sir Bernard Lovell gives two reasons for pessimism. 
First, he considers that the decision finally to go ahead 
with the Southern Hemisphere Observatory at Siding 
Spring Mountain in Australia has taken the steam out 
of the drive to build a large telescope in Europe. This 
is being supported jointly by the British and Aus- 
tralian governments, and will mop up most of the 
money available to the Science Research Council 
for capital expenditure on astronomy in the next few 
years. The other reason is that both Jodrell Bank 
and the University of Cambridge want new radio- 
telescopes within the next five years, and these are 
likely to take priority. If an optical observatory is 
built in Europe with a British share in the cost, it will 
not be before 1975, Sir Bernard thinks. The SRC 
confirmed that priority will now be given to the 
Southern Hemisphere Observatory. Whether other 
European countries will now retain an interest in the 
European idea remains to be seen. 


British Science Statistics 


Tax Ministry of Technology is much pleased with 
itself about the publication this week (Statistics of 
Science and Technology, HMSO, 15s.) of a statistical 
digest in which is gathered together a great deal of 
statistical information previously available only in 
several scattered sources. The ministry has collabor- 
ated with the Department of Education and Science 
in this joint venture, and a great deal of the information 
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now published has previously been available in publica- 
tions such as Statistics of Education from the Depart- 
ment of Education and Science. It will be a great 
convenience for many people that this material has 
now been collected together, and there would be obvious 
advantages if such a publication could be made an 
annual affair. At the same time, it is inevitable that the 
new publication should Jack homogeneity in some 
respects. Information about the educational system is 
naturally slower to come by than information about 
public expenditure on research and development, whioh 
can be culled directly from the government’s own bud- 
get estimates. On manpower, the joint publication is 
dependent on the triennial surveys of the Manpower 
Committee under Lord Jackson, which means that 
many of the figures quoted are necessarily estimates. 
In the circumstances, it will not be entirely a surprise 
if the two ministries are spurred on by the defects of 
this publication to set up a statistical service which is 
equipped to do new work as well as to reprint other 
people’s figures. 

One of the more novel entries in the new compilation 
is a statement of the results of the survey of patent 
and royalty expenditures by British companies and 
other organizations which has been carried out by the 
Board of Trade. The survey relates to the year 1964, 
and is to be repeated annually. In 1964, it seems that 
British companies received royalty payments of 
£44 million from companies abroad, and paid £41-1 
million for the rights to use inventions and copyrights 
from overseas. Of the royalty payments by British 
companies, £23-5 million went to companies overseas 
with which they are associated as subsidiaries, parents, 
or in some other way. Receipts from these sources 
amounted to a mere £145 million. The survey 
has been designed to throw some light on the 
variation of the pattern of royalty payments from 
one country to another, and it appears that manu- 
facturing industry paid a total of £24-4 million for the 
right to use patents from the United States, and 
received only a quarter as much from the same source. 
By contrast British companies were able to maintain 
a small surplus in their dealings on patents with 
countries of the European Economie Community. 
Those who urge that British companies should take a 
leaf out of the Japanese book, and buy more patent 
rights from abroad, will be encouraged to see that 
expenditure on patents—in 1964—was a comparatively 
small proportion of the total expenditure on research 
and development—£771 million in 1964-65. 

The figures on education suggest a slackening off 
of some of the trends which have been apparent in 
the schools in recent years. Thus the number of 
students beginning on advanced level courses in 1966 
was 111,000—an increase of only 2 per cent compared 
with the previous year. This is a much less rapid in- 
crease than that of 20 per cent between 1963 and 1965. 


No Mirror in the Sky 


Svagexsrions that the United States agencies might 
place large optical reflecting mirrors in orbits about 
the Earth are unlikely to become realities. The 
Space Science Board of the US National Academy of 
Sciences has made a special study of the ways in which 
mirrors in orbits might interfere with activities on the 
Earth, scientific and otherwise! Although the report 
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of the board, now published, says that there is ‘no 
overwhelming evidence that scientific damage would 
result from the deployment of a single reflector sys- 
tem”, it also concludes that there is “no scientific 
merit for such a satellite system commensurate with 
its costs to the public and its nuisance to science”. 
To be safe, the board suggests that there should be 
detailed studies of specific proposals to launch orbiting 
mirrors, and that in any case devices like these should 
be designed so that they can be destroyed by 1adio com- 
mand from ground stations. Dr Donald Hornig, special 
adviser on science and technology to the US President, 
accepts this point and says in a letter to the president 
of the academy, Dr F. Seitz, that there are at present 
no plans for launching orbital mirrors, and that the 
academy will be asked to help with the evaluation of 
any proposals which may eventually be made. 


Planning for Food 


Tus timetable for the production of the Indicative 
World Plan was given by Dr B. R. Sen when he visited 
London last week. Dr Sen is the Director-General of 
the Food and Agriculture Organization of the United 
Nations, and the indicative plan is an attempt to 
estimate what food the world needs and how it might 
be produced. According to Dr Sen, the first draft of 
the plan should be agreed by April of next year. As 
originally conceived, the plan was to include 11 sub- 
regional studies, but it will now instead consist of 5 
regional studies. Of these, the Near East study is 
complete, and the Far East and African studies are 
almost complete. A rough draft of the plan will be 
ready in April, for discussion at the second World 
Food Congress in September 1968. This is intended 
to be a free-ranging discussion at which no commit- 
ments will be made; decisions will follow at the more 
formal FAO Congress in November 1969. 

Meanwhile, Dr Sen could find little optimistic to say 
about food problems. Plans had been based on the 
assumption that the developed countries would con- 
tinue to produce food surpluses, but this was no longer 
true of the United States, the principal supplier of 
food to the underdeveloped countries. The General 
Agreement on Tariffs and Trade (GATT) had agreed to 
maintain a reserve of only 4-5 million tons of wheat, 
although 18-20 million tons was needed. The under- 
developed countries were hoping for surpluses from the 
developed nations, but with rapidly shrinking confid- 
ence. In effect, Dr Sen said, developing countries were 
being told that in future they would have to depend on 
themselves. 

Until now, food production has increased as the area 
under cultivation has increased, but there is clearly a 
limit to the process. Dr Sen said that now the problem 
was to raise the yield per acre, and the FAO proposes 
a fand of $500 million a year to cover fertilizers, insecti- 
cides and basic machinery. One of the most vital 
aspects of the problem is the pricing of food so that it 
provides an incentive to production and distribution 
without being too expensive for underdeveloped 
countries to afford. In the rush to increase production, 
the important part played by pricing seems to have 
been left behind, and Dr Sen could offer no promise of . 
early action. 

By the time the indicative plan reaches the World 
Food. Congress, the FAO may well have a new director- 
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general. Dr Sen, who is 69, has not yet decided whether 
to stand again this year for election to the office which 
he has held since 1956. Although a previous ruling 
excludes the renewal of his term, this could doubtless 
be circumvented if Dr Sen were willing to stand and 
could find enough support. Two other names have been 
put forward for the job—Mr H. Boerma, Executive- 
Director of the UN-FAO world food programme, and 
Dr Hernan Santa Cruz, until recently FAO Assistant 
Director for Latin America. Much will depend on 
how delegates feel about the record of the FAO in the 
past ten years; if there is much criticism, a candidate 
who has had no previous contact with the organization 
may stand the best chance. By general agreement, 
the World Development Decade was a disastrous 
failure; now hopes—such as they are—are based on 
the second development decade. 


Libraries in Britain 


‘Tue principal recommendation of the Committee on 
Libraries set up by the University Grants Committee 
is that a British National Library should be established, 
based on the British Museum. The committee was 
clearly disturbed that Britain differs from the United 
States and the Soviet Union in having no “true apex” 
to the library system. The result, it says, is that 
many of the functions associated with national libraries 
are shared among other organizations, not all of which 
are adequately equipped to undertake them. These 
fanctions include maintaining the central collection 
of the nation’s literature, full coverage of foreign 
literature, publication of the national bibliography 
and national catalogues, and acting as a centre A 
library lending. Both Wales and Scotland do have 
national libraries, but the report says that they have 
insufficient money available for important purchases. 

The report makes a large number of recommenda- 
tions, somewhat miscellaneously put together. Students 
are taken to task for not spending enough of their 
grants on books, but instead preferring to borrow 
them from university libraries or public libraries. The 
committee attributes this to waywardness rather than 
poverty, and recommends that students should be 
given book grants in the form of vouchers which can 
only be used for buying books. This suggestion would 
have the effect of switching the burden of book buying 
from the UGC to the local education authorities, 
and the same trend is evident in a suggestion that 
student unions should provide their own libraries out 
of funds derived from local education authorities. 

The National Lending Library for Science and Tech- 
nology should continue to lend medical, scientific and 
technolegical literature, and a national plan should be 
devised for providing social science literature, taking 
into account the fact that the NLL itself will soon be 
able to make some contribution in this field. The 
National Central Library, on the other hand, should be 
absorbed into the National Library, together with the 
libraries which benefit from legal deposit—the British 
Museum, Oxford and Cambridge. Stacks should be 
accessible to all readers, and seminar rooms provided 
in research libraries. Staff should be increased, 
better trained and better paid. To pay for all this, 
recurrent grants to libraries should be increased—the 
report says that the new universities and colleges of 
advanced. technology have not yet been able to create 
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libraries of university standard—and to administer it, 
a special UGC sub-committee should be set up. 


Reappraisal for Chemistry 


CuEMistry teaching in Britain is once again under 
analysis. A survey by a Royal Society committee 
under Professor R. A. Raphael was reported last week 
(Nature, 214, 960; 1967) and it now emerges that the 
Royal Institute of Chemistry is conducting an examina- 
tion on its own account. With luck, it should fill the 
gaps left by the Royal Society committee. 
ofessor C. Eaborn of the University of Sussex is 
chairman of the institute’s committee of 12, which 
includes a full time statistician and an industrial psycho- 
logist. The survey was started by a series of group dis- 
cussions with various categories of chemist—including 
undergraduates, postgraduates, university teachers and 
industrialiste—in order to set the scene for the survey. 
The discussions were intended to discover what people ` 
actually say about chemistry courses in British univer- 
sities, and to avoid the possibility that the survey 
will be vitiated by the preconceptions of the people 
conducting it. The group discussions will be followed 
by individual discussions on a semi-formal basis and 
ultimately by questionnaires. These have already 
gone out to undergraduates, so as to catch them before 
the summer vacation, and will also be sent out to groups 
of 500 in each of the seven categories being considered. 
On the industrial front, the survey will cover gradu- 
ates who have been in industry only a few years, as 
well as older men in managerial positions. The 
questions will try to discover why people choose 
chemistry, how valuable existing courses are, and 
whether anything should be done to improve them. 
Appointments boards, often a forgotten link in the 
chain, will also be asked for their views. When the 
survey is finished, it is hoped that it may influence the 
re-shaping of chemistry courses for the seventies. 


Activation Analysis 


from a Correspondent 


Tum impact of nuclear technology on the life sciences 
is still dominated by experiments with radioactive 
tracers, but many novel and potentially useful develop- 
ments based on activation analysis were described or 
proposed at a symposium held in Amsterdam from 
May 8-12 under the auspices of the International 
Atomic Energy Agency. 

In labelling a large biological system with a radio- 
active tracer, it is sometimes difficult to obtain an 
adequate specific activity while conforming to the 
requirements of radiation safety applicable to the 
experimenter and the environment. The propagation 
of pollen, a matter of great concern in plant breeding, 
may be studied by radioactive tracer techniques, but 
the amount of activity required for labelling (1-2 
curies of phosphorus-32 for an adult pine tree) is in- 
conveniently large. Recent studies in Germany have 
shown that manganese, injected into the tree as sul- 
phate, is suitable as a stable tracer. Pollen grains are 
collected on polyethylene foils (distributed in the 
crowns of neighbouring trees) which are then irradiated 
with thermal neutrons. The labelled pollen grains are 
identified and counted by autoradiography. 
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Activation analysis of a stable tracer is also used to 
study bromine metabolism in the human subject. 
The most convenient radioactive isotope, bromine-82, 
is used as an indicator in the estimation of extra-cellular 
volume, but has a half-life of only 36 hours and cannot 
therefore be used in studies extending over a period of 
more than a week. A harmless dose of potassium 
bromide (about 1 g, given by mouth) enhances the 
bodily store of bromine to an extent which allows such 
measurements to be extended over a period of 40-50 


ays. 

Recent work with iodine-129 exploits the unusual 
properties of this nuclide, which is serviceable both as a 
stable and as a radioactive tracer. Todine-129 has a 
half-life of 1-6 x 10’ years and emits low-energy gamma 
radiation by which its presence in the thyroid gland 
(after administration of a tracer dose) may be detected 
with external counters, although the radiation do 
delivered to the gland is very small. In planning 
long-term studies, including the estimation of blood 
levels and urinary excretion, it might be supposed 
that the long half-life (and correspondingly low specific 
activity) of this isotope would require the initial 
administration of a mass of iodine sufficient to interfere 
with the normal metabolic processes. Fortunately, 
activation analysis provides a very sensitive method of 
detection, using the isotopes iodine-130 and iodine- 
130m. Work is in progress on the use of iodine-129 
in the study of thyroid iodine metabolism by activation 
analysis in vivo. 

Other areas in which significant progress was reported 
at Amsterdam include the study of toxic hazards 
associated with atmospheric pollutants (especially from 
motor vehicles), the assessment of hazards linked with 
increasing concentrations of mercury, present as pesti- 
cide residues in foodstuffs, and the systematic investi- 
gation of photonuclear activation processes as alterna- 
tives to thermal neutron activation in the elemental 
analysis of biological materials. 


Not Laughing Gas 


Ox September 5, 1966, two women patients at the 
Bristol General Hospital were given routine anaesthesia 
with nitrous oxide gas. They both became severely ill 
with cyanosis and pulmonary oedema. It was thought 
that the first patient had had a pulmonary embolus 
or a coronary thrombosis, but when the second began 
to show the same symptoms it became clear that they 
were both victims of poisoning due to higher oxides of 
nitrogen in the anaesthetic. The surgeons were able 
to save the second patient, who was less severely 
affected, but eventually the first died. 

The British Journal of Anaesthesia (89, No. 5, 1967) 
has now published a comprehensive report on the 
accident, thanks to the initiative of groups of workers 
in Leeds, Bristol and London. These appear to be the 
first cases of gross contamination since 1926, when six 
patients of a Dr Ramsay Phillips became ill from what 
now appears to have been the same cause. The two 
cases in Bristol illustrate the difficulties of diagnosis: 
poisoning can easily be mistaken for non-specific 
bronchopneumonia and pulmonary congestion. 

The gas cylinders used in Bristol were supplied by the 
British Oxygen Company, which supplies more than 90 
per cent of the nitrous oxide used in Britain. The con- 
taminated gas was produced at the company’s Southern 
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Region Centre at Bedford, and it has since recovered 
almost all the cylinders which may have been con- 
taminated, although final checking of the cylinders 
in the hands of a few of its customers is still going on. 
The British Oxygen Company produces nitrous oxide 
by the thermal decomposition of ammonium nitrate 
NH,NO,-+N,0 + 2H,0 + 10-6 keal 

At the normal temperature of operation this reaetion 
predominates over the more exothermic production of 
nitric oxide and nitrogen. dioxide, but the amounts of 
the higher oxides produced increase as the temperature 
is raised. A higher than normal operating temperature 
seems to have been responsible for the contamination 
of the Bristol gas. The company now operates its 
retorts at 255° C instead of 270° C as before the Bristol 
accident. It has also introduced a more stringent 
testing procedure and a method of production in 
batches. Approximately 15 per cent of cylinders are 
now tested instead of only 5 per cent before what the 
company describes as the “soare”. 

What is more surprising is that the full investigation 
of this incident should have been left to the initiative 
of the group at Leeds. The Ministry of Health stated 
that it was satisfied that the explanation given by 
the BOC about the cause of the contamination was in 
accord with the known facts. There does not, however, 
appear to have been a full official review of the dangers 
of contamination of nitrous oxide cylinders. Because 
the symptoms are somewhat obscure, poisoning from 
this cause may go unrecognized in some cases. It is all 
the more important that the full details of this case 
should receive adequate publicity so that any future 
cases can receive treatment at once. 


Ice and Snow 


Ay attempt to determine more accurately the quantity 
of ice and snow on the surface of the Earth is to be 
carried out under the auspices of the International 
Commission of Snow and Ice as part of the contribution 
of glaciologists to the International Hydrological 
Decade. This was one of the points to emerge at the 
annual general meeting of the Glaciological Society 
held at Cambridge last month. At the meeting 
Dr H. C. Hoinkes, President of the Commission of 
Snow and Ice, pointed out that of the 1,360 million 
cubic kilometres of water in all its forms on the surface 
of the Earth, only 35 million cubio kilometres consists 
of fresh water, and 80 per cent of that is in the form of 
snow and ice. Even though the great ice sheets of 
Antarctica and Greenland account for most of the solid 
phase, snow and ice are not unimportant elsewhere. 
Melt water, for example, often makes an important 
contribution, to irrigation and the production of hydro- 
electricity. As well as an attempt to estimate the 
quantity of ice and snow on the surface of the Earth, 
Dr Hoinkes said that there will be detailed studies of 
heat balances and the relationship between the solid 
and liquid forms of water in certain glacier basins 
chosen to lie along a north-south line through the 
Americas and on two east—west lines around the North- 
ern Hemisphere. Progress so far with these projects 
was described by the chairmen of the relevant working 
groups, G. Ostrem (Norway) and V. Schytt (Sweden). | 
The conference also heard accounts of recent work in 
New Zealand designed to test the Wilson theory that 
ice ages are caused by surges in the Antarctio ice sheet. 
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One implication of this theory is that a deterioration of 
climate should be preceded by a rise in sea level, and 
J. T. Hollin described evidence for such a phenomenon 
from pollen sections from England and Washington, 
DC. Calculations by J. F. Nye and P. Martin of slip- 
line fields in an ideally plastic glacier have made it 
possible to infer something of the mechanism of glacial 
erosion. In particular, Nye described how ice would 
not flow within the concavity of a strongly concave 
glacier bed, which suggests that there is a lower limit 
to the radius of the concavities which can be produced 
in glacier beds by grinding. By contrast convexities 
of all radii are possible. At the conference D. 
Ragan, who has been mapping glacier structures, sug- 
gested that foliation in glaciers originates as a sheer 
phenomenon. 8. Baranowski reported measurements 
on ablation beneath medial moraines which suggest 
that the observed lowering of the surface can only be 
explained by plastic deformation of ice under the weight 
of rock. 

Hardness tests of ice based on the firing of an 
indenter at a specimen were reported by P. Barnes. 
Hardness as great as 10 kg per square millimetre were 
measured and the variation of hardness with tempera- 
ture suggests that, if deformation is rapid, the relation 
between stress and strain rate for ice has the form 
t= Ao™ with a constant m equal to approximately 13. 
(At lower strain rates, the constant is much greater.) 
According to J. W. Glen, the strain rate of single crys- 
tals of ice containing five parts per million of hydrogen 
fluoride is much greater, probably because of the effect 
on crystal dislocations of the electrical point defects 
introduced by fluoride ions. This at least is the pre- 
liminary conclusion from creep tests of ice at —70° C 
which Glen and 8. J. Jones have been carrying out. 


Invertebrate Receptors 
from a Correspondent 


Tae mechanism of light reception was an important 
part of the symposium on the structure and function of 
various kinds of receptors held by the Zoological 
Society in London at the end of May. The contribution 
of N. Millott was a reminder of the importance of the 
generalized dermal light sense as well as of morpho- 
logically recognizable eyes. The eye of the scallop 
Pecten (M. F. Land) has a lens which seems to play 
little part in focusing light rays on to the receptive cells. 
That is accomplished by the curved reflecting layer at 
the back of the eye which brings rays to a focus at the 
level of the distal of the two retinal layers. The large 
amount of spherical aberration which must accompany 
such reflexion is possibly reduced by the lens. The 
light receptor cells of a slug’s eye (G. E. and P. F. 
Newell) are very like those of the proximal retinal 
layer of the Pecten eye, but in addition to the main 
retina there is an accessory retina in a side pocket from 
the main vesicle of the eye. This accessory eye may 
funetjon in place of the main retina as the tentacle is 
retracted. There is also the possibility, however, that 
it may be a receptor for infra-red rays. 
Though much isstill to belearned of their fine structure 
° and the distribution of visual pigments within them 
(J. Wolken), interest in the compound eyes of insects has 
passed to a consideration of how the retinulae are inter- 
connected, for this will determine how they are inte- 
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grated in image perception. It is clear that the optical 
axes of the retinulae in any one ommatidium are not 
pointing in one direction (K. Kirschfeld). Indeed, 
they “look” into the environment in a number of 
different directions. There are extensive cross con- 
nexions in the ganglionic layer, retinulae from seven 
different ommatidia converging on one ganglion cell 
over much of the eye of Musca. These seven are so 
orientated that their optical axes observe one point 
in the environment. 

A structure common to insect mechanoreceptors— 
the chordotonal organs (P. E. Howse)—and other 
arthropod sense organs, including the sensory pegs of 
the pectines of scorpions (J. D. Carthy), is one or more 
ciliary strands (this does not, however, occur in the 
proprioceptive endings in muscle and tendons (L. 
Finlayson)). The organs are arranged so that the 
cilium is mechanically deformed in some way. Experi- 
ments on motile cilia (U. Thurm) on the gill of the 
mussel Mytilus, brought to a stop by, say, increased 
carbon dioxide concentration, show that moving the 
cilium only 0-4 near its base is sufficient stimulus to 
produce a beat from that cilium, as a reaction, with 
a characteristic latency. This is one of the first 
demonstrations that the motile cilium is equally a 
mechano-sensitive structure. This principle seems 
particularly important also in the interpretation of the 
activity of the cilia in the statocysts of cephalopods 
(V. C. Barber) and of Helix (M. S. Laverack). Indeed, 
these sense organs can be thought of as formed from 
sensory epithelium at the body surface which has 
sunk in. 


Chemoreception poses many problems, not the least of 
them the transduction process. It is now known that 
a viscous fluid is produced in the chemosensitive 
labellar hair of a fly (E. S. Hodgson). When the tip 
of the hair is cut off, the fluid leaves the hair faster 
than if it has to pass through the pore in the hair tip. 
Thus the substance sensed. may in fact go into solution. 
In some other receptors in insects, the sub-microscopic 
pores in the wall of the sensillum give rise to blunt 
ended tubules which seem to make contact with the 
dendrites in the lumen of the sensillum (A. Steinbrecht). 
In the male moth Antherea, each sensillum has three 
cells, each of which has its own spectrum of reaction to 
a chemical (D. Schneider). Thus in a large population 
of receptors, each with its individual reaction to one 
substance can produce s very large number of patterns 
of combination of responses. This multiplicity of 
different patterns means that a similarly large number 
of substances can be distinguished from each other. 


Self-assembly 


from a Correspondent In Cell Blology 


Ever since Fraenkel-Conrat and Williams (1955) 
achieved the reconstitution of tobacco mosaic virus 
(TMV) in vitro from coat protein and RNA, the concept 
of the self-assembly of biological macro-molecules has 
dominated ideas of the morphogenesis of both cell 
organelles and viruses. The ultimate objective of 
many groups studying morphogenesis of organelles 
such as ribosomes and flagella is to achieve their 
assembly in vitro from their component proteins or 
proteins and nucleic acids. In tice, however, 
attempts to reconstitute such simple spherical viruses 
as polio and turnip yellow mosaic virus, let alone the . 
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structurally much more complex cell organelles, have 
been discouraged by difficulties in obtaining the com- 
ponents in solution in the correct concentrations and 
configurations. 

In 1966 Takai (Biochim. Biophys. Acta, 119, 20; 
1966) reported some progress in the reconstitution of 
phage ẹX174. By incubating the single-stranded 
circular DNA molecules with pX174 coat protein for 
12 h in the presence of Catt ions, Takai obtamed a 
complex of DNA and protein resistant to deoxyribo- 
nuclease and with the same sedimentation properties 
as the authentic phage. The complex only formed with 
single stranded undenatured 9X174 DNA, but not 
with the double-stranded DNA derived from it. Fur- 
thermore, the reconstituted complex adsorbed to 
E. colt host cells, but whether or not it is identical to 
intact pX174 phage and can inject the DNA into the 
host remains to be seen. 

Similar experiments have now been done by Sugi- 
yama et al. (J. Mol. Biol., 25, 455; 1967) with the RNA 
bacteriophage MS2. MS2 coat protein and RNA can 
be made to interact to produce two types of complex 
depending on the conditions. Incubating for 1 h 
at 37° C, a mixture of protein and RNA at low molar 
ratio (1:3:1) produces complex I which consists of 
probably not more than 6 coat protein molecules and 
an RNA molecule. Its formation is a specific process, 
for MS2 RNA cannot be replaced by other RNA 
species. As Capecchi and Gussin (1966) showed, this 
or a very similar complex is also produced in an Æ. colt 
cell-free protein-synthesizing system programmed with 
RNA from the closely related phage R17. The second 
complex occurs when the ratio of protein to RNA is 
greatly increased (46:1) and the mixture incubated 
overnight. In the electron microscope, complex II 
is virtually indistinguishable from MS2 phage, but it is 
not infectious, cannot adsorb on to the host Æ. coli and 
has a slightly lower sedimentation coefficient than 
MS2 phage. 

Complex IT resembles in these properties the defec- 
tive particles produced by certain amber mutants of 
RNA phage which have been characterized by Lodish 
et al. (1965), Heisenberg (1966 and 1967), and Argetsin- 
ger and Guasin (1966). It seems likely that both the 
amber mutant defective particles and the reconstituted 
particles are defective because they lack a minor 
protein component of which perhaps only one or two 
molecules are present in intact phage and somehow 
ensure the correct encapsulation of the RNA and 
possibly the adsorption of the phage on to the Æ. colt 
host. If it were possible to isolate enough of this 
missing protein from intact phage, there is the very 
exciting prospect that adding it to mixtures of coat 
protein and RNA under Sugiyama’s conditions might 
result in the tn vitro assembly of infectious phage. 


Base Stacks 


from a Correspondent In Molecular Blology 


Two articles by Brahms, Maurizot and Michelson (J. 
Mol. Biol., 25, 465 and 481; 1967) describe systematic 
studies on the conformations of dinucleotides and a 
series of oligonucleotides in aqueous solution. It is 
by now well established that in the absence of base 
pairing such compounds still give rise to hypochromism 
and high optical activity, compared with the corre- 
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sponding monomers, and this is supposed to arise from 
the tendency of the bases to stack one on another, 
thereby imposing constraints on the conformation of 
the molecule. 

Brahms and his colleagues follow their earlier investi- 
gation of the oligoadenylic acid series with a study of 
the oligoribooytidylic acids. In their most important 
essentials, the two series are closely similar. Thus at 
neutral pH the dimer (CpC) shows a substantial Cotton 
effect, and this becomes progressively larger as the 
chain length increases through the oligomer series. 
The thermal melting curve, however, remains broad, 
unlike that of a base-paired structure, and can be 
described in terms of a single equilibrium involving 
the association of one base with its neighbour. In acid 
solution, by contrast, it is believed that polycytidylic 
acid forms a two-stranded helix which melts in a sharp 
co-operative manner. The work on oligomers shows 
that the two-stranded structure is formed only when 
there are seven nucleotides or more in the chain. 
Brahms e al. have also studied the 2’-5’-linked 
oligomers, which are found to have a much smaller 
Cotton effect and which give much less evidence of 
structure in melting experiments. It is suggested that 
the 3’-5’-polymers derive additional conformational 
stability from a hydrogen bond between a phosphate 
oxygen and 2’ sugar hydroxyl group. 

An independent study of the oligocytidylic acids by 
Adler, Grossman and Fasman (Proc. U.S. Nat. Acad. 
Sci., 57, 423; 1967) bears out the results on the 
“natural” 3’-5’-ribocytidylic acids. Quantitatively, 
however, these results reflect a consistently lower 
degree of structure in all oligomers than the results of 
Brahms et al. The difference must be supposed to 
arise from the solvents used: whereas Adler e al. 
worked in relatively dilute salt solutions, the French 
group used 4-7 molar potassium. fluoride in order to be 
able to make measurements of stacking down to 
—20° ©. Although it seems to be generally true that 
the stability of single-stranded structures is more or less 
independent of salt concentration—umlike paired 
structures, in which charge repulsions between opposite 
strands evidently predominate—there is some evidence, 
reinforced by the present differences, that this rule 
breaks down at extremes of ionic strength. 

Adler e al. have also examined the deoxyribo- 
oligocytidylic acids, and find much less stacking by all 
criteria. This is satisfactorily consistent with the 
concept of a hydrogen bond between phosphate 
and 2’ hydroxyl where this is present, as in the 
ribo-series. 

In the second paper of Brahms et al., it is shown that 
stacking occurs in all the many 3’-5’-dinucleoside 
phosphates examined (albeit at the same high salt 
concentration) including UpU. Thus no division into 
“stacking” and “non-stacking’’ dinucleotides is neces- 
sary, and differences are only of degree. It may be 
noted that association, evidently by stacking, has been 
shown by Ts’o and his colleagues in several mono- 
meric purine derivatives in water. It has now been 
found (Rossetti and van Holde, Btochem. Biophys. 
Res. Commun., 26, 717; 1967) that association occurs 
even in the charged species adenosine-5’-phosphate. 
Stacking then is evidently a general phenomenon in . 
such compounds, and constitutes an aspect of hetero- 
cyclic chemistry which has hitherto been largely 
hidden. 
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Parliament in Britain 


Select Committee 

On June 1 the Select Committee on Science and Tech- 
nology had a double session, talking first to representa- 
tives from the Institution of Professional Civil Ser- 
vants, and later to the Director-General and Secretary 
of the British Nuclear Export Executive. 

The IPCS delegation, which represented a wide range 
of those employed. by the UK Atomic Energy Authority, 
seemed. satisfied by the way the run-down of staff in 
the authority had been managed. There had been 
no loss of efficiency, it thought, and the introduction 
of the commercial element, at the Radiochemical 
Centre in Amersham, for example, had been a tremend- 
ous success. Amersham had earned more than £2 
million last year, 50 per cent of it overseas. The 
delegation was not so sure about the authority’s 
research programme, and suggested that it ought to 
broaden its efforts in the fast reactor field. If the 
sodium-cooled reactor failed, or was not an immediate 
success, there might well be room for a steam-cooled 
fast reactor, which would be easier to develop and 
might become attractive sooner. The group was 
enthusiastic about co-operation with Europe, suggest- 
ing that Euratom could make good use of the fuel 
enrichment facilities at Capenhurst, and that the cost 
of Culham Laboratory could be shared internationally. 
Suggestions that Culham should be closed. or cut down 
were alarming, it said, and also short sighted. 

The institution supports the idea of a single design 
authority, at least in the export market, where it 
believes the authority and the industrial consortia 
should collaborate to produce designs. At home, it 
favours the continued existence of the consortia, 
which should be able to use the authority as a design 
consultant, paying it for undertaking work at the 
request of the consortia. 

The IPCS delegation was followed into the commit- 
tee room by Mr B. E. Eltham, Director General of the 
British Nuclear Export Executive, and Mr B. C. 
Woodfine, secretary of the executive. Mr Eltham 
said that the initiative for setting up BNX had come 
jointly from the AEA and the consortia, and that BNX 
was financed 60 per cent by industry and 40 per cent 
by the AEA. The staff of the organization was small 
and was not being increased—indeed, it could not be 
increased without more money. BNX had no staff 
permanently abroad, Mr Eltham said, but it gained an 
und. ing of commercial conditions in various 
countries from representatives of firms in the consortia. 
Selling the advanced gas-cooled reactor abroad was 
difficult, but might be made easier by the negotiation 
of licensing agreements. It was all very well saying 
that Britain had not sold an AGR abroad, but 11 bids 
had been made, and as yet none of the utilities con- 
cerned had made up its mind. “We just do not know 
how competitive or otherwise we are in this particular 
situation.” American orders obtained abroad—four 
in 1966, three in Japan and one in Switzerland, and 
two im 1965, one in Switzerland and one in Spain—had 
been obtained by negotiation before BNX was in 
existence. Mr. Eltham said that this year the Americans 

. had won no orders anywhere in the world; however, 
in its present position, BNX was not in a position to 
influence the reactor programme of the AEA. He gave 
as an example the possible demand for smaller reactors 
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abroad, and suggested that, although the CEGB had no 
demand for a reactor of 300 MW, the Eire Electricity 
Board or the North of Scotland Hydro Board might be 
interested and could act as shop windows. 


Oceanography 

Mr G. Roszats, Minister of State, Department of 
Education and Science, maintained that under the 
Natural Environment Research Council there was a 
very strong Oceanography and Fisheries Committee, 
with Professor Lighthill as chairman, and full consulta- 
tion and co-ordination of effort were being achieved. 
He was replying to criticism of British research in 
oceanography. The committee had so far been particu- 
larly involved in assessing the potential of the marine 
environment and its resources, and was keeping an 
eye open for possible economic benefits. 

Mr Roberts said that the committee had decided that 
winning sand and gravel from the sea was worthy of 
more consideration, and it had therefore recommended 
that a search for such resources be undertaken and fur- 
ther knowledge gained on the effects on the marine 
environment of extracting them. It had also 
assessed the possible benefit that research on currents 
and waves might have in improving ship design and in 
routing and had seen to it that such basic work as is 
essential to the understanding of waves and currents 
was not hampered by lack of resources. The council 
had already commissioned one new research ship, the 
Jobn Murray, primarily for the use of university 
scientists studying the sea floor, and plans for further 
research ships were well advanced. So far, he insisted, 
no major project which the committee had recom- 
mended to the NERC had been hampered through 
lack of funds. The part to be played ultimately by 
AERE, Harwell, in exploiting the sea and the sea-bed 
was under continuous consideration, he said. To 
proposals that at least 10 per cent of the royalties 
from the development of the North Sea should be put 
into marine research, and that an independent assess- 
ment of a programme of exploitation of the seas should 
be undertaken by someone with a major naval con- 
nexion, Mr Roberts gave no reply. (Adjournment 
debate, May 31.) 


Educational Technology 

Mr A. Crosiann, Secretary of State for Education and 
Science, gave the following list of those who had 
accepted invitations to become members of the National 
Council for Educational Technology under Dr Brynmor 
Jones: Sir William Alexander, Professors J. Black, 
H. Wiltshire and J. Vaizey, Drs E. W. H. Briault 
and J. A. Harrison, Miss J. D. Browne, Messrs D. C. 
Butts, C. J. Duncan, W. E. Egner, J. H. Embling, 
F. Garner, A. Goldie, D. G. Holroyde, G. O. M. Leith, 
W. C. McDowall, N. I. MacKenzie, J. Newsome, R. A. 
Postgate, G. I. Thomas, J. L. M. Trim, B. Webster, 
J. Weltman, B. Young and Alderman J. Moore. 
(Written answer, June 1.) 


Salmon Disease 

Mr Warum Ross, Secretary of State for Scotland, 
gave a list of the Scottish rivers infected with salmon 
disease. They are the Tweed, North Esk, Spey, Annan, 
Nith, Dee, Doon, and Border Esk. One fish with 
typical symptoms has been taken from the Aberdeen- 
shire Dee. 
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Is the Literature Dead or Alive? 


by The sctentific literature is a faithful record of important develop- 


JOHN MADDOX 


ments, but it is less effective than it might be as a means of com- 
munication between people. The customary construction of 


scientific communications may sometimes be a more serious Impedi- 
ment to eee than the use or misuse of language. 
Experiments are needed. 


THE most common complaint about the scientific htera- 
ture is that there is too much of it, and there are few who 
disagree with that. Scientists are hard pressed to know 
what they should read and what they can safely ignore, 
so that ıt is just as well that in the past few years a great 
many organizations have devoted themselves to the 
problem of how more efficiently to retrieve the stock of 
information and ideas buried in the literature. One day, 
no doubt, computers searching through catalogues on 
magnetic tape will be able to provide specialized biblio- 
graphies so efficiently and quickly as to bring comfort to 
many people whose consciences are at present troubled 
by the fear that they miss important publications by 
spending too little time in the kbrary. Whether computer 
retrieval will also encourage the parkinsonian tendency 
for the bulk of the literature to increase until the system is 
over-saturated, only time will tell. But even when there 
are much more efficient methods than at present for 
bringing readers and reading matter together, a less 
obvious but much more disquieting complaint about the 
literature will remain unanswered. 

The truth is that the literature is much less effective 
as a means of communication than it should be. So 
much is implicitly acknowledged in a host of different 
ways. For one thing, a great many scientists have been 
able almost to dispense with the published literature. 
Some can rely on research students to say when an impor- 
tant article appears. If they are successful enough, they 
can be sure that colleagues (and competitors) elsewhere 
will let them know of new developments. To come across 
something really new in the literature may sometimes 
seem to people engaged in really active fields a confession 
of failure—a sign that informal communications have 
passed them by. But conferences, symposia and informal 
meetings are also increasingly valuable means of com- 
munication. It is not surprising that the literature, and 
particularly the articles published in the journals, has 
acquired an archival character. It has tended to become a 
record of work done for those who live abroad, for those 
not quite in the swim of things, for grant-giving agencies 
and—above all—for posterity. 

A part of the trouble is mechanical. Over the years, the 
journals have failed to keep up with the increasing pace 
of discovery. Indeed, the delay in the publication of 
articles has often increased with the demand for 
and, paradoxically, with the need that publication should 
be rapid. In the circumstances it is not much of a sur- 
prise that alternatives to formal publication have retained 
and even increased their importance as vehicles for com- 
munication among professional scientists. All this, of 
course, is yet another reason why the journals should do 
everything in their power to become more efficent and 
much quicker. It would, however, be unreasonably 
optimistic to expect that an improvement of the efficiency 
of the journals would by itself re-create the qualities now 
missing from the literature. 


The trouble ıs deeper than that. One of the most 
obvious defecte of the published literature, for example, 
is that it is so hard to understand. To most people, the 
journals are a hard grind. Reading in the familar sense 
has frequently to give way to linguistic analysis and 
textual oriticiam before it becomes entirely clear what an 
author has to say. This is well illustrated by the way in 
which would-be authors frequently reject the comments 
of a referee on a manuscript submitted for publication 
with the simple complaint that the referee has misunder- 
stood them. If obscurity were less willingly tolerated in 
the scientific literature, the failure of a colleague, presumed 
expert, to grasp the right end of the stick would probably 
be more readily accepted as a proof of defective com- 
munication. 

But if the literature 1s hard to understand, it is also 
duller than it needs to be. In this sense, it is a poignant 
irony that the literature of science, cherished as ıb is 
and as ıt needs to be, is nevertheless much less stimulating 
and vivid than the torrent of discovery from which it 
stems. The literature is a pallid reflexion of what goes 
on in the laboratories and of the pleasure which profos- 
sional scientists derive from their craft. 

These complaints are not directly concerned with 
the literary style in which scientific articles are written— 
and by the same token, they would not automatically be 
removed if every scientist were a Shakespeare. The 
effectiveness of a scientific article cannot be guaranteed 
by paying attention to the placing of commas, the avoid- 
ance of split infinitives and the other rules of good usage. 
Indeed, those faults of style which are consistently 
practised by scientific authors may be much less a conse- 
quence of a collective insensitivity to language as of a collec- 
tive attitude of mind towards the process of communica- 
tion. The way in which the passive voice flourishes in the 
scientific literature may thus derive from a cultivated, 
and sometimes caloulated, ambiguity. Jargon, the most 
prolific source of which is the habit of stringing together a 
series of nouns with hyphens to make an adjective, is 
often a sign of how the domestic slang of the laboratory 
spills over into publio writing, where it serves chiefly to 
give innocent readers a sense of exclusion. Even innocu- 
ous terms such as “‘selected-area electron diffraction” 
and “‘dog-tumour DNAP” can create between the author 
and those who read what he has written either a barrier 
to understanding or, occasionally, a cosy and private 
intimacy. In other words, these and other characteristics 
of scientific prose which are often criticized as evil practices 
m their own right may be much more important as 
symptoms of an underlying failure of an author to engage 
himeelf fully in the task of communicating as much as 
possible to as many as possible. 

But may not self-imposed restraint be an essential part 
of the process of communication in science? This is at 
least a possibility. It would be wrong as well as foolish to 
dismiss the great influence of tradition on the scientific 
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literature. After all, acientific papers have become a 
literary form in their own right. Lightheartedly to 
abandon it would be obviously absurd. But thore is some 
point in asking whether the form could be improved and 
thus made better suited to what is now the need. 

_One objective might be to make it easier for readers to 
divine the meaning and importance of the published record. 
Another might be to provide some means for authors to 
communicate not merely information but the much less 
tangible and much more interesting shades of meaning 
which at present make personal conversation an indis- 
pensable part of the professional round. There is a lot that 
could be done. 

A more direct statement of what scientific articles are 
about would, for example, be a great help and hardly ever 
an offence. As things are, readers have usually to be quite 
skilled if they are to find out quickly what a scientific 
article is intended for. Titles, which could be helpful, 
usually do little more than describe the general field in 
which an investigation has been carried out. A glance at 
the table of contents of almost any journal will show that 
even the most striking and important articles have quite 
laconio titles. This practice, which is deliberate, is justified 
in several ways. Authors sometimes argue that it would 
be immodest to make “claims” in such a conspicuous place 
as a title. The objection to this is that the professional 
reader is the one most of all concerned to know precisely 
what claim on his attention an article seta out to make, 
and that ıt is exceedingly immodest of the author to expect 
his readers to plough through several paragraphs before 
they can find out whether to be interested or not. The 
design of titles also owes something to the belief that they 
are merely the raw material of the mdexer’s trade, so that 
they sometimes consist exclusively of what are called key 
words. This only goes to show how easily the interests 
of readers atill alive are subordinated to posterity. 

Finding out what an article has to say is often difficult 
even when an abstract is provided. This ıs where practice 
can help the reader a great deal. In the articles which 
appear in Nature, for example, it is usually possible to 
identify the subject of an investigation from the title, the 
particular objective of the article concerned from the last 
sentence of the first paragraph, and the principal con- 
clusion from the first sentence of the last paragraph. (It 
is only fair to say that in other journals the problems of 
deciding what an article has to say are often considerably 
more difficult.) Thus beneath the title “Laboratory 
Examination of Lunar Surface Material” there may one 
day appear a paragraph ending with “This report describes 
the results of physical and chemical analysis of tho 
material recovered by rocket”. Only by the last paragraph 
will the fascinated reader come across the sentence ‘Thus 
the material shows most of the characteristics of cheese; 
the green coloration ...”. But what harm would there be 
if the title were something like “Is the Moon Green 
Cheese ?” and if the article began with the stark revelation 
that ‘“There is green cheese on the surface of the Moon 
if our laboratory investigations are to be taken seriously” ? 
This, after all, is precisely what the reader needs to be 
told. What matters to him is the way in which, and the 
extent to which, an article will add to or change his under- 
standing. Although it is sometimes said that a bald and 
direct statement of a conclusion usually omits shades of 
meaning and intention, the truth is usually the opposite. 
This, after all, is the familiar and well trusted use of words 
and phrases such as probably, possibly, tt seems, it may be, 
tw could he.... 

Toe begin most scientific articles with a statement of 
their principal conclusions would, however, offend against 
the convention that articles should begin with a review 
of previous literature and with what amounts to a recapitu- 
lation’ of the origins of the investigation to be described. 
Sometimes this procedure is entirely appropriate, and 
there is everything to be said for the way in which authors 
scrupulously acknowledge their indebtedness to colleagues. 


NATURE, VOL. 214, JUNE 10, 1967 


But 1s it necessary to do this right at the beginning ? And 
is it always fair to those to whom reference is made ? Often 
it might be more illuminating if the legend ‘““Bloggs’” were 
to appear almost as an aside, as the author develops his 
argument. In other words, it could well be better for 
everybody concerned, and especially for the reader, if 
there were a sentence in the body of the text beginning 
“As Bloggs? put it... ”. Certainly it would then be less 
common for authors to begin their communications with 
a sentence whose only function is to be a vehicle for a few 
crucial references, as in “Recent worl: from a number of 
laboratories!-* has confirmed earlier findings**-* that ...”. 

The review of previous work with which most articles 
begin is one part of what may be described as the phylo- 
genetic concept of the scientific communication—the view 
that an article should somehow recapitulate the philosophy 
and the conduct of an investigation. In this model article, 
the review of previous work culminates in a statement of 
why a new investigation was undertaken. At this stage 
there may be an explicit statement of a hypothesis to be 
tested, and there will follow a description of the methods 
used in the investigation together with an analysis of the 
results. Finally comes interpretation and, now and again, 
a modicum of speculation. Occasionally an author will 
bring joy to his readers by saying that his work is impor- 
tant, or significant, or interesting, for such and such a 
reason. Rarely, but with great effect, an author will 
explain how the work he has reported has already sugges- 
ted other experiments to be done. 

This pattern has a certain logic, and in any case it has 
been hallowed by the passage of time. Moreover, it is 
the most appropriate form for many articles. But can this 
be so generally the case that the classical formula should 
become an almost unbroken rule ? If the real object is to 
convey a message to the reader, then the chances are that 
different patterns will be appropriate in different circum- 
atances. In the investigation of the samples from the 
Moon, for example, it is entirely possible that a statement 
of the results of the physical and chemical analyses would 
be best right at the beginning, before a description of how 
the work was done. On other occasions there may be a 
case for mixing up a description of method and an inter- 
pretation of results. This is especially necessary, of course, 
in precisely those circumstances in which a laconic descrip- 
tion of materials and methods is held to be essential— 
when subtleties about methods may bear critically on 
interpretation. If the author does not share his own 
doubts about his methods with his readers, his careful 
descriptions of experimental detail may be misleading. 
Far better, in other words, that an author should say 
outright “tho difficulty of keeping the temperature 
constant is the most likely source of systematic errors” 
than that he should ask the enlightened reader to puzzle 
this out for himself. 

This, unfortunately, is the point at which the present 
and the future come headlong into conflict. The most 
common. justification of recapitulatory articles is that 
they do at least enable posterity to reconstruct whatever 
has been done. The literature, ın other words, is a cumu- 
lative diary of everything of umportance. And since 
details which at present seem irrelevant may turn out to be 
of great importance, either in themselves or to some person 
seeking to put the results in a quite different context, the 
literature carries a great burden of information which is 
irrelevant to the immediate needs of communication. In 
this spirit, it is likely that the names of certain strains of 
rats have been popularized with needless regularity, the 
dates on which observations are made (not always in 
geophysical connexions) have been recorded with un- 
warranted fidelity and the ambient temperature has been 
quoted when there is no reason to suspect that it is either a 
significant variable or a significant source of error. 

One immediate difficulty is that extraneous information 
impedes the communication between the author and his 
reader of what is relevant. Unnecessary words are a great 
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obstacle to understanding, if only because the reader 
keeps asking what they are for. But the mind of an author 
writing in the belief that the future will find unpredioted 
uses for his prose is also diverted from what should 
ideally be the single-minded task of giving readers a vivid 
picture of something previously beyond their ken. In 
other words, the chronicler and the propagandist are at 
odds and cannot easily co-exist. 

This conflict cannot be minimized. Should an author’s 
contribution to the literature be the next best thing to an 
objective statement of events which becomes the raw 
material with which other people work, or should it be 
persuasive, designed with cunning to stimulate those 
already in the know and to excite the interest of those who 
work in other fields ? For whose needs should the litera- 
ture cater—the authors’ or the readers’? Should the 


Education for Change 


1079 


literature be sober; is dullness something of a virtue? Or 
should it sparkle, and be good to read ? . 

Most often the sobersides win the day. Of course 
archival needs cannot be dismissed quite out of hand. (In 
many ways, however, they would be better served by the 
deliberate production of monographs and professional 
reviews than by a series of conventions to ensure that 
everything must be written to last.) But why cannot thete 
be some experiments in which reports of scientific work 
are written deliberately with the objective of bringing 
enlightenment, pleasure and occasionally excitement tc 
as many readers as circumstances will permit? In the 
nature of things, only authors with something fresh to say 
can make experiments. It is for them to decide whether 
the literature is to be alive and to deserve its name, or 
whether it is to be as dead as Latin verse. 


At the conference on manpower problems at the Royal Society on 
June l, the need of a less speciallzed educational system was a 
recurrent theme. The following is the text of a paper read to the 
conference by Dr D. S. Davies, of the Mond Division of ICI Ltd, 
and prepared in collaboration with Dr M. C. McCarthy of the same 


address. 


INDUSTRIAL plans for new projects always have to bring 
together two things—forward estimates of sales and coste 
of plant, building and production. Both are usually 
estimated over the period of the useful life of the plant 
(which may, of course, be terminated either by technical 
obsolescence or by physical deterioration and decay), so 
that the complete plan includes the recovery of the debt 
meurred in order to build the plant and the payment, 
year by year, of adequate interest on the outstanding debt 
(the rate required being partly determmed by the risk of 
unforeseen calamity in the particular kind of business). 
Micro-economists know this method under the title 
“discounted cash flow”. The errors in these calculations 
are always dominated by those who make estimates of 
sales and yet technocrats habitually ignore this. A set of 
extremely uncertain figures for price and sales volume— 
with a standard error of perhaps +15 per cent in the total 
income over a ten-year period—is set up and sometimes 
given no further thought, simply because there is no basis 
for useful argument or refinement. Errors in the costs of 
various production arrangements are then argued about 
with great vehemence—the uncertainty being perhaps of 
the order of +3 per cent. 

Exactly the same tendency is growing up in our new 
thinking about manpower planning. We fight like dervishes 
about the details of present educational distributions, 
costs and methods, against a background of almost 
criminal neglect of the study of demand. It is, of course, 
just as important to attend to the production process as it 
is to assess the market, but the extreme difficulty of assess- 
ing the probable duties of this year’s graduates in the 
year when they are 46 (say 1990) is apt to lead to in- 
difference. We proudly produce, in 1966, a projection for 
1968 based on sampling in 1965, and call this our ‘asseas- 
ment of demand’. And yet we are well aware that this 
survey would have looked quite different if the employers 
had filled the forms in just after the events of July 1966. 

There are two approaches to market forecasting—first, 
the projection of recent trends on a mainly arithmetical 


basis and, second, soothsaying about the future shape of 
society and its characteristics. The first of these can be 
extremely useful, so long as it is not carried across a 
market discontmuity such as November 5 in the case of 
fireworks or December 25 in the case of turkeys, or across 
a period during which the environment of the market 
changes drastically. The Triennial Manpower Survey is 
really an assessment of this kind; people look at their 
businesses (which may of course be university departments), 
size up recent and current events, and project accordingly. 
Any attempt to forecast needs in 1975 or beyond cannot 
be made in this way. 

The rapidity of educational change which is likely in 
the near future has exactly the same effect as-a high degree 
of risk in discounted cash form analysis: it makes a short 
period of payback advantageous and encourages invest- 
ment which is not too vulnerable, both of which lead to a 
movement away from specialization. It certainly makes 
the traditional British approach of making one highly 
specific investment in education early in a man’s life, and 
then doing relatively little about it from then on, look 
unattractive. 

Must we, thon, continue to arrange educational develop- 
ment—numbers and subject distmbution—somnam- 
bulistically, as in the past? This is what the Robbins 
Report does. The possible objectives are enumerated, and 
no assessment is made of their relative significance. 
Without objectives, there can be no rational plan; con- 
fusion sometimes arises about this because numbers are 
quoted, but numbers alone do not make a plan. Equally, 
however, it is unreal to plan on the basis of objectives 
that have not been generally agreed upon, and the sub- 
jective proposals of Robbins are probably as much as could 
realistically be put forward at the time. It is for this kind 
of reason that it does not at present seem reasonable to 
speak of the “assesment” of manpower demand. Buch a. 
word gives & spurious impression of precision. j 

A true ‘assessment’ of the demand for scientific and 
technological manpower in the United Kingdom in 1990 
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would, ideally, involve the use of Professor Stone’s economic 
model coupled with some sociological thinking of a more 
general kind. Unfortunately, econometrics will not be 
sophisticated enough for this for many years to come. We 
must therefore change our approach, perforce, to one of 
greater pragmatism. First, we assume that we are pursuing 
an economic and sociological path similar to (but not 
identical with) that of the United States. This suggests 
that we can obtain useful information about the future 
shape of our manpower market by studying that in America. 

It is obviously difficult to identify precisely the differ- 
ences that there will be between (say) the United States in 
1967 and the United Kingdom in 1985, but it is vitally 
important to guess at these differences and also to be clear 
that we are implying no active desire on our part to ‘go 
American’. We are merely expressing the opinion that 
sociological trends are inexorably moving us in that 
direction. Second, we assume that ‘cottage industries’ 
will continue to be rapidly replaced by science based 
industries, which provides another guide to manpower 
trends. Third, we are pursuing the obvious point that we 
can escape to some extent from the need for precise 
prediction in the shape of requirements by building 
flexibility and ‘generality’ into a proportion of university 
education (for the able, and not just as an apologetic 
qualification for the also-ran) in place of the specialization 
that is now spreading so rapidly. Indeed, 1t 18 as well to 
remind ourselves that this is an act of rebuilding, since 
breadth was once thought of as an essential feature of the 
graduate outlook. 

This long-term exercise is now leading to an alliance 
between the crystal gazers and the de-specializers. 
A first step was to work out the future scientific and 
technological manpower demands on the assumption that 
the whole of British industry {including the service 
activities) became science-intensive, with an employment 
pattern like that of ICI Lid at present. This is something 
of a limiting case, and must be looked at in that light. 
It also enables a preliminary look to be taken at the 
proportion of jobs that require specialism. 

There are two obvious ways of scaling up the use of 
scientific skills. One is to assume that the manpower 
figures for ICI are multiplied by the ratio of the Gross 
National Income to IOT’s sales—a figure of about 50. This 
presupposes that the “surplus” manpower then finds non- 
science-intensive employment in service industries. The 
other ıs to scale up the numbers and distribution for 
ICI to the total national workforce—with the assump- 
tion of saleable extra production. The multiplier in this 
case is 200. 


Table 1, MANPOWER REQUIRWMENTS WITH UK BNTIRELY SOIHNOE-BASHD 
PS FG HS HG 
(percentage of each age group) 
Based on ICT sales scale-up Small 0-75 80-25 1 
Based on IOI manpower T aale- Small 8 1 4 
Based on US availability of Tone as foro- Small 15 1 4 
meon, ete. 
FS m US bachelor specialist, 
FG=TUS bachelor generalist 
HS m US master/doctor specialist. 
HG=US8 master/doctor generalist. 


Ihave then assumed that we can classify graduates under 
four headings. Firat, they may be specialists (S) or 
generalists (@). It is to be noted that the Gs must be fully 
aware of the scope and nature of most of science and be 
able to use the techniques of applied logic—especially 
those *techniques using numbers and, where necessary, 
computers. I would like Gs also to know all about the 
Peloponnesian and Punic Wars but, if time is short, would 

reluctantly urge that these must be given second place to 
systems analysis. PPE or Greate are therefore not good 
enough. Second, they may be first-degree (F) (three 
years full-time or equivalent part-time) or higher-degree 
(H) (four or more years). Under the present system in the 
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United Kingdom, I am classing top-class Honours gradu- 
ates as H and including those good Higher National 
Cartificates and further experience as Fs. In other words, 
F=US bachelor and H=US master or doctor. The 
whole preliminary picture is then given in Table 1. 

The “permitted ratio” of specialists and generalists in 
this table has been derived by assuming that fifty per cent 
of those engaged in research and development can with 
advantage be generalists, and that in all other graduate 
activities (such as factory management, technical marketing, 
systems analysis) it is best that all should be generalists. 
The bottom line of the table takes account of another 
likely change in the American direction—as the numbers in 
university education increase, first level supervision jobs 
(foremen and go on) can with advantage be changed from 
their present basis of explicit instruction (required by the 
limited educational background of British foremen) to 
that of understanding and permitted initiative (possible 
with graduate foramen, as in the United States). Staffing 
of this kind permits hierarchies to be less elaborate and 
pees and thus liberates WSs and HGs for forward 


‘As a check on this exceedingly wild set of figures, the 
Department of Education and Science has supported a 
study of the pattern of United States technocracy. It is 
perfectly clear that the American educational system, 
with its encouragement of generalist studies both at first 
degree level and, to a lesser extent, beyond, has escaped 
many of the problems that we build into our specialized 
structure. Their educational investment therefore runs 
less risk of early obsolescence. There is a degree of flexi - 
bility among students, in that students in junior colleges 
have an opportunity to become interested in, and change 
to, subjects other than that in which they originally 
intended to major. A surprising proportion change 
courses, at one level or another: between ten and twenty 
per cent of all physicists with bachelor’s degree go on to 
graduate work in other disciplines; about the same pro- 
portion of those who receive a master’s degree in physics 
have a bachelor’s degree in a different subject. Even at the 
PhD level, some five.per cent hold a master’s degree in a 
subject other than physics. 

The output of engineers in the United States is especially 
interesting, for it is a souree of both low and high grade 
generalists and specialists. The bachelor’s degree in 
engineering is commonly recognized as providing a basic 
liberal science education of a kind especially appropriate 
to the times. In the undergraduate curriculum there 1s 
pressure for still more generalist courses—a core of 
mathematics, engineering science, the natural sciences, as 
well as the humanities and the social sciences, with a 
desire to leave the professional training necessary for the 
graduate to become a specialized civil, mechanical or 
electrical engineer until a further year’s study (to be 
recognized, incidentally, by a master’s degree within the 
university). An alternative, also mooted, is to set up 
regional centres, closly akin to the British Bosworth 
centres, to train graduates who have already joined a 
company. Here, then, is a recognition of the generalist 
nature of American engineers with bachelor’s degrees: 
some thirty to thirty-five thousand are produced annually, 
and about seventy per cent of them find employment (as 
science-based generalists), and the others continue to 
specialize, overwhelmingly at the master’s degree level. 
But some continue to a higher degree to become high level 
generalists: the phenomenon of an engineer with a master’s 
degree in business administration (or, a few years later, the 
business man with a bachelor’s degree in engineering) is 
common. About one-third of all those studying for 
business master’s degrees read science or engineering for a 
first degree: this represents an output of some two to three 
thousand highly qualified science-based generalists. 

I have spent some time on the flexibility of the American 
educational system, and should like to mention just two 
of the advantages which seem to result. The first is the 
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degree of flexibility that occurs in employment. Here the 
analysis is certainly difficult, and data are much harder to 
obtain. But a study of the National Aeronautics and 
Space Administration showed that a wide number of 
disciplines could fill any particular employment category. 
Altogether, just under ten per cent of NASA employment 
categories show a clear need for graduates of specific 
academic disciplines; the remaining ninety per cent can 
each be filled by graduates from a wide range of disciplines. 
Thus in the category of flight mechanics, where one-third 
of the personnel employed held qualifications in aero- 
nautical engineering, just over one-third held degrees in 
mathematics or physics, and the remaining thirty per cent 
were drawn from ten disciplines. In the same way, 
analysis of the National Registry of Scientific and Tech- 
nical Personnel produced by the US National Science 
Foundation has revealed @ wide variation between 
academio discipline and employment category. Ono- 
quarter of those working as physicists did not receive their 
training in physics. Among mathematicians, about a 
third received a training in a subject other than mathe- 
matics. In recently developed subjects such as 
oceanography, the proportion is much greater. 

A second result of the flexibility of American education, 
and a direct stimulus to change and growth, is the immense 
amount of training that continues throughout the career 
of a technologist. The British system, with its large, 
intensive and specialized quantum of education early in a 
person’s career, tends to inhibit rather than encourage 
subsequent education. The context in which a large 
initial investment in education in depth is best justified 
is an environment in which change is taking place slowly; 
in a rapidly moving technology, the justification is very 
much reduced. 

The American scene, where education starta much less 
intensively, and continues much more steadily, is far 
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better suited to the present rate of technological change, 
although it is again hard to collect data and to ensure a 
representative sample. A survey of some 22,000 scientists 
and engineers showed that ninety per cent of their 
employers ran programmes to refund tuition. A third of the 
technologists spent between eleven and thirty days a 
year on educational activities. This is rarely the case in 
Britain, but as the problems of obsolescence grow, the 
ability and willingness of people to undergo retrainng 
must be increasingly at a premium. 

In short, the American pattern is that of an initial 
education with a low level of specialization, a high degree 
of possible interchange between employment categories 
and academic disciplines and a constant awareness of the 
need, having built a scientific foundation, of being able to 
adapt the superstructure of professional knowledge to 
match changes in the technological climate. 

Quite apart from the despairing impotence of frustrated 
manpower planners, there are of course much more 
compelling reasons for developing the concept of high 
grade generalism in graduate education. The most 
important immediate point is that a growing number of 
university science teachers say that their subject is now 
easier to learn than it was; to be sure, the volume of fact is 
growing rapidly, but we are no longer tyrannized by this 
because of the more rapid growth of the scope of law and 
rationalization. Many scientists honestly believe that it is 
quite unrealistic to think of educating a “technologist” in 
the essentials of mathematics, physics, chemistry, biology, 
engineering, economics, and historical geography by the 
age of 21. Clearly, we still need many specialists to advance 
individual sciences, but I believe passionately that such 
broad generalism is @ possibility, whose achievement 
would remove much of our despair about the possibility of 
effective long-term planning. We need a large body of 
people prepared to go to the scaffold for this belief. 


Kinetics of Cell Growth in Conditions of Phage Infection, 
Substrate Imbalance and Synchronization 


Many of the general properties of living cells can be derived 
by mathematically from simplified models which express certain of the 
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basic principles of cellular organization. Such a mathematical model 
has been made more elaborate by including the effects of the 


reversibility of some of the processes of synthesis in the cell. The 
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imbalance. 


Some fundamental properties of living cells, as exem- 
plified in bacteria and other unicellular organisms, can 
be shown to follow from quite simple postulates about 
their physics and chemistry. These are that the complete 
reaction pattern of the cell consists of a large number of 
individual steps, that these steps are combined in a net- 
work of mutual dependences (proteins on nucleic acids, 
nucleic acids on enzymes, enzymes on other enzymes and 
so on) and that the whole set 1s involved in a spatial 
organization of some kind necessitating diffusion of com- 
ponents or intermediates from one place to another. (It 
may be observed in passing that none of this is necessarily 
inconsistent with the findings or even the “dogmas” of 
“molecular biology”}—.) 

The interesting aspect is that a simple mathematical 
development of these ideas predicts that cells should 


model proposed here embodies many of pm 
subject to the action of phages and under conditions of substrate 


roperties of cells 


show great adaptability to vanations in environment 
which would result in changes of composition with increase 
in some e and “repression” of others no longer 
needed: and that the degree of persistence or stability 
of changes called forth should be very variable'“. The 
laws of growth also force on the cell a tendency to divide 
periodically*. 

The properties inherent in these very simple models 
certainly bear a remarkably close resemblance to, those 
of real cells which otherwise require for their explanation 
rather special ad hoc assumptions. The models themselves 
might be criticized for being oversimplified, which indeed 
they are, but, as we have argued before, the overstmplifi-- 
cation is such as to be very unlikely to confer on the 
systems properties which the more complex real systems 
would not possess. It would seem rather that some of the 
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characters of the real cella depend on quite simple circum- 
stances, while more elaborate models would add further 
useful correspondences. In the following discussion 
we shall show that one step of further elaboration of the 
equations previously used leads to a correlation of some 
bacterial properties which at first sight appear rather 
diverse: lysogeny and virulence in phage~bacteria 
systems’, “thymineless death’’, “substrate accelerated 
death’’"* and synchrony”. 

The basic equations of the previous treatments’ have 
been of the form dXj/dt = ajX},, which expresses the 
dependence of one cell element on another in the kinetic 
processes of growth; for example, dependence of one 
process on & nucleic acid or of another on an enzyme. 
The essential regulatory properties of the “totally inte- 
grated” system which exists when these mutual depen- 
dences form closed networks follow even from the simplest 
set, dX,/dé = «Xs, dX,/dt = a,X,, and are preserved, 
however great the number of X; terms the system has. 
An important point, however, is that the greater the 
number of these terms the longer can a deviation from a 
steady state persisti, 

To keep the mathematics simple, we shall operate 
with three components X,, X, and X, which represent 
the total amounts of three mutually linked componenta 
in & syatem of living matter, not the amounts per cell. 
The amounts per cell will be X,/n ... where n is the 
number of calls. 

The simplest growth equations are 

dX,/dt = a,X,, dX,/dt = agas dX,/dt = aX, (1) 

If at time zero the amounts are (X,), ... which are 
arbitrary, the solutions are complicated, but with in- 
creasing time approach closer and closer to the steady 
state solutions which are simply exponential functions 
of the form X, = (X,),e% where k is the same for all 
components and equal to (a,a,a%3)?/4. 

In the steady state X, X, and X, attain definite 
ratios which are preserved so long as the conditions 
remain the same, and which gradually change to a new 
sot if the conditions are altered. 

In previous papers'-4 we have considered the effect 
of increasing the number of componenta, and of replacing 
a simple network by a branching network. These elabora- 
tions leave the essential propositions unaffected. Other 
elaborations can be introduced. In general the « terms 
are functions of concentration and in some circumstances 
a study of the influence of variations in them might be 
useful. Again, we might wish to emphasize that without 
one key repository of the genetic code no process could 
start or continue for long. This condition would be 
expressed if we write 


oy = aj Xill + a” Xi) 


which vanishes when X; = 0. For the most part we are 
to deal with variations in a normally functioning system 
and we assume X; to be great enough for a to be constant. 
The elaboration we propose to consider here is that 
introduced when we take into account the fact that in 
principle some of the processes concerned in cell synthesis 
are reversible. This is shown clearly by the fact that, when 
not growing, cells can undergo lysis without any external 
infection, and by such observations as that m some 
circumstances DNA may be formed in cells at the expense 
of RNA already made". 

To illustrate the use of the kinetic equations in circum- 
stances where reverse reactions are significant we will 
first eonsider the example of a cell attacked by a phage 
which destroys part of the cell and introduces new meta- 
bolic possibilities. The basic facts may be expressed 
in a simplified way by the equations: 

(2a) dX,/dt = xX, (28) dX,/dt = aX; 
(2c) dX,/dt = aX, ~ YZ; 
(3a) dZ,/dt = BZ, (36) dZ,/dt = BZ, (3c) dZ,/dé=6,X, 
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The X terms represent constituents of the cell system, 
the Z terms those of the phage. X, stands for the part 
of the cell attacked and Z, for the part of the phage 
system which cannot increase except in the cell. The 
essentials are the linking term (3c) and the negative part 
of the term (2c). It will not matter for the present pur- 
pose where these occur, so long as they do occur some- 
where in the respective networks. 

As with the simple set (1), steady state solutions of 
these equations are possible, in which 


X, = (X), Xa = (Xa)... Za = (Zi) 
By substitution in the original equations we then find 


ki = attyk — aty Bs (4) 
and that in the steady state 
[| _ Qrats — k? 
X,- steady state ay OV 


The value k, of k in the absence of the phage was (aasa)! 
so that a steady state is possible with k < ky. 

If a new culture is started from a small portion of this 
steady state system (Z5), and (X;), will be in ratios which 
can be preserved. This condition will represent a lyso- 
genic culture in which the propagation of the phage 
continues without visible influence on the cell. In the 
steady state of the culture without phage X,/X, was 
&,0;/k%: it is now a,a,/e* and since k<k, X,/X, will 
have increased in the lysogenic system. It is the increase 
in X, relative to other components that partly compen- 
sates for the negative term in (2c). 

One consequence of this calculation is that lysogenic 
cultures, if established at all, should show longer genera- 
tion times than uninfected cultures of otherwise similar 
constitution. As to the value of k itself, the solution of 
equation (4) is cumbersome in form, but for the case where 
we write k = k (1 — A) and A is small, we obtain the 
simple expression 

k = hy — YB3/8as = (arga)! — yB,/8a, 

A steady state is in principle possible, but an extremely 
important question is what happens before it is established. 
The general solution of the equations (2a) to (8c) is not 
easily manageable, but for our present purpose, which is 
to examine behaviour soon after the start of a transition 
to a new steady state, the standard device of a solution 
in geriea will serve very well. 

If we write 

X; = Ay + Ay + Ag... 
and similar expressions for X, and X, and 

Z,= D, + Dit + De... 
with corresponding expressions for Z, and Z, we can 
evaluate the constants by differentiation and substitution 
in (2a) to (8c). The result is 
(5a) X, = (Xy)o + (Xat + $ xyeea(Ms) of... 
(5b) Xa = (Kalo + alXa)t + $ a{as(X) — y(Zao}t?--- 


(5c) X, = (Xa)a + {03(X1) — y(Za)opt + 
{eres Xo T yBs(X1) o}¢* see 
(6a) a, = (Z1)o + Bi(Za)ot +4 BiBs(Za)ot*.- . 
(8b) Za = (Zao + BalZs)ot + $ PaPa( Xi)’. .. 
(6c) Za = (Zajo + Pal Xilod + $ Bal Xa)t 


The terms of each of these infinite series could be 
re-arranged so that one set in each formed an exponential 
series with X,... Z, maintaining the steady state ratios, 
while the remaining terms constituted series which 
would die out in comparison with the exponential series 
when ¿è became great enough, that is when the steady 
state is approached. For much smaller times, before 
appreciable progress towards the steady state has been 
made, we may represent the behaviour of the system 
by the first few terms as shown in (5a). . . (6c). 
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Suppose some phage has just been introduced. The 
effect on X, does not appear in any term before t, that 
on X, appears in ¿t and that on X, in the linear t term. 
Thus dX,/dé is diminished from the start while the 
response of the other differential coefficients of the 
X terms lags. Lf y(Z3)o > %s(X1)o, X starts to fall at once. 
The rise in the Z terms, representing phage formation, 
begins at once. Eventually the rise m X, relatively 
to Z, can partially compensate and restore a steady state. 
But these adjustments involve higher powers of ¢ than 
the first and are delayed relatively to the immediate 
drop in Xs. 

The key question is now whether this drop may have 
become catastrophic and irreversible before the adjust- 
ments have taken place. At this stage the question of cell 
division enters. The simplest working hypothesis to make 
about division is that it occurs when some key component 
of the cell attains a critical amount*?. For many pur- 
poses this simple assumption works quite well, and indeed 
there is a well marked tendency for the amount of DNA 
m each cell to remain roughly constant in widely varying 
conditions. Several facta, however, require an elabora- 
tion of the simple hypothesis. For the moment all we need 
assume is that some combination of cell components, 
reaching, even with considerable variance, a critical value, 
provokes division. The combination in question need 
not involve all the cell components, so that division can 
be forced well before all the components are in the steady 
state ratios. 

Thus the reduction in X, about which we have been 
speaking can become more and more serious if divisions 
mtervene. When the reduction in X, relative to the other 
parts becomes too serious, the maintenance of the internal 
cell structure may well become impossible, and cata- 
strophic collapse of the organization occurs. 

There is a race, then, between the destruction of X, 
and the adjustments which will eventually change the 
sign of dX,/dt. If the steady state is established we shall 
have a lysogenic system: if not, the phage will have 
proved virulent. 

Newly imposed and drastic modifications of growth 
conditions may profoundly change all the steady state 
ratios, so that on return of the system to its original 
conditions a negative term may appear again, possibly 
more pronounced than before, and now recovery may not 
follow. This would correspond to the induction of viru- 
lence by “‘shock’’s, 

It should be pointed out that since the real reaction 
pattern is far more complex than our grossly oversimpli- 
fled model, there is room for a whole set of potentially 
negative terms, and also that the delays attending the 
restoration of steady states would increase with the 
complexity of the system. 

In the example which has just been considered the 
negative terms occur as & result of the attack of the phage 
on the substance of the host cell. But, as we have pointed 
out, negative terms can occur much more generally, and 
though normally unimportant may become highly signi- 
ficant in special circumstances. Enzyme processes are 
in principle reversible and, although in steady states 
of active growth the reverse reactions are not much in 
evidence, they reveal themselves unmistakably in certain 
experimental observations. When nutrients run out 
cultures may exhibit the phenomenon of “division without 
growth” in which RNA seems to be unmade and re- 
processed to give DNA”. 

We can express the possibility of component degrada- 
tion in such ways as the following: 


(7a) dX,/dt = aX, (7b) dX,/dt = aX, — a',X, 
(7c) dX,/dt = aX, 

(8a) dX,/dé = aX, (86) dX,/dt = aX, — aX 
(8c) dX,fdé = aX, 


and go on. 
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Irrespective of where the negative term occurs, the 
solutions are generally similar to those of the previous 
set. Starting with arbitrary amounts of X, X, and X, 
we can, for the early stages of progress towards the steady 
state, write the solutions as series of powers of t. In one 
the negative term does not appear before #, in another it 
appears in ¢ and in another in t. 

If the medium is altered or the conditions of growth 
are changed in such a way as to leave a reverse reaction. 
for the time being dominant, a new steady state can even- 
tually be established and new proportions of X,/X,/X; 
seb up. But in the meantime serious and possibly irre- 
parable damage may be occurring to that component. 
characterized by the series where the negative term has 
affected the first power of #, while the effect on other 
components lags behind. For example, if in set (7) a 
change of substrate reduced as, X;/X, would eventually 
rise, as happened in the analogous example of the lyso- 
genic system. But the new balance can only be reached 
provided that no catastrophe has intervened. The value 
of dX,/dt may, however, initially be negative so that 
X, may fall below the threshold where cell organization 
can be maintained at all before the new steady state 
can be reached. 

If this happened in a medium not supporting growth 
at all, for example in a simple saline solution, we should 
have just an example of low viability which is by no 
means uncommon. The process of total decay may, how- 
ever, be relatively slow when all the synthetic activities 
of the cell including those which could utilize the products 
of the reverse reaction are quiescent. But when a large 
number of reactions, though not the complete set for a 
totally integrated reproduction, are provided for, then 
this disastrous destruction of some parts of the cell, 
which are virtually preyed on by other parts, can take 
place. We then have the phenomenon of “‘substrate- 
accelerated death’’**. 

Analogous to this is “thymineless death’’. Some 
bacteria require thymine for growth and if kept in a 
wholly non-nutrient medium gradually die off. If, how- 
ever, all nutrients with the sole exception of thymine 
are supplied, the death rate is much increased. The 
thymine is needed only at certain stages of the synthetic 
sequence, and when all other nutrients are present a good 
deal of the normal biochemistry can proceed. Thus some 
componente will be increasing while others are decaying 
and disorganization can increase to the point where no 
recovery is possible. On the other hand, if catastrophe 
does not intervene a steady state can eventually be 
reached. And indeed some bacteria normally requiring 
thymine eventually come to terms with ita absence and 
adapt themselves by processes which we have discussed 
previously. 

One general characteristic of the equations which 
have been under discussion is that where a drastic removal 
from the steady state has been. brought about, the initial 
response to the disturbance may be a seemingly more or 
less random increase in some components, accompanied 
by a fall in others. Numerous reports of such highly 
specific rises and falls exist in the literature. For example, 
thymine withdrawal is reported to cause DNA synthesis 
to stop, division to be inhibited, while RNA and protein 
synthesis continues’. When the shortage is relieved tem- 
porary synchrony is said to be observed*‘. 

Synchrony (see ref. 10) itself can be brought into 
relation with the other effects which have been discussed. 

The growth equations which express the total amounta 
of the various cell components, and which predict congtant- 
ratioa of these in the steady state, pre-suppose constant 
conditions. As the cell increases in size the conditions of 
growth would change very severely unless periodic divi- 
sion, allowed them to remain more or less constamt by 
fluctuating gently about a mean. Division is forced by the 
incompatibility of the chemical and the geometrical 
relations of the increasing mass*. 
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But the rearrangement involved in division is a compli- 
cated one. Apart from the appropriate chemical synthesis, 
which the growth equations express, there has to be a 
re-ordering in space of heterogeneous units. This process 
is analogous to what occurs in phase changes between 
states of matter and for the same sort of reasons will be 
subject to the random delays (supercooling, superheating, 
delayed transition) which phase changes commonly show. 
Thus there is a considerable variance in the time of divi- 
sion of the cells, and the phases of their individual cell 
cycles become random. 

Suppose, however, that one speciflc part of the cell 
chemistry is subjected to abnormal delays, and that 
everything else has occurred to bring the cell to the 
threshold of division save the bringing of one particular 
component up to a required amount, then the normal 
variance in division time can be replaced by a single 
calculable delay. If, as it were, business cannot begin 
until n members of a committee have arrived, the time 
of starting is subject to a conjunction of probabilities. 
If, however, the chairman comes by a train scheduled to 
arrive consistently later than any of the other members 
are likely to be, the average delay in starting meetings 
will be increased but they will start at a more predictable 
moment. 

As we have seon, when the cell is transferred to dras- 
tically altered conditions, serious shifts from a steady 
state occur. Back in normal conditions these tend to be 
rectified, but by the operation of the negative terms 
already discussed, some components may suffer very 
serious decline before the balance is adjusted. The nega- 
tive terms may occur fairly widely in the total set of equa- 
tions so that the chance that arbitrary treatment will 
bring some component to an abnormally low level is 
appreciable. The result of this may in some circumstances 
be catastrophic, but it may in others simply place this 
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component in the position of being the one on which cells 
otherwise ripe for division must wait. 

The separate cells in the culture have thus random 
phases in most respects but no longer in respect to waiting 
for enough of the deficient component. Hence synchronous 
division will occur. Meanwhile other components have 
accumulated in excess, so that the imbalance may per- 
sist for some time, possibly surviving several divisions. 

This state of synchrony would be temporary and un- 
stable, and would only persist in so far as a permanent 
state of imbalance was maintained by suitable ‘“un- 
natural” cultivation techniques’. 


Received April 12, 1967. 
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Tax aggregation of blood platelets by adenosine diphos- 
phate (ADP) is inhibited by adenosine in human and 
pig? and in rabbit? platelet-rich plasma; the infusion of 
adenosine into rabbits inhibits the formation of platelet 
thrombi in mechanically injured cerebral cortical arteries‘, 
an effect which is presumably related to the in vitro 
inhibitory action of the nucleoside. Cuthbertson and 
Mills* found that adenosine failed to inhibit the aggrega- 
tion of rat platelets induced by ADP, and this was sup- 
ported by experiments in this laboratory*. Born and 
Philp’ induced platelets thrombi in cerebral cortical 
vessels of rata by mechanical injury; infusion of adenosine 
inhibited the formation of thrombi in most but not all 
animals. They also noted that the “thrombogenic 
activity” of injured rat vessels was less than that in 
rabbits. 

The discrepancy between the in vitro and in vivo 
actions of adenosine in rats prompted further investiga- 
tion of its effect on the aggregation of rat platelets in 
isolated plasma induced by ADP. Because the formation 


Aggregation of rat platelets caused by ADP Is inhibited by adenosine 
in citrated but not In heparinized plasma. Rat platelets are less 
sensitive to aggregation by collagen than are human and rabbit 
platelets, whl 

tion of platelet thrombi In rat vessels. 


may be related to the In vivo formation and Inhibl- 


of platelet thrombi at the site of vascular injury may be a 
consequence of the interaction of platelets with exposed. 
collagen on the vessel wall, the difference in thrombo- 
genic activity of injured rabbit and rat vessels could be 
due to a species difference in platelet sensitivity to 
collagen. This possibility was investigated in vitro by 
comparing the responsiveness of rat and rabbit platelets 
to a suspension of tendon in saline solution. 

Citrated platelet-rich plasma was prepared from male 
New Zealand white rabbits and from male Charles River 
and Wistar rate as previously desoribed"*. Human blood 
was drawn from an antecubital vein into a plastic syringe ;- 
the anticoagulant was 0-1 volume 3-0 per cent sodium 
citrate. Platelet-rich plasma was prepared as described 
for the rabbit. Where heparin was used as the anti- 
coagulant, its concentration was 15 u/ml. of whole blood. 
Rabbit plasma was pooled from three rabbits. Individual 
samples of plasma were prepared from each of fourteen 
Charles River rats, in addition to eight batches of pooled 
plasma (between eight and fifteen rata in each pool). 
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Six batches of pooled plasma were prepared from the 
Wistar rats. Tendon suspension was prepared from 
freshly excised rabbit tendon by modification of Hovig’s 
method’. The tendon was minced with scassors, then 
ground with commercial sea sand and 0-154 molar sodium 
chloride solution by mortar and pestle to the consistency 
of coarse paste. After tranafer to an Erlenmeyer flask, 
more sodium chloride solution was added (25 ml./4 g 
tendon). The mixture was shaken mechanically for 60 
min, then centrifuged at 1,500g for 10 mm. The super- 
natant was stored at 4° C, but portions were kept at room 
temperature (24° C) for 10 mm before use. The tendon 
suspension was used at its full strength, or after dilution 
with 0-154 molar sodium chloride solution. Platelet 
aggregation was investigated at room temperature by the 
turbidimetric method of Born. Stated concentrations of 
ADP and of adenosine are those in platelet-rich plasma. 

Adenomne {1x10 molar) inhibited the aggregation 
induced by ADP in six of eight samples of citrated plasma, 
each from a single Charles River rat, and in each of the 
eight pooled citrated plaama samples; it also inhibited 
ADP in each of the six pooled samples of citrated plasma 
from Wistar rats. The results are summarized in Table 1, 


Table 1. PHROENTAGE INHIBITION BY ADENOSINE (1x10 MOLAR) OF 
ADP-INDUCED AGGREGATION OF RAT AND RABBIT PLATWLETS IN OITRATHD 
PLASMA 

Bat Rabbit 
Plasma Oharles River Wistar Now Zealand white 
sample Individual Pooled Pooled Pooled. 
1 41 27 30 82 
2 5 32 18 84 
3 19 l4 29 64 
4 28 40 27 61 
5 36 5ö 26 88 
6 20 55 11 58 
7 8 46 _ 65 
8 14 46 ~ 47 


and Fig. 1 shows the results of an experiment with plasma 
from a single rat. The magnitude of inhibition was 
calculated as the percentage difference between the mean 
of two control responses to ADP, measured as maximum 
decrease in optical density, and the response in the presence 
of adenosine. Adenosine (1 x 10-* molar) failed to inhibit 
ADP in any of the pooled samples from either stram. 
Table 1 also shows the inhibition by adenosine of the 
aggregation of rabbit platelets induced by ADP m each 
of eight batches of pooled citrated plasma. It is clear 
that the inhibitory effect of adenosine is greater with 
rabbit than with rat platelets. The results are in accord 
with the finding of Born and Philp’ that adenosine in- 
hibited the formation of platelet thrombi in some but not 
all rats, and that inhibition, when it occurred, was less 
pronounced in rats than in rabbits. 

Samples of heparinized plasma from each of six Charles 
River rats were investigated for adenosine inhibition of 
platelet aggregation induced by ADP; in these experi- 
ments the concentration of ADP was 6x 10-7 moles/l. 
Adenosine (1x 10-* molar) did not inhibit ADP in any of 
the plasma samples (Fig. 2). This is ın accord with the 
finding of Cuthbertson and Mills’, recently confirmed by 
Sinakos and Caen!!, After the reversal of the aggregation 
of rat platelets induced by ADP in heparinized plasma, 
a second addition of ADP was less effective (Fig. 3). It 
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has been shown that incubation of ADP in rat plasma 
results in inactivation of the nucleotide and in the forma- 
tion of inhibitory activity to ADP-induced platelet 
aggregation’; Ireland and Mills"? have identified adenosine 
as one of the products of the breakdown of ADP in rat 
plasma. The spontaneous disaggregation of rat platelets 
may be related to the breakdown of ADP, but it remains 
doubtful that adenosine contributes directly to either the 
disaggregation or to the decreased responsiveness of 
platelets to repeated additions of ADP*. The feilure of 
adenosine to inhibit the aggregation of rat platelets 
induced by ADP in heparinized plasma remains to be 
explained. Perhaps rat platelets in citrated plasma are 
closer, in some respect, to their in vivo condition than 
platelets in heparmized plasma. It has been shown, for 
example, that the disk shape of human platelets tn vivo 
18 better preserved in citrated than in heparinized 
plasma!14, 

Rat platelets in citrated plasma aggregated in the 
presence of tendon suspension. The addition of 0-2 ml. 
suspension to 3:0 ml. plasma did not cause platelet 
aggregation in any of the plasma samples, but the addition 
of larger volumes of suspension caused aggregation to an 
extent proportional to the volume of suspension; the 
results of a typical experiment are shown in Fig. 4. Human 
platelots in citrated plasma were much more sensitive 
than rat platelets with respect to aggregation caused by 
tendon suspension. The addition of 0-2 ml. suspension 
to 8-0 ml. plasma always caused pronounced aggregation; 
various dilutions of tendon suspension caused aggregation 
proportional in extent to the strength of the suspension 
(Fig. 5). The interval between addition of tendon suspen- 
sion and platelet aggregation was always shorter with 
human platelets than with rat platelets (compare Figs. 
4 and 5). The response of rabbit platelets in citrated 
plasma to tendon suspension was similar to that of human 
platelets. Hovig’s work’ indicates that the aggregating 
action of tendon suspension is due to the presence of 
collagen. The formation of intravascular platelet 
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thrombi at the site of mechanical injury may be due, in 
part, to the interaction of platelets with the exposed 
subintimal collagen surface; the greater thrombogenic 
activity of rabbit than of rat vessels’ could be explained 
by the differential sensitivity of the platelets of these 
species to the action of tendon suspension. The adhesion 
of platelets to connective tissue elements, and subsequent 
platelet aggregation caused by release of ADP from 
adherent platelets, are two distinct processes!*. Previous 
work in this laboratory* indicates that rat and rabbit 
platelets in citrated plasma are essentially equal in 
sensitivity to ADP; thus it may be that the decreased 
aggregation of rat (compared with rabbit and human) 
platelets in the presence of tendon suspension is related 
specifically to a species difference in platelet adhesion 
to tissue. Rat platelets adhere to glass less readily than 
do human platelets’? The adhesion of platelets to con- 
nective tissue differs from adhesion to glass in that the 
latter’’, but not the former’, is inhibited by chelating 
agents. The lower concentration of diffusible calcium 
ions in rat plasma, compared with human plasma’, 
could account for the species difference in platelet adhesion 
to glass, but apparently not for the difference in adhesion 
to connective tissue. 

I thank Dianne Hathaway, Cynthia Knott and Martha 
Wuliams for excellent technical assistance. 
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Before abscission, high cellulase activity develops in cells of the 
abscission zone, suggesting that this enzyme plays an Important part 


in cell separation. Cellulase activity rises in response to senescence 


DAPHNE J. OSBORNE 
Agricultural Research Councl! Unit, 
Department of Agriculture, 
University of Oxford 


ABSOISSION in all species of plants is associated with the 
senescence of the tissues distal to the zone of separation}. 
Much knowledge of the process of abscission has been 
derived from investigations of segments excised from plants 
and containing the abscission zone and the associated 
tissues. During abscission in explants of Phaseolus vulgaris 
there is a marked decline in the chlorophyll, protein and 
"RNA dbntent of the pulvinar cells distal to the zone of 
separation®. In contrast the petiolar cells, proximal to the 
zone, remain green and show little sign of senescence. The 
pulvinar tissues shrink and decrease in fresh weight 
during separation while the cells of the petiole in the 


of tissue distal to the zone; distal senescence is regulated by auxin 
and ethylene. 


region of the zone increase in size and fresh weight. 
Eventually, thin-walled, expanded, claviform cells develop 
at the surface of the petiolar stump after separation’. 

If senescence is retarded in the pulvinar cells, for 
example by distal applications of an auxin, abscission is 
then retarded. In contrast, a treatment which accelerates 
senescence in the pulvinus, such as exposure to ethylene, 
will accelerate abscission‘. It has been shown that sen- 
escent leaves or pulvini of Phaseolus produce a diffusible 
“senescence factor” which accelerates separation of intact 
explants and is antagonistic to auxin in this respect’. 
These facts suggest that the stimulus to separation at 
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abscission is imparted by senescent cells distal to the 
zone*. 

There is no evidence to suggest that abscission in 
Phaseolus is merely a mechanical break between the cella 
alonga predetermined line of weakness, although mechanical 
factors may be important in the final breakage of the 
vascular connoxion?, We suggest that separation in the 
abscission zone is the result of localized enzyme activity 
in the cortical cells at the pulvinar—petiolar tissue mterface 
occurring only when senescence occurs in cells distal to 
that interface. Attempts have already been made to 
associate changes in cell walls in the tissue of the abscission 
zone with enzyme activity. For example, the activity of 
pectin methyl esterase (PME) across abscission zones of 
Phaseolus has been shown to diminish before abscission‘. 
This diminution is greatest in the pulviner tissue on the 
distal side of the zone, and suggested that cell separation 
between pulvinar and petiolar tissues is lnked to 
the change in gradient of PME activity across the zone 
and to an merease of soluble, more highly esterified 
pectins preceding the solubilization of the middle lamellae. 
Changes in the activity of polygalacturonases have also 
been investigated’, but have not been clearly linked to the 
abscission process. 

In some species, however, the cellulose cell walls, as 
well as the middie lamellae, are degraded during abscis- 
sion’. Cellulases occur widely in bactena and fungi and 
are also detectable in many higher plants*. Tracey’ has 
suggested that cellulases affect the plasticity of the 
cell wall during extension growth, and Maclachlan and 
Perrault’? have shown that segments of etiolated pea 
seedlings out from regions of maximal expansion are also 
the segments with the most cellulase activity. The activity 
of cellulases in growing cells of higher plants could be 
important in regulating the reorientation of cellulose 
microfibrils, which leads to increased. plasticity and ex- 
tensibility of the wall. 

We have further investigated the changes in enzyme 
activities which occur during abscission in Phaseolus and 
present evidence which suggests that the localized activity 
of cellulase in the zone may be important in cell expansion 
in the petiole and ın cell separation at abscission. In 
addition we propose that the activity of these enzymes is 
regulated by the senescent condition of the pulvinus. 

Phaseolus vulgaris (variety ‘Canadian Wonder’) plants 
were grown in a greenhouse with extra light from mercury 
vapour lamps and were used when 14-16 days old. Ex- 
plants were cut, 1 cm long, from just below the blades of 
the primary leaves, and included both petiolar and pulvinar 
tissue and the distal abscission zone. During the experi- 
ments the explants were supported on notched ‘Perspex’ 
racks set in 2 per cent agar in Petri dishes. The dishes 
were maintained as described previously* in the dark at 
27-6° C. For each assay segments 1 mm long were cut 
from the pulvinus, the petiole or the zone itself. The 
zonal segments thus included both petiolar and pulvinar 
cells from either side of the abscission zone. The segments 
were cut from the explants before separation had occurred, 
and were extracted and assayed for cellulase activity by a 
modification of the methods of Maclachlan and Perrault. 

Forty pooled segments were macerated in a small volume 
of phosphate buffer (pH 6-0) containing 0-02 per cent 
u-cysteine hydrochloride. The extract was centrifuged 
at 2,000g for 15 min. The supernatant solutions were 
assayed for cellulase activity by measuring the change in 
viscosity of a buffered solution of carboxymethyl-cellulose 
(CMC) containing 0-2 per cent sodium fluoride (CMC as 
the sodium salt). On addition of the enzyme solution, 
the reactants were mixed by repeated inversion and 
allowed to stand for 1 h at 27-5° C to achieve uniform 
viscosity and temperature. The small variations in initial 
viscosity between samples did not affect the acouracy of 
the assay. Changes in viscosity were determined by 
measuring the flow-times of the meniscus of the solution 
between two graduations of vertically held pipettes at 
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Fig.l. The course of abscission (based on twenty samples) of ( O) control 
explants and Jants treated with CD 246-T. Data are from the same 
experiment as Table 1, Arrow indicates time when cellulase assayed. 


27-6° C. Each enzyme solution was assayed in duplicate. 
Measurements were made at intervals throughout the 24 h 
period of incubation. Cellulase activity is expressed as the 
percentage change in flow-time of the reaction mixture 
for each 40 segments. 

To delay senescence of the pulvinus and retard abscission 
2 ul. of an aqueous solution of the sodium salt of 245- 
trichlorophenoxyacetic acid (245-T) at 250 mg/l. were 
applied, immediately after cutting, to the distal (pulvinar) 
ends of the explants with an ‘Agla’ micrometer syringe. 
To accelerate senescence and abscission the explants were 
exposed to a small concentration of ethylene gas for 10 h. 
Cellulase activity and the time at which absoission oceurred 
were determined in parallel experments. 

The cellulase activity in untreated and 245-T-treated 
explants is shown in Table 1. The activity of the controls 
is markedly greater than that of treated explants par- 
ticularly ın the zonal segments. It is also clear from Fig. 1 
that the abscission time of explants treated with 245-T 
is extended beyond that of all the controls. 


Table 1, OELLULASB ACTIVITY IN SHGNNNTS OUT FROM CONTROL HXPLANTS 
AND HXPLANTS TRHATED WITH 245-T yor 42 H 
Cellulase activity* 
Segment Control 
Pulvinus 19-85 ( + 0 05 8°35 ( +405 
Zone 40-55 (E 5 6-65 (i 0-16, 
Petuole 20-10 (+ 4:05 6°90 (+ 0-20 


cate 1 mi, sample of the ehayme were assayed wih 8 mÙ of 1 per cont 
CMC solution. 

* Activity after 12 h of incubation. 

A comparison of the effects of abscission-accelerating 
concentrations of ethylene gas, and abscission-retarding 
concentrations of 245-T on the activity of cellulase in the 
zonal segments, after 24 h, is shown in Table 2. Ethylene 
enhances the activity, whereas treatment with 245-T 
depresses it compared with the controls. The times of 
abscission of these explants are recorded in Fig. 2. 

Cellulase activity in the zone is not a simple reflexion 
of the content of soluble protein (Table 3). Although the 
concentration of the soluble proteins in the zonal segments 
of explants is little changed compared with the controls, 
the absolute level of cellulase activity is enhanced 
Furthermore, the greater concentrations of soluble protein 
Table 2, CHLLULASH AOTIVITY IN ABSOISSION SONIS 24 H AFTER 


TRHATMERT 
WITH ABSCIBSION-RETARDING OONOENTRATIONS OF 245-T AND ABSORBSIOK- 
AOCHLERATING CONCENTRATIONS OF BYHYLENE 


Treatment Cellulase activity* 
Control 88-8 (+39 
245-T 88 (+71 P 
Ethylene 62 6 (41:8, 
The zonal segments were extracted In 7 ml. of 0-05 molar phosphate buffer 
(pH 6-0). Biological duplicates were each assa; on two 1 ml. aliquots of the 


enzyme solutions with 3 mi. of 1-1 per cent © solution. 


* Activities after 22 h of imcubahion. 
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in the segments treated with 245-T are associated with 
lower levels of cellulase activity. The protein contents of 
the enzyme preparations agree with the values for total 
protein nitrogen previously obtained for these tissuest. The 
course of abscission for the explants used in this experi- 
ment is essentially similar to that shown in Fig. 2. 

We propose that growth substances accelerate or retard 
abscission in explants of Phaseolus vulgaris by regulating 
the state of senescence of the pulvinar tissue distal to the 
abscission zone. Diffusible products from senescent 
pulvinar cells then initiate an increase in cellulase activity 
in the zone of separation. This cellulase activity con- 
tributes to the oytolysis and cell disintegration which 
directly leads to the rejection of the pulvinus from the 
petiolar stump. The final of separation is the 
breakage, by mechanical forces, of the vascular tissue 
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Table 3. OBLLULASE ACTIVITY AND SOLUBLE PROTEIN OONTHNT OF ABSOISSION 
ZONES AFTER 24 H; CONTROL HXPLANTS AND AXPLANTS TREATED WITH 245-T 
OR ETHYLENE 


of protein Percentage 
Cellulase* ma So ing i absciasion 
activity fresh Teo 40h 0 h 

Control 1 80-4 0-464 5 65 
2 86-0 0-459 

245-T l 86 0:478 0 6 
wd 0-486 

Ethylene i 46-4 0 455 62 100 
46-5 0 450 

Extraction in 7-5 mi of 0 05 molar buffer. 


0! e solution 
(1 ml ) wore sgsayed with 4 ml. of 1-1 par coné COMO atintion. Bolable protein 


The prote Da rhe resultant pellet was ext: 
biuret n methods (ref. 
* Activity after 24 in ‘oe inenbation, 


passing through the zone. In this respect, it is pertinent 
to note that lignification of the cellulose in the vascular 
tissue will render the cell walls resistant to degradation by 
the action of cellulases“. The activity of cellulases could 
also contribute to the increase in cell wall plasticity in the 
cells of the petiole at the abscission zone, and account for 
the formation of the thin-walled, expanded, claviform 
cells that occur on the exposed surface of the separated” 
potiolar stump. 

We thank Professor G. E. Blackman for his interest. 
One of us (R. F. H.) ıs the recipient of an Agricultural 
Research Council postgraduate award. 
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WHEN mammalian cells are X-irradiated, their survival 
dependence on dose (colony formation) traces a threshold- 
type* curve on semi-log co-ordinates. Threshold-type 
curves are observed with asynchronous populations! 
as well as with synchronized. populations? irradiated at 
differgnt positions (or ages) in their growth oycles. The 
existence of a shoulder means that damage is accumu- 
lated for a lethal effect®:* from which it follows that: 
(a) surviving cells are sub-lethally affected’, and (b) 
lethal and gab: lethal damage may differ only in degree. 


-+ 


Treatment of X-Irradiated Chinese hamster cells with actinomycin D 
points to similarities In the repair of lethal and sub-lethal injuries, 
which suggests that the two kinds of damage may be qualitatively 


In the interval between the time of irradiation and the 
expression of surviving proliferative ability, it is likely 
that a cell repairs damage. Using the dose fractionation 
technique, we showed that this is true with regard to sub- 
lethal damage*~’. We might expect this also to apply to 
lethal damage in view of the putative connexion between 
lethal and sub-lethal injuries. Consistent with this expec- 
tation, we show that in mammalian cells the processes of 
lethal and sub-lethal damage repair appear to be closely 
related, which further supports the idea of there being only 
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a quantitative difference between these two types of 
damage. 

To a large extent, the materiale and methods used 
in these investigations have already been described’. 
A clone of Chinese hamster cells, V79-661, was grown in 
a carbon dioxide incubator and assayed for cell survival 
using single-cell techniques*. For experiments with 
asynchronous cells, initially single cells were incubated 
overnight to permit an increase in multiplicity (Ñ) by 
a factor of ~3. Thereafter such populations usually 
increased in number exponentially (doubling time, 8-9 h). 

For experiments with synchronized cells, as predicted 
by Sinclair’ we found that hydroxyurea could be used 
for this purpose’. Hydro 1 mmolar or in greater 
concentrations, kills cells in the DNA synthetic phase (S) in 
less than 2h. E to hydroxyurea for 2 h therefore 
permits post-DNA synthesis cells (G, cells) to divide and 
enter the pre-DNA synthesis phase (G) while cells which 
were in G, at the time of treatment with the drug are 
retarded’. After removal of the medium containing the 
drug, cells progress through the S and G, phases, divide, 
and continue in the next growth cycle ın an apparently 
normal fashion. 

In the figures which follow, survival is expressed as the 
fraction of treated relative to untreated cells which in 
9 days grow into stainable areas visible by eye. Where 
large enough, uncertainties in survival are shown (stan- 
dard errors). In an effort to increase the reliability of the 
results, in each figure all the data were obtained in the 
same experiment and therefore with the same starting 
suspension of cells. 

When estimating sub-lethal damage repair, to minimize 
the influence of cell progression on the survival patterns 
observed with the two-doge technique, we examined 
an age interval during which single-dose response is 
nearly constant; that is, a short period centred around the 
maximum in the age-response curve. We know from the 
work of Sinclair and Morton, with Chinese hamster cells?, 
that the maximum in this curve is due to cells in the latter 
half of the S phase. To set the stage for our chief results, 
we briefly describe first the single- and two-dose responses 
of cells in the age interval of interest. 

Fig. 1 shows the single-dose age-response as cells enter 
the S phase after the removal of hydroxyurea. The 
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Fig. 2. Single-dose and fractionation survival 
cella. Cells were synchronized with h (Hy) which causes the 
zero dase to drop from 1-0 to ~ 0-65 (see ting eff- 
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C, a 542 rad first dose at 8-75 h, followed by graded second 
1-5 h period at 87° O; —--—-— , full recovery (see text). 


results of fractionation in Fig. 1 show three things. 
(a) The shape and timing of the curve are similar to curves 
obtained with asynchronous populations‘? as it should 
be for the two-dose response of asynchronous cells is 
governed. by the most resistant cells in the initial popula- 
tion. (b) In spite of progression, fractionation leads to 
generally higher survival than obtamed with an equiva- 
lent single dose. ‘This reflects the repair of sub- 
lethal damage as will be illustrated in connexion with 
Fig. 2. (c) At about 3-75 h and about 5-25 h the single- 
dose survivals are about equal, and 1:5 h after a 
first dose at 3-75 h, a maximum is reached in the two- 
dose curve. These latter points suggest that the single- 
dose survival curves at 3:75 h and 5-25 h should be the 
same and, further, that the fractionation survival curve at 
3-75 h plus 1:5 h should show a maximum upward dis- 
placement from either of these single-dose curves. Cell 
progression, therefore, should have essentially no effect 
on a two-dose versus single-dose comparison in the vicinity 
of the age-response maximum. 

Results consistent with the above are shown in Fig. 2. 
As a result of the treatment with hydroxyurea, the 
surviving fractions corresponding to zero dose decreased 
from 1-0 to about 0-65. Although in an asynchronous 
population 0:6-0-7 of the cells are in S, after growing 
overnight many microcolonies contain G, and G, cells 
as well as S cells, and thus the initial survivals are higher 
than the fractions of G, plus G, cells. The single-dose 
survival curves in Fig. 2 confirm that in an interval of 
15 h around the maximum in the age-response curve 
(Fig. 1), little change in survival properties occurs. The 
fractionation survival curve shows that the data for 
two-dose treatment in Fig. 1 do indeed result from 
an increase in shoulder width. Accordingly, during the 
interval between. firat and second doses, a cell’s capacity 
for sub-lethal damage increases. This is clear without 
equivocation, for changes in single-dose survival resulting 
from cell progression do not complicate the picture. 

The dashed curve in Fig. 2 which represents full” 
recovery 18 the curve through the single-dose data 
redrawn. from the second origin after accounting for the 


1080 


reduction in multiplicity effected by the first dose. The 
fractionation curve lies about midway between the other 
two, and so we conclude that about half the sub-lethal 
damage resulting from the first dose is repaired in 1-5 h. 
That sub-lethal damage repair continues beyond this time 
is suggested by the continued divergence of the single- 
and two-dose curves in Fig. 1 although the influence of 
delay of division™ eventually leads to their coincidence 
after about 12 h. 

The virtual invariance of the survival properties of 
cella near the age-response maximum can be used to 
advantage in examining similarities in the repair of sub- 
lethal and lethal damage. Earlier we reported that 
actinomycin D has a strong effect on the two-dose response 
of asynchronous cells*, After considering how this drug 
affects the expression of lethal damage, employing synchro- 
nized cella, we will describe more precisely its effect on 
the repair of sub-lethal damage. In both connexions, 
however, we are concerned with a short age interval 
centered around the age-response maximum which per- 
mite us to ignore any retarding effects on cell progres- 
sion that actinomycin D may have. 

Relative to the single-dose survival curve at 3-75 h 
after synchronization, in Fig. 3 we show the effect of two 
concentrations of actinomycin D when present for 1-5 h 
at 37°C immediately after irradiation. The concentra- 
tions of drug used have no effect on the colony forming 
ability of unirradiated cells, but it is clear that actino- 
mycin D has a progressively greater effect on survival 
with dose and with concentration. In terms of survival 
parameters, however, the chief influence of the drug 
seems to be a reduction in shoulder width. For a numerical 
estimate of shoulder width, in the legend for Fig. 3, is 
listed the dose indicated by the intersection of the back 
extrapolation of the exponential portion of a curve with the 
survival corresponding to zero dose. Adjusted for single 


cells, this ıs the so-called quasi-threshold dose“, Dy. 
(D= D, lnn, where D, is the 1/e dose along the exponential 


portion of the curve and n, the extrapolation number’, 18 
the intersection of the back extrapolate of the exponential 
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observed with celle synchronized with 1-0 mmolar hydroxyurea for 2 h. 
Actinomycin D was prosene for 1-5 h between doses. Plating efficiency 
was 92 per cent; viable cell multiplclty was 3-2. A first dose was grven 


at 8-75 h; graded second doses were given 1-5h later. @, No drug, n= 

6-2, Dy=181 rad and Dy= 280 rad; (1, 0-008 ug/ml, drug, n=28, Dy= 

121 rad and Dy=125 rad; A, 0-02 ug/ml. of drug, n=2 1, D, = 110 rad 
and Dy=88 rad. 


portion with the zero dose ordinate.) Accounting for a 
residual multiplicity after hydroxyurea treatment of 
~2-6, 0-02 ug/ml. of actinomycin D produces a 12 per 
cent and 0-06 ug/ml. of actinomycin D a 29 per cent 
reduction in Da. Further, the effect on Dy is progressive 


while the effect on D, ia virtually the same (and small) 
for both concentrations of drug. 

Fig. 3 shows that actinomycin D can increase the lethal 
effect of a given dose of radiation. The drug was present 
only after irradiation, and so we can conclude that 
actinomycin D is effective and permits the expression of a 
larger amount of damage probably because it interferes 
with the repair of lethal damage. We now examine the 
influence of actinomyoin D when present between dose 
fractions administered in the region of the age-response 
maximum. 

Fig. 4 shows the effect of two concentrations of actino- 
mycin D on the fractionation survival curve. At 3-75 h 
after the removal of hydroxyurea, all cells received 542 
rad and 1-5 h later they were given graded second doses. 
The zero second-dose survivals represent the net effect 
of hydroxyurea treatment, plus 542 rad, plus a 1:5 h 
exposure to the concentrations of actinomycin D indicated. 
Once again, the main effect of the drug is a reduction in 
shoulder width which is clear from the ñ% values in the 


legend for Fig. 4, or the De's 239, 125 and 88 rad for the 
curves from right to left. In contrast to the results in 


Fig. 3, the per cent deoreases in Dg are much larger. For 
exarople, here 0-02 ug/ml. of actinomycin D has a 63 per 
cent effect whereas it has only a 12 per cent effect when 
present after single doses (Tig. 3). 

As in the case of post-irradiation treatment with drug. 
it 18 noteworthy that the interpretation of the effect of 
actinomycin D between doses is not compromised by 
drug toxicity. To begin with, in Fig. 4 no toxicity is 
observed at 0-008 ug/ml. which obviates concern with 
multiple stresses** for results obtained with this concentra- 
tion of drug. Even where a small degree of enhanced 
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cell killing results from a first dose plus actinomycin D, 
that is, zero second dose for 0-02 pg/ml. in Fig. 4, the 
data indicate that the effect of the drug is more than just 
something akin to an added non-speoific stress. We would 
expect an enhanced two-dose response caused by drug 
induced, non-specific stress to be evident in an enhanced 
rate of survival decrease with dose. We see, mstead, 


that the Dos for both concentrations of drug in Fig. 4 
are virtually the same and, as already noted in the in- 
stance of the smaller concentration, the altered survival 
parameters are not accompanied by an enhanced cell 
killing caused by the first dose plus treatment with drug 
(that 1s, for zero second dose). 

Although treatment with actinomyem D involves 


reductions in D,’s these are small and appear to be 


independent of effects on Des. To illustrate, the D, 
reductions in Figs. 3 and 4 are about the same while, 


for equal concentrations of drug, the D; changes are much 
larger in the latter than in the former ınstance. This 
suggests that changes in these parameters reflect different 
effects produced by the drug. With respect to changes in 
shoulder width, however, the influence of actinomycin D 
is qualitatively the same both in regard to the expression 
of lethal damage (Fig. 3) and the repair of sub-lethal 
damage (Fig. 4). In this similarity we see slready the 
possibility that the processes of lethal and sub-lethal 
repair are related. If indeed actinomycm D interacts 
with X-ray lesions as these data suggest, and if these 
lesions are transient because they are repaired, it should 
be possible to demonstrate a transient radiation-drug 
interaction. 

The results of an experiment designed to test this 
prediction are shown in Fig. 5. Considering the lower 
group of curves first, cells m a number of dishes were 
given a single dose of 939 rad after growth overnight. 
At intervals thereafter, actinomycin D was added to the 
medium to give a concentration of 0-04 ug/ml. After 
periods of up to 2 h, the medium containing actinomycin 
D was removed, dishes were rinsed, and normal growth 
medium was returned for colony formation. 

To clarify further how this experiment was performed, 
we describe two examples. For the extreme lower left 
curve, immediately after 939 rad, medium containing 
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Fig. 5. The time dependence of the interaction of actinomycin D with 
X-rays. The upper two ourves refer to cells synchronized by 1 mmolar 
hydroxyurea for 2 h. ee D (0 04 uaim]. ) was added to these 
cells 3 75 h after the removal of chet Aha and, at the times shown, 

the actinomycin D was removed. e result is traced by the up er two 
curves (see ). The lower set of curves shows the additional loes of 
survival caused by 0-04 ugjml. actinomyoin D added at various times 
after a single dose of 089 rad. The time scales pre the same for the 
intervals between irradiation and the beginnin, boginnıng of drug trestment, and 
the intervals of drug treatment thereafter. Plating stelensy was 84 per 

cent; viable cell multiplicity was 26 
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drug was added to the dishes. This medium was replaced 
at the times shown along the abscissa by the open. circle 
points. The first pomt on this curve is, of course, the X-ray 
survival without actinomycin D; the remainder of the 
curve reflects the additional cell caused by drug 
treatment. The next curve to the right (closed squares) 
shows the effect when actinomycin D is added to the 
medium 0°75 h after irradiation. Here, too, the points 
indicate the rate of additional killing by actinomycin D. 
In a similar manner, the vulnerability to actinomycin D 
of cells surviving 939 rad was teated at different times after 
irradiation. 

The upper two curves in Fig. 5 refer to the toxic effect 
of actinomycin D in unirradiated cells. The upper curve 
starts from ~0-6 surviving fraction because these cells 
were first synchronized before actinomycin was added at 
a time close to the peak in the X-ray response (that is, 
after 3-75 h in normal medium). Synchronized cells ım 
S were used here to insure that the moiety of cella exam- 
ined would constitute most of those surviving after the 
irradiation of an asynchronous population. The lower 
of the upper two curves was derived from the upper 
one after accounting for cell multiplicities resulting from 
overnight growth and division after synchronization. 
(If 0-04 ug/ml. of actinomycin D inhibita division, the 
lower curve should not fall off as rapidly as shown.) 

The most important result in Fig. 6 is also the most 
evident——-with time after irradiation, the ability of 
actinomycin D to interact with X-ray lesions decreases. 
As a measure of this interaction, we may use the intial 
slopes of the drug toxicity curves. (These are indicated 
by thin dashed lines.) The ascending, thick dashed line 
is a measure of the rate at which these slopes decrease. 
This latter curve, obtained by connecting survivals at 
l h pomts along the initial slopes, reaches a plateau in 
about 6h. The time for a half-way effect is ~ 1-6 h. 

Some further details in Fig. 5 should be mentioned. 
Immediately after irradiation, the extreme left curve 
shows that actinomycin causes additional cell killing 
without any delay. The curve has positive curvature, 
however, which is indicated by its decreasing slope. 
At the opposite extreme—long intervals after irradiation 
—the curves have negative initial curvature and a delay 
in the onset of drug-induced killing is evident. This delay 
is also apparent in the upper curves for unirradiated 
cells. Between the foregoing extremes of time after 
irradiation before challenge with the drug, the curves 
show a gradual change from positive curvature with no 
shoulder to negative curvature with a shoulder. 

Thus, results in Fig. 5 show, first, that the lesions 
produced by X-rays and actinomycin D interact and, 
second, that the degree of the interaction decreases with 
time. Furthermore, the rate at which this interaction 
decreases is consistent with the rate at which sub-lethal 
damage is repaired. In both instances, it takes about 
1-5 h for a 50 per cent effect (Figs. 2 and 5). 

We have shown that non-toxic levels of actinomycin D 
affect single- and two-dose survivals in qualitatively the 
same way and that to a firat approximation, the time 
course of its ability to interact with X-ray damage is the 
game as the time course of sub-lethal damage repair. We 
may therefore summarize by stating that actinomycin D 
after irradiation permits the expression of a greater lethal 
effect by decreasing a cell’s capacity for sub-lethal damage. 
Because it produces a similar end effect when present 
between doses, we propose that the processes of lethal 
and sub-lethal repair are closely related, pre the 
same. 

It is conceivable that, because actinomycin D can ' bind 
in a cell, ıt affects repair processes after a second dose 
even when it is present between doses only, but this would 
still support a close connexion between lethal and sub- 
lethal damage. The reduction of the shoulder, which 
ordinarily reforms between doses, by an inhibitor effective 
after a second dose means, at least, that the additional 
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lethal damage is at the expense of the sub-lethal damage 
which was repaired. 

From these and our earlier results, it seems likely that 
sub-lethal and lethal damage are equivalent in kind both 
in respect to the forward process of damage registration 
and the reverse process of damage repair (that 18, at least 
the early stages of repair). From this line of reasoning 
1b follows that if a cell survives at all, it will have repaired 
at least an appreciable amount of sub-lethal damage. 

As should be apparent, our results and conclusions 
pertain to Chinese hamster cells m the latter half of their 
period of DNA synthesis, the period of greatest survival. 
Our findings may or may not apply to cells elsewhere 
in the cycle although we might reasonably expect them 
to apply to most S cells. 

We thank the US Cancer Chemotherapy National 
Screening Center and the Merck, Sharpe, and Dohme 
Division of Merck and Co., Inc., for making available 
to us samples of actinomycin D. 
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Phagocytosis by Human Neutrophils 


by 
J. NEWSOME 
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20 Park Crescent, London, W.| 
spores. 


Ture years after Wright and Douglas named opsonin}, 
W. L. Moss agreed that phagocytosis probably follows 
definite laws and that opsonin is involved. He thought, 
however, that it would be difficult to carry out controlled 
experiments to investigate the process?. The factors 
involved in phagocytosia have not been well controlled 
during the past 60 years; this was shown by Rowley* and 
Boyden, North and Falkner‘, who described many 
experimental systems and contradictory results. They 
think it mistaken to theorize about one type of phago- 
cytosis on the basis of the behaviour of another type; 
to experiment with mixtures of cells and not pure cultures; 
to use serum from one species and cells from another; and 
to work with cells exposed to antibiotics, to stimulation 
by glycogen and to the effects of centrifugation and 
temperature change. An uncomplicated and credible 
experimental system, with fewest drawbacks, must 
precede any investigation of normal and immune opsonins. 
Some steps towards meeting this need are described in 
this communication. 

In vivo investigation of phagocytosis was not con- 
sidered, because we were interested in phagocytosis in 
man, and for this a preparation of healthy human phago- 
cytes in media containing human serum or a serum 
substitute was required. Such a system should contain a 
pure culture of one type of cell only, and use cells and 
serum from the same subject. The cells should have the 
minimum of handling or exposure to drugs and chemicals, 
and should be healthy. The system must allow accurate, 
repeatable counting of intracellular particles in live cells, 
and provide a baseline for the estimation of the effects of 
different serum constituents. Such a system would reduce 
the number of unknown factors that affect the phagocytic 
procegs, and the results obtained should be valid for one 
type of human cell. In practice there are some calculated 
risks. The neutrophils in human buffy coat from heparin- 
ized, defibrinated or citrated blood were of little use; 


It is extremely difficult to create suitable conditions for the investi- 
gation of phagocytosis in vitro. A method for comparing uptake of 
opsonized and unopsonized particles has been developed. It 
Involves the use of monolayers of human neutrophils and mushroom 


their rates of phagocytosis were depressed, they failed to 
take up unopsonized particles, and a monolayer made 
from them contained more than 7 per cent of monocytes 
and eosinophils. Isolation of cells from the buffy coat thus 
seemed unsatisfactory, and this ruled out the use of mono- 
cytes or eosinophils, which cannot be obtained easily in 
large numbers. The only cells which could be isolated in 
quantity with a minimum of handling, and which took up 
particles as fast as cells in intact animals*, were the neutro- 
phils. These could be prepared in even monolayers from 
incubated drops of blood, but there was a contamination 
of less than 2 per cent of monocytes and about 0:5 per 
cent of eosinophils. 

Healthy human neutrophils, always from the same 
donor, were able to spread evenly and firmly adhere to 
glass. Handling of the cells was limited to two rinses in 
salme and one change of medium. One person could set 
up between four and six monolayers in 45 min, and obtain 
phagocytic and avidity mdices in less than 2 h if the 
particles had been opsonized previously. The method has 
three stages: production of neutrophil monolayers, 
exposure of cells to particles, and quantitation of the 
degree of avidity and phagocytosis. 

Close and even cell sheets, containing lees than 2-5 per 
cent of monocytes and eosinophils, were prepared ın 
sterile conditions as follows. Onto round coverslips, cleaned 
with soap, washed, and flamed, were placed drops of 
finger-prick blood. These were incubated at 37° C in a 
moist chamber for 25 min. Each coverslip was then slid 
into a 3 in. Petri dish containing normal saline at 37° C, and 
the clot floated clear. The coverslip was gently irrigated 
with a Pasteur pipette beneath the surface of the saline. 
Two of these coverslips were then transferred, with as 
much saline as possible, into a 4 in. Petri dish of saline at 
37° C, and gently irrigated again. Each coverslip was 
removed, with some saline, wiped on the back, and in- 
verted into ita place on a Mackaness coverslip chamber‘ 
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with one coverslip already waxed into position. It was 
rapidly sealed with 56° wax, as cool as possible, and the 
chamber so formed was immediately filed with medium at 
37° C and closed with ‘Vaselined’ pins, leaving no bubbles. 
With this technique excellent monolayers were always 
obtained; but if coverslips were cleaned with detergents 
the drops of blood were left for more than 25 min or were 
delivered on a slant, coverslips were transferred with 
only a thin film of saline covermg the cells, or less washing 
was carried out, the monolayers were often unsatisfactory. 
Neutrophils seem to be very sensitive to surface tension 
forces, and should not be left in a surface film for more than 
a few seconds. This was particularly evident when medium 
was changed in Mackaness chambers; if emptying and refil- 
ling took more than a second or two, many cells werv lost. 

Monolayers were incubated for 0-5-1 h to allow re- 
covery from the effects of handling; the chambers could 
then be emptied and refilled with a suspension cf particles. 
Any particles that are not toxic can be used, but for 
accurate work none were better than mushroom spores, 
which are about õp long, brown and refractile. They were 
very well taken by neutrophils, and were more convenient 
with regard to specific gravity, size, colour and visibility 
than any other fungal spores examined, and much better 
than yeasts, starches and many commonly used particles 
such as carmine, carbon and bentonite. Polyvinyltoluene 
latex spheres were disappointing; they tended to float 
and to aggregate, and divinylbenzene-polystyrene spheres 
had the same drawbacks. Suspensions of spores were 
prepared in normal saline, killed and sterilized by heat, 
and stored at 4° ©. Suspensions of starch grains {<p 
diameter) were prepared, when required, by sedimenting 
0-5 ml. of sterile corn starch m 10 ml. of distilled water at 
4° C and collecting the contents of the top 4 ml. The 
procedure for presenting the cells with particles was as 
follows: 30-60 min after preparation, monolayers were 
examined at 37° C in a heated microscope cabinet, under 
phase contrast (Heine condenser) with a x10 or x 20 
objective and x 24 flat field eyepieces. If all were healthy 
and even, the stock medium was rapidly withdrawn with a 
syringe and the prewarmed spore-containing medium was 
introduced immediately with anothersyringe. The chamber 
was inverted with cells to the bottom, and incubated at 
37° C. Cells were examined about 8 min after receiving 
spores to check that phagocytosis was occurring normally. 
After exactly 10 min the chamber was tapped on its side 
to free the spores, and turned over; turning over and then 
tapping was useless. Within a few seconds the cell 
sheet, now uppermost, could be examined by x 20 and 
x 40 objectives, and the spores not taken up by cells had 
fallen off. 

Particles inside between 200 and 600 live positive cells 
were counted. The mean number of particles in a cell was 
recorded as the avidity index. The total number of cells 
and the total number of positrve cells were then counted on 
two traverses of the monolayer taken at right angles to 
each other through the centre. The percentage of cells 
that had taken up particles gave the phagocytic index. 
The two traverses covered between 600 and 1,000 cells, 
and this method proved more accurate than counting 
a number of random samples of 100 ceils throughout the 
monolayer. 

When particles, fully opsonized by normal serum, were 
presented in excess to neutrophils m serum-—saline media by 
these methods the rate of uptake was too great for accurate 
measurements; cells were stuffed with particles in a few 
minutes, and the number of particles ingested by many of 
the cells (often five or six) could not be clearly seen. 
Thus, aiming for near-normal conditions in vitro had 
made the system unusable. On the other hand, reduction 
of the reaction to give a standard preparation yielding a 
technically convenient phagocytic index of 80 per cent to 
90 per cent in 10 min might produce an artificial situation. 
If the system were starved of only one of the many factors 
which affect rate and degree of phagocytosis to obtain the 
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Table 1. UPTAKE BY HUMAN NEUTROPHILS IN 10 MIN OF SPORES OPSONIZED 
FOR UP TO $ H IN 5 PHR OENT SERUL~100 


Opsonization Greatest phagocytic Greatest avid! 
period index Sotamed index obtain 
10 min 20 1-1 
16 min 44 1-7 
30 min 66 18 
th 81 2°05 
2h 87 26 
4h 2 43 


desired standard, comparison with an experimental 
system might be a waate of time. The main limiting factors 
in practice were the length of time the particles were 
exposed to opsonins and the cell—particle ratio. The resulte 
of a number of experiments can be summarized as follows. 

Agaricus campestris spores must be incubated at 37° C 
with unheated human serum for at least 4 h to become 
maximally opsonized (see Table 1), and exposure for less 
than 1 h gave low indices. Opsonization was found to be 
just as effective in 5 per cent serum as in 20 per cent, 50 
per cent or 100 per cent serum; there was ample opsonin 
in the 5 per cent serum to sensitize these particles and 
therefore dilution of serum did not starve the system. 
More than about 400 spores/mm* on the monolayer gave 
an index of 98 per cent and an avidity, estumated with 
difficulty, of 2-8 ın 12 min. When the concentration of 
spores was reduced to about 200/mm‘, the indices dropped 
to about 90 per cent and 2-3. Stored spores at 4° C had 
to be well washed before use, because unwashed spores 
could reduce the index by 20 per cent. Thorough washing 
of spores after opsonization made no difference to the 
indices, and they also remained unchanged when medium 
199, containing streptomycin and penicillin, was used 
instead of Hanks solution. The most satisfactory standard. 
procedure was exposure of cells, in a medium containing 
5 per cent of unheated human serum in solution 199, to 
spores opsonized for 2 h in the same medium. This regu- 
larly yielded, after 10 min, a phagocytic index of 84 per 
cent to 87 per cent and an avidity index of about 2-3 
spores in a cell, The spores were presented at a con- 
centration of 150 to 200/mm*, requiring an addition of 
0-2 ml. or less of a 43,000/mm? suspension to 1-8 ml. of 
medium. The method thus reduced the reaction between 
cells and particles to manageable proportions by keeping 
the number of spores down and by allowing opsonization 
for only 2 h instead of 4h. The contribution of the 2-5 per 
cent of monocytes and eosinophils in the monolayer to 
such a high phagocytic index could only have been small. 

Investigation of the role of serum constituents m the 
phagocytic reaction requires a serum-free medium. 
Although polyvinylpyrolidone has been used in media 
for phagocytic cells’, it was found to kill human neutrophils 
in less than 1-5 h at concentrations of 2 per cent to 10 
per cent in medium 199. Two samples were tested, and 
solutions were dialysed against water, but the toxicity 
remained unaltered. The most useful serum-substitute 
yet found has been human serum albumin, but it is not 
ideal. For example, human serum albumin in medium 
199 was prepared at pH 7-05; no bicarbonate was added 
because filling and emptying the chambers brought the 
pH up to the best level for phagocytosis, 7-2. At a pH 
of 7-4 or more, phagocytosis in this medium was greatly 
depressed. Adhesion of cells to glass in human serum 
albumin media was less firm than in serum media, and 
handling had to be more gentle and changing of media in 
chambers more rapid. A medium containing 2 per cent 
human serum albumin in 199 often gave the same 10 min 
indices as 5 per cent serum, that is, 87 per cent and 2-8, 
but more dying cella were seen in some preparations, 
adhesion of spore-filled cells was often poor and the 
indices were too variable. The most reliable concentration 
of human serum albumin was 1 per cent, which produced 
a phagocytic index of 80 per cent to 83 per cent apd an 
avidity index of 1-7-2-0. A medium containing 1 per cent 
human serum albumin in medium 199 was therefore 
used in some experiments on the normal opsonin system 
of human serum. 
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Unopsonized spores or starch grains were not taken up 
by buffy coat phagocytes in serum-free media, but the 
neutrophil monolayer preparations were able to ingest 
them slowly. Opsonized and unopsonized spores were 
fed to cells in medium 199 or Hanks saline media con- 
taining 1 per cent human serum albumin and the opsonized 
spores were taken up at the usual rate of 80 per cent in 
10 min. Unopsonized spores were not ingested at this 
time, but after 30 min about 8 per cent of the cells con- 
tained one spore, and by 90 min the index had risen to 
27 per cent. The results with starch grains were comparable 
and it was clear that, given tıme, more and more cells 
were able to take up particles without the aid of any 
system contained in serum or of any constituents present 
in medium 199 but not in Hanks saline. The experiments 
suggested that the neutrophils could “learn” to mgest 
unopsonized particles, but were unable to refrain from 
ingesting opsonized particles. 

Dean? described the opsonization of staphylococa by 
heated normal sera and argued that not all the normal 
opsonins were destroyed by heating. Some of his experi- 
ments were repeated, but his findings with Staphylococcus 
aureus could not be confirmed with spores, and heating 
the serum completely prevented opsonization. When 
spores, opsonized for up to 2 h ın whole serum that had 
been heated at 58°-61° C for 30 min, or in 10 per cent 
heated serum, were fed to neutrophils, an index of only 
10 per cent was obtained after 45 min, and this was the 
same rate of phagocytosis as with unopsonized spores. 

Dean also described elution of heat-stable immune 
opsonin from staphylococci by saline aolutions’, and 
Heidelberger’ later removed immune opsonin from 
pneumococe: by elution with 15 per cent saline, but these 
methods failed to dissociate normal opsonin from opsonized 
particles. Spores or starch grains were opsonized in 10 per 
cent to 50 per cent normal serum for 3 h at 37° C, and 
washed until the washings were free of protein. They were 
then extracted for various times with 199 solution at 
4° C, 20° C and 37° C and the supernatants were used to 
opsonize more particles at 37° C for 3 h. The extracted 
particles were tested for remaining opsonin by feeding 
them to standard neutrophil monolayers in 1 per cent 
human serum albumin in medium 199 or in 5 per cent 
heated serum in mediwm 199, with a control of unopsonized 
particles incubated for 3 h in 1 per cent human serum 
albumin in medium 199. The extraction did not remove 
all the opsonin from the particles, which were taken up at 
the standard rate greater than 80 per cent. Particles 
treated with extracts made at 37° C for up to 21 h were 
not phagocytosed any faster than unopsonized particles, 
that is, at a rate of 8 per cent after 30 min. Particles 
opsonized by extracts made at 4° C or 20° C for 24h 
were taken better, but only to the extent of 20 per cent in 
30 min. Particles incubated as a control in 1 per cent 
human serum albumin for 3 h were not taken up by the 
cells; inhibition of phagocytosis by albumin solutions has 
been described by Tullis!*. When starch grains were opson- 
ized ın 60 per cent serum in medium 199 at 37°C for 24h, 
thoroughly washed, and extracted with 15 per cent saline 
at 37° C for 24 h, they were still taken up avidly by neutro- 
phils. These saline extracts, after dialysing against normal 
saline, did not opsonize spores or starch grains. It seemed 
that normal opsonin, once attached to particles, could not 
be removed by such saline elution, nor could it be inacti- 
vated by heating. Wright and Douglas! showed that 
opsonized staphylococci could be heated to 60° C and still 
be acceptable to buffy coat phagocytes. Spores were 
therefore incubated in whole fresh serum for 30 min, 
and then heated at 60° C for 10 min. They were ingested 
by neutrophils at the normal rate in a medium containing 
20 per cent heat-inactivated serum in medium 199. 

Some of the confusion and contradictory results reported 
in the literature on phagocytosis may result from the 
variety of methods that have been used; phagocytic 
indices vary greatly according to the health of the phago- 
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cytic cells and the efficiency of opsonization. I felt that 
reliable results could be best provided by a system con- 
taining a single type of healthy cell, derrved from one 
member of one species. Standard healthy cells that in- 
gested standard opsonized particles at a standard rate 
might be used as a yardstick for assessing future experi- 
mental procedures. Three main points have emerged 
during investigation of this type of phagocytic system. 

Phagocytosis of opsonized particles is normally very rapid 
indeed, and no system in which more than 96 per cent of 
the cells cannot be made to take up a mean of more than 
two large particles nto each cell in 2 or 3 min is acceptable; 
either the cells are sick, or the particles are not fully 
opsonized. The phagocytic dex must therefore be 
plotted against time of opsonization for each type of 
particle. In the present instance, spores had to be exposed 
to serum or serum dilutions for 2-4 h before their rate of 
uptake by neutrophils was satisfactory, and without this 
information it would have been unsafe to scale down the 
reaction from an unworkable 98 per cent in 3 min to a 
convenient 80 per cent to 90 per cent in 10 min. 

Changes in temperature, faults in preparation of mono- 
layers, media or glassware, and toxicity of particles or 
solutions added to experimental preparations, all reduced 
uptake of particles by neutrophils. The knowledge, 
however, that control preparations had to reach the 10 
min indices of the standard preparations obviated false 
conclusions. 

Results of experiments on phagocytosis depend on 
counting particles in cells, and the only safe way to do this 
is to see the particles clearly inside healthy living cells. 
Sick cells often rapidly eject particles, and it is essential to 
know that the cell is alive and that the particles are 
actually within its cytoplasm, and not overlying it or 
attached to it. The particles must be the right size and 
easily visible, and the cella must be examined in a suitable 
medium at 37° C by contrast lighting. For these reasons, 
brown mushroom spores were used, and the coverslip 
chambers were examined in a heated microscope cabinet. 
The most detailed view of cells and particles was obtained 
by an optical system using the Heine condenser, with its 
range of contrast lightings, together with high-power 
flat-field eyepieces. 

The serum-free medium based on 1 per cent human 
serum albumin gave good indices cf 80 per cent and 2-0 
at 10 min, but was not the equal of serum-containing 
media. It may have been adequate for the simple experi- 
ments described above, but a better medium is needed. 
These experiments showed that human neutrophils were 
able to ingest unopsonized starch and spores, at a rate 
increasing with time, in the absence of serum and the 
constituents of medium 199, although this rate was very 
much slower than for opsonized particles. Lack of phago- 
cytosis in the absence of serum has probably often been 
the result of poor cell preparations. The other experiments, 
undertaken as a test of the methods, suggest only that 
phagocytosis of cocci probably differs from phagocytosis 
of spores, and that normal opsonins are not easily eluted 
from starch or spores by methods useful for removing 
them from bacteria. 
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Specific Anosmia: a Clue to the Olfactory Code 


by Are sensations of smell determined by reactions to primary odours 


J. E. AMOORE The 


Western Regional Research Laboratory, 
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Ir has often been suggested that the sensation of smell may 
be composed of several distinct prumary odours, in terms 
of which it may be possible to describe all others. For 
each primary there would be a biological detector which 
reacts specifically to certain odorous stimuli, generating 
a characteristic odour perception. The identities of the 
primaries themselves, however, have never been definitely 
established. The problem may be likened to that of 
solving a code in which the code-words are represented 
by the primary odours. If just one primary could be 
unambiguously identified, it would pomt the way towards 
the ultimate solution of the whole “olfactory code”. 

As with other biological coding systems, an indication 
of the normal may be provided by a study of the abnormal. 
Certain persons, while having a generally good sense of 
smell, nevertheless lack the ability to perceive the odour 
of a specific substance. For example, one person in ten 
cannot smell the poisonous gas hydrogen cyanide!. About 
one in & thousand does not notice the butyl mercaptan 
odour of the skunk?. This little known phenomenon is 
called “odour blindness’, or more correctly “specific 
anosmia”, meaning specific loss or impairment of the sense 
of smell. Almost 20 years ago Marcel Guillot speculated 
that each type of specific anosmia may be caused by a 
defect in the corresponding primary odour detector’. 
A list of the known types of specific anosmia would repre- 
sent the start of a list of the primary odours. Guillot’s 
insight could well provide the clue to deciphering the 
olfactory code. It seems, however, that a detailed quanti- 
tative study of specific anosmia has never been undertaken. 

A new example of specific anosmia was brought to my 
attention by the late Alfred Davis of the University of 
Texas‘. Persons with Davis’s deficiency are unable to 
perceive the sweaty odour of isobutyric acid. I have 
recently completed a systematic investigation of the 
isobutyric acid anosmia. This has led to the first explicit 
identification of a primary odour—the sweaty primary. 
The details are to be reported elsewhere, but the principle 
is as follows. 

The first stage was the selection of persons with an 
apparently normal sense of amell. All subjects were tested 
with the seven different odorous solutions previously 
used as standards of odour quality’. The few (2 per cent) 
who failed to detect at least six out of the seven matched- 
intensity standards were rejected from further study. 

I then determined the thresholds of olfactory detection 
of normal subjects for rigorously purified isobutyric acid 
in. buffered aqueous solution (pH 4-8). The concentration 
scale was geometric, consisting of binary dilution steps, 
each step being half the concentration of the step before. 
At each step of the descending concentration series the 
subject was presented with a set of five 125 ml. glass- 
stoppered Erlenmeyer flasks, containing 20 ml. of solution. 
He was asked to distinguish the two odorous flasks from 


analogous to the primary colours in theories of colour vision ? 

ct that some people cannot detect the odour of pace Als 
acid even though thelr sense of smell may be otherwise complete 
suggests that this substance, or a substance with molecules which 
are similar in size, shape and functional group, may represent a 
primary odour. 
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the three odourless controls. (In the absence of detectable 
odour there remains a 1 in 10 chance of success.) The 
lowest consecutive concentration correctly picked out was 
taken to represent his olfactory threshold for isobutyric 
acid. The individual thresholds of 100 apparently normal 
observers showed an approximately Gaussian distribution 
(Fig. 1). The mean normal threshold for isobutyric acid 
(u) was at 16-8 binary dilution steps. The standard 
deviation of the dividual thresholds (o) was + 1-3 binary 
steps. 

A specific anosmic was arbitramly taken to be any 
individual whose sensitivity was at least three binary 
steps below the normal mean. This limit corresponds 
with rather more than two standard deviations (— 2o). 
Of the 100 “normal” subjects, three turned out to be 
specific anosmics for isobutyne acid. (These three were 
omitted from the above estimate of the normal threshold 
mean and standard deviation.) The search for further 
anosmica of this type was extended to the remainder of 
our more than 400 employees. This yielded a total of 
ten persons specifically anosmic to isobutyric acid. They 
were treated as a separate group throughout the rest of 
the investigation. The mean threshold of the specific 
anosmics for isobutyric acid (u’) was at 11-2 binary ste ps, 
+1+1 (0). 

Hence, the difference between mean thresholds for 
isobutyric acid of the normal and the anosmic groups 


Number of subjects 


10 





2 4 6 8 10 12 I4 16 18 2 28 
Dilution step 


Fig. 1. The olfactory thresholds of human subjects towards 1sobptyric 

acid solutions. Each binary dilution step represents a halvimg of the 

concentration, starting from “O” for the undiluted aold, The two groups 

of observers are defined in the text. With respect to normal observers, 

the specific anoamics had a substantial deficiency of A = 6-6 steps in their 

group mean threshold to lsobutyric acid. (Eleven of the normal observers 
were absent on leave the week of this test.) 
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Fig. 2. The thresholds for isobutyl isobutyrate. The saturated solution 

(870 p.p.m., v/v) was taken for s “o”. The same two groups of 

observers were used asin Fig. 1 ‘owards this compound there was 

very little difference between their mean thresholds, A = 1-2 steps. (One 
of the normal observers was absent.) 
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was given by p-p’=16-8-11-2=5°6 binary steps. This 
threshold difference ıs designated by A (Fig. 1). The 
standard error of A, the difference between the two means, 
was + 0-4 (standard error of the difference), which indicates 
that, with respect to isobutyric acid, the deficiency of the 
anosmic group 18 extremely significant (P<0-001). The 
use of a group of ten specific anosmics averaged out any 
personal day-to-day variability. A complete repetition 
of the threshold measurements on isobutyric acid 1 week 
later yielded the same value for A of 5-6+0-6 steps, 
which shows that the A values may be accepted with 
confidence. The whole of the subsequent argument 
depends on the quantitative values of the threshold 
differences (A) for a variety of odorous compounds. 

The same two groups of subjects (ninety-seven normal 
observers and ten specific anosmics) were then tested 
with the fruity-smelling ester isobutyl isobutyrate (Fig. 2). 
The group mean thresholds differed by merely A=1-2 
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+ 0°2 steps for isobutyl isobutyrate. The shortcoming was 
slight compared with the difference of 5-6 steps for iso- 
butyric acid. This indicates that the isobutyric acid 
anosmics are quite specific in therr defect, having very 
little threshold deficiency towards isobutyl isobutyrate. 

Preparations were now complete for mapping out the 
extent and severity of the isobutyric acid anosmia. The 
normal and the specifically anosmic groups of observers 
were tested for their olfactory thresholds towards a collec- 
tion of eighteen purified compounds which are related in 
one way or another to isobutyric acid. The compounds 
were chosen to test the effect on the threshold deficiency 
of three independent variables in the molecular parameters. 
These were molecular size, molecular shape and functional 
group. 

Consider, at the start, molecular size. The first ten 
members of the homologous series of normal aliphatic 
carboxylic acids were examined. They vary in molecular 
size (length), but have a common rod-like shape and a 
carboxylic acid functional group. For each compound I 
have meagured the difference between the odour threshold 
concentrations of the normal observers and the specific 
anosmics. The results are given in Fig. 3, which shows 
the odour threshold difference (A) in binary steps, plotted 
against the number of carbon atoms in the molecule. The 
deficiency was low for C, and C, (formic and acetic acids) 
but mereased through propionic acid to a broad plateau 
from ©, to ©, (n-butyric, n-valeric, n-caproic and n- 
enanthic acids). The defect then diminished from C, 
to Cio (n-capric acid). At the plateau level represented by 
C, to C, the deficiency of the anosmic group was roughly 
constant at just under 6 binary steps. The base level 
indicated. by C, and Co was at about 2 binary steps. Each 
of the points on the plateau is very significantly above 
each of the points on the base (P < 0-005). Molecular size 
therefore plays an important part in governing the iso- 
butyric acid anosmia. 

Next consider the effect of molecular shape. There are 
four structural isomers of valeric acid (C,). They retain 
the same molecular size (volume) and functional carboxylic 
acid group, but show changes in molecular shape. The 
secondary and tertiary valeric acids did not distinguish 
themselves from the C, to C, normal acids (Fig. 3). The 
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Fig. B. Specifico anosmia to carboxylic acids. The same two groups of observers were 
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branched-chain isovaleric acid, on the other hand, had 
the highest value for threshold difference yet observed 
in this work, A=6-6 binary steps. Neither isobutyrie 
nor isocaproic acid registered so large a deficiency. I 
conclude that isovaleric acid has almost the ideal molecular 
shape for demonstrating this type of specific anosmia. 

Third, the effect of changing the functional group was 
tested, without appreciably altering the molecular size or 
shape. This was done by examining the compounds 180- 
butyraldehyde and isobutyl alcohol, which are almost 
isosteric with isobutyric acid. They retain respectively 
the keto or the hydroxyl of the carboxylic acid. The 
threshold difference for the alcohol was the lowest found 
for this group of anosmica (A= 0-8 step; Fig. 3). For the 
aldehyde the deficiency was somewhat larger (2-2 steps). 
The corresponding ester isobutyl isobutyrate, containing 
the carboxyl group, had earlier shown little defect (1-2 
steps). Evidently the ability of a compound to exhibit 
the isobutyric acid anosmia depends on the integrity of the 
complete, free, carboxylic acid functional group. 

In this way I have experimentally determined the extent 
and degree of the sensory deficiency associated with the 
isobutyric acid anosmia. If Quillot’s hypothesis is 
accepted, the olfactory defect in a specific anosmic corre- 
sponds with a primary odour for a normal observer’. 
Accordingly the extent of the anosmio deficiency illustrated 
in Fig. 3 indicates the pattern of selectivity for the normal 
primary detector. Furthermore the degree of threshold 
difference (A) is proportional to the primacy of the odorant, 
that is, to the degree of exclusiveness with which the odor- 
- ant excites a single primary sensation. 

Let me summarize the knowledge obtained about this 
primary odour. The detector is specialized to react to the 
carboxylic acid functional group. It has a relatively wide 
tolerance, admitting straight-chain molecules varying in 
size from C, to C, fairly selectively, yet responding appre- 
ciably over the much wider limits of C, to Cy. It has a 
distinct preference for certain branched-chain acids, and 
responds most exclusively to isovaleric acid, among the 
compounds so far studied. The molecule of isovalerc 
acid represents therefore the closest approximation to the 
specific odour stimulant for this primary detector. The 
smell of isovaleric acid, which may best be described as 
“sweaty”, 18 the nearest approach to the primary odour 
sensation. Thus the first primary odour, that for sweati- 
ness, has been experimentally categorized. 

It is apparent from Fig. 3 that isovaleric acid is at the 
peak of a roughly symmetrical curve made up of fifteen 
carboxylic acids. Any departure from the almost ideal 
molecular size and shape of isovaleric acid, towards 
larger or smaller molecules, or towards molecules of differ- 
ent shapes, resulted in a decreased threshold difference. 
A system has previously been worked out for obtaining a 
quantitative measure of the similarity in molecular size 
and shape between two compounds*. It compares radial 
measurements on silhouette photographs of the corre- 
sponding scale molecular models. The threshold difference 
(A) towards each given acid was plotted as a function of 
the molecular similarity between that acid and the 
standard, isovaleric acid (Fig. 4). A highly significant 
correlation was observed between threshold difference and 
molecular similarity (r = 0-75; P~0-001). According 
to this argument, the threshold difference itself reflects 
the primacy of the odorant. The exclusiveness with which 
the sweaty primary odour is produced by a given acid 
therefore depends on its molecular similarity to the shape 
of isovaleric acid. The success of this stereochemical 
principle improves the prospect for quantitative analysis 
and prediction of odour quality. 

Some clarification may be desired on three possible 
sources of misunderstanding. It would be premature to 
consider that Fig. 1 provides evidence for a bimodal distri- 
bution of individual odour sensitivities to isobutyric acid; 
only eighty-six normal observers were tested, whereas the 
ten specific anosmics were drawn from a population of 
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more than 400. The argument developed m this article 
requires merely an arbitrary division (at the — 20 level), 
and is independent of statistical bimodality. Although the 
specific anosmics were selected with reference to a single 
compound (isobutyric acid), 1t would be incorrect to 
suppose that every odorant is a primary odorant just 
because the expected 2 per cent of normal observers have 
sensitivities below the — 2c limit. It should be emphasized 
that a survey of a considerable number of related odorants 
(eighteen compounds in this case) is required to work out 
the chemical extent of the primary odour specificity 
(Fig. 3), and to select that compound demonstrating the 
greatest threshold difference. This alone 1s the primary 
odorant (isovalerie acid). No assumption need be made 
about the transduction mechanism at the biological 
detector, nor about the nature of the defeot causing the 
specific anosmia. It is a problem for future physiological 
research to determine whether the demonstrated aberra- 
tion is due, for example, to absent molecular sites, missing 
receptor cells or interrupted nervous pathways. The 
argument requires merely the existence of a chemically 
specific deficiency, and is independent of its origin. 

The relationship should be examined between this, the 
first precisely defined primary odour, and various existing 
odour classification systems. Only two schemes appear 
to have any experimental basis. Zwaardemaker’s nine 
odour classes received some support from results on 
odour fatigue’. My own system of seven classes was 
derived from the frequencies of odour descriptions 1m the 
chemical literature’. (No less than sıx classes are common 
to both schemes.) The sweaty primary odour presently 
identified by the specific anosmia method corresponds 
with the ‘“capryl” class of Zwaardemaker. In my 
classification there is no equivalent. The assignment of a 
primary odour by the specific anosmia method has a much 
stronger experimental foundation than any earlier pro- 
posal, and may be considered to supersede the older 
classifications where discrepancies occur. The new 
method may be capable of greater resolving power, which 
could eventually reveal previously unsuspected primary 
odours. 

This raises the question of the number of primary 
odours in the human sense of smell. There seems to be 
no possibility of a quick reply. The final answer can only 
be expected at the conclusion of a comprehensive survey of 
specific anosmias, designed to identify each and every 
primary odour. The experimental method that I have 
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developed here has achieved merely the first crack in 
the olfactory code. The speorfic anosmia method appears 
to be a perfectly general procedure, however, applicable 
to any primary odour. The quantitative definition of a 
given type of specific anosmia, and its demarcation from 
all other types of anosmia, would establish a new primary 
odour. The chemical exploration that I have demon- 
strated should make ıt possible to map the exact domain 
of each new primary. Step by step the whole vocabulary 
of the olfactory code could be systematically compiled. 

Not until it is completely deciphered will the olfactory 
code develop ita maximum utility in scientific and indus- 
trial applications, where the majority of odours contain a 
multiplicity of chemical components belonging to several 
odour classes. 

It would be a considerable help in planning the necessary 
survey if it were known how many types of specific 
anosmia may exist. I shall be most grateful to anybody 
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who volunteers information on any example of “odour 
blindness” in his experience. 

I thank Mrs Delpha Venstrom for assistance, Dr Darrell 
Altbausen for discussion and the entire personnel of this 
laboratory for participating in the testa. I would like to 
suggest that, by analogy with Daltoniam, we should 
commemorate Alfred Davis by naming the isobutyric 
acid anosmia ‘“Davism’’. 
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Taysipine-*H autoradiography has established that a 
large proportion of the short axoned neurones (micro- 
neurones) that form discrete granular layers in brain 
structures such as the cerebellar cortex and hippocampal 
dentate gyrus come into existence postnatally m mice! 
and rats‘. Mice and rats are characterized by a relatively 
brief intrauterine period of development, and the young 
are quite immature, both somatically and behaviourally, 
for some time after birth. Correspondingly, the brains of 
these altricial rodents show considerable postnatal growth; 
in the rat, for instance, the gross weight of the brain in- 
creases sixfold (from 0-3 to 1-9 g) from birth to maturity*. 
Is postnatal neurogenesis to be attributed entirely to 
these characteristics of mice and rats or does it also occur 
in precocial species ? To obtain an answer to this question 
we have investigated postnatal neurogenesis in a precocial 
rodent, the guinea-pig. The average gestation period of the 
guinea-pig is 9 weeks, and guinea-pigs have their eyes open 
and can stand and run immediately after birth. The brain 
of the newborn guinea-pig is singularly mature, and there 
is relatively little weight increase (from 2-5 to 4 g) from 
birth to maturity®. 

We injected intraperitoneally a group of newborn 
(nominally 6 h old) and 6 day old guinea-pigs with tri- 
tiated thymidine (dose 10 uc./g of body weight; specific 
activity 6-7 o./mmole; the radiochemical dissolved in 
isotonic saline, 1 me./mi.). Single or pairs of animals in 
both groups were killed 6 h, 12 days and 30 days after 
injection by cardiac perfusion with 10 per cent neutral 
formalm. The removed brains were further fixed in forma- 
lin, then dehydrated, embedded in ‘Paraplast’, and serial 
coronal sections were cut 6u thick. The sections were 
stained with gallocyanin chromalum and coated for auto- 
radiography ın the dark with melted Kodak NTB3 
nuclear emulsion. The coated sections were exposed with 
a desitcant at 5° C for 92 days, and were then developed 
and processed in the usual manner?®. 

Tritiated thymidine is utilized specifically for DNA 
synthesis, and therefore those cells that are preparing to 


The young of rats and mice are immature at birth. After birth, their 
brains grow In size and there Is also a marked proliferation of cells 
which become differentiated Into neurones with short axons sua 
neurones). The proliferation of similar cells has now been 

strated In the hippocampus of postnatal guinea-pigs even though 
these rodents are born with nearly full-size brains. 
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multiply at the tıme this radiochemical is made available 
to them become labelled. With autoradiography these 
cells are easily identified by the blackened silver grams 
that are situated over the radioactive cell nuclei. The 
animals with a short survival period after injection (6 h) 
were used to determine the sites and regional rates of cell 
multiplication at the time of injection. The animals with 
intermediate survival after injection (12 days) were used 
to obtain information about the migration of the labelled 
cells, and about the rate of their remultiplications (each 
time a labelled cell multiples it loses on average half of 
its labelled DNA). Finally, the animals showing long 
survival after injection (30 days) were used to establish 
the destination of the migratory cella and their mode of 
differentiation. In this paper we shall deal only with 
results obtained in two brain regions, the dentate gyrus 
of the hippocampus and the cerebellar cortex. 

In the guinea-pigs injected when 6 h old and killed 6 h 
afterwards, intensely labelled cella were seen in a large 
concentration, in the vicinity of the hippocampal area, in 
the relatively thin sub-ependymal layer surrounding the 
lateral ventricle. Within the hippocampal area many 
intensely labelled cells were seen in the fimbria and also 
in the polymorph cell layer (Fig. 1). In addition to the 
small cells situated in the polymorph cell layer, many of 
the small cells forming a thin band below the granular 
layer of the dentate gyrus (the basal germinal zone) were 
also intensely labelled. Few or no labelled cells, however, 
were seen in the granular layer itself. For quantitative 
evaluation of hippocampal neurogenesis we selected in all 
animals homologous sections of the dentate gyrus in the 
dorsal hippocampus, and all the labelled cells in this area 
were counted and classified (Fig. 2). In the animals that 
were injected at 6 h of age and survived for 12 days 
afterwards, few intensely labelled cells were seen at any of 
the sites mentioned, but there was a considerable morease 
in the total number of labelled cells, with most of them 
showing much decreased label concentration, indicating a 
fast rate of continuing cell multiplication during this 
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period. Increase in the number of labelled cells was 
pronounced in the polymorph cell layer, and was quite 
conspicuous ın the small cell zone situated below the 
granular layer, where the majority of the cells present 
were labelled. A few labelled cells were also seen in the 
granular layer, but these were generally small, spindle- 
shaped cells; differentiated granule cells were not labelled. 
Finally, in the animals that were ınjected at 6 h of age 
and survived for 30 days afterwards, there was a consider- 
able reduction in the number of labelled cells in the poly- 
morph cell layer and in the basal germinal zone of the 
dentate gyrus, combined with a great increase m the 
number of labelled cells within the granular layer. Many of 
these labelled cells were large, apparently differentiated 
granule cells, and were usually situated in the lower half 
of the granular layer; others were smaller cells which 
began to assume the shape and appearance of granular 
neurones. Most of these cells were lightly labelled. 

Comparable results were obtained in the guinea-pigs 
injected when 6 days old which were killed 6 h, 12 days 
and 30 days afterwards (Fig. 3). In this group of animals 
many intensely labelled cells were seen after 6 h of survival 
in the polymorph cell layer; very few in the basal, small- 
cell zone of the granular layer; none in the granular 
layer. There was a great increase in the total number of 
labelled cells after 12 days of survival, and most of these 
cells showed intermediate or light labelling. The increase 
was evident in the polymorph cell layer, but was particu- 
larly conspicuous in the basal small cell zone below the 
granular layer. There were a few labelled cells also in the 
granular layer; these were all small cells. In the animals 
surviving for 30 days there were many labelled differentiated 
granule cells in the granular layer; most of these were 
very lightly labelled. 

These results indicate that the primary site of cell 
multiplication in the hippocampal area is the polymorph 
cell layer. From here the newly formed cells migrate 
radially into the basal small cell zone situated below the 
granular layer, where they continue to multiply at a 
slower rate. Then from this region they migrate into the 
granular layer and as they become differentiated into 
typical granular neurones of this region they cease to 
multiply. The total number of labelled cells present in the 
area dentata in both injection groups is smaller in the 
animals surviving for 30 days than in those surviving for 
12 days after injection, as shown in Figs. 2B and 3B; this 
is presumably because of a continuing fast rate of cell 
proliferation up to this age (30 and 36 days) which leads to 
label dilution within many of the cells beyond detectability. 
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Fig. 1. Photomicrograph of a portion of the hippocampal dentate gyrus 

ina 30 day old guinea-pig. QL, Granular layer; PO, polymorph cell layer, 

Arrows point to some of the small, darkly staining cells of the basal 

zone. These are neuroblasts that migrate into the granular 

fayer and become differentiated there. Stamed with gallocyanin chro- 
malum. (x o. 170.) 
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Fig. 2. (A) Classification of all the labelled cells, in terms of concentration 
of label over cell nuclei, in the sampled region of the hippocampal 

dentate gyrus as & function of period of survival after injection. 
guinea-pigs were injected with tritiated thymidine 6 h after birth. (B) 
umber of labelled cells in the same animals in different layers or zones of 

the dentate gyrus. 


The foregoing conclusion agrees with our previous 
results in the rat‘? and it indicates that postnatal hippo- 
campal neurogenesis applies not only to precocial but also 
to altricial rodents. Some differences in the two species 
should be pointed out. First, the dentate gyrus is con- 
siderably more mature in the neonate guinea-pig than m 
the rat; for ın the guinea-pig a large population of differen- 
tiated granule cells is present at birth, but few such cells 
are geen in the newborn rat. In agreement with this, the 
proportion of labelled (that is, new) cells present in the 
granular layer of the dentate gyrus in the guinea-pig was 
much lower than that observed in the rat. In the two 
groups of guinea-pigs which survived for 30 days after 
injection an average of 15 per cent (range 11 per cent to 
18 per cent) of the total cell population waa labelled. In 
contrast, in rats injected at 6 days of age, with 20 days 
survival after injection, about 45 per cent of the cells in 
the granular layer were labelled™., Second, postnatal 
hippocampal neurogenesis 1s slower and more prolonged 
in the guinea-pig than in the rat. This is indicated by the 
following observations. (a) The rate of hippocampal 
neurogenesis in guinea-pigs in the first week after birth, 
representing the tenth week of gestation, is much faster 
than in rats of comparable gestational age (seventh week 
after birth). (b) In the rat most labelled cells in the granular 
layer were well differentiated neurones by the twentieth 
day after injection‘-’4; in the guinea-pig many of the 
celle in this region were still poorly differentiated 30 days 
after injection. (c) Unlike the situation in the rat, in which 
the neuroblast zone below the granular layer is in a process 
of dissolution by the end of the third week after’ birth, 
wo observed that this zone is prominent in 30-36 day old 
guinea-pigs (Fig. 1) and is still present in sexually mature 
young-adult guinea-pigs. fe : . £ 

Whereas hippocampal neurogenesis is quite pronounced 
for gome time after birth in the guinea-pig, postnatal 
cerebellar neurogenesis 18 munımal in this precocial species. 
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Fig. 3. (A) Classification of labelled cells in the hippocampal dentate 
gyrus of guinea-pigs that were injected when 6 days old and which eur- 


vived for different periods afterwards. (B) Number of labelled cella in 
difforent layers or zones in the same animals. 
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In the newborn rat the surface area of the cerebellar cortex 
is a small fraction of what it becomes ın the adult (few of 
the cerebellar folia are present) and the structure of the 
cerebellar cortex is embryonic (the molecular and granular 
layers are practically unformed). About the time of birth, 
cells begin to multiply very fast in the thick sub-pial 
germinal zone of the cerebellar cortex, the external 
granular layer. These cells migrate inwards through 
the developing molecular layer, past the differentiating 
Purkinje cells, and into the (internal) granular layer, 
where they become differentiated mto granular neurones. 
As a result of a large increase of its microneuronal popula- 
tion (consisting of the granule cells of the granular layer, 
and the stellate and basket cells of the molecular layer) and 
the concomitant differentiation of the Purkinje cells, the 
surface area of the cerebellar cortex increases considerably 
in the rat from birth to the end of the third week, In 
contrast, the cerebellar cortex of the guinea-pig is well 
developed at birth. The Purkinje cells are differentiated, 
and there is a thick molecular and granular layer through- 
out the cerebellum. A thin (about two to four cells thick) 
external granular layer is still present in the newborn 
guines:pig, but this germinal layer has gone in most 
regions of the cerebellum in the 6 day old guinea-pig, 
although remnants of it are still present in some regions, 
Wherever the external granular layer was present, how- 
ever, a large proportion of its cells were labelled with 
tritiated thymidine, and the process of cerebellar neuro- 
genesis, which is almost at ita end in the newborn guinea- 
pig, is similar to that observed in the rat. For quantitative 
evaluation of the autoradiograms we selected ın one 
animal from each group a homologous strip of cortex in 
the uvula, and counted and classified all the labelled cells 
that were encountered. In the external granular layer over 
430 intensely labelled cells were counted in the animal 
which was injected at 6 h of age aud survived for 6 h 
after injection (Fig. 4B). There were few labelled cells 
{about thirty) in this animal in the molecular layer, and 
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even fewer (about fifteen) in the (internal) granular layer. 
In the animal that was injected at the same time but 
survived for 12 days after mnjection, the occasional cella 
that were still seen in some places ın the practically dissolved 
external granular layer were lightly labelled. In this 
animal the population of labelled cells increased greatly 
in the molecular layer (to about 140 cells), and to an even 
greater extent in the (internal) granular layer (to about 
890 cells). In general, the cells of the molecular layer 
were very lightly labelled; the cells of the (internal) 
granular layer showed mostly intermediate labelling, 
many of them were intensely labelled. In the animal which 
survived for 30 days after injection, there was a decrease 
in the number of labelled cells in the molecular layer (to 
about forty cells) and also in the (internal) granular layer 
(to about 700 cells). In the latter region there was no 
appreciable change in the number of intensely labelled 
cells, indicating a deceleration in the rate of remultiplica- 
tion of the originally labelled cells. Comparable observa- 
tions were also made in the animals injected at 6 days of 
ago (Fig. 44) except that there was a general decrease 1n 
the number of labelled cells in this group. In the uvula, 
in which a one to two cell thick external granular layer was 
still present in the 6 day old animals, 150 intensely labelled 
cells were counted in the animal surviving for 6 h after 
injection. Few labelled cells were present in this animal 
in the molecular or (internal) granular layer. In the animal 
surviving for 12 days after injection, about 170 lightly 
labelled cells were counted in the molecular layer and about 
680 cells in the (internal) granular layer, with most of the 
cells in the latter region showing intermediate concentra- 
tion of label and many intense labelling. In the animal 
surviving for 30 days after injection there was some re- 
duction in these two layers in the total number of labelled 
cells, but no change in the number of intensely labelled 
cells in the (internal) granular layer. . 
These data indicate similarities and differences in 
postnatal neurogenesis between the altricial rat and the 
precocial guinea-pig. The cerebellar cortex in the guinea- 
pig, unlike that of the rat, is mature at birth and only a 
small fraction of ita granule cell population is formed after 
birth. The duration of cerebellar neurogenesis in different 
mammalian species, as judged by the time of dissolution of 
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Fig. 4. (4) Number of labelled cells in the three layers of the cerebellar 

cortex in a strip of the uvula, as a function of survival time afterinjection, 

in guinea-pigs tnjected when eaten en (B) The same in guinea-pigs 
in a A 
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the external granular layer, seems to be correlated with 
the period that is necessary for the maturation of their 
locomotor and related skills and also with species differences 
in the complexity of these skills. Thus, in the rat, the 
cerebellar external granular layer disappears at the end 
of the third week after birth; in the cat at the end of the 
socond month; and ın man (who is characterized by a 
very slowly and laboriously acquired bipedal locomotor 
capacity) by 12-20 months'*. Accordingly, the cessation 
of cerebellar neurogenesis soon after birth in the guinea-pig 
may be related to the circumstance that the limited 
locomotor capacity of the guinea-pig seems to be de- 
veloped at birth. In contrast to the cerebellar cortex, 
postnatal neurogenesis is quite pronounced in the hippo- 
campal dentate gyrus of the guinea-pig. This result 
suggests that factora other than short gestation period 
and general immaturity of the brain at birth need to be 
invoked to account for the prolonged postnatal recruit- 
ment of the granule cell population of the hippocampus. 
Possibly these late-forming elements control some aspect 
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of behaviour which matures or becomes functional after 
birth. : 
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Ons of us has reviewed extensively the occurrence, 
isolation and properties of the B-lactoglobulins of various 
species!. It suffices to recall here that this protein appears 
to occur only in the milk of ruminants and that it shows 
genetic polymorphism. Aschaffenburg and Drewry* were 
the first to show the presence of two variants m bovine 
milk, and Bell? later demonstrated the presence of a 
third variant, O, in the milk of Jersey cows. Green and 
Aschaffenburg® have shown, by X-ray diffraction studies 
of crystalline derivatives of the A and B variants, that 
each variant is composed of two identical units related 
by a two-fold axis. An idealized picture emerges of two 
spheres 17-9 A in radius, impingimg on each other by 
23 A at their surface of contact, giving a distance of 
33-5 A from centre to centre. The molecular weight of 
the dimer unit is 36,000. The amino-acid composition of 
the three variants is similar, but there are the following 
residue differences in each monomer unit when referred 
to the B variant}: A varant: +1 asp, —1 gly, +1 val, 
-— l ala; O variant: +1 his, —1 glu(N). 

In 1851 Groves, Hipp and McMeekin* found that pooled 
f-lactoglobulin underwent a large and rapid increase in 
laevorotation in alkaline solution. Tanford et al.?* pro- 
posed that this rapid transition is associated with the 
exposure of two “hidden”? carboxyl groups in each 
f-lactoglobulin dimer. They assumed that no change in 
the molecular weight of 36,000 18 involved and cited 
unpublished observations of Timasheff and Townend to 
support this. As far back as 1936, however, Pedersen’ 
had noticed anomalous behaviour in sedimentation 
velocity and equilibrium experiments near pH 7. Until 
now, there has been no integrated investigation of changes 
in the conformation and molecular size of B-lactoglobulins 
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The genetic variants of B-lactoglobulin undergo changes of con- 
formation and molecular size as the pH is varied. These may help 
to explain some of the changes which occur in milk when it is 
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in the pH range 5-9. We report such work here for three 
bovine B-lactoglobulins (A, B and C). 

Optical rotatory dispersion (ORD) measurements were 
made in the range 364-578 mp for the A, B and O 
variants prepared by the methods of Armstrong, McKenze 
and Sawyer (paper submitted to Biochim. Biophys. Acta} 
and Bell and McKenzie (paper submitted to Biochim- 
Biophys. Acta). The effect of pH value on the specific 
rotation at 578 mu, [a]s;,, and the parameter, a, of the: 
Moffitt-Yang’® equation is shown in Fig. 1. The para- 
meter, bo, of this equation remained sensibly constant for’ 
each variant over the pH range 2-9, being — 67° (standard. 
deviation 6°, eighteen measurements), — 65° (standard: 
deviation 8°, twelve measurements), —55° (standard 
deviation 8°, eleven measurements) for A, B and O, 
respectively. Thus it is not surprising that the pH 
dependence of [a]s:, and a, is similar for a given variant. 
Each of the variants shows only slight dependence of 
[a], and a on pH between 2 and 3-5. The B and O 
variants show only small dependence of [a], and a 
between pH 3-5 and 4-5. The A variant shows strong 
dependence on pH value between 3-5 and 5, with & 
minimum in —[æ]s and ~—a, at pH 4:5. This effect is 
related both to a change ın the dimer in which it assumes 
a specific conformation which is a prerequisite for the 
formation of octamer, and to the presence of octamer 
itself (McKenzie, Sawyer and Smith, submitted to Bto- 
chim. Biophys. Acta). The extent of the dimer—octamer 
reaction is small for the A variant at 20° and is negligible 
for the B and O variants'!. Between pH 4-5 and 7-0, the 
B and O variants show a sigmoidal increase in —[a]s7. 
and —a,. The same is true for the A variant if the effeqt 
associated with the octamerization reaction is taken into 
account. The A and B variants show a sharp increase in 
—[a]s and —a, between pH 7 and 9. On the other 
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hand, the increase for the O variant is small over this 
pH range. 

The transitions take place rapidly and reversibly. As 
the pH. is increased above 8, however, time dependent 
changes occur following the immediate transition. The 
values above this pH shown in Fig. 1 were obtained by 
extrapolation to zero time. The intrmsic viscosity 18 the 
same at pH 7:0 and at pH 4-0, being 0-034 dl/g for all 
three variants and the reduced viscosity 1s virtually 
independent of protein concentration over the range 
5-25 g/l. 

We have made an attempt to analyse the immediate 
changes on the basis of Tanford’s!! theory of ionization- 
linked conformational transitions. The transformation 
shown by the A and B variants in the pH range 6-6--0-2 
was analysed in terms of transitions involving one and two 
protons. The results in Fig. 2 indicate that the change 18 
best described in terms of the ionization of a single group in 
each molecule. Thus this change would appear to be 
identical with that in pooled §-lactoglobulin AB which 
involves the ionization of an abnormal carboxyl group 
(seo ref. 8). In the case of the O variant the change over 
the pH range 6:5-92 cannot be analysed as a single 
distinct transition and this is possibly due to masking by 
the transition occurring at pH. 4:5-6-5. The behaviour is 
reminiscent of the overlapping of two transitions with 


ionizations of different pK values (compare ref. 11). The. 


transition of the B variant in the pH range 4-5-6-5 is 
intermediate to that expected for one and two proton 
ionization. This situation could arise if two ionizing groups 
of closely related pK values were involved or the con- 
formations involved were mixtures rather than single 
specific types}. 

The dependence of the weight average sedimentation 
coefficient (S:0,0) of the A, B and O variants on protein 
concentration was examined in the pH range 5-0-8-0 
{I =0-1). Typical 8,.,. against concentration curves is 
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Fig. 1. Dependence on pH of a, tho specific rotation at 578 mu, Lals 
8 


and bithe parameter, a, of the Moffitt-Yang’* equation, for the bov 
*B-lac tins at 20° 0. @, f-A; A, 6-8, . "Sold symbols: 
portions of a stock solution at pH 70 adjusted to the relevant pH value 


with 0-1 molar hydrochloric acid (J, 01). Hollow symbols: buffered 
solution at the relevant pH. Protein concentration range: 100+1-0 g/l. 
(exact concentration known in each case). 
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Has Analysis of conformational transitions of bovine f-lactoglobulins 


o pH range 4-0 1n terms of one and two proton fonizations. @, Ex- 
‘perimental points; , one proton transition, and ---—-, two 
proton transitions, caloulated according to the theory of Tanford. 





shown in Fig. 3a. In all cases a single peak was observed 
in the schlieren pattern, some asymmetry being indicated 
by a spreading trailing edge. It was found that the time 
of equilibration was short compared with the time of the 
sedimentation velocity experiment at pH 7-6. In addition 
to the primary immediate change in sedimentation 
properties there were time dependent secondary changes 
at pH values above 8, but these were sufficiently slow at 


‘20° O that it was possible to determine the sedimentation 


coefficient at pH 8-8 immediately after mixing. A plot 
of Gyo, against concentration at pH 8-8 is shown for the 
A, B and O variants in Fig. 3b. Bearing in mind the 
rapidity of the primary change, tho shape of the curves 
of 8:0,» against concentration in Fig. 3, and the constancy 
of the intrinsic viscosity, it seemed likely that there was 
a tendency for the dimer to dissociate to the monomer 
with increasing pH, and that it depended strongly on 
the variant. The dissociation was confirmed from 
measurements of molecular weight by the sedimentation 
equilibrium method. These measurements were made at 
pH 7-6 and 20° C where there were no secondary changes, 
but the degree of dissociation was sufficiently small that 
recourse to the low concentration method of Yphantis™ 
was n . The tendency for dissociation at pH. 7-5 
and 20° C was found to be in the order 43> B > ©. It 
was shown that the monomer molecular weight is 17,000 + 
1,600 and the pKa values (where Kg is the dissociation 
constant of the dimer in moles/I.) for the A and B variants 
are 42 + 0-1; and 5-1 + 0-2, respectively. The latter 
value is in reasonable agreement with the value of 4-7 
obtained by Georges, Guinand and Tonnelat! for the B 
variant from light scattering measurements. 

Above pH 8 the optical rotatory dispersion of the A, 
B and C variants changed slowly with time at 20° C 
following the immediate transition. Typical results at 
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pH 9-1 and 20° C for the change in [a]s.. with time are 
shown in Fig. 4a. The rate of change was greater at low 
temperature, especially for the A and B variants (Fig. 4a, 
3° C). This reaction was followed for periods up to 14 
days at 3° OC. It can be seen from Fig. 4b that the rate 
of increase in laevorotation for the variants at 3° C and 
pH 9-1 is in the order A > B > C. The final rotation 
attained under these conditions is approxumately the same 
for each variant, that is 85 + 2°. The parameter, bp, of 
the Moffitt-Yang equation did not vary appreciably with 
tune, but the a, parameter became more negative. The 
rate of change of laevorotation increased with decreasing 
protem concentration and decreased with increasing ionic 
strength. The initial rate of change appeared to diminish 
after about the first 60 mm. Application of the integral 
method™ to the overall reaction indicated that the first- 
order equation was obeyed. When the results were 
examined by the differential method“, however, slight 
deviation from a simple first-order reaction was noted. 
The probable causes of this deviation are being investi- 
gated further (see later). 

We have reported previously?’ on the starch gel zone 
electrophoresis of the A, B and C variants after standing 
for varying periods ot time at pH 8-6 before electro- 
phoresis. It was shown that a time-dependent polymer- 
ization occurs and that ıt appears to involve primarily a 
reaction of the sulphydryl groups of the protein. We have 
also made parallel measurements of viscosity and sedi- 
mentation for the A variant with the ORD measurements 
already quoted at pH 9-1 and 3° C. The reduced viscomty 
increased from 0-035 dl/g over 4 days to 0-10 di/g, there- 
after remaining constant. The rate of increase for the B 
and O variants was less than that for the A variant. 
The sedimentation patterns of the A variant consisted of 
a single peak, but 1t became increasingly asymmetric as 
the reaction proceeded, the leading edge becoming more 
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Fig. 4. Effect of time on the optical rotation of, Pacton on nins A, Band 
OatpHO1(1=01). a, Initial reaction at 3° Cand 20°C; b, the reaction 
over 14 days at 8° O. 


widely spread. There was an increase in 8w of the peak 
from 2:4 9 at zero time to 3-2 S m two days at 3° C; 
thereafter it showed little further morease; there was 
also some very fast sedimenting material present. The 
apparent weight average molecular weight after 17 days 
reaction at pH 91 and 3° C was about 200,000. The 
increase in 8s, was eliminated in the presence of N-ethyl- 
maleimide, and the sedimentation patterns became more 
nearly symmetric. Thus the major polymerization under 
these conditions involves sulphydryl groups. The present 
experiments do not enable one to distinguish between the 
relative importance of oxidation of sulphydryl groups, 
sulphydryl—disulphide exchange and base catalysed split- 
ting of —disulphide groups. It is of interest that Johan- 
sen!’ has shown that oxidation of sulphydryl groups by 
molecular oxygen plays a prominent part in the polymer- 
ization. of B-lactoglobulin in urea solution. 

The chief cause of the time dependent change in the 
ORD of 6-lactoglobulins is a conformational change and 
the ORD itself is little affected by the polymerization 
reaction at pH 9-2 in the temperature range 3°—25° C. 
Likewise it has been found in our laboratory, and by 
Christensen?’, that the ORD changes only slightly during 
the polymerization. of B-lactoglobulin involving sulphydryl 
groups in ures solution. 

The situation for B-lactoglobulin at pH 9 in the range 
0°-25° © can be compared with its behaviour near pH 7 
at higher temperatures. There is little difference in ORD 
from that observed at the same pH and room temperature 
up to about 66° C (ref. 18 and McKenzie, unpublished 
work). Above this temperature there is an immediate 
increase in laevorotation, which is strongly dependent on 
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temperature, and there is a slow small increase in laevo- 
rotation with time**. The plot of the laevorotation at 
zero time against temperature is sigmoidal in shape and 
tends towards a limit which is similar to that attained 
by the protein after several days at pH 9-2 and 3° C. 
One of us™ has also examined the effect of heating the 
variants to 95° C at pH 7-5 (F, 0-01) for 10 min. The 
order of aggregation under these conditions is different: 
C > BSA. Similar experiments in the presence of 
N-ethy' eumide indicate that, for the B and C variants, 
only 30-50 per cent of the aggregation involves sulphydryl 
groups. 

We have found that at pH 12 there is an immediate 
increase in laevorotation which is greater than that of 
any of the changes already mentioned (for example, 
[a]s;, for A, B and C is about — 120°). A simular value of 
the laevorotation is attained in 7 molar urea throughout 
the whole pH range, 2-5-9, immediately on mixing at the 
lower and higher pH values, and more slowly near pH 5. 
The values of a, and b, attained are also similar to those 
at pH 12 in the absence of urea (McKenzie and Ralston, 
unpublished work). 

It is difficult to give a sumple schematic diagram which 
covers unequivocally all the changes in conformation and 
particle weight for the f§-lactoglobuling observed here. 
We have, however, given a scheme in Fig. § which covers 
broadly the experimental observations. The conforma- 
tion appears to be virtually constant in the pH range 
1-8-4:5 for the B and O variants near 20° O, but there is 
a slight change for the A variant near pH 4:5 (McKenzie, 
Sawyer and Smith, submutted to Biochim. Biophys. Acta). 
All variants tend to dissociate to the monomer below 
pH 3-5 at moderately low concentration, without appreci- 
able effect on the conformation. With increasing pH the 
dimer becomes the predominant form except at very low 
concentration and also for the A variant at low tem- 
peratures near pH 4-5 where the octamer is the pre- 
dominant form!, Each of the variants appears to enter 
a reversible ionization-linked transition in the pH range 
4-5-6-5. Our results are in ent with those of 
Trmasheff, Mescanti, Basch and Townend?’ in this respect. 
There are, however, quantitative differences between their 
work and ours in the interpretation for the B and O 
variants in this pH region and they have failed to find a 
minimum near pH 4-6 in the plot of laevorotation against 
pH for the A variant. 

In the pH region 6-5—10 all variants undergo a further 
ionization-linked transition. The work of Tanford’s group 
shows hat a masked carboxylic group is released in the 
course 'of this transition for the A and B variants, whereas 
that of Timasheff’s group shows that this is so for the O 
variant. Unlike the other groups, we find that there is 
an appfeciable tendency for dissociation of the dimer to 
the monomer in this pH region. We find somewhat less 
tendency to dissociation than do the French workers". 
Their work would seem to imply that the monomer has a 


different conformation from the dimer. It is difficult to 
gain unequivocal evidence on this, but our experience 
leads us to believe that R, and (Fy), in our scheme have 
a similar conformation and this is, of course, different 
from that of (RgH), or ReH. We consider the transition 
of Rg to R, probably proceeds by way of the monomer. 
The transition of R, to Rs is favoured at lower tempera- 
tures by low protein concentration. 

We believe that the titration of sulphydryl groups with 
reagents specific for sulphydryl proceeds by way of the 
monomer form for conformation R, or Es, although ther 
dimer forms may be involved. The work of Dunnill and 
Green" and Lyster (quoted in ref. 21) indicates that the 
monomer form Ra cannot react, but that transformation 
to either the monomer or dimer form of R, 18 at least 
necessary before the sulphydry! groups are readily avail- 
able to the reagents. 

Experiments we have carried out in the presence of 
organic solvents (such as methanol) and with varying 
ionic strength have given no clear indication of the 
relative importance of such factors as hydrophobic 
bonding and electrostatic forces in holding the monomer 
units together. We are also unable to conclude what is 
the relative “triggering’’ order in the pH region 6-5-9 of 
titration of the masked carboxyl groups, titration of the 
imidazole groups, the conformational transition and dis- 
sociation to the monomer. 

The reactions discussed are of considerable interest in 
helping to unravel the chemistry of B-lactoglobulins, and 
also have important implications for gaining an under- 
standing of their interaction with x-casein and problems 
in the processing of milk (for example, “‘forewarming”’). 

One of us (W. H. 8.) thanks the Australian National 
University for the award of a postgraduate scholarship. 
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LETTERS TO THE EDITOR 


PHYSICS 


Langmuir-Blodgett Multi-monolayers as 
Thin Film Dielectrics 


AN investigation has been carried out into the feasibility 
of using Langmuir~Blodgett multi-monolayers! of stearic 
acid as a thin film dielectric*. It has been found that 
these layers are stable under vacuum and that it is 
possible to evaporate aluminium over them without 
damage, as demonstrated by Handy and Seala’ investi- 
gating tunnelling infilms 25-100 A thick. 

Layers have been deposited on metallized slides, counter 
electrodes evaporated over them and some of the electrical 
properties of the resulting sandwiches measured. 

The thickness of the layers appeared very uniform, the 
standard deviation of capacitance/unit area on each slide 
being commonly as low as 3 per cent, that is, of the same 
order as the accuracy to which the areas of the base and 
counter electrodes can be produced and measured. The 
variation from slide to slide was higher, about 10 per 
cent, due to the difficulty of duplicating the exact geo- 
metry of the electrodes. 

The other electrical measurements were considerably 
more variable; the tangent loss angle (tan 8) showed a 
standard deviation of up to 25 per cent and the break- 
down strength (V/cm) varied on one slide by a factor 
of ten. (Twenty-four capacitors were produced and 
measured on each slide.) These variations are tentatively 
attributed to variations in surface pressure or vibration 
during deposition and it is hoped that as the production 
parameters become better understood and controlled 
these variations will be minimized. 

Each monolayer deposited is a “two dimensional” 
crystal‘ and consequently tends to bridge gaps and dis- 
continuities left by the previous layer. This gives these 
multilayers the interesting property of tending towards 
greater smoothness as they get thicker. A stearate multi- 
layer 225 A thick (stearic acid 25 A/molecule) has a 
maximum dielectric strength of 1-3 x 10¢ V/em with 
3 x 10- amp leakage current at 1 x 10° V/om, while a 
3700 A multilayer can withstand 2-6 x 10° V/om with a 
leakage current of 1 x 10-41 amp at 10* V/om. Over the 
same range of thickness the loss angle (tan ê) had dropped 
from 0-02 at 225 A to 0-006 at 3700 A, that is, the dielec- 
tric strength increases with thickness. The variation in 
loss angle with frequency followed normal thin film 
behaviour. There was no significant variation of capacit- 
ance with frequency. 

Due to the low dielectric constant of stearic acid (2-5) 
the charge/unit area is low (about 6 x 10% pF/cm"), 
though there is some evidence to suggest that the dielectric 
constant can be varied by altering the proportions of 
metal stearate in the multi-monolayers. 

The multi-monolayers are surprisingly thermally stable. 
They can be heated to 90° C in damp air over prolonged 
periods (the melting point of stearic acid is 69° C) with- 
out damage and have also been repeatedly and rapidly 
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cycled from liquid nitrogen temperature to 50° C in air 
without change in their electrical properties. 
L. Horr 


Associated. Electrical Industries, Ltd., 

Harlow Research Laboratory, 

Essex. 
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Does a Moving Body appear Cooler ? 

Tms question was raised recently by lLandsberg!. 
Affirmative answers were given by Fremlin*, Noerdlinger® 
and Williams‘ in agreement with currently accepted 
theory. Landsberg’ points out that the transverse 
Doppler effect and the equipartition theorem used by the 
authors mentioned equally admit a Lorentz invariant 
temperature as well as the accepted theory. With this 
view I agree, but question paragraph (c) of his letter, 
where he gives a general case against the orthodox trans- 
formation. He considers two bodies in uniform relative 
motion, these bodies being large enough to allow heat 
transfer at right angles to the direction of motion. Lands- 
berg argues that if the bodies are identical no transfer of 
heat can take place, while the orthodox transformation 
requires the moving body to be cooler and so inducing 
heat (that is, energy) transfer. 

Let each of the two identical bodies emit an amount of 
radiation L, as measured by an observer at rest relative 
to the body. The transverse Doppler effect now requires 
that the observer on the other body, moving with a speed 
V, receives amount of radiation 


Lo V(— V%)fet 


Hence each observer emits L, and receives Loy (1— V*)/e*. 
Each observer thus thinks there is a flow of energy away 
from him, as is required by the orthodox theory for tem- 
perature transformation. 

This idea of apparent energy transfer is not confined to 
temperature considerations. Consider the collision between 
two perfectly elastic balls, each of proper mass m, moving 
with speeds u, — u along the x-axis of an observer B. By 
solving the equations of conservation of mass and 
momentum, the speeds afterwards will be given by —u 
and u. Consider now an observer A relative to whom 
observer B has a velocity V along the direction of the 
moving balls. Using standard velocity addition laws, A 
measures the speed of the balls before the collision as 








V+u V-u 
and 

uV l uV 

I+ ers 





Vuu d V+u 
per uv 
Le l+ ee 


Observer B measures the energy of the first ball, both 
before and after the collision, as 





Mu’ 
— ut 5 
vi-¥ 


He does not observe any energy flow during the collision. 
Observer A measures the energy of the first ball before 
the collision as 
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while after the collision he measures it as 
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These two values are different and so observer A 
measures an energy flow. Thus here is another example 
of an apparent flow of energy, and Landsberg’s conclusion, 
that it is not feasible for heat to flow between two 
“identical”, but moving, bodies is not a valid objection. 
Orthodox transformation of temperature must thus still 
stand. 





I. P. WmizaMs 


Department of Mathematics, 
University of Reading. 
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THE SOLID STATE 


Friction and Wear of Polymers reinforced 
with Carbon Fibres 


THe development of high strength and high modulus 
carbon fibres at this establishment? has prompted an 
examination of the friction and wear properties of a 
variety of resins and polymers reinforced with these 
fibres. Composites with thermoplastics were prepared by 
blending chopped carbon fibres (about 0-126 in. long) with a 
water dispersion of the powdered polymer in a lquidizer; 
the mixture was then dried and compression moulded 
into a bar. For the thermosetting resm composites, the 
liquid resin was poured over a random mat of fibres in a 
mould and light pressure applied during curing. The 
coefficient of friction and the rate of wear of each com- 
posite were determined on a crossed-cylinders wear 
machine. The composites were in the form of cylinders 
0-25 in. in diameter and were loaded against a 4 in. 
diameter cylinder of mild steel (8.9.15). All experiments 
were made in dry conditions of sliding. 
The wear rates of various polymers with and without 
„ reinforcement by 30 per cent weight of high modulus 
carbon fibre are compared in Fig. 1. Two features may 
be noted. First, the fibres reduce the wear rate of all the 
polymers, and particularly those of the harder and more 
brittle materials such as Friedel-Crafts’, polyester and 
polyvinylehloride (PVC). Second, the coefficients of 
friction are also reduced to a level which appears to be 
almost independent of the matrix material. Microscopic 
examination of the wear scars on the composites showed. 
that y of the fibres exposed at the surface were 
‘alightly raised above the mean plane of the matrix. This 
finding, together with the approximate constancy of the 
coefficients of friction, suggests that the fibres them- 
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selves directly support a significant proportion of the 
applied load. Further experiments with uni-directionally 
onented fibres in a polyester resin matrix have also shown 
that the orientation of the fibres influences the friction 
and wear of a composite. Minimum coefficients of friction 
and wear rates are obtained with the fibres aligned per- 
pendioularly to the sliding surface. The least effective 
orientation is with the fibres lying parallel to the surface 
and also parallel to the direction of sliding. 

Fig. 2 shows the effect of varying the amount of carbon 
fibre reinforcement on the wear rate, friction and ultimate 
flexural strength of polytetrafluoroethylene (PTFE). 
Results are given for two types of fibre, produced at 
low and high temperatures, and the properties of each 
type are given in the legend to the figure. Of particular 
interest are the very high coefficients of friction obtained 
with the high strength fibre composites; this supports 
the conclusion that the fibres support a major part of the 
load, because the friction of polytetrafluorcethylene alone 
is low (0-25). The differences in friction between com- 
posites containing high strength and high modulus fibres 
also point to a dependence of friction on the structure of 
the carbon fibre. This aspect requires more detailed 
study. Although the high strength fibres give the highest 
composite strengths and lowest rates of wear, there is not 
usually any correlation between wear rate and bulk 
strength. The wear rates of composites with high modulus 
fibres can be reduced by a further factor of ten below 
those in Fig. 2 by the addition of small proportions of 
third components, such as graphite or bronze flake; these 
additions somewhat reduce the flexural strengths. As a 
general conclusion it appears that the most important 
factor determining the rate of wear of a composite based 
on polytetrafluoroethylene is the fibre concentration, 
while that determining the overall strength 1s the strength 
of the individual fibre-polymer bonds. The latter can be 
significantly increased by pretreatment of the fibres, as 
noted elsewhere‘. 

The use of carbon fibres to replace the more conven- 
tional glass in reinforced polymers for bearmgs and gears 
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Friedel- PTFE Polyester Poly- Poly- Polyimide 
Orafts (11) carbonate ethylene 
PYC Poly- Polymethyl- Nylon Acetal 


propylene methacrylate 6,6. copolymer 


ool 1, Effect of carbon fibre reinforcement on the friction and wear of 
pho sliding inst steel Load, 1-2 kg; speed, 54 cm sec, 

rface finish of steel, 6 sin. c.l.a. _ High modulus fibres, ultimate tensile 

airen (U T.8.) 280 x 10 Ib in. +» Clastic modulus, 54 x 10° lb. 1n.-4. 
Solhd bars, polymer + 80 per cent weight addition of fibre. Hatched bars, 
polymer alone. Figures over each bar indicate coefiiclents ot friction. 
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Ing. 2. Friction, wear and flexural strength of polytetrafluoroethylene 
retnforced with oarbon fibres. Load, 1 2 kg; speed, om sec. High 
modulus fibre: T > 2,500° O; U.T.8, = 280 x 10* lb. in.-*; elastic modulus, 
~54x 10° Ib.in.; ay diameter, 7 2u. High strength bre T= 
1,500° O; U.T.8. ~410 x 10? Ib. in.-*; elastio modulus, ~82 x 10* lb. in; 
average diameter, 75g. ————, 
high etre: 


should lead to significant improvements in strength (load 
carrying capacity) and stiffness (deflexion under load). 
There are, moreover, two further advantages. The 
coefficient of friction of high modulus carbon fibres against 
steel is relatively low (<= 0-25) in comparison to that of 
glass (0-8). Perhaps of oven greater importance ıs the 
fact that carbon fibres are much less abrasive than those 
of glass. Comparative tests have shown that polymers 
reinforced with glass fibres cause at least ten times as 
much wear on a relatively soft counterface, such as mild 
steel, than polymers reinforced with carbon fibres. The 
low abrasiveness of carbon fibres also appears to be 
directly related to their ability to reduce wear when added 
to a polymer. The wear rates of most polymers are very 
dependent on the surface roughness of the counterface. 
Carbon fibres are just sufficiently abrasive to smooth the 
surface of the counterface in the early stages of sliding 
and, at the same time, to inhibit the formation of a trans- 
ferred layer of polymer. This property ultimately leads 
to the establishment of an equilibrium surface condition 
of the counterface which favours a low rate of wear of 
the composite. 

J. P. Griurrow 

J. K. LANCASTER 
Ministry of Technology, 
Royal Aircraft Establishment, 
Farnborough, Hampshire. 
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Electron Microscopy of Polyethylene 
below 20° K 


THE application of the electron microscope to the study of 
orgame and biological materials is severely restricted 
because the crystallinity of specimens is destroyed by the 
electron beam. Thus diffraction techniques, which are so 
useful ın examining morganic substances, become difficult 
if not impossible for organic specimens in normal operating 
conditions. Although the problem has been recognized 
for at least a decade, only recently have techniques become 
available which may alleviate it. One of these possibili- 
ties is electron microscopy at very low temperatures. 
This communication reports experiments on the diffraction 
of polyethylene crystals in the electron microscope using 
the liquid helium goniometer stage developed by one of 
us}, 

Polyethylene is a suitable substance in which to search 
for prolonged hfetimes of crystals, because not only is 1t a 
much studied material whose radiation chemistry is 
comparatively well understood, but also there appears 
a priori to be a reasonable chance of success. For example, 
alkyl free radicals, the decay of which is usually believed 
to be responsible for disruption of the structure, are stable 
at 77° K (refs. 2 and 3) but decay at room temperature. 
It 18 the purpose of the experiment reported here to explore 
the effectiveness of such changes in inhibiting disruption 
of the lattice by working at low temperatures (< 20° K). 

The experimental procedure adopted was very simple. 
Lifetimes of Ak0 diffraction patterns from similar mono- 
layer crystals of a high density polyethylene taken from 
the same preparation were compared under identical 
standard conditions except that some crystala were 
examined at room temperature while others were cooled 
with Hquid helium. The temperature of the goniometer 
stage was measured as ~ 10° K with a Chromel—Constantan. 
thermocouple and the low value confirmed by condensing 
argon on a specimen while in the microscope. Neon was 
also condensed on the specimen holder, although not on 
the specimen in these runs. For the measurement of 
hfetimes, crystals were located in the microscope by 
scanning under very low illumination with the second 
condenser defocused until a single crystal AkO diffraction 
pattern was observed. At once condenser II was adjusted 
to a standard setting (giving higher, but still low, illumina- 
tion) and times were noted for the pattern (a) to alter 
perceptibly and (b) to become largely amorphous in 
character. Subsequently, the selected area contributing 
to the diffraction pattern was located and photographed. 
Three runs were performed with different specimens and 
about thirty crystals examined. For all crystals examined 
the results were similar no matter whother they were 
cooled or not. Under the standard conditions used, the 
time (a) always fell between 1 and 2 min and time (b) 
between 2 and 3 min. No systematic trend towards 
increased lifetimes at low temperatures was observed; 
we can say with confidence that the lifetime between 
20° K and 300° K is constant to within a factor of two. 
In consequences, it is clear that, at least for polyethylene, 
the use of a cold stage does not provide a significant 
improvement in crystalline stability to allow an increased 
use of diffraction microscopy. 

This conclusion is surprising in view of the extensive 
evidence which suggests the contrary and merits discus- 
sion. The absorption of high-energy radiation by poly- 
ethylene has, after warming to room temperature, essenti- 
ally the effect of evolving hydrogen gas in consequence of 
(a) crosslinking, that is, the joining of adjacent molecular 
segments by covalent bands and (b) the formation of 
transvinylene double-bonds*. The structural effects of 
these processes revealed by the changing hkO diffraction 
patterns will be much greater for crosslinking because 
inter-carbon distances are altered from values appropriate 
to van der Waals to those for covalent bonding. In con- 
trast, not only are much smaller dimensional changes 
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involved in forming transvinylene but also these changes 
will lie approximately in the AkO planes and thus affect 
the diffraction pattern in only a correspondingly minor 
way. 

Morphological observations*-* indicate that migration 
of some intermediaries ıs involved in crosslinking. 
Although radiation is absorbed at random, crosslinking, 
nevertheless, occurs preferentially at the fold surfaces of 
crystals. Freezing of this migration should reduce cross- 
linking and prolong the life of a crystal. It is generally 
supposed that the relevant intermediary is the alkyl 
free radical*. Alkyl free radicals are formed on irradiation 
at 77° K and are stable at this temperature. On warming 
to room temperature the free radicals disappear and cross- 
links form. In this case radical migration, and conse- 
quently the formation of crosslinks, would be inhibited 
at 77° K. How then is it possible to account for the 
simular diffracting lifetime of a polyethylene crystal below 
20° K and room temperature ? 

The answer 1s probably to be sought in the radiation 
dose (that ıs, the energy absorbed) required to change 
the diffraction pattern markedly. This dose has been 
found by Slichter and Mandell to Le between 2,000 and 
3,500 Mrads (ref. 10) whereas all the other works cited 
here refer to doses two to three orders of magnitude less. 
If at such high doses the concentration of free radical or 
other intermediaries is correspondingly high, then probably 
a number of intermediaries would be adjacent and form 
sufficient crosslinks to disrupt the structure without 
migration. 

As regards the original problem of prolonging the life- 
time of organic crystals in an electron microscope, low 
temperature microscopy has been shown not to be usually 
applicable though its use in particular cases may perhaps 
be advantageous, For a general technique it seems 
desirable to direct attention eleewhere, for example, 
to the use of very high voltages!* and/or image intensi- 
flers}, 
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CHEMISTRY 


“Phenylpicrylhydrazyl” on n-type Oxidic 
Surfaces 
MANY organic compounds have a relatively stable electron 
spin resonance signal'-* even at room temperature when 
adsorbed on a surface. In all these cases, the radical is a 
positive ion formed as a result of charge transfer with an 
‘appropriate aite on the adsorbent. Recently, we have 
found that 1-phenyl-2-pierylhydrazine adsorbed on an 
anatase sample of high area shows an electron spin 


* 


, 
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resonance signal. The line shape, colour and chemustry 
of the adsorbed species strongly indicate that it is a 
phenylpicrylthydrazyl free radical and we wish to report 
here certain preliminary qualitative electron spin reson- 
ance results and its chemistry on oxidic surfaces. 

When a pale yellow benzene solution of 1-phenyl-2- 
picrylhydrazine ıs poured over anatase, the solid turns 
dark purple. The colour laste for days if the solid remains 
moist or covered with solution. If the solvent is removed 
the colour fades out completely within a few hours. The 
electron spm resonance signal of the adsorbed species 
(developed on anatase from a saturated solution of the 
hydrazme in acetone). 1-phenyl-2-picrylhydrazine is 
quite soluble in acetone and seems to form a complex 
with it. In pyridine it is extremely soluble and the colour 
of the solution is dark green. For both these solvents 
Emax 18 at 410 mp, whereas for benzene or chloroform 
(sparingly soluble) ıb is at 325 mu. The colour, we believe, 


(-) 
is due to generation of TON -Ñ - Pio. ion (unpublished 


work) obtained with a low frequency electron spin 
resonance apparatus-is shown in Fig. 1. The electron spin 
resonance signal has a hyperfine structure of six lines 
which suggests that two nitrogen atoms and a hydrogen 
atom are almost equally coupled and should give rise to 
2(2Im +Ig) +1 = 2(2+1/2)+1 = 6 absorption lines. The 
calculated intensity distmbution of 1:3:5:5:3:1 for 
the six lines is not observed, however. This may be 
due to several factors including dipolar spin-spin, spin- 
lattice and several kinds of exchange interactions. All 
these interactions will affect the line-width. 

After thoroughly washing the adsorbed species with 
acetone, the purple colour disappears and the hydrazme 
is regenerated if water or a dilute mineral acid is poured 
over the solid. The hydrazine solution turns green on 
zine or magnesium oxide of high surface area. When this 
supernatant liquid is filtered out, both solids are purple. 
The green pyridine solution also renders all the solids 
purple. The final product (more than 90 per cent yield) 
that is obtained from a benzene solution after the purple 
colour has completely disappeared is 2-nitroso-4,6-dinitro- 
azobenzene. This is, obviously, obtained after the dehydra- 
tion of the hydrazine on the surface. This is the case for 
all the solids used. The product is confirmed by elemental, 
mass-spectral and infra-red analyses as well as by melting 
point determinations’. The rate of the reaction seems to 
decrease with the extent of adsorbed water on the oxides. 

It is interesting in this connexion to note that 1,1-di- 
pheny]-2-picrylhydrazine is quite stable over all these 
solids and that diphenylpicrylhydrazyl (DPPH) reacts 
with water® on the surface producing the corresponding 
hydrazine. On readily reducible oxides such as yellow 
oxide of mercury? or lead dioxide, 1-phenyl-2-picryl- 
hydrazine gives almost theoretical yield of 2,4,6-trinitro- 
azobenzene, a dehydrogenation product. On excess of 
cuprous oxide and red lead oxide 2,4,6-trnitroazobenzene 
is again obtained. Yellow lead oxide, however, yields the 
nitroso-azo-compound. The acidic nature of 1-phenyl-2- 
picrylhydrazine is shown by its instantaneous reaction 
with diphenylpicrylhydrazyl or quinone, where 1 mole 
of hydrazine reacts with 2 moles of DPPH or 1 mole of 
quinone to give 2,4,6-trinitroazobenzene, and diphenyl- 
picrylhydrazine or hydroquinone. 


~10 Gauss 


— 


Fig. 1. Electron spin resonance signal (first derivative): 1-phenyl-2- 
picrylhydrazine adsorbed on anatase from acetone. The arrow corre- 
sponds to a value of g © 2. 
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We know that zinc oxide, magnesium oxide, titanium 
diomde and lead oxide (yellow) are n-type semiconductors 
and when the hydrazine 1s adsorbed on them the F'-centres 
on these surfaces may be occupied by hydrogen atoms 
from the hydrazine. The radical which develops is reson- 
ance stabilized and the surface helps to mamtain its 
planarity. Later, when one of the o-nitro groups picks up 
the hydrogen the hydrazine eliminates a water molecule 
and the mtrosoazo-compound is obtamed. The F-centres 
on the surface are easly quenched by water or acids and 
the reaction therefore ceases. The mineral acids also 
inhibit the acidic nature of the hydrazine. On basic oxides 
such as zinc or magnesium oxide, the anion which develops 
in solution on adsorption turns into the radical, hence the 
end product is the nitrosoazo-compound. On easily 
reducible oxides such as mercuric oxide (yellow) or 
lead dioxide and p-type oxides such as copper oxide or 
lead oxide (red), such a mechanism obviously cannot take 
place and 2,4,6-trinitroazobenzene is obtained by a simple 
oxidation mechaniam. 
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An Unusual Activity Pattern in Hydrogen- ` 
reduced Nickel-Copper Alloy Catalysts 


Srovprss with binary alloys have often been used in efforts 
to define the electronic factor in catalysis, and special 
interest has been attached to the compositions at which 
breaks in the activity occur. Frequently, however, 
measured patterns of activity cannot readily be related 
to changes in the electronic structure of the metal’. This 
communication reports that after sustained hydrogen 
reduction homogeneous samples of “mixed” evaporated 
films of nickel and copper exhibit a surface the composition 
of which is insensitive to the bulk composition. Because 
preliminary hydrogen-reduction is frequently practised 
in basic studies we would like to emphasize that the 
extent to which measured activities are affected probably 
depends on the duration of such reduction. 

Nickel—copper films (80-120 ug/om?) were prepared by 
vacuum evaporation in ‘Pyrex’ bulbs. Reduction of the 
metal deposit for 2 h at 530° C was followed by cooling 
to — 95° C and evacuation for 10 min. It was ascertained 
that the “mixed” films were homogeneous by diffracto- 
moter profiles of the Debye—Scherrer reflexions. Reaction 
of a standard 8:1 hydrogen/butene-1 mixture (total 
pressure 1-0 mm) on a series of films gave the activity 
pattern shown in Fig. 1. Because the areas of the films 
were similar, the specific activities were similar for pure 
nickel and for alloys containing as little as 6:3 atom- 
per cent nickel. 

Sachtler and Dorgelo? have reported phase separation 
(which is favoured thermochemically) in the nickel- 
copper system when atom transport is made possible by 
high surface/volume ratio, as in evaporated films. Such 
separation would give phases of typical nickel content 
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Fig. 1. The hydrogenation of butene-1 over nickel-copper alloy films: 
activity pattern. 
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98 per cent («,) and 20 per cent (a,). The observation of 
& copper rich (œs) surface layer by these workers was a 
consequence of the alloying procedure which they used’. 
In general, both phases can coexist at the surface, and 
their relative proportion depends on the heat treatment. 
Hydrogen chemisorption on the alloys, however, pro- 
vides a chemical potential acting to draw mickel prefer- 
entially towards the surface layer‘. ‘The cooling of 
a copper—nickel alloy, so heated in hydrogen, to less 
than about 300° C then favours the formation of an 
a, skin covering the crystallites. Departures from a 
uniform catalytic activity may be expected only at the 
extremes of composition, namely, at 98-100 per cent 
nickel and at nickel contents insufficient to form a surface 
of the «, phase. 

The constancy of activity and course kinetics observed 
for hydrogenation of butene-1 are in accordance with this 
view. Other results** with copper—nickel alloys prepared 
by reduction from mixed salts show the appearance of 
nickel-rich “skins” on the metal crystallites which can 
probably now be ascribed to the effect of hydrogen-reduc- 
tion. The evaporated alloy-film technique avoids the 
possibility of spatial fractionation of the metals inherent 
in co-precipitation and thermal decomposition stages 1n 
chemical preparation of alloys and permits a single 
explanation of surface enrichment in transport actuated 
by hydrogen. 
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Dimeric and Tetrameric Complexes of 
Copper(O) 
STABLE compounds of copper(O) appear to be unknown 
except for the barium salt of the complex acetylide anion 
{PhC=C—Cu—Cu—C=:CPh]*- described by Nast et al.+ 
and perhaps a phthalocyanine complex*. Derivatives of 
copper(O) if monomeric should be paramagnetic (481 
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configuration) and, if dimeric, diamagnetic lke the iso- 
electronic mercuric chloride. The dimeric acetylide 
copper(O) anion 1s indeed diamagnetic as is, presumably, 
the Cu, molecule, which exists in equilibrium with copper 
atoms ın the gas phase. The Cu, molecule has a surpris- 
ingly high dissociation energy (45°5-+2 keal/mole), the 
corresponding value® for Ag, and Au, being 39 and 51:5 
kcal/mole respectively’. Nevertheless, the Cu, species is 
thermodynamically unstable with respect to metallic 
copper, because for the reaction Cuggy+2Cuy), AH = 
— 115-5 koal. The stabilization of the Cu, and Cu, species 
has now been achieved using a variety of different ligands. 

In view of the unusual ability of triphenylphosphine to 
stabilize low oxidation states (for example, those of 
platinum(O) and rhodium(I)), the effect of reducing agents 
on triphenylphosphine derivatives of copper(I) has been 
studied. Treatment of (Ph,P),CuCl with hydrazine in 
ethanol yields a white crystalline solid with a melting 
point at 160° C having the empirical formula (Ph,P),Cu. 
(Found: C, 73-3; H, 5-1; P, 10-2; Cu, 11-2 per cent. 
Required for C,,H,,P,Cu: C, 73:5; H, 6-1; P, 10-5; 
Cu, 10-8 per cent.) The compound is a non-electrolyte in 
nitromethane (Aw=0-3 r.o. at 10> moles/l.), but the 
molecular weight ın chloroform varies with concentration, 
namely, 652 (7-60 x 10-1 moles/1.), 676 (2°50 x 10-* moles/1.) 
and 466 (1-45x10-* moles/l.). The proton nuclear 
magnetic resonance spectrum indicates the formation of 
free Ph,P and hence a dissociation of the type 


[(Ph,P),Cu],2[Ph,P->Cu], + 2Ph,P 
2((Ph,P),Cu], @{Ph,P—>Cu], + 4Ph,P 


is indicated. In the solid state the compound is dia- 
magnetic over the temperature range 80° K to 400° K. 
When the compound [(Ph,P),Cu], is heated in vacuo 
at 200° C in an oil bath, triphenylphosphine distils off 
leaving a colourless solid melting at 225° C. The latter 
has the empirical formula Ph,PCu (found: ©, 65-6; H, 
4-8; Cu, 18-9 per cent. C,,H,,PCu requires C, 66-0; 
H, 4:6; Cu, 19-6 per cent) and is tetrameric in chloroform 
solution at 25° C (molecular found 1,283 (1:20 x 10-* 
moles/l.) and 1,279 (1:60x10-? moles/l.) : [Ph,PCu], 
requires 1,302). When titrated with iodine in chloroform 
solution 1 mole of [Ph,P>Cu], reacts with 2-05 moles of 
iodine, presumably forming the tetrameric compound. 
[Ph,P-Cul],. The structure of the corresponding 
triethylarsine compound [Et,As—-Cul], is well known‘ 
(Fig. 1) and it seems likely that the structure of [Ph,P— 
Cu], involves a tetrahedron of copper atoms with a Ph,P 
molecule attached to each (Fig. 2)*. Attempts to prepare 


[Ph,P—>Cu], by reducing [Ph,P-Cul], with hydrazine. 


in alcohol solution have not, however, been successful. 


( TE) similar structure has been proposed for the compound [PtEPh,], 
ref. 5). 
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Fig. 2. (Nature of bonding unknown.) 

One of the most noteworthy features of these com- 
plexes of copper(O) is their thermal stability, especially 
that of the tetramer [Ph,P—>Cu],. Similar marked 
thermal stability hag been observed with other ‘‘cluster’’ 
type compounds involving octahedral or triangular 
arrangements of metal atoms. 

When [(Ph,P),Cu], waa treated with a suitable triden- 
tate group, such as bts-(o-dimethylarsinopheny!)methyl- 
arsine (“‘o-triars”) in an attempt to impose a four co- 
ordinate stereochemistry on the copper atom, a compound 
of the empirical formula [Cu(o-triars)] was isolated. 
(Found: C, 40-1; H, 4:65; As, 42-5; Cu, 11:9 per cent; 
C,,H,.48,Cu, requires: ©, 396; H, 45; As, 43-6; 
Cu, 12-3 per cent). The compound is essentially dumeric 
in chloroform solution at 26° C, the molecular weight 
varying from 833 (5-0 x 10-*) to 940 (9-8 x 10-4) (calculated, 
1033), possibly owing to dissociation to form the monomer. 
A structure mvolving two four-co-ordinate (d!°) copper 
atoms is suggested. The compound reacts quantitatively 
with bromine in chloroform solution and a spectrophoto- 
metrio titration indicates that 1 mole of bromine per mole 
of the Cu, dimer is required for the reaction. This 1s as 
expected for the reaction 


(o-triarsine-+Cu], + Br,—-2[0-triaraine>CuBr] 


Certain bidentate ligands also react with [(Ph,P),Cu], 
to form complexes of the type [Cu(chelate)Ph,P], where 
the chelate can be diarsine, dipyridyl and o-phenanthro- 
line. No reaction was observed with the monodentate 
ligand pyridine, however. 

The compound [(Ph,P),Cu], undergoes oxidation 
reactions with mercuric halides similar to those observed 
with the triphenylphosphine Pt(O) complexes’, to form 
complexes of the empirical formulae Ph,PCuHgCl and 
Ph,PCuHgBr. Other compounds of unknown structure 
having the empirical formula (Ph,;P),Cu,Cl,, (Ph;P); 
CuAgBr, (Ph,P),CuAuBr and Ph,;PCu8nCl, have been 
prepared. The highly insoluble nature of these complexes 
suggests that they have some type of polymeric structure. 
Further details of this work will be published elsewhere in 
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Trimerization of a Bis-(8-ketophosphonyl)- 
Metal Complex involving Recyclizations 


Ir is now well established that the bis-(B-ketoenolato)- 
metal(II) compounds of manganese, iron, cobalt, nickel 
and zine polymerize to form trimers or tetramers'—, 
unless they are prevented from so doing by steric hind- 
ranco., Although the structures of these polymers vary 
considerably, their common feature, and the putative 
cause of their formation, is the tendency of the metal 
atom to have a co-ordination number greater than four. 
This is accomplished by the sharing of some oxygen 
atoms (bridging atoms in the polymeric structures) 
between metal atoms. 


A few years ago the compound I was prepared’. It is a 
rose coloured solid and its molecular weight in freezing 
benzene corresponds to a trimeric formula (n=3). More- 
over, as with certain bis-(8-ketoenolato)nickel(II) com- 
plexes in which there is an intermediate degree of steric 
hindrance in the polymer, the compound seems to exist 
in solution as a labile equilibrium mixture of monomers 
and trimers depending on both concentration and temper- 
ature. The existence of monomers lacks direct, unequivo- 
eal proof, but is strongly indicated by the following 
observations. (1) Decreasing the concentration and/or 
increasing the temperature of solutions (1,1,2,2-tetra- 
chloroethane has proved to be an excellent solvent for 
such investigations) leads to the development of a deep 
blue colour. (2) The spectrum corresponding to this 
colour bears a close resemblance to that of the compound 
bis - (2,2,8,6 - tetramethylheptane - 3,5 - dionato) cobalt 
(TI). The latter has been shown’ to be a monomeric, 
tetrahedral (strictly, D,4) complex. 

The behaviour described thus far is entirely conven- 
tional in view of the known behaviour!-5 of the similar 
B-ketoenolato complexes of divalent metal ions. An 
investigation of the structure of the trimer (I, n=3) by 
single crystal X-ray diffraction methods, however, has 
revealed an entirely unconventional and interesting 
aspect of this system. 

The compound. crystallizes in the monochnic system, 
space group P2,/o, with two trimers per unit cell of 
dimensions @=11-203+0-005 A, 6=12:825+0-010 A, 
c=23-945 +0010 A, B=114:48 +004. Wo used 2,028 
reflexions which we collected on a manually operated 
quarter-circle goniometer to solve the structure by the 
usual succession of Patterson and Fourier maps. The 
final structure was refined by the full matrix least squares 
procedure, using anisotropic temperature factors for the 
cobalt and phosphorus atoms, to convergence, giving a 
conventional residual of 0-093. 

The structure is illustrated in Fig. 1. Although ıb is 
reminiscent of the nickel acetylacetonate structure! to 
the extent that it consists of a linear sequence of three 
octahedra sharing faces, it is fundamentally and surpris- 
ingly different because all six chelate rings are closed 
around the terminal cobalt atoms and none around the 
central motal atom. For this structure to arise on poly- 
merization very extensive rearrrangements are required. 
The two chelate rings not only have to open about the 
central metal atom but also to reclose about the terminal 
ones. In all polymeric bis-(8-ketoenclato)metal (IT) 
complexes previously studied, the polymers can be formed 
merely by distorting the monomers, without reoyclizations 
or other processes involving the breaking of bonds. 
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1. The structure of the trimeric unit found in the crystal. For 
ops have not been included and portions of the molecule 
80) 


Co2-O(1,8,5)— 211; Col- 
= 2-918 Å. 


Fig. 
clarity è 
are represen’ y by heavy curved es, 
longos (mean values) are: 1-0 = 2°11; 
(2,4,8)= 2-05; P-O(2,4,6)~ 1-47; P-O=1-72; Col-Co! 


This structure raises a number of interesting questions, 
including: (1) What factors, steric, electronic or both, 
cause such a structure to be preferred? (2) Can this 
type of structure be expected in complexes of B-keto- 
enolate ions which have sterically and/or electronically 
dissimilar halves ? (3) How are the kinetics of polymer- 
ization affected by the extent of rearrangement required ? 
(4) What chemical implications does the latent nakedness 
of the central metal atom have ? 
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Charge-Transfer momp R between Sulphur 
Dioxide and Trimethylamine in the Gas 
Phase and in Heptane 


Is spite of the importance of information about molecular 
complex formation in the gas phase, almost all the pub- 
lished reports on charge-transfer complexes have dealt 
with condensed phases. Because of the low volatility of 
most charge-transfer complexes and problems epnnected 
with obtaining the spectra of gas mixtures of accurately 
known concentration, it is difficult to determine reliable 
values of the complex formation constants (Ko) and extinc- 
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tion coefficients (e). Recent studies have yielded some 
spectral and thermodynamic data for complexes of 
iodine?, tetracyanoethylene®’ and carbonyl oyanidet:5 
with several donors. From the results that have been 
published, it appears that in the case of weak com- 
plexes e is considerably smaller and Ke much larger in 
gas than in solution, assuming simple 1: 1 interaction of 
the components. For moderately strong complexes, 
solvation effects are less important, but the transfer from 
gas to solvent still induces a decrease in Ke and an mcrease 
ine. The results reported by Burg in 1943 (ref. 6), includ- 
i dissociation pressures of the solid compound 
(CH,);N-8O, and vapour densities of mixtures of sulphur 
dioxide and trimethylamine, provide indirect evidence 
that a molecular complex between these componente is 
present in measurable concentrations in the gas phase. 
We have now obtained a number of spectral and thermo- 
dynamic parameters for the trimethylamine—sulphur 
dioxide complex, both in the gas phase (15°-60° ©) and in 
heptane (13°-40° C). In a series of sixteen separate 
experiments at 39-7° C, the peak absorbance of the com- 
plex varied from 0-10 to 0-60 in an 8 om gas cell, at amine 
concentrations in the range 0-4 x 10- to 4-9 x 10 moles/I. 
and sulphur dioxide concentrations from 2:3x10-* to 
5-9x 10+ moles/l. The percentage of acceptor molecules 
complexed varied from 5 to 45 under these conditions, 
making it possible to determine precise values of K, and 
e. From the variation of absorbance with temperature at 
various concentrations of the components, it was possible 
to obtain both AH" for the gas phase complex formation 
reaction and the enthalpy (AH,) for the reaction 
(CH,);N-SO, (solid) = (CH,),N-SO, (gas). The latter con- 
stant was deduced from the temperature dependence of 
the complex absorbance in the gas phase measured with 
the solid complex in the cell under an excess pressure of 
the amine. To our knowledge this is the first tume a 
sublimation energy has been reported for a charge—trans- 
fer complex. Table 1 summarizes parameters obtained 
for the complex and for the formation reaction. Included 
are approximate values of AH® and EK, which we have 
estimated from the vapour density data of Burg and the 
enthalpy (AW) for the reaction (CH,),N-SO, (solid)= 
(CH;),N (gas)+8O, (gas) calculated from his dissociation 
pressures. The sum of AH; and — AH" from the present 
results (27-4 kcal) is in reasonable agreement with the 
value of AHa (28-9 kcal) calculated from Burg’s results. 


Table 1. SPHOTRAL AND THERMODYNAMIO CONSTANTS FOR THR TRIMBTHYL- 
AMINE-SULPHUR DIOXIDE OOMPLEX 


Gas Heptane 

Emax (l, mole! cm~) 5,700 + 350 (818° K) 5,400 + 60 (208° K} 
Imax (mgr 278 278 

Ava (cm) 5,500 (818° K) 6,200 (298° K) 
J, oscillator strength 0:2125 0 226$ 
Ko" (1, mole) 840* 2,550 + 50 
K” 1, mole) 154412 eae 1,020 + 20 
~ AH® (kcal mole-*) 7404 (~10)T 110408 
— AS (e.u, molo) 21041 0F 21-44090F 
AH, (koal mole-) 17:710 — 
AHa (keal mole) (28 9)t ES 
* Extrapolated. 


Standard states, 1 mole/l. 


f Siar ted from data in ref. 6. 
Calculated from equation V-11, p. 61, ref. 7. 


An important result of the present investigation ia the 
observation that the ultra-violet spectra of the complex 
are very similar in gas and in heptane; the spectral 
parameters in the table and the variation of these constants 
with temperature are nearly the same in the two phases. 
Apparently the mechanisms responsible for the effect of 
the medium on the spectral characteristics of weaker 
comple%es are not important in this system. The increase 
in Ke and — AH® which occurs as the medium is changed 
from gas to heptane indicates that the complex, which is 
yndoubtedly highly polar, is more strongly solvated than 
the sum of the uncombined components. Preliminary 
results indicate that both — AH® and K. become even 
larger in polar solvents. 
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PHYSIOLOGY 


Low Frequency Sound and Oxytocic Activity 
of Plasma in Rats 


NATURAL thunder—a playback of recorded thunder— 
with a predominant frequency of 150 c/s at an inten- 
sity of 98-100 dB has caused diuresis and increased 
urinary outputs of sodium and potassium in rats!. These 
responses were similar to those caused by subcutaneous 
injections of 4:0 mv of oxytocin and the results of all 
investigations indicated that these urinary responses to 
low frequency sound were caused by the release of oxy- 
tocin}, The purpose of this communication is to report 
direct confirmation of these indications. 

Oxytocic activity in plasma has now been measured in 
rats, some of which were exposed and some not exposed to 
150 c/s, and also it has been measured 30 and 60 min 
after subcutaneous administration of oxytocin (4 and 
20 mu/animal). Water loading and auditory excitation 
were carried out as before'. Plasma oxytocin was assayed. 
by the method of van Dongen and Hays**. A linear 
relationship between log dose and log ejection time was 
found for concentrations of 1x10-? to 1x10- 3x0 of 
oxytocin/ml., and the index of precision (A) was 0-56. 

Samples of heart blood‘ {0-5-0-6 ml.) were collected from 
etherized rats into heparinized polythene syringes, and 
all contact with glass was avoided during the preparation 
of plasma for assay in order to minimize the lberation of 
kinins’. Samples of plasma were stored at —18° C and 
were usually assayed on the following day, unextracted, 
before and after treatment with 0-008 molar thioglycollate. 
Thioglycollate is known to destroy neurohypophysial 
hormones*. 

Table 1 shows results from a group of twelve rats, used 
repeatedly for the assessment of the thioglycollate labile 
oxytoxic activity of their endogenous plasma as well as 
the activities after 150 c/s of stimulation. The samples 
of blood were collected immediately after the last stimulus. 
In addition, the activities of thioglycollate labile oxytocin 
were investigated 60 min after subcutaneous administra- 
tion of 4 mu of oxytocin. Table 2 shows the results from 
another group of twelve rats, half of which wore given 
4 and the rest 20 mu of oxytocin subcutaneously; their 
plasma thioglycollate labile oxytocic activities were esti- 
mated 30 min after injection. 

The mean endogenous activity of thioglycollate labile 
oxytocin in the first group of rats (Table 1) was 0-4 uv 
and in the second, 5-5 wu/ml. of plasma. Stimulation of 
150 c/s caused a significant increase (P<0-001) 
of 440-7 pu/ml. of plasma. Administration of 4 mu of 
subcutaneous oxytocin caused an increased mean con- 
centration of 3-6 uu/ml. at the sixtieth mmute (P < 0-05). 
Oxytocic activity was 220-0 po 30 min after 4 mu of 
subcutaneous oxytocin had been given (Table 2). This 
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Table 1. H¥FROT OF SOUND AND SUBOUTANHOUS INJHOTION OF 40 ml. 
OF OXYTOCIN ON PLASMA THLIOGLYCOLLATR LABILH OXYTOOIO ACTIVITY 


Values expressed as pu of oxytocin/m! of plasma 


Subcutaneous 
150 e/s injection 4 my 
Rat No. Control (eni nous oxytocin 
(first moup) {endogenous + released (endogenous + exo- 
oxytocin) oxytooin) genous oxytocin) 
at 60 min 
1 0 02 199 95 10-00 
2 0 60 408 80 2°06 
3 0 99 499-04 2-00 
4 1-99 499 40 8 00 
5 0 08 399-00 0-80 
6 001 890 60 298 
7 0-70 199-99 19-80 
8 0-00 495 00 067 
9 0 09 899 44 0-80 
10 0 08 99- 0 99 
11 0 08 100 00 2 00 
12 0-80 200 00 8 00 
Mean O41. 441 13 4 00 
+ S.E +017 t7428 +162 
Actual meoreage in oxytocic activity 
(endogenous values assessed from 440 72t 8-50* 


the controls have been deducted) 
8. E , standard error of the mean, 
*P<005 
+ P<0001. 


Table 2, PLASMA THIOGLYCOLLATR LABILE OXYTOOIO ACTIVITY 80 MIN AFTER 
SUBOUTANBOUS INJROTION OF 4:0 AND 20-0 MU OF OXYTOCIN 


Values a ai as uU oxytocin/ml. of plasma 
4 muU ofoxytocin 20 mu of oxytocin 


Control (endogenous + {endogenous + 
Rat No. (endogenous exogenous exogenous 
{second group) oryan) o: oin) oxytocin) 
1 - 9 98 - 
2 008 39-98 - 
3 ~ 188 87 - 
4 8 95 89 99 = 
5 8 98 29 95 e 
6 0-07 909 80 - 
7 20-98 as 799 06 
8 1 98 = 409 99 
9 0 80 - 399 96 
10 2:97 - 409-06 
11 Gan - 690-98 
12 0-48 - 699 93 
Mean 5 63 210-07 583 30 
+ S.B +801 +158 39 +6011 
(68 97 
+ 34-44) 
Actual increase in oxytocie activity 
(endogenong values assessed 214 44* 577-77t 
the controls have been deducted) (57 44) 


S.E., standard error of the mean. 
* P<0-05. 
tP<0 O01. 


value was insignificant because of the large value intro- 
duced by rat No. 6, which caused great variabihty, but, 
when this was excluded, the difference was significant 
(see value in parenthesis in Table 2, column 3). Oxytocin 
(20 mu given subcutaneously) caused a mean activity of 
577-8 uu (Table 2) 30 min after injection, which was 
significant (P< 0-001). 

In view of the significantly different thioglycollate 
labile activities in the plasma caused by different doses of 
subcutaneously injected oxytocin, in relation to time 
after administration, these results suggest that the ın- 
creased activities detected after 150 c/s are caused 
by neurohypophysial release of oxytocin. The previously 
observed similarity in renal responses caused by this 
stimulus and 4 mv of subcutaneously administered 
oxytocin to each rat, coupled with the observation that 
the urinary responses of the former are only abolished by 
neurohypophysectomy?!, are therefore confirmed. 
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“Electric Taste” after Section of the Chorda 

Tympani 
“ELEOTRIO taste” is the sensation elicited on stimulating 
certain parts of the tongue with a.c. or d.c. currenti. A 
sour or metallic taste, experienced with anodal stimulation 
of the anterior tongue, 1s mediated in part by the chordy 
tympani nerve*. When the chorda is cut, as frequentla 
necessary in middle ear surgery, the resulting ageusia of 
the rpsilateral anterior tongue 1s associated with loss of 
“electric taste” in the range of current densities usually 
employed*?*, With a somewhat smaller electrode which 
delivered higher current density with better localization 
than in previous studies’, testmg individual patients on 
several occasions, we found that the threshold for “electric 
taste” did not immediately reach the values seen long 
after surgery. Instead, it rose slowly over a period of 
weeks. The term “electric taste” is used advisedly: 
the response to anodal stimulation on the operated side 
was described by some patients as “stinging” or ‘“‘prick- 
ing”, by others as distinctly “acid” or simular to the normal 
side, 

Patients scheduled for stapes surgery were tested pre- 
operatively and, in cases of chorda tympani section, on the 
early post-operative days and at varying periods thereafter. 
Anodal current was delivered to the tongue by a circular 
stainless steel electrode, 4 mm in diameter, in series with 
a 300 KQ resistor and a microammeter. A stainless steel 
cathode was on the patient’s arm. The responses reported 
here were obtained from the anterior edge of the tongue, 
midway between the tip and side. The current strength 
was increased stepwise until a positive response—a sensa- 
tion of any kind—occurred within 1-2 sec of the stimulus 
onset. Currents of 300 pamp or over were ‘‘off-scale”. The 
spatial spread of effective current from the electrode was 
not substantial, because a change in position of only one 
diameter produced large changes in threshold depending 
on whether the electrode overlay a fungiform papilla. 
Furthermore, a fairly sharp line of demarcation between 
near normal and “‘off-scale’’ thresholds was found near 
the midline in cases long after unilateral denervation. 

After division of the chorda tympani, the average ipsi- 
lateral threshold rose to 1:7-7 times (and in one case, 30 
times) the pre-operative value over the first 3 days (Fig. 1). 
Over the next few weeks, the threshold ascended either 
slowly or abruptly, reaching “‘off-scale” levels by 3-11 
weeks (5 cases). In one other case, the threshold was still 
not markedly elevated at 4 weeks, but further follow-up 
is necessary. Fluctuations in the overall drift of threshold 
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values were probably caused by small differences in 
electrode position from one test session to the next. 

In two patients showing late post-operative threshold 
changes, the thresholds on the side contralateral to the 
operation were already ‘‘off-scale’” pre-operatively because 
of previous nerve section. Thus the contralateral chorda 
plays no part in the findings reported here. Taste bud 
stimulation can contribute at most to the very early 
course of events, because their degeneration 1s well under 
way 5-8 days after denervation—at least in other mam- 
mals**, It is also unlikely that there were residual uncut 
chorda fibres; chemical stimulation of even a single 
normal fungiform papilla can produce a recognizable 
taste’, but in five of our six cases, stimulation with 
relatively strong sapid solutions was entirely ineffective 
on the denervated side. 

The results of testing “electric taste’ shortly after 
division of the chorda tympani demonstrate that the 
threshold of the residual ‘‘common chemical sense” 
receptors is not much higher than that of intact gustatory 
fibres. The progressive changes in threshold thereafter 
are more perplexing. If anodal current directly stimulates 
trigeminal nerve endings, progressive changes in the dermis 
or epidermis related to denervation may eventually shunt 
current away from these endings or somehow alter their 
excitability. Alternatively, anodal current may work 
indirectly by stimulating a cellular element that releases 
a substance excitatory to trigeminal nerve endings. A 
similar if not identical cellular element may be responsible 
for the strange observation that stimulation of the freahly 
cut distal end of the chorda tympani elicits a “metallic” 
taste’. Whatever the responsive elements, the present 
observations suggest that they undergo a slow atrophy 
after chorda tympani section. 

N. Roxssrns* 
The Rockefeller University, 
New York, New York. 
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Relationship between the Electromyogram 
and Isometric Reflex Response in Pre-strain 
Conditions in Normal Humans 


Dara have been reported which show a high positive 
correlation between the impulse of the isometric reflex 
contraction (area under the myogram) and the impulse 
of the synchronous muscle action potential (area of the 
diphasic spikes of the electromyogram) recorded from 
surface electrodes during a phasic stretch reflex in normal 
human subjecte?. An explanation for this relationship 
was given in terms of consistency of gamma efferent 
control of muscle spindle sensitivity because the influence 
of supra-spinal centres of the central nervous system was 
reduced by (a) having the subjects well trained in Jacob- 
son’s method of mental and physical relaxation* and 
(6) conducting the experiments in a sound-proofed, 
electrically shielded and thermally insulated room? to 
reduce sensory stimulation which can activate reticular 
neurones and augment gamma, discharge. 

The experiments described here provide further informa- 
tion about the relationship between the myogram and 
fhe electromyogram in a phasic stretch reflex (the patellar 
tendon jerk) when a known pre-strain is exerted by volun- 
tary contraction of the rectus femoris muscle. The aim 


NATURE, VOL. 214, JUNE 10, 1967 


of our experiments was to observe whether the area under 
the myogram was related positively and linearly to the 
impulse of the muscle action potential which is the case 
when zero pre-strain (control) responses are elicited by a 
tap on the ligament. 

The apparatus used was similar to that previously 
described! except that, in addition, a meter was connected 
to the output of the pen recorder so that the subject could 
observe the response from a transducer-load cell unit 
which was linked to the ankle cuff for isometrio recording. 
By observing the meter response, the subjects could ‘exert 
the required pre-strain (0-5 kg, 1 kg and 1-5 kg) before 
the ligament was tapped mechanically to elicit the reflex. 
The subjects were mstructed to report as soon as the 
meter needle reached the required reading and the experi- 
menter then released the pendulum-hammer. On feeling 
the tap, the subjects relaxed the active contraction of the 
quadriceps muscle to permit the stretch reflex to occur with 
subsequent decay of the myogram to zero. A screen 
was used to prevent the subject from seeing the hammer 
mechanism. 
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The electromyogram for hamstrings muscle was monitored to be sure 
that the flexor muscle did not Tompondand and modify the extensor response. 
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Table 1 
Product-moment correlation 
Impulse of isometric Impulse of muscle Impulse of zometric Impulse of isometric 
PI contraction action potential contractuon and contraction and 
ject Treatment N n (g 50) - (uV 860) impulse of muscle maximum foros of 
x s x Ss action potential wsometrioc contraction 
A.M. D 16 282 6 7,0093 105 0-27 968 

05 kg Pre-strain 8 197-0 4,528°0 120 O18 Geno 0-908 
1 -strain 8 128-3 2,0659 108 0-05 0-085 0-989 
1-5 10 868 1,802°6 0-08 0-06 0 854 0-987 
W.R. Control 7 68-0 4,0754 0-88 006 0-074 0-055 
0-5 kg Pre-strain 7 166-9 8,076 8 1:16 0-10 0 058 0 998 
1 7 167:7 1,777.6 1-28 0-08 0-788 0-879 
1:5 kg Pre-strain 7 O14 220-4 1-09 0-02 0-649 O-B44 
B. H. Control 10 128-4 5,0822 8 68 274 0-098 0-906 
0-5 kg Pre-strain 5 106 4 1,5689°5 8-97 0-05 0-047 0-086 
1 5 180 0 280 4 457 0-84 0-937 0 984 
1-5 kg Pre-strain 5 180-4 7095 B74 0-58 0 806 0974 
LY. Control 12 200 6 1,8214 158 017 0 949 0-926 
0 5 kg Pre-strain 5 178-4 8, 484-2 1:55 O24 0977 0-909 
1 8 78:8 526-4 O76 0-02 0-920 0-011 
1-6 kg Pre-strain 4 275 1848 0-65 0-08 0-045 0-922 


Fig. 1 shows how the net reflex component of the 
response from a given pre-stram was determined by 
subtracting the voluntary relaxation component from the 
gross myographio response. The area of the net reflex 
component (impulse of the isometric contraction) was 
correlated (Pearson’s product-moment formula) with the 
impulse of the muscle action potential for the control 
and pre-strain conditions. Table 1 provides the data 
relevant to the relationship between the two dependent 
variables which were investigated for four subjects (two 
males and two females). The correlation plot for one 
subject (B. H.) is given in Fig. 2 with the regreasion line 
fitted algebraically by the method of least squares, 

The results, shown in Table 1, indicate the following. 
(a) A positive, linear relationship existed between the 
impulse of the isometric contraction and the impulse of 
the muscle action potential for control and pre-strain 
responses. The correlation coefficient, however, decreased 
with increasing pre-strain. (b) With a few exceptions 
(notably with subject W. R.) the variance of the mechani- 
cal and electrical responses in pre-strain conditions was 
less than durmg control conditions. (e) Correlations 
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Fig. 2. The relationship between the myogram and electromy: for 
lecrease in vi lity of 


control and pre-sirain trials. Note the d y 
experimental trials compared with control trials. Subject B. H. 
N r 

Control (6) 10 0 978 

05kg train + 5 084 

10kg Pre-strain A 6 0 820 

1-5 kg Pre-strain e 8 Q 779 

Total 29 933 


between the peak force of the isometric reflex contraction 
{maximum height of the myogram) and the impulse of 
the isometric contraction (area under the myogram) 
ranged from 0-844 to 0-999, which indicates that the 
mechanical response is ballistic in character m both control 
and pre-strain conditions. 
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Dimethyl! Sulphoxide and Lens Changes in 
Primates 


Crawaxs in the refractive index of the crystalline lens of 
experimental animals after admimstration of dimethyl 
sulphoxide have been described in dogs after oral doses 
and in pigs and rabbits after oral and dermal application. 
These changes have not previously been described in 
monkeys’. 

Sixteen rhesus monkeys, about 4 years old, have so 
far been dosed orally with dimethyl sulphoxide for 6 
months. A 50 per cent solution of the compound in 
water was administered orally by stomach tube, once a 
day, 5 days a week. Tho dosages of dimethyl sulphoxide 
given to the two groups of four male and four female 
monkeys were 9 ml./kg/day and 3 ml./kg/day. 

Before examination mydriasis was induced with 1 per 
cent tropicamide. The eyes were first examined by 
observing the fundus reflex with a direct ophthalmo- 
scope at a distance of about 12 in. Experience had shown 
that, apart from slit-lamp microscopy, this was the most 
suitable method for detecting the earliest changes. Later 
examinations were made close to the animal’s eyes to 
view the retina. 

The earliest changes were seen in one male and one 
female monkey after receiving 9 ml./kg/day of dimethyl 
sulphoxide for 9 weeks. Five weeks later seven out of 
the eight animals in this group given the larger dose were 
affected, and six of the monkeys dosed with 3 ml./kg/day 
were suspected of early lenticular changes. These changes 
first appeared as an increased brightness in the central 
or nuclear zone of the lens which later became clearly 
demarcated from the peripheral zone. They were similar 
in all respects to the changes seen and desorbed in dogs, 
pigs and rabbits after administration of dimethyl sulph- 
oxide. This change in the refractive index of the lens 
produces a distortion of the retinal blood vessels when 
viewed through the central zone. . 2 

Progression of the lesions over the second 3 month 
dosing period has been slight. Definite demarcation of 
the two zones has been established in all monkeys receiving 
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high dose levels, but has occurred in only one animal 
receiving 3 ml./kg/day. In the group receiving only a 
low dose all the monkeys now show early signs, but the 
two zones are not nearly so well defined as in animals 
receiving 9 ml./kg/day. No other lenticular abnormalities 
have been seen so far, nor have there been changes in the 
vitreous or retina or anterior segment of the eye. 
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Department of Veterinary Clinical Studies, 
University of Cambridge. 
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Effects of Thymic Extract on the Neuromuscular 
Junction 


Tue abnormal development of skeletal muscle fatigue in 
myasthenia gravis has been attributed to a circulating 
agent affecting neuromuscular transmission. A summary 
of the evidence relating to such agents is given by Bergh}. 
Substances with apparent neuromuscular blocking activity 
have been obtained by extraction of the thymus glands 
from myasthenic patients, newborn infants, and a variety 
of animal species. The methods of thymic extraction 
have varied®*, and results have not been invariably 
positive’. A definitive neuromuscular site of action of 
such agents has not been confirmed and the relationship 
between substances obtained from blood and those from 
the thymus gland is not clear. 

In an attempt to clarify the nature and bebaviour of 
thymic extracts, the substances obtained by a variety of 
methods of thymic extraction were used. Thymic glands 
were obtained at thymectomy from three patients with 
myasthenia gravis. One specimen showed predominant 
epithelial cell hyperplasia, the remainder lymphoid 
hyperplasia. Test solutions were obtained from all the 
glands by three extraction techniques: (a) the acetone 
method of Nowell, Wilson and Wilsont; (b) emulsification 
in normal saline and filtration; and (c) taking the super- 
natant flud after maintaining the gland for 6 and 12 
days in tissue culture medium #.199 (ref. 6). The electro- 
lyte concentrations of the test fluids were determined. 
Their neuromuscular blocking activity was tested using 
the rat sciatic nerve tibialis anterior preparation, recording 
muscle tension developed to supra-maximal nerve stimula- 
tion at a rate of 30 cycles/min. Aortic injection of the 
test fluid was made through a retrograde carotid arterial 
cannula after a constant twitch tension had developed’, 
The animal’s temperature was kept constant throughout 
at 37° O. 

Similar results were obtained with all the different 
thymus glands which we used. Small volume injection 
of acetone extracts produced an initial increase in con- 
traction height, lasting up to 60 sec. A subsequent larger 
volume gave a transient depression of contraction height 
(Fig. 1). Depression of contraction height was abolished 
by the previous injection of neostigmine. Saline extracts 
and tissue culture extracts gave a depression of contraction 
height without previous enhancement. Only the first 
tissue culture extracts were active. Nerve action poten- 
tials recorded during test remained constant in amplitude 
throughout thymic extract injection. Electro-myograms 
recorded by a concentric needle electrode showed a rapid 
decline in muscle action potential concurrent with dimmu- 
tion of twitch tension. Fluids containing an electrolyte 
concentration similar to those obtained from thymic gland 

* extract did not show parallel effects. 

These preliminary results suggest that an agent causing 
a specific neuromuscular block can be obtained from the 
thymus gland of myasthenic patients. Initial enhance- 
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ment of twitch response followed by depression suggests 
an element of depolarization block. The absence of 
depression after giving prostigmine favours an additional 
competitive block. Features of both these types of 
block are seen in human myasthenia’ and have been shown 
after the use of human myasthenic blood products in the 
expermmental animal’. This effect on the neuromuscular 
junction occurs with maximum intensity rapidly after 
injection of thymic extract. This differs somewhat from 
the gradual progression of block using agents obtained 
from blood (and from the gradual progression of myas- 
thenic weakness with exercise in the human patient). 
The balance of evidence, however, suggests a similarity 
between agente of the blood and thymus and suggests 
that the thymus indeed may be one site of origin of these 
substances. Sumuar effects were obtamed with extracts 
prepared from glands showing both lymphoid and epithe- 
lial element hyperplasia. It is difficult, therefore, to 
correlate this thymic activity with one particular type 
of thymic cell. The findings using tissue maimtenance 
extracts perhaps suggest diffusion of blockmg substance 
into the maintenance media with active production by 6 
living gland. Extracts obtained late ın the incubation 
course were not active. 

A synthesis of concepts is necessary for any theory of 
the aetiology of myasthenia gravis to be acceptable. The 
evidence for an auto-immune element (first suggested by 
Simpson’) is at present largely mdirect and by analogy 
rather than proof. An increased prevalence of diseases 
considered to be auto-immune in nature is seen in patients 
with myasthenia gravis’*. The demonstration of anti- 
bodies directed against a number of tissues (yet strangely 
not against the neuromuscular junction region itself) 
perhaps suggests an auto-immune process. These anti- 
bodies may be secondary to the histologically demon- 
strable changes of muscle breakdown and permanent 
muscle weakness, rather than primary to the neuro- 
muscular junction defect and muscle fatigue. The reduc- 
tion in the frequency of spontaneous minature endplate 
potentials“ shown in excised human myasthenic muscle 
suggests a failure of acetylcholine synthesis or release at 
the presynaptic junction level. Rival theories of the role 
of circulating inhibitors discuss their role in acetylcholine 
synothesis!* or a direct curare-form action. A synthesis 
of these possibilities could be made by the demonstration 
of an antibody directed against a specific antigen in the 
presynaptic region of the neuromuscular junction. This 
antibody could be partially produced ın the thymus, 
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¥ig. 1. Upper trace, effect of 0 1 ml. of thymic acetone extract in 1 ml. 
of normal saline on the contraction of the rat tibialis anterior. Lower 


trace, 0 5 ml, of thymic acetone extract in 1 ml. Tıme marker, 80 sec, 
stimulus rate, 80 cyoles/min. 
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then circulated in the blood to affect the metaboliam of 
acetyloholine at the neuromuscular junction. This still 
leaves unexplained the great and often unpredictable 
variation ın the course of the disease and the finding 
of striated muscle destruction with permanent weakness 
in addition to abnormal fatigue. The present evidence 
for considering myasthenia gravis “auto-immune” 18 not 
satisfactory. 
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Simultaneous Recording of S and Spike 
Potentials from the Fish Retina 


THs function of S-potential from the vertebrate retina 
first described by Svaetichin has stil to be explained. 
Several suggestions have given the potential a role in 
dark adaptation!. The obvious way to answer this ques- 
tion is to obtain sumultaneous recording of S and spike 
potential from the optic ganglion cells in various experi- 
mental conditions. This has been done by Villegas’, who 
concluded that when the S-potential reached a certain 
amplitude spikes were also seen. For this experiment 
he used a very small spot of light. It seems, however, 
extremely difficult, if not impossible, to find any kind of 
direct connexion between a given S-potential and a given 
sptke discharge. 

One striking property of S-potential, especially of the 
L-type unit’, is the integrating properties of the potential. 
This was first described by Tomita et al.‘ as “area effects”. 
The potential picked up by an electrode comes not only 
from the immediate vicinity of the recording site but also 
from the whole surrounding area. The potential seems to 
arise in a field between two parallel rubber sheets which 
was referred to as ‘‘S-space” (unpublished results of Naka 
and Rushton). This accounts for the small or negligible 
effects of current passed through the recording electrode’. 
From the space integrating properties of S-potential it 
can reasonably be expected that as long as we are dealing 
with L-type potentials (which are most numerous in the 
fish retina) a diffused field gives rise to a more or leas 
uniform S-potential or “S-field” in the area which is 
exposed to light. In these conditions the influence of 
S-potential on the spike discharge, if it occurred, could 
be expected to be similar over a large population of 
ganglion cells. It therefore seems worth while to record 
simultaneously S and spike potentials usmg a uniform 
field as the stimulus, picking up both potentials by chance. 
This communication describes such experiments and 
suggests tentatively the role of the potential in visual 
excitation. Though the record cited is a single example, 
it was selected from more than fifty similar records as a 
typical representative. 

One difficulty encountered in this experiment was the 
number of results obtained. Even when the wavelength, 
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configuration and duration of flash were unchanged (as im 
the present experiments) we still had to obtain three kinds 
of information: S-potential and spike discharges as a 
function of time and the relative intensity of the flash. 
To display these, a method was devised which allowed us 
to obtain simultaneous display of slow and spike potentials 
on a single beam of the oscilloscope. 

The materials used were the excised eye cup of a 
cyprinid fish, Carassius carassius. The S-potential was 
led off by conventional glass pipettes filled with potassium 
citrate and the spikes by tungsten electrode of the type 
used by Hubel*. Spikes picked up by the electrodes were 
usually negatave in polarity. Glass pipettes of relatively 
low resistance were also used for spike recording. No 
appreciable difference was found in the results except that 
it was easier to pick up spikes by the metal electrodes. 
Two electrodes, one for S and the other for spike poten- 
tials, were placed in the centre of a uniform field which 
was a square of 2x 2mm. The distance between the 
tips of the two electrodes was less than 0-5 mm on the 
retina. The oscilloscope had three beams available, one for 
the S-potential, one for spikes and one for monitoring both 
the position of the neutral wedge (Kodak, circular 4 log 
units) and the duration of the flash. Amplified spikes that 
exceeded a critical size triggered a pulse which then fed 
unto the Z axis of S-potential beam. This method dis- 
played spikes as bright spots on the S-potential. The light 
stimulus used was of 540 nm wavelength and 100 msec 
duration given once every 3 sec. 

Three classical discharge patterns, “on”, “on-off” and 
“off”, were observed usually at very low intensity. 
When the intensity of the flash was increased almost all 
spike patterns were transformed into the “off” type. Of 
these three types the most frequently encountered was 
“off”. A typical example of such a unit is shown in Fig. 1 
together with the S-potential recorded simultaneously. 
In this experiment the intensity of flash was increased as 
shown by the vertical log 1 scale. Except the response 
by the flash of I-4 log unit the spikes all fall on the re- 
turning phase of the S-potential. In the ordinary display 
in which S-potentials and spikes are on separate beams 
this is less obvious. 
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Fig. 1. S-potential and spike recorded simultaneously. Spikes were ° 
shown by dota on the S-potential. The duration of the aah 18 shown by 


the uppermost trace. Intensity for each record Is shown by the vertical 
line. field and 540 nm flash. 
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amplitude of S-potential at_‘‘off” thr old (mV). The first two spikes 

y flash of 1-4 log unit are not included. 


Another interesting feature of Fig. 1 is the latency of 
the “off” discharge, which remained almost constant for 
a hundredfold morease in the intensity of flash from 3-3 
to I-l log unit (excluding the first two spikes in the 
response to flash of I-4 log unit). When the intensity of 
the flash was further increased the latency of the “off” 
discharge steadily increased. This is graphically shown 
in Fig. 2, in which results in Fig. 1 were used. Fig. 2 
shows three plottings: the latency of the “off” discharge 
against log intensity of flash; the latency of “off” dis- 
charge against the amplitude of S-potential observed 
when the first “off” spike was seen; and the maximal 
amplitude of S-potential against log intensity of the flash. 
When the flash was brighter than T-1 log unit both log 
intensity (filled circles) and “off” threshold S8-potential 
(open circles) were linearly related to increase in the 
latency of the “off” discharge. In this region evon the 
maximal amplitude of the S-potential occurred. together 
with an increase in the latency of the discharge 

When log 1 is greater than TI crosses and filled circles 
lie on the same curve, and so the maximum S-potential, 
Y, is related to log 1 ın the same way as is latency. Thus 
latency is proportional to V. This strongly suggests that 
the size of V 13 what delays the “off” discharge for strong 
light, though for weak light the latency is nearly constant 
and here crosses no longer run with the filled circles. The 
45° curve could be interpreted to suggest that as the 
intensity of flash was increased the signal for initiating 
the “‘off” discharge gets bigger and to suppress the firing 
of “off” spikes larger S-potential is needed. The type of 
stimulus used in this experiment favours the recordi 
of -potential as an integrated process while the spikes 
are thought to be inhibited by such a large field of high 
intensity. Though this is from a single case, the results 
obtained so far in all “off” and in a majority of “on-off” 
or “on” units lead to a similar conclusion that the 
S-potential (L-type) can be correlated to suppression of 
spike discharge. 

It is a reasonable assumption that the total output 
from the photochemical reaction gets bigger as the inten- 
sity of flash is increased. This assumption 1s supported 
from the relation between the maximal amplitude of 
S-potential and the log intensity of flash (V-log 1 curve) 
shown in Fig. 2 (crosses). One might expect this to 
decrease rather than increase the latency of “off” dis- 
charge, which is apparently not the case; although other 
explanations are readily available the increase in the 
latency of “‘off” discharge could be caused by “inhibition” 
from surrounds’. This inhibition could be through either 
chemical or electrical means. The S-potential with its 
integrating properties presents a possible electrical way 
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in which this inhibition can take place, and this experi- 
ment seems to support this view. 

There are several possible roles for the S-potential in 
the visual process. Common inference is that the potential 
18 instrumental in the gain control during dark adaptation 
or bleach adaptation’. Results (unpublished, by Naka 
and Rushton) strongly suggest that the information on 
dark adaptation is not fed into S-space as voltage, because 
the steady potential of the S-space is not correlated with 
the sensitivity of the space. This leaves only one choice 
for the role of S-potentials in visual adaptation, namely, in 
adaptation to background fields’. The S-potential with 
ite integrating properties could not be expected to par- 
ticipate in the image transmission. The intensity of light 
necessary to elicit S-potentials at the dynamic range of 
V-log 1 curve (the range where the slope of the curve 18 
steepest) ıs far stronger than the intensity of flash neces- 
sary for initiation of various types of spike discharge. 
The S-potential seems therefore not to participate ın 
forming spike patterns at low intensity. Field adaptation 
is the decrease of sensitivity in the presence of real light 
and ıt is spatially organized. The results just described 
are apparently not inconsistent with the idea that 
S-potentials are involved in the adaptation to background 
fields. This leads us to an inference that the L-type 
potential is concerned with depression of spike discharge 
rather than enhancement as suggested by Villegas*. The 
retina seems to be ingeniously equipped with a mechanism 
which can modify the sensitivity of neurons en masse. 


K. I. Naga 
Kumo Kissipa 
Shionogi Research Laboratory, 
Shionogi and Co., Ltd., 
Fukushima-ku, Osaka, Japan. 


1 Byaatichin, G., Tanfer, Mo Mi Mitarai, G., Fatehopand, R. ; Vallecalle, K 
Villegas, Visual :_ Neur 


(edit. by Jung, È., and Kornhuber, H.) (Springer- e Bouin choline 1). 
*vlegas, J., 1n The Visual System’ Neurophynology and Psychophysics, Bo 


vehi, G., and MacNichol, jun , E. F., Ann. N.Y. Acad. Soi., 74, 885 
A Tomilta, Te, , Tosaka, T., Watansbe, K., and Sato, Y., Jap. J. Phynol., 8, 41 


* Watanabe, K., Tosaka, T., and Yokota, T., Jap. J. Physiol., 10, 182 (1960). 
« Hubel, D. H., Sovence, 125, 549 (1957). 

1! Kumer, S. W., J. Neurophysiol., 16, 87 (1058). 

"Rushton, W, A. H , Proc. Roy. S00., B,162, 20 (1965). 


Cortisol, a Sodium Excreting Factor in the 
Eel (Anguilla anguilla L.) adapted to Sea Water 


ALTHOUGH aldosterone has been identified in those repre- 
sentatives of the Tetrapoda so far examined, it does not 
appear to be a natural hormone in teleost fish. In the 
eelt? and in some other teleosts? but not all‘, cortisol is 
the major corticosteroid secreted by the adrenal cortex. 
The level of cortisol in peripheral blood can be significantly 
altered by such experimental manipulations as hypo- 
physectomy or shock*:*, The role of the adrenal cortex 
in fish, however, especially ite role in osmoregulatory 
mechanism, is still not clear’-*, and only recently has a 
surgical procedure for adrenalectomy of the eel been 
desoribed'*, Furthermore, isotope techniques have now 
been. devised which help in a better understanding of ion 
exchange mechanisms in the gill of fresh water or 
sea water fishes and in euryhaline forms during 
transfer from one medium to the other!!1*, The use of 
the ‘“‘eel-tube” preparation! allowed the study of adreno- 
cortical function in fresh water eels and those depleted of 
sodium by adaptation to distilled water". Adrenal- 
ectomy either by surgical or pharmacological means 
greatly reduced the net sodium adsorption through the 
gills. Aldosterone or low doses of cortisol within the 
physiological range restored or enhanced net sodium gain, 
while high doses of cortisol gave net sodium loss. It seems 
possible, therefore, that cortisol may act on the gills of 
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fresh water eels to aid in the absorption of sodium. In 
sea water fish, while there is renal reabsorption of 
sodium®17, the gills are the site of extrarenal sodium 
excretion where a factor promoting sodium absorption 


would be irrelevant to the physiological needs in a medium - 


hypertonic to the body fluids. The present report con- 
siders adrenocortical function in eels adapted to sea water 
and on transfer from one medium to the other. 

Yellow eels (Anguilla anguilla L.) were used. Adrenal- 
ectomy was performed as described previously! but, in 
addition, with ablation of the anterior cardinal veins and 
more extensive removal of the posterior part of the head 
kidney, extending to half the length of the swimbladder. 
A cannula (“Tranalucent’ vinyl) substituted for the right 
posterior cardinal vein, allowed venous return to the 
heart. The sham-operation consisted of exposing the 
cardinal veins only; the incisions and sutures in the body 
wall were as for adrenalectomy. 

Preliminary experiments showed that adrenalectomized 
sea water animals did not survive in full sea water for more 
than about 48h. Subsequently, all sea water animals were 
maintained in 1/3 sea water for 1-4 days after operation 
and then transferred to running sea water for 24 h before 
determination of fluxes. Sodium turnover rate was 
measured at a constant temperature (17° C) during an 
8-12 h period, following intraperitoneal injection of 
sodium-22 or sodium-24. The turnover 1s expressed in 
terms of the percentage of the internal sodium exchanged/h 
and calculated from the exponential rate of appearance of 
the isotope ın a sea water closed circuit!!12, The sham- 
operated animals (n= 9%) had a turnover rate of 26-9 per 
cent + 2-68 (standard error of the mean) while the 
adrenalectomized animals (n=6) showed a much lower 
turnover, 6-2 per cent + 3:02 (P < 0-001). 

Four operated and four sham-operated sea water fish 
were maintained as previously described in 1/3 sea water. 
On transfer to full sea water, they were injected with cor- 
tisol (hydrocortisone hemisuccinate, in Ringer solution) 
at a dose of 50 yg/100 g body weight given over 24 h in 
three injections at 12 h intervals, the last injection being 
given just before the estimation of fluxes. Adrenal- 
ectomized fish with cortisol (n= 4) gave a turnover rate 
of 33:5 per cent + 0°65, and the sham-operated animals 
gave 28-6 per cent + 4:51. Neither of these values was 
significantly different from that given by the untreated 
sham-operated fish. After the flux measurements, both 
groups of animals were returned to 1/3 sea water, 2/3 
fresh water, for 5 days without further treatment. Then 
they were returned to full sea water. Two of the adrenal- 
ectomized animals died within 24 h and the remaining 
two showed the low turnover rate (mean of 6:3 per cent) 
characteristic of untreated adrenalectomized fish. Fig. 1 
gives the results obtained with sea water eels. The value 
already published** for the turnover rate in intact 
normal fish, adapted for a long time to sea water, has 


\ 
¥FrR (per cent) 
8 8 


pe 
o 





0 


Thg. 1. Fraction of exchangeable sodium renewed/h (FTE) in per cent. 
No. of animals used, ın parentheses, N= Normal, intact animals, SA = 
sham-operated, A = adrenalectomized, O = cortisol injections. Standard 
errors of the mean are indicated, 
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Big. 2. Sea water-freah water transfer. Sodium outflux (fout) expressed 

ın mequiv./h/100 g body weight for successive 80 min periods. Sea water 

outflux 18 cross-hatched co! eit pyar errors of the mean are 
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been added for comparison. It appears that 24 h after 
transfer from 1/3 sea water to full sea water both the 
sham-operated and adrenalectomized animals treated with 
cortisol already exhibit the marked flux of Na, charac- 
teristic of normal sea water fish, while untreated adrenal- 
ectomized anımals show a low rate of flux. 

These results are confirmed by experiments in which 
direct measurements were made of the sodium outflux, 
(Na fout), durmg transfer of the eel from full sea water to 
fresh water. The experiments were performed immediately 
after the determination of turnover rates, that is, about 
36 h after transfer to full sea water. After an intra- 
peritoneal injection of radioactive sodium, the fish were 
kept in a known volume of sea water and then transferred 
to the same volume of fresh water. The radioactive out- 
fluxes were measured and the specific activity of the in- 
ternal sodium estimated from a sample of caudal arterial 
blood, at the end of the experiment. Details of the calcula- 
tions and technique have been given elsewhere!’. Fig. 2 
gives the fluxes observed for successive 30 min periods, the 
first in sea water and thereafter in fresh water. Values 
for intact ecls!® are given for comparison. If can again 
be seen that ın sea water the Na font 1s high for the normal, 
sham-operated (cortisol injected and untreated animals 
taken together) and adrenalectomized animals injected 
with cortisol. In contrast, untreated adrenalectomized 
eels have a significantly lower Na font (P < 0-001). 

Immediately on transfer to fresh water, intact, sham- 
operated and cortisol injected animals all show a drastic 
reduction in Na font. This “instantaneous” reduction has 
been observed in several euryhaline fish and it is cor- 
related with an exchange diffusion component which 
involves a coupling of both unidirectional fluxes'*:*. It 
appears that this component is very much reduced in the 
adrenalectomized eel, as shown by the relatively small 
reduction of Na font on transfer to fresh water. 

In other experiments, fresh water eels were subjected 
to a fresh water-sea water transfer. The animals were 
injected with radioactive sodium and the radioactive 
outflux recorded over successive hourly periods, in a 
closed circuit of constant volume and temperature (17° C). 
The specific activity of the tracer in the animal was 
measured at the end of the experiment on a blood sample. 
The technique, similar to that used for the transfer in the 
opposite direction, has been published previously?*-1*. 
Fig. 3 illustrates the observations made on sham-operated 
animals (n=65) which show a progressive augmentation 
of Na font after transfer. At the end of 12 h in sea water 
the fluxes were 839 + 210 pequiv. Na/h/100 g body weight, 
that is, about half to two-thirds of the fluxes exptcted ir 
animals adapted to sea water for a long term. This curve 
is similar to those obtained for the intact eel and the 
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Table 1. BUBOTROLYTH VALUES (IN mequiv./] ) IN THE PLASMA OF FRESH 
WATER AND 8EA WATER RELS 
Group Nat cr- 
In sen water Norma] (4) 1561-94812 148041410 
Bham (4) 1471+083 1804+ 5 32 
Adx (4) 181-544 02¢ 1670+ 7 98* 
In fresh water, 2 h after Sham +C (6) 1398+479 1878+ 885 
tranafer from sea water Adx (3 187 74+668t 1760+ 498+ 
Adx+C (4) 18664416 1884+ 449 
In sea water, 12 h after Sham (6) 18684440 1800+ 3-24 
transferfrom fresh water Adx (6) 186 745-65 1210+ 8 20 
In parentheses: the number of animalain group, Adx: adrenalectomized. 
C: Cortisoli{njection. Statistica for comparing Adx with Sham. 
*P<001. 
+P <0 001. 


flounder™. For the adrenalectomized animal (n= 6), the 
lag period, before the fluxes showed a tendency to aug- 
ment, was much longer and the flux at the end remained 
very low at 236 + 126 vequiv. Na/h/100 g body weight, 
about half the flux of animals kept in sea water for 
24-26 h. It appears that, in the absence of the adrenals, 
the rate of adaptation of the gill to high external sodium 
concentrations, characterized by the presence of an 
exchange diffusion component, was slowed considerably. 

Table 1 gives the values for sodium and chloride in the 
plasma of eels after the transfer of sea water to fresh water 
and fresh water to sea water. Although the animals were 
kept in 1/8 sea water for 1—4 days between operation and 
returned to full sea water for 36 h, the values for these 
two electrolytes in plasma of sham-operated eels are not 
statistically different from those obtained from intact 
animals adapted to sea water for a long term. A transfer 
for 2 h to fresh water did not result in a significant change 
in plasma levels of sham-operated eels, with or without 
injection of cortisol. Adrenalectomized animals, kept 
either in sea water or transferred to fresh water for 2 h, 
however, exhibited a very high level of sodium and 
chloride in the plasma (differences compared with sham- 
operated : P < 0-001 m both cases). Injection of cortisol 
into the adrenalectomized fish maintained low plasma 
values for both electrolytes. The increase in the plasma 
levels of sodium and chloride in the adrenalectomized sea 
water eel, already reported**, can readily be explained by 
a failure in the gill mechanism for sodium excretion. 
Thus is linked, in some manner, to the turnover exchange 
rate which has been shown to be less efficient in the 
adrenalectomized eel and which can be restored to normal 
by cortisol to permit the extrusion of sodium. 

The glucocorticoids, such as cortisol, cortisone and 
corticosterone, may be the only major ones ın fish gener- 
ally, having influence both on carbohydrate, protein 
metabolism and on the movement of water and electro- 
lytes. This would suggest that the appearance of the 
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Fig. 3. Fresh water-aea water transfer. Sodium outflux (foot) expressed 
as moquiv./h/100 body weight and plotted agamst time in hours. 
Standard errors of the mean are indicated above or below the curves 
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potent mineralocorticoid, aldosterone, was connected with 
the adoption of a terrestrial habitat by the Protoamphubia. 
The proviso must be made, however, that an aldosterone- 
like compound may eventually be found in fish. Recently, 
Sandor (personal communication) has identified Reich- 
stein’s substance S, which has some muneralocorticoid 
properties, from incubations of eel adrenocortical tissue. 

Most of this work was done at the Station Zoologique, 
Villefranche-sur-Mer. We thank Mr R. Tanguy for 
technical assistance. The histological study of the animals 
used in the present work was carried out by Dr M. 
Olivereau. 
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BIOCHEMISTRY 


Binding of Cyclopropane to Sperm Whale 
Myoglobin 
Ts article follows reports of the binding of xenon, an 
anaesthetic agent, to sperm whale met and deoxymyo- 
globin'*. X-ray diffraction analysis showed that a single 
xenon atom binds to the same specific site in both deriva- 
tives. This site is located at a cavity in the interior of the 
molecule, about equidistant from the haem linked histidine 
and one of the pyrrole rings of the haem group. The 
difference electron density maps showed that there are 
no important changes in the structure of myoglobin, an 
observation which ıs also supported by the calculated 
approach distances. It is interesting to note that xenon 
with a van der Waals radius of 2-20 A seems to be just 
large enough to fit into this cavity without disturbing the 
surrounding molecular arrangement. It has been found. 
by spectroscopic analysis that this binding of xenon to 
myoglobin does not appreciably alter the oxygen affinity 
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_of myoglobin. Lumry (personal communication) demon- 
strated, however, that the carbon monoxide affinity of 
_Xenon-myoglobin is increased ten times compared with 
native myoglobin. It also should be noted that the much 
larger mercuri~iodide? binds at the same place, but this 

_ time considerably distorting the surroundings. These 
results led to the present X-ray diffraction analysis of the 
-binding of cyclopropane, which is slightly larger (0-2 A, 
_ see Table 2) than xenon, to myoglobin. Crystals of sperm 
whale met myoglobin prepared by the method of Parrish 
id Kendrew* were mounted in quartz capillaries and 
equilibrated with cyclopropane at a pressure of two 
atmospheres. X-ray intensities of the AkO and AOL 
flexions were collected to 2-8 A resolution with multiple- 
film precession photographs. From such data, electron 
msity difference maps between met myoglobin-cyclo- 
propane and the native met myoglobin were calculated 
using the phase angles for the native structure (unpub- 
ished work of Kendrew et al.). Each of these difference 
electron density maps (Figs. la and b) shows a number of 
features. ‘The positive peak 1 (a = 0-176, y = 0-845, z = 0-187) 
represents the cyclopropane addition to the molecule and 
_ Corresponds to the site of the xenon position as found in 
met and deoxymyoglobin. The negative peak 2 corre- 
sponds to the site of a phenylalanine (H14) in the native 
_ structure. This negative peak indicates a reorientation of 

_ the benzene ring of the phenylalanine group, which is most 
likely rotated by approximately 90° along the Ca-CB 
_ bend into a position corresponding to the positive region 
| 3. This reorientation of the phenylalanine ring necessi- 
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Fig. 1. 
‘electron density map. Contours at arbitrary intervals, positive contours 
full line, negative contours dashed. The zero contour has been omitted, 
<The peak heights in the centric AO! projection (a) are higher than those 
In the non-centric A&O projection (b) because of the use of a set of 
-only approximate phases. ‘The position of the phenylalanine (1114) is 

: depicted as given by the native structure. 


(a) ROL difference electron density map; (b) AkO difference 













Table 1. CALCULATED APPROACH DISTANCES BETWEEN THE CENTRE OF 
CycloPROVANE SITE AND THE NATIVE MET MYOGLOBIN STRUCTURE 





Group Atom © Distance (Ay: 
Alanine (F1) Ca ie ee 
C62 2 
Leucine (F4) C RB 
oO 5B 
Sa ie A 
C8 AD 
Cy B7 
Cóil Bg 
C62 40 
Alanine (F5) N 56 
Ca 60 
Histidine (F8) CB ft 
Cy 45 
Nôl 4l 
Než 46 
Caa 48 
Cel 42 
Leucine (G5) CB PF 
Gy 44 
Cél TA 
C32 43 
Phenylalanine (H14) Cy 56 
Cél 2 
Cel 4-0 
Ce BB oo 
Cee 38 
C2 50 
Isoleucine (H18) CB öd 
Cyl 43 
Cy2 #0 
Có 30 
Haem Fe eT 
NVR 47 
NVL 2 
CIVR 43 
ep 4-8 
C4VL &7 
R Ft 
C4VR 46 
Cave 41 
CFR 39 
CAVR 41 
CMVR 46 
CBVR et 


The myoglobin nomenclature is described in refs. 1 anto: 


Table 2. VAN DER WAALS RADII 
Atom Radii 

Xenon 22 Å 
Ring carbon, nitrogen Led 
Methyl group 204 
Cyelopropane 244 


tates some adjustments of neighbouring groups, partiet 
larly the two leucines H11 and H13. Possible interfe: 
of the displaced phenylalanine with the alanin 
cannot be ruled out on the basis of the calculated differenc 
maps; it seems, however, unlikely that the H helix would 
move. Such reorientations are indicated by secondary 
peaks in the difference maps (Figs. la and 1b). It should 
be noted that cyclopropane is such a light “heavy ato ly 
that secondary sites of less than 35 per cent occupancy 
would not show up on these difference projectio DB. . 
calculated approach distances from the centre of pea 
(cyclopropane site) to the nearest atomic ‘positions as 
found in the native structure are given in Table 1 and show 
that a number of approaches are considerably smaller 
than the sum of the relevant van der Waals radii (Table 2), 
indicating also reorientation of some amino-acid. side 
chains, Cyclopropane is nearly equidistant from the haem 
linked histidine and a pyrrole ring of the haem. group, 
groups which do not seem to have moved. Generally, « 
it seems that cyclopropane is bound to myoglobin in the 
same manner as xenon and is stabilized mainly by London 
interactions, with some contributions from dipole-induced 
dipole and charge-induced dipole interactions. ‘There. is 
also an entropy gain, which arises from the cyclopropane 
transfer into the protein. a ee 
I thank Dr J. C. Kendrew for his advice. This-work was 
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Messenger Activity of Purified RNA from 
; Rat Liver Nuclei 


: composi jon and has a high rate “of turnover, has already 
` bee ribed in rat liver nucleoli? and calf thymus 


A Species are synthesized on a DNA template 
hus complementary to their ed ele el RU aa 


ve proved to bè AA stable’. Because of these 
some well defined criteria are required in order 
olecule can be unequivocally referred to as 


+ criterion is the ability of messenger RNA to 

‘stimulate the incorporation of amino-acids by messenger 

depleted (pre-incubated?) ribosomes in reaction which is 

depen nt .on energy and sensitive to puromycin. This 

is not shared by transfer RNA? or structural 

mal RNA'1* unless the latter is denatured by 

and neomycin added to the incubation mixture! 13, 

suger RNA has been found both in intact nuclei? as 

a solated ribonucleoprotein fractions from rat liver 

nueleoli™, The present communication is concerned with 

some. properties of an RNA purified from these fractions, 

and a comparison made with an RNA obtained from 
morphologically identifiable nucleoli. 

Nuclei were prepared from Wistar rats which had been 

faste for 24 h (both sexes, weighing 180-200 g) and the 


° 


Fig te Electron micrography of isolated nucleoli, Purified by sonic 


oscillation. (x 6,000.) 


Specific activity (c.p.m./mg protein): 


100 200 400 500 


Added nucleolar RNA (ug) ; 
Fig, 2. Effect of nucleolar RNA (nucleoli prepared by sonic oscillation 


on incorporation of *C-leucine by pre-incubated ribosomes, (The: sam 
experimental conditions as described in Table 1) 


1,000 


purity of the preparation was checked by phase microscopy 
and electron micrography™. er 
Nucleoli were prepared either by sonication*® or b 
salt fractionation of the nuclear fraction™. The first 
procedure yields two sub-nuclear components—the nucleo 
lus and the extra-nucleolar fraction—whereas by the 
second procedure we obtain three components—the 
nucleolus, the chromatin and the nucleoplasm. 
RNA was purified from these fractions according to th 
procedure of Harris®*, modified by the addition of- 
mg/ml. bentonite, and added in varying concentrations t 
pre-incubated ribosomes. These ribosomes were preparer 
by Korner’s procedure ‘‘b’’** and pre-incubated to promote, 
messenger depletion®™, 
Tt can be seen that nucleolar RNA is capable of stim 
lating the incorporation of amino-acids, and that t 
reaction is inhibited by puromycin to the same extent as 
normal incorporation. The lower stimulating activity © 
the RNA from nucleoli purified by sonie oseil 
(Fig. 2) can be attributed to degradation and solubiliga 
tion of messenger RNA. Similar events have been de 
scribed for ribosomes and microsomes?’-**, 
If it were possible to extrapolate to animal tissues rece 
data on Drosophila®®, which show complete saturati 
of nucleolus-associated chromatin with cistrons for 28 
structural ribosomal RNA*®, it could be assumed that the 
nucleolar messenger RNA is synthesized in the chromatin. 
region, and that later it migrates to the nucleolus where it 
BFFECT OF RNA FROM NUCLEAR SUBFRACTIONS ON INCORPORATION: 
OF 4C-LEUCINE BY PRE-INCUBATED RIBOSOMES 


Specific activity 
Additions c.p.m./ng protein 


Table 1, 


Normal ribosomes 
+ re umoles puromycin 
m- at P PEP pyruvate kinase 
~ G P 
— pH 5 enzyme 
Pre-incubated ribosomes 
+02 mg chromatin RNA 
+0-2 mg nucleoplasmic RNA 
+02 mg nucleolar RNA 
+02 mg nucleolar RNA + 0-2 moles puromycin 
+03 mg polyuridylic acid* 


The reaction mixture contained, in a final volume of 1-5 ml., the followin: 
(unless otherwise specified): 0-8 mg pH 5 enzyme™; 10 pmoles magnesium 
chloride; 87-5 mmoles sucrose; 20 moles 0-05 molar potassium phosphat 
buffer pH T4: 25 pmoles ATP: 0-5 pmoles GTP: 20 pmoles phosphoenol 
pyruvate; o2 mg pyruvate kinase; 100 pmoles reduced glutathione; 
umole 4C-leucine (~ 175000 p.m. Jand 2 mg ribosomal protein. aig 
was at 87° C for 120 min and the reaction stopped with 1-7 mi. 12 per 
ice-cold trichloroacetic acid containing 0-2 per cent unlabelled Teucine 
(phenylalanine in the experiment with poly U). Proteins were. washed? 
and counted at infinite thinness in a thin-window, low-background gas-flow. 
counter. Each value given is the mean of duplicates, A stan à containin 
0-01 pe. gave 2,000 c.p.m. 

x ane -Leucine was replaced by 0-1 zmoles “C-phenylalanine am, 000 ; 
epm 
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ether this RNA codes for acidic 
which presumably takes place in the 
eolus??-#, or or eytoplasmie proteins—the nucleolar 
ge is necessary to its association with newly synthesized 
osomes—-or whether the 45S precursor to structural 
somal RNA‘ 37-9 is single stranded, and can thus 
mulate the incorporation of amino-acids without being 
; TUE messenger, 
i R. BRENTANI 
M. BRENTANI 
: I. Raw 
partment of Physiological Chemistry, 
aculty of Medicine, 
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Nissi Substance and Ribosomal Aggregates 


_ Onn of the characteristic features of the nerve cells is the 
large number of basophilic “Nissl granules” in the cyto- 
plasm. Electron microscope studies reveal that the 
“Nissl substance” is composed of electron dense particles 
and that these occur either in free form among the mem- 
brane structures or are bound to the endoplasmic reti- 
eulum!. In the course of the different functional activities 
f the brain, the distribution and staining properties ot 
these. granules change??. 
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In this communication some evidenco 
about the nature of the ribosomal aggregat 
believed to be identical to the Nissl granules 

White Wistar rats aged from 10 days 
received 10 pe. of “C-leucine (U) intraperiten 
5 to 30 min before decapitation in the 4% 
synthesizing experiments. The brains were. g 
genized at 0° C in a medium containing 0-0. 
buffer, pH 7-4, 5 x 10- molar magnesium 

0-025 molar potassium chloride, 0-25 molar suer 
15,0009 postmitochondrial supernatant was frac 
a 10-30 per cent linear sucrose density gradient e 
a 50 per cent sucrose step prepared in thë 
medium at 63,000g for 2 h. In the in vitro pi 
thesizing system, heavy and light microsomes 

pared by centrifuging the ribosomes for- l 
E 105,000g, respectively, and sea nce for 
a medium where protein synthesis takes plac 
end of the incubation the reaction mixture 
fractionated on a 5-20 per cent linear and 
discontinuous gradient ne 10-4 molar 
chloride at 40,000g for 2-5 

When the membrane Senecio of the bi 
were fractionated the membrane bound ribosomes 
the “sucrose step” in the tube and formed « hig 
the interface. As could be expected from the h 
ancy ratio, the sedimentation rate and. the p: 
electron micrographie picture, the free polys 
mented between this and the soluble protein peak on 
top of the gradient. Using pulse labelling times of 
and 30 min the majority of the radioactivity bound ï 
particles was found to be in the peak, suggesting that the: 
ribosomes bound in the membrane were the principal site 
of protein synthesis in the brain (Fig. la). There were no’ 
radioactive peaks in the region of the free polysomes. 
The constant radioactivity in this region was simila 




















free polysomes, however, the microsomes had Prey vi ‘ 
been subfractionated. Bo 
After fractionation of the heavy microsomes’ prepared 
from 10 day old rat brain, the membrane bound ag 
gates separated on the gradient and concentrated in fr 
of the 50 per cent sucrose “step”. The 808 singl 
somes formed a small, lighter, separate peak. Fror 
peak towards the heavier region, however, a high am: 
of radioactivity was detected which had a relati 
specific activity. Incubation of the heavy. -mierosom 
with 50 ug PolyU changed the pattern and reveal 
most of the single free and perhaps bound ribosome: 
attached to the PolyU, thus separating the free ri 
somal band from the overlapping aggregates 
and ¢). During the fractionation of the light microsomes : 
under identical conditions to those used for the | a 
microsomes the high radioactivity possibly represe 
the free polysomes could be separated. The ultra-violet 
absorbancy ratio of Æ 260/280, sedimentation rate, elec- 
tron-micrographic picture, metabolic characteristics and 
RNase sensitivity strongly suggest the presence 
aggregates (Fig. ld and e). Similar experiments 
with animals of different ages revealed that these 
were mostly characteristic of the young rat. br 
The deoxycholate treated ribonucleoprotein parti i 
the 10 day old rat brain contained a very high proportion, 
of the heavy aggregates (Fig. 1f). In the brain of the 
young animal there were more heavy aggregates than in. 
the older developing animal. With the reduction of the 
magnesium concentration to 1 x 10-t molar a relatively: 
small number of aggregates and ribosomes broke down. to 
small particles. The sedimentation pattern of the ribo- 
nucleoprotein particles and ribosomes was not affected 
by starvation. It was found that the heavy aggregates 
of the brain are held together possibly by mRNA because 
under the influence of small amounts of ribonuclease they" 
disintegrated completely to single ribosomes... Intra-. 
cerebral injection of actinomycin-D 9 h before decapita- 
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Fig. 1. Sucrose density gradient analysis of the brain microsomal preparations. 


abscissa tepresenta the number of fractions. a, Separation of the microsomes of the 
Separation of the heavy microsomes labelled in vitro for 10 min with 4C-phenylalanine (U), bin the absence of and c in the presence of 50 pg 


PolyU. 


and ein the presence of 50 ug PolyU. @——@, Optical density at 260 my; 
-optical density ratio of Æ 260/280 mz. f, “C ribosomes” of the brain and liver prepared and fractionated under identical conditions. Optical 

O-O, brain ribosomes after the heavy aggregates have been discarded; O ~-~ ©, liver 
ribosomes; + == «= » —- , effect of 1 mg/ml. ribonuclease, 


9 
RE ma @-——— @, brain total ribosomes: 


tion. gave similar results. Mild proteolytic digestion® had 
no effect: on the ribosomal aggregates of the brain. 
At is quite possible that the neurons contain the major 
ion of the cytoplasm in the brain®’ and the small 
are derived mostly from the neurons*. Thus it 
ikely that these preparations represented the 
regates of the neurons detected with the light 
pscope indirectly as well as with the electron micro- 
ope. It became obvious that the aggregates of the 
"Nissl substance” are very active protein synthesizing 
units and composed of two ribosomal compartments at 
least in the young rat brain: those of membrane bound 
* aggregates and the free aggregates scattered through the 
membrane structures. Although it is a general view that 
the bound particles synthesize protein mostly for secretion 
while free forms mainly make intracellular proteins? , 
this is quite possibly not the case in the neurons. It is 
believed that the free aggregates are a transitory stage of 
the life eyele of the active protein synthesizing units at a 
given age as well as during the development of the brain, 
as the number of free aggregates proportionally decreases 
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The arrow indicates the direction of the centrifugation, the 
10 day old rat brain labelled in vivo for 5 min with “C-leucine, 


Separation of the light microsomes of the 10 day old rat brain incubated for in vitro protein synthesis,d in the absence of 


———", relative specific activity; 


O--— ©, radioactivity; vyra 
density 


with the ageing of the animal and with the complete 

development of the membrane structures. S 
J. Q. Nreven e 
J. N. Cumnes 
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Effects of Polyadenylic Acid and Actinomycin 
on Lysine Incorporation in Chick Embryos 


Tae stimulatory effect of polynucleotides on amino-acid 
incorporation in vitro is a useful tool for deciphering the 
genetic code', Whether their action in living systems is 
- completely analogous with that of natural messengers is 
not yet known. On the other hand, the search for mes- 
[senger RNAs (mRNA) coding for specific proteins is still 
: in progress’~*, and there is a need for a biological system 


` dn vivo on which to check the specific role of such molecules 


-iin protein synthesis. The complexity of the living cell is 
such that it may, in fact, be quite impossible to modify 
‘the course of metabolism in a differentiating cell so as to 
obtain a specifie response by the use of an externally 
supplied “natural” messenger. Numerous reports®- sug- 

“gest that RNA supplied externally can interfere with the 

_ synthesis of proteins in “host” cells, but does not dominate 

< their metabolism to the extent of producing a complete 
<: @hange in the nature of the proteins synthesized. 

. We therefore thought it of interest to look for an experi- 

mental situation which would provide a means of testing 

othe specificity of action of artificial and natural messengers 
in living cells. The first requirement seemed to us to be 

: to create a system with a particularly low concentration 

~of endogenous mRNA, We noticed that the inductive 
effect. of reticulocyte RNA on haematopoietic differ- 
entiation in fragments of early chick embryo blastodisks 
not normally synthesizing haemoglobin was particularly 
high, and concluded that “carenced” fragments responded 
more readily than those containing a high endogenous 
level of mRNA (ref. 9). 

Prolonged treatments with inhibitors of RNA synthesis 
like actinomycin D, the mechanism of action of which is 
known, would seem to provide a feasible prior treatment 
tending to create a biological system relatively “empty” 
of endogenous mRNAs. The experiments described here 
were designed to test, in a preliminary way, the possible 
utility of such systems. 

Young chick embryos in the initial stages of differ- 
entiation (stages 6-10) were used for these experiments. 
They were cultivated on agar according to the method of 
Britt and Hermann'?, Actinomycin D was used to 
inhibit RNA synthesis. Polyadenylie acid (poly A) was 
chosen as an artificial messenger coding for lysine. It is 
realized that the specificity of action of poly A has yet to 
be proved in biological systems by an exhaustive inve 
gation of its effects on the incorporation of amino-acids 
other than lysine. Our intention, however, was first of 
all to determine whether the effects of such an artificial 
messenger, however specific or non-specific they may be, 
could be increased by prior or simultaneous treatment: 
tending to eliminate endogenous mRNAs. The incor- 
poration of lysine labelled with carbon-14 was measured 
by autoradiography™ or by scintillation counting. 
Treatment with actinomycin D was carried out either 
before or at the same time as treatment with poly A. 
The effect of actinomycin alone was checked, as well as 
that of poly A alone. The results are summarized in 
Tables 1-3 and Fig. 1. 

Poly A alone elearly stimulates the incorporation of 
lysine in chick embryos. The stimulation is slight (an in- 
crease of 10 per cent) after 6 h, and higher (an increase 





Table 1, INCORPORATION OF LABELLED LYSINE IN YOUNG CHICK EMBRYOS IN 
THE PRESENCE OF POLY A (300 ug/ml.) AND ACTINOMYCIN D (0-25 ug/ml.) 
AS COMPARED WITH CONTROLS (AUTORADIOGRAPHY) 


Average number of tracks/100 cells 


Poly A (300 sa@/ml.) + ac- 
PolyA (300 ug/ml.)  tinomycin D (0-25 ug/ml.) 





Duration 


of 
treatment (h) Controls 


Stimulation Stimulation 
3 247 245 (per cent) 237 (per cent) 
6 268 207 (+7-1) 362 (+ 34-4) 
+2 h pretreatment with actinomycin D 
6 227% 251 +106 $18 (+40) 
20 212* 466 +67 706 ( + 282) 


* Time of exposure of photographic emulsion was of course different. 


1125. 


Table 2. PERCENTAGE INCREASE, AS COMPARED WITH CONTROLS, OF ‘THE 

INCORPORATION OF LYSINE IN DIFFERENT REGIONS OF CHICK EMBRYOS AFTER 

PROLONGED TREATMENTS WITH POLY A AT A CONCENTRATION OF 600 ng/ml. 
AND OF ACTINOMYCIN D AT A CONCENTRATION OF 0-5 yg/tal. 


Percentage increase, compared with controls 


Poly A (500 pa/ml)+ 
Poly A (500 ug/ml.) X BG 


Region of embryo actinomycin D(0- Sagiml.) 


Blood island +52 +126 
Somites +73 +134 
Neural chord +66 +168 


Table 3. PERCENTAGE INCREASE IN THE INCORPORATION Of LABRELED 

LYSINE IN DIFFERENT REGIONS OF THE CHICK EMBRYO (AS COMPARED WITH 

CONTROLS) AFTER 6 H PRETREATMENT WITH ACTINOMYCIN D AT A CONCEN© 

TRATION OF 0-25 ug/ml., FOLLOWED BY TRANSFER TO AGAR CONTAINING 

EITHER POLY A ALONE (500 well oa P A E wa/ral.) AND ACTINOM IN 
5 agim 


Percentage increase se with controls 





; Poly A (500 agimi.) + 
Region of embryo Poly A (500 ug/ml.) actinomycin D (0-25 zg/ml.) 
Central nervous system +52 +181 
Blood island +61 +135 


of 50 per cent) after 20 h. This increased incorporation 
of lysine is, however, greatly intensified in the presence of 
actinomycin D, especially after long treatments (20 h): 
the stimulatory effect, compared with controls, may then 
reach 200 per cent. On the other hand, actinomycin D 
alone was found to inhibit the incorporation of lysine: the 
degree of inhibition was even greater than we expected 
(a decrease of 60-70 per cent), whereas the incorporation 





Fig. 1. Incorporation of labelled lysine in chick embryos in the presence 
or absence of poly A and actinomycin D (treated and control embryos 
were mounted side by side, on the same slide, for autoradiography). 
A, Section in the region of the heart; duration of treatment 80 h. a, 
Control; b, treated with poly A (300 ug/ml.) and actinomycin D (0-25 
gimi). The nervous system is undifferentiated in the embryos 
treated with actinomycin, but in the presence of poly A, lysine incor- 
poration is much higher. B, Section of vascular area (young blood 
islands of the area opaca). a, Control; b, embryo treated with poly A 
and actinomycin, in the same concentration, and for the same period of* 
time, asin A. In the presence of actinomycin, the stimulating effect of 
poly A is more intense in the blood islands, but the difference is not so 
great asin the undifferentiated central nervous system, 
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of specific basic proteins. 

Tt seems possible to increase the efficiency of artificial 
messengers in “host” embryos by prior or simultaneous 
inhibition of endogenous RNA synthesis. A certain degree 

OF competition from endogenous messengers is neverthe- 
less likely to persist, as is shown by the differential effect 

of poly A and actinomycin D on blood islands as com- 

‘pared with nervous tissue. The greater inhibition by 

actinomycin D of nervous differentiation than of haemato- 

poiesis would explain such a difference", 

Despite the interest of such a test system for the bio- 

; ificity of messengers, its complexity cannot be 

and exhaustive experimental analysis of the 
mechanism of action of synthetic polynucleotides and of 
the differential effects of inhibitors of RNA synthesis is 
ed before an accurate picture can be obtained. 
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Gastric Iron Binding Protein in fron 
Chelation by Gastric Juice 


‘Durna an investigation of the possible role of chelation 
in the gastrointestinal absorption of iron in man, we have 
“considered the endogenous ligands which could be secreted 
into the gut. Gastric juice seemed likely to be an impor- 
tant source because the rapid formation of iron chelates 
would require a low pH and because dietary iron is split 
off from protein during acid-peptic digestion in the 
stomach. 

Samples of gastric juice were obtained from nine normal 
people who were in a state of fast and at 15, 30, 45 and 
60 min after stimulation of gastric secretion. by histamine. 
inary assessment of iron chelating ability was 
made using a radioiron solubility test'. This test is based 
“on the ability of chelated ferric iron to remain in solution 
at pH 8-0, whereas ionic iron precipitates as the hydroxide 
at this pH. Results of this examination showed that the 
H - and histamine stimulated gastric juice samples 
any marked iron binding capacity in all subjects 
a The average amount of iron bound/ml. of 
juice was 0-04 mg/ml. of fasting juice and 0-02 
: in the histamine stimulated samples. The normal 

24 h secretion of gastric juice is 2-3 L, so it is evident that 
‘Sufficient iron binding substance should be secreted in 
gastric juice to chelate all the 15 mg of dietary iron 
present ina typical diet. 
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Fig. 1. Filtration on ‘Sephadex G-200’ of human gastric juice labelled : 

with radioiron. Sample volume was 2 ml. Column dimensions were 2:50. 

x 40 em, 3-5 ml. fractions were collected at a flow rate of about 30 ml, Pie ey 
@, Absorbance; ©, radioactivity. in 


The iron binding ability of gastric juice was further | 
examined by passage of gastric juice labelled with radio- 
iron through a molecular sieve. Physiological saline 
buffered to pH 8-0 with 0-02 molar ammonium chloride 
and ammonium hydroxide was used as solvent and: the 
samples were passed upward through a 25x40 6m 
column of ‘Sephadex G-200’. The effluent from “the 
column was collected in fractions which were assayed for 
relative protein content by ultra-violet light absorption 
at 280 my and for iron by measurement of the iron-6! 
gamma activity in a well-type scintillation counter... 

Repeated experiments indicate that while the gaatrio 
juice is resolved into three major fractions by this. teeb- 
nique, the radioiron is bound exclusively by the total 
excluded high molecular weight fraction (molecular wei ht 
in excess of 200,000). A typical elution curve is shown i 
Fig. 1. Elution curves of similarly treated samples o 
albumin and transferrin show that the gastric iron binding 
protein is not identical with these substances. 

The results of these experiments show that gastric 
juice is capable of binding or chelating iron, and to a degr 
sufficient to keep in solution the amount of iron present 
in a normal diet. It therefore seems unlikely that iron 
is present in the intestinal lumen in ionice form to 4 
appreciable degree. Experiments are in progress t 
determine the nature of the iron binding protein of gastric 
juice, to find out whether it facilitates or inhibits iron 
absorption and to estimate its concentration in clinic: 
conditions of iron deficiency and iron overload. 

This work was supported by the Australian Research 
Grants Committee. 
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Relation of Magnesium to Calcium in 
Human Blood Serum 


ACCURATE methods for measuring the magnesium in 
human blood serum have been developed and used t 
establish the range of values for normal individuals**} 
Differences in normal mean values have been reported 44, | 
None of these investigators has compared the concen. — 
tration of magnesium and calcium in the serum of the 
same individuals. In the present investigation we have 
determined the concentrations of magnesium and ¢alviun 
in the blood serum of a series of 133 randomly selec 
patients and healthy members of the hospital staff 
have found a correlation between the t two ions in ind 
viduals with normal serum calcium values.” 
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Fig. 1. The relation of serum magnesium and calcium concentrations. 
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The concentrations of calcium and magnesium were 
determined by atomic absorption spectroscopy in diluted 
protein-free specimens of blood serum?*. Serum specimens 
of 115 patients from the medical wards of the Columbia 
Medical Division at Bellevue Hospital and of eighteen 
members of the staff were investigated. 

The data, which are reported ın mequiv./l. of serum, 
are divided into four groups aa follows: group 1 included 
individuals with concentrations of calcium from 4:14 to 
5:59 mequiv./l.; group 2 had serum calcium concentra- 
tions of less than 4:14 mequiv./1.; group 3 were those 
with hypercalcaemia of greater than 5-74 mequiv./l.; 
group 4 consisted of two patients with hypermagnesaemua 
associated with azotaemia. 

A statistically significant correlation was found between 
the concentrations of calocum and magnesium in the 
serum in group l. These results are plotted in Fig. 1. 
The average values for groups 1, 2 and 3, standard 
deviations and correlation coefficients are presented in 
Table 1. The data of group 4 are shown individually. 
Unusually low concentrations of serum magnesium were 
observed only in mx individuals (0:95-1:27 mequiv./l.). 
Two of these had concentrations of caloium in ther 
sera of less than 4:14 mequiv./l.; none was above 4°36 
mequiv./l. Of the four subjects with magnesium con- 
centrations in excess of 2-00 mequiv./l., calcium was in 
the normal range in two, elevated (6-09 mequiv./l.) in 
one, and depressed to 3-12 in one case. High concentra- 
tions of magnesium in the sera were associated with 
reduced renal function as has been reported? and with a 
diet in which there is a high content of magnesium!*. No 
correlation between the calcium and the magnesium in 
the sera was found in groups 3 and 4, or in the results of 
Smith et al.t. 

In individuals with relatively normal or slightly elevated 
concentrations of calcium in their sera, there was a direct 
correlation between the calcium and the magnesium 
present in their sera. The concentration of calcium 


Table 1. ee OF SERUM CALCIUM AND MAGNESIUM CONCENTRATION 
o. of Serum Ca Serum Mg Statistical 
Group gah beats (mequiv./1.) (mequty./I.) r significance 
1 100 49240 85 1-60 +021 0-404 P<001 
2 14 87140 36 16440 81 0 885 None 
3 10 8 90 +0 30 166+0 24 0 104 None 
4 a 8 54 2-30 
3-82 414 
8 68 457 
b 242 2-26 


Group 1, Er baleen with serum calelum from 4°14 to 5-69 mequiv./L 
Group 2, patients with hypocalcaemia, 
Group 8, patients with hypercalcaemis (above 5 59 mequty./L.). 
Group 4, patients with hype esaemia* (a) female with renal failure; 
(o) female with systemic lupus erythematosus and renal failure. r, Correla- 
ion coefficient. 
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exceeded that of magnesium by about 3 to 1. Hyper- 
calcaemia and hypocalcaemia were found to be associated 
with low, normal, and elevated concentrations of mag- 
nesium in the serum. 

These results confirm those of previous workers that the 
serum magnesium is normally about 1-7 mequiv./l. (ref. 14). 
The average found for patients plus workers (group 1) 
was less because the workers tended to have slightly 
higher values than the bedridden patients. Because our 
normal] series of eighteen is small, with a range of 1-44— 
2:10 mequiv./l., the data are compatible with those 
quoted by Alcock et al. (mean of 1:7 mequiv./l.) as well 
as those of Wacker et al. (mean of 2-1 in fifty-four sub- 
jects) when allowance is made for the considerable 
differences in the populations considered. 

The lack of correlation between the concentrations of 
the two ions in blood serum in circumstances of abnormal 
excess or depletion of calcium is inconclusive aa & result of 
the small number of observations. These data suggest, 
however, that the transport mechanisms for calcium 
and magnesium in the intestine and renal tubule are 
independent. Elevations in serum magnesium appear to 
occur in response to umpaired renal function?’. Severe 
hypomagnesaemia was rare and associated in most 
cases with chronic alcoholism as reported previously’. 
Endocrme regulation of the two ions may also be inde- 
pendent as is suggested by (1) hypomagnesaemia in 
primary aldosteronigm*® associated with normal calcium 
homeostasis; (2) normal magnesaemia associated with 
hyper- and hypo-parathyroidism; (3) the effecta of 
thyrocalecitonin which influences calcium only™. 

This work was supported by a grant fromthe US National 
Institutes of Health and the Strick Foundation. We 
thank Miss Lorraine C. DiMartino for technical agsistance. 

Anne M. Briscon 
CHARLES RAGAN 
Departments of Biochemistry and Medicine, 
Columbia University, 
College of Physicians and Surgeons, 
and the First (Columbia University) Medical Division, 
Bellevue Hospital, New York City. 
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3,4-Dimethoxyphenylacetic Acid in Urine 


In 1962 we reported that 3,4-dimethoxyphenethylamine 
(DMPEA) was a component of urine obtained* from 
schizophrenic patients!. Since our original report we have 
described additional work?*. Other investigators have 
identified this material*? or chromatographically similar 
material’, although several have also identified it in urine 
from non-achizophrenic subjects**° and others have been 
unable to detect the compound ab allt13, 
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In another investigation we determined that 3,4- 
dimethoxyphenylacetic acid (DMPAA) was the main 
urinary metabolite of DMPA after this compound was 
administered to human volunteers'*. As a result of these 
findings the present investigation was initiated to determ- 
ine whether DMPAA was present in urme from schizo- 
phrenic patients who had not been pre-treated with 
DMPEA. The patients used in this investigation all had 
an unequivocal diagnosis of schizophrenic reaction, acute, 
severe, and were maintained in a metabolic ward during 
the period of urine collection. No patient had received 
any drug treatment for at least 2 weeks before the m- 
vestigation. While longer periods without drugs would be 
preferable, this was not possible with all the severely 111 
patients investigated. The patient used in the preparation 
of sample No. 2, however, had not taken any drug for 18 
months before investigation. After collection, samples of 
urine were immediately frozen and stored. 

Ten samples were assayed. Sample 1 was obtained by 
pooling 24 h urine samples collected from nine patients. 
Sample 2 was prepared by pooling samples of urine from a 
single schizophrenic patient, collected twice a week for 
6 weeks. Samples 3 and 4 were two unpooled urine samples 
collected from one patient during two 24 h periods. No 
urine from this patient was included in the other two 
samples. The remaining six samples were all single 24 h 
urme samples from six patients. The first four urnes were 
analysed by the following procedures. 

Creatinine was determined by the Jaffe method and a 
volume of urme equivalent to 300 mg of creatinine was 
taken as the sample in each case. Appropriate blanks were 
carried through all the procedures. Samples were then 
saturated with sodium chloride, acidified to pH 1-5 and 
extracted three times with an equal volume of chloroform. 
The chloroform was washed four times with 50 ml. of 
10 per cent sodium bicarbonate; these solutions were 
pooled and extracted five times with an equal volume of 
chloroform, which was discarded. The aqueous solution 
was then acidified to pH 1-5 and re-extracted five times 
with an equal volume of chloroform. The chloroform was 
dried over sodium sulphate and evaporated to dryness. 
The sample was dissolved in 0-2 ml. of 2 normal sodium 
hydroxide and brought to 1 ml. with water, and was 
applied to a 1x6 cm column of Dowex 1-XS, 100-200 
mesh in the acetate form. The column was washed with 
60 ml. of 0-5 normal ammonium acetate which was dis- 
carded. The sample was then eluted with 180 ml. of 4 
normal ammonium acetate. The eluate was adjusted to 
pE 1:5 and extracted five times with an equal volume of 
chloroform. The chloroform was dried over sodium 
sulphate, evaporated and the residue was dissolved in a 
small volume of chloroform for application for paper 
chromatography. Each sample, equivalent to 300 mg of 
creatinine, was applied to six 1:5 in. paper chromato- 
graphic strips and developed in isopropanol, ammonia and 
water (8: 1:1). On one strip a small amount of DMPAA 
labelled with carbon-14 was applied. After development, 
this strip was scanned and the area corresponding to the 
DMPAA on each of the other strips was cut out and eluted 
with 0-1 normal sodium hydroxide. The eluate was 
acidified to pH 1-5 and extracted three times with chloro- 
form. The chloroform was dried over sodium sulphate, 
evaporated, and the residue was dissolved in a small 
volume of chloroform for application to a second paper 
chromatographic system. The eluted material, equivalent 
to 250 mg of creatinine, was applied to a smgle 1-6 in. 
wide paper chromatographic strip and developed in 
methanol, butanol, benzene and water (4:3:2:1). The 
area of the radioactive strip from the previous chromato- 
graphic separation that corresponded in Rr to DMPAA 
was also eluted and chromatographed on a separate strip. 
After this separation, only one ultra-violet absorbing area 
was observed on the sample strip, which corresponded in 
Rr to DMPAA. This absorbing area waa cut out of the 
strip and eluted with warm methanol. The methanol was 
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evaporated to dryness and the residue was prepared for 
gas chromatography. The sample was first treated with 
0-5 ml. of acetic anhydride and 0-25 ml. of trifluoracetic 
acid at 75° C for 30 min. The sample was then evaporated 
to dryness and treated with 0-5 ml. of freshly prepared 
diazomethane ın order to prepare the methyl esters of the 
carboxylic acids in the sample. The acetylation procedure 
was carried out to prevent methylation of any phenolic 
compound that might be present. Each sample was then 
subjected to gas-liquid chromatography on a column 
packed with 8 per cent silicone-gum rubber SH-30 on 
100-120 mesh ‘Chromosorb JV’. A single peak was detected 
in each sample, which corresponded in retention time to 
authentic DMPAA and which ran as a single peak when 
co-chromatographed with this compound. 

Samples 2, 3 and 4 were all chromatographed on a 
second gas-liquid chromatography column. A portion of 
the sample which gave a single peak (apart from the 
solvent peak) on the neutral column of SH~30 was applied 
to a 4 ft. column packed with 8 per cent ethylene glycol 
adipate on 100-120 mesh ‘Chromosorb W’. Apart from 
several fast peaks which were present in the reagent blank, 
only one peak was detected. This peak had an identical 
retention time to suthentic DMPAA and also ran as a 
single peak when co-chromatographed with this com- 
pound. The last six samples were subjected to the same 
procedure except that the column chromatography was 
omitted. While this resulted in additional peaks in the 
gas chromatography, DMPAA was separated from all 
other compounds, and DMPAA added to urine could be 
quantitatively recovered. DMPAA was detected in five 
of these six patients by this method. 

These findings provide presumptive evidence that 
DMPAA is a component of nine of the ten urine samples 
examined. Amounts found were between 25 and 600 
pe/24 h urine sample. Recoveries of DMPAA added to 
urme varied between 80 per cent and 95 per cent. Re- 
covery was calculated by a method in which a known 
amount of authentic DMPAA was added to half of a 
urine sample before extraction. Varymg amounts of 
authentio esterified DMPAA were then added to the other 
half of the sample after both halves had been treated 
identically until gas chromatography. From the amount of 
esterified DMPAA added in order to produce a gas chroma- 
tographic peak identical in height with that obtained from 
the portion to which DMPAA had been added, the re- 
covery of DMPAA could be determined. 

This work was supported by grants from the US 
Public Health Service. 

Note added in proof We have recently identified 
DMPAA in urine from psychiatrically normal subjects 
also. We continue to find the parent compound, DMPEA, 
however, only in urine from schizophrenics. 

ARNOLD J. FrrmpHorr 
Krr Foriva 


New York University Medical Center. 
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Metabolism of Isofloridoside (O-«-p- 
Galactopyranosyl-(I]—I)-Glycerol) and Osmotic 
Balance in the Fresh Water Alga 
Ochromonas 


So far as is known, algae tend to maintain a constant 
turgor with the osmotic pressure in their cells higher than 
the osmotic pressure of the surrounding fluid. This excess 
osmotic pressure seems to be held constant when the 
osmotic value of the water changes. Little 1s known 
about the mechanisms responsible for this regulation. 
The assimilation or extrusion of special inorganic ions is 
assumed to play the chief part in this process in marie 
algae; ın cases of low external osmotic pressure the elimin- 
ation of water by contractile vacuoles provides some 
regulation of osmotic balance in fresh water algae’. The 
experiments reported here show that the golden brown 
fresh water alga Ochromonas malhamensts has another 
mechanism for regulating turgor. Here the regulation 18 
connected with the formation and degradation of the 
carbohydrate isofloridoside and further studiea on the 
biochemistry of the osmotic balance ın Ochromonas therefore 
seem possible. 

At first, tracer experiments were carried out to study 
the influence of osmotic changes on the composition of the 
cell components. The algae were grown without glucose 
to increase the photosynthetic capacity* and allowed to 
assimilate labelled carbon dioxide (#4CO,) for 2 h in the 
presence or absence of phosphate buffer (pH 6-2). With 
increasing concentrations of buffer (0-025 molar) an 
unknown spot in the monosaccharide region of the chroma- 
tograms contamed increasing amounts of radioactivity. 
At high concentrations of buffer, as much as 50 per 
cent of the assimilated carbon-14 was located in the spot. 
This substance was identified by hydrolytic and enzymatic 
cleavage, by co-chromatography and by paper zone 
electrophoresis as 1sofloridoside (O-a-p-galactopyranosyl- 
(1—1) glycerol)*. This galactoside is known to occur in 
certain red algae‘, while in other red algae the closely 
related compound floridoside (O-a-p-galactopyranosyl- 
(1—-2)-glycerol) occurs. To make sure that the formation 
of the isofloridoside was not due to an influence of the 
osmotic pressure substances on the photosynthetic 
asaumilation, we labelled the cell components beforehand 
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Fig. 1. The concentration of :sofloridoside in the cells of Ochromonas 
after addition of sucrose as an osmotic pressure substance. Algae grom 
4 daysin nutrient solution with glucose at 1,000 lux, centrifuged, resi 
ended in nutrient solution and glucose to give an optical density of 02 2 
diluted 1 : 60, 1 om cuvette, 610 myx). Placed for 2 hat 7 ,000 lux, 28° O, 
then 49 mi. 1 0 molar sucrose in nutrient solution added to 440 ml 
pension of the algae; samples of 100 ml. withdrawn and centrifi at 
intervals. Algae extrac! thres times with hot 80 per cent oa anol, 
then ee i and pormonss chromatograp! hed in n-butanol 
water ' acetic acid (80 : 40° : 3). Isofloridoside eluted wi aer 
hydrolysed with normal npdnochione acid at 100° C for 2 h, neutralized 
and the resulting glycerol determined enzymat tically. 
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Pig. The influence of the concentration of the osmotic pressure 
substance sucrose on the concentration of isolondoside Expermental 
conditions a8 in Hig. i. Bamplos h. Each point represents 
the average values from four terminations o on the extract of one sample. 


with carbon-14 and added the osmotic pressure substances 
after the photosynthetic period. Table 1 shows that under 
these conditions, too, the formation of 1sofloridoside is 
induced by different salts and by natural and artificial 
organic molecules. The formation of isoflondoside 
increases as the concentrations of the osmotic pressure 
substances increase. Salts in 0-05 molar concentrations 
give an effect of the same order of magnitude as 0-1 molar 
organic substances. Small differences in the amounts 
may be caused by a partial incorporation of the added 
non-labelled organic substances mto the 1sofloridoside. 
All these findings show that the formation of the isoflorido- 
side is caused by the alteration of the osmotic value of the 
suspension medium. A similar conclusion was obtained 
from the reverse experiment. In this case the algae 
were first allowed to assimilate labelled carbon-14 in the 
presence of buffer to form a high level of isofloridoside. 
This high level of isofloridoside decreased by about 80 
per cent in 30 min when the suspension of algae was diluted 
with nine parts of water to decrease the osmotic pressure. 

The tracer experiments gave a good qualitative indica- 
tion for the part played by isofloridoside in the osmoregula- 
tion by Ochromonas, but were not quantitative. For this 
purpose the concentration of isofloridoside in the cells was 
determined by an enzyme method based on the estimation 
of glycerol with glycerokinase’. Fig. 1 shows that the 
cells suspended in regular nutrient solution contain a small 
amount of isofloridoside. After the addition of the osmotic 
pressure substance (sucrose) there is a rapid formation of 
isofloridoside. About 2 h after the addition of sucrose a 
new, high concentration level is reached. The concentra- 
tion at this high level is proportional to the concentration 
of the added sucrose (Fig. 2). 


Table 1, FORMATION OF O-ISOFLORIDOSIDE FROM RESHRVA MATHRIAL 
LABELLED WITH CARBON-14 APTER ADDITION OF DIFFERENT OSMOTIO PRESSURE 
SUBSTANORS 


10° epim; Isofioridoside/ 
14 ml. algae 


Added (final concentration) 

Nutrlent solution (control) 47 
Water 26 
Sodium chloride 0 06 molar 80-0 
Potassium chloride 0-05 molar 57-0 

Phosphate buffer 0:05 molar 54 
Phoephate buffer 0-1 molar 200-0 
Mannitol 0 1 molar 340 
Glucose 0-1 molar 27-0 
Sucrose 0-1 molar 508 
Sucrose 0 2 molar 2100 . 
Polyethylenegtycol ~ 0 2 molar 187 0 


The algae were labelled by assimilation of “CO, in a Warburg vessel for 
2 h, 7,000 lux, 28° C, pH about 60. Then the “OO, was flushed out and 
1 mi. of the double concentrated substance in nutrient Bolkon added 
to 1 ml. suspension. After an additional 2 h in the light, the Cells were « 
centrifuged, extracted once with 80 per cent ethanol, twice with 20 per cent 
ethanol od portions of the extract chromatographed. The radioactivity of 
the 1sofloridoside spot on the paper was measured with a thin-window 
methane flow counter, 


1130 


If the osmotic pressure was increased by adding 100 
moles of sucrose to each ml. of suspension medium, the 
concentration of isofloridoside in 1 ml. of packed cells 
increased by about 20 umoles (Figs. 1 and 2). In our 
experiments the cells are not tightly packed. As measured 
by dilution analysis using sucrose’, the space between the 
individual cells (or at least the space in which sucrose 
cannot permeate) is about 40-50 per cent of the total 
volume. This means that the concentration of the 
isofloridoside is at least 40 pmoles/ml. of cell volume. It 
is reasonable to assume that the whole volume of a cell 18 
not to be taken as the solubilization volume. Space 
is taken up by the organic and inorganic molecules with 
their water of hydration and there may be some compart- 
ments into which the isofloridoside cannot permeate (for 
example, the vacuoles, the mitochondria or the chloro- 
plasts). If it is assumed, therefore, that the real volume 
in which the isofloridoside is solubilized may be in the 
order of 50 per cent of the total cell volume, then the 
concentration of floridoside would be 80 umoles/ml. 
This means that the increase in osmotic pressure in the 
medium (100 umoles/ml.) can be balanced directly by the 
isofloridoside formed in the cells of Ochromonas. This 
hypothesis has to be proved by further experiments 
taking into consideration the facts that the osmotic 
pressure substances used may partly penetrate the cell 
membrane or may be partly metabolized. Nevertheless, 
the amount of floridoside formed seems to be high enough 
to support the suggested hypothesis. 

Floridoside and isofloridoside are known to ocour in 
red algae, and isofloridoside is now found in the golden 
brown Ochromonas, which is taxonomically not 
related to the red algas. It seems worthwhile, therefore, to 
see whether or not this new type of osmotic balance found 
in Ochromonae has general significance for other algae. 

The work in the paper was supported by a grant from 
the Deutsche Forschungsgemeinschaft. 

H. Kauss 
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Ischaemia Detecting Radioactive Substances 
for Scanning Cardiac and Skeletal Muscle 


Onn of the most suitable radioisotopic diagnostic methods 
for demonstrating pathologically altered tissue is scanning 
with the use of a “hot” area. In practice, however, this 
method is only of limited use. As shown previously, some 
tetracycline antibiotics accumulate and are retained in 
injured tissues, which include ischaemically altered myo- 
cardium, the striated muscles and the kidneys''*. Some 
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Table 1 
Index 
Substance RI RI 
Derivatives of tetracyolines 
N- a a A inopyrarolyl)-methyli-tetrecycline-“'T eae ee 
Tetracycline monoester of tetraiodophthalic acid-!"I 476 0:70 
“Bervadve i of fluorescein 
vative IIL 70-38 8-74 
88-0 3-47 
Devens F 180 6l 
Derivative VI 276 5-19 
nn a 884 1-71 


iodinated derivatives labelled with iodine-131 which were 
expected to be suitable for scanning pathological foci were 
prepared—N - ] - 3,6 - dimethyl. 4 - iodopyrazolyl - methyl - 
tetracycline-I (derivative I) and tetracycline monoester 
of tetraiodophthalic acid-18I (derivative IT)’. In addition 
to these we also prepared several hydroxymercuri- 
derivatives from fluorescein derivatives: hydroxymercur!- 
fluorescein- Hg,-Hg (derivative II), hydromexicuri- 
2,7-dibromfluorescein-"Hg,-""Hg (derivative IV), hy- 
droxymercuri-4,5-dibromfluorescein-!"Hg,-?*Hg (deriva- 
tive V), and bis-hydroxymercurifluorescein-!*’Hg or -Hg 
(derivative VI)*. 

In order to obtain an exact evaluation of these sub- 
stances they were screened together with neohydrin-*“Hg 
which had been tested for scanning infarctions of the 
myocerdium®*. For screening the accumulation of these 
substances into torn rat muscle, normal muscle and blood 
was compared 24 h after their administration. The term 
RI, indicating the ratio of substance accumulated into 
l g injured muscle to the amount found in the healthy 
muscle, was introduced together with the term RIT 
indicating the ratio of the amount of substance in 1 g of 
the injured muscle against the amount of 1 ml. of blood. 
Only substances labelled with mercury-203 were used, 
because their long half-life made them more surtable for 
experiments. Determinations were made in the usual 
way in a scintillating well detector. It is evident from 
Table 1 that derivative III had the best RI index, fol- 
lowed by derivative IV. The best RI index for the iodin- 
ated derivatives was found for derivative I, whereas 
neohydrin-"Hg had a relatively low RI. The RIL 
indices were about comparable for fluorescein derivatives 
and substance I but considerably lower for substance JT 
and neohydrin-**Hg. 

Labelled fluorescein derivatives were applied to dogs 
with infarction of the myocardium. First derivative IV 
was used. Ischaemic changes were induced by constricting 
the descending branch of the left coronary artery for 2 h 
and the substance 1 h later. In addition 
to indices RI and RII radioactivity in the surrounding 
tissues—lungs, liver, bones and diaphragm—was also 
determined as these organs might i increase the background 
activity and prevent successful . Scanning was 
performed im vivo and on the heart removed from the 
body and also on horizontal slices of the heart. A Siemens 
‘Nucleograph’, crystal 2 x 2 in., honeycomb No. 6, was 
used. Table 2 shows that in all six cases RI varied from 


Table 2. SCANNING in tivo AND in ouro IN ISCHAMMIO LESIONS OF THB DOG MYOCARDIUM AFTER ADMINISTRATION OF DERIVATIVA IV AND NEOHYDRIN-*“Hg 
OOHPARED WITH INDICES RI AND RO 


l 
Injured Haemor- fouls: 


Tissue radioactivity on 1 gin 10 C 


Possibility of scanning 


tivity) Tare oer Blood Lun, Lr B Dia. ae eat ines re then Kevon 

Dog. rhago acti Ischaemia o gs ver ones - o. of hours 

No. cardium g10"o. focus muscle phragm tn vivo tn vitro 

Derivative IV—-("*Hg) 

11538 Severely None 14-18 274-89 2-05 — — — — — 93-2 48 48 
Vory good Vary good 

1217 Severely None 14-64 418-68 8-87 8-79 20-59 187-98 6 63 37°27 47:2 47-6 24, 48 48 
Very good Very good 

1088 Medium Consider- 1197 76-75 8 86 6-45 10-69 78:87 4:58 11:81 22:8 141 24, 48 

è able Good Very good 

1250 ‘Severely Slight 1197 151 13 188 218 8:85 7691 4:82 8 Of 90-0 68-3 72 2 
Very goed Very good 

1298 Severely Very slight 1418 108-48 3-95 4 23 13-49 81:27 440 9 48 27:5 25-6 24, 48 
Very good Very good 

1297 pverely Very slight 15:00 80-41 3-44 2-21 8 83 84 97 4:48 3 30 26-0 405 24 
Very good ‘Very good 

Neohyarin: Hg 

1802 Severely None 20-21 6-02 118 0-88 20 23 — 0 66 5'1 7-3 24, 48 48 
Impossible Impossible 

1312 Severely None 16:17 T14 057 074 8:58 22°98 me 0 65 125 9-6 24, 48 48 
Impossible Imposeble 


NATURE, VOL, 214, JUNE 10, 1967 





22-8 to 93-2 and RII from 14:1 to 69-3. The presence of 
myocardial infarction could be demonstrated in vivo by 
identifying the “hot” area although the focus of infarction 
was considerably haemorrhagic (Table 2). Table 2 shows 
that the ischaemic sites exactly correspond to the sites of 
accumulation of radioactivity (see also Fig. la, b, 0). 

Values for RI and RIT using neohydrin-?*Hg are also 
shown in Table 2. They are considerably lower although 
the amount of radioactivity applied was even higher than 
for derivative IV; scanning in vivo was not successful in 
detecting any signs of “hot” areas 

Thus the mercury derivatioce, of which hydroxy- 
merouri-2,7-dibromfluorescein has ss yet only been 
tested, are “ischaemia detecting radioactive substances”, 
and they enable us to demonstrate in vivo infarction of 
the myocardium in the dog. It may be possible to use 
these derivatives in human medicine, particularly when 
using mercury-197. The method can be made more 
sensitive by using the ‘Gamma’ camera of Nuclear 
Chicago because with this instrument even such fine 
changes ss accumulation of derivative IV at the edges of 
a torn rat muscle could be recorded by EEE in vivo. 

. MALEK 


7. RATUSKÝ 
B. VavREIN 
L. KRONRÁD 
J. Koro 
Institute for Clinical and Experimental Burgery, 
Prague, 
Institute of Organic Chemistry and Biochemistry, 
Czechoslovak Academy of Science, 
Prague. 
Research Institute for the Medical Use of Radioisotopes, 


Prague. 
Institute for Nuclear Research, 
Re, near Prague, Czechoslovakia. 


1 Malek, P. Oey: Cherry Žák, F., Antimicrobial Agents Annual, 206 (Plenum 
ew Yor! 
he P. Kolo, J Wem N Žák, F., and Peleška, B., Oardiologia, 42, 


303 (1663) 
1 Ratuský, F ` Antibiotics Advances in Research, Proc. Antibiotica Cong. 
Praga, Tune (1964). 

+ Czechoslovak patent. Application PF No. TV 2291-66. 

* Carr, B, A., Betorwaltes, W. H., Patno, M. R., Bartlett, J. D., and Wegss, 

A, V., Amer. Hiart J 64, 680 (1962), 
* Gunton, 2. W., Evans eae R. G., Spears, J. O., and Beaulands, 
D. B., Amer. J. Cardiol. y, 482 (1985). 


dela Scanning in dog No. 1207, For 
gee pane 2. a, In vivo pee 


b vitro (whole 
oda Atro : wes 


1131 





(heart slices), a 


Convulsive Effect elicited by Topical 
Application of Penicillin on Glutamate- 
Glutamine System of Brain 


Penvrous investigations in our laboratory’? have shown 
that the topical applicataon of mescaline to the ectosylvian 
gyrus induces significant changes in the glutamine, 
glutamic acid and ammonia content of the whole neo- 
cortex. The experiments reported here were carried out m 
order to investigate the influence of the topical application 
of another convulsant drug—penicilln—on the same 
compounds. 

Experimenta were performed on cats immobilized by 
gallamine triethiodide and artificially respired. For in- 
tubation they were anaesthetized with ether. The surgery 
was performed under local anaesthesia with 1 per cent 
novocaine. Using monopolar leads, electrocorticograms 
were recorded from the antero-superior part of both 
ectosylvian gyri and from the posterior part of the marginal 
gyri. After recording an initial electrocorticogram a 
round piece of filter paper soaked with either 4,000 or 
10,000 ru of penicillin was applied to the left ectosylvian 
gyrus. In animals used as controls, the drug was not 
applied. Recording was continued up to the time of 
sampling, and the readings enabled us to distinguish two 
responses at both dose levels: (a) generalized epileptiform 
seizures, and (b) continuous focal or generalized spiking. 

Cortical tissue was sampled with instruments chilled in 
liquid nitrogen, 60 min after the topical application of 
penicillin. Glutamate plus glutamine were determined by 
bacterial decarboxylation in Warburg manometers as 
described by Krebs’. Glutamine was then determined 
according to the method of Brown e al.‘ and by vacuum 
microdistillation®. A parallel sample was estimated after 
mild hydrolysis for 75 min at 70° C (ref. 6); free ammonia 
was determined by the method of Brown et al.‘. 

Between one and eight minutes after the topical 
application of either dose of penicillin, biphasic epikes 
appeared in the area where the drug was applied. Except 
in two instances (in which focal activity persisted up to 
sampling) spiking remained localized for a short time and 
then spread to other areas (Fig. 1). In some experiments, ° 
the generalization began i in the contralateral ectosylvian 
gyrus; in the others it began in the homolateral 
gyrus. The spikes had usually become generalized 20-80 
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Table 1. OHANGES IN AMMONIA, GLUTAMIO AOID AND GLUTAMINE CONTENT OF 
DIFFERENT NEOCORTICAL AREAS OF OAT BRAIN AFTER TOPIOAL APPIACATION 
OF PBNICILLIN 


Generalized Continuous 
iking 


Compound Gyrus sampled Controls B sp 
(xmoles/g) nm nmg n7 
Ammonia dalt ectosylvian 0 29+ 0 08* 0 80+0-19 LL £015 
t ectosylvian Heo aes 12 £0 10 +020 
Marginal 0-82 + 0 05 1-3 +020 12 +020 
TA nein 0 36006 0 99 £+ 0'10 O98 +0 
Glutamic Left ectosylvian 10:4 +0 86 92 +11 96 LI 
acid Right ectosylvian 128 +045 78 +1-00* B7 +10" 
Left marginal 83 +090 OL +10 70 +060 
Right marginal 102 +14 8-0 +1:7* 40 £070} 
Gluta- Ten oleae aan 5 86 +0 87 58 +036 65 +050 
mine Right ectosylvian 5:60 +057 6-8 +040 56 t042 
Leit marginal 6-76 + 0°36 6-2 +050 5-75 +036 
Right marginal 65 7540-78 59 £036 5-75 + 036 


* Significance of difference from control, <0 06. 
Significance of difference from control, <0 01. 
Significance of difference from control, <0 001. 
ther differences were not statistically significant. 


min after penicilin apphloation. In the contralateral 
marginal gyrus, they were of small amplitude or even 
absent. In 53 per cent of cases, seizures of “grand mal” 
type occurred (Fig. 2). The seizures were frequent and of 
long duration (2-3 min). 

A large increase in ammonia content occurred through- 
out the neocortex, including the contralateral marginal 
gyrus (Table 1). There was no correlation between the 
type or intensity of the spiking activity and the content of 
ammonia’. Even in the two experiments in which focal 
spiking activity persisted, a large inorease of free ammonia 
occurred throughout the neocortical areas investigated. 
The content of glutamic acid in the contralateral ecto- 
sylvian and marginal gyri diminished significantly in all 
types of convulsive activity, particularly in the animals 
which showed continuous spiking. The largest diminution 
of glutamic acid did not occur in the spiking focus, but in 
the contralateral marginal gyrus, where spiking was least 
evident. Glutamine concentrations underwent no sig- 
nificant changes in any type of convulsive activity. 

These results indicate that concentrations of glutamic 
acid and the rates of ammonia formation and removal are 
not closely correlated with intensity of the spike activity, 
nor with the dose of applied penicillin. 

The increased ammonia content of the whole neocortex 
was associated with the normal content of glutamine, 
while the glutamic acid decreased only in the contra- 
lateral hemisphere. In some animals the content of ATP 
was also determined; it underwent no change. Our data 
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Fig. 2. Generalized seizure 19 min after topical application of pemen 
to the left Eas. Other details asin Fig. 1 


suggest that the glutamic acid-glutamine mechanism does 
aid ammonia disposal but that it is insufficient for ammonia 
binding and cannot remove it completely. It is known 
that ammonia formation exceeds the capacity for the 
synthesis of glutamine’. 

The effect of penicillin on the glutamate—glutamine 


system was different from that of mescaline, reported 
previously! *. 
©. Portar 
NELLA Mison-CRIGHEL 
G. BADIU 
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Effects of Hydroxyurea on Development and 
Regeneration 


HYDROXYUREA is a potent inhibitor of DNA synthesis and 
mitosis!-*, It is known that ıt mterferes with the reduc- 
tion of ribonucleotides to deoxyribonucleotides'“. It is 
bacteriostatic for Hechertchia coli’, where it mduces a 
reversible inhibition of DNA synthesis without affecting 
the synthesis of RNA and proteins. At lethal concentra- 
tions, RNA (but not protein) synthesis 18 inhibited’, and 
an additional DNA band becomes visible in ultracentnfu- 
gation diagrams"; ıt is possible that DNA becomes in- 
capable of both replication and transcription. 

Extremely little is known about the effects of hydroxy- 
urea on egg development; Eisenberg et al.!° briefly 
mention that hydroxyurea (10-*-10-* molar) stops cleavage 
of sea urchin eggs at the 2—4 cell stages; lower concentra- 
tions (5 x 10-* molar) allow development with 2h treatment 
until the blastula stage; the effect is reversible 1f hydroxy- 
urea is removed by dialysis. In the blocked eggs, incor- 
poration of thymidine and uridine is completely blocked, 
while that of leucine is only 30 per cent inhibited. 

It waa of interest to compare the effects of hydroxyurea 
on sea urchin and amphibian eggs, because the synthesis 
of messenger RNA begins earlier in the former (2-4 cell 
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stage) than in the latter (blastula); furthermore, in both 
cases, uridine is a very good precursor for DNA synthesis 
during cleavage (see ref. 11 fora review). If hydroxyurea 
blocks the template activity of DNA for RNA synthesis, 
one would expect development to be arrested at an earlier 
stage in sea urchin than in amphibian eggs. It was also 
interesting to compare the effects of hydroxyurea on 
nucleate and anucleate fragments of Acetabularia, because 
we have shown that both are the site of net DNA synthe- 
sis'*. Is DNA synthesis in anucleate fragments (which 
probably corresponds to multiplication of chloroplasts) as 
sensitive to hydroxyurea as ın nucleate fragments ? 

A summary of the main results is presented here. 

Nine experuments were performed on eggs of the sea 
urchins Paracentrotus lividus and Arbacia lixula, using 
concentrations ranging between 10-? molar to 10-* molar. 
It was found that cleavage is blocked at the same stage 
(4-8 cell stage) at all concentrations between 10-? and 
3x10 molar. This is approxmately the stage where 
nuclear RNA synthesis becomes detectable. There was 
no reversibility, after a thorough washing, when the eggs 
had been treated for 4 h or more with 10-* molar hydroxy- 
urea. At the lowest concentration tried (10+ molar), 
addition of thymidine (10 molar) with hydroxyurea had 
a favourable effect; the percentage of swimming blastulae 
was markedly increased in three experiments. Thymidine 
had no effect when it was added with higher concentrations 
of hydroxyurea. The experiments suggest that, at low 
concentrations, hydroxyurea acts by inhibiting the reduc- 
tion of ribonucleotides, while, at higher concentrations, 
it might affect the template activity of DNA. The results 
are in agreement with those of Eisenberg et al.4° and of 
Lallier#*, who succeeded in reversing, with thymidine, 
the inhibitory effects of fluorouracil on sea urchin egge. 

In the eggs which are blocked at the 4-8 cell stage, the 
nuclei are arrested in interphase; they are swollen, located 
near the surface and filled with spherules which look hke 
nucleoli. In sections the chromatin forms a coarse net- 
work and the nuclear sap contains proteins which stain 
like those of the ovocyte’s nucleus. The “nucleoli” 
contain proteins, but no RNA; their ultrastructure is 
finely fibrillar and different from that of the true nucleoli. 
They probably represent an exaggeration of the recently 
described ‘‘clesvage nucleoli’ 4:!5 and an accumulation of 
nuclear proteins under conditions where DNA replication 
and transcription are arrested. 

In the eggs treated with high concentrations of hydroxy- 
urea (10-3 molar), the cortex gives a positive Schiff 
reaction, which seems to be caused by an accumulation of 
polysaccharides. 

Ten expermments were made on the eggs of the amphi- 
bians, Pleurodeles, Xenopus, Ambystoma mexicanum and 
Rana temporaria. In all cases, hydroxyurea (10 to 
3 x 10 molar) blocks the development at the late blastula 
stage (again at the stage where RNA synthesis becomes 
detectable in the nuclei). At lower concentration (10-3 
molar) or when treatment begins at the gastrula stage 
only, various abnormalities can be observed: exogastrula- 
tion, microcephaly, absence of eyes, fusion of the somites, 
and complete or partial absence of the nervous system. 
These abnormalities are reminiscent of those obtained 
after treatment with lithium chloride. Almost normal 
differentiation of chorda, somites, pronephros is often 
possible, although the cells are very large and greatly 
reduced in number. 

In the eggs blocked at the blastula stage with 10-* molar 
hydroxyurea, the nuclei, as in the sea urchin eggs, are 
swollen and contain ‘nucleoli’ devoid of RNA. The few 
mitoses are polycentric, with fragmented chromosomes. 
As in the sea urchin eggs, a cortical layer of Schiff-positive 
granules, presumably polysaccharides, is often found. 

Five experiments have shown that hydroxyurea 
(107-10 molar) mhibits the regeneration of both nucleate 
and anucleate fragments of Acetabularia mediterranea. 
At the highest concentrations, anucleate fragments 
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cytolyse more quickly than nucleate ones. Reversibility 
is quickly lost after treatment with 10-3 molar hydroxy- 
urea. With 10-3 molar hydroxyurea, the inhibition of 
regeneration is only partial and reversibility is still possible, 
even in anucleate fragments, after a 9 days treatment. 
In three different experiments ıt was found that hydroxy- 
urea (10-* molar) produces a 50 per cent inhibition of net 
DNA synthesis in 7-8 days; it also reduces incorporation 
of thymidine and uridine into nucleic acids, Cytologically, 
the nuclei of the treated algae become extremely small; 
their nuclear sap 18 scarce, but is very rich in RNA. 

All these observations indicate that hydroxyurea is a 
valuable agent for the analysis of the importance of DNA 
synthesis in morphcgenesis; a more thorough biochemical 
analysis is needed ın order to understand its mode of action. 

I thank Dra V. Heilporn and M. Geuskens for allowing 
me to use unpublished results. 

J. BRACHET 
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International Laboratory for Genetics and Biophysics, 
Naples. 
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Distribution of Nitrate and Nitrite Reductase 
in Barley 


BorrarD! and Wallace and Pate? have shown that most 
of the nitrogen transported ın the cell sap of both dicotyle- 
dons and monocotyledons is in the organic form. Their 
results imply that the majority of the incoming nitrogen 
is incorporated into organic compounds in the root. 
Presumably, because nitrate 18 considered to be reduced 
to ammonia before incorporation into amino-acids and 
other nitrogenous compounds, this reduction must also 
occur in the root. Most work on the enzymes involved 
in nitrate reduction in higher plants, however, has been 
done using leaf tissue. Sanderson and Cocking* have 
found significant nitrate reductase activity in cell-free 
preparations of tomato, barley, wheat and potato roots, 
and other investigations with root extracte of a variety 
of species have either failed to demonstrate the presence 
of the enzyme‘ or only shown it to be capable of very low 
rates of activity*-’. It is unlikely that these latter results 
are due to the absence of the enzyme from root tissue, 
but rather to a failure to obtain the optimum conditions 
of extraction. To my knowledge the only report of 
nitrite reductase activity of a level comparable with that 
found in leaves has been by Sanderson and Cocking’®, 
using extracts of tomato root. 

This communication reports an investigation of the 
relative distribution of nitrate and nitrite reductase. 
within the barley plant. Barley seeds, variety ‘Proctor’, 
were germinated and grown suspended on cheese cloth 
over a continuously aerated solution of 0-02 molar potas- 
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Table 1, DISTRIBUTION OF NITRATA AND NITRITE REDUCTASE WITHIN THB 
BARLEY PLANT 
Nitrate reductase Nitrite reductase 
my moles NO; accumulated (or lost)/h/mg protein 
Roots 805 2,400 
Leaves 290 1,740 


Nitrate reductase assay contained, in 10 «moles potasatum nitrate, 10 
kmolea phosphate buffer, 04 ml. of suitably diluted extract and 0 27 umoles 

ADH. Nitrite reductase assay contained, in 1:0 ml, 05 umoles sodium 
nitrite, 0-04 mg methyl viologen, 1-6 mg sodium dithionite, 16 mg sodium 
bicarbonate, 40 mmoles phosphate buffer, pH 7-0, and 0-4 mil, sultably diluted 
extract, Nitrite determined using the method of Snell and Snell’. 


sium nitrate and 0-0002 molar calcium sulphate containing 
0-1 p.p.m. molybdenum. The barley for all experiments, 
except that reported in Table 1, was grown in the dark 
at 22° © for 7 days. That for Table 1 was grown in natural 
daylight. 

Washed roots and leaves from the same plants were 
separately ground in a chilled pestle and mortar in two 
volumes of cold 0-4 molar sucrose, 0-001 molar mag- 
nesium chloride, 0:05 molar phosphate, pH 7-8, 0-005 
molar EDTA, and 0-001 molar glutathione, and the result- 
ing homogenate separated from the cell debria by passing 
it through a fine nylon mesh. The activity of nitrate and 
nitrite reductase in both homogenates was determined 
and the results show (Table 1) that both enzymes were 
slightly more active in the root preparations. In contrast 
Sanderson and Cocking? found barley roots to contain 
about one-third of the activity of the leaves. The activity 
per mg protein of the crude leaf homogenate is simular to 
other publihed values for cereal leaf extractat?°. 

The root homogenate (Fraction A) was centrifuged 
(5 min at 500g) to remove cell debris and the supernatant 
solution recentrifuged (15 min, 18,000g). The super- 
natant (B) was retained and the precipitate washed twice 
by nding in 0-4 molar sucrose, 0-001 molar phos- 
phate, pH 7-8, 0-001 molar glutathione and centrifuging 
(16 min, 18,000g). The two supernatants obtained (O and 
D) were kept and the washed precipitate resuspended in 
the same buffer. This precipitate is considered to contain 
mainly mitochondria. Similar separation techniques have 
yielded preparations rich in mitochondria from barley" 
and corn’* roots. A portion of the mitochondrial sus- 
pension Æ was taken and centrifuged (15 min, 18,000g) 
and the precipitate resuspended in hypotonic phosphate 
buffer (0-001 molar) containing 1 per cent sodium dodecyl 
sulphate dnd again centrifuged to give a supernatant (F) 
and a precipitate (G). The fractions were then assayed 
for nitrite and nitrate reductase activities. The distri- 
bution of these activities in the various fractions is shown 
in Table 2. More than 60 per cent of the nitrite reductase 
activity was recovered in the mitochondrial fraction, The 
enzyme appears to be closely bound to the particulate 
fraction in that it was not removed during the two 
washes C and D, but was partially released by disinte- 
grating the particles in 0-001 molar phosphate buffer, 
pH 7-0, and 1 per cent sodium dodecyl sulphate. Nitrate 
reductase activity with either NADH or succinate as the 
donor was also partially associated with the mitochondrial 
fraction (Table 2). The succinate assay also reflects the 
distribution of succinic dehydrogenase. No activity was 


Table 2. NITRATE AND NTERITM REDUCTASE AOTIVETY IN FRACTIONS OBTAINED 
FROM ROOT HOMOGRNATHS 


Nitrate reductase Nitrite 
Fraction succinate NADH reductase 
A 0 25 081 28 6 
B 0-12 0-48 82 
. g 0-05 0 04 18 
D O01 0 08 28 
E 0-25 0-12 146 
F ~ = 32 
G _ — 12 


Activit} as „moles nitrite tormed (or lost)/g original fresh wofght/h. 
Assays as Table 1 except mitrite assay contained 0 25 mg methyl vio ogon, 
The nitrate reductase~succinate assay contained 10 umoles sucoinato instead 
of 0-27 moles NADH, Fractions explained in text. 
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recovered in either fraction F or G after treatment of the 
mitocbondria with 1 per cent sodium dodecyl sulphate. 
The recovery of nitrate reductase in fractions B to # was 
greater than the total activity in A. This is probably 
because some of the nitrite formed in the crude homo- 
genate was itself further reduced. Isolated mitochondria 
have not been found to reduce nitrite with either NADH 
or succinate as the electron donor. 

The results shown ın Table 2 are representative of a 
series of similar experiments, all of which show the same 
general picture, but vary slightly in the relative distri- 
bution of activity in fractions B and Æ. This variation 
appears to be correlated with the severity of tissue grind- 
ing; both the use of sand with a pestle and mortar and of 
a Waring blender increases the proportion of activity 
recovered in the initial supernatant (B), probably because 
of the greater rupture of mitochondria during isolation. 
Despite this slight variation, however, the results clearly 
show that the enzymes which reduce nitrite and nitrate 
are present in the root and that they are, at least in part, 
associated with a fraction rich in mitochondria. The use 
of isolation techniques designed to retain the structural 
integrity of the subcellular particles shows that cell free 
homogenates of root tissue contain a level of nitrate and 
nitrite reductase activity equivalent to cell free homo- 
genates of leaves. 

B. J. Mornin 
Department of Plant Science, 
School of Agriculture, 
University of Newcastle upon Tyne. 
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IMMUNOLOGY 


Antinuclear Autoantibodies in Swiss Mice 
Thymectomized at Birth 


Dn Vas et al.) state that the wasting disease which 
appears in the mouse after thymectomy could be an 
autoimmune disease, similar in some ways to lupus 
erythematosus and ıts equivalents. To test this hypothesis 
we have examined the humoral symptoms of disseminated 
lupus erythematosus (DLE) and other antibodies in 
Swiss mice thymectomized at birth. 

Fifty-seven Swiss/Guff mice were operated on within 12 h 
of birth by Dischler’s method’. Just before the birth 
of the young the mothers received ‘Librium’ in water. 
This treatment was continued for 1 week in order to 
reduce the likelihood of cannibalism. Control mice were 
subjected to sham-thymectomy. For the detection of 
antibodies, blood taken from the tail 11, 15 and 25 weeks 
after birth was placed in capillary tubes and the serum 
coagulated, centrifuged and separated. 

Antinuclear autoantibodies were detected by two 
fluorescent antibody techniques. The first was a two step 
technique with mouse antiglobulin rabbit serum, and 
the second involved a guinea-pig anticomplement rabbit 
serum which we produced by the procedure of Beutner*. 
We conjugated the two antisera with fluorescein iso- 
thiocyanate according to the procedure of Marshall‘. 
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The antigen on which the sera and conjugates were 
placed was in all cases the blood of mice infected with 
Trypanosoma gambiense. This antigen makes it possible 
to detect both antinuclechistone antibodies and anti-DNA 
according to our previous procedure™*, In a few cases, 
human blood was used to test the antigenicity of the 
nucle: of human leucocytes against antibodies detected by 
the standard procedure described here. 

We carried out quantitative procedures with a basic 
dilution of 1:4 and with successive dilutions of 1 : 2; 
1:16; 1: 64; 1: 128; 1: 512, and 1: 1,024. For the 
lupus erythematosus (LE) cells, we used the method of 
Zimmer aad Hargreaves. Antithyroid. and antinuclear 
autoantibodies were detected by a fluorescent anti- 
globulin antibody procedure on thyroid and mouse 
muscle sections prepared with a cryostat. The latex test 
was used according to the method of Singer and Plotz with 
a serum dilution of 1 : 20, to detect the rheumatoid factor. 

Antinuclear antibodies were detected by an indirect 
fluorescent antibody technique with mouse blood (Table 1), 
in fourteen out of thirty-one thymectomized mice after 
15 weeks and in twenty out of twenty-eight after 25 weeks. 
Eleven weeks after thymectomy, however, no antibodies 
were found in the thirty-six mice which survived. Among 
the sham-thymectomized controls only one out of twelve 
was positive and two out of thirty-four among the normal 
controls after 29 weeks. The titres were never greater 
than four for the three positive controls. They were often 
much greater for thymectomized animals, reaching 1 : 8 
and more for half the positive animals after 15 weeks 
with a maximum titre of 64, and even more for half the 
positive animals after 25 weeks, with a maximum titre 
of 1,024. 

A detailed examination of the results (Tables 2 and 3) 
shows that between the fifteenth and twenty-fifth week 
the antibodies reached a low titre of 1 : 4 ın three animals 
(one male and two females) and disappeared and that 
antibodies appeared ın nine animals (two males and seven 
females). 

Nuclear fluorescence can be a homogeneous fluorescence 
of all the nuclei of polynuclear and mononuclear cells. 
In some cases (corresponding to low titres), however, the 
reaction is positive only on the nuclei of the polynuclear 


Table 1. DETECTION OF ANTINUOLBAR ANTIBODIES THROUGH INDIRECT 
DIMCXOFLUORESCENCE 
1:1,024 
1:512 
1:128 
1:64 * 
1.18 
1 8 
14 a 
Positive 1 2 0 14 20 
Négative 11 84 36 17 8 
‘otal 12 36 36 81 28 
m Normal 11 weeks 15 weeks 25 weeks 


Thymectomized ammals tested after 
Each dot represents a positive result for the corresponding dilution. 


Table 2. RESULTS OF DDIUNOFLUORBSCEXCE WITH BLOOD SLIDES OF 


TEYPANOSOMED MICH 


No. of Female and male Female 


Male 
mice ~ + Kt - + St in % + 


+ 
11 weeks 36 36 0 0% 21 0% 15 0 0% 
15 weeks 31 17 14 4559 12 6 32 3a 5 8 nee 
25 weeks 28 8 20 7l 4 11 788 4 8 692 


Table 3. QUANTITATIVE RESULTS OF IMMUNOFLUORHSCBHNOE WITH BLOOD 
SLIDES OF TRYPANOSOMED MICE AT DIFFERENT TIMES ACOORDING TO BBX 


15 weeks 26 weeks 
Titre Male and R Male and 
female + Female Male female + Female Male 

4 7 4 3 8 5 3 
8 4 1 3 0 0 0 
18 0 9 0 2 1 1 
64 3 1 2 4 2 2 
128 0 0 0 5 2 3 
1,024 0 0 0 1 1 0 


1135 


cells. This kind of fluorescence was seen mainly when the 
tests were carried out 15 weeks after birth (ten out of 
fourteen) whereas, after 25 weeks, the two types of fluores- 
cence occurred in equal numbers. These results agreed 
with those for human blood. The trypanosoma nucleus 
antibodies, detected on the same slides, were not found 
in the sera investigated. 

Antinuclear antibodies were also detected by the 
anticomplement method in nine positive and eleven 
negative sera according to the technique described here. 
The eleven negative results have been corroborated. Out 
of nine positive sera there were sıx positive and three 
negative resulta. The six positive sera had a high titre 
{equal to or greater than 512) with the antiglobulin 
method. No quantitative estimate was made with the 
anticomplement method and all the sera were tested with 
a dilution of 1:8, When we investigated for LE cells 
an animal with a titre of 1,024 at 25 weeks the slide 
showed many Gross bodies but no typical LE cells. 

For antithyroid and antimuscle autoantibodies the 
reactions on thyroid sections were positive in the cell 
cytoplasm for three sera and on the colloid for one serum 
after 25 weeks. There were no really positive results. 
From twenty-eight anımals tested for rheumatoid factor 
after 25 weeks, twenty-one negative results were obtained. 
five were weakly positive and two strongly positive. All 
the controls were negative. 

These results show that thymectomy induces tho 
appearance of antinuclear autoantibodies in a large number 
of animals still alive after 3 months or more. The controls 
produce antibodies only rarely, and the quantitative 
reactions permit observation of fast and rapidly increasing 
development of antibodies. We found antibodies by two 
different methods; two-step immunofluoreacence with an 
antiglobulin serum conjugate and a method involving an 
anticomplement serum conjugate. Results such as ours 
have been obtained before? with a three-step immuno- 
fluorescence procedure, intended to inorease sensitivity at 
the expense of a loss of specificity, so that resulta cannot be 
interpreted on the sera which are only shghtly diluted or 
undiluted. 

Antibodies appear rather late, after 11 weeks, and 
increase most between the fifteenth and twenty-third 
week. At the beginning when the titres are low these 
antibodies are found only in the nuclei of polynuclear 
cells. This can be explained either by the differences in 
sensitivity of the nuclei of the two kinds of leucocytes, or 
by the gradual elaboration of antabodies specific to the 
nuclei of the polynuclear cells and then of pan-antibodies 
against all the nucle. The difference in the reactions 
obtained with one kind of leucocytes and the other was 
pointed out previously*-?°. 

According to Beck® and to our previous findings* the 
antibodies in the nuclei of Trypanosoma correspond to 
anti-DNA antibodies and thus the absence of positive 
results is not surprising considering the behaviour of these 
antibodies in the human lupus erythematosus. 

The use of an anticomplement serum conjugate enabled 
us to confirm the presence of the antinucleohistone anti- 
bodies fixed on the nuolei, and so we can affirm that the 
nuclear antigen antibody complexes formed can fix the 
complement. It is difficult to interpret this finding by this 
method alone; the antibodies are found only mm six 
sera out of nme. Antinuclear immunization is also 
confirmed by the production of Gross bodies with a 
serum rich in antinuclear antibodies. Evidence of the 
detection of other autoantibodies 1s not, however, very 
convincing, but ıt will be necessary to test older animals 
to make sure that the antibodies do not appear at ¢ later 
stage. 

The factors which cause the appearance of antinuclear 
antibodies in the conditions of this experiment are not , 
properly established. The cause in the Swiss mouse does 
not seem to be genetic in origin; this has never been 
suggested and is not supported by our control results. 
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Thymectomy at birth is therefore the main cause of the 
production of the antinuclear autoantibodies durmg 4 
period of time greater than 3 months. 

The sex of the animal, and above all pregnancy, may 
play an important part, because in seven female and two 
male mice the antibodies, which were absent after 15 weeks, 
appeared after 26 weeks. On the first occasion the females 
were pregnant and on the second they had given birth to 
their young in the meantime and had been separated from 
the males. The thymuses of the foetuses may have helped 
to compensate for the mothers"!. This supports our idea 
that the absence of the thymus makes the appearance of 
antinuclear autoantibodies easier. This ap ce must 
be compared with the other effecte of thymectomy at 
birth in the mouse. Helyer and Howie! showed that in 
the NZB and in the F, of (NZBx NZW) this treatment 
does not repress the symptoms of lupus in the way that 
a spontaneous autoimmune disease is repressed, and 1t can 
even make the condition worse. 

Norins and Holmes’? carried out thymectomy less than 
5 weeks after birth and induced the appearance of anti- 
nuclear antibodies in many 6 month old animals. De Vries 
induced lupus-like visceral lesions by thymectomy in 
OBA, 067/BL and F, of (OBA x C67/BL) mice, but did 
not look for antinuclear antibodies during his experiments. 

These facts, although they again confirm the important 
part played by the thymus in immunity, are scarcely 
consistent with the hypothesis of thymus-forbidden 
clones. Thymectomy, by this hypothesis, should have 
suppressed all immunization. It should also have pre- 
vented the appearance of the autoimmune disease of 
hereditarily sick mice such as the NZB. It is, however, 
important that thymectomy at birth is a means for easily 
inducing the production of antinuclear autoantibodies 
whereas it was almost impossible to immunize animals 
against nuclei, nucleoproteings and DNA. 

J. THIVOLET 
J. C. MONIER 
J. P. Row 
M. H. Rrowarp 
Laboratoire d Hygiène, 
Faculté do Médecine, 
Lyon, France. 
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Serum Antinuclear Factor and the Influence of 
Environment in Mice 


Sysremio lupus erythematosus in man has been regarded 
as a classic autommmune disorder’, and its clinical and 
pathological features have been associated with the 
occurrence of certain autoantibodies. A thymic abnormal- 
ity in the disease was originally postulated by Burnet’, 
and was confirmed recently by Burnet and Mackay?. This 
finding established in systemic lupus erythematosus, like 
myasthenia gravis, the association between a clinical 
disorder, serum autoantibodies and a thymic change. 
The description of NZB/BL mice with autoimmune 
haemolytic anaemia‘ suggested a further association of a 
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disease process, classically linked with abnormal auto- 
antibody formation, with an obvious thymic abnormality. 
In these mice a variety of autoantibodies against red cells 
are found’*. Antinuclear factors and lupus erythema- 
tosus cells’? have also been demonstrated. This NZB/BL 
experimental model enabled Burnet to substantiate his 
“clonal selection theory of autoimmunity” outside human 
disease. It was therefore interesting to examine other 
strains of mice specifically for the occurrence of a positive 
direct Coombs test, serum antinuclear factor and a morpho- 
logical thymic change which characterize the NZB/BL 
strain. 

Seventeen pure line strains of mice were examined. 
Two randomly outbred strains, the Great Ormond Street 
Swiss and Glaxo, were also examined. At the time of 
examination animals were either conventionally housed 
or were examined after being introduced and maintained 
in specific pathogen free conditions. All animals in this 
environment were strictly barrier sustamed as previously 
described’, and at the time of our investigations miero- 
biological examination excluded the organisms listed in 
Table 1. 


Table 1. SPECIFIO PATHOGEN FREE STATE 
Microbiological investigation excluded the following organisms: 
Streptococcus pyogenes Pasteurella 


Corynebacterium depltheriae Brucella o 


Bacillus anthracis Streptobacilus moniltfor mis 
Mycobacteria Fusiformis 
Lystena Act 
E Vibrios 
Neseetia Pleare pneumonia-llke organisms 
Salmonelia Candida 
Ringworm 
pneumonias Botoparaaites 
Bndoparaattes 


Work carried out at the MRC Laboratory Animal Centre, Carshalton. 


The peak incidence of antinuclear factor in the NZB/BL 
was at about 6 months; all mice were examined when 
5-6 months old excepting the NZB/BL and the Cb7/BR, 
where the thymic change and serological features were 
investigated in relationship to age. 

The direct Coombs test was carried out on washed red 
cells as previously described*. Serum antinuclear factor 
was investigated by an indirect zummunofluorescent 
technique after initially applying a 1 in 2 dilution of 
mouse serum on an unfixed section of calf thyroid (cut 
with a cryostat)*. Results were classified as (+) or (—) 
and no attempt was made to define the characteristic of 
nuclear staining when seen. 

The thymus was carefully removed after death and 
dissected into four parts, which were fixed in buffered 
formalin. Sections were cut and examined after stammg 
with haematoxylin and eosin, and by a methyl green- 
pyronin method. They were specifically examined for 
the occurrence of germinal follicles and plasma cells. 

The direct Coombs test was negative in all the strains 
examined (Table 2) with the exception of the NZB/BL. 


Table 2. XNOIDHXOR OF ANF IN STRAINS OF MIOR AT 5-6 MONTHS OLD 
No. of animis with pomtive antinuclear factor (per cent) 
o 


Conventional Pathogen free 
incidence housing housing 
A 2/18 (111 2/10 (20 0 o/s 
ae 6/18 (27 8 1/10 (10-0, 4/8 (50 0) 
0/17 0/10 of7 
IBA 0/1 0/0 0/10 
Cb7/BL 8/24 (12 5) 1/16 (6-8) 2/8 (25-0) 
CS7/BR 19/87 (51 4) 6/18 (48-2 18/24 (54:2) 
Cb7/L 2/21 (9:5) 1/10 (10 1/11 (9 1) 
0/27 0/17 0/10 
OFW 0/9 — 0/9 
OB 0/20 0/10 0/10 
DBA}1 0/18 0/8 0/10 
DBA/2 5/19 (26 8) 0/10 5/9 (55:5) 
*D-K+ 0, of7 — 
*D+K— 0/5 0/5 — 
“E-B+ 0/8 0/6 — 
NZW (L 0/16 3/10 (80 0) 
NZB/BL 56/224 (25-0) 44/200 (22-0) 12/24 (50 0) 
+* “Glaxo” 1/22 (4 5) 1/22 (4-5) — 
t* Great Ormond 8/48 (16-7) 8/48 (16-7) — 
Street Swiss 


* Not obtained from the MRC Laboratory Animal Centre, Carshalton. 
+ Randomly outbred strains. 
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Fig. 1. Incidence of direct Coombs test in conventionally housed 


d mice, --@-—-, NZB male and female. 


The incidence of the positive test in this strain in our 
colony was related to age, as described in Fig. 1. 
¿The total incidence of antinuclear factor and com- 
parative results from different environments in the other 
strains of animals are recorded in Table 2. An occasional 
positive antinuclear factor is common, and a surprisingly 
large incidence of more than 25 per cent was recorded in 
three strains: A,G, C57/BR and DBA/2. In four other 
strains antinuclear factor was commonly detected and 
this included the outbred Great Ormond Street Swiss 
strain, 

The effect of environment appeared to be inconsistent 
although, surprisingly, the incidence of a positive anti- 
nuclear factor in any particular strain was usually greatest 
in the specific pathogen free conditions. In Table 2 the 
incidence of antinuclear factor in the NZB/BL strain is 
also recorded, and again, the incidence of antinuclear factor 
was markedly greater in the animals kept in specific patho- 
gen free conditions. 7 

The relationship between the incidence of antinuclear 
factor and the age of the animals was determined in 
conventionally housed NZB/BL and C57/BR mice (Fig. 2). 
The conventionally housed NZB/BL strain presents an 
interesting peak incidence of 20 per cent at 6 months, 
whereas there is a larger incidence of antinuclear factor 
from a much earlier age in the C57/BR. In the C57/BR, 
perhaps there is a greater occurrence of antinuclear factor 
in the female; in the NZB/BL we have been unable to 
relate the incidence of antinuclear factor to sex. 

Examination of the histological sections of the thymus 
in NZB/BL mice showed the characteristic germinal 
follicle formation (Fig. 3) and accumulations of plasma 
cells. In all other strains, however, these features were 
absent (Fig. 4). 

There was no detectable difference between animals of 
the two different specific environments examined; the 
thymus in both cases appeared similar in animals of the 
same strain. NZB/BL mice reared and maintained in 
pathogen free conditions still developed germinal follicles 
and accumulated plasma cells. 

The absence of any positive results to the direct Coombs 
test for other strains of mice suggests the unique state of 
the NZB/BL with classical spontaneous autoimmune 
haemolytic anaemia. Burnet has used the association of 
autoimmune haemolytic anaemia, detectable autoanti- 
bodies and obvious thymic abnormalities in NZB/BL 
mice as evidence to favour the “forbidden clone” selection 
theory of autoimmunity. 

The presence of one such autoantibody, serum anti- 
nuclear factor, was first described in NZB/BL mice by 
the use of a nucleoprotein coated latex particle technique’. 
Antinuclear factor has also been demonstrated using an 
indirect immunofluorescent. method with fixed peripheral 
blood films’. We have confirmed this observation with an 
immunofluorescent method but employing calf thyroid as 
a nuclear substrate’. Norins and Holmes? recorded the 
total incidence of positive antinuclear factor results in their 
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conventionally housed colony in the order of 45 per cent, 
a figure that is considerably greater than our peak inci- 
dence of about 20 per cent, and it seemed likely that. the 
technical difference probably could account for this 
variation. , 
Environmental factors, however, could be responsible 
for these different results. The influence of environment ~ 
on the occurrence and incidence of antinuclear factor in 
mice was originally suggested by Friou and Teague’? and 
is now confirmed by us. Our observations on. inbred 
NZB/BL mice suggest that the incidence of antinuclear: 
factor is related to the environment. Our two colonies, 
derived from the same parental stock but maintained in 
two different environments, showed a surprising difference 
in the incidence of the factor. NZB/BL mice investigated 
by Norins and Holmes and our mice are derived from the 
same stock; however, they have been investigated after 
maintenance in different conditions, and this could. be an 
important cause of the differing incidence of antinuclear 
factor. a 
Our findings here stress that the NZB/BL is not the 
only mouse strain to have antinuclear factor and strains 
have now been described where the incidence of: the 
factor is greater than in NZB/BL mice. Of the nineteen 
strains of mice that have been investigated, threes pure 
line strains have a high incidence of the factor-—the 
A,G, the DBA/2 and the C57/BR--and again, environ- 
mental influence is apparent, for as with both the former 
strains the incidence is again greatest in the colony kept 
in specific pathogen free conditions. In these strains there 
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Fig. 2. Incidence of antinuclear factor in conventionally housed NZB 
and (57/BR mice. --@—, NZB male and female; = —-@— +, Co7/BR. 


female; - --@-— ~, C57/BR male. 





Fig. 3. Thymus from NZB/BL mice showing characteristic germinal 


follicle. $ 
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Fig. 4. Typical normal thymus from mice of another strain, 


was no.evidence of autoimmune haemolytic anaemia or any 
thymic abnormalities, although it is possible that these 
have'as yet undetected autoimmune disease. 

Genetic factors seem to play a part in determining the 
occurrence of antinuclear factor, which varies in different: 
strains of mice maintained in the same animal house. We 
have recently detected a high incidence of the factor in the 
hybrid NZB/CFW (our unpublished work). It is inter- 
esting that only one of the parent strains (V42B/BL) gave 
any incidence ‘of antinuclear factor, which suggests that 
any genetic mechanism to account for the incidence of the 
factor is.probably complex. It was also interesting that 
in this hybrid we could not relate the occurrence of the 
factor-to the autoimmune disease processes that character- 
ize these mice. 

The enbanced incidence of antinuclear factor noted in 
certain strains of mice including the NZB/BL in specific 
pathogen-free animal housing was surprising, but it must be 
realized that this environment is only a limited bacterial 
environment. In an attempt to understand more about 
the environmental influence, we are currently investigat- 
ing these animals in defined “germ-free” state and possibly 
to determine the effect of virus infection on the occurrence 
of antinuclear factor. 

We thank the staff at the MRC Laboratory Animal 
Breeding Centre, Carshalton, for their co-operation, and 
Miss Jean Holliday for technical assistance. This work 
was supported by the Joint Research Board of the Hospi- 
tal for Siek Children, the Camilla Samuel Trust and the 
Welleome Foundation. 
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Antilymphocyte Serum and Staphylococcal 
A Infection 
Hererorogous anti-lymphocyte serum can produce a 


marked lymphopenia in a number of animal species, and 
has been shown to be a potent immunosuppressive agent 
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as judged by t prolongation of akin graft survival in ‘the 
mouse and rat? and suppression of delayed hypersensi- 
tivity reactions in the guinea-pig’. Because of this ability 
to produce a selective lymphopenia, we have investigated 
the development of acute bacterial inflammatory lesiotis 
in the guinea-pig in the presence of a lymphopenia resulting 
from treatment with anti-lymphocyte serum, We hoped 
that work would provide information about the role of 
the lymphocyte in acute bacterial inflammation, as well 
as indicating the possible effects of clinical use of sucha 
serum in organ transplantation on the host's defence : 
mechanisms against bacterial infection. 

Rabbit anti-guinea-pig lymphocyte serum was prepared 
by immunizing white New Zealand rabbits with guinea- 
pig lymph node cells suspended in complete Freund’s 
adjuvant. The antiserum was inactivated at 56° C for 
30 min, absorbed with guinea-pig red cells and stored at.” 
~ 20° C until used. The lympho-agglutination titre of the- 
serum was 1:32. Bacterial lesions were produced by the» 
intradermal injection of Staphylococcus aureus (CN 491: 
of the Wellcome collection) into the depilated flanks of | 
outbred albino guinea-pigs. This produces a standard 
lesion at 24 h in which the diameter of the induration. 
measured in two planes at right angles represents the 
degree of inflammation which has occurred. Some 
animals were given 2 ml. of rabbit anti-guinea-pig lympho- 
eyte serum intraperitoneally 6 h before bacterial inocula- 
tion, others were given normal rabbit serum or isotoni¢ 
saline, and others received no treatment at all. Total: 
white cell and differential counts were performed on all 
animals before treatment and again before bacterial: ; 
inoculation. 

Results are given in Table 1, which shows that there 
was a significant reduction in the size of staphylococcal 
lesions in animals treated previously with the serume 
When the lesion size was correlated with the peripheral’ 
lymphocyte count of the animals, it was found that the- 
reduced lesion only occurred in the animals with a lympho- 
penia, namely, those treated with the antiserum. Three” 
of the seventeen animals treated with rabbit anti-guinea- 
pig lymphocyte serum (included in the data in Table 1} 
did not become lymphopenie and in these three animals: 
there was no reduction in lesion size. ues 




























Table 1. DIFFERENCE BETWEEN LESION SIZE OF ANIMALS TREATED WITH” 
RABBIT ANTI-GUINEA-PIG LYMPHOCYTE SERUM AND THREE CONTROL GROUPS 
TESTED FOR SIGNIFICANCE BY £ TEST 


Dose of Mean 

No.of No.of Staphylococcus diameter of Standard’: 
animals lesions aureus Treatment lesion size deviation et 
14 47 14-3:3 «108 = Nil U7 ale Gener 

8 32 1-4~3-3 x 10" 2 ml. saline TO £10 

7 24 1433 x 10° 2 mi. normal T4 £08 

rabbit serum 
17 60 L4-3 3 x 10° 2 mi, RAS Sel tr? 
P<0001; degrees of freedom, 44. RAS, rabbit anti-gulnea-pig 


lymphocyte serum, 


There is an initial rise in the polymorph count in most 
guinea-pigs treated with the serum, which could be 
invoked as the cause of the anti-inflammatory effect, and 
so the same lesions were assessed with the peripheral 
polymorph counts of these same animals. No correlation © 
between, the two was found (r=0:201; P>01). T 
specificity of the anti-lymphocyte serum was further | 
demonstrated by absorbing it with a lymph node cell) 
züspenbion:. After four absorptions, which reduced the: 
titre to 1: 2, no lymphopenia or anti-inflammatory effect: 
was produced after intraperitoneal injection of this serum. 

No delay in healing of lesions was found in the animals 
treated with rabbit anti-guinea-pig lymphocyte serum, 
suggesting that this anti-inflammatory effect does not 
represent a decrease in the host’s defence mechanisms. 
against bacterial infection. Biopsy of lesions in control 
animals and in those treated with the antiserum, at- 
varying time intervals after bacterial inoculation, ‘failed 
to reveal any striking changes in the cellular exudate, 
although suggesting a possible decrease in the numbers: 
of mononuclear cells in the exudate after 12 h. 
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preliminary findings reported here show that anti- 


ocyte serum has an anti-inflammatory effect on 
t elopment of acute staphylococcal lesions, and that 
this effect is probably related to the lymphopenia produced 
by the antiserum. Thus the lymphocyte seems to contri- 


the acute inflammatory response to staphylococcal 
jon in the guinea-pig, although the nature of this 
ribution is still uncertain. The lymphocyte may be 
acted to the area. of inflammation as a result of the 
e chemotactic forces that attract the polymorph, or 
aps the contribution of the lymphocyte represents a 
ar immune response to the staphylococcus or even 
ae common breakdown product of tissue damage. 
at the area of the inflammation, a possible mediator 
he lymphocyte’s contribution to the inflammatory 
ion is the lymph node permeability factor described 
Willoughby*. In either case a peripheral lympho- 
penia would suppress this element of the inflammatory 
reaction. In this instance this did not apparently decrease 
‘the antibacterial defence mechanisms of the host. 

© This work was supported by the Shriners Burns Insti- 
tute of the Shriners Hospitals for Crippled Children, 
Boston. Unit, the National Institutes of Health, and the 
“US Public Health Service. 


PETER J. Morris* 
Jonn F. BURKE 


Department of Surgery, 
Harvard Medical School. 
General Surgical Services, 
Massachusetts General Hospital, 
Boston, Massachusetts. 


Received January 4, 1967. 


* Present address: Department of Surgery, Melbourne University, Mel- 
bourne, Australia, 


1 Monaco, A. P., Wood, M. L., Gray, J. G., and Russell, P, 8., J. Immunol., 
“9B, 247 (1966). 

* Woodruff, M. F. A., and Anderson, N., Ann. N.Y. Acad. Sei.,180, 119 (1964), 

4.Waksman, B., Arbouys, S., and Arnason, B., J. Exp. Med.,114, 997 (1961), 


* Willoughby, D. A., Spector, W. G., and Boughton, B., J. Path. Bact., 87, 
coe 358 (1964), 


Experimental Leptospirosis in Frogs 


LeerosriraL agglutinins or agglutinating factors have 
been reported in poikilothermic vertebrates collected 
from the natural environment!. Pathogenic leptospires 
have been isolated from*’ and experimentally propa- 
gated’ in lower vertebrates. During follow-up of a 
human. leptospirosis outbreak associated with swim- 
ming, leptospires (unidentified) were isolated from the 
Kidney tissue of frogs collected at the place of swimming?!. 
“Frogs were inoculated. with the leptospiral isolate in an 
attempt to: (a) produce infection and disease; (b) 
measure an antibody response; (c) propagate the organ- 
ism; and (d) develop carriers and shedders. 

Fourteen leopard frogs (Rana pipiens) of average weight 
30. g were maintained in a glass-covered aquarium at 
240-28% C and self-fed on mealworms twice weekly. 
The small size of the frogs precluded initial collection 
of blood specimens, and so six of the fourteen frogs were 
killed and blood was collected: for serological tests. The 
remaining frogs were each inoculated intraperitoneally 
with 0-5 ml. of actively growing cultures of the frog 
isolate. The inoculum, nephelos value of 30 (ref. 12), 
was from a 3 day growth in Stuart’s liquid medium". The 
aquarium water was examined weekly for leptospires by 
darkfield microscopy. 

Of the eight frogs inoculated, one died; three were 
‘killed 14 days and four 28 days after inoculation. The 
frogs were anaesthetized with ether; the thoracic and 
abdominal cavities were opened and blood specimens were 
collected by cardiac puncture, Kidneys, liver, peritoneal 
fluid and available urine were aseptically removed. 
















Kidney and liver tissues from each frog 
separate ‘mortars and dilated 1:10 with 
medium. Kidney and liver suspensions, peritone: 
and urine were examined for leptospires by di 
microscopy. Dilutions of suspensions from 1 
1: 100,000 were made with Stuart’s liquid medium 
two to three drops from each dilution were ino 
into albumin~“‘Tween 80’ semi-solid medium 
Fletcher’s semi-solid medium'*. Two to three drops = 
urine were inoculated into albumin—‘Tween 80° medium 
containing 300 ug/ml. of 5-fluorouracil. These inoculated 
media were incubated at 28° C and examined periodi 
during 60 days for leptospires by darkfield microse 
Blood sera collected from the seven inoculated an 
control frogs were tested by the microscopic agglu 
tion test™ against the frog isolate and L. ballum 
serum specimens were initially screened at a 1:1 
dilution and those found positive were further tested 
endpoint using two-fold dilutions beginning at «1: 

Leptospires were not observed in the aquarium y 
liver or kidney tissue suspensions, urine or periton 
fluid (Table 1). Frogs (Nos. 2, 3 and 4) killed 14 
after inoculation showed serological titres of 1: 
1: 25 and 1 : 100 respectively against the homologous 
isolate. Of four frogs (Nos. 5, 6, 7 and 8) killed at 28 day: 
No. 8 exhibited a serological titre, 1:25, agains 
homologous frog isolate. Sera collected from the frogs 
14 and 28 days after inoculation were negative when 
screen tested at a 1:10 final serum dilution against 
L, ballum. D 



















ANTIBODY RESPONSE AND ISOLATION ATTEMPTS FROM FROGS 


Table 1, 
INOCULATED WITH HOMOLOGOUS LEPTOSPIRES Ss 
Inoeu- M.A. antibody titre Culture Perle oo. 
Frog. lum Day Frog i media Urine . .toneal:: 
No. (ml) killed isolate ballum laolation* DE o5 DE 
1 t5 10 Serum not Serum not — ee Pie 
(died) available available : 
2 05 14 1: 200 — — _~ 
3 0-5 14 1:25 = am 
4 0-5 14 1: 100 sae aa ae 
5 o5 28 -= _ cad = 
6 05 28 Gaal a _ 
7 05 28 — — — ~ 
8 OS 28 1:25 = me — 
9 None 0 ~ a — 


10 None 0 -— — 





Frogs 9-14 were controls. MA, microscopic agglutination test; DF, dark- 


field microscopy examination; (—), negative; { ), not done, °° 
* Albumin- Tween 80° and Fletcher’s semi-solid media, 


None of the control sera exhibited detectable antibodies 
against the frog isolate or L. ballum. Leptospires were not ` 
isolated in culture media from the kidney or liver tissue — 
or urine of any of the eight experimentally inoculated 
frogs. oe 

Measurable antibodies were noted in the three frogs 
killed 14 days after inoculation. The presence of anti- 
bodies in one of four frogs killed 28 days after inoculation 
may indicate the development of a transient antibody 
with a rapid fall in titre. The number of organisms inocu- 
lated was probably greater than a frog would contact at 
a single natural exposure. A frog in its natural environ- 
ment, however, may be exposed to a continuous source of 
leptospires. The large inoculum may have caused the 
death of frog No. 1 on day 10 and development of the 
titre of 1 : 200 after 14 days in frog No. 2. The antibody 
titres elicited in four of seven experimentally inoculated 
frogs may have been caused by the large dose of inoculum. 
Individual host characteristics may be an explanation of 
variation in serological response. 

Because of the small amount of serum available, only 
the homologous frog isolate and L. ballum antigens were 
used. The L. ballum antigen was used in the micro&eopic « 
agglutination test because during initial attempts. to 
identify the frog isolate a 1: 25 reaction occurred against 
L. ballum antiserum". a 
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By the methods used, evidence of a carrier-shedder 
stage was not elicited in any of the eight inoculated frogs. 
The homologous isolate was initially isolated from frogs 
collected from their natural environment, and so a trans- 
jent infection with a short term carrier-shedder state 
may be of some significance since frogs are a food source 
for some animals. 

This investigation was supported in part by a grant 
from the Communicable Disease Center, US Public Health 
Service, Atlanta, Georgia. 
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Permanent Mounting Method for Fluorescent 
Antibody Preparations 


Creech and Jones! showed that various proteins can be 
labelled with a fluorescent dye without material effect on 
their biological or immunological properties. Through this 
work it beeame possible to localize antigens and, by the 
use of the sandwich technique", to localize antibodies. 

Today the wide range of commercially available fluores- 
cent labelled antibodies makes the fluorescent antibody 
techniques applicable to routine diagnostic tests for 
organisms, as well as for the more specialized localization 
of antibodies and complement fractions. One of the dis- 
advantages of the technique, however, is that the buffered 
glycerine mounting material which is routinely used 
gives only a temporary preparation. The intensity of the 
staining in such slides is fairly rapidly lost. Even on the 
day after preparation it is less brilliant and there is usually 
some loss in the staining pattern. 





Table 1, 


(1) Treat slides (and controls) with fluorescent labelled sera in the usual 
manner’, 

(2) Wash four times in phosphate buffered saline pH 7-1. 

(3) Allow preparations to dry in alr at room temperature, after draining 
excess onto filter paper. De not treat with alcohol. 

(4) Piace slide in xylene. If slide does not clear immediately, blot Hghtly 
with fine fluffless filter paper and allow to dry. Replace in xylene, when 
preparation should become quite clear and transparent, with no trace of a 
milk-like haze. Uf the preparation is still not clear, this treatment should 
be repeated, 

(5) Remove slide from xylene, wine off excess xylene from back of slide and 
around preparation, and place a drop of ‘Unimount’ on slide and apply 
coverslip. Care should be taken to avoid trapping air bubbles. 

(6) Slides can be examined under the fluorescence microscope immediately, 
and when the mounting material has set (overnight) they can be stored in 
an upright position. 


TECHNIQUE FOR ‘UNIMOUNT’ FLUORESCENT ANTIBODY PREPARATION 
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Fibroblasts exposed to cytotoxic guinea-pig antiserum for 2 min 
and then treated with fluarescent anti- -guinea-pig gamma globulin. 
‘This preparation was stained 2 months before the photograph was taken, 
(xe, 560.) 


Fig. 1 


During the course of fluorescent. investigations on, the 
cytopathic effect of humoral antibodies of L-strain 
fibroblasts, Biological Research Ine., Bridgeton, Missouri, 
kindly made available to me a new non-fluorescent mount- 
ing material, which they have named ‘Unimount’. I have 
found that fluorescent antibody preparations mounted in 
this medium retained their brilliance and intensity of 
staining and after a period of two months have not lost 
any of their original staining characteristics (see Fig. 1). 
The slides have been stored at room temperature in light- 
proof slide boxes, of the standard type, and have been 
examined daily over this period. Another advantage of 
using this mounting material is that it has a higher 
refractive index (1:4883 at 20° C) than the aqueous type 
mounting material (14312 at 20° C) and gives better 
definition and resolution. 

The method used, which is essentially very simple, is 
given in Table 1. 
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BIOLOGY 


Transatlantic Movement of a Tagged Spurdogfish 


ALTHOVOH spurdogfish (Squalus acanthias) normally make 
long-distance migrations these usually follow well defined 
seasonal patterns’, but on September 12, 1966, a spurdog- 
fish which had been tagged off Cape Wrath (58° 31’ N., 
05° 28’ W.) on December 10, 1962, was recaptured in 
polite Bay, southern Newfoundland. This migration 
was completely abnormal. At release the fish was a mature 
male, 78 em total length; its length at recapture was 
reported as about 3-5 ft. (107 em), but this i is greater than 
the length to which male spurdogfish grow*. The tag used 
was the Petersen type, consisting of a pair of plastic disks, 
fastened one each side of the first dorsal fin with a stainless 
steel wire, 
It is clearly impossible to state the route which this fish 
took, but it would have belonged to the Scottish Nor- 
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wegian stock, which reaches the Faeroes, although fish of 
this stock normally migrate between Scotland and Norway. 
Another spurdogtish from this stock, tagged north of 
Scotland (60° 06’ N., 03° 31° W.) on June 3, 1961, was 
recaptured west of Iceland (64° 43’ N., 26° 15’ W.) on 
October 31, 1964. There is also a record of a spurdogfish 
which was tagged off Newfoundland and recaptured off 
Iceland after an interval of 10 years*. It seems probable, 
therefore, that the fish recaptured in Hermitage Bay 
migrated by way of the Faeroes and Iceland. 
| There is one other record of a fish making a transatlantic 
migration, also from east to west, in this case a cod, 
“Which was recaptured four and a half years after it was 
‘tagged’, Also, a spurdogfish tagged off the coast of 
: hington, USA, crossed the Pacific Ocean to the coast 
apan; it was recaptured after seven and a half years, 
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Haemoglobin Polymorphism of the American 
Fresh Water Eel Anguilla 


A NEW interest in the problems of taxonomy and migra- 
tion of Atlantic eels'~> was aroused by Tucker! when he 
advocated a hypothesis radically different from Schmidt's 

¿generally accepted picture of the natural history of 
Atlantic eels‘. According to Schmidt, the American and 
the European fresh water eels constitute two separate 
species, Anguilla rostrata and A. vulgaris. These can be dis- 
tinguished by morphological characters such as the 
numbers of vertebrae. Both species migrate to spawning 
areas in the Sargasso Sea. Tucker finds it unlikely that 
European eels can accomplish the inferred return journey 
to the remote breeding place. American eels, however, 
have a much shorter distance to cover and may be guided 
by favourable sea currents. Thus, Tucker concludes that 
only American eels contribute to the propagation of the 
Atlantic eel population, which should therefore be genetic- 
ally homogeneous and constitute one species. The morpho- 
logical differences are thought by Tucker to be environ- 
mentally induced by differences in water temperature 
encountered by the early stages of the two groups of larvae 
that will eventually reach American or European coastal 
waters. 

An obvious way to approach this problem would be to 
test the genetic homogeneity (identity) of eels from the 
east and the west coast of the Atlantic Ocean. When 
chromosome numbers and haemoglobin electrophoretic 
patterns were examined, no differences were found®. 
Both groups had thirty-eight chromosomes (2n), and 
forty specimens from each group all revealed one and 
the same haemoglobin pattern. 

In this communication we present the results from an 
extension of this work. Together with the previously 
published data, this investigation comprises haemoglobin 
electrophoresis of 666 eel specimens caught in American 
and 848 specimens collected in European waters. Electro- 
‘phoresis was carried out in agar gel on microscope slides 
as previously described®’. 

<The haemoglobins of the European material, mostly 
from Denmark but including 302 specimens of Mediter- 
ranean eels collected in Greece and Spain, invariably 
showed the same two-banded pattern (Fig. 1, No. 1) 
as that we described before’. This pattern was also 
the most common among the American eels, but in 
addition these revealed two other patterns, shown as 
Nos. 2 and 3 in Fig. 1. The rarest of these new patterns 
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(Fig. 1, No. 3), which was only observed in a single speci- 
men, shows two bands as does the common pattern, 
but the position of the major band is shifted towards 
the cathode. The other pattern (Fig. 1, No. 2) has three 
bands. It is indistinguishable from the pattern obtaind 
by running a l : 1 in vitro mixture of haemolysates from 
the two different two-banded types. 

The distribution of the three haemoglobin types. in 
individual American samples is given in Table 1. The 


type numbers correspond to the numbers given ‘to the. 


patterns in Fig. 1. Ontogenetic changes of haemoglobin. 


patterns have been reported to take place in some: fish’ | 


species**. There is, however, no reason to doubt that the 
haemoglobin variation in American eels is genetically 
determined, for the three types are completely discrete 
and no transitions between them have been observed. = 


Table 1, DISTRIBUTION OF HAEMOGLOBIN TYPES IN SAMPLES OF AMERICAN 
EELS 

Type 1 2 3 Total 

Previously published material (1961) 40 40. 

Long Island fish market, New York (1966) 50 3 53 

Maryland (1966) 71 6 TT 

Commercial Dutch import of eels from 462 33 boo E 
United States (1966) 

‘Totals observed 


Totals expected according to the Hardy- 6227 42-6 0-7 

Weinberg law es 

It is reasonable to assume that the segregation of two 
co-dominant allelic genes is responsible for this poly- 
morphism, The three-banded type would then be hetero- 
zygous and the two-banded types would represent the two 
different homozygotes. The frequency of the rare allele 
would then be about 3-3 per cent. This model is supported 
by the close agreement between the observed distribution 
of types and the distribution expected according to the 
Hardy-Weinberg law (Table 1). 

The existence in American eels of more than 3 per cent 
of a haemoglobin allele which is seemingly non-existent 
in eels collected in Europe is strong evidence against 
Tucker’s one-population concept. The absence of this 
allele in our first sample of forty American eels is not 


statistically significant, while its non-occurrence among: 
848 European specimens is obviously significant com- 


pared with its frequency in the pooled American material. 


With this new evidence, the one-population concept is 


tenable only if, in the European part of the popula- 
tion, specimens carrying this allele are exterminated by 
natural selection before they reach the age at which they 


have been sampled for this work. While theoretically = 
possible, such an efficient selection seems to us very | 


unlikely. 


This work was supported by a grant from the Carlsberg: 
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Fig, i. (1) Common homo- 


Haemoglobin patterns of American eels, 
zygote pattern, which is the only pattern found in European eels; (2) 
heterozygote pattern; (3) rare homozygote pattern. 
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Effects of Isolation Stress on Peripheral 
Leucocytes of Female Albino Mice 


Ziskinp! has reported paranoid psychoses, mental 
abnormalities, anxiety states and depressions in humans 


-dnè to prolonged solitary confinement or isolation stress. 


Zuckerman et al. have similarly demonstrated the stress- 
ful effects of acute, short-term periods (3 h) of total and 
partial perceptual isolation in man. Little has been done 
to define the endocrinological consequences of isolation 
stress, Few investigators have recognized the possibilities 


ef the use of isolation to produce abnormalities of be- 


haviour or emotion in laboratory animals. Scott and 
Marston? and Keller and Umbreit® have found that solitary 
confinement produced a rapid, violent, head-shaking 
response in mice when an area at the back of the head was 
touchedlightly witha pointed object. Other investigators** 
have also reported aggressive behaviour and ferocity in 
isolated mice. Barnes* has used the inhibition of head- 
twitching and convulsive responses caused by isolation to 
avaluate the tranquillizing, sedative and anti-epileptic 
effects of various drugs. 

The present investigation’ sought to correlate the 
abnormal behaviour induced by isolation with changes in 
the white blood cell count over a period of 14 weeks 
isolation stress. Decreases in total leucoeyte and eosino- 
phil counts have frequently been associated with increased 
adrenocortical output’. 

Thirty-two control and test albino female mice (Car- 
worth Farms) averaging 14 g and about 1 month old 
were matched by body weights and housed in circular, 
wire-mesh cages with a diameter of 8-5 in. and a height 
of 7 in. Control mice were maintained in groups of two 
in each cage, while the test animals were housed singly. 
The number of females in each control cage was speci- 
fically limited to two to avoid crowding and fighting*. 
The ‘mice of adjacent cages were further separated and 
isolated by partitions placed between each cage. In 
affect, however, the social isolation was not complete, for 


‘all mi 
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nice were still subject to the normal soun 
the laboratory environment. ; os ; : 
During the course of the isolation study, determinations | 
of body weight and of the occurrence or absence of neck- 
twitching responses were recorded weekly for all test and: 
control mice. Samples of peripheral blood taken from 
the tail were obtained for total leucocyte and eosinophil. 
counts at the end of the fourth, eighth and fourteenth 
weeks of isolation stress. Slides were stained with Mac- 
Neal's tetrachrome stain and differential white | cell 
analyses were based on counts of 200 cells in each reading. 
The behavioural responses of isolation stress showed 
that by the end of the first week of isolation the majority 
of the test mice showed the typical head-shaking pattern 
when touched lightly at the base of the head with a pencil 
point. By the second week almost all the isolated animals 
showed this syndrome. In general, isolation was found 
to induce a high degree of excitability, irritability and | 
nervousness in the test mice. Unlike the controls, many 
isolated animals made frequent attempts to bite per- 
sonnel at the time of weighing and showed extremely: 
rapid, evasive and avoidance running tactics. ohne 
Table 1 presents the total leucocyte and eosinophil 
counts obtained by the chamber method after 4, 8 and 14 
weeks of isolation stress. Although analyses of the total 
leucocyte and eosinophil data at the fourth week revealed. 
decreases of 17-6 and 13-5 per cent in the respective white - 
blood cell counts, these differences were not statistically : 
significant by standard ¢ test procedures’. As isolation. 
stress continued, accompanied by increasing degrees: of 
abnormal behaviour, the respective depressions in. the: 
total leucocyte and eosinophil counts became more ‘pro- 
nounced and progressively greater. Total leucocyte counts- 
were significantly diminished at the later periods and - 
decreases in the number of eosinophils in the isolated 
mice bordered on statistical levels of significance: atthe” 
eighth (P = 0-06) and fourteenth weeks (P = O-10)00 | 
Analyses of the relative differential white blood’ cell 
counts of the isolated and control mice showed that 
there were no appreciable differences between the relative | 
frequencies of the lymphocytes, neutrophils and eosino- 
phils at the end of the fourth week of isolation. The-white 
blood cell frequencies did, however, show evidence of 
relative lymphopenia, neutrophilia and eosinopenia at the. 
eighth and fourteenth weeks of isolation. URE 
Table 2 shows the absolute lymphocyte, neutrophil and 
eosinophil counts. Analyses of the absolute lymphocyte 
values at the fourth, eighth and fourteenth weeks showed. 
increasingly greater evidence of lymphopenia, the longer. 
the period of isolation stress. Lymphocyte decreases 
bordered on significance at the fourth week (P = 0-08). 
and were significantly diminished at the eighth and four- 
teenth weeks. Similar comparisons of the absolute neutro- 


muli of 











Table 1. EFFECTS OF ISOLATION STRESS ON TOTAL LEUCOCYTE AND 
EOSINOPHIL COUNTS OF FEMALE ALBINO MICK 


Fourth week Eighth week Fourteenth week i 








Group n WBC Eosin WBC Eosin 1 he 

(cu mm) (camm) (cu mm) (cumm) (cu mm) (cumm) 

Control mice 15° 19,8800 5583 17,7500 3662 18,0077 300-2) 

SB, $£1,627-2 +694 41,4073 +324 +1,260-3 +692 

Isolated mice 13 16,330-8 478-5 13,8260 286-7 13,1467 2580. 
SE 41,3934 £561 41,2478 22831 +14752 +467 | 

Percentage -17 -135 -221 -217 TO Bik 
difference : 
P value 0-13 0-42 0-03 0-06 002 O10 


EFFECTS OF ISOLATION STRESS ON ABSOLUTE LYMPHOCYTE, NEUTROPHIL AND EOSINOPHIL COUNTS OF FEMALE ALBINO MICE 


Absolute values 





Table 2. 
Lymphocytes 
Week Group n (eu mm) Difference P value 
* (per cent) 

4th week Control + SLE. 15 5 41,2709 
Test + S.E. 13 ` 1,2507 ~ 20-0 0-08 

Sth week  Control+ S.E. 15 15,1485 + 1,089-9 
Test + SLE. 11 11,382-3 + 1,267-2 24-8 0-04 

14th week Control + S.E. 15 16,135-941,210-9 
‘Test + S.E. 13 11,480-341,352-2 — 28-9 0-02 


Neutrophils , Eosinophils : 
(ou mm) Difference P value (en mm) Difference P value 
(per cent) (per cent) : 
3,049-8 + 463-2 124-14 34-4 
2,957-6 + 327-2 ~3-0 0-88 741+ 20-9 ~ B88 O27 
2406-1 + 190-5 106-0 + 29-2 
2.764-2 + 258-0 +14-9 O27 70-7 + 27-0 1383 AG. 
1,5217 + 124-2 36-2 + 66-5 
1,459-1 + 280-6 -41 0-85 201-3 + 39 


5 a 40-1 0-00 i 
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phil values, on the other hand, did not give evidence of 
_ neutrophilia. The results. indicated variable alterations 
in the absolute neutrophil counts at the fourth, eighth 
and. fourteenth weeks, none of which was statistically 
significant. Chi-square analyses’ of the lymphocyte and 
aS neutrophil counts inthe isolated and control mice showed 
-significant differences between the proportions of the 








-o white blood cell types of the two groupsat the fourth, eighth 
` and fourteenth weeks. The ratios of lymphocytes to neutro- 
phils consequently showed progressively greater decreases 

| in the number. of lymphocytes to each neutrophil in the 

test mice as isolation proceeded. 

Jorrelations of eosinopenia deduced from the chamber 

d_ differential. white blood cell methods were evident at 

e fourth, eighth and’ fourteenth weeks of isolation 

“(fables 1 and 2). Differences between the eosinophil 

counts by the chamber and differential procedures can be 

attributed to reports that the differential stained slide 
<: method has a larger margin of error and is not as accurate 
“as the chamber method for the enumeration of eosino- 
phils in peripheral blood’. 

-o In-correlating the various changes in behaviour and 

‘white. blood cell counts, the development of aggressiveness, 

-disturbed behaviour and abnormal reflexes were found to 

be accompanied by evidence indicating increased adreno- 

‘cortical activity. The progressively marked and/or sig- 

nificant decreases in either the total leucocytes, lympho- 

_ eytes and eosinophil counts with continued isolation 

clearly indicatestimulated adrenalfunctionespecially during 

the later weeks of isolation stress. Dougherty and White™ 
sand Hills eż al." have demonstrated the role of ACTH and 
adrenocortical substances in the regulation of lymphocytic 

-- and eosinophilic elements of the blood. Quittner et al. 

-- have similarly shown that doses of cortisone administered 
to adult mice produced prompt and prolonged depressions 
of the circulating lymphocytes and eosinophils. It is 
interesting that Hatch et al! reported significantly 

“heavier adrenals and significantly lighter thymuses and 
spleens in female rats isolated for 13 weeks. Various 
investigators'® !¢ have similarly found significant increases 

“in the adrenal weights and/or function of the laboratory 
animals, when other stimuli or criteria inducing emotion 
have been used to select for “emotional” and “disturbed” 
rats. 

< While it may be considered inappropriate to compare 
and extrapolate abnormal behaviour and endocrine 
changes of isolated mice to behavioural and endocrine 
States in human psychotics, certain apparent parallels are 
interesting. In some cases, the development of paranoid 
< psychoses and mental abnormalities in man have been 
attributed to solitary confinement’. Endocrinological 

z investigations- -2 have shown increased adrenal function 
in certain schizophrenic patients. Moreover, Sackler et 

alim and Altschule have similarly reported depressed 

< eosinophil counts in the blood of schizophrenic patients. 

"Converse evidence was given by the work of Sackler 

et al.78 with massive anti-adrenocorticoid, sex-steroid 

2 ee which has shown that psychotic patients pre- 
“genting the greatest clinical improvement under therapy 
“had the most marked increase in their eosinophil counts 
and in their lymphocyte/neutrophil ratios. On the basis of 
these findings, the authors postulated a prognostic index 

“ifor psychotics under therapy. 

In conclusion, the significant effects on white blood 
cells and adrenal activity by isolation stress emphasize 
the importance of solitary confinement as a variable 
which might alter or influence the responses being studied. 
These findings raise questions about the results of previous 
investigations in which experimental animals were 
routinely housed in a solitary fashion. Thus, acute and 

-ehronic isolation stress can be added to the growing list 
of environmental and physical factors which must be 

“+ -gonsidered in the experimental design of a well controlled 
< laboratory investigation. The isolation procedure is also 

a useful tool for the study of certain progressive, aetio- 
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Desiccation and Ventilatory Control of Water 

















Loss in Locusta migratoria migratorioides R. and F. 
INVESTIGATIONS have shown that the migratory locust, 


Locusta migratoria migratorioides R. and F., is able to 
regulate its water loss according to its state of desiccation, 


Adult males of similar age and rearing conditions were 


starved for 24 h at either 96 per cent or 0 per cent: rela 
humidity and 30° C before the experiments. In th ex- 
posures to stirred air at 0 per cent relative humidity: an 

30° C the animals starved at 96 per cent relative humidit; 


lost more water than those starved at 0 per cent relative : 


humidity (Table 1). Possible error caused by ‘adsor 
hygroscopic water on the cuticle was reduced by exposi 
all experimental animals to ambient (approximat 
50 per cent relative humidity) for a brief period befo 
experiments. 


During these experiments, rates of abdominal respira oe 


tory movements were timed with a stopwatch; the results 

showed a lower rate in the desiccated locusts (Table De 
Further investigation showed that the slower rate of 

abdominal respiratory movements in desiccated animals 












was associated with prolonged pauses in ventilation, and 


sometimes by a decrease in the amplitude of the move- 
ments. For these experiments, pairs of locusts of the same 
age and sex, and subjected to the same pretreatment, were 
supported ventral surface uppermost inside ‘Perspex’ 
gassing boxes'. A frontal writing lever was connected to 
the second abdominal sternal fold, so that the vertical 
respiratory movements were recorded on a smoked drum. 
Dry air (approximately 5 per cent relative humidity, 
30° C) was pumped through one box, while damp air 


WATER LOSSES AND RESPIRATORY RATES OF ADULT MALE. Locusta 
Starved for 24h Starved for 24 h e 
at 96 per cent at 0 per cent 
relative humidity relative humidity 
3P E 30° C 


Table 1. 


P 


Water loss (mg/g/h) 583405 3240-3 o< 0001 
Abdominal respiratory rate 
(movements/min) 3443 20+3 <0-00L 


Measurements made at 0 per cent relative humidity and 30° ©. Means of. 
twenty-five values, limits indicating 2 x standard error. 


* 
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a Hours from start b 


Fig. 





b, exposed to dry air +5 per cent relative humidity. 


{approximately 90 per cent relative humidity, 30° C) 
was pumped through the other. Recordings were made at 
regular intervals for up to 4 days, and representative 
examples are shown in Fig. L 

For quantitative analysis, two amplitudes were scored, 
large movements counting as 2, small as 1, care being taken 

to keep the mechanics of the rending systems as similar 
as possible. As shown in Fig. 2, the rate of ventilation in 
the insects exposed to dry air decreases rapidly and is 
maintained at levels much lower than those which charac- 
terize the insects in wet air, except during periods of 
struggling (for example between 40 and 50 h). Increased 
discontinuity, decreased amplitude and decreased fre- 

queney of ventilatory movement all contributed to this 
effect. 

Large insects such as locusts, which need to ventilate 
their tracheal systems to obtain enough oxygen, will lose 
more water through the spiracles than non-ventilating 
insects, when air containing a high proportion of water 
vapour is exhaled and air at ambient humidity is inhaled. 

The work of Weis-Fogh (quoted by Miller!) shows that 
an adult Schistocerca weighing 2-0 g. ventilating vigorously 
with dorsoventral and longitudinal abdominal movements, 
will pump 167 mm? of air at each ventilatory stroke. 
Assuming that the air within the tracheal system is 
saturated with water vapour at 30° C, and that the air 
surrounding the locust is dry, each movement will involve 
the loss of 0-005 mg of water. Lf the locust is ventilating 
at a rate of thirty movements/min, this will mean water 
loss at the rate of 4-5 mg/g of body weight/h. This figure 
is high in comparison with data obtained for Locusta, where 
in an animal losing 6-0 mg/g/h through spiracles and cuticle 
at 30° C and 0 per cent relative humidity, ¢ 


3-5 mg/g/h is 
lost through the cuticle. This leaves 2-5 mg/g/h lost 
through the spiracles, 
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1. Abdominal ventilatory movements of adult male Locusta, 27 days after fledging. i 
Temperature was 30°C. 


a, Exposed to moist air 90 per cent relative hamidity; 
Time trace intervals were 5 sec. 


The reduction of ventilation ensures control of continued 
fast rates of water loss in situations where water reserves: 
are likely to become depleted. 

I thank Professor E. Bursell for help and the Anti- 
Locust Research Centre, London, for a grant. 
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Ascospore Production, Discharge and 
Infection by Glomerella cingulata causing 
Coffee Berry Disease 


Tae anthracnose of green coffee berries known in East 
Africa as ‘coffee berry disease’ (CBD) causes severe 
losses in African countries which grow coffee. In Kenya 
the economic loss last season was estimated at £3,000,000 
or some 20 per cent of the overall crop. To this must be 
added another £250,000-——the cost of control measures’. 

There has been considerable research on the disease and 
its causal fungus, a virulent form of Colletotrichum 
coffeanum Noackt-* (a conidial state of Glomerella 
cingulata (Stonem) Spauld. and Schrenk), as well as on 
the universally occurring “brown blight’, a related 
disease restricted in coffee to ripe coffee ‘berries and 
caused by less virulent forms of the same fungus*?’. The 
virulent form is distinguished from other forms only by 
its ability to infect. green berries and cannot be dig- 
tinguished on a consistent morphological basis?! 

CBD is predominantly dispersed locally by rain splash 
of conidia produced by saprophytic infections in the bark 
of the bearing twigs!? 18, Dispersal over long distances 
can and does occur through the movement of infected 
seedlings. This is shown by the presence in non-endemi¢ 
areas of isolated trees or small groups of trees on which 
every branch bears infected berries. This does not, how- 
ever, explain the occurrence of new outbreaks to which 
no movement of seedlings can be traced, and in which 
only a very few infected berries are found on isolated 
single branches on trees otherwise free from disease. Long 
distance transmission of cinesse by conidial dispersal 
through human or other agencies is unlikely because of 
the susceptibility of conidia to A A The obvious 
propagule for investigation is the ascospore, which plays 
an important part in the transmission of many other 
plant diseases, 

Perithecia with ascospores of brown blight forms of G. 
cingulata have been found on twigs and on leaves? of 
aribica coffee, but earlier workers have failed to find the 
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perfect: state: of the form causing CBD*#3-%,.. Perithecia 
have been found in agar cultures said to be of the virulent 
form®7637, but no tests of pathogenicity either of the 
culture or of the ascospores have been reported. 
¿Puring our inoculation experiments with isolates of the 
< virulent form from a number of sites in Kenya, fertile 
perithecia were formed on occasional green berries after 
prolonged incubation. After this finding, large numbers of 
infected. green berries were collected in the field from 
Various sites and incubated in moisture chambers for 5 
“weeks at ambient laboratory conditions. 13 per cent of 
them bore abundant fertile perithecia. Further searches 
in areas in which CBD is endemic revealed an occasional 
berry, still on the tree, bearing perithecia. A total of 
eight such berries was found. 

At the same time we looked for perithecia on other 
tissues. Twig prunings and fallen leaves were incubated 
and invariably bore perithecia in the laboratory. Prunings 
with abundant perithecia were found occasionally in the 
field, particularly in wet seasons and areas. The dimen- 
sions of asci and ascospores from all sources are shown 
in: Table 1. 


“Table 1, DIMENSIONS OF ASCE AND ASCOSPORES FROM ALL SOURCES 


Mean Range 
Asci 61 x 10u 53-76 x 8-12. 
Ascospores 16 x 44 12-23 x 3d 


The ascospores were unicellular, slightly curved and 
slightly pointed towards the ends, with a distinet central 
refractive area; they conformed in every way to Glomer- 
ella cingulata'. 

Ascospores from twigs, leaves and berries germinated 
readily in vitro or on the surfaces of coffee berries, be- 
coming generally one-septate and forming appressoria. 
Cultures on agar of single ascospores from twigs were 
infective to green berries in 15 per cent of trials. Cultures 
of single ascospores from green berries invariably pro- 
duced infective conidia which in the first generation were 
80 per cent as virulent as the same density of inoculum 
collected from lesions on berries in the field. 

By repeatedly washing large numbers of perithecia 
from green berries until the washings were free from 
conidia, pure suspensions of ascospores (10* spores/ml.) 
were prepared. These were directly infective to detached 
unwounded green berries (7 per cent) and to detached 
unwounded internodal regions of green twigs (5 per cent). 
The latter have previously been found to resist direct: 
invasion by conidial inoculation’. 

By placing mature perithecia on the lids of inverted 
Petri dishes and finding aseospores stuck to glass slides 
suspended above, and by observing the growth of cultures 
on agar inverted above, it was shown that the ascospores 
were discharged violently. The maximum height of 

vertical projection was 22 em. This agrees with the 
results for G. cingulata from other hosts'’® and is ample 
for such spores to become airborne. 

Green berries inoculated with ascospores or with conidia 
from monoascospore cultures usually but not invariably 
gave rise to further perithecia. This supports the con- 
tention that certain strains have an inherent capacity to 
form perithecia. The greater frequency of perithecia on 
twigs and leaves than on berries may be explained by the 
observation that such tissues are more likely to be invaded 
by a greater genetical variety of strains. Considering the 
complexity of the genetics of sexuality in G. cingulata’, 
it is not surprising that isolated strains on berries are 
perithecial only infrequently. 

Although it remains to be seen whether or not these 
ascospores are more resistant to adverse conditions than 
are conidia, this is usually the case with similar fungi, one 
of the principal functions of the sexual stage being sur- 
vival. Thus our discovery of the occurrence and infectivity 
of ascospores, particularly to green twigs, implies that 
these may be an important source of new outbreaks of 
coffee berry disease. 
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A second important function of sexual reproduction in 
fungi is genetic segregation and recombination. ‘The ability. 
to infect green coffee berries, however, appears to be con- 
trolled by a single gene locus and is not a quantitative 
factor". The discovery of the operation of sexual repro- 
duction in the form of G. cingulata which caused CBD does 
not therefore promote the possibility of a new, yet more 
virulent, form arising through recombination. On the 
other hand, it does not exclude the occurrence of further 
mutation, the probable origin of the present virulent: form. 

We thank the Director of the Coffee Research Station, 
Kenya, for provision of facilities, end Dr D. Mulder for 
stimulating some lines of investigation. 
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Directional Growth of the Urediospore 
Germ Tubes and Stomatal Penetration 


It is well established that the germ tubes of urediouporss 
of rust fungi penetrate host tissue exclusively through 
stomata. The factors affecting their growth towards 
stomata are not known. Our observation of a directional 
growth of urediospore germ tubes of Puccinia antirrhini 
and other species of rust fungi on surface of leaves of 
Antirrhinum majus may have some bearing on this 
problem. 

The surfaces of leaves of various ages show cuticular 
ridges running parallel to one another (Fig. 1). The growing 
germ tubes were invariably oriented at right angles to the 
parallel cuticular ridges (Fig. 2). The ridges were present 
on the cuticle over each cell of the epidermis except for 
the guard cells, and were more prominent in younger 
leaves. 

The directional growth of the germ tubes was most 
striking in the midrib region. Here the epidermal cells 
were elongated unidirectionally and the congruently 
oriented cuticular ridges were very conspicuous. A similar 
behaviour of urediospore germ tubes of P. graminis 
tritici on the wheat leaf surface was observed by Johnson’. 
This, he believed, was due to a thigmotropic response 
resulting from the contact of the germ tube with the 
finely grooved surface of the wheat leaf. 

Oriented growth of urediospore germ tubes could also be 
obtained on collodion and cellulose acetate replicas of the 
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Fig. 1. Surface view of leaf of snapdragon (Antirrhinum majus) plant 

showing two stomata and cuticular ridges running parallel to one another. 

The ridges were present on the cuticle over all epidermal cells except the 
guard cells and were most prominent on young leaves. 





Fig. 2. Surface view of leaf of snapdragon (Antirrhinum majus) plant. 
The growing germ tubes from germinating urediospores of Puccinia 
antirrhini are seen oriented at right angles to the parallel cuticular ridges. 


leaf surface. These were prepared by drying a film spread 
on the leaf surface or by the technique developed by 
Sampson®. The transparent surface prints of the leaves 
reproduced good details of the cuticular surface, particu- 
larly of the midrib region where the ridges were more 
accentuated. Even on such artificial surfaces, the growth 
of the germ tubes was predominantly transverse to the 
axis of the ridges. 

Chemotactic gradients emanating from stomata were 
ruled out from the causes of the orientation phenomenon. 
Orientation occurred even on isolated, killed leaf epidermis 
or on isolated cuticles. The proximity of the spore to a 
stoma and the growth of the germ tube towards it were not 
important either. Perhaps of greater significance in 
oriented growth of the germ tube on the leaf surface was 
the actual adherence of the germ tubes to the cuticle. 
Such adherence was also observed on the surface of 
collodion membranes containing paraffin oil or hydro- 
carbon constituents of the leaf wax’. On the basis of 
comparative observations of the germ tube growth on 
cuticle and collodion replicas of the leaf surface, it is 
suggested that the orientation of cuticular ridges on cells 
adjacent to guard cells may determine the directional 
growth of the germ tube affecting stomatal penetration. 
This is supported by the observation of Dickinson*. In 
his experiments with different artificial membranes, a 
direeted growth of the germ tube occurred at right angles 
to the straight visible and relatively parallel lines on the 

»membr&nes. Electron micrographs of surface replicas of 
such membranes showed groups of straight and parallel 
ridges and growth was at right angles to the ridges. 
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Inhibition of Flowering in Hyoscyamus niger by 
6-Azauracil without Suppression of Stem Growth 


Tx Hyoscyamus niger the uracil analogue 6-azauracil 
has partially inhibited photoperiodic induction and caused 
malformations of young leaves, but these phenomena 
were not associated with an inhibition of stem growth. 
Application of pyrimidine analogues usually causes an 
inhibition of growth processes which involve cell division?~* 
as well as cell elongation®:*. Inhibition can cause abnormal 
growth of the cells, thus leading to the total disorganiza- 
tion of the growth of the plant?. We have tried to verify 
this finding and to decide whether, as well as inhibition 
of flower differentiation in the shoot apex, there was 
anv effect on stem growth. 

Our experiments were carried out with plants grown 
for 2-3 months in non-inductive conditions in short 











Days 
Fig. 1. Course of stem growth in: -—-©-~-:, non-induced plants; 
non == C me, DHOtoperiodically induced plants; and ——-—- A-—~, photo- 


periodically induced plants after treatment with 6-azauracil, Abscissa: 


days from beginning of photoperiodic induction. 





iz 


Fig. 2. 


Shoot apex and sub-apical region before induction. 
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Fig. 3. Shoot apex and sub-apical region immediately after 6 days of 
< induction, (a) After treatment with 6-azauracil; (b) control, Cell length 
cin the 500-8004 section was 24-04 0-844 and 25-64 1-40u respectively. 








Fig. 4. Shoot apex and sub-apical region 5 days after the end of induc- 
tion; (a) after application of 6-azauracil; (b) control; (e and d) the 
4,700-2,0002 section beneath the shoot apex. Celllengthin the 500-800. 
section was 24-0 + 0-88 and 24-2 + 0-07 respectively, and in the 1,700- 
2,000u section it was 30-8 + 0°56 and 32-44 0-71, respectively. 
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days of 8 h, with fluorescent tubes of an intensity of 8,000 
lux serving as the light source. The plants were treated. 
in the following way with (a) 6 days of continuous light. - 
from the same source (photoperiodically induced con 
plants), (b) the same illumination, together with daily 
application of 6-azauracil on the bud (50 pl. of sol bos 
of a concentration of 5x10 moles/l.), and (c) control © 
plants were grown in short-day conditions for the dura- 
tion of the investigation. After 6 days all the plants were 
grown in non-inductive conditions. Stem growth. was 
investigated in longitudinal sections Šu thick; the material 
was fixed in ethanol, formalin and picric acid, dehydrated 
by the tertiary-butanol procedure and stained 
Alcian blue and Ehrlich’s haematoxylin. The ave: 
length of the pith cells was determined at two 
500-8002 and 1,700-2,000u beneath the apex. Altoget! 
160 plants were examined. 

Twenty-six days after the beginning of photoperiodic. 
induction, all induced plants had set several flower primor- 
dia. After treatment with 6-azauracil, half of the 
plants remained in a purely vegetative state. Fig 
shows the course of stem growth. As compared with the 
non-induced control plants, stem growth in plants treated . 
with 6-azauracil continued with the same intensity ce 
induced control plants. This applied to plants in w 
flower differentiation had not taken place at all. € 
differences in the length of stems and cells of the corre- 
sponding sections of the stem were not significant, This 
suggested that cell division and elongation continued. 
undisturbed. Stem growth was thus induced, irrespective 
of the inhibition of floralinduction by 6-azauracil, and there 
was separation of two such closely correlated phenomena 
of differentiation as bolting and flowering in Hyoseyamus 
niger. 
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Dormant and Non-dormant Seeds: Similar. 
Germination Responses when Osmotically 
inhibited 


Chen and Thimann! have ascribed photodormancy and 
thermodormancy in seeds to the effects of continuous 
irradiation and supraoptimal temperature on the balance 
between the “expansive force” of the embryo and the 
mechanical constraint of the enveloping tissues. Dormant: 
seeds of Phacelia tanacetifolia were induced to germinate 
under these inhibitory conditions by cutting the radicular 
end of the seeds, an operation which reduced mechanical 
constraint, Inhibition of germination was reinstated in 
cut seeds by imbibition in an osmotic solution which 
reduced the expansive force of the embryo. The implica- 
tion appeared to be that the responses to such experi- 
mental manipulations are restricted to naturally dormant. 
seeds. The cause of variation in “expansive force” or 
“growth potential’? as affected by radiation and “tem: 
perature are apparently unknown, but the phenomenon. 
can be demonstrated in non-dormant seeds of cultivated 
plants (Table 1). The seeds of these species are considered 
to be non-dormant because high percentages of, germina- 
tion can be obtained at any constant temperature within- 
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a wide range, in darkness or under periodic or continuous 
irradiation. 

Seeds were germinated at constant temperature 
(+ 1° C) in 9 em Petri dishes on double layers of Whatman 
No. 1 filter paper wetted with 5 ml. of distilled water or 
solution (10 ml. for sunflower). Cucumber (ev. ‘Straight 
Eight’), radish (‘Scarlet Globe’) and sunflower (“Mammoth 
Russian’) were obtained from the Burpee Seed Company. 
Dishes were irradiated continuously (104 ergs em“? sec!) 
with incandescent lamps, or were held in darkness. Final 
germination counts were made after 96 h, an adequate 
time for all potential germination to occur. The mean 
germination percentages of Table 1 are based on about 
100 seeds per dish and four replications per treatment, 
except twenty-five per dish and eight replications for 
sunflower. The concentrations of mannitol chosen gave 
a satisfactory differentiation between germination under 
continuous irradiation and darkness. Lower concentra- 
tions of mannitol merely delayed germination under con- 
tinuous irradiation; higher concentrations prevented 
germination in darkness. 


Table 4. MEAN GERMINATION PERCENTAGES OF SEEDS IMBIBED IN MANNITOL 
UNDER CONTINUOUS IRRADIATION (LL) OR IN DARKNESS (DD) AT TEMPERA- 
TURES OF 22° AND 32° c 





Germination (per cent) 


Mannitol LL DD 
Species (M) 22° 32° a2° 32° 
Cucumber 9 98 97 100 99 
0-35 60 5B a7 94 
0-45 24 5 87 90 
Radish ü 88 79 96 91 
O40 65 31 a8 83 
0-50 40 10 RG 63 
Sunflower 0 8&8 93 96 98 
0-30 23 19 BL 8&4 
0-40 4 2 55 53 


Continuous irradiation prevented germination in a pro- 
portion of the seeds imbibed in mannitol which were other- 
wise indifferent to radiation when water-imbibed, and to 
osmotic inhibition when imbibed in darkness. The re- 
sponses thus parallel those reported for cut seeds of 
Phacelia'. 

The temperature interactions shown in Table 1 prob- 
ably relate to the optima for germination in controls, 
which extend through a higher range in sunflower and 
cucumber than in radish. In radish, as in Phacelia, higher 
temperature enhances the inhibition due to mannitol, and 
to mannitol plus continuous irradiation. Cucumber is 
additionally inhibited only by mannitol plus irradiation, 
while sunflower shows little response to these levels of 
temperature. 

When the tip of the pericarp (sunflower) or testa 
(eucumber) is removed or abraded, there is relief of the 
inhibition due to mannitol and radiation. Treated achenes 
of sunflower imbibed in 0-3 molar mannitol at 22° C 
germinated 58 per cent under continuous irradiation and 
96 per cent darkness, compared with 23 per cent and 
81 per cent for intact achenes (Table 1). For cucumber 
imbibed in 0-45 molar mannitol the percentages were 54 
and 95, compared with 24 and 87 for intact seeds. As 
with Phacelia, removal of the mechanical constraint due 
to the enveloping tissues permits sufficient expansion of 
the embryonic root for visible germination to occur in the 
presence of particular levels of factors (radiation and 
mannitol) which are inhibitory when the enveloping 
tissues are intact. 

A promotive effect on embryo expansion by gibberellic 
acid can be demonstrated in sunflower, as in Phacelia. 
Intact achenes, imbibed under continuous irradiation at 
22° Cf germinated 42 per cent when imbibed in 0-3 molar 
mannitol plus 0-002 molar gibberellic acid and 23 per cent 
when imbibed in 0-3 molar mannitol alone. Gibberellic 
acid apparently increases the expansive force of the 
embryo sufficiently to overcome the constraint of the 
intact pericarp. 
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With reference to. the experimental treatments deseribed 
here, there appear to be only quantitative differences in 
the germination responses of dormant seeds of Phacelia 
and the non-dormant species of Table 1. Undoubtedly, 
radiation, temperature, osmotica, gibberellic acid, and 
operations on the enveloping layers affect the balance 
between expansive force and constraint, but the actions 
are not restricted to naturally photo- and thermo-dormant 
seeds. 
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Occurrence of a Crystalline Inclusion in the 
Chloroplasts of Macadamia Leaves 


Pianvt cells are known to contain several types of crystals? 
and erystal-containing bodies?-*, but there are only a few 
reports in the literature of crystalline structures in chloro- 
plasts. Price, Martinez and Warmke® found a crystalline 
inclusion in chloroplasts of healthy and virus-infected coco- 
nut palms. The inclusion was rhomboidal, consisting of 
particles with a maximum. diameter of 12 mu which were 
tightly packed in a hexagonal paitern. The crystal was 
contained in a single unit membrane within the chloroplast. 
Engelbrecht and Esau’ deseribed, in chloroplasts of virus- 
infected sugar beet, an angular inclusion with parallel-linear 
and cross-hatched substructural patterns. Sun? reported 
that in the last stages of virus-induced degeneration of 
Abutilon chloroplasts, a dense crystal may form inside the 
chloroplast. His micrographs do not, however, offer clear 
evidence that the crystals are within the chloroplasts. 
The crystals in Abutilon appeared as rhombic bodies 
composed of parallel electron-dense lines of 80 A spacing. 

It is the purpose of this communication to report a new 
type of erystalline inchision, which has been found in the 
chloroplasts of Macadamia integrifolia Maiden and Betche 
and M. tetraphylla L. A. S. Johnson. Leaves were col- 
lected from fully mature trees of both species and small 
sections of the leaves were fixed in 5 per cent phosphate 
buffered glutaraldehyde for 1 h at room temperature, 
followed by a wash in buffer for 30 min and postosmication 
in 1 per cent phosphate buffered osmium. After dehydra- 
tion in acetone, the leaves were embedded in ‘Maraglas’®. 
Thin sections were cut with a diamond knife on an ultra- 
microtome, stained with saturated uranyl acetate fol- 
lowed by lead citrate!®, and observed under an electron 
microscope. 

The general aspect of a chloroplast containing a crystal 
is shown in Fig. 1, The crystals are rhombic in shape and 
variable in size. Frequently they extend for about one- 
third of the length of the chloroplast. Most of the chloro- 
plasts contain a crystal, and occasionally two or more can 
be seen in a single chloroplast. Apart from the presence 
of crystals, the chloroplasts and other structures in the 
cells appear quite normal. 

The crystals are not bounded by a special membrane 
or sac as observed in the chloroplasts of coconut palmê, 
but grana and intergranal membranes are intimately 
associated or appressed to the crystal (Figs. 1 and 2, 
arrows). This association is quite evident in Fig. 3 
(arrows), in which the plane of section is across a crystal 
and through a surface view of a granum. 

Two types of line patterns are found in the crystals, 
The more common type (Fig. 4) is a series of parallel, 
electron-dense lines alternating with electron translucent 
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Fig. 1, Crystalline inclusion in chloroplast of Macadamia, er, Crystal; 
w, cell wall; g, grana; o, osmiophilic globule ( x 12,000). 


Fig. 2. An enlarged view showing the association of the crystal with 
granal membranes, arrows ( x 62,000). 


Fig. 3. A face view section showing the association of a crystal, er, with 
a granum, g. $, starch grain (x 32,000), 


Fig. 4. High magnification, longitudinal view of part of a erystal. er, 
Note the close association of granal membranes with the crystalline 
lattice, arrow (x 156,000). 


Fig. 5. High magnification, cross-section of a crystal, cr, Note the 
intimate association of granal membranes with the crystal, arrow 
( x 105,000). 
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regions. The centre to centre spacing of the dense lines is 
approximately 160 A. The other less frequently observed 
pattern (Fig. 5) consists of rows of hexagonal units 
arranged in honeycomb fashion, the spacing between the 
centres of the hexagonal units being about 160 A. The 
crystal apparently is composed of rows of hexagonal 
columns. In some sections small electron-dense strands 
are seen at regular intervals extending across the trans- 
lucent region, connecting the dense layers. This suggests 
a sub-unit structure for the hexagonal columns. The 
parallel line pattern results when a erystal is sectioned 
parallel to the hexagonal columns, and the honeycomb 
pattern is seen when the section transects the columns. 
These patterns were seen after fixation with osmium 
tetroxide, glutaraldehyde and acrolein, but not with 
potassium permanganate. 

The erystals are not considered viral in origin because 
they were found in leaves of four different varieties from 
two remotely separated localities, and none of the trees 
showed outward symptoms of viral infection. i 

The significance of these structures is not known at 
this time. Observations such as those in Figs. 2 and 3 
suggest that the crystals may be functionally and/or 
developmentally related to the grana and intergranal 
membranes. Another alternative is that the crystals 
represent storage sites of excess protein or lipoprotein 
produced in the chloroplasts. 

This work was supported by grants from the US 
National Science Foundation and the Division of Air 
Pollution, Bureau of State Service, US Public Health 
Service. We thank Dr Lois James for providing some of 
the material. 
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Wound-induced Gibberellins 


DvRinG an investigation of the part played by gibberellins 
in the induction of nucleic acid synthesis in resting 
potato buds, the question arose as to whether wounding 
of the tuber can cause any changes in the activity of 
endogenous gibberellin-like substances. Histoautoradio- 
graphie techniques have shown that tritiated thymidine 
incorporates into DNA of potato plugs (0-5 x 0-5 em) 
containing buds, but not into buds of intact resting 
tubers. Other unpublished results suggest that labelling 
is localized chiefly at the periphery of the plug, the 
vascular system and the bud apex and leaf bases. 
Gibberellin A, markedly promotes the incorporation of 
tritiated precursors into RNA and DNA within the same 
regions. Possibly wounding associated with excision of 
potato plugs enhances gibberellin activity which may in 
turn be responsible for other consequences of wounding. 

From this hypothesis we have worked with freshly 
collected potatoes wounded by peeling the periderm from 
a large number of tubers and periodically peeling inner 
tissue from different tubers for extraction, cheomato- 
graphy and bioassay. The amounts of gibberellin-like 
substances in the inner tissues are very smafi‘, and so 
we had to use samples of 1,000 g each. The peeled pota- 


. 
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toes were , repecled ianediately. or oe 2 o a h. ‘The 


12 and 24 h samples of peeled tubers were stored at 20°C. 


until used. Each sample of peelings was blended ‘in 
methanol and extracted for 24 h in 51. of methanol. 
Residues were washed in 3 |. of methanol, and the combined 
supernatants were centrifuged and filtered, and the 
methanol was evaporated in vacuo. The water phase 
was adjusted to pH 2-5 and extracted at 0° C with three 
11. samples of ethyl acetate. The water remaining in the 
extract. was removed with sodium sulphate. The ethyl 
acetate. was filtered and evaporated to dryness. The 
residue was dissolved in methanol and streaked on What- 
man No. 3 MM filter paper which was developed in iso- 
propyl alcohol, ammonium hydroxide and water (10: 0-5 ; 
1 v/v). The chromatograms were cut into strips according 
to Æp values and the compounds were eluted with at least 
25 ml of methanol per strip, The eluates were dried in 
air. and. the residues were dissolved in 2 ml. of a solution 
containing 50 per cent methanol and 0-5 per cent polyoxy- 
ethylene sorbitan monolaurate (“Tween-20°) in water. 


A dwarf pea bioassay’ was used to test the activity of 


the chromatographic eluates of the three lots. Some 
eluate (5 ul.) was applied to the apex of each plant. 
As shown previously‘, the activity of gibberellin-like 
substances in the inner tissues of potato tubers is exceed- 
ingly low at zero time. In the present investigation a small 
amount of activity was detected between Rr 0-0 and 0-2 
(Fig. 1), In extracts of tubers stored for 12 h, however, 
there was considerable activity at Rp 0-3-0-5. In the 
sample stored for 24 h the activity at Rp 0-3-0-5 was 
essentially nil; slight activity was detected at Rp 0-8-0-9. 
The reason for the decrease in activity in the Rp 0-3-0-5 
region is not known. Radley® noted a similar effect in 
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Fig. gt. The effect of wounding on the gibberellin content of potato 
peelings. A population of ‘White Rose’ potatoes was peeled and differ- 
ent lots were repeeled immediately (0 h) or after 12 or 24 h of storage at 
20° C. The peelings were extracted with 75 per cent methanol which 
Was evaporated and the water phase, adjusted to pH 2:5, was extracted 

with efpyl acetate which was evaporated to dryness. Paper chromato- 
grams were Pea yi in isopropyl alcohol: ammonium hydroxide : 
water (10 : 1 v/v). The eluates were tested on ‘Progress No. 9 
dwarf A EREA in red light. Ten single plant replications were used 

for each eluate. The shaded areas indicate significant activity. 
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bberellin-like substances may have converted 
other less active forms in that time. There is also evidene: 
for such conversion in green beans’. : 

The activity in 5 ul. of eluate in the Rr 0-4-0-5 region. 
was equivalent to 0-001 ug of gibberellin A,, based on- the 
response of dwarf pea plants. Individual potato plugs 
used in bioassays and in biochemical and histoauto-). 
radiographic experiments average about 250 mg each.” 
Thus, assuming 100 per cent recovery by extraction, each’ 
plug could produce as much as 10- ug of gibberellin Ay. 

As little as 1-7 x 10 ug of applied gibberellin A, was 
shown to stimulate production of reducing sugars in’ 
excised plugs? and accelerated sprouting of buds in su 
plugs*. The lowest dosage of gibberellin A, tested in the 
nucleic acid investigations was 3-4 x 10 pg for eac 
bud (unpublished results of Rappaport and Wolf), bu 
it was obvious that a smaller dose would have also pro- 
moted incorporation. Thus we can conclude that the 
amount of gibberellin-like substances produced by an | 
excised plug can trigger important metabolic. changes . 
associated with termination of bud dormancy. Whether | 
or not the increase in gibberellin-like substances is causally 
related to increased metabolic activity, the rapid increase © 
in endogenous gibberellin-like substances, as a result of 
wounding, is significant. : 

This investigation was generously supported by grants. 
from the US Public Health Service and the National’ 
Science Foundation. We thank M. D. Clegg for technical 
assistance. 
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MICROBIOLOGY 


Virus Reactions and Taxonomy 


We have tried to find some logic in the confusing issues òf. 
experimental host ranges of plant virusesi*, and this. 
involved an investigation of the group susceptibility of | 
major taxonomie sub-divisions in the Dicotyledons toa 
number of viruses. Infection data were collected from 
published sources and grouped according to Hutchinson’s i. 
classification of flowering plants’. In the division Herba 
ceae a number of mechanically inoculated viruses con 
sistently infected large proportions of tested species 
in a few families, notably Solanaceae, and small propor: | 
tions in others. In general, susceptible families were 
advanced but not climax families. More primitive families 
were on the whole less susceptible, unless one of them 
included the natural field host of the tested virus. The 
host range data were made more consistent by arranging. — 
the tested species according to Hutchinson and by exam- 
ining them statistically. This suggested that regularities 
in the data so arranged may provide a test of relationship 
between plant families. The evidence so far is fragmentary 
and cannot carry much weight unless it agrees with — 
evidence from other sources, but several examples may o 
be of interest. 
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Tested, species. from the long series of- families in the 
orders- Caryophyllales through- Polygonales,  Cheno- 
podiales, and Primulales were unusually consistert in 
their reactions to tobacco. mosaic virus (IMV)*. Virus 
multiplied: to detectable concentrations in inoculated 
leaves. (thirty-two. of thirty-seven species tested), but 
_ became systemic in only two species. Price investigated 
_ five viruses infecting species among these families. “Two 
“of them, tobacco necrosis virus (TNV) and alfalfa mosaic 
us (AMV), failed to infect any of four tested species of 
yophyllaceae, the family from which all the other 
ies in the series are supposedly derived. Tobacco 
sis virus infected thirteen and alfalfa mosaic virus 
f fourteen tested species from the remaining families 
he series. The other three of the five viruses inoculated 
Price and also TMV? made no significant distinction 
etween Caryophyllaceae and the derived families. On 
© other hand, the reactions of Caryophyllaceae to a 
umber of viruses were similar to those of species in the 
rder Geraniales. Before his classification of 1959 was 
lished, Hutchinson*:? had linked Geraniales with 
< Caryophyllales. Bessey linked them in reverse order, 
- Geraniales being more primitive. In grouping host range 
datat statistical analysis indicated most consistency if 
data for Caryophyllaceae were separated from data for 
- the series of families Ficoidaceae to Amaranthaceae. 
Significant agreements and discrepancies occurred in 
, other sub-divisions of Herbaceae. Species of Lobeliaceae, 
<m earlier taxonomic systems accepted as a tribe of Cam- 
_ panulaceae, were distinct from Campanulaceae in virus 
reactions, and similar to Compositae. Of the Campanu- 
laceae tested, six species of Campanula plus Platocodon 
| grandiflorum, A. DC. were like Convolvulaceae in their 
_ Nirus reactions. The Convolvulaceae were less susceptible 
than the related Solanaceae and Scrophulariaceae. 
- Grouped according to the virus reactions of the species 
= tested, the six families could be paired as follows: Cam- 
panulaceae and Convolvulaceae, Lobeliaceae and Compo- 
sitae, Solanaceae and Scrophulariaceae. 

Species in Cruciferae are attacked in the field by various 
strains of turnip mosaic virus (TuMV). Hollings’? described 
a strain of the same virus attacking anemone (Ranun- 
eulaceae). A comparison of the reactions of species in 
these and related families to a number of TuMV strains 
suggested a difference in reaction of Ranunculaceae, 
Papaveraceae and Fumariaceae on the one hand, the 
Cruciferae (and perhaps Resedaceae) on the other. A 
group of four strains from Cruciferae were more infective 
in Cruciferae than in the group of the three more primitive 
families, and the strain from anemone was more infective 
- in the three families than in Cruciferae. Of Papaveraceae 
-and Fumariaceae (Rhoeadales) Hutchinson’ wrote, Her- 
-= baceous and closely related to the Ranunculaceae; basic 
group for Cruciferae’. The virus reactions accord with 
this judgment. 

-OU A feature of Hutchinson's system that is often criticized 
‘the division of Dicotyledones into Lignosae and Her- 
Pacene. Data from the examination of host ranges of 
i and severe etch virus of tobacco (SEV) by Holmes? 
Be show that of fifty-nine tested species of Lignosae only two 
allowed systemic infection and six local multiplication of 
TMY in inoculated leaves. One species only allowed 
systemic infection with SEV. Of 241 species of Herbaceae 
TMV infected seventy systemically and. 120 in inoculated 
leaves (locally). Severe etch virus infected fifty-nine 
systemically and twenty-two locally. These and other 
results may suggest a clear distinction between Lignosae 
and Herbaceae, but woodiness or characters associated 
“with it strongly affect inoculation of virus and its recovery 
_«from-infected plants. They could confer resistance to 
-oMitus infection, without reference to the taxonomic posi- 
tion. of the families of tested species. Major questions of 
taxonomy and phylogeny such as this obviously are too 
great in scope for chance observations on virus host 
ranges to affect them; on the other hand, some virus 
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reactions of species and. families may provide evidence 
on more restricted taxonomie problems, 
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Simple Immunological Labelling Method for 
Electron Microscopy and its Application to 
the Study of Filamentous Appendages of © 
Bacteria 


ANTIBODY, by virtue of its specificity, can be a valuable 
tool for identifying structures visible in the electron 
microscope. It is often not necessary to bind the antibody 
to an eleetron-dense label because antibody molecules are 
so large that they can readily be distinguished under the 
electron microscope by the negative staining technique, 
particularly when they have combined with a small» 
particulate or filamentous antigen as, for example, witho 
virus particles? or flagella’. 

It is demonstrated here that specific labelling with 
antibody can, in certain cases, be carried out entirely on 
the electron microscope specimen grid, so providing a — 


simple and rapid method for characterizing minute. o 
The following technique was found to be 


structures. 
particularly suitable for investigating the filamentous 
appendages of bacteria, and two examples of its applica- 
tion are given here. Droplets of a formalinized bacterial 
suspension, or a formalinized suspension of bacteria with 
adsorbed phage (about 0-5 per cent formaldehyde), were 
placed on a grid, treated for 3 min with unfractionated 
rabbit antiserum suitably diluted with distilled water and 
washed with drops of distilled water subsequently with- 


drawn with a fine pipette. Finally, a drop of uranyl 


acetate solution (about 1 per cent) was added and the 
surplus removed. Providing care was taken when adding 
and removing the fluids, sufficient bacteria remained. on 
the grid. 

Abram, Vatter and Koffler’ and Lowy have described a. 
clear morphological difference between the basal portion, 
or root, of a bacterial flagellum and its shaft. In the first 
example an immunological distinction between the 
flagellar root and shaft is demonstrated for the first time. 
A flagellum of Salmonella typhimurium treated with homo- 
logous anti-? serum is shown in Fig. la. Although the 
background is relatively free from antibody, most of the 
flagellum is covered with antibody molecules. At one end, 
however, the flagellum has a slightly hooked root which is 
free from adsorbed antibody. Fig. 1b is a flagellum stained 
in the same way but without antibody. Although the’ 
difference in antigenic specificity between root and ghaft 
might result from differences in quaternary structure in- > 
polymers of the same protein sub-unit, it is more probable 


that the root is assembled from a protein distinct from the - 
Roots can Mso be è 


well known shaft protein (flagellin). 
distinguished from shafts by their greater resistance to 
acid (McDonough, personal communication). 
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Fig. ta. A flagellum of Salmonella typhimurium treated with homo- 

logous anti-? rabbit antiserum and negatively stained with uranyl 

acetate as described in the text. The flagellar shaft is coated with anti- 

body, but the root (on the left of figure) has not reacted with the antibody. 

In Fig. 1b an identical flagellum has been negatively stained without 
prior treatment with antibody. 





Fig. 2. Filamentous male specifie phages (4713) adsorbed to the ends of 
the special filamentous appendages (F pili) of male Salmonella typhi- 
murium, In each part of the figure the phage is on the left side and the 
F pilus on the right. In Fig. 2a the two filaments are unlabelled and their 
junction isindicated by an arrow. In Fig. 2b the pilus is distinguished by 
its ability to adsorb the spherical male specific phage MS2, whereas in 
Fig. 2e the phage is distinguished by labelling with anti-3/13 rabbit serum 
as described in the text. 


The second example concerns bacterial pili. Caro and 
Schnoss* have shown that the filamentous, male-specific 
phage M13 adsorbs end-on to the tip of the special fila- 
mentous appendages of male bacteria (F pili). Ordinarily, 
these two filaments are so similar that they could easily 
be mistaken for a single continuous structure (Fig. 2a). 
Caro and Schnoss distinguished the F pilus by its ability 
to absorb the spherical phage MS2 (Fig. 2b), but the dis- 
tinction can also be made by labelling the phage M13 
with anti-4713 serum (Fig. 2e). 
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Action of Bile Salts on Bacterial Cell Walls 
DuRInG an investigation of the opalescence produced. in- 
serum by some strains of Streptococcus pyogenes! it. was 
noticed that the streptococcal cell wall could be separated 
into two roughly equal fractions by the action of 1 per cent 
sodium deoxycholate solution. Most of the methods used 
in cell wall fractionation involve extreme acid pH (ref. 2) 
or high temperatures? or both', so that the use of sodium 
deoxycholate at 0° C would present an interesting alterna- 
tive to the conventional procedures. The general applica» 
bility of the deoxycholate extraction method was therefore 
investigated. E 

The strains of Streptococcus pyogenes, Streptococcus. 
faecalis, Lactobacillus spp., Bacillus spp. and Pseudo- 
monas spp. were grown overnight at 37° C in 1 per cent. 
‘Oxoid No. 2’ nutrient broth to which was added 0-5 per 
cent glucose. Staphylococcus aureus was grown in a medium 
containing 1 per cent ‘Oxoid No. 2° nutrient broth and. 
1 per cent ‘Oxoid’ yeast extract. Bacteroides strains 
were grown by the method of Drasar®. 

Cell walls were prepared by Mickle disintegration and. 
washed as previously’. Approximately 50 ug of freeze. 
dried cell wall material was suspended in 10 ml. of a 
solution of | per cent deoxycholie acid in 1 normal sodium 
hydroxide, final pH 10-5-11. After refrigeration overnight, 
the sediment was recovered by centrifugation, washed 
twice in physiological saline, then three times in distilled 
water, freeze dried and weighed. No deoxycholate could 
be detected in hydrolysates of this residual material. 

Extractions were also carried out using 1l per cent sodium 
cholate and 1 per cent sodium taurocholate. 

Total phosphorus was estimated by the method of 
Chen et al’, protein by the Lowry modification of the 
Folin reaction®, rhamnose by the Gibbons modification of 
the Dische and Shettles reaction’, total carbohydrate by- 
the phenol-sulphuric acid method’? and muramic acid by ` 
the Crumpton methodi! 

The cell walls of all strains tested were partly dissolved: 
by the action of the bile salt (Table 1). The results with- 
individual strains were generally reproducible. There is no 
significant variation with age in the pereentage of cell 
wall material undissolved by deoxycholate, but there does 
appear to be some variation with culture medium. 

Analyses performed on cell walls before and after.. 
treatment revealed that deoxycholate dissolved teichoie 
acid and polysaccharide components leaving mucopeptide 
as an insoluble residue (Table 2). For example, all the 
phosphorus (a measure of teichoic acid in the absence of 
lipid) and much of the protein material is removed from 
the walls of Staphylococcus aureus strains NCTO 9789 

















100 


Percentage remaining in the 
residue after extraction 





2 
Time (h) 
Fig. 1. Rate of extraction of the cell wall components of Staphyloeoceus 


aureus strain 1531. The ordinate is the amount of cell wall component. 
remaining undissolved expressed as a percentage of the amount-o) 


yo 
@'-—'—@, Mucopeptide (measured as muramic . acid); 
O, teichoic acid (measured as total phosphorus); === =-=; 
protein; @- ~~ -@, total cell wall material. 
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35 


Protein 
15 


1531 a7 20 
El 33 12 
NOTC 25 15 
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NP, not present; —, not tested. 
oup polysaccharide. 


md 1531, most of the extraction being completed in the 
: hour (Fig. 1). Staphylococcal cell walls contain less 
5 per cent lipid or reducing sugar. The muramic acid, 
jeasure of the mucopeptide component, of the walls 
estigated is not solubilized to any measurable extent. 

_ Deoxycholate forms a strongly alkaline solution, 
_ deoxycholic acid being precipitated from the solution at 
_ pH values below 10:5. Cholate and taurocholate (both at 
-pH T} were both considerably less effective at solubilizing 
cell wall components than was deoxycholate (Table 3). 
This was partly but not entirely because of the pH, because 
cholate at pH 11 was more effective than cholate at pH 7 
jut less effective than deoxycholate at pH 11. Buffer at 
pH 11 was not responsible for any gross extraction al- 
though it is known that this pH will hydrolyse N-acetyl 
ukages. Whereas deoxycholate removed almost all 
















_ the teichoic acid from Staphylococcus aureus and Strepto- 


able 3. REFECT OF VARIOUS EXTRACTANTS ON BACTERIAL CELL WALLS 


Cell wall remaining undissolved as a 
percentage of the original amount 


Extractant S. aureus S. aureus X. facealis 
NCTC 9789 1531 EY 
cholate 35 37 33 
recent, 16 h, pH 11-0° C) 
Gp ee 6h, pH 70°C) 5 sis a 
per cent, 1 pH 7-0° 
Chola! 46 = = 
Per cont, 16 h, pH 11-0° ©) 
urocholate 56 ~ Ti 
percent, 16 h, pH 7-0° €) 
dinm dodecyl sulp hate 89 85 -~ 
për cent, 16 h, pH 10-0° C) 
PH 1l 96 ~ n 


W €) 
ferences of 5 per cent are not significant. 


: polysaccharide. 





3 Strain : 1531 : Orbach Smith 
HS perce cont residual 37 “Bb 
; El Eib EMS 
per cone residual 33 27 18 
He NCTC NCTC NCTC 
Si pyogenes Strain 8302 8318 8322 
fe per cent residual 25 31 26 
Enetobacillus sp. Strain LB La L8 
per cent residual 22 20 21 
Bacillus sp. Strain 2 4 5 
i R per cent residual 27 20 19 
Etoh Strain ECS EC16 ECW 
i per sent residual 12 15 20 
‘Bacteroides sp, Strain T5 C3 BH 
a per cent residual 33 26 26 
P. aeruginosa rain 23 31 
# per cent residual 34 25 


f Strain 1531 is the strain used by Dr 8. Fisher", “Smith” is the Smith diffuse strain, NCTC 
‘pes 80 and 83.4 respectively, All other strains were isolated in this laboratory. 


Table 2, EXTRACTION OF CELL WALL MATERIAL BY DEOXYCHOLATE 
Cell wall components remaining k anaiasolvod as & percentage of the amount originally present, 


* Total phosphorus was used as a measure of teichoic acid, muramic acid as a measure of mucopeptide, and rhamnose as a measure of the streptococcal 


Table 4, EFFHCT OF VARIOUS EXTRACTANTS ON BACTERIAL CELL WALLS 
Cell wall components remaining nndissoiyed as a percentage of the amount originally present 


NP Not present; (-), not tested. Differences greater than 5 per cent in “total cell wall material” and 10 per cent in all other column ane 
Total phosphorus was used as a measure of teichoie acid, muramic acid as a measure of mucopeptide and rhamnose as a mensure of st 


9789 and 10039 are the phage propagating tral 













Tota 
carbohydrate 


NP 


NP 
60 


Muramic 
acid* 


Phosphorus* 


wo 


100 
100 


100 





coceus faecalis, cholate and taurocholate were only able to 
remove about 70 per cent of this material (Table 4). 
None of the bile salts was able to remove all of the protein. 
material, 
The need for a mild technique for the separation and 
isolation of cell wall polymers has long been evident.. 
Bile salts as extractants offer a number of advantages, : 
the major advantage being that good separation of cell 
wall polymers can be achieved at 0° C. Although, for _ 
convenience, overnight extraction was used jin t 
study, 3 h is sufficient to complete the process 
Staphylococcus aureus or Streptococcus pyogenes... "Thi 
evidence that the pH conditions are not excessively 
verse for the isolation of polysaccharide protein 
mucopeptide components. Barber et al used deoxy 
cholate to extract polysaccharide antigen from. St 
coccus viridans, The group polysaccharide of Streptococcus 
pyogenes, the group teichoic acid of Streptococcus faecalis 
and the type polysaccharide of Streptococcus faecalis are 
still serologically active after extraction with deo: 
cholate. Intracellular and membrane enzymes hav 
extracted with unimpaired activity from cells 
deoxycholate as extractant’. In further experimen 
have isolated (by a process which included deoxycholate 
extraction) a cell wall component of Staphylococcus aureus 
able to inhibit oedema infiltration to a lesion site. 
The results in Table 1 indicate that the method may 
generally applicable. If this is so, then it represen 
interesting and useful alternative to the establ 
procedures and should be of considerable use in ce 
fractionation. 






















Rhamnose* 


Extractant Total cell Phosphorus* Muramic 
(1 per cent) wall material Protein Sabhal acid* 
NCTC 9789 : 
Buffer at pH 11 100 100 NP 100 100 NP 
Deoxycholate 1 35 15 NP 3 (~) NP $ 
Cholate 1 53 20 NP 34 100 NP o 
Taurocholate 1 56 38 NP 28 (-} NP 
Deoxycholate 1 33 12 60 2 100 
i olate t 83 (~) 100 29 100 
1531 
Deoxycholate 1 37 20 NP 2 100 
E l ° . si = 
> Deoxycholate 1 40 20 (-) NP 100 


ee 
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Lanjan Virus, a New Agent isolated from 
-Dermacentor auratus in Malaya 


DURING routine animal collections at Bukit Lanjan in the 
Sungai Baloh Forest Reserve about 7 miles west of Kuala 
Lumpur, ticks were collected off rodents. The reserve is 
small -and is surrounded by young and old secondary 
growth in which much of the trapping was done by local 
aborigines. Two strains of virus were obtained, T P-94 
and F P-123,. 

Between August 14 and September 6, 1960, five nymphs 
of the Dermacentor auratus group of ticks were collected 
from two rats (Rattus sabanus and R.r. surifer) and a 
squirrel (Callosciurus notatus). The ticks were ground up in 
buffered bovine albumen saline and inoculated intra- 
cerebrally into suckling and adult mice. 
twenty-three sucklings were paralysed or dead after 8 or 9 
days and all the adults died on days 11-13. The agent. 
designated T P-94, was passaged in suckling mice and at 
the fourth passage the intracerebral titre was about 7 log 
in both sucklings and adults. Adult mice inoculated with 
ten-fold serial dilutions of the virus from 107 to 10-7 
intraperitoneally uniformly survived. Re-isolation from 
the. tick pool was successful. 

TP-123. Between December 30, 1960, and March 14, 
1961, three nymphs and five larvae of the Dermacentor 
auratus group were collected from three rats (R. annan- 
dalei, R. jalorensis, R. mulleri). They were treated as 
above. No evidence of infection was seen in the first 
passage, but on blind passage of suckling mouse brain 
suspension on the fourteenth day, three of fourteen suckling 
mice were paralysed on days 12 and 16, and three died on 
days 15 and 16. In the third suckling mouse passage all 
- were paralysed or dead by day 7. Re-isolation from the 
original pool was successful. At the seventh suckling 
mouse passage the intracerebral titre was 7 log DD,, in 
suckling and adult mice, but no death occurred in adult 
mice. inoculated intraperitoneally, with virus serially 
diluted ten-fold from 10-1 to 10-7, 

After treatment with a final concentration of 0-1 per 
cent sodium deoxycholate at 37° C for 1 h TP-94 lost 
4-1 lpg intracerebral LD» and J'P-123 2-3 log intra- 
cerebral LD, in titre. Treatment with a final concentra- 
tion of 0-05 per cent trypsin at 37° C for 1 h caused no 
significant loss of titre. 

On chromatography of suckling mouse brain material on 
brushite eolumns! haemagglutinin for goose cells was 
detected in the 0-025 molar fraction. Maximum comple- 


° 


Eleven of 
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“ment: fixing activity. was found in the oO: 025-0: 06 tibiae 
fractions, but large amounts were also found at 0-075 and — 


0:1 molar, Maximum infectivity was found over a broad | 
band from 0-3 to 0-5 molar. The haemagglutinin was 
unstable on storage but had a maximum titre of 1: 2560 
at 4° C and pH 6-7. Titres of 1: 320 were obtained at 
room temperature and pH 6-7, 70. A TP-94 mouse 
antiserum inhibited this haemagglutinin to a titre. 
5> 1 : 640 but not antigens of Langat, louping-ill, Japanese’ 
encephalitis, dengue-1, dengue-2, Tembusu, yellow fever, 
West Nile, Semliki Forest, or Chikungunya viruses. Anti- « 
sera against the same viruses with homologous titres. of | 
1:40-1:640 failed to show significant inhibition: of 
TP-94 antigen. TP-94 complement fixing antigen failed 
to fix significant amounts of complement with antisera to- 
Japanese encephalitis, West Nile, Langat, Chikungunya, : 
Oropouche or A21 (a mouse virus repeatedly isolated in” 
Kuala Lumpur) viruses. Cross comparison by complement 
fixation between 7'P-94 and TP-123 showed complete. 
identity. 

An antigenic relationship has been detected between this 
agent (strains T P-94 and T P-123) and Kaisodi virus?. By 
complement fixation test the relationship is illustrated by 
the following example: a mouse immune serum for 
T P--94 with a homologous titre of 1 : 256 has given a 1:8 
titre with Kaisodi antigen; conversely, a Kaisodi immune 
mouse serum with a homologous titre of 1: 512 gave a 
titre of 1:32 with TP-94 or TP-123 antigens. By: 
haemagglutinin inhibition, the overlap has been in- 
vestigated in only one direction because no active antigen 
has been obtained with Kaisodi virus; a Kaisodi antiserum 
with complement fixing antibodies to a titre of 1: 256, 
has inhibited 4-8 units of TP-94 antigen with a titre of 
1:80 or 1: 160. No other sera except Kaisodi and the 
homologous have thus far inhibited agglutination “by 
TP-94 or 123 antigens. 

The viruses were pathogenic only for suckling mice an: 
for adult mice inoculated intracerebrally. At least 5 log 
intracerebral DD,, of TP-94 given intraperitoneally to 
adult mice or intracerebrally to rabbits, guinea-pigs, 
hamsters or a monkey caused no significant symptoms...) 
Similar doses were given intravenously to hamsters and a 
monkey and to guinea-pigs intraperitoneally without 
symptoms. 

The Malayan Dermacentor ticks are being investigated by 


* Dr Harry Hoogstraal and Mr M. Nadchatram, who believe 


that there are two species, For the present they are 
referred to as the D. auratus group. Nymphs and larvae: 
of Dermacentor in Malaya are by far the commonest ticks 
on rodents, the adults being largely parasitic on the wild 
pig. Large numbers of adults have been collected by drags 
from forest vegetation. Adults have also been recorded | 
biting man. The highest infestation rates were recorded 
on the giant rats: Rattus mulleri (3 per cent with larvae, 
8-6 per cent with nymphs), R. sabanus (3-9 per cent: 
and 5:8 per cent), and R. bowersi (1-4 per cent and 1-4 per: 
cent). The largest number of ticks per animal were also. 
found on these species. This is probably an expression of 
their larger sweeping fronts than smaller rodent species, 
Nymphs and larvae were, however, also quite common'o 
tree shrews, squirrels and civets. Largely tree living rodents 
seem to be infested as readily as largely ground living 
species (Table 1)*. ; 
Sera collected from rats trapped in three forest reserves 
near Kuala Lumpur were tested for neutralizing antibody* 
Fresh guinea-pig serum as a source of accessory factor was 









Table 1, DISTRIBUTION OP Dermacentor LARVAE AND NYMPHS ON MALAYAN 


RODENTS 
Larvae Nymphs 
No. Average per No. Average | 
Species No, (percent) infested (percent) . infes 
examined infested animal infested pieste 
Ground rats 8,003 106 (1:3) 5-8 220 (2-7) 29 
Tree rats 40 3 (1-7) 1-7 6 (1°38) 25 
Squirrels 667 5 (0-7) 3-2 24.38) Ta 
(Callosciurus) 
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Table 2. TRSTS FOR NEUTRALUIING ANTIBODY IN MALAYAN RODENTS 


Ulu Bukit Lagong Bukit Total 
Langat F.R.: Kopong F.R. Lanjan F.R, Nos. 
IAS 0/18 oe 1/50 
O14 0/8 0/30 
0/5 0/2 ~ 0/7 
0/2 oft 0/19 0/22 
0/5 - =- 16 
2/8 o ~ 2/9 
= = 0/10 0/10 
-~ 0/8 18 
~ Š 0/2 0/2 





mitted because trouble with this has been experienced 
Lanjan virus. Only three of 143 sera were found 
© at the 5 per cent level of significance. This virus, 
er, is probably maintained in the Malayan forest by 
and Dermacentor ticks. 

thank the Institute of Medical Research, Kuala 
pur, of Inche Ali bin Mohd. Amin., for isolation of the 
wiruses, and Mr Lim Boo-Liat and Mr M. Nadchatram for 
the animal and tiek collections respectively. 
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RADIOBIOLOGY 


_Polyploidy in Human Leucocyte Cultures 
_ treated with Cysteamine and Irradiation 


Co ANINE (8-mercaptoethylamine) has a considerable 
radioprotective effect as measured both by survival of 
lethally irradiated animals! and by assay of the loss of 
reproductive integrity of irradiated human cells in tissue 
culture’. One effect of irradiation is to induce polyploidy 
in human leucocyte cultures stimulated by phytohaemag- 
glutinin'*. Cysteamine is one of several sulphydry! 
compounds which also induce polyploidy in such cul- 
%.7, This report describes experiments to determine 
whether the effects of irradiation and cysteamine in com- 
bination are competitive or additive. 

Peripheral blood leucocytes from healthy human donors 
were obtained by dextran sedimentation of fresh heparin- 
ized venous blood. One millilitre of plasma laden with 
leucocytes, 0-025 ml. phytohaemagglutinin, and tissue 
culture medium 199 with penicillin and streptomycin 
constituted the basic test culture. Cysteamine dissolved 
in tissue culture medium in a dosage of 1 x 10-* molar- 
4x10- molar final concentration was added to the 
cultures to adjust the volume to total 5 ml. in each 
‘sample. Additional cultures prepared from the same 
‘plasma sample were left untreated as controls, or treated 
with 200 or 400 r. X-irradiation, or with combinations 
‘of cysteamine and irradiation. X-irradiation of the 
cultures in 2 oz. glass prescription bottles was done using 
0:5 mm copper and 1 mm aluminium filters at a distance 
of 50 cm from a 250 kV X-ray machine. It consisted of 
-200 x. or 400 r. delivered at 83 r./min as measured by a 
reen chamber. The cultures were then incubated 
t 37° for 5 days. Colcemide 0:04 ug/ml. final concentra- 
tion was added 2 h before the end of culture. The cells 
-were then treated in hypotonic sodium citrate, fixed with 
acid and squashed in aceto-orcein. Metaphase mitoses 
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Table 1... POLYPLOIDY IN 5. DAY BUMAN LEUCOCYTE CULTURES 


Treatment : Series 1* 
Radia- Cyanin Total 
tion mitoses Per cent 
(r.) Galko counted polyploid 
Control cultures 
0 0 1,983 0-2 500 
0 0 79 0 500 
Cysteamine alone 
0 1 500 
0 2 137 0-7 117 
9 4 194 21 140 
Radiation slone 
200 0 3,286 500 
400 0 2,218 S. 3 500 
Combined treatment 
200 1 536 
400 1 500 
200 2 108 13-9 119 
400 2 288 313 5 
200 4 20 18-2 0 
400 4 0 _ 0 


* Blank space indicates no cultures. 


were examined microscopically for the determination o 
ploidy. 

Table 1 summarizes the results of two separate experi 
ments. In treated cultures, the percentage of cells whic 
contained tetraploid rather than diploid chromosom: 
numbers was greatly increased in comparison with controls 
As many as 57 per cent of the tetraploids in any give 
culture were endoreduplication figures with typical 
diplochromosomes leurs J). Also the combined treatment 
with cysteamine and X-rays usually resulted in higher 
percentages of polyploidy than the sum of percentages in 
cultures treated with either alone. This suggests that the 
combined treatment is at least additive, and may be 
synergistic. At the highest dosage combinations there 
appears to be a toxic effect, because in some cultures © 
there were no mitoses. Thus, with respect to the produc- 
tion of polyploidy in this system, cysteamine appears. to 
enhance the effect of irradiation rather than protect ; 
against it. ; 

Several sulphydryl compounds have been found ctoo 
produce polyploidy and endoreduplication in human: ; 
leucocytes stimulated by phytohaemagglutinin and =o 
cultured in viire*:?. Mercaptoethanol is thought to act .— 
by disturbing the spindle mechanism and cenériolar 
duplication without interfering with DNA synthesis. an 
chromosome replication, thus resulting in polyploidy"; 


Fig. 1. Tetraploid endoreduplication. 


eysteam ; : Cm : 
fashion". Irradiation also produces poly- 
ploidy and endoreduplication in such cultures 
in addition to producing fragmentation of 
chromosomes and abnormal chromosomes*-*. 
The action of cysteamine in affording 
radioprotection is not well understood’. 
The development of polyploidy may be a 
phenomenon common to both irradiation and 
radioprotective agents in general, and thus 
be irrelevant to the immediate survival of 
tissue culture cells or of irradiated animals 
protected by such compounds. It therefore 
becomes a factor of importance in the pro- 
posed usage of chromosome aberrations as 
- biological dosimeters®->, It may also be of 
“importance in considermg the use of radio- 
protective agents as adjunctive therapy 
along with massive therapeutic irradiation in view of the 
suggestion that previously irradiated tumours may become 
radiation resistant because of an increase in ploidy’. 
-This investigation was supported by a US Public 
Health Service grant from the National Cancer Institute. 
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GENETICS 


Population, Family and Biochemical 
Investigation of Human Adenylate Kinase 


Polymorphism 
Variants of human adenylate kinase (AK) ATP : AMP 
phosphotransferase (E.C.2.7.4.3) have been characterized 


on horizontal starch-gel electrophoresis by Fildes and 
Harrist, Three autosomally inherited isozyme forms were 
named AK 1, AK 2-1, and AK 2. The heterozygous form, 

_ AK 2-1, occurred in approximately 10 per cent of a 
‘British population. This communication describes a 
vertical starch-gel electrophoretic technique for AK; 
substantiates the genetics of AK 1, AK 2-1 and AK 2; 
characterizes a previously undescribed variant of AK; 
reports on AK in populations of Caucasians of European 
origin, Negroes of the United States, West Africans and 
Lacandén Mayans; and introduces some biochemical 
properties of the enzyme. 

The subjects in the United States were unrelated blood 
donors and employees of various institutions in Chicago. 
There were 1,315 Caucasians of European origin and 
1,063 Negroes. Blood was drawn in ACD solution. The 
vertical starch-gel electrophoretic apparatus of Boyer and 
Hiner? was used with modifications described by Bowman 
etal’, The stock buffer was 249 ml. of 0-5 molar potassium 
phosphete plus 50-4 ml. of 0-5 molar sodium phosphate. 
diluted to 1 1. with distilled water. The ionic strength of 


Ld 


Fig. 1. Starch-gel electrophoresis of variants of AK. The blood samples 
were electrophoresed in an eight slot gel and are from four subjects. 
Slots Land 5 contain AK1; slots 2 and 6, 
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AK 2-1; slots 8 and 7, AK 2; 
and AK 3-1 isin slots 4 and §. 


the buffer was 0-2 and the pH was 6-2. The stock buff 
was diluted 1:5 with distilled water, and the gel wa 
prepared according to Smithies’. Undiluted stock buffe: 
was used in the bridges. The preparation of haemolysate 
was as previously described’, with the exception that 
haemolysates were diluted with tris hydrochloric ack 
buffer, 0:05 molar, pH 7-5. Electrophoresis was at. ar 
output voltage of 150, 50 m.amp for 14-16 h at 2°-4°C 
The staining solution was 2x 10 molar adenosine 5’ 
diphosphate (ADP), 0:1 molar glucose, 0-4 rv/ml. o 
hexokinase, 13x10- molar nicotinamide adenine: di 
nucleotide phosphate (NADP), 0-4 1u/ml. of glucose-6 
phosphate dehydrogenase (G6PD), 0-2 mg/ml. of phenazini 
methosulphate (PMS), and 0-2 mg/ml. of nitro-blue-tetra 
zolium (NBT). Magnesium chloride (2 x 10-3 molar) anc 
2x10? molar potassium chloride and cyanide . were 
applied to the surface of the gel in ‘Bacto’ agar with 
10 mg/ml. of 0-05 molar tris-hydrochloric acid, pH: 7-6 
The gel was stained in the dark for 0-5-2 h at 25°C. 
Four variants of AK were noted (Fig. 1); all pattern: 
were cathodal to the origin, except one band of AK 3-1 
There were no differences between the patterns of AK 
from erythrocytes and leucocytes. Various buffers wert 
tried in a pH range of 6-0 to 8-6. In the pH range betweer 
6-8 and 82, the AK 1 band was confined to the origin 
For pH 8-2-8-6 the AK bands migrated towards the anode 
but delineation of variants was difficult. The explanatior 
why our system does not show the multiple bands © 
Fildes and Harris! must rest on further characterizatior 
of the enzyme. The distinctive phenotypes of AK ar 
substantiated by the pedigree. In our system, multiph 
bands were observed in the anodal position if. the 
staining reaction was prolonged or if the concentration o 
haemoglobin was between 4 and 8 g/100 ml. These ext: 
bands were in the position of glucose-6-phosphate d 
hydrogenase (G6PD) and phosphogluconate dehydrogen 
(PGD); thus these bands may represent secondary stainin 
of these enzymes. Furthermore, multiple bands. were 
not seen after adenylate kinase was separated 
G6PD and PGD in the haemolysates by gel filtration, 
Results of the survey in Chicago are recorded in Tabl 
There were marked differences in frequency betweer 
variants of AK in these two populations with the possi 
exception of the rare AK? gene. Unfortunately, altho; 
it is likely that AK 3~1 represents the heterozygous forn 
of a third allele at the AK locus, family investigation: 
were not possible on either of the AK 3-1 propositi 
The difference in frequency between AK 2-1 in Cau 
casians (9 per cent) and in Negroes (1 per cent) has un 
expected implications. Previous work®* indicated ¢ 
Caucasian gene flow into the American Negro of 25-30 pei 
cent, but if one assumes on the basis of the low frequency 
of AK? in the American Negro that AK? is very rare tc 
absent in West Africans, then, using the calculations 
Glass and Li‘, only 13 per cent intermixture on the basis 
AK? was found. In order to test our findings, a survey 
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ox arnemos OF BTAROH-GEL ELECTROPHORETIC VARIANTS OF ADENYLATE KINASE. in THE UNITED STATHS 


ae Caucasians of European origin ; American Ne roen AE 
“Males Females Total Males emalen Total 
Gur 82 1,198 1,024 25 Ss 1,040 
"106 12 118 i 2 one | 
2 1 3 0 9 sense 
1 0 1 1 9 Bere tat 
1,220 95 1,315 1,036 27 1,063 
Estimated gene frequencies ii 
Caucasians of European origin American Nepross $ 
AKL AK 2-1 AK 2 AK 8-1 Total AK 1 AK 2-1 K2 AK 3-1 Total : 
E 193 118 3 1 1,315 1,049 13 0 1 1,063. 
193-0 1186 20 09 1,049-0 12-0 0 LO 3 
ario 85247 AK) =0-99841, 
AK? = OO04715 AK? = 0-00611 
AK = 0-00038 AK = 000047 
Expected frequency of 4 K*/.4 K*, 0-00222. Expected frequency of 4K*/A K?, 000004. 










t Africa was made for adenylate kinase and other red AK 2-1. This family excludes X-linked inheritang 
enzymes. Details of these investigations will be there is father-to-son transmission of AK? 
ished elsewhere; however, for this discussion, electro- Activity of adenylate kinase was assayed in vitr 
resis of 800 samples from unrelated subjects of various haemolysates and in partially purified fractions; 2 
_ tribes in Ghana and in Nigeria showed only AK 1. There ATP+AMP. For the forward reaction ATP fol ic 
aro several possible explanations for the gene flow differ- was coupled to hexokinase and G6PD, and the appearar 
calculated from these data and those of other of NADPH in the presence of glucose, magnesium. chl 
tigations. (1) Previous reports compared Caucasians, NADP, excess hexokinase and G6PD was followed sp 
rican Negroes and only the Yoruba of Nigeria; photometrically. For the reverse reaction, ADP. forma 
‘ever, slaves were selected from many tribes other was detected by coupling to pyruvate kinase and lacta ae 
than the Yoruba’. (2) The calculations of Glass and Liè dehydrogenase, and the oxidation of NADH was followed 
were based on ten generations of interbreeding; but the in the presence of phosphoenolpyruvate, potassium —— 
first slaves were brought to the mainland of North America chloride, partially purified erythrocytic pyruvate kinase — 

‘seventeenth century and the slave trade continued fraction and lactate dehydrogenase. AK 1 and AK 2 
o Americas well into the nineteenth century; further- haemolysates were partially purified by gel filtration 
ore, many slaves were brought to the Caribbean Islands through columns packed with ‘Sephadex G-200' and — 
nd other parts of the Americas in the sixteenth century calibrated® with proteins of known molecular weights. k 

d later shipped to the United States’. (3) The rarity of The adenylate kinase activities formed a peak in the 
AK? in West Africa may provide a more precise means fractions following haemoglobin, and pyruvate kinase 
for estimating intermixture than that provided by Eh? activities formed a peak preceding haemoglobin. Only 
_ (eDe)* or other genes which vary in frequency throughout fractions containing adenylate kinase activity detectable ; 
ost Africa. by assay revealed zones of activity after electrophoresis 
Examination of 150 subjects from inbred Lacandén and staining. Artificial mixtures of purified AK 1 and = 
: M an families showed all to be AK 1; this survey was AK 2 fractions gave an electrophoretic pattern indis- 
_ informative, because in these families there were no tinguishable from that of type AK 2-1. The- elution < _ 
exceptions to AK Ix AK 1=AK 1. These results do not volumes of human erythrocytic AK 1 and AK 2 were 
_ necessarily indicate absence of AK? or AK* or other alleles indistinguishable. This indicates a close similarity in 
_ in Amerindians, for the rarer alleles could have been lost their molecular weight, estimated to be 24,000 from the 
_ through genetic drift in the Lacandones. The Lacandén calibrated columns. ES 
- blood samples were obtained by one of us (J. E. B.) Since this paper was submitted for publication a fourth ‘ 
separate from the surveys of the previous report’; this variant (AK 4-1) has been found. It was characterized by 
/ was made possible by Professor A. L. de Garay and the a single band in the AK 1 location and another band 
isi6n Nacional de Energia Nuclear, Mexico. approximately half-way between the AK 1 and AK 2- 
The -pedigree (Fig. 2) indicates that the adenylate position. Ifthe AK? and AK‘ loci are confirmed geneti o 
patterns are compatible with autosomal co- ally, then the patternsof ten phenotypes are easily predict- 

: ance. The mating (AK 2-1 x AK 2-1) of the parents able by this technique of starch-gel electrophoresis... 
f ‘the propositus of Fig. 1 with offspring AK 1, AK 2-1 We thank Judy Krol, Irene Yachnin, Evelyn Wester- 
AK 2 has not been previously described and is mann, Michi Ischida and Winfred Bowen for technical | 
ditional evidence of the mode of inheritance of AK. assistance. We also thank the Michael Reese Research 
binations reported by Fildes and Harris! are also Foundation, Interstate Blood Center and Beverly Blood — 
onfirmed. Additionally, one AK 2-1 (male) x AK 1 (female) Center for the samples from Chicago. This work was | 
g from another family showed the only son to be supported by US Public Health Service grants, by a 
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Fig. 2. Pedigree of Caucasian family of European origin illustrating inheritance of starch-gel electrophoretic patterns of AK.: 


e 





2 


1158 


US Army contract and by a grant under the Mutual 
Educational and Cultural Exchange Act. 


James E, BOWMAN 
HENRI FRISCHER 
Franco AJMAR 

Pact E. Carson 
Mirrtam Kann Gower 


Section on Genetics and International Health, 
Department of Medicine and 

Department of Pathology, 

University of Chicago. 


Received September 23, 1966; revised April 4, 1967. 


1 Fildes, R. A., and Harris, H., Nature, 209, 261 (1966). 

* Boyer, 8. H., and Hiner, R. 8., J. Lab. Clin. Med., 61, 879 (1963). 

* Bowman, J. E., Carson, P. B., Frischer, H., and de Garay, A. L., Nature, 
210, 811 (1966). 

‘Smithies, O., Biochem, J., 71, 585 (1959). 

+ Glass, H. B., and Li, C. C., Amer. J. Hum. Genet., 8, 1 (1953). 

* Steinberg, A. G., Stauffer, R., and Boyer, 8. H., Nature, 188, 169 (1960). 

* Boyer, 8. H., Science, 184, 1002 (1961). 

* Porter, I. H., Boyer, 8. H., Watson-Williams, B. J., Adam, A., Szeinberg. 
A., and Siniscalco, M., Lancet, i, 895 (1964). 

* Wiedner, D. L., A History of Africa South of the Sahara, 578 (Random House. 
New York, 1962). 

10 Mourant, A. E., The Distribution of the Human Blood Groups, 438 (Blackwell 
Scientific Publications, Oxford, 1954). 


“ Levy, R. H., Raineri, R. R., and Nevaldine, B. H.. J. Biol. Chem., 241. 
2181 (1986). 


CYTOLOGY 


Chloroplast Fibrils linking the 
Photosynthetic Lamellae 


Various fibrillar systems have been demonstrated in 
recent years in chloroplasts but all were limited to stroma 
regions or to pyrenoids of plastids. Ris and Plaut! found 
25 A microfibrils in areas of Chlamydomonas chloroplasts 
which resemble nucleoplasms of bacteria and blue-green 
algae and which correspond to DNA macromolecules with 
respect to their location, morphology, and sensitivity to 
DNase digestion. Gunning? confirmed these results in 
an investigation of Avena plastids fixed with glutaralde- 
hyde osmium tetroxide and revealed also areas of 
aggregated fibrils, each 86 A in diameter, which he 
named ‘‘stromacenters”. The dense matrix material of 
pyrenoids in green algae consists mainly of tightly 
packed fibrils approximately 60 A in diameter accord- 
ing to Gibbs‘. 

Using the freeze-etching technique developed by Moor 
et al.* and Moor and Muehlethaler® in an investigation of 
Chlorella cells, Staehelin’? showed that fibrils 40 A in 
diameter lead from the plasmalemma through the ground 
eytoplasm into the chloroplast. Similar fibrils have now 
been demonstrated with the same method in the chloro- 
plast of Cyanidium caldarium, a thermophilic, acidophilic 
alga (supplied by the Cambridge Algae Collection). Fig. 1 
shows the chloroplast of a Cyanidium cell frozen in a 20 
per cent glycerol solution. It is surrounded by a closely 
appressed pair of membranes and contains in the granular 
matrix up to twelve single thylakoids with a very regular 
spacing, and small lipid droplets. No pyrenoid or starch 
granules are present. In oblique sections of chloroplasts, 
fibrils approximately 40 A in diameter linking the lamellae 
are easily recognized (Fig. 2). They can also be demon- 
strated in the lumen of thylakoids (Fig. 3) when these are 
slightly swollen because of various effects which occur by 
freeting the cells without previous infiltration with 20 
per cent glycerol. These 40 A fibrils connect the single 
regularly spaced thylakoids not only to each other but also 
to theesurrounding chloroplast double membrane, and so 
it is concluded that they play a part in maintaining the 
highly cSmplex structure of chloroplasts. These fibrils 
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Fig. 1. Cross-sectioned chloroplast of Cyanidium caldarium showing the 
very regular spacing of the thylakoids (T). CM, Chloroplast double 
membrane; L, lipid droplet; CW, cell wall; and GC, ground cytoplasm., 


( x 30,000.) 


Fig. 2. Oblique section through a chloroplast. The surface of the thyla- 

koid membranes (T) is covered with particles. Fibrils 40 A in diameter 

(arrows) link the thylakoids together. CM, Chloroplast double mem- 
brane. (x 60,000.) 


Fig. 3, Cross-sectioned chloroplast of a Cyanidium cell frozen without 

previous infiltration with 20 per cent glycerol as freezing agent. In the 

lumen of the swollen thylakoids (T) fibrils (arrows) can be seen. CM. 
Chloroplast double membrane. t x 65,600.) 


have not been shown yet in chemically fixed material, 
so that we are not able to say from their staining proper- 
ties if they are protein or polysaccharide. 
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Barrier around Synovial Cells in vitro 


In the course of experiments designed to study the 
interaction of lymphocytes with synovial cells grown in 
vitro’, we have found an optically clear zone beyond the 
cytoplasm of the synovial cells which appears to prevent 
‘contact between the two types of cell. This zone (Fig. 1) 
may extend laterally at least 20u beyond the cell borders, 
and, judging from the appearances after a denser inoculum 
of blood cells, also extends in the vertical plane. The 
barrier can be more conveniently demonstrated with 
washed red blood cells. It is generated within a few hours 
of the attachment and spreading of synovial cells from a 
trypsin-dispersed cell suspension in culture medium, and 
persists at least 5 days. The zone has also been shown by 
adding a suspension of indian ink or molybdenum 
disulphide (average particle size 0-5u.), but within 12-20 h 
these substances pass through and appear within the 
coll boundaries. The phenomenon has consistently been 
found in several strains of human synovial cells isolated 
in this- laboratory, but has been much less pronounced in 
a strain of human embryonic fibroblasts. Preliminary 
studies with bacterial hyaluronidase suggest that the 
-barrier is largely composed of hyaluronic acid (Fig. 2). 

Direct contact appears to be essential for the demon- 
stration of specific reactions between tissue cells and 
sensitized lymphocytes*-*. The intensity of these reactions 
has been attributed to the proportion of immunologically 
competent lymphocytes" and to the antigenic pattern of 
the target cell®. It would appear that the pericellular 
-7one might, in some cell strains at least, provide a further 
important determinant of such reactions. 





Fig.l. Replicate culture of synovial cells inoculated with a suspension 


of washed human red blood cells (group 0). 





Fig. 2. Asin Fig. 1, but the culture was treated with bacterial 
hyaluronidase (10 1.8.U./ml.). 
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Gene Activity dependent on Chromosome 
Synapsis in the Polytene Chromosomes of 
Drosophila melanogaster 


One of the more intensively studied phenomena used'in 
investigating the control of gene activity in higher organ- | 
isms is the “puffing” of the polytene chromosomes of 
Diptera, a phenomenon which has been shown to be an: 
expression of gene activity’. The changing pattern of 
puffs during larval and prepupal development in Charono- 
mus and Drosophila is influenced, to a certain extent, by 
the hormone ecdysone??. There is evidence that the effect 
of this hormone is indirect, acting by way of a control 
of the ionic composition of the cell and nuclear sap**. 
Genetically determined variation in puffing activity has 
been analysed in only a few instances’~*. I have recently 
found in Drosophila melanogaster that the laboratory 
“wild”? stock Oregon-R and Thoday’s selection line vg6. 
differ in some aspects of their pattern of puffing activity 
during the late third instar larval and prepupal periods. 
One aspect of these differences is that in vg6 I find a puff 
at 64C (notation of P. N. Bridges**) on the left arm of the. 
third chromosome, whereas a puff at this location has 
never been found in the Oregon stock, nor in a number 
of other wild and laboratory stocks examined. Neither 
is it found in the Berkeley wild stock of the sibling species 
of D. simulans. 
In the Fl hybrid between Oregon and vg6 the puff at 
64C can be seen on both the homologous chromosomes: 
when there is full synapsis at this region, but on only” 
one of the homologues when there is asynapsis. The size 
of the puff in synapsed hybrids is never as large as that 
seen in the vg6 parent stock. The frequency of asynapsis: 
in these F1 animals is very low (it was only seen about 
ten times in many hundred nuclei examined). The Payne 
inversion covers the relevant region of chromosome 3 
and in order to extend the evidence use was made of the 
considerable asynapsis that occurs in the inversion 
heterozygotes. In Oregon/Payne Fl larvae no puff. at 
64C was ever found, regardless of the synaptic condition 
of the homologous polytene chromosomes (Figs. 1 and 2). 
In the vg6/Payne Fl, however, both homologues wera 
puffed when they were synapsed (Fig. 4), but only the 
homologue from the vg6 parent (that is, the homologue 
showing a standard banding sequence) puffed when the 
homologues were unpaired over the critical region (Fig. 3). 
This situation is quite unlike that found by other 
workers!!- in puff heterozygotes in chironomids and 
Sciara. These authors found, in such heterozygotes, 
that only one of the homologous polytene chromosomes 
was puffed at a particular locus, despite complete chromo- 
some synapsis. On the other hand, Mechelke'* has 
described two strains of Acricotopus lucidus only ®ne of 
which has a particular Balbiani ring. In the hetgrozygote 
between them a small puff is found, which is continuous 
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across both the homologous chromosomes when: there. is 
synapsis. In this example there is no information about 
the puffing of the two homologous chromosomes when they 
are asynapsed. 

Two types of hypothesis can be put forward to explain 
the mode of puffing observed at 640 in Drosophila: 
(1) In the first hypothesis it may be suggested that this 
region is synthetically active in only the vg6 chromosome 
and that transcription of RNA does not take place at this 
site in the partner (Oregon or Payne) chromosome. When 
synapsis is complete, however, diffusion of the immediate 
gene product of the 64C gene on the vg6 chromosome may 
take place across the width of the chromosome leading to 
a swelling or “puffing” of the partner chromosome. 
This would give the erroneous impression that RNA 
synthesis is taking place on both homologues. 

Beermann”’ is of the opinion that the genetic material 
at a puff is organized into two distinct types of segment— 





Figs. land 2. Salivary gland chromosomes from Oregon/Payne hybrids 
showing the absence of a puff at 64C when synapsed (Fig. 1) or asynapsed 
o (Fig. 2). O, Oregon homologue; P, Payne homologue. 


Figs. 3 and 4, Salivary gland chromosomes from vg6/Payne hybrids 
showing® puff at 64C only on the vg6 homologue when asynapsed 
(Fig. 3) but a puff on both homologues when synapsed (Fig. 4). 


e 
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the “P” segment from which the mRNA“ is transcribed 
and an adjacent “N P” segment which is not transeribed. 
The RNA from the “P” segment is, on synthesis, released 
from this segment and binds to the “NP” segment before 
being transported from the chromosome. Beermann 
(personal communication) has suggested that if the 
Oregon and Payne chromosomes were inactive at the 
“P” site then their “NP” segments may still be able to 
pick up RNA molecules from the (transcribed) “P” 
segment of a closely associated vg6 chromosome. The 
observation that the 64C puff in synapsed heterozygotes 
is always smaller than in the vg6 parent is consistent with 
this idea. Both the “passive” diffusion and the “active” 
binding of the RNA from the 64C gene of the vg6 chromo- 
some presumably could not or would not oceur across 
the nuclear sap separating asynapsed homologues. 

(2) In the second, alternative hypothesis, one might 
suggest that RNA transcription does occur at the 640 
region of both the Oregon, or Payne, chromosome and the 
vg6 chromosome, but only when synapsis is complete. This 
would mean that the puffing activity of the 640 region 
of the Oregon or Payne chromosomes is controlled by some 
product of the vg6 chromosome which can diffuse across 
the chromosome when synapsis is complete, but cannot 
diffuse across the nuclear sap when pairing fails. 

These observations could be explained if puffing at 
the 64C “structural gene” region is controlled by the 
product of an adjacent regulating gene. This product 
would have to be incapable of traversing the nuclear sap, 
so that its action was chromosome limited. The vg6 
chromosome would possess both the structural gene and 
the regulating gene while the two stocks tested would have 
a non-functional regulating gene and a functional strue- 
tural gene. 

The available results do not enable one to distinguish 
between these two hypotheses. On either hypothesis 
one could predict that a second class of mutant lacking 
puffing activity at 64C should occur—that is, stocks 
lacking puffing activity at 64C which form a heterozygous 
puff of the chironomid type™-? irrespective of the synaptic 
state of the homologues. On the first hypothesis these 
would be mutant for the “N P” segment and on the second 
hypothesis they would be mutant for the structural site 
for the 64C puff. 

Lewis"! has described a formally analogous situation in 
the bithorax system of D. melanogaster. His transvection 
effect appears to be another example of a situation in 
which the activity of genes on different, but homologous, 
chromosomes is influenced by the degree of synapsis 
between the chromosomes. 

I thank the Science Research Council for financial 
support during part of this investigation and Professor 
J. M. Thoday and Dr S. A. Henderson for criticizing the 
manuscript. 
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Evolution of Eucaryotic Cells 


Kr seems generally accepted that the eucaryotic cellular 
orm (that is, cells with developed nuclei) has developed 
“rom procaryotic forms, Stanier’ suggested that this 
Eranio may have taken place in the blue-green algae, 
cause these have the same photosynthetic mechanism 

as do other algae and higher plants. 

Tt often seems to be taken for granted that the transition 
Mook place in such a way that one procaryotio cell has 
developed into a eucaryotic one. It may, however, be just 
sas fruitful to discuss the possibility that one eucaryotic 
«cell has evolved from æ number of procaryotio cells, 
wfor example, that it originates from something like a 
scoenocytic relationship (that is, a relationship in which 
athe cells are brought into contact without imtervening 
«cell walis) between procaryotic cells. 

Fig. 1 gives an outlme of this idea. The first step would 
be the establishment of a coenocytic relationship between 
anaerobic procaryotes, most probably of a single species. 
The DNA from the individual cella must be expected to 
accumulate in the centre of the compound cell, and may 
also form concatenates. The success of the cell at this 
stage would depend to a large extent on how efficiently 
the DNA can be distributed to the daughter cella when the 
cell is dividing. One can imagine the development of a 
primitive mitotic mechanism, perhaps based on the same 
principles that apply to the distribution of DNA in con- 
nexion with the division of the procaryotic cells. The 
development of a nuclear membrane from the endoplas- 
matio reticulum would seem to be a logical next step, 
as the mitotic process develops further. The resulting 
cell would be an anaerobic eucaryote. 

With oxygen in the atmosphere (presumably from 
photosynthetic blue-green algae), aerobic procaryotes 
must have developed. We can then assume that some 
of the anaerobic eucaryotes established an endocellular 
symbiotic relationship with aerobic procaryotes. Such a 
symbiosis would certainly give them an evolutionary 
advantage over the anaerobic forms. During further 
evolution, the aerobic partner must necessarily have lost 
a great part of its autonomy. On a molecular basis, the 
loss of autonomy must mean a loss of DNA. This DNA 
may have become incorporated into the nuclear DNA, 
giving the eucaryotic cell a still better control over its 
aerobio partner. The final step in this evolutionary 
process would be the development of mitochondria as 
we know them from eucaryotic cells today. 

The aerobic eucaryotic cell produced in this way could 
enter a new symbiotic relationship, this time with blue- 
green algae of a primitive kind. The symbiotio relation- 


Pig. 1. 


Suggested evolutionary development of a eucaryotlo phi 
small arrows within the cells indicate transfer of genetic material to the nucleus. See text tor further details. 
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ship with blue-green algae must have developed along 
the same lines as the previous relationship, so that the 
photosynthetic partner must have lost a great part of its 
autonomy and DNA, to appear as the chloroplasts we 
know from eucaryotic algae and higher plants today. 

An evolutionary line such as is suggested here can hardly 
be proved, although DNA/RNA hybridization experi- 
ments between blue-green algae and the chloroplasts 
of other algae, perhaps primitive Rhodophyceae, might 
give some information. The evolutionary advantage 
of the development of a eucaryotic cell like the one 
indicated here would be that it contained more DNA. In 
the beginning this would probably only mean the same 
information repeated several times, but mutations could 
give the basis for more information. 

A further logical conclusion is that the eucaryotic cell 
which developed would take its genetic material mainly 
from the procaryotio forms making up the coenocytic 
system. Such coenosytic systems may have developed 
a number of times, from different procaryotic forms. 
Present-day eucaryotic organisms do not necessarily, 
therefore, have to be developed from one original species. 
This might even explain some of the rather puzzling 
parallels that exist between groups of procaryotic and 
eucaryotic organisms. 

JOSTEIN GoKSexR 
Institute for General Microbiology, 
University of Bergen, 
Bergen, Norway. 
Received March 18, 1067. 


1Stamer, R., Y., ın Ths Bacteria (edit. by Gunsalus, I. C., and Stanier, R. Y.), 
5, 445 (London, 1964). 


PATHOLOGY 


Normal Human Serum Fluoride Concentrations 


Taves! has indicated that our method? for estimation of 
serum fluoride content based on diffusion of hydrogen 
fluoride gives results which are about ten times too large, 
but our values? of human plasma fluoride content, which 
he quotes, were not obtained by the diffusion method but 
by an entirely different procedure‘ which requires ashing 
of the sample with magnesium oxide followed by separation 
of the fluoride by distillation from perchloric acid. The 
agreement of the results for fluoride analyses of urine, 
bovine plasma, dentine, liver and muscle obtained by the 
two procedures!, which are quite different in principle, 
furnishes mutual support of the reliability and accuracy of 
both methods. Nevertheless, we have carried out further 


otosynthetic cell from. p. tic forms. The 


1162 


experiments, some of which are like those reported by 
Taves, and our evidence is that both of our methods give 
results for plasma fluoride content which are not markedly 
in error. 

Taves? found fusion of the receiver contents, derived 
from one sample of serum by diffusion carried out by our 
procedure (3 normal perchloric acid to sodium hydroxide 
at 60° C), caused the loss of 90 per cent of its apparent 
fluoride. He suggests that our diffusion procedure allows 
the collection from serum of a non-fluoride heat labile 
substance which behaves as fluoride in the analysis of the 
receiver contents presumably by the quenching of fluores- 
cence of a thorium-morin complex. Our results do not 
uniformly reveal a significant effect of fusion (with sodium 
hydroxide) on the resulte of fluoride analyses of serum or 
muscle when the diffusions are carried out for periods 
limited to 22 h, and analysed colorimetrically. For 
example, six samples from a bulk human serum sample 
analysed directly by diffusion without fusion gave a mean 
result of 0-14 ppm. + 0-028 (standard deviation) 
fluoride compared with a mean fluoride content of 0-11 + 
0-017 (standard deviation) p.p.m. for six other samples 
which were fused. Four analyses of a bulk sample of rat 
plasma gave a mean result of 0-10 p.p.m. of fluoride 
(0-10-0-11 p.p.m.) before fusion and 0°10 + 0-008 (standard 
deviation) p.p.m. of fluoride in six trials after fusion. Rat 
muscle on direct analysis had a mean fluoride content of 
0-16 p.p.m. (0:15-0:17 p.p.m.; four analyses) and, after 
fusion, a mean of 0-13 p.p.m. of fluoride (0:12-0:16 p.p.m. ; 
three analyses). Prolongation of the diffusion period to 
44 h and 66 h will give an enhanced apparent fluoride 
content of serum and muscle. Fusion of the latter receiver 
contents reduced their measured fluoride contents to 
agree with the results obtained in direct analysis and with 
those of fusion of 22 h diffusion runs. Our method’ based 
on diffusion of hydrogen fluoride specified a 22 h diffusion 
period. 

In order to obtem further evidence of the fluonde 
content of serum, we have obtained preliminary results 
by chromatography’, by a method which is entirely 
different in principle from those referred to above. The 
procedure, designed for analysis of urine, ia being adapted 
to the determination of fluoride in serum. Consistent 
recoveries of fluoride added to serum (70 per cent to 100 
per cent) have not yet been obtained, but the results for 
the native fluoride of serum are not ten times smaller 
than those obtained with our other two methods. The 
results with the firat human serum referred to above were 
0-07 and 0-08 p.p.m. of fluoride and with the rat plasma 
were 0:06, 0-10 and 0:11 p.p.m. of fluoride. 

Taves also believes that the ratios of radiofluoride 
(fluorine-18) in the urine and plasma, from orally ad- 
ministered radioisotope of two human subjects reported‘ 
by this laboratory, indicate that our values of serum 
fluoride content are “in error by a factor of approximately 
ten”. He calculates, from the fluorine-18 (pring) : fluorine- 
18(p1asma)) and the fluoride content of the subjects’ 
plasma (0-13 p.p.m.), that the urine fluoride content 
would reach a concentration of 15 p.p.m.; he therefore 
rejects the plasma fluoride value. To reach this con- 
clusion he selected. the two much increased values (118-3 
and 111-0) of the ratio from a total of thirty-three periods 
of renal clearance. The subject who exhibited the two 
very large values for the ratio had a mean value of the 
ratio, for all twenty periods of clearance, of 24:7. The two 
very large values of the ratio were obtained late in the 
investigation (as the sixteenth and seventeenth periods) 
when the rate of urine output was very low following 
earlier periods of brisk diuresis induced by drinking water. 
Thé two aberrantly elevated ratios for urine to plasma 
may reflect some special circumstance which allows 
mixing of urine with a large content of radiofluoride, 
formed in one period, with that of a later period, or which 
produceg an unusually concentrated urine, as the creatinme 
contents indicated to be the case with the two aberrant 
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specimens. Some of these effects, causing an elevation o 
the measured value of the ratio, would be pronounces 
when the urine specimen has a small volume. The bess 
procedure for calculating the probable fluoride content o 
the urine 1s to use all the results obtained. The caloulatec 
content of fluoride ın the urine for one subject (C.H.C.) or 
this basis ıs 3-2 p.p.m. The mean of all values of thr 
weighted (for urine volumes) ratios 18 13:2 which indicates 
an average urine fluoride content of 1-7 p.p.m. The urme 
of the other subject (W.D.A.) is caloulated in the same 
way to have contained an average of 3-4 p.p.m. of fluonde 
These values are within, or near, the range (3 p.p.m.} 
which Taves indicated would be the expected concentra 
tions of fluoride in the urine. They therefore do not 
support a conclusion that the determined plasma fluoride 
concentrations were ten times too great. 

This work was supported by a grant from the US 
National Institute of Dental Research. 
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Natural Dissecting Aneurysm (Aortic 
Rupture) and Blood Pressure in the Turkey 


AOBTIO rupture in thedomesticturkey, Meleagris gallopavo, 
occurs as a sporadic, spontaneous, fatal haemorrhage with 
flock mortality as high as 20 per cent. Many attempts have 
been made to elucidate the aetiology of this syndrome. 

Birds which succumb usually have a longitudinal rent 
in the ventral wall of the abdomunal aorta in the region of 
the kidneys. The presence of atheromatous plaques at 
the site of rupture have been implicated in weakening of 
the vascular wall’, although ruptures have been found in 
the absence of such plaques’. 

The arterial blood pressure of the turkey is high among 
vertebrates and a peculiar rapid increase is observed 
during the growing period®*. It has been hypothesized 
that aortic rupture results from a weakened aorta and/or 
high blood pressure. 

It is paradoxical that diethylstilboestrol (DES) above 
physiological levels reduces blood pressure and increases 
the incidence of aortic rupture*. Two-thirds of the birds 
which died of rupture, however, had blood pressure 
greater than the mean within their respective groups. 

High and low blood pressure lines of chickens have been 
developed. by selection with heritability estimates of 0-25 
and 0-28 (ref. 5). When high blood pressure has an agsocia- 
tion with aortic rupture, divergent hypertensive and 
hypotensive strains of turkeys would be useful for in- 
vestigation of the aetiology of this syndrome. 

We have been investigating strain and blood pressure 
differences and the incidence of natural aortic rupture. 
Systolic blood pressures were measured by the indirect 
method‘. Within each of strains A, B, and C (Broad 
White turkeys), selections were made for high and low 
blood pressure lines based on blood pressure measurements 
of the turkeys before the breeding season. 

In the P, generation, strain A had a significantly lower 
blood pressure than strains B and C (Table 1). In the F, 
generation 29-0 per cent, 16:3 per cent, and 12-8 per cent 
differences were observed between high and low blood 
pressure lines of strains A, B, and C, respectively. Strain 
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Table 1. SYSTOLIC BLOOD PRESSURW DATA FOR MALM TUREKHYB 


F, Fs 
Strain P, high low high low 


A 228 (111) ast viet 198 (51 278 (181) 214 (108 

B 248 ain 52, 286 (106) 246 (114 
345 48) zis 40, AE 106) 242 (108 
284 234 


Sdsgactiocian te worta cin ermine. sain 
at 16 weeks and in Fii and F,  eoneratlong at 8 weeks of age. 


pane in 
bracketa indicate numbe re of birds in each group. 


Table 2, MORTALITY OF MALE TURKWYS DUE TO INTRRNAY, HAHMORRHAGR 


High blood Low blood 
Generation* preenue eee 
8 
F (per e ti (per cent) 
‘Strain A 577 0-00 
Strain B 8-00 3:85 
Strain O 11-86 2-04 
F Mean 87 2-0 
Stram A 11-21 0.60 
Stram B 12-10 1-08 
Strain C 0-76 400 
Mean 110 18 
Moan F, and F, 10-6 18 


* Number of birds in each paperation are: F, high line, 161; low line, 152; 
P, high line, 544; low line, 


differences tended to disappear with selection for high 
blood pressure, but persisted in the low lines. 

In P, and F, generations mortality from aortic rupture 
was less in strain A than in strains B and C (Table 2, 
P, data not shown). In the F, and F, generations, 5-6 
per cent and 6-4 per cent of the male population succumbed, 
to natural aortic rupture. Of these, 82 per cent and 86 per 
cent of the birds were from groups selected for high blood 
pressure, respectively. 

These results suggest a positive association between 
blood pressure and incidence of sortic rupture. The 
apparent heritability of blood pressure suggests that 
genetic selection will provide valuable experimental 
material for the investigation of blood pressure and 
associated vascular problems. Selective breeding could 
also be a means of minimizing or eliminating the aortic 
rupture incidence in turkeys. 

This work was supported by a grant from the National 
Heart Institute, US Public Health Service. 
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AGRICULTURE 


Aphelenchoides bicaudatus, a Parasite of 
Cultivated Mushroom 


Aphelenchoides bicaudatus (Imamura) Fil. and Sch. Stek. 
is a widely distributed nematode which inhabits the soil. 
It has been reported in Japan}, in India’, in Venezuela? 
and in Queensland‘, Australia. Colbran‘ reported that 
it reproduced on fungal cultures. A survey showed that 
A. bicaudatus occurs widely in soil in New South Wales. 
It was found also in mushroom beds in two of fifty-two 
samples examined, but the numbers present were low, 
less than 50/g of compost. 
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In June 1965, A. bicaudatue was found as a contaminant 
in platings on potato dextrose agar (PDA) of pieces of 
grape root which had yielded the fungus Phytophthora 
cinnamomt Rands. Ten eelworms from one of these 
plates were surface sterilized in 0-5 per cent w/v hibitane 
digluconate and placed on a culture of Agaricus bisporus 
(Lange) Singer (cultivated mushroom) grown on PDA 
in a Petri dish 9 cm in diameter. After 3 weeks at 24° C 
damage to the culture was apparent, and numerous A. 
bicaudatus were present in all stages of development 
feeding on the mycelium. A similar culture on A. bisporus 
yielded 23,800 nematodes when extracted in a Baermann 
funnel. Populations of the nematode have been main- 
tained on cultures of A. bisporus. No male nematodes 
have been seen during this work. 

Experiments were carried out to compare the effects on 
cropping of mushroom beds of infestations of A. bicaudatus 
and of a known pest of mushroom, 4. composttcola Frank- 
lin. In the first experiment mushrooms were grown in 
plant pots containing 300 g of “peak heated” (pasteurized) 
compost. The nematode inoculations were replicated in 
six randomized blocks of 5 in. plastic pots and four of 
6 in. terracotta pots. After spawning, pots were held at 
21° C for 10 days, then the compost was covered (cased) 
with 200 g of a mixture of equal parts by weight of peat 
and agricultural lime and held at 18° C. Nine nematodes, 
from cultures on A. bisporus, were transferred to each pot 
at the time of covering (casing). Sporophores were 
picked for 12 weeks, starting 3 weeks after casing. 
The number of nematodes was estimated at intervals of 
2 weeks by taking a sample of 5 g of compost from a pot 
and extracting the nematodes from it for 24 h in a Baer- 
mann funnel. 

The numbers of A. bicaudatus reached a maximum of 
1-4x 109/100 g of compost 11 weeks after introduction 
and then declined. The numbers of A. composticola 
reached a peak of 6-0x 10/100 g of compost after 7-9 
weeks. Mycelium disappeared from the inoculated pots 
and the compost in them became wet. 

Error mean squares, obtained by separate analyses of 
variance on the yields of sporophores for each kind of pot, 
were compared and found to be not significantly different. 
The yields were therefore combined in a single analysis of 
variance. The mean yields of the treatments, based on 
the combined results, are shown ın Table 1. 


Table 1. wrrror oF Aphelenchoides bicaudatus AND A. composticola ON 
YIELD 


OF GULITVATHD MUSHROOM 


Yield of sporophores* 
Nematode inoculum (alpot) 


t. 1 (9 nematod t at casing) 
tro] (no nematodes) 85 
A: brcaudatus 70 
A. compostioola from Blacktown, Sp 8.W. 49 


4. composttcola from Bachmond, N.S.W. 46 
A. composticola from Berkshire k, N.S.W. 46 
LSD. (P =0 05) 18-5 
Expt. 2 (inoculated/pot at spawning) 
0 A. bieaudatus 98 
8 A. bioaudatus 82 
80A 84 
300 A, biemidatut B82 
8,000 A.  Pigaeaal 45 
LSD. (Pe = 005) 109 
* Means of ten pots. 


In a second experiment, 0, 3, 30, 300 or 3,000.4. bicaudatus, 
from cultures on A. bisporus, were added at spawning 
to 6 in. terracotta pots containing 300 g of peak heated 
compost. There were ten replications of each level of 
infestation, arranged in randomized blocks. The pote 
were cased as in the first experiment and held at the same 
temperatures. Harvesting commenced 3 weeks after 
casing and continued for 10 weeks. The means of the’ 
yields at each level of infestation are shown in Table 1. 

It is concluded that A. bicaudatus is a parasite of the 
cultivated mushroom and that it can reduce the yield of 
sporophores. The amount of yield reduction dépends 
on the number of nematodes introduced and thg time of 
introduction. A. bicaudatus is unlikely to be as serious a 


* 
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pest as A. composticola, however, because of its slower 
rate of reproduction in mushroom beds. 
R. W. McLaop 
Department of Agriculture, 
Rydalmere, 
New South Wales. 
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1 Imamura, 8., J. Coll. Agr. Imp. Univ., Tokyo, 11, 198 (1981). 
* Das, V. M., Z. Parasitenk.,19, 558 (1960). 
* Loof, P. A. A., Nematolopwa, 10, 201 (1964), 
t Colbran, R. O., Qd. J. Agric. Sei., 81, 77 (1984). 


PSYCHOLOGY 


Speech Communication in Very Noisy 
Environments 


We have conducted experiments on speech communica- 
tion in extremely noisy environments; one of our findings 
is particularly surprising, and may be of value to under- 
standing situations in which intense noise is mherently 
present. 

The speech signals used consisted of readmgs (male 
voice) from various forms of literature, including news- 
papers and technical matter, and the aim was to assess 
communication, rather than intelligibility of single words 
or sounds. The speech was recorded on tape and passed 
through a filter of bandwidth 350-800 cycles/sec. This 
provided a “control” signal which indicated, substantially, 
only the instants of the vowel sounds (together with some 
high-energy consonant elements). This narrow band 
signal was then used to gate the original speech signal. 
An amplitude-limiter waa applied so that only those 
sounds of high energy were passed. The result then con- 
sisted of a staccato sequence of only the high energy 
voiced speech sounds, which have extremely low intelligi- 
bility, even with running speech. 

If, however, white noise alone is added in the gaps of 
this signal and steadily increased, there comes a certain 
amplitude at which almost full intelligibility of the speech 
is restored. Nothing is added but white noise. We have 
found that the amplitude of noise necessary is fairly 
critical for any individual listener, but that it varies 
considerably (over 40 dB) between different listeners. All 
listeners were of the English culture. An average increase 
in the intelligibility would be, for example, from 20 per 
cent (no noise added) to at least 70 per cent (noise added). 

This general result was expected on the hypothesis that 
speech consists essentially of accurate time patterning of 
sounds; it is essentially a rhythmic activity and the pre- 
cision of timing is very important. The extent of the 
result, however, was quite unexpected. What remnants of 
speech have been held unchanged in this processed signal 
possess the most umportant factor of syllabic rhythm. 
The noise bursts, in themselves having no information 
content, are nevertheless pomtioned accurately in the 
rhythmic stream of speech sound elements, and the 
listener hears a human being speaking. This expermment 
stresses the vital importance of the temporal patterning of 
speech to perception. Our intention now is to investigate 
conversation in similar conditions. 

Contin CHERRY 


Roger WitEy 
Imperial College of Science and Technology, 
London, 8.W.7, 
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° GENERAL. 


Unusual Prime Number Sequences 


CHRTAIN quadratio series abound in prume numbers!. 
Take, fof example, the following sequence in which the 
consecutive differences are 2, 4, 6, 8, eto. 


°, 
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ll 13 17 23 31 #41 53 67 83 10l 


These are all prime numbers; the next term in this series 
18 no longer a prime but equal to the square of the first 
term. The longest series of this kind known at present 
consists of forty prime numbers. It begins with 41, 43, 
47, 53...and ends with... 1378, 1447, 1523, 1601, a truly 
extraordinary sequence. The series starting 101, 103, 170 
contains sixty-eight primes and thirty-two non-primes. 

We shall throw some light on the mystery of the 
abundance of prime numbers in these series. When an 
arbitrary number is divided by a prime number q, the 
remainder can have any one of g values from 0 to (q—1). 
In series of the kind considered here, however, one finds 
only 4(g+1) different remainders. Only the first $(q¢+1) 
terms of the sories need to be tested for divisibility by q, 
because after that the remainders repeat. There is a chance 
of about $ that none of these 4(¢+1) remainders is 0. 
Therefore, when not too many prime factors need to bo 
tested, there is a fair chance that none yields a remaimder 
zero and that all the numbers tested are prime. This is the 
basic reason for the abundance of prime numbers in these 
SƏT108. 

An additional favourable circumstance is the following 
observation. If the series starts with the prime number p 
and the first few terms are prime, the whole sequence of 
(p--1) terms contains only prime numbers. More pre- 
cisely, the series is represented by 


lenc(p—l) (1) 


If the terms up to n=4$+4/(1/3 p) are prime, all (p~1) 
terms are prime. For example, because in the series 
starting with forty-one the first four terms are prime 
numbers, the other thirty-six are also prime numbers. 
The known sequences with only prime numbers are those 
starting with p = 5, 11, 17 and 41. 

The following relation is also remarkable. When the 
sequence g(r) contains only prime numbers, there exists a 
related sequence of half as many terms, which also con- 
tains only primes, namely, 


gi(k) = 4p — 1+ 4k, 


g(n)=p+n(n—1), 


Oski 3) (2) 


For example, for p=41, the sequence starting 163, 167, 
179... and ending . . . 1319, 1459, 1607, consists of 
twenty primes. 

We shall next indicate the proofs of these statements. 
Because the remainders repeat, the largest term to be 
tested for divisibility by a prime factor q is the one with 
n=+(q+1), namely, 


g(n)=p+(g*—1) (3) 


If g(n) is not prime it must have a prime factor g equal 
to or less than +/g(n). This yields an upper limit for the 
values of g needed for the divisibility testa, namely, 
q<24+/(1/3 p) and this in turn gives the upper limit for 
n, given already, beyond which testing is superfluous. 

In equation 1 we substitute n=}$(q¢+1)—k, where g is 
any prime number less than p. If all the terms in equa- 
tion 1 are prime, they are not divisible by q. If, after 
the substitution, we delete from the expression for g(n) 
that part which is obviously divisible by q, formula 2 for 
gı(k) is left over. 

There are other quadratic expressions with similar 
properties. We believe that our considerations have 
removed the mystery from these prime number sequences 
and reduced them to a mere curiosity. 

This work was supported by the U8 Atomio Energy 
Commission. 
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BOOK REVIEWS 


UNITY OF ACTION 


Nervous and Hormonal Mechanisms in Integration 
~idited by George M. Hughes. (Symposia of the Society 

‘or Experimental Biology, No. 20.) . vii+ 565. 

London : Cambridge University Press, 1966. Published 
«or the Company of Biologists on behalf of the Society for 
wiixperimental Biology.) 758. net. 


BGQNCLUDING an introduction described as a prologue, this 
Mook contains twenty-one original papers which were 
lelivered at a symposium held in St Andrews in September 
965 under the auspices of the Society for Experimental 
iology. It may impress the reader, however, more as & 
ok of essays than as the usual proceedings of a con- 
Micrence, partly because of the way ın which the papers are 
oresented and partly because the discussion that would 
moormally follow each paper has been omitted. The style ia 
E easy and clear, and it is an added recommenda- 
ion, for a book in which invertebrate systems form the 
mman. topic of discussion, that most of the papers are intro- 
«duced with enough background information to make 
previous knowledge of the topic not essential for an under- 
«standing of what follows. Another advantage, possibly 
the result of good editing, is that unusual technical terms 
are in most cases clearly defined. 

Although only three papers deal solely with vertebrates 
and one only with mammals, there is much. to interest all 
physiologists. The theme which runs throughout (except 
ın one paper on plants) is how animals of varying degrees 
of complexity achieve in themselves the “oneness” of 
behaviour which is described as integration; on this, each 
paper has some contribution to make either in the experi- 
mental analysis of some mechanism essential to integration 
or in drawing attention to some new aspect of the problem. 
In some papers the comparative aspects of the questions 
discussed are of considerable interest, as in those on the 
control of cilia, the chemical senses of insects, the chemical 
transmission of nerve impulses and neurosecretion. The 
paper on this last topic as well as contributing new inform- 
ation provides an excellent critical review of some of the 
most important unresolved questions about neuro- 
secretion. 

The same topic is discussed in the paper on the brain of 
the worm by R. B. Clark, who points out its significance in 
the context of Sherrington’s concept of the different levels 
of integration as a connecting link between the nervous and 
chemical systems. The scope of this paper is much wider, 
however, and in addition to the relative importance and 
functions of the neurosecretory cells of the supra-oesopha- 
geal ganglion (possibly, in the author’s view, constituting 
only half the brain) he discusses the brain as a sensory 
centre, the integration of innate behaviour and, at con- 
siderable length, various aspects of learning. 

One paper which in many ways best fulfils the promise 
of the title deals with the nervous and endoorine control 
of sexual behaviour in the grasshopper. Interactions 
of hormonal (specifically from the corpora allata) 
and nervous influences as they operate in each sex are 
clearly presented, and by a model series of experiments a 
whole chain of activities in the endocrine and nervous 
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systems underlying the sexual behaviour both of male and 
female is revealed. In comparison the analogous investi- 
gation of reproduction in canaries is less satisfying. Here 
more emphasis is on the analysis of observed behaviour 
and less is placed on the underlying mechanisms. The 
behaviour under consideration, however, although stereo- 
typed to some degree, is more complex and its thorough 
documentation may be necessary before experimental 
analysis of the controlling mechanisms can proceed very 
far. 

Neural mechamams receive a large share of attention 
in other papers on coelenterates, crustacea and insects. 
The analysis of crustacean reflexes provides some interest- 
ing parallels and contrastes with the mammalian system. 
A paper of a very different kind and one of the most 
attractive in the book is that presented by Roeder and 
Payne on acoustic orientation in moths and how this 
faculty may be used by the moth to escape from predatory 
bats to whose ultrasonic cries 1t is sensitive. 

The achievement of this book is that it presents twenty- 
one papers which are of a generally bigh standard and pro- 
vide useful and stimulating accounts of the behaviour and 
fanctional make-up of many different species of animals. 
On the other hand, what many of the papers lack, which 
readers might expect to find, is historical perspective. 
Few if any of the ideas which they explore are really new, 
and ıt would not have been out of place in the introductory 
paper to make more explicit the debt which all con- 
tributors to some degree owe to Sherrington. The omis- 
sion is perhaps & reflexion of the regrettably wide gap 
which seems to separate zoology from physiology; more 
communication between the two parties would be of 
benefit all round. CATHERINE HEBB 


BIOCHEMISTRY AND SCHIZOPHRENIA 


Amines and Schizophrenia 

Edited by Harold E. Himwich, Seymour 8. Kety and 
Jobn R. Smythies. Pp. ix+290. (Oxford, London and 
New York: Pergamon Press, Ltd., 1967.) 75s. net. 


Tms most interesting and important book records the 
proceedings of a symposium held in Atlantic City in 1965, 
and basically explores three themes, which can be sum- 
marized briefly as the catecholamine hypothesis, the 
tryptamine hypothesis and the transmethylation hypo- 
thesis. 

In the early chapters, the now famous pink spot is dis- 
cussed, although much of this work has been superseded 
by more recent publications. Friedhoff and van Winkle 
list their evidence supporting an identification of this spot 
as §-3,4-dimethoxyphenylethylamine along with further 
comments on its likely origin. Their findings are ques- 
tioned by Perry e al. and largely confirmed by Kuehl 
and Bourdillon and Ridges. The latter authors also 
claim a correlation between pink spot excretion and the 
“non-paranoid” group of schizophrenics. 

Evidence implicating a disordered tryptophan meta- 
bolism and the importance of indoleamines in relation to 
the mental state is presented by Brune, Sprince, Richter 
and Berlet et al. In the discussion (these were particularly 
informative, as is so often the case in this type of pub- 
lication) following Richter’s paper Schildkraut produced 
some evidence also involving catecholamines. 

Comments on psychoactive substances range from 
Holmstedt’s description of the separation and identifica- 
tion of the active principles contained in extracts of the 
snuff used by South American Indians through Himwich’s 
electroencephalogram alerting studies; Szara’s metabolic 
studies including his theoretical model of brain function; 
Synder and Merril’s fascinating relationship betweerf elec- 
tronic configuration and the hallucinogenic podency to 
Smythies and Syke’s structure-activity relationships of 
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mescaline. The tissue concentrations of the methyl donor 
substance s-adenosylmethionine are described by Bal- 
dessarini, and the final chapter reports the elegant studies 
of Mudd et al. in homocystinuria. 

Many of the data were obviously assembled in support 
of one or other of the various hypotheses, but no con- 
clusive comments are possible at this tıme. In an inspired 
summary Kety does attempt a critical synthesis through 
which a common thread of disordered methylation is 
drawn. ALAN A. BOULTON 


PROTEINS FOR PROTECTION 


Immunological Properties of Protein Hormones 

Edited by Filippo Polvanı and P. Crosignani. (Proceed- 
ings of a Meeting organized under the auspices of Academia 
Nazionale dei Lincei and of Consigho Nazionale delle 
Ricerche, Rome, June 1964.) (International Endo- 
erinological Symposia.) Pp. xu+259. (New York: 
Academic Press, Inc.; London: Academic Press, Inc. 
(London), Ltd., 1966.) n.p. 


THe proceedings of a symposium on the mmunological 
properties of protein hormones held in Rome three years 
ago have now been published. The impetus for the marked 
progress which has been made in this field ın recent years 
was provided by the need for reliable and practicable 
methods for the detection and measurement of protem 
hormones in human. body fluids. 

The book begins with an mtroduction to the use of 
fluorescent antibody techniques for the localization of 
hormones, an exciting aspect because, with these methods, 
it may eventually be possible to identify the ate of 
synthesis, storage and action of a hormone. The emphasis 
of the contributions, however, was focused on the merits 
of quantitative tests for the estimation of gonadotrophins, 
growth hormone and insulin. Information about the 
concentrations of these hormones in physiological and 
pathological states is required for a real understanding 
of their role in regulatory mechanisms, and this 1s emphas- 
ized by the results of some of the experiments which indi- 
cate that the secretion of growth hormone is greatly 
influenced by various factors such as the administration of 
glucose and of insulin. Similar immunological procedures 
are described in some detail, and this inevitably results 
in a certain amount of duplication in the texts of the differ- 
ent papers. 

The principal fact which emerges is that the antigenic 
determinant sites of a protem hormone are not necessarily 
those which are responsible for its specific biological 
activity. In fact the resulta of comparative assays, 
particularly in the case of the gonadotrophins, indicate 
that there is not always a good correlation between the 
results of biological and immunological assays: a finding 
which suggests that some caution is required before 
replacing biological assays by immunological methods. 

The most rapid advances in the application of immuno- 
logical methods to clinical problems are likely to come 
from the use of radioummunoassay systems which appear 
to have greater specificity and inoreased sensitivity. 
The essential details of the technique for the radioimmuno- 
assay of growth hormone are described, but the results 
obtained by different authors are at variance. There is 
still clearly the problem of interfering factors. 

This book contains information which ıs spread through- 
out the literature and is reasonably well presented by the 
editors. It has, unfortunately, taken a long tıme to appear 
and the facts are now very familiar to the active research 
worker. The book would, however, be useful to the worker 
attempting for the first time to eatablsh immunological 
metheds for the assay of protein hormones, for it puts 
into pergpective the problems and pitfalls that will be 
encountered. F. J. CUNNINGHAM 
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ADVERSE REACTIONS 


A Theory of Psychological Reactance 

By Jack W. Brehm. (Social Psychology: a Series o. 
Monographs, Treatises, and Texts.) Pp. x+135. (Novam 
York: Academic Press, Inc.; London: Academic Press, 
Inc. (London), Ltd., 1966.) 48 s. 


Bunum’s thesis is that the individual reacts sgamsiiii 
attempts to influence him because these are seen ar 
threats to his freedom to decide for himself his own course=— 
of action. People experience ‘psychological reactance” 
therefore, whenever a behavioural freedom is elimina 
or threatened with elimination. A number of predictio 
are made on the basis of this postulate: subjects should 
rate a threatened or eliminated behaviour as more atitrac- 
tive than previously, in order, presumably, to reassert 
their freedom; if customers are given verbal and monetary 
inducements to buy a particular product, the greater the- 
inducements the more psychological reactance will be 
created with consequently less compliance; the more 
clearly people are aware that someone is attempting to 
change their attitudes, the more they will resist such a 
change. This monograph reports a series of experiments 
which, in general, support these and other predictions. 

The idea that the individual values the freedom to make 
his own decisions is no new theory, as Brehm appears to 
think. Others, notably Riesman and Flügel, have used 
the term “autonomy” to denote this concept. The merit 
of Brehm’s work lies in the demonstration that the 
frustration of autonomy can be studied experimentally. 
The theory must, however, be made a great deal more 
precise if experimentation is to prove fruitful. For 
example, if a person is told that a certain course of action 
is no longer open to him, he may lower his estimation 
of this action—a ‘“‘sour grapes effect”, as Brehm calls it. 
But the theory does not specify the conditions in which 
this or the opposite effect will obtain. Future work should 
be directed at clarifying such ambiguities. 

Nex. Borron 


HUMAN GROUPS 


Caste and Race 

Comparative Approaches. Edited by Anthony de Reuck 
and Juhe Knight. Pp. xi+348. (A Ciba Foundation 
Volume.) (London: J. and A. Churchill, Ltd., 1967.) 
608. 


Tus book presents the papers given and summarizes 
the ensuing discussions at a Ciba Foundation Symposium 
on Caste and Race held in 1966. Without doubt it 1s of 
considerable interest to social scientists, including anthro- 
pologists, sociologists, social psychologists, students of 
social change and the hke. 

The stage is set by Dr Leach who defines class, caste 
and slavery, and these definitions are supplemented and 
amplified by other speakers who also define and consider 
race and racism. It 1s evident that certain of the phono- 
mena discussed in this volume have a partly biological 
basis or “model” as an ideological foundation, as in the 
case of race relations and racism, while others have a 
cultural ‘‘model” or basis, ag with caste. If only 
because of this marked difference, it is difficult to deter- 
moine whether it is altogether appropriate to compare the 
various situations described in this book, including the 
Indian caste system, the American race situation and the 
Japanese pariah Burakumin. Again it is difficult to 
establish whether caste is as such, a Hindu phenomenon 
or whether the appellation has ın fact much wider applica- 
bility, a problem which is fully dealt with in this volume. 

In many of these caste and race conflict situations, 
precise details of socio-cultural behaviour patterns are of 
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iterest. It is at least stimulating for an anthropologist 
-< read Professor Vos’ view that in understanding such 
“ehaviour the social structural approach of anthropology 
= insufficient and is complemented by “culturally orien- 
mated psychology, utilizing a dynamic as well as a struc- 
waral approach to personality’. Social anthropology and 
social psychology may thus provide two dimensions or 
perspectives of the caste situation. For instance, one can 
koderstand the pollution and purity concepts of the caste 
ystem both in social and psychological terms. 

The book ranges widely over other topics inoluding 
<aciam in Europe, with particular reference to the Jews. 
The Napoleonic and post-Napoleonie growth of anti- 
Semitism is attributed to the mse of nationalism, 
he economic interests of Britain and France especially, 
end also to the false “biological” deductions of racists. 
~foreover, there is belief in a “Jewish conspiracy”, of long 
standing in Europe, which culminates in the Nazi attitudes 
snd behaviour towards the Jews, largely, though 
10t entirely, for this very reason. Convincing attempts 
mre made to argue the psycho-analytical explanation 
f anti-Semitism. 

There is an admirable description of the caste situa- 
ion in modern Japan, an account of slavery in classical 
antiquity, and of Latin American slavery compared 
with that in North America. These, among other 
pics, constitute the subject matter of this wnteresting 
and authoritative work which 1s both absorbing and 
stimulating as a summary of some modern views on caste 
and race. E. SUNDERLAND 


ANCIENTS IN AFRICA 


Uron Age Cultures In Zambia 

[Kalomo and Kangila.) Vol. 1. By Brian M. Fagan. 
Pp. xv+232+165 plates. (London: Chatto and Windus, 
Ltd., 1967.) 84s. not. 


Tae first of two volumes, published in the Robins series 
under the joint imprint of Chatto and Windus and the 
National Museum of Zambia on ‘The Iron Age Cultures 
rof Zambia”, will be a welcome and essential addition to all 
Kibraries specializing ın African archaeology. 

After four introductory chapters placing the Kalomo 
Culture in archaeological and environmental perspective, 
Dr Fagan describes the results of the excavations at 1ts 
three main sites, of which Isamu Pati is the biggest and 
most rewarding. He rightly lays great stress on the 
-ecological and economic aspects of the Kalomo and Kangila 
cultures which are seen as early Iron Age subsistence 
reconomies largely isolated from and unaffected by the 
corridors of trade. 

The archaeological evidence is fully presented and on 
the whole well illustrated, but it is perhaps regrettable 
that “an account of excavation methods” and “our 
experience with the problem of large-scale excavations 
of iron-age settlements” promised for “some future date” 
could not have been included. They would certainly be 
welcome in the second volume, and could perhaps be 
invaluable for archaeologists elsewhere in Africa struggling 
to find unmistakable evidence of earthen floors and walls 
where these have been puddled and built in place. 

The site photographs are mostly of high quality, in 
contrast to a few of those taken in the laboratory (especi- 
ally plate 9) which should for clarity have been retaken. 
The maps are useful, though of the four distinct regions 
of iron-age settlement enumerated on page 16 only one, 
the Kafue River valley, is clearly marked on any of the 
maps, the Batoka plateau and the Gwembe valley not 
appearing by name anywhere. Nor is it possible to find 
either Machili or Lonze. 

It must be hoped that the standard of draughtsmanship 
shown in the drawings of pottery and iron objects estab- 
lished by Christianson in Inventarta Archaeologia Africana 
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as well as here will be maintained by future archaeological 
publications on African sites. 

Without quarreling with the price of four guineas for 
a book of this kind which by its nature is bound to have a 
relatively small circulation, the buyer could be forgiven 
for expecting a high standard of production. On open- 
ing the book for the first time, pages 199 to 202 fell 
out, presumably because the stitching machine had just 
mussed this particular folio; it can, of course, be pasted 
back, but this kind of mperfection could only be excused 
if the overall book production mamtained a higher 
standard. But the layout of the book and its typography 
(the map m Fig. 4 is largely unreadable) seem to be 
mediocre and do not do justice to the importance of 
the text and of the illustrations which support it. 

Brenarp Faaa 


FOSSILS UPON FOSSILS 


Vertebrate Paleontology 

By Alfred Sherwood Romer. Third edition. Pp. vii + 
468. (Chicago and London: University of Chicago Press, 
1966.) $10; 72s. 


Ir 18 twenty-two years since the second edition of Verte- 
brate Paleontology. During that time there have been 
spectacular advances in the palaeontology of almost all 
vertebrate classes. Many new fossils have been found and 
the descriptions of these, together with re-evaluations of 
many others, have led to changes in the interpretation of 
vertebrate phylogeny. 

The new “Romer” incorporates most of these develop- 
ments and is very welcome. It is satisfactory to find 
the placoderms divided to provide tentative ancestors 
for the main fish limes. The modern Amphibia are 
now to be considered more closely related to one another 
than to any of the fossil groups and, although the 
author is loath to admut it, the impression that emerges 
from reading the chapter on Amphibia is that they may 
be polyphyletic. The change in evolutionary thinking 
that has pushed back the origins of groups and, con- 
sequently, accepted polyphyly is given strong, if only 
implicit, support throughout the book. 

The completely revised classification provides a useful 
modern system but, in some cases, the reasons for the 
revision are not made clear in the text. Conversely, the 
text tells of aglossan anurans and potamogalid shrews 
which are not in the classification table. 

The new double column format makes the book 
awkward to shelve, but it has permitted some excellent 
new diagrams such as those of Squadoraja and the 
family trees of mammal-like reptiles. 

Wima GEORGE 


INDEX OF ABSORPTION SPECTRA 


Handbook of Ultraviolet and Visible Absorption 
Spectra of Organle Compounds 

By Kenzo Hirayama. Pp. 642. (New York: Plenum 

Press Data Division, 1967.) $40. 


For several years Dr. Hirayama has been collecting and 
classifying the published ultra-violet and visible absorp- 
tion data of organic compounds for inclusion in a twenty- 
five volume Comprehenswe System of Organte Chemistry, 
which was published ın Tokyo. He has now brought 
together in one volume the appropriate optical data con- 
cerning more than eight thousand compounds, together 
with more than fifteen hundred references to the original 
sources. 

The complete spectral absorption curve in the titra- 
violet and visible regions provides a complete finger-print 
for the identification of a chemical compound, but the 
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publication of such curves 18 space consuming and expen- 
sive. In the present work the author has, in most cases, 
hsted only the wavelength of maximum absorption and 
the molecular extinction coefficient, but where 1t seemed 
necessary, and where the source provided the information, 
data for several absorption bands and points of inflection 
have been given, and in some cases results obtained by 
using several different solvents have been included. 

The collected information has been classified according 
to the chromophoric system of the molecule, for it is this 
part of the structure which is responsible for the main 
absorption band. Fifty different chromophoric systems 
are indexed, and under each heading there may be a dozen 
or more sub-headings. At first sight the system of classi- 
fication appears complex, and until one has grasped tho 
order of priorities of the various groups, consulting the 
index ıs as difficult as using a dictionary before learning 
the alphabet. With increasing use, however, it becomes 
relatively easy to find the information about a particular 
compound under its classified chromophoric system. 

The references cover the period up to 1959, and one 
must assume that since then the amount of published 
information has meoreased considerably. There has cer- 
tainly been an increasing interest in spectrophotometry 
and colorimetry in recent years, and various recording 
spectrophotometers have become available at prices 
within the reach of any research laboratory. I wonder, 
therefore, what size of supplement is now required to 
bring the present publication up to date. 

It has been estimated that the number of known 
organic chemical compounds is more than three-quarters 
of a million, and that about sixty thousand new com- 
pounds are being added to the list each year. The classi- 
fication of optical data for eight thousand compounds, 
therefore, merely touches the fringe of the subject. The 
organic dyes, by their very nature strong absorbers in the 
ultra-violet and visible regions, should be ideal subjects 
for identification by means of their spectra, but, in fact, 
very few of the four thousand or so known dyes have had 
their absorption spectra measured and published in the 
chemical literature. Actually much of this information 
is available to dyestuff manufacturers, many of whom 
have in recent years developed systems of dye recipe 
calculation by the use of computers supplied with the 
spestral absorption curves of the dyes to be used. 

Despite these limitations, the book should provide a 
most useful guide to anyone requiring optical data about 
a particular compound, but the system of classification 
does not end here. A further section is provided where 
all the information is classified ım the reverse manner. 
Here one can look up a particular wavelength and find. 
brought together, all the compounds to which the optical 
data apply. Unfortunately, in these tables, which cover 
more than a hundred pages, the wavelength headings are 
printed in the same type as the items listed, and it 18 not 
easy to find the required wavelength range rapidly. Had 
the wavelength headings been printed in heavier type, 
and if the range covered had also been indicated at the 
head of each page, consultation of the table would have 
been much easier. 

The use of optical data in this manner does not seem 
to have been attempted previously. It is obvious that a 
number of totally unrelated substances may possess the 
same absorption wavelength and molecular extinction 
coefficient, and also that a change in the solvent used 
in obtaining the data can bring about a considerable 
change in the measurements, so that a given compound 
could be listed under a number of different wavelengths. 
Nevertheless, by knowing which chromophoric systems 
could or could not be present in the compound which is 
being identified, the field can be narrowed down consider- 
ably, and provided the optical data for the particular 
compound in the particular solvent have been pubhshed 
and included in the scheme of classification, identification 
should Be possible. 
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The second figure used in addition to wavelength fc 
the identification of a compound 1s its molecular extins 
tion coefficient. It is obvious that before a molecule 
extinction coefficient can be calculated the molecule 
weight must be known, and anyone trying to identify 
compound would presumably have measured its moleculs 
weight by one of the standard methods. Neverthelea 
for rapid identification, from optical data alone, it mig. 
have been useful to have quoted the optical density of 
standard concentration of each substance, as well as id 
molecular extinction coefficient. 

The question remains: can the use of optical dat 
as supplied by these tables enable the research workex 
who has produced a compound by synthesis or b, 
degradation of a complicated natural substance, to shori 
cut some of the tedium of normal chemical analysis by, 
for example, combustion? The answer is undoubted! 
yes; much of the early work on sterol and vitamu 
chemistry relied on chromatography and spectrophoto 
metry, and the same must be true in other fields. Optica 
data can be obtained on a specimen too small even fo: 
micro-ohemical analysis. Obviously, optical data fo 
many more compounds are desirable, but we are reachiny 
a stage when one “‘skilled in the art” can almost predic 
the optical data for a hypothetical structure. In thes 
days of satellite communication and computerized micro 
film filing systems, could we not have an internationai 
bureau where the spectral absorption curves of every 
known substance could be instantly available for every 
research worker in the world ? W. L. LEAD 


STATISTICS IN PHYSICS 


Statistical Physics 
By Gregory H. Wanmer. Pp. xi -+ 532. (New York anc 
London: John Wiley and Sons, 1986.) 90s. 


THis book justifies its title by covering theoretical topic» 
from a wide field of statistical physics. Its three section: 
are devoted respectively to the principles of statistica 
mechanics and thermodynamics, particular equilibrium 
problems and non-equilibrium theory. It is original ir 
approach and characterized by thorough and often 
illuminating discussion of physical principles. Althougl 
the analysis is never needlessly complicated, careful 
reading is demanded. Some umportant points (for example, 
the transition from Boltzmann quantum statistics tc 
classical statistics over continuous phase space) are left 
for the student to do as problems, of which there is a 
collection at the end of most chapters. 

The author sums up the strategy of the first section by 
saying: “It is generally believed that the first law of 
thermod ics is an exact law whereas the second law 
is only statistically true. The usual derivations given. 
for the two laws do not bring out this distinction very well. 
This book is meant to be an improvement of this situation. 
Statistics here is introduced after the discussion of the 
first law, and the second law is obtained as a by-pro- 
duct of statistical mechanics.” It is made clear, however, 
in the disoussion of Ehrenfest’s adiabatic principle that 
the conservation of energy relation takes different forms 
for a system in a pure quantum state and for a normal 
macroscopic system, the state of which can only be 
specified statistically. 

In any single volume only a selection of particular 
equilibrium topics can be treated and most weight is 
given here to the solid state, where the author’s contribu- 
tions are well known. There are good accounts of the 
Fermi statistics of electron bands in solids and of the spin- 
wave and Ising models of ferromagnetiam. Rather sur- 
prisingly, there 1s no mention of the applications of the 
Ising model to solid solutions. The twelfth chapter is an 
excellent brief treatment of the imperfect gas, except that 
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mathe remarks after equation (12-44) may give the erroneous 
munpression that no series expansion can be based on the 

“virial” relation for the pressure. There are also chapters 


field; and second, 1t should provide a record of comments, 
questions and answers which is unlikely to appear any- 
where else even though the papers often do. Unfortu- 


«on black-body radiation and solutions. 

The last section begins with the eighteenth chapter on 

the Boltzmann transport equation and H-theorem, the 

«apparent paradox of deriving irreversible behaviour from 
the time-reversible equations of mechanics being illustrated 
by the Kac ring model. A discussion of the relaxation 
spectrum of the linearized Boltzmann equation introduces 
the relaxation time approach to non-equilibrium problems. 
Three chapters on transport phenomena in various media 
follow. There is a treatment of fluctuations and Brownian 
motion including a careful derivation of the Wiener- 
Khinchin theorem, and the last chapter covers the Nyquist 
theorem and Onsager’s relations. 

The more difficult sections are ‘starred’? with the 
suggestion that ‘students of average preparation” can 
omit them, although it would be a pity for any serious 
student to miss, say, Chapters 12 and 18. Chapters in 
classical thermodynamics are also marked and it is 
suggested that “cursory reading should be adequate for 
well prepared students”. Some of the material in these 
chapters, however (for example, Carathéodory’s theory), 
is not elementary. 

This book can be warmly recommended for good third 
year undergraduates and for research students, and most 
lecturers in the subject will find a great deal to interest 
them here. G. M. BELL 


HIGH FLYING SURVEY 


Space Research VII 

Edited by R. L. Smith-Rose, in co-operation with 8. A. 
Bowhill and J. W. King. (Proceedings of the 7th Inter- 
national Space Science Symposium, Vienna, 10-18 May, 
1966.) Vol. 1: Pp. xviii+1-674. Vol. 2: Pp. xiv+675- 
1479. (Amsterdam: North-Holland Publishing Co., 1967.) 
180 guilders; 360s. 


THESE two volumes comprise papers, or abstracts of 
papers, read at the Seventh International Space Science 
Symposium in May 1966. The firat volume incorporates 
papers on interactions between the neutral and ionized 
parts of the atmosphere, together with some on the latest 
significant result on the ionosphere and airglow and on the 
magnetosphere, radiation belts, and aurora. The second 
volume covers tracking, telemetry, and dynamics of satel- 
lites, polar cap expermments, the Earth’s neutral atmo- 
sphere and exosphere, together with solar X-rays, ultra- 
violet radiation, cosmic radiation, and a section headed 
“Real Time Transmission’, which includes papers on 
solar X-rays and ionospheric irregularities. Finally. 
there 1s a section headed ‘‘Miscellaneous’’, which is mainly 
concerned with meteoric matter but includes items on the 
world magnetic survey and the Gemini experiments. 
Papers on the Moon and planets and life sciences and space 
research will appear in two further volumes. 

Browsing through this fifteen hundred pages or so of 
scientific hodge-podge, one cannot help but question the 
wisdom of publishing in two large and expensive volumes 
such a wide varioty of specialized papers whose common 
ground. where this exists at all, is the use of rocket and 
satellite technology. The idea of a symposium on “Space 
Science’ which lumps together otherwise completely 
unrelated subjects, lke gravity surveys, propagation 
of solar flare particles through interplanctary space, and 
collection of cosmic dust by balloons, seems to me to be a 
questionable one. 

Publication of conference proceedings is in general 
justifiable provided that two conditions are met: first, 
the published record should provide an up-to-date and 
convenient summary of the current state of a particular 


nately, these two volumes do neither of these things— 
the field covered is too broad and there is an insufficient 
number of review papers for the first requirement to be 
met and no discussion is ucluded except for one brief 
summary. 

On the credit side, that part of the first volume which 
18 devoted to the newly developing subject of the relations 
between the upper levels of the neutral atmosphere and 
the lower levels of the ionosphere does achieve some degree 
of homogeneity. It provides a useful collection of papers, 
including reviews, on general circulation, tidal oscillations 
and turbulence in the neutral atmogphere, ionospheric 
winds, sporadic E, photo-chemistry and stratosphere— 
ionosphere coupling effects. 

To have produced these volumes in the time available 
is, of course, a great achievement, and both the editor 
and the publishers are to be complimented on the very 
high standard of reproduction. Nevertheless, readers 
will have no difficulty in finding a few misprints, of which 
two rather charming examples are the reference to 
“unvaluable co-operation by NASA” on page 1136 and to 
“neutral ion production” on page 1226. Bearing in mind 
the short time lapse between the conference and printing, 
it is surprising that there are not far more. H. ELLIOT 


LASERS IN TRANSLATION 


Lasers 

By Karel Pátek. English translation edited by V. W. 
Rampton. Pp. 288. (London: Iliffe Books, Ltd. ; 
Prague: SNYTL—Publishers of Technical Literature, 
1967.) 458. net. 


Tue recent burst of publication of books on lasers is 
added to by this English translation of the original Czech 
edition first published in 1964. Although described by the 
publishers as being intended for the specialist working with 
lagers or their apphoations, the contents and presentation 
are equally suitable for final year undergraduate students 
undertaking advanced courses in modern optics. 

After an excellent, concise introduction covering the 
basic physics and history of the laser, gas, solid state and 
injection systems are treated in detail. The chapter on 
resonant cavities, probably the most difficult concept for 
the student, 18 particularly thorough, but the chapter on 
noise and monochromaticity has only three pages. Fur- 
thermore, the coherence properties of lasers, the essential 
feature distinguishing them from thermal light sources, 
receive scant treatment, and then only incidentally. 
Applications to communications and ranging, welding and 
drilling and in biology and medicine are well covered in 
the closing chapters. 

Dispersed throughout the text there are several excellent 
summarizing tables, but unfortunately the material is 
now somewhat dated. This is the main oriticiam of the 
book (“an enlarged and revised English edition first 
published in 1967”) which makes no mention of such 
important developments of the last two years as mode 
locking and holography. D. J. BRADLEY 


WORKING WITH TRITIUM 


Tritium and its Compounds . 
By E. Anthony Evans. Pp. xiii+441. (London: Butter- 
worth and Co. (Publishers), Ltd., 1966.) 100s. 


IMPROVEMENTS in performance and availability, of bqud 
scintillation counters in recent years have led to a rapid 
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growth in the use of tritium as a tracer, and there is little 
doubt that the timely appearance of this book by Dr 
Evans, of the UKAEA Radiochemical Centre, will further 
accelerate this growth. 

The book was written to illustrate the principles of 
working with tritium rather than as a laboratory guide 
or & fully comprehensive review of all aspects of the use 
of the isotope. Of the six chapters, the first, mghtly brief, 
outlines the physical properties and methods of production 
of tritium, while the second, of fifty-nine pages, is a 
thorough and well-exemplified survey of uses of tritum 
under the separate headings of “Physical Uses”, “‘Chem- 
ical Uses”, ‘‘Non-biological Uses”, ‘Biological Uses”, 
“Biological Research’, and ‘‘Clnical Medicine’. The 
third chapter presents an authoritative account of the 
simple essential precautions in handling tritium which no 
worker with this isotope should fail to read. A fourth 
chapter 1s devoted to methods of preparation of tritium- 
labelled compounds by isotope exchange reactions, direct 
chemical synthess, biochemical methods, and recoil 
labelling; in a volume of this size there can be no question 
of listing all the reported preparations of tritiated 
materials, but the general mothods are well illustrated 
with examples, and about 500 references to the original 
literature are cited. Another authoritative chapter, of 
eighty-eight pages and with 519 references, describes the 
measurement and analysis of tritium compounds, and 
includes a useful account of the specificity of labelling 
associated with the several methods of introducing the 
isotope. A final chapter considers “Properties Peculiar to 
Tritium Compounds”, including nomenclature, isotope 
effects, decomposition by self-irradiation, and the reac- 
tivity of the tritium atom in various types of organic and 
inorganic molecules. An appendix extends the accounts 
in the chapters already mentioned to include publications 
appearing before March, 1966. Extensive lists of references 
are given with each chapter, with appropriate emphasis 
on specialized review articles. There is an index of all 
the compounds mentioned, and an adequate subject 
index. 

This volume will be of great value to workers using 
tritium, and even more to those contemplating its use. 
Large parts of it could also be read with profit by post- 
graduate and even advanced undergraduate students for 
the interesting accounts of general chemical and radio- 
chemical techniques, methods of synthesis of simple and 
complex labelled organic compounds, and mechanisms of 
organic and biochemical reactions. O. EABORN 


HOW TO MAKE COMPOUNDS 


Organometallic Compounds 

Methods of Synthesis, Physical Constants and Chemical 
Reactions. Edited by Michael Dub. Vol. 1: Compounds 
of Transition Metals, Covering the Literature from 1937- 
64, Second edition. Pp. xviii+828. (Berlin and New 
York : Springer-Verlag, 1966.) 98 D.M. 


Tuts is a valuable compilation of references, including 
those from the patent literature, to organo-transition— 
metal compounds described from 1937 to 1964 inclusive. 
The mono- and di-metalic compounds considered are 
those with organic groups with at least one carbon—metal 
c-bond and those with aromatic, cyclo-olefinio, olefinic 
and acetylenic groups x-bonded to the metal. Organo- 
isocyanide complexes are also included, but not metal 
carbonyls, metal cyanides and salts with cyanometal 
anions as such. 

The material is arranged chiefly in terms of the 
individual metals and sub-divided into the different 
types of compound. Hach sub-section is introduced by a 
brief ‘Gescription of general methods of preparation and 
other geweral comments, but thereafter each individual 
compound is treated separately, even where the members 
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of a class of compounds may be very simular. The synthe 
ges, properties, chemical reactions, uses and derivatives 
of each compound are given in a very abbreviated bum 
clear form, including many tables. 

The information, derived largely from Chemicamg 
Abstracts, is uncritical and contains some errors, but ther 
is such a wealth of references that this book must surel, 
be of considerable use to all workers in this field. 

M. D. JOHNBON 


TWO VIEWS OF EQUILIBRIUM 


Chemical Equilibrium 

By Allen J. Bard. (Harpor’s Chemistry Series.) Pp. xi+ 

202. (New York and London: Harper and Row, Pub.» 

lishers, 1966.) n.p 

The Principles of Chemical Equilibrium, with Application 
in Chemistry and Chemical Engineering 

By Kenneth Denbigh. Second edition. Pp. xxi+404 

(London: Cambridge University Press, 1966.) 228. 6d. net 

$3.95. 


In spite of having similar titles, these two books are verj» 
different. Bard’s book gives an elementary and clearm 
exposition of equilibrium law calculations, with particulanm 
reference to ionic equilibria. There are problems and om 
supplementary reading list at the end of each chapter. 
By a skilful selection of examples of varying complexity 
the author shows how material balance and electro- 
neutrality equations are properly used; the situations inm 
which approximations can be made are clearly brought 
out, and the student who uses this book will not sub- 
sequently need to have recourse to memorized formulae. 
There is an excellent chapter on the use of graphical 
methods for solving problems and for representing sys- 
tems over a range of conditions, and a brief chapter on 
numerical and computer methods. Inevitably, there are» 
a few places where systems are represented as simpler 
than they are in reality. The statement that almost all 
salts are completely dissociated in water needs more qual- 
fication than ıb gets, and the hydrolysis of 1ons such as 
Alè and Fe°+ is virtually ignored. Misprinta are few, 
but there are two examples of fallacies. In a discussion 
of gaseous equilibria, the author asserts, on page 156, 
that the association of NO, to N,O, 18 enhanced by adding 
an inert gas to the system, as predicted by Le Chateler’s 
law. If one thinks about the physical situation it is 
clear that if the inert gas behaves ideally it will have no 
effect on the equilibrium. The point illustrates how 
difficult it is to formulate Le Chatelier’s law, so much 
loved by those responsible for school syllabuses, in a 
satisfactory form. The second fallacy is on page 159, 
where the steady state of a radioactive disintegration 
series is described as if it were a conventional chemical 
equilibrium. But these are minor blemishes in a useful 
book. There are tables of equilibrium constants and 
oxidation-reduction potentials in appendixes. 

Denbigh’s book is the second edition of a well-tried and 
deservedly popular text-book of chemical thermodynamics 
which has already been thrice reprinted. It is one of the 
best books availablo for the student who has completed 
an elementary course in the subject and wishes to con- 
solidate and extend his understanding of its basis and to 
learn how to apply it. As well as numerical examples in 
the text, there are problems at the end of each chapter. 
The changes for the new edition are not extensive; the 
new book is two pages longer because of some rewriting of 
the first chapter, which discusses the first and second 
laws. The author has taken note of minor criticisms of 
the earlier edition and the references have been brought 
up to date. The symbol A has been adopted for the 
Helmholtz free energy in accordance with the TUPAC 
recommendation. The book is a bargain at 22s. 6d. in 
paperback. J. E. PRUE 
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BEHAVIOUR OF METAL GRAINS 


BRecrystallization, Grain Growth and Textures 
{Papers presented at a Seminar of the American Society 
or Metals, Oct. 16-17, 1966.) Pp. xvi+617. (Metals 
ark, Ohio: American Society for Metals, 1966. Dis- 
wxibuted ın the United Kingdom by Chapman and Hall, 
MLid.) 192s. 


MIELEVEN papers were presented at this seminar covering 
moold work, recovery, recrystallization, gram growth and 
miextures in metals, together with one on the crystallization 
«of amorphous alloys and one on crystal morphology and 
textures in polymers. At the seminar the papers were 
in related order to cover well defined areas, but 
m the interests of rapid publication, the original order 
has not been followed in the book; this is a pity. Never- 
theless, to find in one volume so many excellent review 
papers, together with discussion contributions of varying 
lengths, largely makes up for this small disorder. 

To mention names, the nature of the cold-work state is 
considered by the Basinskis and recovery processes in 
metals by Li. Deformation textures of metals are con- 
sidered by Hu, Cline and Goodman with discussion from 
four sets of authors. The nature of grain boundaries is 
reviewed by Shewmon and grain coalescence, grain 
boundary migration, and the applications of quantitative 
metallography to recrystallization studies are treated by 
Nielsen, Gordon, and Vandermeer and Hilliard respec- 
tively. Contributions on recrystallization mechanisms 
come from Cahn, Burgers, Detert and Speich and Fisher; 
Beck and Hu review the oriented-nucleation versus 
oriented-growth mechanisms for the origin of recrystal- 
lization textures, and several authors including Liicke 
eontributed to the discussion of this section. Dunn and 
Walter have written a lengthy review of secondary 
recrystallization and Mader deals with the crystallization 
of amorphous alloys prepared by rapid quenching, or by 
co-evaporation of the components of the alloy. Finally, 
Holland has presented an interesting review drawing atten- 
tion to the similarities between metals and polymers both 
in their crystalline morphology and in their mechanical 
properties. 

It is a pleasure to commend this book to both metal- 
lurgists and to materials scientists, and there is no doubt 
that this will become the standard reference work in this 
field for a number of years to come. The book is well 
produced with the high quality of illustration that we 
have come to expect from the American Society for 
Metals, and both this and the continuing high standard 
of the seminars set an object lesson for societies in other 
countries. P. L. PRATT 


ARTIST’S LIFE 


John James Audubon 
A Biography. By Alexander B. Adams. Pp. 510+ 21 
photographs. (London: Victor Gollanez, Ltd., 1967.) 
528. 6d. net. 
No one could have predicted, before he reached his mid- 
thirties, that J. J. Audubon would become America’s most 
famous bird artist. He was hopelessly spoiled as a child, 
and in his twenties and early thirties lost all his own 
money, and much of other people’s, in one impractical 
business acheme after another. Further, he quarrelled with 
almost everyone, especially those who helped him. From 
about the age of thirty-five, when he started to earn a 
and uncertain living from drawing portraits, he 
collected and sketched birds more seriously, but it was 
only when he came to Britain at the age of 41 that he 
became famous. It was then that he began to produce the 
great volumes that made his name, and it was after his 
return to the United States that he made his best collecting 
trips, to Florida, Nova Scotia and the prairies. This book 
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gives a straightforward account of Audubon’s life, but it is 
far too long, especially because there is no appraisal of 
Audubon’s artistic output, or of the way in which he drew 
and painted, or of wild nature as it then existed in the 
United States. Further, the social mileu of the places in 
which Audubon lived could have been enlarged upon. 

D. Lack 


OBITUARIES 


Dr C. R. Ribbands 


CHARLES Rowatp RIBBANDS died in a road accident on 
March 30, 1967, at the age of 53. Huis contribution to 
entomology covered a wide range of topics including 
research on insecticides, ecology and behaviour. 

He ontered Downing College, Cambridge, as an ex- 
hibitioner ın 1932 and graduated in 1935. His early 
career included brief periods of research in the Depart- 
ment of Zoology at the University of Glasgow and at the 
John Innes Horticultural Institute, and teaching at 
University College School, Hampstead. In 1938 he 
returned to Glasgow as an assistant in the Department of 
Zoology, to study meiosis in plant and animal material. 

In 1940 he voluntarily enlisted in the Royal Army 
Medical Corps and served with a Field Hygiene Section 
and Malaria Field Laboratory ın Sierra Leone and West 
Africa, where he established a reputation m malariology 
and the ecology and control of anopholme mosquitoes. 
There he worked on the attractiveness of human popula- 
tions to mosquitoes and on fluctuations in the size of 
mosquito populations. He was a pioneer in the uses of 
DDT and gammexane as mosquito larvicides. In 1943 
he was posted to South East Asia and India as officer 
commanding No. 2 Entomological Field Unit, to plan and 
conduct research on new insecticides and methods of 
controlling malaria and scrub typhus. 

Ribbands is best known for his post-war research on 
honey-bees which he began at Rothamsted Experimental 
Station in 1947. His approach to bee research was 
typically vigorous and he revitalized the study of the 
social life of honey-bees, doing much to develop the subject 
at a time when the recent discovery of dance language in 
bees made a new approach imperative. His series of 
experiments and observations on division of labour, 
foraging, and orientation behaviour corrected many of the 
misconceptions that had accumulated and emphasized 
the flexibility of the behaviour of individual bees. He 
rightly regarded his discovery of the extensiveness of 
food transmission between members of a honey-bee colony 
as his most important finding. This discovery greatly 
helped subsequent research and its importance in the 
organization of the honey-bee colony 1s the central theme 
of his book, The Behaviour and Social Life of Honeybees, 
which quickly became an obligatory text-book for any 
student of bee behaviour. 

In 1955 he was awarded an ScD (Cantab.) for his con- 
tributions to entomology and ın 1956 returned to Cambridge 
as lecturer in agricultural entomology, the post he held 
until his death. As well as teaching in the School of 
Agriculture and the Department of Zoology, he trans- 
ferred his attention to the control of sources of virus 
yellows in sugar beet and to the role of aphids, especially 
apterae, in the spread of viruses within crops. 

During 1951 he was elected to the council of the 
Association for the Study of Animal Behaviour, and he 
became its honorary treasurer m 1953. Latterly he was 
also active in university affairs and was a founder member 
and fellow of University College, Cambridge. To all these 
posts, as to his research, Ribbands brought a characteristic 
intensity of purpose and a determination to succeed, which 
was typical of his attitude to work and to living. 

TREVOR LEWIS 


1172 


University News: Brandels 


De Guratp D. Fasman of the Graduate Department of 
Biochemistry has been appointed professor of biochem- 
istry. 

Edinburgh 
Tan following appointments have been made to profes- 
sorships: Professor B. P. Marmion, at present foundation 
profeesor of microbiology in Monash University, to the 
chair of bacteriology; Dr A. E. H. Emery, at present 
reader in medical genetics in the University of Manchester, 
to the newly instituted chair of human genetics; Mr 
I. G. Stewart, at present reader in the Department of 
Economics, to a personal chair in economics; Mr P. 
Vandome, at present senior lecturer in the Department of 
Economics, to a personal chair in econometrics; Mr 8. 
Michaelson, at present director of the Department of 
Computer Science, to the chair of computer science. 


Glasgow 


Dr A. Gonpsmrg, reader in medicine (Western Infirmary), 
and Dr J. H. Renwick, reader in human genetics, have 
been appointed titular professors with effect from 
October 1. 


Massachusetts Institute of Technology 


Prorrssor Boris MaGasanix, a professor of microbiology 
at the Institute for the past seven years, has been 
appointed head of the Department of Biology, in succession 
to Dr Irwin W. Sizer, who has been appointed dean of the 
Institute’s Graduate School. 


Pennsylvania 


Dr 8. W. Cauromrmt, chairman of the University of 
Michigan’s Chemical and Metallurgical Engineering 
Department, has been appointed first Carl V. 8. Patterson 
professor of chemical engineering. 


Swansea 


Prormssorn D. C. Coopur, at present associate professor 
of computer science and for 1965-66 acting head of the 
Department of Computer Science at the Carnegie Insti- 
tute of Technology, Pittsburgh, has been appointed to 
the chair of computation and head of the Computation 
Centre. 


Appointments 


Mrz C. P. Foaa has been appointed Deputy Controller of 
Electronics at the Ministry of Technology in succession 
to Dr W. H. Penley. Mr Fogg has been a civil servant 
for 30 years, and was at the Royal Radar Establishment, 
Malvern, until 1959. 


Dr W. H. Pener has been appointed director of the 
Royal Armament Research and Development Establish- 
ment, Fort Halstead, Kent, on the retirement of Mr E. W. 
Chivers. 


Dr F. L. Aut, of the US National Bureau of Standards, 
has been appointed director of the Computer Applications 
Division of the American Institute of Physics. 


Announcements 


Sm Wurram Penney, chairman of the UK Atomic Energy 
Authority, with four other senior representatives of the 
authority, is visiting the USSR during June 5-16 to see 
something of Russian work on the utilization of atomic 
energy for peaceful purposes. 

° Tuy Royal Society and the Israel Academy of Sciences 
and Humanities have come to an agreement concerning 
the exchange of scientific visits which is designed to 
further relations between research scientists in university 
laboratories and other scientific institutions in the Umted 
Kingdonfand Israel. 
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Dr H. E. Gusauea, head of the Department of Chemistr: 
in the University of Alberta, Edmonton, has been awardes 
the Chemical Institute of Canada medal for 1967, ix 
recognition of his contributions to chemistry in Canada. 


Meetings 


Mopst Building in Economics and Industry, July 4-6 
London (Education Division, C-E-I-R Limited, Gillov 
House, 5 Winsley Street, London, W.1). 


Acovunacy of Spectroscopic Methods, July 6-7, University 
of Birmi (The Meetings Officer, The Institute o 
Physics and the Physical Society, 47 Belgrave Square 
London, §.W.1). 


Summer School on Theoretical Inorganic Chemistry 
July 9-20, Sanderstead, Surrey (Professor J. Lewis 
Department of Chemistry, University of Manchester, on 
Professor R. Mason, Department of Inorganic Chemistry 
University of Sheffield). 

ASTRONOMICAL Optics, July 10-12, Imperial College 
(Conference Secretary, Dr C. G. Wynne, Department of 
Physics, Imperial College, Prince Consort Road, London. 
8.W.7). 


Sxconv Latin American Soil Biology Congress, July 10-15 
Federal University of Santa Maria (Second Latin American 
Soil Biology Congress, Federal University of Santa Maria, 
Sante Maria, RGS, Brazil). 

Comparative Research in Leukaemias, July 11-13, 
Paris (Professor A. M. Boiron, Institut de recherches sur 
les Leucémies, Hôpital Saint-Louis, Paris Xè). 


Gas Kinetics, July 11-14, Swansea (Dr G. Stedman, 
Department of Chemistry, University College of Swansea, 
Singleton Park, Swansea). 


INTERNATIONAL Symposium on Corrms, July 17-19, 
Nottingham (Scientific Affeirs Officer, The Chemical 
Society, Burlington House, London, W.1). 


Tayrooanorronrn and the C Cell, July 17-20, Post- 
graduate Medical School (Dr Giraud Foster, Postgraduate 
Medical School, London, W.12). 

Laser Applications, July 18-23, Paris (Mr Locquin, 
Chairman of the Organizing Committee, 14 rue de Buffon, 
Paris 5°). 

Socre International Congress on Animal Reproduction 
and Artificial Insemination, July 22-25, 1968, Paris (Sixth 
International Congress on Animal Reproduction and 
Artificial Insemination, 7 rue Auber, Paris 9e). 

Errarum. In the article “A Galactic Discontinuity at 
m= 140° by V. C. Reddish (Nature, 218, 1107; 1967) 
in the bottom line of the caption to Fig. 1, 408 ojs should 
read 408 Mo/s. 


Erratum. Throughout the communication entitled 
“Response of Pines irradiated with Lethal and Sublethal 
Doses of y-Radiation” by J. P. OKunewick and 8. E. 
Herrick (Nature, 214, 514; 1967) the unit “rad” should 
be changed to “r.” (roentgen). The sixth sentence of the 
third paragraph should read: “One of these died about 
18 months after exposure, without showing any evidence 
of growth following irradiation”. The fifth sentence of 
the eighth paragraph should read: “In our experiments, 
the needles observed arose from completely new meristems 
formed after irradiation with a dose of 715 r.”’. 


CORRIGENDUM. In the article “Chemical Synthems b 
Gas-phase Discharge” by P. L. Spedding (Nature, 214, 
124; 1967), line 30 of col. 2 on p. 125 should read “the 
deposit normally becomes tacky . . .”. The following 
adjustments should also be made to the reference numbers 
in text: reference 6 should appear beside reference 4, 
reference 6 should take the place of reference 5, and 
reference 7 the place of reference 6. Footnote reference 
7 should be added as follows: Rugdale, R. A., J. Mat. Sct., 
1, 160 (1966). 
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FORTHCOMING EVENTS 


(Mealings marked with an asterisk are open to the public) 


Monday, June 12 


ROYAL GHOGRAPHIOAL Soorsry (at 1 Kensington Gore, London, 8.W.7), 
t 5 p.m.——Annual General Meeting. 


INBTITUTE OF AOTUARTHS (ati Staple Inn Hall, High Holborn, London, 
0.0.1), at 6.80 p.m.— Annual General Meeting. 


INSTITUTION OF CIVIL ENGINHARS (at Great George Street, London, 8.1.1), 
+ 5.30 pm, m a a on "Na Draught Cooling Towers—Ferry- 
«ridge and 


Tuesday, June [3 


INSTITUTION OF CIVIL ENarwanens (at Great George Street, London, 
meer}. W.1), at 5 30 p. a Anita General Meeting. 


ROYAL gee at he Albemarle Street, sondon, W WD. at 5.80 p.m.— 
Professor G. Porter, ow Things Move ‘or Fourth Form 
doys and Girls from Bohools Ta on and id er Counties. To be 
epeated on June 14, 15 and 16.) 


Thursday, June 15 


Roya Soonsry (at Bur n House, Piccadilly, London, W. at 4.30 
an pove arah Boiled wis: “Reversals of the Earth's Manah 1c Field” 
"Baker an Leoture. 


Insrrrvrion Suita AND MHTALLURGY (at the Geological Bociety, 
grilagton Hone, Piccadilly, Tondon W.1), at 5 pm.—Goni Meeting and 


ma House, Plecat Boomity (att me R Bo Aronet Ert, 
ppourington House ecadifly, Lo: GOR, pm. eor 
Coxeter, FRS: ' “The Produot of Two Affine Rofecti oan” ja 

SOOTY OF TROPICAL Mapian AND Hyarmna (at Manson House, 


ROYAL 
28 Portland Place, London, W.1), at 7,80 p.m.—60th Annual General Meet- 
Dg, followed by Mr Denis Burkitt: “A. Surgeon’s Search for Disease Patterns 
a rn Africa’, 


Friday, June [6 


Brite Acoustical Soorery (at Im Col Fondon; 8.W.7)— 
Symposium on “The Human Effecta of Ul nio tion 


AR June 19—Tuesday, June 20 


PLABTIOS TEN INSTITUTION oF PRropvucrion ENGINEERS 
r at the os nant Non Rooms, aa, Great Queen Street, London, W.O. 9. at 9.30 a.m. 
ly-—Conference on ‘Plastics and the Production Engineer’ 


APPOINTMENTS VACANT 


APPLIOATTONS are Invited for the following appointments on or before the 
dates mentioned: 

HISTOLOGY TRORHNIOILAN (competent in normal histologteal techniques) in 
the DEPARTMENT OF BIOLOGIOAL-AND HEALTH BTUDIBS or the preparation 
of material in connexion with tbe 1 human bio! degree course and for 
research pro projecta e Secretary (LFG), Gnas of Surrey, Battersea 
Hark ot London, Bc Wait une a) | SO YO ty Coll f 

GEOLOGY — nIveorsı ollege o. 
Wales, eect MEATY (June Ap 16), 
LECTURER (gualifed in expermental and/or general pty ebology) IN 
Glasgow (uno 1 Secretary of the University University, 
ow (June A 
Leorvrne (with high academic qualifications sod ferably special 
erporlenos m Tal aspects of industrial metallurgy) nt URGY in the 
MPARTMBNT OF CHEMISTRY AND MuraLLuRGyY—tTho Principal, Lanchester 
Colle e of Technology. Priory Biront Ooy Coventry (June 18). 
R RESRAROR F. on FELLOWS and Farrows in the 


DEAR 3 GBO 08 es Got 
Studies, Australian National University—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
sS. y 1 (Australia and London, June 16). 

RESGAROH ASSOOLATB in the DEPARTMENT oF ORGANIO OHEMISTRY 
work on the solvolysis of sugar ee in collaboration with Dr J. e 
Buchanan-—The 


trar, The University, Newcastle upon Tyne, 2 
(June 17). 
0 CHMOSTRY—The Secretary, Birkbeck 


LECTURHR Of 
College (University of Po Malet Street, London, W.0.1 (June 19). 
manamana "fo Regaat, Quant Rasy Galego (Caivooy of Torio, 

Queen Mary College versity of London), 
Mile End Road, London, 8.1 (June 19). 
Be ot s LE o ti HPARTAHNT 0: 

Gal versity of Keele, Keele, “stance (iu ané 19). 

Tees Hagia V) an honours degree or m edical i ualtfication and post- 


uate experience in teaching and research); a JUNIOR LAOTURER 
with a honours degree or medical aian i in the DaPARTMANT 
PuysroLoGy-—The strar, King’s College (University of London), Strand, 


Tendon, W.0.2 (June 19). 

LHOTURER (with good academic qualifications and preferably some teaching 
experience) in EDUCATIONAL PSYOHOLOGY/PHILOSOPHY-—-The Registrar, The 
University of Keele, Keele, Staffordshire (June 19), 

RESHAROH ÁSSOOIATH (appropriately qualified gr graduate) fn the DEPART- 
MENT OF APPLIAD MATHEMATIOS and Puyates to work on the 
theory of semiconductors with special reference to fluctuations and irrever- 
sbie oe The Registrar, University College, Cathays Park, Cardiff 

une 


BBNIOR LEOTURBR (with a university degree and appropriate pro- 
fessional qualiAoations and erably industrial or o or other p erience 
or re experience) ın ACTURIN' ANALYSIS AND CONTROL 


in the DEPARTMENT OF PRoDUOTION WNGINWERIN G— The Prmorpal, Lan- 
cheater College of Teohnology, Priory Street, Coventry (June 1 

LBOTURER or ASSISTANT LECTURER IN MORAL PHILOSOPHY in t Balvator’s 

ege—The Secreta) Ty, University of Bi A Andrews, College Gate, 8t 

Andrews, Fife, Scotland (June 20). 

LECTURER or ASSISTANT LECTURER in the DEPARTMENT OF PSYCHOLOGY 
—The Seorataty, University of Exeter, Northoote House, The Queen’s Drive, 
Exeter Devonshire (June 22). 
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RXPARIMENTAL OFFIOnR (qualified in physics, electrical pngineormg, 
materlals science, or some other branch of acience or technology, but previows 
experience in electron néroso0p8 and 1s not essential) to supervise the use of a 
scan electron microsoo to carry out research on fibre brea! 
The Registrar, Unrveralty of Manchester Instituto of Science and Techno 
Sackville Street, Manchester 1 (June 23). 
Lxorunne or ÅBSISTANT LROTURER in PRILOSOPHY—'The Registrar, U 
verity College of Swanson; Singleton Park, Swansea, South Wales (June a 
BSHAROH LECTURER JUNIOR Leorurer (member of one of 
tue Rape G Colleges of £ Phyololana a and/or postgraduate experience in clinical 
Ono LOGY—The Secretary, Trinity College 
peter of Dublin), Dublin, Republic of Ireland (Ju une 28). 


ai ponie m the Daraar? mi LOGY—The Registrar, The University, 


o8 uate experience) IN CELL BIOLOGY—The Secretary of the University 
The Unt niversity, r dlasgow (June 28). 

LEOTURERS (with distingulahed a Sidem record) in the DEPARTMENT OF 
Prvsics, Wollongong Univera: llego, University of New South Wales, 
Anstralia—The Assodation of Seen Universities (Branch Office), 
Mariborongh House, Pall Mall, London, 8.W.1 (Australia and London, 


June 
LBOTURRR or Assistant LECTURER (preferably with research experience in 
experimental high energy Neal physics) in Paysroe Tho Registrar, The 


Aeman ithe aah degree t 
an honours d in botany with some subsequen 
research or teaching ence, AN a preferably an I interest in plant morph- 
ology or morpha nesis) If BOTANY: Secretary of the University Court, 
lasgow (June 29). 
ASSISTANT HEDMENTAL OVFIONR (with a , HNO or equivalent 
Secre: 7 Bolbam thamsted Experim Sta Or ologio] Herts, ine 
oneal ie j o 
Rof. 1052/102 Gane 30) 80). on, Harpenaan,: He T 
LEOTURERS IN BIOOHHMISTRY at the University of the Witwatersrand, 


Johannesburg, South Africa—The Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(South Africa and London, June 80). 

LaorURER IN PHYBIOLOGY at the University of New England, Armidale, 
wei Grant bash arta ote. all Nel inion aN 

TER TEN: Oro ouse, naon, 

(Australia and London, yee 30) ngh 

MIGROBIOLOGIST (conversant ith the production of bacteriological media 
and sterile techniques $o De ke teohnictian Im Changa and Sl is for tbs, 


BESEAROH SCIENTIST or SENIOR RESHAROH BOIENTIST (Plant Nutrition) 
(with a PhD degree in scence or cultural aclence or relevant postgradua 
research experience of equivalent standard and duration, supported By 
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Place, London, W.C.1 "(July 14). 

‘LROTURER or SENIOR LEOTURER (with a PhD di or equivalent, an 
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or rience) for work in connexion with the University of London Inter- 
coll al Research Services for Ohemistry and Rela Sciences—The 
Begi me Queen Mary College (University of London), Mile End Road. 

ndon, 


JUNIOR TEOHNIOLAN (with two G.0.B. “A” levels, including chemistry, or 
Inter, LMLL.T. qualification) to assist mth a research programme in ae 
Biochems Rees at the Paediatric Uni Secreta 
Paediatric t, Guy’s Hospital Medical School, London Bridge, 
London, 8.B.1. 

LRorunge or ASSISTANT Leorcnme (with research interests in numerical 
analysis, computer software or some other branch of of Walon Ab science) in the 
CONPUTER Untr—The Registrar, ante College ales, Aberystwyth. 

The Untveratty, 


ee oF Prystos—The Registra 

p ETARA COLOGNE w'a higher dagroo, and p P Ee. and some postgraduate 
experience ora r an prote previous experience 1n 

behavioural or cardiovascular Personnel omer, 

Huntingdon Research Centre. Huntingdon, mmo quo Ref. GLW/1/G. 

BANIOR TECHNIGIAN (familiar with blochemistry or a related field) in the 
BIOCHEMISTRY DaePaRTMAaNY—The Staff Officer, University of Surrey, 
Battersea Park Road, London, 8.W.11. 

SPHOIAL RESHAROH ASSOOLATH (with a sofence degree, eee hhysics, 
and familiar with general labora practices) un DALAR: or 
Prysics fo perform experimental sn ee of the e! cal p es of solid 
materiala— strar, Untveralty of Manchester Tnstitate cience and 
Technology, Street, Manchester, 1. 
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WHAT PLACE FOR ENGINEERS? 


Brrrish. engineers, once the proudest fellows of their 
kind, have more recently been described as if they 
were a down-trodden community. The British 
Government, for example, has recently taken to 
making declarations about the importance of engineers 
and, by extension, of engineering in a manner which 
must sometimes seem as patronizing as it is helpful. 
Educationists have taken up the cry, and are trying 
hard to persuade young people to practical lines of 
study and, occasionally, are urging that engineering 
can lend an extra dimension to a school or university 
curriculum. Institutions are doing what they can to 
show they have no animosity towards engineers, and 
it is in this spirit that the Royal Society has recently 
recruited engineers to its fellowship. The objective is 
somehow to make fuller economic use of science and 
technology, which is entirely laudable. Nobody is 
to be blamed if the results are sometimes rather comio, 
as when people—potential chairmen of committees, 
for example—find themselves behaving as if engineers 
were @ religious or racial minority only recently 
accorded. full citizenship. 

This is a part of the background to the argument by 
Professor M. W. Thring (see page 1186) that British 
engineers should form a new association covering the 
whole field of engineering and open to personal member- 
ship by engineers of distinction. This is not, of course, 
a new idea; some years ago Sir Gordon Sutherland 
did some useful spadework on behalf of what he con- 
ceived as a Royal Society of Engineers—a counter- 
part to the Royal Society. More recently, the creation 
in the United States of the National Academy of 
Engineering has reawakened the old yearnings, and 
people in Britain seem to be especially envious of the 
way in which the National Academy of Engineering 
in the United States has been able to establish itself 
quickly and with some immediate and beneficial 
effects. Why should not the same be done in Britain ? 
That is how the argument goes 

The first thing to be said is that the notion should 
not be dismissed as frivolous. There is plenty of 
evidence that an efficient and powerful academy can 
do a lot to give practitioners of various kinds more 
influence and a sharp sense of identity. But in that 
sense, of course, there is nothing even now to prevent 
engineers banding together to form a kind of club 
for those of their profession of great personal distinc- 
tion. One immediate practical difficulty is that of 
knowing just where an engineering academy would 
fit into the existing framework. The American 
pattern is not a good guide, if only because the National 
Academy of Sciences from which it sprang has a well 
defined. place in the political hierarchy. Indeed, the 
United States Administration is empowered to ask the 


two academies for advice on. specific subjects, and the 
Nationsl Academy of Sciences has splendidly met 
this need in recent years with a long succession of 
influential and stimulating reports on specific jobs. 
As the whole world knows, the British Government 
behaves differently. There is no real prospect that the 
Civil Service would delegate to another body the task 
of advising ministers on policy. The result is that 
the American success story is probably inapplicable 
in the United Kingdom. As bad luck will have it, 
the engineers cannot hope to find a model for an 
engineering academy in the Royal Society, for that 
owes at least the greater part of its important influence 
to its historical role as the first and the most broad of 
all the learned societies. It so happens that among the 
engineers, the most directly comparable body—the 
Joint Council of Engineering Institutions—has been 
formed recently and by the co-operation of the separate 
institutions. All this implies that there is at least a 
case for asking whether it is reasonable to expect that 
an engineering academy, formed from scratch, would be 
able to capture the centre of the stage. 

This, of course, is a practical argument, though one 
which is not entirely to be dismissed. But even if 
an academy of engineering were formed, great problems 
would remain to be solved by somebody—not neces- 
sarily the putative academy. Itis worth remembering, 
to begin with, that the supposed gulf between the 
practical men (engineers) and the others (scientists) 
is more often a convenient fiction than a real sociological 
phenomenon. It is only easy to believe in it by forget- 
ting that roughly a quarter of those with first degrees 
in physics from British universities finish up in electrical 
engineering, that great numbers of chemistry graduates 
live useful lives as chemical engineers and that only a 
third or so of those with professional qualifications in 
science and technology actually practise as teachers or 
people actively engaged in research and development. 
In other words, it is already difficult to characterize 
the work that people do by the formal labels with which 
they are adorned at universities and by institutions. 
The question arises of whether there is a separate 
population to be catered for by an academy of engin- 
eering. 

There is even a possibility that an institution could 
exacerbate such differences as there may be between 


scientists and engineers. If the technical community. 


is indeed divided like this, assimilation must surely 
be a better remedy than the creation of institutions 
which could only perpetuate differences. But sin 
reality, of course, there is no means of being sure that 
engineers in their multitudes would want to belong to 
the Royal Society, or even to some larger body of the 
same kind. Professor Thring is probably right in 
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his suggestion that engineers would like to be able to 
exert more directly some influence on government 
policy towards engineering and innovation (though it 
is not obvious why the Joint Council will not be able 
to do just this). In the peculiar circumstances of 
Britain, where the principal academy has no con- 
stitutional significance in public life, it is probably a 
mistake to think of the influence of the Royal Society 
as anything but an accident. Now, as in the seventeenth 
century, the society’s collective influence is great 
because its membership is intellectually respectable. 
Nobody seems to think much of how the society 
performed a century ago. 

Then is everything to be left to the engineering 
institutions? Are there no problems to be solved 
which cannot be tackled with existing machinery ? 
That is too complacent a line to take, for there is at 
least a grain of truth in the feeling that the engineers 
are down-trodden. For one thing, they are badly 
paid. The prospect of making a good living from a 
career in engineering in Britain must seem daunting 
to a great many talented young people. It is not 
surprising that young people are often tempted to 
settle for academic life instead, most probably in some 
comparatively pure science. As things are, or as they 
have been in the recent expansion of the universities, it 
must have seemed to many young people to be safer 
to plump for a safe and comfortable life in a university 
than for a hazardous and badly paid job nearer the 
centre of the British economic problem. If the engin- 
eers need a new institution of any kind, it must surely 
be one that will somehow serve to make a career in 
engineering more attractive. The engineering institu- 
tions which exist already, and the government if it 
were so inclined, could do 4 great deal to help in 
developing a more glamorous image. 

There remains the problem of education and training. 
Whatever gulf there may be between engineering and 
science has probably been reinforced by the way in 
which engineers and scientists must identify themselves 
immediately they enter a university. (It is not so 
long since engineers did not enter universities at all.) 
But in the modern world in which nobody can be 
sure what kinds of tasks engineers will be asked to 
undertake twenty years from now, it would be exceed- 
ingly valuable if it were easier for engineers to be 
recruited from the ranks of those who elect to be 
scientists at universities. It would also be valuable 
if postgraduate teaching in engineering were more 
highly respected by those who might provide it, and by 
the industrial employers who, in the long run, have the 
most to gain from a deliberate widening of the back- 
ground of engineers. In the past few years, engineering 
departments at British universities have become much 
brighter, often by capitalizing on the creative aspects 
of engineering. There remain problems of grafting 
or to courses in engineering the awareness of industry 
and business which modern practitioners require, and 
of letting students in engineering appreciate much 
more directly than they can at present how closely 
science and engineering are connected together. There 
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is a danger that an academy for engineers in Britain 
would impede success in this direction, at least at 


the beginning. 


EVEN SEALS MATTER 


Tux report of the post-mortem examination of seals 
killed and skinned for fur on the coast of Canada (page 
1274) will certainly revive memories of the controversy 
earlier this year about allegations that fur trappers often 
skin their victims while they are still alive. The charge 
of wanton cruelty, backed up from time to time by film 
which would have required the co-operation of the 
hunters, has been vigorously denied by some of those 
concerned, Great care is taken to kill the young seals 
by hitting them on the head with wooden clubs before 
removing the skins. What Mrs Simpson has now done 
is to show that, at least for some seals, death is not as 
uncomplicated. 

Naturally, there will be vigorous argument about the 
statistical significance of the results now reported. 
People will wonder whether the investigation carried 
out in Canada was biased in some way so as to include 
greater numbers of seals whose skulls were not fractured 
in the approved manner, but fortunately the sample is 
big enough to diminish the chance of that being true. 
Even if the proportion of seals dying after skinning is 
more like a quarter than a half, it is hard to believe that 
it can be altogether insignificant. Indeed, a little 
reflection. will show how hard it must be for busy and 
hard-working men, killing seals against the clock, to 
make sure that each skull is fractured in a lethal fashion. 
Many seals must be skinned alive. 

But what does this matter ? This is the next question 
to be asked. In one sense, of course, it would be 
entirely understandable if those who have been 
defending what happens to some seals were to point out 
that there is a fine distinction between the indignities 
of a fractured skull and of being skinned while stunned. 
Then seals are a nuisance to commercial fisheries as well 
as a source of fur, so is there not a case for keeping 
down their numbers? This argument has won favour 
with the authorities in Britain, and is probably not to 
be denied. So why bother about occasional cruelty, 
especially in difficult circumstances such as those 
around the coasts of Canada before the ice has gone ? 
The answer, of course, is that cruelty does not matter in 
its own right, but that cruelty is catching. Too callous 
a regard for unwanted animals, even vermin or broiler 
fowls, is a disturbing influence in society at large. The 
fuss there has been about the seal skinning is heavily 
weighted with all kinds of emotions, many of them 
false, but there is a hard core of distrust of the pro- 
cedures being used. Now that the season is nearly over, 
the authorities would do well to make better prepara- 
tions for the year ahead. One possibility would be to 
use post-mortem examinations as a means of spotting 
careless hunters. Another and perhaps a better method 
would be to subsidize the development of a synthetic 
baby seal fur, made from nylon or some such material. 
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NEWS AND VIEWS 


Another Contender 


Tuose cynical about the economic case for nuclear 
power may permit themselves a hollow laugh over dis- 
cussions held in Brussels at the end of May. The 
OECD held a three day assessment meeting on two 
high temperature reactor projects—the Dragon 
reactor at Winfrith in Dorset, and the thorium high 
temperature reactor at Julich in West Germany. In 
time honoured style, the optimists at the meeting 
predicted tender prices of the order of $140 to $150 
per KW, and fuel cyole costs as low as 1-1 mills/KWh 
in a gas cooled system using slightly enriched uranium. 
This fuel cycle has only recently been studied, so it 
may be a long while before these figures are quoted 
seriously by a manufacturer looking for work. 

The Dragon experiment went critical in August 
1964, and has been at full power (20 thermal MW) for 
just over a year. The other reactor, called the AVR 
after the group of German utilities—the Arbeitsgemein- 
schaft Versuchkraftwerke—which supports it, went 
critical in August 1966. It will be brought up to its 
full power of 15 electrical MW in August of this year. 
In addition to the experimental work, design studies 
for very large high temperature reactors, of more than 
1,000 thermal MW, have been going on for some time. 
The discussion at the Brussels meeting, however, was 
based. on detailed studies for smaller designs than this, 
a 530 MWe Dragon type station, or a 300 MWe THTR 
unit, both of which could equally be built in double 
sizes. Principal difference between the types is that 
the fuel elements for Dragon are cylindrical and 50 om 
long, while those for the THTR are in the form of 
6 om diameter spheres. In both cases the actual fuel 
would be in the form of particles 0-5 mm in diameter 
coated with layers of carbon. At least part of the 
optimism was inspired by the thought of coupling the 
coolant gas—helium—to a closed cycle gas turbine. 
Overall efficiencies, it was thought, could then exceed 
50 per cent, compared with 40-45 per cent in other 
systems, and it would no longer be necessary to build 
the power station near a river or coastal site. A West 
German firm, Gutehoffnungshiitte Sterkrade AG, is 
shortly to begin building a prototype gas turbine plant. 

What the meeting did not clear up was the future 
of the Dragon project, which still awaits approval from 
the Euratom countries for the next phase of operations. 
The need for a decision is becoming increasingly 
pressing. 


Programmed Training 


Computer men have for a long time seemed rather a 
disorganized part of the scientific and industrial 
establishment. The British Computer Society hopes 
to end this unsatisfactory situation by putting the 
training and qualifications of computer personnel on 
a proper footing. It intends to introduce professional 
qualifications and a system of training for examinations 
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which will enable programmers and systems analysts 
to put letters after their names. 

The proposals of the computer society originated in 
the discussion of a working party set up last year ander 
the chairmanship of Dr Oliver Thompson. The com- 
mittee has proposed a four tier arrangement, incor- 
porating four grades of membership—students, asso- 
ciate members, members and fellows, in order of ascend- 
ing eminence. Student members must be between the 
ages of 17 and 25, and on approved training courses. 
in industry or in colleges. The courses will qualify 
the students for Part I of the society’s examinations, 
which will consist of one general paper and a further 
four papers covering two optional subjects. If the 
students pass, are more than 21, and are sponsored 
by two members of the society, they will be able to 
apply for the associate grade. This will not entitle 
the candidate to letters after his name. 

To become MBCS—member of the British Computer 
Society—the associate has to go on to more difficult 
exams, in Part Il. If the candidate passes, is more 
than 25, with 5 years practical experience and a 
responsible job, he can become a member of the 
society. For a full fellowship (FBCS) he must be more 
than 30 with at least 8 years experience, and have 
spent 5 years in a responsible position. Two full 
fellows must be prepared to sponsor his application. 
The whole system should come into effect in September 
1968, and existing student members will have to resign 
themselves to taking the exams unless they are 21 
before May 1, 1968. Existing associate or ordinary 
members will be exempt from the exams if they have 
7 years experience. If not, they will be fitted into 
another grade, the subscriber grade, until the 7 years 
is up, when they will become full members without 
examination. 

The society explained that the creation of profes- 
sional grades is intended primarily to give a lead in 
training. At the moment a large number of courses 
are offered, but there are gaps in training and some 
examples of duplication. The qualifications will help 
employers by establishing standards, and will offer 
the qualified man some concrete evidence of his 
ability. In addition, it is hoped to establish profes- 
sional standards of ethics and behaviour—a sort of 
computer man’s Hippocratic Oath. This is particularly 
important, as highly secret information about indivi- 
duals or companies is often handled by computer. 
One effect may be to reassure companies about the 
security status of computer bureaux, so that the time 
taken up by training and exams may perhaps be offset 
by increased business. 


Merging Research 


Tum enthusiasm of the Ministry of Technology for 
industrial mergers has taken root much nearer home. 
If plans are approved, two research associations—the 
Printing, Packaging and Allied Trades Research 
Association and the British Paper and Board Industry 
Research Association—will merge into one association: 
on June 29. The reason for the merger is rationaliza- 
tion, and the new association hopes to cover the whdle 
range of production right from tree pulp to attractive 
packages on the supermarket shelf. A secondary 
reason is that the lease on the Kenley laboratories of 
the BP and BIRA will run out in a few years, and the 
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association is interested in new premises. If the merger 
goes through, it will join PATRA in the research 
association belt at Leatherhead in Surrey, and occupy 
an extension to the PATRA laboratories. 

Of the two, PATRA is the larger. Last year, total 
income amounted to £257,000. The association 
employs 140 people, about half of them qualified. 
BP and BIRA had an income last year of £165,000, 
and a staff of 80, 26 of them qualified. The new associa- 
tion will at least be more briskly named; it is to be 
called the Research Association for the Paper, Printing 
and Packaging Industry, or PIRA for short, where P 
can refer to either paper, printing or packaging. This 
neatly avoids the impression of a take-over which would 
have been given by adopting PATRA’s name. There 
seems to be enormous confidence that the merger will 
be approved; the extraordinary general meeting 
called by PATRA to confirm the move is timed for 
11.45 on June 27, and the first meeting of the new 
association begins—in the same room—l5 minutes 
later. 


Training for Meteorology 
from a Correspondent 


Tax first World Conference on Meteorological Educa- 
tion and Training will be convened by the World 
Meteorological Organization in Leningrad on July 11. 
It will last for 12 days. During this time ideas will be 
exchanged and information collected on current 
practice throughout the world in teaching the funda- 
mental disciplines necessary for the training of research 
meteorologists and weather forecasters. 

Shortly after the formal creation of the WMO in 
1951 it was realized that one of the major obstacles 
to the development of meteorological science throughout 
the world was the lack of qualified personnel. The 
ablest graduates in mathematics and physics tended 
to be attracted more by the spectacular advances of 
modern physics. Lack of education and training 
facilities in meteorology in the universities of the world 
was @ prime reason for this state of affairs—only in the 
United States has meteorology received proper recogni- 
tion and attention in university colleges of science. 
The United Kingdom possessed only one department 
of meteorology until the establishment of the new 
department at Reading in 1965. Fortunately this gap 
in meteorological education, was filled to a large extent 
by the Meteorological Office Training School which was 
set up to train new recruits to the Meteorological 
Office. The school gained international recognition 
and students from many countries in Europe, Africa, 
Asia and South America were accepted for admission. 

The WMO has been particularly concerned with 
training and education in meteorology in the developing 
nations, by granting fellowships to enable trainee 
members of national meteorological services to spend 
some time at centres of education and research abroad, 
and by the recruitment of experts to go and teach in 
host countries. The WMO recognized that these 
arrangements were becoming inadequate, and in 1963 
established a training section within the secretariat. 
In 1965 the executive committee established a panel 
of experts on training, and at the first meeting of the 
panel in Geneva in March 1966, the details of a World 
Confereyce on Meteorological Education and Training 
were determined. 
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Topics for discussion at the conference will include 
the minimum qualifications required of trainees at 
the time of admission to the university, and details of 
syllabi in both fundamental subjects such as mathe- 
matics and physics, and specialized subjects such as 
dynamic meteorology, physical meteorology, synoptic 
meteorology, aeronautical meteorology and climatology. 
Possibly the most important subject for discussion 
will be training methods and facilities, a subject lost 
sight of in the past. It is most important that teaching 
in meteorology should be brought into line with that 
in the other physical sciences. In particular, theoretical 
problems and practical experiments related to the 
atmosphere should be posed for students to work. out. 
In many centres of training it is not practicable to 
install expensive communication facilities for the 
reception of current processed data, charts and satellite 
pictures. It would be helpful, therefore, if printed 
working charts and other materials related to weather 
conditions in different parts of the world could be pre- 
pared and made available to universities and traming 
institutes of meteorology throughout the world. 

A conference on training and education inmeteorology 
is overdue and most welcome. The findings and recom- 
mendations of the conference could lead to a physical 
easing of the labour of teaching, and to an improvement 
of training programmes and teaching standards and 
methods and of the resulta achieved. But, more 
important, it could perhaps generate some excitement 
and glamour into the subject so that a larger number of 
well qualified students will look to meteorology as a 
career. If meteorology is to flourish, young people 
must be attracted to it in greater numbers. 


Research in Communications 


THe Postmaster General, Mr Edward Short, one of the 
largest customers of Standard Telephones and Cables 
Lid., opened a new wing of the company’s research 
laboratories at Harlow on June 9. He performed the 
ceremony in contemporary style by switching on a laser 
beam which cut through a ceremonial cotton string. 
The Postmaster General arrived by helicopter with 
Mr A. D. Makay, chairman of STC, who afterwards 
admitted that he had had difficulty in guiding the 
helicopter to its destination because he could not 
recognize the laboratory building. Standard Tele- 
communications Laboratories, the research subsidiary 
of STO, has just announced that it intends to develop 
computerized navigational aids. 

STL, twenty-one years old and one of the largest 
privately owned industrial research laboratories in 
Britain, looks back with pride on its achievements, 
among which is the invention of pulse code modulation. 
Although part of STC’s success is reputed to spring 
from its insistence that the research it sponsors should 
be directly useful, a lot of basic research does go on 
at STL. In the search for new materials high pressures 
are being used to try to discover entirely new phases 
and a new apparatus, designed to produce hydrostatic 
stresses of more than 100 kbars, is being developed. 
Solid state work includes investigations of high field 
conduction phenomena in samples made of metal- 
insulator-metal sandwiches (an area in which STL 
has made notable contributions in the past), and 
studies of bulk effects in semiconductors. Not un- 
surprisingly STL also works on digital computers, 
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specifically to improve dissemination of data and to 
develop continuous operation data transmission 
systems. 


Ferrybridge and After 


On Monday, November 1, 1965, three of the eight 
cooling towers at the incomplete Ferrybridge C power 
station collapsed in a strong wind. Each was 375 ft. 
high, with a base diameter of 300 ft. and shells 5 in. 
thick, and they conformed to the familiar and attrac- 
tive shape somewhat inadequately described as hyper- 
boloidal. Nobody saw the first tower fall, but when the 
second and third fell there were a number of witnesses, 
who saw a succession of rippling and flexing movements 
of the tower wall, followed by the appearance of a hole 
and the collapse of the towers. Civil engineering 
failures on this scale are rare enough to cause a con- 
siderable stir, particularly as this type of tower is 
common in Britain. It is clearly necessary to determine 
why the towers fell, but a committee of inquiry was 
unable to supply an unambiguous answer. On June 12, 
the Institution of Civil Engineers held a one day 
symposium on the design of natural draught cooling 
towers—Ferrybridge and after. 

Mr I. W. Hannah from the Central Electricity 
Generating Board gave a report of the failures. The 
chief mode of failure, the committee had decided, was 
vertical tensile failure. In strong winds the uplift of 
the structure exceeded the dead weight of the towers, 
imposing tensile instead of compressive forces on the 
structure. The possibility that forced vibrations had 
aggravated the weakness could neither be established 
nor ruled out. The wind speed taken into account in 
the design was a maximum value averaged over 1 
min, but the report said that strong gusts were often 
of much shorter duration than that. At the symposium 
Mr C. W. Newberry of the Building Research Station 
suggested that gusts powerful enough to destroy the 
structure might last less than 3 sec. Mr H. C. Shellard 
of the Meteorological Office was optimistic that instru- 
ments capable of measuring such short gusta would 
soon, be available. 

One suggestion which gained currency after the 
collapse was that the array of towers—two rows with 
the towers in the second row coinciding with the gaps 
in the front row—had in some way created a ‘‘channel- 
ling effect” which increased the wind speed. Professor 
P. R. Owen of Imperial College dismissed. this effect; 
before even reaching the front row of towers, he said, 
the wind had lost 30 per cent of its speed. The problem 
of the vibrations of the towers does not yet seem to be 
settled, and is accentuated by the unsteady and random 
nature of the wind loading on any structure. Professor 
A. H. Chilver of University College, London, discussed 
the appearance of vertical cracks and suggested 
that some form of circumferential prestressing might be 
needed to overcome the weakening effect of these 
cracks. 

At Ferrybridge, a very conservative scheme of 
strengthening was undertaken, involving virtually 
new towers, 4 in. thick, built against the outer wall of 
the collapsed towers, with twice the original meridional 
reinforcement; the collapsed shells were rebuilt with 
8 in. walls. There is as yet no general philosophy of 
failure to guide the CEGB in strengthening other 
stowers, and as Mr W. A. Fitzherbert of CEGB said, 
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“One can only hope for an adequate period without 
exceptional gales to allow the problems to be resolved”. 
Meanwhile, a tower at West Burton power station has 
been fully instrumented with 72 external pressure 
gauges and 10 strain gauges embedded in the structure. 
These instruments are providing a flood of data which 
is difficult to analyse, but which may prove more 
reliable than wind tunnel studies. The flow around 4 
cooling tower is dependent on Reynolds number; 
for the Ferrybridge disaster this was about 1-3 x 108. 
Unfortunately there is no wind tunnel in Britain 
capable of reaching this Reynolds number for a scale 
model of the Ferrybridge array, which leads to uncer- 
tainty. A number of participants at the symposium 
were severely critical of this situation. 


Spin-off for Sale 


Tan attempt of the Ministry of Technology to per- 
suade industry that there is money to be made from 
the discoveries of government laboratories seems to be 
meeting consumer resistance. Last week the ministry 
gave its support to a conference in Harrogate organized 
by the Institute of Physics and the Physical Society. 
The aim was to sell to industry the technology 
developed in government establishments, which last 
year cost about £260 million to run (excluding defence 
establishments). The government scientists were 
willing, even eager, to sell, but the men from industry 
were altogether more reluctant to buy. This was 
reflected in the disappointing attendance; there were 
210 delegates, about 120 of them from industry and 65 
from government establishments and research associa- 
tions. Half the industrialists came from only 15 
British companies, and three firms—ICI, AEI, and 
Rolls-Royce—supplied no fewer than 22 delegates 
between them. To some extent, the government 
scientista were preaching to the converted. 

Preaching, in fact, is rather a poor description. of the 
proceedings. Many of the papers were delivered in an 
offhand, throwaway style which made technology seem 
both unexciting and unprofitable There were for- 
tunately some exceptions to keep listeners awake. 
Mr D. W. Butcher of the Admiralty Materials Labora- 
tory at Poole discussed how to reduce condenser sizes 
by the efficient condensation of steam. The addition of 
promoters which influence the interfacial tensions of 
vapour and liquid can cause the steam to condense in 
drops instead of a continuous film, greatly improving 
heat transfer. The difficulty is that the promoter effect 
is impermanent; if this snag could be overcome, great 
savings in the size of condensers could be made. Mr 
A. R. Moss of the Royal Armament Research and 
Development Establishment described are plasma 
devices, and Mr R. A. Dugdale from AERE Harwell 
discussed another way of processing ceramics and 
metals, by glow discharge electron and ion beams. 
Mr S. W. Hollingum of RARDE gave the advantages 
of explosive forming of metals as high accuracy and 
low capital cost for prototype production. Although 
the deformation is carried out very quickly, the 
mechanical properties of the product are similar to 
those produced by more conventional means, although 
deformation may take place by twinning rather than 
slip. A final heat treatment is sometimes needed * 

Mr D. S. Dean of the Rocket Propulsion Establish- 
ment at Aylesbury described the possible uses of 
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microwaves as a means of non-destructive testing. 
Unfortunately the method is not applicable to con- 
ductors, but can be used for materials such as rubber. 
Dr J. M. Burch of the National Physical Laboratory 
gave the most accomplished presentation at the 
conference, describing the use of holography in surface 
inspection. If two holograms of a surface, taken before 
and after changes in shape have occurred, are super- 
imposed on the same plate, the result is an interference 
pattern which provides information about the change 
in shape. This method may be too accurate for 
industrial use, as it cannot easily be used for relatively 
crude changes in topology or for unpolished surfaces. 

The last morning of the conference was devoted to 
the problems of making innovation pay. Dr H. M. 
Finniston said that the problems of sales, labour 
relations and finance were much the most important, 
and Mr D. N. King of the National Research Develop- 
ment Corporation explained what NRDC was doing 
about it. Dr Finniston, a member of the board of 
NRDC, was not above oriticizing it—expenditure of 
£25 million in 18 years in an economy where research 
expenditure was now £1,000 million a year was neither 
much of a primer nor much of a pump, he thought. 
Although the discussion tended to dissolve into 
generalities, it showed that there is still a long way to go 
before industry and government establishments see 
problems from a common viewpoint. It is, of course, 
arguable whether this is a desirable aim; right at the 
start of the conference, Sir Nevill Mott said that if the 
ministry was really looking for a payoff from research 
in three years, it was being shortsighted. 


Communication between Cells 
from a Correspondent in Cell Biology 


Normau tissue growth requires that cells should 
recognize each other and stop growing or moving at 
the right time and place. Understanding how this 
regulation is achieved is of fundamental importance. 
A priors one might expect that some kind of chemical 
signal passes from cell to cell. This is certainly the 
simplest explanation of the phenomenon of contact in- 
hibition—cells stop moving and dividing when they 
come into contact with each other. The work of Loewen- 
stein and his collaborators is particularly pertinent. 
They have shown that at regions of cell contact, junc- 
tional surfaces, in several tissues cellular substances 
diffuse rather freely from the interior of one cell to that 
of the next. In dipteran salivary gland cells, for example 
(Kanno and Loewenstein, Nature, 212, 629; 1966), 
molecules of molecular weight up to about 10? and 104 
can cross junctional surface membranes. Thus a quite 
large molecule could act as a signal for contact inhibi- 
tion. Until such specific signal molecules have been 
identified, however, this hypothesis cannot be tested 
directly. Nevertheless it is possible to compare cellular 
intercommunication in normal cells inhibited by con- 
tact and in cancer cells which have uncontrolled growth, 
and also in cancer cells and normally growing cells. 
«Loewenstein and his collaborators have now done this 
(Loewenstein and Kanno, J. Cell. Biol., 38, 225; 1967, 
and Loewenstein and Penn, ibid., p. 235). They chose 
an electrical test for cellular intercommunication. A 
currenteof ions is injected through a microelectrode 
into a cell and the resulting membrane voltage across 
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the membrane of the impaled cell and adjacent cells is 
measured. A considerable fraction of the current 
injected into a normal rat liver cell passes to adjacent 
cells. For practical purposes, the parenchymal cells 
of liver are interconnected and form a functional 
continuum at least as far as part of their ionic content 
is concerned. Cancerous liver cells, however, have no 
detectable ionic intercommunication; they behave as 
discrete units. Furthermore, histologically normal cells 
neighbouring a cancer cell have reduced ionic com- 
munication. Both slow and fast growing cancers 
induce this change in normal cells. The implication is 
that in a cell system containing normal cells, but not 
in one containing cancer cells, there is the possibility of 
growth controlling substances flowing from cell to cell. 
Moreover, this electrical test for cell intercommunica- 
tion could be used as a simple diagnostic test for cancer. 

In the second paper, Loewenstein and Penn answer 
the question of whether poor intercellular communica- 
tion is a feature of uncontrolled growth or growth in 
general, In regenerating liver, the cells grow as fast 
as any of the liver cancers studied and yet they have 
normal ionic communication, in striking contrast to 
liver cancer cells. Thus poor cell intercommunication 
is not a characteristic feature of growing cells. In 
wounded urodele skin the situation is more complex. 
Intact cells bordering cells wounded by a out, and 
dying, seal themselves off from the exterior. Within 
30 minutes of the cells of the two adjacent borders 
making contact at wound closure normal cellular 
communication is re-established and at this time contact 
inhibition stops cell growth and movement. It is, 
however, too early to say whether these two processes 
are causally related. As Loewenstein warns, it may 
be a gross over-simplification to suggest that contact 
inhibition is a single simple process resulting from the 
transmittance of a simple chemical signal. These 
experiments do nevertheless suggest that normal 
growth and differentiation of tissues depend on a flow 
of material from the interior of one cell to that of 
another. 


Pipelines, Bacteria and Manganese 
from a Correspondent in Microbiology 


THERE are several reports of micro-organisms which can 
oxidize soluble manganous salts with the attendant 
formation of insoluble manganic deposits, but no 
report is more fascinating or thorough than a series of 
papers just published by P. A. Tyler and K. C. Marshall. 
They have investigated manganese accretion in pipeline 
installations of the Hydro-Electric Commission of 
Tasmania—a process which has serious consequences 
for power output (Antonie van Leeuwenhoek, J. 
Microbiol. Serol., 88, 171; 1967). Pipelines carrying 
water from Lake King William accumulate deposits up 
to 7 mm thick in 6-12 months, whereas in Great Lake 
pipelines only very thin deposits are formed. To 
facilitate the study a large scale perfusion apparatus 
was constructed to simulate conditions in the pipe- 
lines. The results from this apparatus were in full 
agreement with field observations. The role of micro- 
organisms in the transformation of manganese was 
demonstrated by heat or chemical treatment of the 
waters, which completely arrested the process. It 
has emerged. from these studies that Great Lake water 
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also contained microbes which can oxidize manganese, 
for supplements of manganous sulphate produced 
typical signs of deposition. Only the very low level of 
‘Manganous salts prevented noticeable accretions in 
the pipelines. 

Of the various bacteria and fungi implicated in the 
pipeline depositions, a stalked budding bacterium, 
Hyphomicrobium, predominated. On artificial media 
this bacterium formed dense brown colonies surrounded 
by haloes caused by buds growing out from the edge 
of the manganese particle. The stalks were frequently 
branched and anastomosed and in this respect resembled 
the manganese-oxidizing bacterium Pedomicrobium 
described some years ago by Aristovakaya. Tyler and 
Marshall have carefully examined the morphology of 
these stalked bacteria (J. Bact., 98, 1132; 1967) and, 
on the basis of extreme pleomorphy, conclude that 
the genus Pedomicrobium is invalid and should be 
regarded as a form of Hyphomicrobium. 

The mechanism of manganese deposition has not 
been clarified, but the direct oxidation of soluble man- 
ganous salts to an insoluble state is an obvious possibil- 
ity. Alternatively, micro-organisms may assimilate 
organic parts from organo-manganese chelates in the 
lake water, particularly with water from Lake King 
William, thence promoting the accumulation of 
residual manganese. Tyler and Marshall (Arch. fur 
Mikrobiol., 56, 344; 1967) regard the pipeline habitat 
as an extended continuous culture vessel through which 
lake water feeds at a relatively constant rate. Because 
of the high flow rate and low level of nutrient, mangan- 


ese precipitation in the water itself is negligible. On . 


the other hand, organisms able to attach themselves 
to the pipeline may avail themselves of the continuous 
supply of lake water medium, dilute though it may be. 
A selection process of this kind can be compared with 
the condition of “take-over” in continuous cultures of 
Escherichia coli tyr- reported by Munson and Bridges. 
They found that prototrophic revertants have an 
increased capacity for adhering to the vessel walls and 
rapidly dominate the system. The way in which 
hyphomicrobia attach to the pipelines needs further 
study, however. A direct electrostatic mechanism is 
unlikely because the pipes and the bacteria are both 
negatively charged. The pipe surface is, however, 
likely to attract various cations present in the lake 
water, and these may provide both electrostatic 
attraction sites and critical concentrations of nutrients 
for the bacteria. 

One intriguing possibility is that the morphology of 
these bacteria may be highly significant to their mode 
of existence. The growth of bacillary forms would be 
severely limited by self-produced encrustations of 
manganese. By contrast, hyphomicrobia produce 
buds at the ends of long stalks when their older cells 
become isolated from the nutrients in this way, and 
so can. evade the restrictive environment of the deposit. 
This pattern of development has been verified both in 
pipeline deposits and in pure cultures actively pre- 
cipitating manganese. 


Specificity in RNA Synthesis 
from a Correspondent In Molecular Biology 


Iz to travel hopefully is indeed better than to arrive, 
then the state of progress on RNA synthesis in the cell 
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must give some satisfaction. At the same time many 
interesting experimental observations are emerging 
which must in time begin to form a coherent pattern. 
An enzyme which has been of more obvious value to 
the molecular biologist than to the cell is polynucleo- 
tide phosphorylase. It is used everywhere for the prepa- 
ration of synthetic polyribonucleotides, but its purpose 
tn vivo is unknown, though this is presumed to be 
degradative rather than synthetic. 

Some interesting if only partially interpretable 
results now come from Grunberg-Manago’s laboratory 
(Harvey e al., European J. Biochem., 1, 327; 1967). 
It appears that the enzyme is very sensitive to urea, 
which affects it in two quite different ways: at concen- 
trations of no more than 3M it produces irreversible 
denaturation but, short of denaturation, it strongly (but 
reversibly) inhibits the polymerization reaction. All 
oligo- and poly-ribonucleotides give protection against 
the denaturation, but reversal of the inhibition is 
much more specific, for it requires that the oligonucleo- 
tide terminate in a 3’-hydroxyl group and not a 3’-phos- 
phate. Neither are polymers of high molecular weight 
effective. The authors interpret their results in terma 
of two different modes of binding. It is interesting 
that the same concentrations of urea have only a 
minimal effect on the reverse (depolymerization) 
reaction. This supports the authors’ contention that 
inhibition of polymerization occurs at initiation, 
rather than in propagation: an oligonucleotide with a 
3'-hydroxyl terminus is known to function as an 
initiator (primer), and so eliminates the usual initiation 
lag, whereas a 3’-phosphate group prevents this. 

A similar distinction between initiation and propa- 
gation has been noted in the function of DNA-depen- 
dent RNA polymerase, an enzyme whose biological 
relevance is in no doubt. It has been a central problem 
to establish what determines the point in the DNA 
chain at which the enzyme begins to transcribe. 
Cohen et al. (J. Mol. Biol., 26, 19; 1967) have now 
found, using fragments of DNA from the bacterio- 
phage 4, that regions of high template activity exist in 
the segment known to be rich in AT, and that transcrip- 
tion occurs there throughout the reaction. This speci- 
ficity is destroyed when the DNA is denatured. It 
has been known for some time, however, that binding 
to the template is not necessarily followed by transcrip- 
tion, and indeed it was found that both halves of à 
DNA bound enzyme and initiated synthesis of RNA, 
but that it was the actual transcription process which 
was inefficient on the GC-rich part. 

This difference between binding and propagation 
has also been studied by Hirschbein et al. (Huropean J. 
Btochem., 1, 185; 1967). They have followed inhibition 
by synthetic polyribonucleotides, which bind to the 
enzyme and can also in principle function as templates 
in place of DNA. Thus poly-C can be transcribed, but it 
turns out to be a relatively poor inhibitor of DNA 
transcription. Poly-G and poly-I, on the other hand, 
have no template activity whatever, but bind so 
strongly to the enzyme that they can be used as trap- 
ping agents. Two-stranded poly-(G+C) binds little, 
and is not transcribed. Differential binding studies 
with this and with poly-(A + U) show conclusively that 
the enzyme will recognize bases in a two-stranded 
polynucleotide, and also that it will not neceasarily 
catalyse transcription at the points at which it binds 
most readily. 
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First Flights by Petrel 


Perses, Britain’s small research rocket, has recently 
made suecessful test flights from a range at South 
Uist in the Hebrides. Petrel is a spin-stabilized rocket, 
nine feet long, capable of carrying a 30 Ib. payload to a 
height of 81 miles, and is being developed at the 
request of the Science Research Council for use by 
universities and other organizations. 

In flight, Petrel is stabilized by six fins, set to give 
a spin rate of about ten revolutions per second at burn- 
out. Propulsion is provided by an end-burning plastic 
propellant motor called Lapwing, which burns for 
32 seconds. A boost at take-off is provided by three 
small motors mounted in a special boost carriage which 
separates from the rocket shortly after leaving the 
launcher and, after a parachute descent, can be used 
again. With relentless consistency, these motors are 
called Chick. Petrel is fired from & mobile launcher 
which consists of a 21 inch diameter tube, 32 feet long, 
mounted on a 8-ton truck chassis. At the lower end 
of the launcher tube there is a fibreglass section which 
enables the rocket telemetry to be operated while the 
rocket is in the tube. It is also possible to conserve 
electrical power by using an external supply while the 
rocket is in the launcher, and disconnecting anto- 
matically a few seconds before launching. 

The rocket has a standard forebody assembly which 
suits most experiments, but special heads can be 
designed if necessary. The development programme 
for Petrel has been paid for by the Science Research 
Council and carried out by Bristol Aerojet, Ltd., the 
Rocket Propulsion Establishment at Westcott and 
the Atomic Energy Authority. The SRC expects that 
the first experiment to be flown will be designed by 
a team from the University of Glasgow. 


Parliament in Britain 


Select Committee 

Tux Select Committee on Science and Technology 
held a meeting in camera on June 8, at which it may 
be assumed that it discussed progress in its investiga- 
tion of the British nuclear reactor programme. The 
committee hopes to finish proceedings in July of this 
year and to publish its findings in September. 


Overseas Students 

Maz A. CRosLAND, Secretary of State for Education and 
Science, announced that Mr T. A. F. Noble, Vice- 
Chancellor of the University of Leicester, had agreed 
to serve as chairman of the advisory board which was 
being set up in connexion with the Overseas Students’ 
Special Fund. Mr R. Twite would act as secretary, 
and Mr G. Martin, President of the National Union 
of Students, and Mr G. Foulkes, President of the Scot- 
tish Union of Students, were being invited to act as 
assessors. Mr N. Doodson, Mr Lyndon H. Jones, 
Lady Llewelyn Davies, Very Rev R. L. Small, Mr R. J. 
Stewart and Mr J. H. Taylor had also agreed to serve 
on the board, which will give advice on the spending 
of the fund set up to minimize hardship to overseas 
students. (Written answer, June 5.) 

Marine Science 

Mr G@. Rosuers, Minister of State, Department of 


Educatiom and Science, gave the following list of marine 
laboratories financed by grants from the Natural 
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Environment Research Council: National Institute of 
Oceanography, £741,000; Marine Biological Associa- 
tion, Plymouth, £234,000; Scottish Marine Biological 
Association, (a) Millport, £107,000; (6) Oban (new 
laboratory), £161,000; (c) Edinburgh, £126,000; Port 
Erin, £36,000; Fisheries Biological Unit (at Aberdeen 
University), £42,000; Dove Marine Laboratory, New- 
castle University, £32,000; Marine Invertebrate Bio- 
logy Unit at Bangor University, £11,000; and the 
Fisheries Helminthology Unit, £12,000. The Ministry 
of Agriculture, Fisheries and Food contributes 
£1,190,000 to the Marine Research Laboratory, Lowes- 
toft, £78,000 to the Shellfish Laboratory, Burnham-on- 
Crouch, and £42,000 to the Fisheries Experiment 
Station, Conway, and the Department of Agriculture 
and Fisheries for Scotland, £642,000 to the Marine 
Laboratory, Aberdeen. (Written answer, June 7 ) 


Desalination 

Mz A. Wzapewoop Brynn, Minister of Technology, 
said that Weir Westgarth, Ltd., had recently succeeded. 
with a tender for a large distillation plant of advanced 
design in Qatar. Developments in electrodialysis 
to make it the most economical process for desalting 
brackish water were now being tested in a pilot plant 
and Britain could offer these plants with a guaranteed 
performance up to 6 million gallons per day (US). 
The Atomic Energy Authority and industry were also 
working on the freeze process and package plants and 
shipborne desalination plants to cater especially for 
the needs of island communities were also being 
studied. In addition to the sea-water test facility at 
Troon, Ayrshire, a 50,000 gallon a day plant had been 
built in association with William Boby in Essex. 
(Answer, June 8.) 

Preservation for Science 

Tue Areas of Special Scientific Interest Bill which 
Mr M. Kimball introduced into the House of Commons 
on June 5 is intended to give powers of protection 
so that greater use can be made of the areas of interest 
once they have been designated. Mr Kimball said that 
there were about 2,080 such sites in the British Isles 
and that the Bill had the whole-hearted support of the 
County Naturalists Trusts. (Bill introduced June 5) 


University Charters 

Mr G. Rosuets, Minister of State, Department of 
Education and Science, talked of the arrangements for 
granting university charters, particularly as they affect 
students. He was answering criticisms in an adjourn- 
ment debate. While it was open to those drafting 
a charter to suggest the inclusion of any provision— 
consultation with students on discipline, for instance— 
the suggested provision might be tempered by Privy 
Council policy or because of the need to meet repre- 
sentations made by a third party. Mr Roberts said 
that the Privy Council had already suggested that 
the senate and council of the new universities should 
establish joint committees of themselves and repre- 
sentatives of the student body and provide a procedure 
by which a student who was suspended or expelled had 
a right to be formally heard by the senate or a body 
appointed by the senate before the decision became 
final. A third provision suggested was for the estab- 
lishment of an association representing the student 
body, and the charters and statutes of all the new 
technological universities incorporated provisions on 
these lines. (Debate, June 5.) 
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by. Our Special Correspondent 


June 16. 







TISH physicists seem to be entirely cheerful about the 
GeV electron accelerator called NINA, which was 
formally opened this week at the Daresbury Nuclear 
< Physics Laboratory. For one thing, the machine itself 
| < promises well; since the synchrotron was first operated 
on December 2, 1966, it has been possible to accelerate 
`- particles to 4-5 GeV, and there is some excited talk of how 
- modifications of the beam injection system may make 
it possible to approach 5 GeV. Evidently this is a con- 
siderable achievement for a machine which took more 
oo than three years to build. But the new machine is algo 
_ regarded as a powerful stimulus of high energy physics 
- research, particularly in those northern universities 
__ which have been hampered by geography in making full 
ase of the proton accelerator at the Rutherford Laboratory. 
Like the Rutherford Laboratory, the Daresbury Labora- 
©: tory isan offspring of the National Institute for Research 
_ in Nuclear Science, which is in turn a dependant of the 
-Science Research Council. The first plans for an electron 
` “accelerator were canvassed in the early sixties, and even 
- now pleasure at the existence of the Daresbury machine 
__ is tinged with regret that two years went by before funds 
— for the accelerator were forthcoming. As things have 
turned out, however, nobody seems to fear that the 
cream has already been skimmed off the pool of possible 
_-experiments with high energy electrons by the potential 
competitors already. in operation elsewhere. Work with 
the joint Harvard-MIT electron accelerator, the closest 
competitor of NINA, has been set back considerably by 
the: accident which put it out of commission a year ago, 
although the high energy electron accelerators elsewhere 
the SLAC accelerator at Stanford University, which is 
potentially capable of 20 GeV, and the 6 GeV electron 
accelerator (DESY) at Hamburg—are working well. The 
Armenian accelerator, which is intended to be more or leas 
similar to DESY, has not yet been finished. 
Electron accelerators are complementary in several 
: respects to the more familiar proton ‘accelerators. 
_ Nevertheless high energy electrons have some advan- 
_ tages in their own right, and experiments involving 
< collisions between electrons and protons can in principle 
deepen. understanding of the electromagnetic structure 
_ Of nucleons. But beams of high energy electrons are also 
_ convenient sources of high energy photons, which explains 
_ why measurements of the production of pairs of leptons 
< (electrons, for example) and of single particles (such as 
> 7 mesons, which can be produced in reactions such as 
y+p->r°+P) are prominent in the research programmes 
of the electron accelerators. Beams of electrons are also 
potentially efficient sources of beams of unstable particles, 
in which respect they are identical with the more familiar 
proton accelerators. 
The machine at the Daresbury Laboratory is laid out 
around a circular track 70-2 m in diameter. It is known 
in the accelerator trade as a “‘strong-focusing synchro- 
_ tron”. In practice, forty magnet units each 3-3 'm long 
| are arranged around the axis of the track. The gaps 
_ between succeeding units are alternately 1 and 3-5 m, 
yhich means that the machine is well provided with 
ctions in which the electron beam is accessible to 
<perimenters. As in the electron accelerators at MIT 
_ and Hamburg, the magnet units are of two types, effective 


















New British Electron Accelerator 


The newest piece of capital equipment for research in high e 
physics in Britain was opened formally by the Prime Ministe 
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respectively in focusing and then defocusing the | 
beam in the horizontal plane of its path aroun 
machine. NINA differs from its contemporaries. i 
the two types of units alternate (with gaps in between 
around the machine. Not merely does this have 
advantage that a smaller field gradient will produce t 
necessary degree of focusing, but there are no awki 

problems of mating focusing and defocusing magn 
together without the intervention of a straigh 
magnetic section of track. Erp 

The shape of the track at Daresbury ‘is a good 
more conventional than seemed likely when the 
plans were being made. The hope that it might be poss 
to couple together four comparatively long and straig! 
sections, providing much better access for experiment 
work than is possible in the gaps of 3 m now provided, 
was found to be justifiable only by the provision of four 
types of magnets. In the end, simplicity won. Ir the 
design of an accelerator like this, of course, the dimensions 
of components such as magnets (and the gaps between 
them) and the numbers of the magnets placed around ‘the | 
ring cannot be chosen at random, but must instead be 
matched together in such a way as to maximize the còm- 
pactness of the beam (in momentum as well as geo 
metrically). ue 

The injection system for NINA is a 40 MeV ‘linea 
accelerator, the energy of which is determined ‘by’ th 
need to keep to a minimum the magnetic field in the ma 
ring (6,430 gauss for an energy of 4 GeV). The deyi 
consists of four sections each 2 m long. Injection takes 
place in a single turn, which occupies three-quarters of a 
miero-second. Eventually it may be possible to inerease 
the yield of fast electrons from the accelerator by: pulsin 
the injection beam in synchrony with the revolutio 
electrons in the main beam. Arrangements have a 
been made to accelerate positrons in the accelerator 
the electron beam from the injecting accelerator. can b 
converted into positrons on a suitable target. cas 

Even without these improvements, however, the beam 
current of the machine has come cheerfully up to expectas 
tions. The original design was confident of 1 micro 
ampere (at 4 GeV), but it has always been possible tha 
ten times as great a current might be possible. In th 
event, the machine has already produced more than a ue 
micro-ampere (although the current is predictably reduced 
when the energy is greater than that for which the design 
was optimized). Evidently, however, the machine... 
builders are hoping for still better things. 

As with other electron synchrotrons, one of the startling 
features of the new machine is that it produces no fewer 
than fifty pulses of fast electrons a second. The radio 
frequency system has been designed to handle 1-2 x 101? 
electrons per pulse, which is the reason why it is hoped 
that the mean current may eventually reach 10 micro- 
amperes. 

Whatever the performance may eventually be, there e 
is no danger that those now wishing to get on ‘with 
experiments will be kept waiting. Five experiments are 
either under way already or are being made ready. o; 
Indeed, experimental work has been under wa¥ since 
January, and the laboratory has been running two shif 
since Easter. A group from the University of Manches 
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Fig. 1. Aerial view of the Daresbury Nuclear Physics Laboratory. 


was the first to gain access to the machine, and is measur- 
ing the photoproduction of neutral kaons. A group from 
the University of Glasgow is measuring the polarization 
of protons in electron proton scattering, principally because 
this should be a measure of the importance of electro- 
magnetic interactions between particles mediated by 
more than one photon. The photoproduction of 7° and 
7° particles is being measured by a group (ae the 
University of Liverpool, while the resident group at the 
laboratory is engaged on an experiment to measure, and 
then to compare, the photoproduction of electrons and 
muons, partly for the understanding these may provide 
of the electromagnetic structure of nucleons and partly 
because it will be a further test of the electromagnetic 
identity (or otherwise) of muons and electrons. 

The plan for the future of the laboratory includes a 
sizable resident group of a score or so of physicists, and 
it is reckoned that it will eventually be responsible for a 
quarter of the experiments carried out at Daresbury. 
Altogether the operating staff amounts to 350 or so. As 
these things go, the cost so far of the installation at 
Daresbury works out at £4-2 million (less than half the 
cost of the NIMROD proton accelerator at the Rutherford 
Laboratory). Running costs at Daresbury are estimated 
at £1-7 million in the current financial year—again a 


The new electron 
accelerator is housed in the circular building in the foreground. 
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comparatively modest sum. Figures like 
these are necessarily uncertain, partly 
because it is hard to tell where capital costs 
stop and running costs begin, partly because 
of the way in which expenditure at university 
departments can contribute to the work of 
the laboratory and partly because success can 
increase the demands made on a machine and 
therefore the cost of running it. 

The director of the Daresbury Laboratory 
is Professor A. W. Merrison, who has been at 
the University of Liverpool since 1951 apart 
from a spell of three years at CERN in the 
late fifties. He will retain his university 
appointment—and says that he will con- 
tinue to teach at Liverpool—as well as 
directing the Daresbury Laboratory. Indeed, 
he emphasizes the importance of strong 
links between the laboratory and the 
universities which will be chiefly concerned to use its 
facilities. 

The consequences of this development for the involve- 
ment of the United Kingdom in nuclear research are not 
at this point easy to determine. To the extent that the 
new laboratory will further increase the confidence of 
research groups in physics departments at British univer- 
sities, it will of course increase the long term demand for 
high energy facilities. Those connected with the adminis- 
tration of the Rutherford Laboratory, now in operation 
for four years, speak well of the influence the laboratory 
has had on the design of proposals for research projects. 
Teams of research workers are said to have become 
increasingly perceptive and skilful in making their designs 
in the past few years. 

Inevitably, however, the existence of a new laboratory 
may well take some of the shine off the hope that the 
British government will willingly contribute towards the 
cost of building the 300 GeV machine now being planned 
by the CERN organization. As it happens, a critical 
council meeting was due to take place at Geneva on 
June 15. Although it is clear that no decision can be 
taken about the site at which the new machine would be 
built, it does now seem that the CERN organization will 
be able to carry out the detailed assessment of the sites 





Section of the magnet ring for the accelerator NINA. 
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on offer in the hope of being able to produce a short list 
of three by the council meeting which is to take place 
jn the autumn. By then, CERN is obviously hoping that 
governments will be willing to commit themselves suffi- 
ciently firmly for a final decision between the three sites 
to be taken by the end of 1967. The Council for Scientific 
Policy has been asked to make a recommendation on 
British policy towards the 300 GeV machine and is 
apparently hoping to be able to take part in discussions 
in the autumn with its mind made up. 

No doubt one of the considerations that will weigh 
with the sub-committee now studying the case for the 
large accelerator is the extent to which high energy 


1185 


physics should remain an important consumer of resources 
in the years ahead. The budget of the National Institute 
for Research in Nuclear Science has been rising steadily 
throughout the sixties and has reached close on 4 per cent 
of publie expenditure on research and development. But 
universities also spend a great deal of their own money 
on research and equipment intended to help in the opera- 
tion of large accelerators and there is always the sub- 
stantial contribution to CERN as well. In other words, 
for all the pleasure there will have been at the opening 
of this new laboratory there will also have been some 
envious glances at the continuing generosity of finance 
for high energy physics. 


A Russian Electron Accelerator 


by Of the two high energy accelerators now nearing completion in the 


W. A. OSMAN 


Armenia, June 


Ir all goes well, the 6 GeV electron accelerator at Yerevan, 
the capital of Armenia, should be completed by August 
of this year—half the ring has already been aligned. 
The design was drawn up by Professor Y. Orlov, and 
excavations were started in 1960. In power, it is com- 
parable with accelerators in Cambridge, Massachusetts, 
and in Hamburg, and Dr S. Essine, the deputy director, 
has visited both of these. It is one of his regrets that 
he has been unsuccessful in his attempts to arrange a 
visit to Britain’s NINA, which is also of comparable size, 
although a team from Daresbury visited the Yerevan site 
in 1963. 

The vacuum tube of the accelerator is 42 mm high and 
120 mm wide, and is in the form of a ring 70 m in diameter, 
with a maximum ellipticality of 2u. It is made of a steel 
with a high resistance to corrosion and also a high elec- 
trical resistivity, and is split to reduce eddy currents 





Soviet Union, that at Yerevan in Armenia is the furthest advanced. 
It was recently visited by a party of British journalists. 


that would cause heating. It is covered with fibreglass and 
epoxy resins. There are twenty-four cavities in which the 
electrons are accelerated from their original energy, as 
they emerge from the linac, of 50 MeV. The electron 
beam is constrained by forty-eight magnets, which are 
arranged in such a way that the electron beam is first 
focused and then defocused. This ‘FOFDOD’ system 
is different from that used at Hamburg and Cambridge, 
Massachusetts. The magnets are cooled by water. 
If the cooling water were conducting it could distort 
the field, and for this reason it is de-ionized. The 
equipment used is capable of raising the resistivity to 10 
megohms; however, a value of 2 megohms has been found 
to be sufficient and is used in practice. 

Four vacuum pumps in the centre of the building that 
houses the accelerator are used to reduce the pressure to 
10-1 mm mercury, and turbo-molecular pumps then take 


Fig. 1. Section of the magnet ring of the electron accelerator nearing completion at Yerevan ,Armenia, 
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it down to 10“ mm. They: are capable ae eas the 
pressure to as little as. 107 or 10? mm mercury. The 
pressure in the cavities is reduced even: further, to 2 x 

10-* mm mercury. For safety, the system ‘is so arranged 
that the air is not pumped directly out to the atmosphere. 

The energy for the acceleration is produced by two 
transmitters in series, each producing 260 kW per pulse. 
The total power is added and then subdivided into twenty - 
four equal parts for the cavities. There are 100 pulses per 
second, 

The geographical location of the accelerator has de- 
manded special precautions against earthquakes. The 
structure is mounted on foundations formed by boring 
holes some 10 m deep and filling them with about 100 
m? of small stones. The structure was tested for stability 
by a test explosion, and appeared to be satisfactory. 
This success was confirmed by measurements made 
after a fairly severe earth tremor this year. The ring 
had been displaced by only 150y horizontally, and 90u 
vertically, and soon returned to its original position. 

Dr: Kheifets, who will be in charge of the experimental 
work, under the director, Professor Alikhanjan, des- 
cribed the programme. They are particularly interested 
in using a diamond target for the electrons. This will 
provide a polarized beam of essentially monoenergetic pho- 
tons and they intend to investigate the secondary particles 
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andr resonances s that can ibe produced from hose photons 
` and from the original electrons. These will be investigated. 


in bubble chambers, both hydrogen and heavy liquid, _ 
and in spark chambers. The institute already has an 
international reputation for the experimental methods. 
which it has developed for cosmic-ray work, and. these © 
will be applied to work with the accelerator. One novel 
device is a spark chamber with a very wide gap-—-some 
30 cm. This gives the accuracy of position measurement: 
associated with a bubble chamber, while retaining the 
high repetition speed and selectivity of the spark chamber. 
Workers at the institute already use computers to process 
bubble chamber pictures. One computer, a locally made 
Rasdan 2, rejects valueless pictures. A second, Rasdan 3, 
another relatively slow computer but with a very large 
memory store, then examines the pictures and compares 
them with previous ones. Both these computers use: 
transistors and wired rather than printed. circuits. ERN 
The accelerator will cost about 15 million roubles. Ato- 
the official rate of exchange, this is comparable with the: 
price of similar accelerators in other countries, but this: 
assessment may be misleading. It has probably been: 
built rather economically. Even so, it is striking that the: 
Soviet Government’s drive towards decentralization will 
enable this remote part of the Soviet Union to make a’ 
serious contribution to high energy physics. : 





Do British Engineers Need an Academy? 


by 


M: W: THRING 


Queen Mary College, 
University of London 


De Eric Warker’s important article in Nature (May 20) 
clearly raises the question of whether the solution that 
has been found in the United States to the basic problems 
of engineering applies in Britain. The United States, like 
Britain, is a country which has played a leading part in 
the First Industrial Revolution and so there are inevitably 
close similarities in the problems, as there are also in the 
organizational structure--we have institutions closely 
corresponding to the US National Academy of Science, 
the United States Engineers’ Joint Council, and the 
American engineering institutions (A.S.M.E., A.I.Chem.E., 
and so on), all of which played vital parts in the setting 
up of the National Academy of Engineering. 

In order to try to specify accurately the basic problems 
of engineering in an industrialized country in the second 
half of the twentieth century, it is necessary to examine 
the role of the engineer in civilization. 

The creative engineer is the one type of person who can 
ehange the future of civilization by developing the 
machines that can relieve the burdens and obstacles to a 
more satisfactory life. He is also the only one who can 
develop the British manufactures which will be really 
competitive in the export market. The relation between 
engineering and science may be illustrated by a diagram 
of a river of ignorance and prejudice separating the ivory 
tower of academic science of the left bank from the factory 
representing the satisfaction of the needs of mankind 
thealth, food and possessions) on the right. Engineering 
is the’ bridge across the river which enables the discoveries 
of science to be used to improve the factory. The two 
piers of jhe bridge are engineering science and technology 


-and the part of the bridge linking science to the first pier — 


is invention? the middle part is design equations, the 


The view that British engineers and British engineering could profit 
from an academy of their own has been strengthened by the setting 
up of such an institution in the United States. 


right hand part is design as an art. Pure and applied > 
are the names for the windows of science looking inland 
and across to applications respectively. $ 
In the earliest Babylonian and Egyptian civilizations: : 
scientific discoveries were considered just as much for their’ 
applications as for their interest, but Plato first introduced), 
the disastrous idea that pure reason was superior tothe- 
mechanic arts. Similarly, the seventeenth century aca: ” 
demies of Europe were “formed by gentlemen who had 
an interest in both pure and applied science’. In the 
Jnited States, the National Academy of Sciences (NAS) > 
was chartered by Abraham Lincoln in 1863 
science and its use for the general welfare’. During the 
past hundred years these wise foundations have somehow. ©: 
been infected with the Platonic dichotomy. : 
The problems of engineering discussed by Dr Walker 
cover most of the problems in Britain, although in many ° 
cases they are more acute in Britain because we have a © 
longer tradition of engineering innovation being pushed 
forward by people with little or no connexion with the — 
conventional educational system. We can divide these. 
into three groups concerned respectively with national 
engineering policy, encouraging originality, inventiveness” 
and innovation in industry, and encouraging these quali- 
ties in the younger generation, 
Formulation of national engineering policy. This is the 
chief reason for the setting up of the N.A.E., and 
Dr Walker has stated that it is essential to have a- 
body composed solely of engineers of real achievement: 
to formulate such policy. As he says, they have: set. 
up a Committee on Public Engineering Policy and 
this is already dealing with pollution, automobiles, 
ocean engineering, recovery of minerals from the 


“to further 
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$ Pergamon Press New Publications 


LASER SYSTEMS AND APPLICATIONS 
H. A. ELION, Director, Modern Optics Laboratory and Associate Director, Space Science 
Operations, G.C.A. Corporation, Bedford Mass. 
The first twelve chapters, plus Appendix 1 deal with the recommended safety procedures 
with lasers; Appendix 2 emphasizes the educational aspects of lasers in understanding and 
using coherent light. Appendices 3, 4 and 5 are more advanced, for the detailed pursuit of 
laser technology and applications. The book covers not only the present developments, but 
also many of the forthcoming ones which must logically follow in the next few years. 
Approx. 500 pages/Approx. £7 7s./$22.50 


CHEMISTRY IN THE UTILIZATION OF WOOD 
R. H. FARMER, Forest Products Research Laboratory, Princes Risborough 
A short and concise discussion of the chemical composition of wood, showing how its chemical 
nature influences its properties and uses. 
Partial Contents: Chemistry of Wood Components; Wood Analysis; Influence of Extractives 
on the Properties and Utilization of Wood; Use of Timber in conjunction with Chemicals; 
Conversion of Wood into Chemical Products; Wood-Water Relationships; Dimensional 
Stabilization of Wood; Chemical Aspects of Attack by Fungi and Insects; Board Materials; 
Destructive Distillation of Wood. 
200 pages/35s./$6.00 


PARAFFINS - Chemistry and Technology 
F. ASINGER, Professor at the Institut fur Technical Chemie, Aachen, Germany 
Partial Contents: The production and manufacture of the paraffinic hydrocarbons; The 
catalytic hydrogenation of carbon monoxide over cobalt and iron catalysts (Fischer- 
Tropsch synthesis); The chlorination and chlorination products of paraffins; The nitration 
and nitration products of the paraffins; The sulphochlorination and sulphochlorination 
products of the paraffins; The oxidation and oxidation products of the paraffins; The 
sulphoxidation and other substitution reactions of the paraffinic hydrocarbons; The 
isomerization of the paraffinic hydrocarbons; The substitution behaviour of paraffinic 
hydrocarbons. 
896 pages/£8 8s./326.00 


Due for Publication Autumn 1967: OLEFINS - Chemistry and Technology 
F. ASINGER 


Approx. 1,100 pages/Approx. £12/ $38.00 


THE INDUSTRIAL CHEMISTRY OF THE LANTHANONS, YTTRIUM, 


THORIUM AND URANIUM 
R. J. CALLOW 
Contents: A historical and general introduction; A descriptive review of the chemistry; Ores 
of industrial significance; Initial ore treatment processes; Purification processes; Separation of 
individual lanthanon elements; Production and purity of commercial products; Uses; 
Analysis; Legal implications of radioactivity. 
252 pages/60s./$9.50 


FOOD AND COSMETICS TOXICOLOGY 
An International Journal published for the British Industrial Biological Research Association 
EDITOR: L. GOLBERG, Carshalton 
This important journal provides a wide-ranging service of general articles and abstracts on all 
aspects of food and cosmetics toxicology, including agricultural chemicals and the medical and 
veterinary aspects of food additives and contaminants. It also aims at complete coverage of 
changes in legislation in this field. 
Published Bi-monthly. 
Write for an Index and Information Leaflet giving full details and subscription rates. . 


PERGAMON PRESS 
Headington Hill Hall, Oxford, England 
44 01 2ist Street, Long Island City, New York 11101, U.S.A. = 
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q which Is Just right for the greatest 
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your money. The Monromatic CSA gives: 


Automatle multiplication 

Automatic division 
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Automatic accumulation of products 
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ocean but, most important of all, it has a long term 
planning committee looking 10 or 20 years ahead. 
These committees are already concerned with the 
moral responsibility of the engineer in society, that 
is with choosing to develop machines that lead to a 
more satisfactory society—such developments if 
decided on would provide the Second Industrial 
Revolution—rather than to develop gadgetry and 
unnecessary speed, with concomitant disadvantages 
of noise, pollution and ugliness. We in Britain 
certainly need a suitable body in this country res- 
ponsible for answering these problems and we have 
a number of additional problems of our own—for 
example, we do not have sufficient excess production 
to be able to deflect adequate sums into projects 
that have comparatively httle use to the general 
public of this or underdeveloped countries such as 
that to lend a man on the Moon. We have therefore 
to consider especially carefully which, of those 
Government sponsored long range developments we 
can afford, are most likely to be of direct benefit to 
mankind. A second problem special to Britain is 
how to find an economic use for our tremendous 
coal resources after it is uneconomic to mine them by 
men working underground, while a third is to develop 
a transport system giving individual freedom of 
Movement in an overcrowded country. Finally we 
have the problem of restoring natural beauty to 
areas rendered ugly by more than 100 years of 
industrial revolution. 


Excimers and Exciplexes 


by 
J. B. BIRKS 


Atomic and Molecular Physics Group, 
Department of Physics, 
University of Manchester 


are 


Exommsrs sre formed by aromatic molecules, by noble 
gas atoms, by monatomic vapours and by activator ions 
in alkali halide crystals; recently excrplex formation has 
also been observed in dinucleotides and DNA. Excimers 
and exciplexes are usually fluorescent, with a broad 
structureless emission band at a lesser energy than that 
of the excited monomer. Thus the continua in the emis- 
sion spectra of high pressure xenon and mercury arcs 
originate from excimers or excimer ions, for excited atoms 
yield only line spectra. 

Excimer and exciplex formation is a physical reaction 
analogous to a bimolecular chemical reaction. The 
reaction can be initiated by a short (10-* sec) light flash, 
and the subsequent variations in the concentrations of the 
reacting species can be monitored by observation of the 
intensities of fluorescence of the excited monomer and 
excimer. This method has been used to study the reaction 
kinetics and thermodynamics of aromatic excimer forma- 
tion and dissociation in solution, and the more interesting 
results have extended our knowledge of reactions con- 
trolled by diffusion and of radiative and radiationless 
processes. 

Aromatic excimer and exciplex formation is caused by 
a charge transfer interaction, to which an exciton (dipole— 
dipole) interaction may contribute. The enthalpy, 
entropy and radiative life-time of an aromatic excimer 
are all independent of the solvent environment, indicating 
that the excimer has a definite steric configuration. Such 
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Encouraging innovation in industry. Many examples 
have appeared since the Second World War of ideas 
first put forward in this country but developed 
abroad (for example, penicillin, swing-wing siroraft). 
Developing inventions is a gamble in which British 
industry seems reluctant to put down the stake 
necessary to stay ahead. A high level engineering 
academy could put its weight behind the develop- 
ment of those inventions showmg promise of real 
benefit both to the country’s economy and to the 
well-being of society, and encourage the invention 
of machines likely to solve the most important 
obstacles to this well-being. 

Lingineering careers. We are rapidly reaching a situation 
where industry is crying out for more engineers. There 
are unfilled places for engineers in many higher 
educational establishments and the chief obstacle is 
thet not nearly enough school children choose 
engineering for their further educational subject. 
There are many reasons for this, but one of the most 
important is that it is not nearly enough recognized 
at schools in this country that a career in engineering 
satisfies one’s desire to do something really original 
and creative and one’s desire to do something of real 
benefit to mankind as well as being a good way of 
earning one’s living. Again, we need a body dedicated 
to making these facta about engineering clear to the 
general public and the schools. 


1 Sutherland, G. B. B. M., Presidential address to the Institute of Physios and 
the Physical Society (1966) 


Excited atomic and molecular dimers (excimers) and complexes 
(exctplexes) are bound together by electronic excitation energy but 
dissociated In the ground state. 

current knowledge In the field. 


What follows is a review of 


steric configurations are proposed for the benzene excimer 
and for other aromatic exciplexes. 

Excimer formation is typified by the behaviour of 
pyrene in solution’*, The fluorescence spectrum consists 
of two components—a structured violet emission band 
which is characteristic of the excited monomer (M,*); 
and a structureless blue emission band which is character- 
istic of the excimer (D,,*) formed by the association of 
an excited molecule M,* and an unexcited molecule 
(M). That is 


M,*+M,=D,,* a) 


As the molar concentration [M] of M, is increased, the 
quantum yield pa of the M,* fluorescence decreases 
(concentration quenching), and the quantum yield gp of 
the D,,* fluorescence increases. The ratio ọp/ọm is 
proportional to [M], consistent with reaction (1). The 
absorption spectrum, which is characteristic of the 
monomer, is independent of concentration, showing that 
the excimer is not present in the ground state but that it 
dissociates on emission. 


This behaviour of pyrene is typical of many other 


aromatic hydrocarbons, including benzene, naphthalene, 
anthracene, 1 : 2-benzanthracene, 1: 2-benzpyrene, 3 : 4- 


bénzpyrene, perylene and many of their alkyl amd other , 


derivatives?*. In some compounds the exgjmer fluores- 
cence is difficult to detect in solution at room temperature 
because of the low solubility or the low excimer fluores- 
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Table 1. PHOTODIMER AND WXOIMER FORMATION IN ANTHRACENE DERIVA- 
TIVES AT ROOM THMPBRATURE 
Excimer Concentration 
Subetituent  Photodimerization fluorescence quenching 
None Yes Negligible Yes 
lo-dimethy! Nogllgible Yes Yee 
o ‘es o8 
9,10-dipheny1 Ro No No 


cence yield, but it can often be observed at low tempera- 
tures or in the pure liquid or crystalline states’. In 
other compounds, such as anthracene, tetracene and 
pentacene, the dimer interaction is so strong that a stable 
chemical dimer (photodimer) is formed, either from or in 
competition with the excimer*-!*, 

Stevens" introduced the name excimer to describe the 
excited dimeric complex D,,* and to distinguish it from 
the excited state of a dimer, which is stable in the ground 
state. The molecular interaction responsible for excimer 
Aor photodimer) formation is of relatively short range 
(~ 3-3-5 A) and it may be inhibited by substituent groups 
which sterically hinder a sufficiently close approach of the 
two moleculest: 5:10, Anthracene and its meso-derivatives 
provide a nice illustration of this behaviour, as shown in 
Table 1 (ref. 10). 

Apart from liquid solutions of aromatic hydrocarbons 
and their derivatives, excimer fluorescence has been 
observed in many other aromatic molecular systems, 
including solutions of heterocyclic aromatic compounds, 
such as 2,5-diphenyloxazole!?18, solutions of compounds, 
such as 1,3-diphenyl propane and 1,3,5-tripheny] pentane, 
in which M,* and M,-are aromatic groups in the same 
molecule which are not sterically hindered from approach- 
ing each other to form an intramolecular excimer™, and 
during the alternating current electrolysis of aromatic 
hydrocarbons (for example, anthracene, phenanthrene, 
perylene) in a polar solvent in which subsequent associa 
tion of positive and negative molecular ions leads to 
excimer fluorescence emission. 

Excimer fluorescence also ocours in orystals of aromatic 
molecules, for example, pyrene** and perylene*’, in which 
the molecular arrangement favours the excimer interac- 
tion of an excited molecule M,* with an unexcited neigh- 
bour M,; naphthalene and anthracene under high pressure, 
which brings adjacent excited and unexcited molecules, 
probably at defects, within the range of excimer inter- 
action*-*©; and microcrystalline films of aromatic hydro- 
carbons, such as the alkyl derivatives of 1 : 2-benzanthra- 
cene, in which excimers can be formed at defects*!~*, 
Pairs of identical adjacent parallel molecules (sandwich 
dimers), such as anthracene, produced by photolysis of 
the corresponding photodimer in a low temperature rigid 
glass“-* yield excimer fluorescence as do sromatio 
polymers, such as polystyrene, in which M,* and M, are 
aromatic segmers (for example, phenyl groups) in either 
the same or different polymer chains?’-**: and dinucleo- 
tides and polynucleotides (notably those of cytosine), in 
which the bases are stacked, in low temperature glasses*°, 

Fluorescent excimer formation is not, however, limited 
to aromatic molecules, but also occurs in several inorganic 
systems, notably as the continua of the spectra of the 
noble gases and other monatomic vapours (for example, 
mercury) at high pressures*!-34, and from high concentra- 
tions of activator (for example, thallium) ions in alkali 
halide crystals**. 

Thus excimer formation (1) is a fundamental physical 
process which occurs in many atomic and moleoular 
systems. 

Birks and Christophorou** first demonstrated that an 
excimer type interaction can occur in solution between 

*two different types of aromatic molecules, M, and M, 
which possess the same aromatic nucleus, to form what 
was called a “mixed excimer” D,,*. Thus 


è M,*+My2Dy* (2p 


These observations have been confirmed and extended to 
other pairs of similar aromatic molecules**-*?, The D,,* 


NATURE, VOL. 214 JUNE 17. 1967 


fluorescence of “mixed sandwich dimers” formed by the 
photolysis of “mixed photodimers” of anthracene and its 
derivatives in a rigid glass has also been observed. 
There is also some evidence for “mixed excimers” in 
which the aromatic nuclei of the constituent molecules 
M, and M, differ***, Pig 

One of the most striking examples of ‘‘mixed excimer” 
fluorescence is that exhibited by DNA and by various 
dinucleotides and polynucleotides in solutions at low 
temperature®*. Under these conditions the fluorescence 
of native DNA is that of “mixed excimers’’ of adenine 
and thymine, while that of denatured or single stranded 
DNA appears to include that of “mixed excimers” 
formed by guanine and cytosine residues. ‘The “mixed 
exoimer’’ state oan be populated equally well by excita- 
tion of either base. 

Mataga, Okada and Ezumi*® have observed a related 
phenomenon, the formation of a fluorescent excited 
molecular complex, dissociated in the ground state, 
between pyrene (M,*) and N,N-dimethylaniline (Q) in a 
non-polar solvent, n-hexane, at room temperature. Thus 


M,* + Q=(MiQ)* (3) 


The same authors‘! have also observed similar fluorescent 
excited complexes formed between aromatic hydrocarbon 
solutes and various polar dimethylamine solvents. They 
conclude that a charge transfer interaction between M,* 
and the dimethylamino group of Q is responsible for the 
excited complex formation. Similar effects have been 
observed with indole‘. 

The reaction (3) includes, first, excimer formation (1), 
where Q=M,, and, second, “mixed excimer” formation 
(2), where Q=M,, as special cases. In general Q is any 
molecule which interacts with M,* to form an excited 
complex (14,@)* which is dissociated in the ground state. 
This description of (M,Q)* is cumbersome, and that of 
D,,* as a “mixed excimer” is inaccurate. A simpler, 
more exact, terminology is desirable, and it is therefore 
proposed that (24,Q)* be called an exciplex=exci(ted 
com)plex**, that a fluorescent exciplex be called an 
excifluor= exci(ted) fluor, that the term excimer = exci(ted 
di)mer be retained for D,,*, but that the use of the term 
“mixed excimer” for D,,* be discontinued. 

The reaction kinetics of excimer formation (1) can be 
described in terms of six rate parameters: kry and 
krp, the radiative transition probabilities of M,* and 
Dy1,*; km and krp, the non-radiative transition probabili- 
ties of M,* and D,,*; and kpu[ M] and kup, the forward 
and backward rates of (1). These six parameters have 
been evaluated experimentally for several aromatic 
solution systems* tY from observations of the concentra- 
tion dependence of the monomer and excimer fluorescence 
quantum yields gw and 9p, and that of t(¢) and ép(t), the 
monomer and excimer fluorescence intensities as a func- 
tion of time, following nano-second flash excitation. The 
frequency factors and activation energies of the rate 
processes, and the enthalpy (AH) and entropy (AS) of 
the reaction, have been evaluated as a function of tempera- 
ture from similar studies. 

The following are among the interesting resulta to 
emerge from such investigations of pyrene in various 
solvents, 

The excimer formation rate parameter is given by 


8RT 


where R is the gas constant, T the absolute temperature 
and y the viscosity of the solvent. This is predicted 
by the Einstein-Smoluchowski theory for a collision 
process controlled by diffusion, assuming that Stokes’s 
law is applicable, that the Stokes and van der Waals 
molecular radii are equal, and that the microscopic and 
macroscopic viscosities are the same. The observations 
indicate that these assumptions are valid for dilute solu- 
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tions of pyrene in cyclohexane and in other low molecular 
weight solvents. 

The enthalpy AH(= — 9-2 koal mole-1= — 0-40 eV) and 
the entropy AS (= — 18 cal mole~? deg-) are independent 
of the solvent and temperature. The radiative transition 
probabilities are given by 


(5) 


krm =1(keu)o 
krp=1"(Krp)o (8) 


where n is the solvent refractive index. (kr), and 
(Erno, the radiative transition probabilities in a medium 
of n=1, are independent of the solvent and temperature. 
The behaviour of AH, AS and (krep), indicates that the 
excimer has a definite equilibrium steric configuration, 
independent of the solvent and temperature. 

In general, the non-radiative transition probabilities 
are given by 


kim = kru + he’ re exp (— Was /kT) (7) 
kip=k°1p+ k’rp exp (— Win[kT) (8) 


where k is Boltzmann’s constant, 

In pyrene, k'rm=k°rp=0, and krm and krp correspond 
to phonon induced intersystem crossing to the excited 
triplet state of M,, the tmplet state of D,,* being dis- 
sociated. Thus the triplet quantum yield is 


ors 1—om— op (9) 


Similar reaction kinetics and thermodynamics can be 
applied to the other exciplex formation processes (2) and 
(3), and the rate parameters, frequency factors, activation 
energies and thermodynamic quantities can be evaluated 
by similar experimental methods. 

Exciplex formation is determined by the resultant of 
various intermolecular forces. The attractive molecular 
interactions are (a) charge transfer interaction, and (8) 
dipole-dipole (exciton) interaction. 

In the case of aromatic excimers, « is a charge resonance 
interaction between positive and negative molecular ions. 
B is an exciton resonance interaction between transition 
dipoles in the two molecules. The magnitude of B is 
determined by that of the 1L,—1A transition dipole, which 
hea the largest moment among the transitions to the 
lower excited states of M, from the singlet ground state 14 
(ref, 48). 

Several theoretical studies*** have shown that neither 
æ nor B alone is adequate to account for the magnitude 
of the aromatic excimer interaction, which ia ~ 6,000 cm~, 
that is, ~0-75 eV (ref. 6). It has been proposed that 
configuration interaction between the charge and exciton 
resonance states is responsible for y, the resultant excimer 
attractive interaction V’. The binding energy (= — AH) 
and equilibrium steric configuration of the excimer are 
determined by the equilibrium between y and 8, the 
intermolecular repulsive interaction, R, which comes from 
Coulomb and van der Waals forces. 

Several experimental studies have demonstrated the 
importance of the charge transfer interaction « in exciplex 
formation, notably the excimer fluorescence produced 
by the association of positive and negative ions'*; the 
exciplexes in which the aromatic nuclei of the two mole- 
cules differ?®-3*.39; and the excifluors formed between 
aromatic hydrocarbons and dimethylamines, in which 
the dimethylamino group is involved in the charge 
transfer interaction*?41, 

When the exciplex components are identical, as in an 
excimer, or when they possess identical aromatic nuclei, 
the exciton resonance interaction 8 will also contribute. 
The similar behaviour of pyrene crystals'* and pyrene 
solutions*-45 indicates that the equilibrium configuration 
of the pyrene excimer in solution is similar to that of 
an adjacent pair of molecules in a pyrene crystal, except 
that the intermolecular separation is reduced from 3-63 A 
to ~3 A. As shown in Fig. l(a) a pair of molecules are 
situated with their molecular planes and axes parallel: 


t189 


the projection of one molecule on the plane of the other 
is such that the long molecular axes L and L’, which corre- 
spond to the polarization of the 1La-+4A transition dipoles, 
coincide, but the short molecular axes M and M’ are 
displaced by one C—-C length. The I—L’ coincidence is 
attributed to 8. The M~M’ displacement minimizes the 
intermolecular Coulomb repulsion between opposite pairs 
of C-C bonds, while maintaining a high degree of sym- 
metry". 





(a) (b) 


Fig. 1. Probable excimer steric configurations. {a) pyrene; (b) benzene. 
Dotted Unes indicate protection of one molecule M, on the plane of the 
other M,, Intermolecular spacing ~8 A. 


By analogy, a similar steric configuration is proposed for 
the benzene excimer (Fig. 16). In this arrangement a 
carbon atom (C,) of one molecule (M,) is opposite the 
centre (O,) of the other molecule (M;), and a carbon atom 
(C,) of M, is opposite the centre (O,) of M,. Burks® has 
noted that the electronic charge distribution in an uh- 
excited benzene molecule produces a central positive 
potential well, so that O, represents a “trap” for an 
excited m-electron localized on C,, while O, represents a 
similar “trap” for an excited n-electron localized on C,. 
The “bonding” of the benzene excimer can thus be 
described either by “resonance” of a n-electronic bond 
between the C,-O, and C,-O, positions, or by a “‘quasi-p- 
orbital” between M, and M, with charge centroids of 
-ġie at O, and O,. 

In the exciplexes formed between aromatic hydro- 
carbons and the dimethylamines***! the charge transfer 
interaction with a non-aromatic side group is dominant, 
and there is no exciton resonance interaction. This type 
of exciplex, in which the interaction is between an n- 
electron of Q and the r-electron system of M,*, may be 
described as an n-r exciplex, by analogy to an n—n charge 
transfer complex. It is to be expected that the n-electron 
orbital will lie centrally normal to the plane of the aromatic 
molecule. An aromatic excimer or exciplex m which 
the interaction is between the z-electron systems of the 
two components may be described as a n-r exciplex. 
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Radio Emission from the Nucleus of the Andromeda Nebula 
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OBSERVATIONS of the Andromeda Nebula (M 31) have 
recently been made with the Cambridge one-mile radio 
telescope! at frequencies of 408 and 1,407 Mejs. In this 
article we describe some results on the nucleus, which 
show that there is no source in M 31 comparable with the 
Sagittarius A source in our Galaxy and that emission from 
the remnant of the supernova of 1886 is also surprisingly 
weak. In addition we have set new limits to the radio 
emission from the companion galaxies M 32 and NGO 205. 

Fig. 1 shows the contour map of the region around the 
nucleus obtained at 408 Mc/s; the half-intensity beam- 
widths are 80 seo are in right ascension and 120 sec are 
in declination, as indicated on the map. Fig. 2 shows the 
area of sky covered by Fig. 1 in relation to the outline of 
the optical galaxy taken from the Hubble Atlas. The emis- 
sion appears to come from two distinct regions: (a) a 
partly resolved source of diameter 80 sec arc coincident 
with the optical nucleus, and (b) a more extended area, 
roughly circular with diameter 7 min arc and centred on 
(a). Each region contributes an integrated flux density 
Seos OF (0-2440-05) x 10-%* W/m?(0/s), corresponding to 
brightness temperatures of about 450° K and 20° K, 
respectively. There appears to be a region of higher 
brightness 3 min are north of the nucleus; this feature 
does not show any clear correlation with the optical 
structure. 

The observations at 1,407 Mc/s, which have a resolution 
of 23 sec x 85 seo, show no signal larger than the noise 
level and thus that there is no unresolved (< 20 sec arc) 
source with Si407>5 x 10-°* W/m*e/s) in the region of 
the nucleus. Observation of the extended regions of 
emission isftmited by the low surface brightness, but after 
numerical smoothing of the map to the lower resolving 


Sagittarius A, the Intense radio source at the centre of our Galaxy, 
has no counterpart In the Andromeda Nebula although the structure 
of the nucleus is otherwise similar. 
In Andromeda produces far less radio emission than would be 
expected from a comparison with remnants of galactic supernovae. 


The bright supernova of 1885 


power of Fig. 1, region (a) 18 apparent (Fig. 3). The small 
displacement from the optical centre and the slight 
extension along the major axis of the galaxy are probably 
not significant in view of the low signal-to-noise ratio. 
The flux density of region (a) at 1,407 Mc/s 1s (0-10 + 0-02) x 
10-** W/m%{o/s), which indicates non-thermal emission 
with a spectral index « (defined by Sov-¢) of 0-75 + 0-25. 
With the present sensitivity one would not expect to 
detect region (b) even if its spectral index were as low 
as 0-1. 

It is interesting to compare these results with radio 
observations of the central region of our . The 
distance of M 31 is 650 kiloparsec (kpc) (ref. 2), so that the 
diameters of the two regions (a) and (b) are 200 pe and 
1 kpo, respectively. At the distance of the Galactic 
centre, 10 kpc, these correspond to angular diameters of 
1°2 and 8°. 

The radio emission from the Galactic centre comes 
mainly from three distinct regions: (1) the source known 
as Sagittarius A (Sgr A), which is about 3 min aro in 
diameter and has a flux density of about 500x 10-* 
W/m%(c/s) at both 408 and 1,407 Mo/s; (1i) a region of 
thermal emission, some 30 min are in diameter (80 pe 
at the distance of the Galactic centre), which is optically 
thin at the present observing frequencies and has a 
brightness temperature of ~ 600° K at 408 Mc/s and 
~60° K at 1,407 Me/s; (ii) the larger-scale Galactic 
background structure, which at 408 Mc/s has a brightness 
temperature of ~ 200°-300° K over a region some 3° in 
diameter’. 

A source sumilar to Sgr A at the centre of M 31 would be 
unresolved and would have a flux density of 0-1 x 10-38 
W/m*(c/s) at 1,407 Mc/s; the present observations thus 
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Fig. 1. The 


shaded area indicates the half-intensity beamwidth. The oross is at the 
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show that there is no such galactic centre source in 
M 31 with an intrinsic luminosity greater than a twentieth 
of that of Sgr A. 

A detailed comparison of M 31 and the Galaxy is not 
straightforward, because of the different inclination of 
the two systems to the line of sight and the considerable 
contribution from foreground radiation m the observations 
of our Galaxy. Even so, it appears that the radio emission 
from M 31 differs from that from comparable regions 
of the Galaxy in two ways. First, region (a) in M 31 is 
similar in physical scale and 408 Mc/s brightness tempera- 
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ture to the extended thermal region of the Galaxy, but 
its spectrum is non-thermal. Second, region (b) has a 
surface brightness between ten and fifteen times smaller 
than the comparable part of the Galaxy (that is, the 
region within. 3° of the centre). 

The 1,407 Mo/s observations set an upper limit to the 
radio emission associated with the supernova of 1885, 
which is situated 17 sec arc away from the optical nucleus 
in p.a. 255° (ref. 4). The apparent magnitude at maximum 
was 7-2, which using the distance modulus obtained by 
van den Bergh? corresponds to an absolute magnitude of 
17-3; Zwicky* has classified ıt as possibly type I. The 
angular diameter of any associated radio source cannot 
exceed a few seconds of arc, and it is possible to set an 
upper limit of Sia < 8x10- W/m*o/s) to the flux 
density of any point source in the position of the super- 
nove. This figure can be compared with that from 
galactic supernova remnants when situated at the same 
distance. Cassiopeia 4 (Cas A), which is believed to be 
at & distance of 3-4 kpo (ref. 6), would be readily detect- 
able, with a flux density of 70x10- W/m*e/s) at 
1,407 Mo/s. Hégbom and Shakeshaft’ have measured the 
secular rate of decrease of the flux density of Cas A to be 
about 1 per cent per annum, and if this rate has been 
constant the emission at the age of the supernova of 
1885 would produce a flux density of about 1,700 x 10-?* 
W/m?(c/s). Lf the model of Shklovakii* is used, in which 
the flux density varies as 

Sac r-2tat) 


and if we assume that the radius r is proportional to age, 
the expected flux density is some ten times greater. 

The Crab Nebula, at an assumed distance of 1-1 kpe, 
18 intrinsically less powerful than Cas A, but is also much 
older (913 years). With its present rate of emission, it 
would be barely detectable at the distance of M 31(Syo9~ 
2-5 x 10- W/m?(c/s)). If its flux density has a secular 
decrease comparable with that expected on Shklovskii’s 
model, it would have produced a flux density when its 
age equalled that of the 1885 supernova of about 5,000 x 
10-3 W/m*(c/s). It thus appears that, unless the form 
of the secular variation during the earher stages of evolu- 
tion is appreciably different from that assumed, the 
remnant of the 1885 supernova is intrinsically very much 
less powerful than either of these two objects. 

The present observations at 408 Mc/s also give limits 
for the radio emission from the nearby dwarf elliptical 
galaxies M 32 and NGC 205, which each have angular 
diameters of a few minutes of aro and so would be just 
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‘resolved. The non-thermal radio emission from elliptical 
galaxies is known to be much smaller than that from 
spirals, and values of m,—1Mgg of > +1-0 have been sug- 
gested’1°, The present observations show that the flux 
densities of both M 32 and NGO 206 are less than 6 x 10-7° 
W/m?(c/s) at 408 Mc/s corresponding to limiting values 
of my-mpg Of +65 and +6, respectively. For comparison, 
the values for spirals and irregulars range from —1 to 
+2, 

The small mass of gas and the absence of highly lumin- 
ous stars in elliptical galaxies suggest that any thermal 
radio emission is also hkely to be small. With NGO 205, 
however, some dust and O and B type stars occur". 
Osterbrock!? has shown from study of emission lines that 
for a number of elliptical galaxies the mass of ionized 
gas must be less than 10~ of the total mass. For both 
M 32 and NGO 205 this would correspond to electron 
densities of less than ~1 cm. The flux density from 


NATURE, VOL, 214 JUNE 17, 1967 


thermal radiation from a region of diameter 300 po 
(1^5 arc) would be less than 2x 10-** W/m*(c/s) and thus 
would not be detected in the present observations. 


Received May 28, 1967. 
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Resolution of Coriolis Parameters for Former Epochs 


by 
H. BARRACLOUGH FELL 


Museum of Comparative Zoology, 
Harvard University 


Wae studying the geographical distribution of sea stars 
and other echinoderms collected in the Southern Ocean 
by the expeditions active durmg the International Geo- 
physical Year, I was greatly struck by the apparently 
consistent manner in which the degree of speciation 
appeared to be related to latitude and longitude. One 
facet of this relationship has already been reported', 
namely, that echinoderms distributed along latitudinal 
circumpolar ares in southern seas exhibit exponential 
decay of the number of species occurring at given locations 
as one moves eastward from the area of maximum 
speciation. The phenomenon was interpreted as an 
effect of the west wind drift, on the supposition that at 
random intervals of time members of southern populations 
suffer accidental transfer across areas which they do not 
inhabit, namely, oceans, either as floating larvae or as 
passive epiplanktonic passengers on rafted material, such 
as large brown. algae. 

Subsequent investigation has shown that molluscs, 
fishes and penguins also exhibit similar patterns of 
attenuation, so that this attenuation is probably general. 
More recent studies? have disclosed an analogous situation 
in equatorial regions, but here the decay occurs in the 
opposite direction, presumably in keeping with the pre- 
dominantly east to west flow of equatorial currents. The 
sequence of decay in speciation seems to follow parallels 
of latitude, and can often be extrapolated through con- 
tinents as if the continents were not there. As inverte- 
brate genera often have fossil records extending over 50 
or 100 x 10° yr, we may infer that in former periods 
these taxa crossed continents during periods of marine 
transgression. In view of the apparent connexion. between 
the routes of dispersal and the geographic co-ordinates of 
the,planet an analysis of the world wide distribution of 
marine invertebrates seemed worth while, because it is 
reasonable to suppose that exponential sequences of fossils 
might also follow east to west and west to east dispersal 
paths, as their living descendants do in existing seas. 

The distribution pattern of any taxon of marine 
invertebrates is a function of temperature. Some taxa 


Marine species are liable to dispersion by ocean currents and thus 
areal gradients of the degree of speciation depend on Corilolls 
parameters. 
from these “speciation gradients” some controversial results emerge. 


If Corlolls parameters for past epochs are calculated 


tolerate a wide range of water temperatures, but most 
exhibit a preference for waters where the winter and 
summer extremes do not transgress certain limits. Thus 
we oan generally distinguish tropical, temperate and polar 
taxa and can regard the Earth as divided into latitudinal 
belts. Because taxa differ in temperature preference the 
number of latitudinal belts is nearly infinite. 

It is reasonable to assume that marine taxa are liable 
to be transported by ocean currents (albeit at rare 
intervals of time). Ocean currents flow in well defined 
patterns related to the Coriolis effect on a moving body 
on a rotating planet. At the present epoch the pattern of 
the Hadley cell system of the atmosphere (governing the 
major wind systems), combined with the direct Coriolis 
effect on the hydrosphere itself, result in a system of 
gyres of which the general features are illustrated in most 
atlases. Because the motion of the current at any point 
is gyral, a floating marine organism must tend to bo 
carried along a circular path around the centre of the 
gyre. An organism sensitive to temperature, however, 
cannot drift indefinitely and still remain alive. If motile, 
it will begin to swim against the current when limiting 
temperatures are encountered; if passive, it must either 
die or sink into deeper, cooler water in the case of currents 
approaching the equator. Organisms which inhabit the 
continental shelf must all die unless landfall is made 
before lethal temperatures are encountered. Most fossils 
are members of former shelf faunas. 

It appears, then, that the effective current dispersal 
vectors for shelf taxa must be latitudinal, and, except for 
the cage of eurythermal taxa, the isothermal limits prevent 
full utilization of the potential gyral route. The two cases 
reported here relate to two regions where the latitudinal 
resultant flow of the gyres is strongly expressed: west to 
east in far southern latitudes, in keeping with the anti- 
clockwise rotetion of the principal southern gyres; and 
east to west in equatorial latitudes, in keeping with the 
fact that clockwise rotation of a northern gyre, and anti- 
clockwise rotation of a southern gyre produce an east to 
west flow on either side of the equator. But what of the 
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Fig. 1. Speciation gradients of the molluscan genus Folwta in existing seas. 


intermediate latitudes, where the gyral motion contains a 
significant, or predominant, north-south component ? 
According to the analysis so far, we should expect to 
find evidence of dwindling latitudinal dispersal aa we 
traverse these areas, and somewhere we should find a 
reversal of the direction of propagation of populations. 
This inference may now be tested. 

Fig. 1 plots the known number of species of the mol- 
luscan genus Voluta, according to their known distribution, 
using only species recognized as valid by Wagner and 
Abbott?. Gradients in directions deviating not more than 
45° from east-west are determined by join-plots on either 
side of oceans. Adopting a positive sign for gradients in 
which the speciation decreases from west to east, and 
negative for gradients with the reverse slope, the distri- 
bution of signs is established by dropping north-south 
transects, and noting the sign at every intersection. 
Negative signs occupy the region between 30° N. and 
30° 8., while positive fields lie outside these parameters. 
Occasional reversals of sign occur in the monsoon belt, 
where current-flow is seasonally reversed, and in the 
island region of the west Pacific, where extraneous factors 
may affect the local speciation intensity. With these 
minor divergences, the world pattern is seen to conform 
to @ simple three belt arrangement, in which the para- 
meters of the reversal of sign correspond closely with the 
parallels of latitude for 30° on either side of the equator. 

In Fig. 2 the Y co-ordinate represents a meridian and 
the X co-ordinate the equator. All gradients have been 
transferred from Fig. 1 to the one meridian, which is 
treated as a Y-axis in cartesian co-ordinates of latitude 
and longitude, the negative and positive gradienta lying 
therefore on the left and right sides. The conspicuous 
reversal of sign at 30° N. and 8. is seemingly related to a 
trigonometrical function. Because the overall distribution 
pattern matches whet might be inferred from the argu- 
ment already presented, we may now investigate the con- 
nexion between speciation and the gyral system of a 
rotating planet. 

For any theoretical planet which carries a hydrosphere, 
and which rotates about an axis, it can be shown that the 
sign and value of the resultant east-west components of 
current flow at any point on the surface must be propor- 
tional to cos np, where ọ is latitude, and n is the number 
of subequal gyres subtending a polar diameter. For the 


Earth at present, polar diameter subtends two complete 
gyres, one in each hemisphere, each of 60° diameter, 
together with two half gyres in the polar regions. The 
southern half gyre, 30° in radius, is centred on the south 
pole; the northern half gyre is at present self-contained, 
because land interrupts the Arctic circulation so that in 
the Pacific and Atlantic fragmented portions, each 30° in 
diameter, replace what otherwise would have been a 
single polar gyre of 60° diameter. Thus the value of n at 
present is three, comprising two integral and two half 
gyres. This is a simplification, but one adequate to the 
context. The relevant portion of the graph of minus cos 3 ọ 
is plotted on Fig. 2, on the same Y-axis as the gradient 
date. The nulls of both sets of data coincide at 30° N. 
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and 8. The negative is inserted in the cosine formula 
merely to conform with algebraic convention on cartesian 
presentation. Because all data are so far consistent 
with expectation that speciation is related to the planetary 
gyral system, and because it has already been shown that 
speciation decreases exponentially with longitude 0, we 
may express speciation intensity (S) as proportional to 
— cos 3 .e-8. On this basis, we may examine the dis- 
tribution of other widely distributed taxa, to test the 
validity of the suppositions made. Choosing a taxon of 
higher grade than genus, for example, the echinoid family 
‘Cidaridae, and plotting the distribution of genera in the 
same way as was done for species in Fig. 1, we find that 
the same general result emerges. We may now proceed to 
test the application of the equation to former geological 
K5 


Application to past epochs. In Fig. 3 is shown the first 
stage in the resolution of speciation gradients for Creta- 
ceous ammonites (data drawn mainly from Wright*), the 
families and subfamilies being chosen to cover as much 
of the Earth as possible. The gradients are drawn as 
nearly east-west as the find localities permit; it will be 
noted that exponential series similar to those found in 
the contmuous southern oceans today apparently 
occurred all over the globe in Cretaceous times in keeping 
with the extensive development of epicontinental seas 
and sea-ways in that period. The resolution of the 
resultant horizontal latitudinal flow components is given 
in Fig. 4, from which it is clear that the same relationship 
exists between speciation gradients and Coriolis para- 
meters, but the values of and 0 have changed in harmony 
with a new system of co-ordinates based on a north and 
south pole at approximately 71° N., 140° E., and 71° 8., 
40° W., respectively. 

Some consideration is now required of what has been 
elicited so far. A genus or higher taxon can apparently 
utilize the dispersal mechanism considered previously to 
perform east-west or west—east passages around the 
globe following a parallel of latitude consistent with its 
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environmental needs and utilizing temporary sea-ways to 
traverse continents. Thus a round trip, if accomplished, 
destroys the evidence of the trip. The gradients we plot 
are those brought into being by partial, uncompleted 
circumnavigations. In following any plotting sequence 
which yields orderly decay, therefore, we must assign the 
same sign to the terminal lap of any circuit as has been 
assigned to the rest of the are. Gradients which must 
take the reversed sign are shown with broken lines in the 
maps illustrating this article. It is evident that the line 
of nulls, at 30° N. and S., is as important a parameter in 
palaeogeography as the tropics of Cancer and Capricorn 
are today, for their positions are indelibly recorded in the 
geological record. Three points on any are are sufficient 
to define it, and there oan be only one great circle (that 
is, equator) parallel to any arc. Thus three points on one 
null line are sufficient to define the geographic co-ordinates 
of any epoch. This is important in dealing with data from 
periods for which we do not have world wide fossil records. 
Changing co-ordinates imply that increasing error will 
occur in plotting, if present-day Mercator projection is 
used for successively earlier epochs. To determine Jurassic 
or Triassic co-ordinates we will achieve a better result by 
preparing a map conformal to Cretaceous co-ordinates, 
and plotting on it instead. In Fig. 5 is shown the resolu- 
tion of data relating to lower Triassic times, using 
ammonites (data from Kummel’). This map also illus- 
trates the application of the method to a subdivision of a 
period, relying on the nulls of one hemisphere alone. As 
can be seen, reversals of gradient from equatorial to west 
wind drift signs occur in California, Utah, Idaho, Montana, 
western Canada, central Greenland and northern India 
(where the Salt Range faunas present an upstream rela- 
tionship to both Europe and the Himalayas), and the 
poles yielded by this arc of nulls lie in present co-ordinates 
50° N., 145° E. and 50° 8., 35° W. 

It ia not necessary, however, to have a conformal map 
of a later period on which to plot data. For example, we 
can proceed directly to plot Devonian data by the fol- 

















e 
Fig. 3. Speciation gradients for Cretaceous ammonites; numbers of 
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lowing method. Using trilobites, ammonoids and brachio- 
pods’, and plotting on a modern Mercator’s projection, 
we find that exponential sequences for families such as 
Odontopleuridae, Calymenidae, Homalonotidas, Phaco- 
pidas, Tornoceratidae, Cheiloceratidas, Gephuroceratidee 
and others, lead from Europe to North America, to Aus- 
tralia, to east Asia, and so back to Europe. This broad 
belt, characterized by negative slopes, must of course be 
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equatorial, indicating poles ın the north Pacific and south 
Atlantic. Inspection of the south Atlantic gradients dis- 
closes that those of the trilobite families Calmoniidae 
and Homalonotidae pass from Bolivia to Brazil to South 
Africa, to Falkland Islands, and by the terminal lap baek 
to Bolivia. Such clockwise rotation at once indicates the 
presence of the clockwise south polar gyre, apparently 
centred on some point near Tristan da Cunha. Adopting 
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a nominal pole on that island, we prepare n b 
a conformal map and replot the data. 
Nulls are now found along a line joining 
Brazil to Algeria and on a line passing 
from western Canada, over the present 
polar regions to southern China and 
Indochina. These indicate polar co- 
ordinates differing by about 7° from the 
nominal pole, yielding mid-Devonian co- 
ordinates of 32° N., 167° E. and 32° 8., o, 
13° W. Techniques such as these, applied 
to large scale maps and utilizing a wide 
range of available data, should elucidate 
a sequence of pole positions at relatively 
short time intervals if more precise 
ynformation should be required than can 
be elicited from small scale maps such as 
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The implications of these findings for 
biogeography, palaeomagnetism and other 




















disciplines are, of course, interesting, Fig. 6 
but before these can be discussed it is 
first desirable to examine hypotheses of 
continental drift in the present con- 
text. Fig. 6 indicates the positions of the contimental 
portions of the null lmes for the Cretaceous, using 
the same data as in Figs. 3 and 4, but mapping the 
Americas 40° of longitude further east than their present 
position, in accordance with recent suggestions that 
westward drift has occurred since the Cretaceous, at a rate 
of 5 om/yr. The derived “equator”, like the northern 
null line, is asymmetrical, and seems to comprise two 
distinct curves. The portion lying between nominal 
longitudes d to h on Fig. 6, covering an arc of approx- 
imately 160° of longitude, has the appearance of part of 
a sine curve, and could therefore be the projection of 
part of a great circle; but its parameters are such as to 
suggest that it is part of a great circle pertaining to a 
planet of about 5,600 km radius. The remainder of the 
curve seems to relate correspondingly to a planet of about 
7,200 km radius. In both cases the poles appear to lie in 
the neighbourhood of the loci inferred from Fig. 4. The 
gradients indicate positive and negative Coriolis flow 
resultants, distributed in the same manner as already 
elicited, with nulls in the Atlantic region at substantially 
the same latitudes as in Fig. 4. This result is as anomalous 
as is the compound ‘‘equator’’, for the dimensions of the 
residual southern Atlantic sea prohibit a gyre located 
within it, and prohibit an exclusively east to west flow 
between west Africa and Brazil; one is forced to infer that 
these narrow waters carried a vertical circulation, with 
gyres turning like roller bearings. Anomalous, also, are 
the steep speciation gradients across the southern Atlantic 
particularly, whereas normal experience teaches us that 
the shorter an interval between two sample populations, 
the less the speciation gradient. For all these reasons, 
therefore, we are obliged to consider as purely hypo- 
thetical, and without basis in physical reality, any 
notion that the Atlantic could have opened up since the 
Cretaceous. The Coriolis parameters of any model of the 
type considered in Fig. 6 are such as to demand a non- 
rotating Earth, in which the ocean flow is energized by 
wind systems, themselves unrelated to a rotating planet. 
If we reduce the hypothetical drift to 20° of longitude, 
and plot the same data again, the extracted null line and 
“equator” again prove to be asymmetrical, bipartite, the 
two sections related to separate geoids of more nearly 
similar dimensions than before. Hence the measure of 
ethe error is given by the relative displacement in longi- 
tude inflicted on the continents. It may therefore be 
concluded that the displacement is fictitious. If any 
continental drift involving the Americas and Europe and 
Africa Ras occurred, it must be before the Cretaceous. 
When datadrom earlier geological periods are considered 
in the same manner, however, the same discrepant results 
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emerge, and similar discrepancies arise in any other drift 
theories tested. The so-called expanding Earth hypothesis, 
for example, fails to stand up to test unless one postulates 
that the continents as well as the sea floor have expanded; 
in such latter case the speciation gradients remaim con- 
sistent with a rotating geoid, but the whole planet becomes 
miniaturized and purely imaginary. The so-called 
Gondwanaland hypothesis is also indefensible. The 
separation of the supposed constituent continents is 
dated by proponents of the theory as begimning in 
Carboniferous times. That is to say, the supercontinent 
was still intact in Devonian times. But the Devonian 
speciation gradients are clear, and show unmistakably 
that South America and South Africa lay on opposite 
sides of the south polar gyre. If the continents are 

in the manner proposed by advocates of the 
Gondwanaland hypothesis, we find that the gradients 
yield two south poles, one located along the seam uniting 
the Cape of Good Hope to southern Brazil, the other 
(demanded by the equatorial gradient field) located in 
the Tethyan ocean. The whole pattern of flow is dis- 
ordered, and incapable of relationship to any Coriolis 
parameters for a rotating planet. Although this is open 
to further discussion, the general conclusion I draw is 
that the analyses show that neither the continents nor 
ocean basins can have changed in size or disposition 
during the span of the fossil record. 

The successive loci of the poles of rotation yielded by 
these studies prove to match most closely the geomagnetic 
poles determined from rock magnetism in British lavas’, 
though the British poles lie generally 10°-15° west of 
the Coriolis poles. The corresponding geomagnetic poles 
determined from North American rocks lie about 20° 
further west from the British loci. It seems clear that 
we can no longer attribute the displacement of the 
American poles to an inferred westward drift of the 
Americas. This explanation, in any case, does not account 
for the gross discrepancies in the poles yielded by rock 
magnetism in other continents. In discussing the meaning 
of these data with colleagues at Harvard Observatory 
and the Smithsonian Astrophysical Observatory, the con- 
clusion reached was that the Earth’s geomagnetic field is 
probably not really dipolar, and that in former epochs a 
more conspicuously multipolar field existed. Perhaps 
these inferred subsidiary poles may now be determinable. 

Uncertainty as to the former positions of poles and of 
the continents has inhibited any formal development of 
palaeogeographic frames of reference. There appears now 
to be sufficient evidence to justify the preparation of 
maps which will show not only the distribution of land 
and sea and epicontinental seas but also the approximate 


NATURE, VOL. 214 JUNE 17, 1967 


co-ordinates of latitude and longitude. Conformal maps 
for the earlier periods, drawn to Mercator’s projection, 
are suitable for plotting gradient data but present an 
unfamiliar aspect on account of the transfer of circumpolar 
distortion to regions which lie near the equator on present 
co-ordinates. Various raodified projections can be used, 
however, m which the continents retain outlines com- 
parable to those they present on a globe, but are 

in a manner such as to bring regions in the same latitude 
for any period into positions along a horizontal latitudinal 
parallel. This mode of presentation has been used’ in an 
analysis of Ordovician faunas from which, although the 
data were handled differently from the method suggested 
in the present article, a consistent result emerged, the 
equator inclined at some 75° from its present position. 
An alternative presentation is given in Fig. 7, where 
Devonian co-ordinates are superimposed on a Mercator 
projection of the Earth for the present epoch. As indicated 
in Fig. 7, and in the Cretaceous projection (Fig. 5) as well. 
the meridian of Greenwich may serve as a suitable base 
for longitude, and such adoption is therefore formally 
proposed. 

There are several possible weaknesses in the hypothesis 
offered here. First, the Gondwanaland hypothesis offers 
a simple explanation of Permo-Carboniferous glaciations, 
because the South American, South African and Aus- 
tralian regions would all lie near the contemporary South 
Pole. A study of the heat budget of the Atlantic Ocean 
assuming insolation to have remained approximately 
constant, however, leads me to infer that during late 
Palaeozoic times the surface isotherm for 0° C would 
probably lie at about 40° 8. (present latitude), and that 
therefore southern South America and South Africa would 
be glaciated. The contemporary glaciation. of Australia 
and India is more plausibly explained by an elevated ice- 
sheet of orogenic origin. Second, orthotetaceid brachio- 
pods studied by Stehli and Helsley*® suggest a Permian 
equator near the present equator. A general review of 
the distribution of Permian marine invertebrates, how- 
ever, has led me to a different conclusion, the equator 
(on my interpretation) lay at an inclination of approx- 
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imately 42° to the present equator; these data will be 
presented elsewhere. Third, it could be argued that the 
distribution of fossil invertebrates is insufficiently known, 
and that apparent speciation intensities may reflect 
intensity of collecting, or the distribution of systematists 
who have studied the fossils, or the distribution of exposed 
fossiliferous deposits, or the distribution of shelf regions 
of the former Tethyan seas. To all such suggestions I 
think the same reply may be made, namely, that it is 
intrinsically improbable that any of these factors would 
present a temporal-spatial relationship such that the 
inferred equator becomes inclined at successively greater 
angles to the present equator as one passes backwards in 
time. Particularly improbable is the notion that palaeon- 
tologists, or fossil deposita, could have a temporal dis- 
tribution related to a cosine function of latitude, yet the 
speciation intensities observed are most easily explained 
by such a relationship, for which only Coriolis effects 
appear to offer a plausible solution. Fourth, continental 
drift, it might be argued, could itself be responsible for 
the temporal displacement in latitude of the observed 
equators. This, however, supposes a different kind of 
continental drift from that which is customarily envisaged, 
and it is open to the same criticism as the preceding 
comment. 

A much more difficult problem 1s posed by archipelagic 
faunas. These, as is well known, are liable to intensified 
speciation. In dealing with fossil faunas we have no sure 
way of recognizing intensified speciation associated with 
former archipelagos, such as might be expected in Europe 
and North America, for example, during periods of marine 
transgression. This topic requires further study. In the 
interim, however, it appears that even though speciation 
intensities may have been exaggerated in different regions 
at different times as a result of archipelagic speciation, 
the only reasonable explanation of the observed decay 
sequence is that suggested by the current related qis- 
tribution patterns in existing oceans. It must be emphas- 
ized that these studies are still at an early stage, and that 
more definitive polar loci may be expected as conformal 
maps become available to larger scales. ee, 





Fig. 7. Devonian co-ordinates, based on the meridian of Greenwich. 


1198 


I thank the various collaborating authors of the 
Treatise on Invertebrate Paleontology* and the U8 National 
Science Foundation for support. 


Received January 25; revised March 81, 1987. 


1 Foll, H. B., Nature, 198, 759 (1962). 
t Pell, H. B., Oceanograph. Mar. Biol. Ann. Rev., 5 (in the press). 


3 Wagner, R. J. L., and Abbott, R. T., Standard Catalog of Shells (Van 
ostrand, Princeton, 1964). 


NATURE, VOL. 214 JUNE 17. 1967 


‘Wright, O. W., Treatise on Invertebrate Paleontology, Mollusca, 4, L129 
(Univ. Kansas Press, 1967). 

+ Kummal, B., Troatiss on Inverisbrate Paleontology, Mollusca, 4 (1957). 

*Moor, R. C., Treatise on Invertebrate Paleontology, Mollusca, 4 (Univ. 
Kansas Press, 1057); wbid., Brachopeda, H1 (1965), Mollusca, L1 
(1957); Arthropoda, ÔL (1959), 

1 ayer n M., Irving, E., and Runcorn, 8, K., Phil. Trant., A, 250, 144 
(1 ' 

è Foll, H. B., Centennial posum Peabody Mussum (Yale Umversity 
Press, New Haven, ın the presa). 

? Btehli, F. G., and Helsley, O. E., Se:ence, 148, 1057 (1983). 


Interaction of Basic Magma with Pelitic Materials 


by 
C. D. GRIBBLE 


Department of Geology, 
University of Glasgow 


M. J. O'HARA 


Grant Institute of Geology, 
University of Edinburgh 


A MODEL can be constructed to represent what happens 
when basic magma is intruded into pelitic country rocks. 
Close to the contact the basic magma would become con- 
taminated by incorporation and digestion of country rock 
inclusions, the assimilation tending to lead to more rapid 
consolidation of the contaminated basic magma. Further 
from the contact the basic magma would differentiate 
during its orystallization—unaffected by events occurring 
at its margin. The country rocks adjacent to the basic 
intrusion would show a thermal aureole of subsolidus 
recrystallization effects, with a zone at and close to the 
contact in which the temperature would be sufficiently 
high to produce partial melting. The model can be 
expressed in tabular form (Table 1). 


Table 1 


A. Country rook 
Original country E a S A country rook 
0. Partially melted country rock 


Contact ~ = = — D. [Hybrid zone] ~ = = - — 
E. Intrusive norite containing coun- Keñouttlo rook 
Ortginal basic try rock xenoliths which are also group 
magmas partially melted 
F. Differentiated norite 


At the original contact some interaction between the 
liquid derived by partially melting the country rock and 
the contaminated basio liquid would be expected. A zone 
D is therefore included within the xenolithio rock group 
and described loosely as the “hybrid zone”. Rocks in 
zone O would form according to the hypothesis of Chinner 
and Schairer! while rocks in zone W would form according 
to the hypotheses of Read?’ and Bowen‘. 

Rocks of zone D would display effects not implied by 
either of the existing hypotheses for origin of the xeno- 
lithic rocks. 

Read*?.5 described xenolithio rocks associated with 
gabbroic and noritic intrusions in north-east Scotland, 
particularly at Haddo House. He considered them to be 
the products of crystallization of basic magma which had 
gssimilated Dalradian metamorphic rocks (schists and 
gneisses) surrounding and overlying the basic intrusions. 
The xenoliths contained in these rocks represented the 
undigested residues of the country rock inclusions in the 
modified asic magma. The hypothesis of Read is in close 

"agreement with predictions by Bowen‘. Later, Read and 
Farquhar? reinterpreted some of the’ xenolithio rocks at 


Xenollth-bearing rocks are frequently found associated with basic 
igneous intrusions. A chemical study of rock associations of this 
type In north-east Scotland suggests that these xenolith-bearing 
rocks represent original country rocks which suffered partial melting. 


Arnage as migmatites formed from the country rocks 
before the intrusion of the nontes. 

Chinner and Schairer! suggested, on the basis of 
experimental studies in the system CaO-MgO-Al1,0,-Si0, 
(CMAS) at atmospheric pressure, that such xenolithic 
rocks surrounding basic intrusions might alternatively be 
partially melted country rocks, in which case the unfused 
material would remain es xenoliths enclosed by the sub- 
sequently crystallized liquid extract. 

Consideration of phase equilibria in the system CMAS 
suggesta means of distinguishing between xenolithic rocks 
of zones O, D and Æ in particular instances. Fig. 1, based 
on Chinner and Schairer!, shows schematically the pro- 
jection of the surfaces which are the loci of liquids in 
equilibrium with anorthite and one other crystalline phase 
at atmospheric pressure, from or towards the anorthite 
composition into the plane C,M,-A-8. The heavy curves 
denote the projections of the lines which are loci of liquids 
in equilibrium with anorthite and two other crystalline 
phases. Arrows indicate the direction of falling tempera- 
ture along these loci. Lighter lines indicate the projections 
of composition planes within the tetrahedron such as 
anorthite (an)-tridymite (tr)-protoenstatite (pr), an-pr- 
forsterite (fo), an-fo-diopside (di), an-pr-cordierite (cord), 
an-spinel (sp)-mullite (mu) and an-sp-corundum (co). 
Because of the projection from anorthite, each of these 
planes appears in Fig. 1 as a straight line linking points 
labelled with the abbreviations of the names of the two 
other phases. 

The shaded region of Fig. 1 represents a possible range 
of compositions crystallizing as an-pr-tr-cord assemblages, 
analogous to plagioclase-hypersthene-quartz-cordierite 
hornfelses developed from peltic schist of slightly varying 
composition. The shaded region also encloses the com- 
positions of liquids in equilibrium (at suitable tempera- 
tures) with an-pr-tr-cord; an-tr-cord-mn, an-cord-mu- 
sp, an-sp-cord-fo and an-cord-pr-fo. It follows from 
the” nature of the phase equilibria that the partial 
melting of rocks of variable composition represented 
by points in the shaded region (all an-pr-tr-cord horn- 
felses) would proceed with the appearance of a unique 
liquid of a composition represented by the point ¢, 
at the temperature ż, This liquid might subsequently 
crystallize to a uniform an-pr-tr-cord rock of igneous 
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aspect (quertz—cordierite—norite) containing xenoliths of 
the unfused residual materials which would be various 
3, 2 or 1 phase assemblages selected from the phases 
an, pr, tr and cord depending on the rock com- 


position relative to the composition of #,;. Xenoliths 
retaining the four phase mineral assemblage typical of the 
original hornfels cannot survive this process. Read? has 
commented on the total absence from the xenolith assem- 
blage of hornfeleed but otherwise unaffected pieces of the 
country rock m the xenolithic rocks of north-east Scot- 
land, an absence not known in other, especially granitic, 
igneous bodies where the possibility of partial melting is 
much reduced by the probable lower temperature of 
intrusion of the magma. , 

If the temperature is raised to some value ¢, above 
that of t, the situation could occur which is represented 
in Fig. 3. A range of compositions is all liquid or consists 
of an + liquid. These liquids, all of similar composition, 
would each crystallize subsequently to the an-pr-tr-cord 
rock of igneous aspect (quartz—cordierite—norite), but the 
original schists, although now largely liquid, would 
contain some crystalline phases the nature and propor- 
tions of which would vary depending on the original bulk 
composition. Some of these might consist partly or wholly 
of combinations of mullite, cordierite and spinel. 

The original composition projecting in region 1 of Fig. 3 
would yield residua with compositions lying along Tr-P 
at temperature ¢,. At temperature t, (Fig. 2) these same 
residua would consist of an-mu-tr plus a newly formed 
liquid phase X, and these residua would have bulk com- 
positions projecting along the Mu-Tr join of Fig. 2. 

Similarly, original compositions projecting in region 2 
of Fig. 3 would yield residua with compositions lying 
along P-Q at temperature t,. At temperature t, these 
residua would consist of .an-mu plus a newly formed 
liquid phase somewhere along XY, and would have bulk 
compositions projecting at Mu in Fig. 2. 

Original compositions projecting in region 3 of Fig. 3 
would yield residua lying along Q—Cord—R at temperature 
é. At temperature ¢,, these residua would consist of 
an-mu-sp and newly formed liquid Y, and would have 
bulk compositions projecting along the Mu-Sp join in 
Fig. 2. 

Finally, original compositions projecting in region 4 of 
Fig. 3 would yield residua lying along R-S at t At t, 
these residua would consist of an-sp and liquid somewhere 
along YZ, and would have bull compositions projecting 
at Sp in Fig. 2. 

Corundum bearing xenoliths would be generated at 
temperatures above those appropriate to point W of 
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Fig. 1 (> #4). Residus consisting of an-mu-tr and an-mu, 
gonerated at f+, and an-mu-cord, generated between t, and 
t» would begin to melt with the appearance of liquid W, 
leaving residua consisting of an-mu-cord, an-cord and 
an-sp-cord. 

The apparent enrichment of alumina and depletion of 
silica in some of the residual xenoliths which would lead 
to the appearance of corundum and spinel do not imply 
metasomatic interchange with the magma but are a 
natural result of the formation and separation of a partial 
melt fraction from the original schist at the appropriate 
temperature. Read has described the formation of 
corundum, sillimanite and spinel bearing xenoliths in the 
xenolithic rock group of the Haddo House district. It is 
significant that such silica-poor, alumina-rich materials, 
which require a higher temperature for their formation 
than does the simple formation of a “‘quartz—cordierite— 
norite” liquid (see Figs. 1-3), are restricted to xenoliths 
enclosed in the quartz-norites of north-east Scotland. 
These intrusive quartz-norites (zone E of Table 1) repre- 
sent an environment in which higher temperatures would 
be expected. 

The hypothesis of Read requires the alumina-rich 
silica-poor xenoliths which have suffered most meta- 
somatic interchange with the basic magma to be 
contained in the most contaminated magma (quartz— 
cordierite—norite). Our development of Chinner and 
Schairer’s hypothesis predicte that such xenoliths should 
be found, if anywhere, in the hottest zones (that is, the 
norite) but might be absent from the cooler zones adjacent 
to the contact where liquid of composition appropriate to 
quartz—cordierite-norite would be produced by incipient 
partial melting of the pelites. 

It 1s to be noted from Fig. 2 that sumultaneous with the 
development of mullite- and spinel-bearing xenoliths from 








Sp > 
Figs. 2 and 3. 
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some parts of the original pelitic country rock, there might 
be a development of pure silica or silica-rich xenoliths 
from other parts of the original country rock. Read has 
described quartzite xenoliths from the Craigmuir Wood 
area, of the Haddo House district which he considered to 
represent the undigested residues of the Mormond Hill 
quartzite group of the Dalradian country rocks but which 
might, on the present hypothesis, have been generated 
from semipelitic material. 

The partial melting process, in the case depicted in 
Figs. 1, 2 and 3, leads within the closed system of the 
country rock (zone O of Table 1) to formation of a liquid 
phase of relatively restricted composition, and xenoliths 
of diversified and sometimes opposite and extreme com- 
position. In the norite or gabbro (zone Æ), partial melting 
of physically included xenoliths of country rocks also 
could lead to the development of extreme xenolith com- 
position and the partial melt liquid would interact with 
the basic magmatic liquid in a complex manner, which is 
discussed further in connexion with the nature of zone D. 

At the interface between zone O and zone Æ, and sur- 
rounding xenoliths in zone Æ, a xenolithic liquid formed 
by partial melting of country rock, having composition 
and temperatures such as ¢;, comes into contact with a 
“norite” liquid originally having composition and tem- 
perature appropriate to t, (t, > t; see Figs. 1 and 4). 
The “norite” liquid has a composition lying within the 
tetrahedron an-pr-di-tr (quartz-norite) but is in equi- 
librium with an, fo, pr, di (olivine phenoorysts present) 
at the time of intrusion. What happens at the interface 
between the two liquids (zone D) depends in a complex 
way on the temperatures of t, t, and t, relative to ¢, (the 
thermal maximum on the equilibrium an-pr-tr-lquid) and 
the heat of fusion and heat of mixing effects for liquids 
such as t, and tą 

One possibility is that f, > é,, % and ¢, and the heat of 
mixing effect between liquids t, and ¢ or ¿s is negligible 
(Fig. 4). Heat partially to melt the country rock (zone () 
and enclosed xenoliths occurring in zone Æ is provided by 
the liquid ¢, in zone Æ., This is accompanied by crystal- 
lization of phases such as an, pr and di (norite) and the 
evolution of the residual liquid in temperature and com- 
position towards ¢, (Fig. 1). Attempts to hybridize the 
xenolithic and porphyritic liquids between ¢ and č; with 
the xenolithic liquid é, cannot succeed (Fig. 4). Additions 
of ¢, to liquids between t, and t, result only in moving 


T 





e 
Fig. 4 (part of Fig. 1). Situation in country rook compomtions (left of 
Tr-Pr join) at temperature ta, and In norite system (right of T'r-Pr joln) 
at temperature ie (le> t> h >is) 
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Fig. 5. Projection of natural rock compositions from north-east 
Bootland in which crosses represent quartz-cordierite-norites, and circles 
quarts- and olivine-narites. 


the bulk composition into a range where an, pr and 
possibly tr can precipitate from a liquid the composition. 
of which must necessarily remain on the line tyt; or 
within the adjacent shaded region of Fig. 4. Continuous 
hybridization of the liquid towards t, is impossible; the 
end product would be a magma consisting of residual 
liquid near ¢, in composition, containing crystals of an, 
pr and possibly tr and di. Although the end product 
would be a rock ‘consisting of the phases an, pr, di and 
tr (a quartz-norite or quartz-gabbro) which might be 
unusually rich in an and pr because of the contamination, 
the bulk composition must always remain within the 
tetrahedron an-pr-di-tr. 

Similarly, addition of liquids such as & and fs to 
liquid ż, only modifies the bulk composition in such a way 
as to cause precipitation of an, pr and tr without modi- 
fying the liquid phase composition (Fig. 4). 

It follows that rocks which crystallize as an-pr-tr 
assemblages (quartz-orthonorites without either clino- 
pyroxene or cordierite present) cannot occur in this 
scheme as the originally liquid matrix to the xenoliths, but 
only as xenoliths or as a layer or screen precipitated at 
the interface between the intrusive basic magma (eventu- 
ally crystallized as quartz-gabbro or quartz-norite), and 
partially melted country rocks (eventually crystallized as 
quartz—cordierite-norite). At Haddo House quartz-ortho- 
norites are extremely rare and restricted to xenolithic 
occurrences at Wood of Schivas in quartz-cordierite- 
norite close to outcrops of xenolithic quartz-norites. 

Chemical analyses of rocks of igneous aspect collected 
at all available exposures in the Haddo House and 
Arnage complexes (that is, the relatively homogeneous 
matrices of xenolithic rock types as well as the intrusive 
olivine- and quartz-norites) have been converted and 
plotted in projection from the silica apex of the tetra- 
hedron CMAS (Fig. 5). All the rocks plotted are saturated 
with silica. The method of conversion is as follows: 
remove silica, alumina, calcium oxide and ferrous oxide 
in appropriate proportions to convert all sodium and 
potassium oxide, titania, phosphorus pentoxide and ferric 
oxide present to albite, orthoclase, ilmenite, apatite and 
magnetite molecules respectively; take the remaining 
calcium oxide, alumina, silica and magnesia (MgO -+ 
MgO equivalent to the remaining ferrous and manganese 
oxide, FeO +MnO)—and proportion to 100 per cent. 

Fig. 5 also shows the projection of the plane silica- 
anorthite—orthopyroxene based on the composition of an 
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“Fig. 6. Projection of natural rock compositions from north-east Scotland 
with symbols as in Fig, 5. 


analysed, rather aluminous orthopyroxene from quartz— 
eordierite-norite from Wood of Schivas in the Haddo 
House complex. Rocks lying in this plane, that is, on the 
appropriate line in Fig. 5 (quartz-orthonorites) would have 
the mineral assemblage quartz~plagioclase—orthopyroxene 
“K-feldspar, iron ores, apatite. Read’s hypothesis of 
progressive contamination of basie magma by pelitic 
schists to yield quartz—cordierite—norite magma predicts 
that such rocks should be well represented, and inter- 
mediate in abundance between quartz-norites or quartz- 
gabbros on the one hand and quartz-cordierite-norites on 
the other. The specific model discussed here, based on 
the Chinner-Schairer hypothesis, predicts a strictly 
bimodal distribution of rock types such as is revealed in 
Fig. 5. Fig. 6 shows the recalculated analyses of the 
Haddo House and Arnage rock types used in Fig. 5 plotted 
in a diagram similar to Fig. 1; that is, the rocks within 
the. tetrahedron CMAS have been projected from or 
towards the anorthite composition into the plane C,M,-— 
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A-8 of the tetrahedron. In Fig. 6, the bimodal charact Poo 
of abundance of the intrusive igneous rocks and the partial _ 







melt country rocks is again well displayed, and also ths 
distribution with respect to various subsolidus tetrahedr 
within the CMAS system. l ee 


We consider, therefore, that the available evidence —__ 


from the xenolithie rocks associated with the gabbros 
and norites of north-east Scotland is best interpreted 
follows: ee 
Intrusion of a basic magma into pelitie schists (zon 
led to hornfelsing (zone B) and extensive partial me! 
of the country rocks adjacent to the intrusion produ 
quartz-cordierite—norite magmas enclosing xenolith 
residual crystalline phases (zone ©). On intrusion 
basic magma near the contact picked up xenoli 
country rock which were subsequently partially m 
leaving xenoliths of residual and often alumina-rich ) 
(zone Æ). The liquid extracted in this process intera 
with the magma and contaminated it to the extent 
enhancing its final orthopyroxene and plagioclase conte: 
A similar process, but perhaps on a much larger seale, 





have occurred at the interface between xenolithic norite a 


liquid and xenolithic cordierite—norite liquid in the regi 
of the original contact. ce : 
This interpretation lends itself readily to further testing 


by strontium isotope studies. Whereas rocks from zones 
A, B and C should have similar (high) strontium-87/ — 
strontium-86 ratios characteristic of crustal materials, 


rocks from zone F should have ratios characteristic of 
uncontaminated basic magma, while rock types from 
zones D and Æ should have intermediate ratios. 

The exceptionally large scale development. of partially 
melted country rocks associated with the basic gabbros 
and norites of north-east Scotland might be explained. if 
the basic magmas had been intruded as a thick and very 
extensive sheet at considerable depth into country rocks 
which were already at relatively high temperatures 
resulting from a previous Dalradian regional meta: 
morphic event, a 
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Tue soluble proteins of the vertebrate lens are now 
generally classified into three groups, the «-, B- and 
y-crystallins, on the basis of their electrophoretic mobility 
at an alkaline pH. The y-crystallins migrate furthest 
towards the cathode, while the B- and «-crystallins have 
less mobility. There is ample evidence from dissociation 
studies that bovine «-crystallin is a polymer composed of 
a number of polypeptide sub-units’*. The sedimentation 
coefficient of bovine «-crystallin is 19 S, and dissociation 
with 7 molar urea gives rise to a series of progressively 


The three chief groups of soluble proteins of the chick lens can be 
dissociated by reagents which break hydrogen bonds. The dissocia-. 
tion is partly reversible and the sub-units can form combinations not — 
Immunological studies indicate that a 
eteropolymer structure may be general for lens proteins. 


smaller components, and ultimately to material with a 
sedimentation coefficient of 1-8 S (refs. 1 and 3). Bovine 
a-crystallin seems to be a heteropolymer and at least two 
sub-units have been found which differ from each othew 
in composition and structure?*.*; electrophoretic studies 
of the dissociated material on polyacrylamide gel indicate 
between twelve and thirteen different components’. 

The insoluble fraction of the lens proteins, fhe albu- š 
minoid, is also an aggregate structure*’, Tite albuminoid 


fraction of bovine lens contains «-crystallin, while in the 
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Fig. 1. Diagram of Osserrnan test comparing chick lens antigens (ares) 
with cross-reacting antigens of chick kidney extract (straight lines). 
‘The anodal end of the a-crystallin shows a cross-reactivity lacking from 
the cathodal end and the pre-a is linked by one of the straight lines to a 
lens component in the intermediate or 8 position. The “long line” shows a 
partial identity at each end. Some of the straight lines are very close to 
the antigen trough (lower) and their relationship to the lena proteins 
cannot be determined at this concentration (lens proteins 15 mg/ml. ; 
kidney proteins 45 mg/mil.), 


chick it appears that the §-erystallins occur in this 
fraction®}, 

There is less information on the sub-unit structure of 
the other crystallins. A number of features of the 
immunoelectrophoretic pattern of chick crystallins suggest 
very strongly that many of them are heteropolymers. 
This evidence may be listed under the following four 
headings. 

(1) The tmmunoelectrophoretic “long line’. Zwaan" re- 
ported the presence of an immunoelectrophoretic “long 
line” in the chick lens and a somewhat similar precipitin 
line has been found in this laboratory in the immuno- 
electrophoretic pattern of the lens of Xenopus laevis. 
The “Jong line” is a precipitin line which extends from 
the extreme anodal end to the extreme cathodal end of 
the immunopherogram, with a point of inflexion some- 
what to the cathodal side of the origin. In such an are, 
at least one antigenic determinant is distributed over a 
population of protein molecules with a great range of 
eleetrophoretic mobilities. The simplest explanation of 
this is that these molecules form a population. of hetero- 
polymers with at least two types of sub-unit and in which 
the minimum size of aggregate is much greater than two 
units, with random association. A greater number of 
sub-units must be postulated if the aggregates are smaller 
or if the association is not random. The shape of the 
“long line” does not readily support the hypothesis that 
a single antigen molecule can associate with varying 
numbers of a small charged group. 

Earlier, in a two-dimensional electrophoretic fraction- 
ation of chick lens, we analysed by immunoelectrophoresis 
at pH 8-9 fractions which had similar mobilities at pH 7-9 
(ref. 11). All the fractions of the “long line” obtained at 
pH 7-9 showed a wide range of mobility on re-running 
at pH 8-9 and there were always some components with a 
higher mobility than that shown in the first separation. 
This behaviour would be expected if a polymer became 
partially dissociated at pH 8-9 to give a number of smaller 
units of higher mobility, but with the same antigenicity. 

(2) Spur formation. In the immunoelectrophoretic 
pattern of the lenses of several species™®™!! a number of 
ares show spurs which indicate partial immunological 
identity", Such partial identities are most simply under- 
stood in terms of the existence of polymers of different 
compositions which have not less than one sub-unit in 
common. 

(3) Histochemical studies. Staining techniques applied 
sto the results of immunoelectrophoresis indicate that 
certatn of the precipitin ares represent heterogeneous 
populations of antigen molecules, with certain con- 
stituentg confined to part of the arc. Thus alkaline 

- phosphatase activity is shown by the anodal side of a 
8-erystallin fc of X. laevis lens, while the cathodal side 
of the same arc is devoid of this activity. 


* 
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(4) Studies of immunological cross-reaction. Current: 
work in this laboratory shows that partial identities are 
demonstrated particularly clearly when the antigens of 
the lens are compared with those of certain tissues in 
which cross-reacting material is found. We have com- 
pared these cross-reacting tissues with lens extracts by 
the Osserman test" using highly potent lens antisera. 
which also detect minor specificities; two features of the 
results support the hypothesis that some erystallins may 
be heteropolymers. First, a non-ocular tissue auch as 
kidney may give rise to a precipitin line which shows 
identity or partial identity both with a lens antigen on 
the cathodal side of an are in a pre-« position and also 
with antigens in the 8-group of erystallins (Fig. 1). Thus 
the precipitin line formed by the cross-reacting tissue has 
the effect of uniting two different arcs in the immuno- 
electrophoretic pattern of the lens. This suggests that the 
pre-% component and the B component and also a com- 
ponent of kidney share an antigenic determinant which 
enters into the structure of three different complexes. 

Several patterns obtained in Osserman tests with lens 
antigens tested against different cross-reacting tissue 
extracts are most simply explained as due to hetero- 
polymer structure. Thus partial identity throughout an 
are requires at least two sub-wnits with uniform dis- 
tribution, and that one of them is lens specific. Two types 
of pattern showing differences between anodal and 
cathodal ends of a lens antigen are similarly require not 
less than two sub-units, of which one is uniformly dis- 
tributed and the other is at one extreme of the molecular 
population. Partial identity at one end and total identity 
at the other end of an arc require that the lens specific 
unit has a non-uniform distribution, while partial identity 
at one end and non-identity at the other require that the 
cross-reacting unit is not uniformly distributed. An are 
showing total identity at one end and non-identity at the 
other requires a minimum of three sub-units, all non- 
uniformly distributed. All of these patterns of distribution 
of precipitin lines have been observed among different 
lens proteins. 

Dissociation studies on chick lens proteins. When an 
extract of the soluble proteins of chick lens is dialysed at 
a concentration of 60 mg protein/ml. against either 8 molar 
urea or 6 molar guanidine hydrochloride in 0-01 molar 
phosphate buffer (pH 7-4), the chick lens proteins remain 
soluble. When dialysed against 50 per cent formamide in 
0-01 molar phosphate buffer, pH 7-4, the entire material 
becomes converted into a rigid, transparent gel. 





Fig. 2. Ultracentrifuge analysis of chick lens proteins, Tracings of 

patterns obtained after 128 min at 42,040 r-p.m. a, Chick lens proteingin 

@-OQ1L molar phosphate buffer (pH 7-4); b, chick lens proteins in 8 molar 

urea in 0-01 molar phosphate buffer (pH 7-4); e, chick lens proteins 

treated with 8 molar urea then passed through ‘Sephadex G-50' In O01 
molar phosphate buffer (pH 7-4). 
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Fig. 3. Electrophoresis in agar of whole chick lens (above) and material 

reconstituted after urea treatment by passing through ‘Sephadex G-50' 

(below). T'ris-EDTA-borate buffer, pH 8-9. The anode is to the left of the 
photograph. 


The normal and urea-dissociated chick lens extracts 
were examined in the Beckman Spinco model Æ ultra- 
centrifuge at 42,040 r.p.m. at 20° ©, using schlieren optics. 
Sedimentation coefficients were determined by the method 
of Markham", and were corrected for solvent density and 
viscosity. The determinations on undissociated material 
were extrapolated to zero concentration. The sedimenta- 
tion pattern obtained with undissociated chick lens shows 
one major peak with two shoulders, corresponding to 
three classes of crystallins (Fig. 2). ‘The major peak has 
an Sq. of 7-9, which agrees well with the results obtained 
with purified §-crystallin from chick lens’. 

After dialysis against 8 molar urea in 0-01 molar phos- 
phate buffer (pH 7-4), the lens extract shows a single 
peak in the ultracentrifuge with an Sew of L9 and no 
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material with sedimentation coefficients corresponding to 
any of the crystallins can be detected in this material, 
even when the protein concentration is as high as 
30 mg/ml. We therefore conclude that all the classes of 
crystallins are polymers and that the greater ‘part, at 
least, of all the crystallins is reduced to 1-9 S units by 
8 molar urea. The sub-unit produced is comparable in’ 
size with the smallest produced from bovine a-crystallin?, 

Reconstitution of dissociated material. If chick lens 
proteins which have been dissociated with urea or guan- 
idine hydrochloride or treated with formamide are. 
dialysed against phosphate buffer an insoluble precipitate 
forms and little, if any, antigenic material can be detected. 
in gel diffusion tests. If, however, the dissociated material 
is passed through a column of ‘Sephadex G-50° or per: 
mitted to diffuse through agar containing ‘Sephadex. 6-25 
in order to remove the dissociating agents, then soluble 
antigens can be detected by antisera against whole lens: 
in immunodiffusion tests. When a solution of chick lens 
proteins (30 mg/ml.) in 8 molar urea is passed through — 
‘Sephadex G-50" in a column 2 cm x 7 em the urea is 
retarded and the protein fraction obtained shows a single — 
broad peak in the analytical ultracentrifuge with a mean 
Saw Of 5-9, as compared with the Saw of 1-9 of the 
dissociated material (Fig. 2). It thus appears that the 
dissociation is partially reversible, as has been reported 
for bovine a-crystallin®, and that the reaggregates are 
intermediate in size between B- and the y-crystallins, 

The reconstituted material shows an extensive and 
continuous band on zone electrophoresis on cellulose 
acetate at pH 8-6 and a well marked band in agar at 
pH 8-9 (Fig. 3), and has a greater mobility towards the 











Fig. 4. Photographs and corresponding diagrams of Osserman tests of reconstituted material, showing immunological relationships 

between reconstituted fractions (straight lines) and unmodified crystallin (arcs). (a) Chick lens proteins treated with 8 molar urea, then 

passed through a 7 cm column of ‘Sephadex G~50’, (b, e, d) Fractions 9, 11 and 19, respectively, obtained when 2 ml. of chick lens 

proteins in 8 molar urea were passed through a 25 em column of ‘Sephadex G-100'. 2 ml. fractions were collected. The diagrams ase not to 
scale, but for the sake of clarity are drawn with greater spaces between the lines and arcs than actually obtained. 
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Fig. 5. Tracing of Ouchterlony test of reconstituted material. Fractions 7 

to 12 obtained when chick lens proteinsin 8 molar urea were passed through 

a 17 em column of ‘Sephadex G75", 5 ml. fractions were collected and 
tested with antiserum against whole chick lens, 


anode than any components of untreated chick lens 
extract. Imnmunoelectrophoresis of the reconstituted 
material indicates the presence of at least three antigens, 
all of similar electrophoretic mobility, and tests using 
the Osserman method™ showed that the reconstituted 
material contains several components which share anti- 
genic determinants with at least one of the B-crystallins, 
with a-crystallins and with the “long line’’, especially its 
anodal half (Fig. 4a). This antigenic relatedness of 
material with changed mobility is best understood in 
terms of the formation of aggregates in which sub-units 
are found in different combinations from those usually 
ocourring. 

Gel-filtration during the gradual removal of urea might 
be expected to lead to partial fractionation both of the 
sub-units and of the aggregates as they form, leading to 
selective rather than random reassociation. This is borne 
out by the finding that gel-filtration of chick lens in 
8 molar urea, on a 25 em column of ‘Sephadex G-100° 
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without a dissociating agent in the buffer, produces a 
broad peak of reconstituted material in which the immuno- 
logical. properties of the leading fractions differ from those 
of the later fractions when they are tested by immuno- 
diffusion (Figs. 4 and 5). These results suggest that while 
random reassociation leads to the formation of insoluble 
complexes, restriction of possible recombinant complexes 
can lead to the formation of soluble material. 

The findings of our immunoelectrophoretic studies of 
the lens strongly suggest that a heteropolymer structure 
may be general for most of the proteins in the lens. The 
effects of dissociating agents show that all three major 
classes of protein in the chick lens can be reduced to units 
of the same order of size and that this effect is partially 
reversible. Immunological investigations of the reassoci- 
ated material indicate that the lens sub-units can exist 
in various combinations and that there are restrictions 
on the combinations which normally oceur in the lens. 

We thank Mrs A. G. Brown, Mr A. G. Gillies and Mr 
J. W. Wright for technical assistance and Dr M. L. 
Birnstiel and Mr J. Spiers for their help with ultracentri- 
fugation. We also thank D. B. Marshall (Newbridge), 
Ltd., Midlothian, for providing material for these experi- 
ments. 
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Assembly of Semliki Forest Virus in Brain 


by Specialized methods of combined light and electron microscopy of 
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Carshalton 


ELECTRON microscopists look through a “narrow window” 
about 1 mm wide (the size of electron microscope blocks), 
so that there is a large sampling error in electron miero- 
scopical investigations and a great deal of scanning time 
can be wasted. The window can be opened two orders of 
magnitude by using large area blocks 10x 10 mm square 
by 2 mm thick. The pathology of virus infection and the 
sites of virus lesions can be detected a hundred times 
more easily; a scanning procedure has been developed, by 
improving a method previously deseribed'. The light 
fhicrogeope is used for preliminary scanning on sections 
prepared from the entire face of large, hard ‘Epon’ blocks 
(Fig. 1) by large area sectioning. Perfect sections, 0:5~2y, 
can be obtained, and can be examined at all powers of 
*the miecroscopg by most optical methods including phase- 
contrast and interference microscopy. This allows a low 


brains of suckling mice show stages in assembly of virus, and associated 
neuropathology. In neuronal cytoplasm virus cores cluster on 
cisterna membranes and obtain their protein coat in a way which 
suggests that viral RNA and cisternal membrane provide a system 
for protein synthesis. 


power pathological scan, as well as a high resolution 
investigation of the finest cytological details. The last 
section taken gives full information about the adjacent 
block face, and any area of this face can be chosen for 
electron microscopy. A small fiat-topped pyramid, 
which includes the chosen area, is made by grinding away 
the rest of the block face accurately to a depth of 50-100p. 
This is called a ‘‘mesa pyramid” because it stands out, 
like a flat-topped mountain, above the ground down 
“plain”. High resolution electron microscopy can be 
carried out on ultra-thin sections cut from mesa pyramids 
prepared from any part of the large block face. A brain 
can therefore be scanned, from end to end, by light and 
electron microscopy, for pathology and related ultra- 
structure, in a comparatively short time. Because of the 
nature of the scan, new information, at three levels, is 
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obtained. From the low power scan new aspects of the 
pathology of virus infection are derived; new features of 
the cell response are obtained by the high resolution 
cytological scan, and new information about the ultra- 
structure of the virus is gained by high resolution electron 
microscopy of the ultra-thin sections from mesa pyramids 
(Fig. 2). The methods developed should be applicable to 
any neurotropic virus which grows in a small brain. We 
have used the method to investigate the assembly of 
Semliki forest virus in the brains of suckling mice, and 
the neuropathology of the virus infection, at all powers of 
the light and electron microscopes. 

Fifty-three brains from suckling mice, 1-9 days old, 
were fixed by perfusion with glutaraldehyde, post-fixed in 
osmium tetroxide, and slices were embedded in ‘Epon’; 
thirty-two were infected with Semliki forest virus and 
twenty-one were controls. The animals were infected 
48 h before collection by injection of 0-01-0-03 ml. of 
crude virus, as a clarified 10 per cent brain homogenate 
at a dilution of 10-5, subcutaneously into the dorsal 
interscapular fat body. 

The encephalitic lesions were characteristically necrotic. 
Their extent varied over fairly wide limits, and in every 
ease the cerebellum showed focal necrotic lesions, affecting 
particularly the granular and ganglionic layers; the 
involvement of other parts of the brain, although often 
of large extent, was less consistent, and varied according 
to the severity of signs of disease. Apart from the in- 
variable cerebellar lesions, the order of involvement of 
different regions was as follows: neocortex, hippocampus, 
corpus striatum, thalamus, corpora quadrigemina, and, 
exceptionally, the hypothalamus. In the cerebral cortex, 
the shape of the lesion was usually psevdolaminar, while 
in the striatum, cerebellum, and corpora quadrigemina it 
was spherical. 

The suckling mouse brain is immature; it does not 
develop the inflammatory reaction of an adult brain, and 
the lesions are thus purely necrotic, there being no peri- 
vascular cuffing or exudation, although scattered leuco- 
cytes occur, indicating some infiltration. A microglial 
reaction occurs in some areas. 





Fig. 1. 
mouse brain 5 days old; ‘Epon’ section stained with toluidine blue. Normal density 


of staining and mo 


developed in the neocortex and hippocampus. 


face, 


Coronal section (2u), slightly oblique, through level A21 (Craigie) of suckling 


hology of tissue is designated no in brain stem, where there are 
also three small focal necroses. The “etched” areas of the section are the widespread 
necrotic lesions caused by the Semliki forest virus infection, most extensively 
The brain section measures 8 mm 
across and electron microscopy can be performed on any chosen area of this large block 
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Fig. 2. High resolution electron mierograph of an ultra-thin section from 

a “mesa pyramid” of a large area block of cerebellum to show small part 

of virus assembly area in cytoplasm of neurone. A single cisterna contain 

three tubules of virus coat protein and the cisternal membrane surrounding 

them is studded with viral cores. In the arrowed core a striking sub- 
structure may be seen (compare Fig. 4). 


There is a high correlation between the sites of lesions 
detected with the light microscope and the occurrence of 
virus detected electron microscopically. Stages in virus 
assembly were most frequent in the peripheral zones of 
lesions. Features of the virus structure and 
of the process of assembly were detected 
easily, and we obtained information beyond 
that found in a previous investigation of the 
growth of this virus in BHK C13 tissue eul- 
ture cells as plaques (unpublished results of 
McGee-Russell and Faulkner). Asynchrony 
of infection in the living animal can be an 
advantage when a wide-ranging scan is 
possible, while synchrony of infection in tissue 
culture cells may actually cause difficulty, for 
the “morphological eclipse’ stage can be 
long, and the assembly process short and 
easily missed. A wide scan in the whole organ 
of an animal has a better chance of finding 
significant short stages, in different cells 
which are out of step. The spread of infection 
can also be investigated. 

Areas immediately adjacent to the edge of 
the lesions seemed normal under the light 
microscope (designated no in Fig. 1) apart 
from some astrocytic oedema. Nevertheless, 
virus was observed in the extra-cellular gaps 
between cells and in the cytoplasm of a few 
cells with random distribution. In the brain 
stem, the neurones and glial cells appeared 


but here again a few virus particles were to be 
seen in the extra-cellular spaces. ` ° 
The changes in the neurone after infection 
seem to begin with an alteration of the appear- 
ance of the chromatin in the nugleus. The 
virus itself seems to be assembled exclusively 
in the cytoplasm, where numerous stages: in 


normal by both light and electron microscopy,® 


had 
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Fig. 3, Electron micrograph of general “virus assembly area” in cytoplasm of neurone 
of cerebellum: nue, nucleus; vems, viral core/membrane system with well developed 
tubule of viral coat protein within the cisterna; fv, full virus within a cisterna; the 
membrane of the cisterna still bears a few viral cores; as, assembly area showing 
tangential longitudinal, and transverse views of viral core/membrane systems with 

enclosed coat protein tubules. 


the process can be found (Fig. 3). The normal constituents 
of the cell cytoplasm appear to undergo degenerative 
changes and gradually disappear. In the “assembly 
areas” newly formed virus cores” occur in clusters on the 
surfaces of intra-cellular membranes, which are similar to 
cisternae. Within the vacuolar space bounded by such a 
“eore-studded’’ membrane, one or more hollow tubules 
appear which are 50-70 my in diameter, and resemble in 
general characters the cylindrical arrays of viral protein 
which have been described as characteristic of viruses such 
as TMV (ref. 2). These tubules are double structures, as 
the high resolution micrograph of Fig. 2 shows, in a section 
from the brain, and the double layering exactly corres- 


| 
~ aot 
| 


Wig. 4. Diagram interpreting the structure visible in the viral core out- 
lined b? arrows in Fig. 2. The ‘‘dot and ring appearance”, or “cartwheel 
image”, occurs fairly often in sections showing viral cores, depending on 
the precise plane of section with respect to the particle, depth within the 
section, and orientation within the section, In this instance it can be 
interpreted As the appearance caused by looking end-on at the six-sided 
+ vertex of an icosahedral core structure, the other elements of which form 
a vaguer blurred ffiage on the lower edge of the vertex, and are lost to 
view, because of plane of section, on the opposite side. 
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ponds to the known structure of the coat of 
the Semliki forest virus, determined from 
PTA investigations of purified virus (un- 
published results of MceGee-Russell and Faulk- 
ner) and the structure of full virus as seen 
in sections of the brain (designated fe in 
Fig. 3). In the same high resolution micro- 
graph, indicated by the arrows, the character- 


istic sub-structure and size of the viral 
core can be detected, before the virus core 
has been assembled into a “full virus” 


It resembles a cartwheel with eight spokes 
around a central density (indicated by arrows 
in Fig. 2). This can be further interpreted 
(Fig. 4) as the six-sided vertex of an icosa- 
hedral core structure, with extra elements 
not shown clearly because of the plane of 
section, which give the superficial ‘‘eight- 
spoked” appearance. 

Our working hypothesis to explain the 
process of assembly of the Semliki forest virus 
in this tissue is that the viral RNA and the 
secretory membrane of the cisterna together 
form a system for protein synthesis and the 
manufacture of the tubules of viral pro- 
tein, which constitute the coat protein of the 
virus. This system may act as a substitute 
for the conventional ribosomal system. After 
production of both coats and cores, separ- 
ately, but as parts of a joint membrane- 
linked system, the viral cores enter the 
cisternae, and acquire their coats by subdivision of 
the tubules, so that the cisternae become filled with 
complete virus particles (fv in Fig. 3), which are then 
expelled into the extra-cellular space, by fusion of the 
membrane of the cisterna with that of the cell. This 
hypothesis has the interesting implication that in the 
brain the virus does not acquire, on leaving the cell, 
components from the cell membrane. It also means that it 
should be possible to purify from the brain viral cores 
which have never been assembled into full virus, to im- 
vestigate the RNA, and tubules of virus protein, which 
similarly have never been fully assembled. It is hoped to 
undertake work of this kind, as well as to determine the 
incidence and possible pathology of virus infection in 
other organs, by a wider scan of the kind discussed. 

Acheson and Tamm? have described similar components 
of assembly of Semliki forest virus during a single 
infectious cycle in chick embryo cells, but there seem to 
be significant differences. The distribution of the viral 
elements in the cell cytoplasm, in relation to the membrane 
system, seems somewhat different. The final mode of 
assembly, and release from the cell, as described, is of a 
different nature, for these authors suggest that the viral 
cores acquire an envelope in the process of budding through 
the cell membrane, into the extra-cellular space. If in 
brain and chick embryo cells there are two different modes 
of assembly and release for the same virus, resulting in 
different coat characteristics, we have a most interesting 
experimental situation. Significant differences in ad- 
sorption properties, tissue specificity, and perhaps enzyme 
activity’-* could be expected, and could be analysed by 
electron microscopical histochemistry, as well as bio- 
chemistry, and virological techniques. 

We thank Dr F. K. Sanders, Director of the Virus 
Research Unit, for his help. We also thank the Wellcome 
Trust for a fellowship to one of us (G. G.). 
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SOLUBLE extracts from a wide variety of tissues contain, 
in addition to cholinesterases (E.C.3.1.1.7-8), a mixture 
of carboxylic ester hydrolases (E.C.3.1.1)!, some of which 
can be separated by starch gel electrophoresis and differ- 
éntiated according to their substrate and inhibitor 
specificity’-". The natural substrates of these enzymes, 
which are often referred to as “non-specific” esterases, 
remain to be identified. Recently, the application of the 
“zymogram’’ technique? to crude extracts of adult mam- 
malian braint? revealed the presence of several organo- 
phosphorus-resistant esterase fractions®? which behave 
as A-type or arylesterases (E.C.3.1.1.2) according to the 
criteria adopted by Aldridge’ and Augustinsson® for serum 
esterases, 

It was also found that the electrophoretic distribution 
of A-type esterases present in rat brain is markedly 
altered with age®™, The possible significance of this 
finding in relation to brain growth and maturation has 
led us, in the first instance, to examine the distribution 
of these enzymes, as a function of age, in the brain tissue 
of several species which differ in their developmental 
patterns. This report will deal mainly with the soluble 
esterases in the developing brain of three rodent species 
(rat, rabbit and guinea-pig) as well as in human, foetal 
and neonate brain. 

The methods used in this investigation (see refs. 2 and 
6 for details) were briefly as follows. Soluble extracts 
suitable for electrophoresis were prepared by centrifuging 
50 per cent aqueous dispersions of whole cerebral hemi- 
spheres for 30 min at 50,000g and 0°-4° C, and separated 
by horizontal stareh gel electrophoresis (13 per cent gels 
made in 0-04 molar borate buffer, pH 8-35) according to 
Smithies". Bands of esterase activity were usually re- 
vealed by the naphthol /diazonium coupling technique and 
grouped according to their relative electrophoretic mobil- 
ities, M,, expressed as the percentage of the distance 
travelled under identical conditions by bovine serum 
albumin’. The distribution of the enzyme activity in the 
different bands was estimated by densitometry of the 
stained gel slices cleared in glycerol". 

The age of the rat, rabbit and guinea-pig foetuses was 
derived by the method of Huggett and Widdas'. Freshly 
frozen human foetal material was provided by Dr 8. 
Duckett, through the courtesy of Dr H. E. M. Kay, head 
of the Department of Clinical Pathology, The Royal 
Marsden Hospital. Human neonate brain was kindly 
provided by Dr A. E. Claireaux, of the Hospital for Sick 
Children, from infants who had died from congenital 
heart disease. 

Typical zymograms for the soluble esterases of immature 
and adult brains of rat, rabbit and guinea-pig, using 
a-naphthyl acetate (NA) as substrate, are shown in Figs. 
l and 2. The four main fractions found for adult brain, 
which are designated as A,-A, in order of decreasing 

* Although the greater part of the experimental work described here was 


carried out at Bedford College, the work was initiated when J.R.L. was on the 
scientific staff of the MRC Unit in Carshalton. 


The brains of the foetuses of a variety of mammals contain two main. 
electrophoretic variants of type A esterases. These are partly or 
completely replaced by new adult-type esterases at about the ae 
relative stage of development in man, rat, rabbit and guinea-pig 
alterations in esterase patterns can provide a good indicatio 
stage of development reached by an immature animal. 
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mobility, behave as typical A-type esterases, Thus 
they are not inhibited by concentrations of diethyl-p- 
nitrophenylphosphate (Æ 600) usually used to inactivate. 

both B-type (E.C.3.1.1.1) and cholinesterases*, ‘but. ¢ 
strongly inhibited by 100 molar p-chloromereuri 
oate (PCMB). This is shown for rabbit brain in Fig 
but identical results are obtained for the rat and guinea 
pig. The striking similarity in the electrophoretic. 
mobilities of the A-type esterases of the three rodent 
species examined is clear from the results presented in. 
Table 1. 







Table 1, RELATIVE MOBILITIES OF BRAIN A-TYPE ESTERASE FRACTIONS 
DETECTED AFTER ELECTROPHORESIS IN STARCH GEL 
(Substrate: a-naphthyl acetate) 








: Rabbit Guinea-pig 
Band (10) G0) 

Ay 100-04 1-1 100-0 41-3 
A; FHS 412 85-3413 
Aa SO-O4 1-2 407414 
Ay 30-9 + 9 triti 
A,/As 26 20 
wAgiAg 2 24 

Mean values given as per cent + S.E.M. of distance travelled 


by bovine 
serum albumin. Number of experiments given in brackets. cee 
For designation of bands, see Fig. 1 and text. 


Two of the four main A-type esterases found. in the 
adult, fractions A, and A, are virtually absent from 
extracts of immature brain (Figs. 1 and 2). It is-also: 
apparent that the intensity of fraction A, is decreased 
during development: this was confirmed on a more 
quantitative basis with purified enzyme preparations of. 


Rabbit 





Rat 
are 





FO Ad 


s 
Fig. 1. Esterase zymograms of immature and adult brain extracts with 
a-naphthyl acetate as substrate, Electrophoresis and staining techniques 
as described in the text andin ref. 6. P, 28-day rabbit foetus; NB, new- 


NB Ad . 


born rat; dd, adult. Fractions Ar-A, are E &00-resiataşt esterases, 

AchE is an eserine- and Æ 600-sensitive band identified as an acetyl- e 

cholinesterase (see ref, 6). S represents E 600-gensitive esterases, 
o, Origin. . 
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rabbit brain. The decrease in A, always precedes the 
appearance of the adult variant A,, as is shown for the 
guinea-pig in Fig. 2. The relative distributions of fractions 
A, and A, are plotted as a function of age in Fig. 4. 
These results clearly show that the transition between 
the immature and adult esterase patterns occurs between 
the first and third week after birth in the rat and rabbit 
but during the last third of gestation in the guinea-pig. 
These ages correspond to similar developmental periods 
for each of the species examined. This point is discussed 
later. It is remarkable that the ratio A,/A, reaches 
unity at an age which coincides fairly closely with the 
opening of the eyes, about 9 and 14 days after birth in 
the rabbit and rat, respectively, and at about 58 days 
gestation in the guinea-pig (Fig. 4). It should be noted, 
however, that the total contribution of fractions A, and 
A, remains fairly constant throughout development 
despite the marked alterations which occur in their 
relative distribution (Table 2; Fig. 4). A similar situation 
obtains for fractions A, and A, although, in this case, 
marked differences between species are also apparent 
(Table 2). 

The A-type esterases described here appear to be con- 
fined to brain tissue, because no comparable fractions are 
found in the serum, heart, kidney, liver, skeletal muscle 
or adrenal tissue of the same species examined in 


© 








Ài 
Åz 
7 (a) 
As 
As 
S 
Q= 
37 46 58 64 New 
Í Foetal age (days) born 


Fig. 2. Developmental changes in the esterase zymograms of guinea-pig 
brain extracts, These results were obtained from two adjacent slices of a 
single gel. a-Naphthyl acetate (a) and a-naphthyl butyrate (b) were used 
as substrates, Designation of bands as in Fig. 1. The arrows indicate 
(a) a transient E 600-sensitive esterase (see text), (b) esterases with the 

» same electrophoretic mobility as bands 4, and A, in (a). Zymograms of 
adult brain are mdistinguishable gom those shown for the newborn 
. animal, 
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PCMB 


Control 


E600 






F Ad FA 


Fig. 3. Effects of Æ 600 and PEMB on the soluble esterases of foetal and 
adult rabbit brain. Designation of bands asin Fig. 1. Arrows indicate 
esterases with the same mobilities as bands 4, and As. Substrates: 
NA, a-naphthyl acetate; NP, a-naphthyl propionate; NE, a-naphthyl 
butyrate, For each substrate, all six results were obtained with adjacent 
slices from a single gel. Gels were preincubated for 15 min with 10 molar 
E 600 or for 30 min with 100 «molar PCMB. The controls were pre- 
incubated similarly with phosphate buffer (see ref. 6). 


F Ad 


identical experimental conditions. Indeed, most of the 
esterase bands detected for these tissues are markedly 
inhibited by Æ 600 (compare ref. 3). It seems reasonable 
to conclude, therefore, that the four main A-type esterases 
detected in extracts of rodent brain represent homologous 
families of organ-specific isoenzymes. 

In addition to the main developmental changes described 
previously, a minor acetate-specific B-type esterase 
fraction, migrating between A, and A, (Fig. 2), is prom- 
inent in zymograms of foetal guinea-pig brain between 30 
and 48 days of gestation. A transient esterase fraction 
was also reported for developing rat brain in which it was 
prominent 10-12 days after birth!®. It may be interesting 


Table 2. RELATIVE DISTRIBUTION OF BRAIN A-TYPE ESTERASE FRACTIONS 


DETECTED BY THE %ZYMOGRAM TECHNIQUE 
(Substrate: a-naphthy! acetate) 


Rat Rabbit Guinea-pig 

immature adult immature adult immature adult 
Band (6) (5) (8) (7) (6) (5) 
Ay B+ 38 t6 106 37t: TET 50+ 4 
As 5443 1+1 4844 18+3 Fito 26+3 
A, 54i 3lt3 O* Tere o" 8ta 
Ay 36+2 +1 4242 3342 2247 1643 
Ay t Ag 59 56 58 55 73 76 
Art Ag 90 31 90 51 93 42 
AAs 01 aL 02 ah OL 19 


For designation of bands, see Fig. 1 and text, 

Values represent the mean distribution of enzyme activity, calculated as a 
percentage of the total esteratic activity due to A-type esterases after densito- 
metric analysis of the stained gel strips. a-Naphthyl acetate was used as 
substrate in the presence of 10-* molar Æ 600 (see text), Number of experi- 
ments shown in brackets. Figures for immature rat and rabbit were obtained 
with newborn animals and 28-day foetuses respectively; those for immature 
guinen-pig are the means obtained for foetuses aged 33, 37, 40, 42, 46 and 
D BYS. 

* No band detected. 


NATURE, VOL. 214 JUNE 17, 1967 





1209 








Rat Rabbit Guinea-pig 
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Fig, 4. Effects of age on the relative distribution of A-type esterases from rat, rabbit and 
B, birth; Ad, adult, Relative distributions estimated by densitometric analysis as described in ; 
represent means of at least three determinations on different animals (S.D. 2-5 per cent): those for guinea-pig, except forthe adults, are based on’ 


samples of pooled brains from 


that in each species the age at which this fraction can be 
detected roughly coincides with the onset of active 
myelination. 

When NA is replaced by «-naphthyl propionate (NP) or 
butyrate (NB) as substrate, two principal bands of esterase 
activity are seen which, although apparently associated 
with fractions A, and As, do not show the same alterations 
with age (Figs. 2 and 3). Moreover, the more anodic band 
detected with these substrates is completely inhibited by 
10 umolar Æ 600, as shown for rabbit brain in Fig. 3. 
These observations clearly point to the existence of dis- 
tinct substrate-specific esterases. Indeed, it was recently 
shown that the NA and NB hydrolysing activities 
associated with fractions A, and 4, can be completely 
separated from aqueous extracts of rabbit brain by a 
simple purification procedure involving fractionation with 
ammonium sulphate and chromatography on DEAE- 
cellulose (paper in preparation). 

Finally, zymograms of immature and adult brain also 
show diffuse zones of esterases sensitive to E 600 which 
are mainly found near the origin (region “s” in Figs. 1-3), 
and include both B-type and cholinesterases*. The 
increase in activity and complexity of this region with age 
is probably related to the elaboration of the endoplasmic 
reticulum (unpublished work). Indeed, staining in these 
zones is markedly increased when brain tissue is extracted 
in the presence of 0-5 per cent “Triton X 100’ (compare 
wef, 14), indicating that the enzymes concerned are 
derived from subcellular membranes. On the other hand, 
‘Triton’ has no effect on brain A-type esterases, and this 
ds in keeping with our finding that these enzymes are 
mainly recovered in the “soluble” fraction after differ- 
ential centrifugation of brain sucrose homogenates by the 
method of Whittaker’. 

The soluble esterases present in developing human 
brain were examined between 10 weeks after conception 
and birth, and in infants up to 2 years of age. The results 
obtained, which are to be reported in detail elsewhere, 
can be summarized as illustrated in Fig. 5. Thus, zymo- 
grams obtained for brain extracts of foetuses aged 10-32 
weeks show two main A-type esterase fractions (E 600- 
resistant, PCMB-sensitive) which disappear shortly after 
birth, when they are partly replaced by a more anodic 
electrophoretic variant first clearly detected in infants 
about I year old. Most of the staining seen in adult brain 
using NA or NB as substrate is, however, due to a com- 
“plex group of E 600-sensitive esterases, located on both 
sides of the origin (zone “s” in Fig. 5). 
= Jt appears that in man the transition from the immature 
to the adult esterase patterns is most rapid between about 
1 month before birth and 1 year after birth; this cor- 


a single litter. Standard deviations are shown 






guinea-pig brain. ©, Fraction Ay; @, fractio: ‘ 
Table 2 and the text. Most values for rat and rab 


for extreme ages, 





responds with the same maturational period as that 
associated with similar enzyme alterations observed in 
developing rodent brain. 

Tt is clear from the results described that extracts of 
immature mammalian brain contain two prominent 
A-type esterases (designated as A, and A, for rodent 
brain), and that the emergence of the more anodic electro- 
phoretie enzyme variants found in adult tissue (chiefly 
fraction A,) is accompanied by a marked diminution, 
during the early part of development, of the footal-type 
esterase fractions. In the case of the human brain, the 
foetal variants completely disappeared shortly after birth. 
The striking uniformity of the developmental changes. in 
the A-type esterases, and the lack of comparable changes 
in extra-neural tissues, strongly indicate that these 


© 





F NB 


Ad 


Fig. 5, Esterase zymogranis of immature and adult human brain with 


anaphthyl acetate as substrate. J’, 14-week foetus; NB,mewborn: 
Ad, adult. Bands I-IV, E 600-resistant A-type esterases, Bands.:S, 
E 600-sensitive esterases. o, Origin. The pattern for tle 14-week foetus 
persisted until about 30 weeks. Band II disappeared within one year è 
after birth and was occasionally absent at birth. He 
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enzymes represent families of organ-specific isoenzymes 
in which. modification(s) with age may be related to one 
or more parameters of brain growth and maturation. 

Adult isoenzymic patterns for A-type esterases are 
established during a relatively short period of time, for 
example, between the first and third week after birth in 
the rat and rabbit. This period coincides with a phase of 
intense myelination and proliferation of dendritic pro- 
ceases. It is also temporarily related to the emergence of 
mature patterns of electrical activity. For this reason, 
the sharp increases which occur for a number of enzymes 
and substrates during this period (the so-called ‘critical 
period”)! have often been related to the “functional” 
maturation of brain tissues, In connexion with the 
present work, however, it should be emphasized that 
there was no increase in the total activity of A-type 
esterases during the period of “functional” maturation, 
but rather a redistribution of isoenzymic variants the 
total concentration of which was already elevated during 
early foetal life. Indeed, the known decrease in hydration 
of brain during development! would imply that the 
activity of these enzymes, expressed in terms of dry weight, 
would actually decrease with age. 

On the other hand, it has been suggested that a number 
of hydrolytic enzymes which are present in relatively high 
concentrations during foetal life may be more specifically 
concerned with the processes of tissue growth'®. Indeed, 
such a general function would be in keeping with the 
ubiquitous distribution of this class of enzyme’. It is 
therefore tempting to speculate whether, in the immature 
foetal brain, the abundance of non-specific esterases, such 
ag those encountered in the present work, may be related 
to the numerous cell deaths which are known to occur 
during early growth. It is conceivable that some of 
these enzymes may play a part in the regulation of levels 
of tissue growth factors released during mitosis and 
morphogenetic degeneration (compare ref. 20). In this 
connexion it may be relevant that the transition from 
the immature to the adult esterase patterns coincides, 
in each species examined, with the virtual cessation of 
neuronal and glial cell division, that is, at about 6-7 
weeks and 8 months gestation, in the guinea-pig and 
man, respectively, and about the time of birth in the rat 
and rabbit’. 

Finally, an obvious question arising from the present 
results concerns the nature of the electrophoretic changes 
and in particular of the apparent replacement of the 
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foetal type enzyme (4) by a more anodic electrophoretic _ 
variant (A;)° during: brain: maturation... The: possibility 
that the two esterase types differ in their quaternary 
structure, the sub-units of which are differentially: syn- 
thesized during gene maturation”, is one, among many, 
which could account for the changes observed. 

The results presented demonstrate that A-type esterases 
serve as a sensitive index of brain growth and maturation, 
The availability of relatively simple procedures for the 
separation of the individual isoenzymic variants (paper in 
preparation) should facilitate further investigations, now 
in progress, on the nature of the developmental changes 
described, and of the factors involved therein. It is hoped 
that such an approach may provide some clues as to the 
natural function(s) of these enzymes. 

Tt is a pleasure to thank Dr D. Richter for his valuable 
criticisms and encouragement at the initiation of the 
work, Thanks are also due to Professor D. F. Cheesman, 
Bedford College, for criticizing the manuscript. M. F. H. 
was supported by a research studentship from the 
Medical Research Council. 
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Adrenergic Effect of Chronic Administration of Neuroleptics 


by Neuroleptic drugs, used in the treatment of schizophrenia, have a 


E. L. SCHELKUNOV 


Laboratory of Psychopharmacology, 
V. M. Bechterev’s Psychoneurological Research 
Institute, Leningrad 


* In 1964, I put forward the idea that the compensatory 
wiso in the central adrenergic tonus and reactivity caused 
by thechronic administration of neuroleptics might be the 
eause of their effectiveness as antipsychotic agents. 
Schizophrenics (especially simple and catatonic schizo- 
pphrenics) “have a lowered sympathetic tonus and reactiv- 
ity?. The sympathetic tonus and reactivity are elevated 
iù spontaneous remissions? and by various successful 


strong adrenolytic effect on the central nervous system. Prolonged 
administration, however, can lead to activation of the central 
adrenergic processes. The present experiments show that this is 
due to a feed-back effect. 


treatments including the chronic administration of neuro- 
leptics*°, On the other hand, neuroleptics themselves 
are either strong central adrenolytics (phenothiazone, 
thioxanthene and butyrophene derivatives) or suppress 
both the peripheral and central sympathetic tonus and 
make the parasympathetic tonus more prominent (rau- 
wolffia alkaloids and their synthetic derivatives). How 
then can the action of neuroleptics be explained ? 
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This contradiction can probably be understood if the 
following facts are borne in mind: (i) therapeutic effects 
can only be obtained when the drugs are administered 
chronically; (i) there is abundant evidence from clinical 
and laboratory work that animals adapt to the effects of 
neuroleptics when these are administered chronically. 
One of the most important aspects of such adaptation 18 
the compensatory rise in the central adrenergic tonus. 
For example, after the chronic admunistration of chlor- 
promazine over a long period the effects are clearly 
opposite to the effects of administering the drug over 
short periods of tume!-1?, 

These fanctional shifts are usually overlapped by the 
actions of neuroleptics themselves while chronic admini- 
stration is in progress. (iii) The antipsychotic effects of 
therapy with neuroleptics becomes manifest only some 
time after the start of therapy when the adaptation to 
the physiological effects of the drugs develops. 

The next logical step was to propose that the compen- 
satory elevation of the central sympathetic tonus was 
itself responsible for the therapeutic efficiency of neuro- 
leptics. In order to study this hypothesis further, three 
separate experiments have been carned out. 

The first experiment involved the use of the simple 
non.-instrumental method of “amphetamine stereotypes’. 
This method is simular to the other methods used to study 
the same phenomena'®1*, The essential feature of this 
method is the measurement of the time during which 
normal locomotion ıs impaired in rats carrying out stereo- 
typed movements. This tıme is an excellent measure of 
the amphetamine (adrenergic) excitement. It 1 well 
known that the acute administration of minimal doses of 
neuroleptics can abolish amphetamine stereotypes and 
restore normal locomotion™15. Chronic administration of 
neuroleptics (haloperidol, perphenazine, trifluperazine 
and chlorpromazine), on the other hand, substantially 
and highly significantly prolongs the time of the adrenergic 
stereotype. One such experiment is shown in Fig. 1. 

In preliminary experiments on sixteen white rats, the 
dosage of d,l-amphetamine sulphate was adjusted indi- 
vidually for each animal so that it reached a stable state 
of absence of normal locomotion'*, These doses varied 
from 3-3 to 7 mg/kg with a mean of 4-2 mg/kg and pro- 
duced amphetamine stereotypes lasting from 65 to 131 
min. with a mean of 112 min. The rats were then divided 
at random into two groups of eight rats, so that the mean 
time of amphetamine stereotype and the mean dose of 
amphetamme did not differ significantly between the 
groups. Haloperidol was injected into the rats every 
day except Sundays. The dose in the first two weeks was 
1 mg/kg intraperitoneally; on the following four weeks 1t 
was 2 mg/kg. The control groups of rats received equal 
volumes of distilled water. Every Saturday the control 





1-2 mg/kg/day 6 weeks 
222 22 2 9 621 
Days after the last injection of haloperidol 


35 40 45 58 68 73 79 


Fig. 1. Prolongation of amphetamine stereotypes in rate after 6-week 
administration of haloperidol. Ordinate: mean change of duration of 
amphetamine stereotype in chronic haloperidol (O—C) and chronio 
r(A -~+- A) groups in minutes compa: with the duration of 
amphetamine stereotypes before the onset of chronic injections. 


121/1 


and experimental animals were given appropriate doses 
of haloperidol to elaminate the acute effects of the last 
injection of the drug. Every Monday, 48 h after the last 
injection of haloperidol, each animal was myected with its 
standard dose of amphetamine. The time of amphetamine 
stereotype was recorded for each rat and the change in 
duration compared with the values obtamed before the 
start of the chronic expermment. 

Fig. 1 shows the mean change in the duration of the 
amphetamine stereotype in mun in the control and 
experimental groups for each experiment. After two 
weeks of treatment with haloperidol the duration of 
amphetamine stereotype in the animals treated with 
haloperidol shows an increase, and the difference between 
the control and treated groups reaches statistical signifi- 
cance. This difference is increased by further injections of 
haloperidol and remains 79 days after the end of the 
treatment. 

Similar but even more impressive results have been 
obtained using the method of apomorphine stereotypes. 
Stereotyped gnawing induced by apomorphine was used 
in mice’? and rate to test the neuroleptic activity. 
Belenkiy ef al. described the mhibition of catechol-o- 
methyl transferase by apomorphine and opened up a new 
outlook on the adrenergic nature of apomorphine excite- 
ment)*, We used a very simple method of apomorphine 
stereotypes. Rats were injected intraperitoneally ‚with 
apomorphine and the duration of apomorphine stereotype 
determined as the time interval between the injection of 
apomorphine and the end of a particular stereotyped 
movement. The end of apomorphine stereotype is dis- 
tinct enough in every animal. The duration of the apomor- 
phine stereotype is more homogeneous and stable than 
that of amphetamine stereotype. When injected immedi- 
ately before or after apomorphine, neuroleptics prevent or 
abolish the apomorphine stereotype. On the other hand, 
the duration of the apomorphine stereotype is prolonged 
by the chronic administration of neuroleptics. 

Fig. 2 shows the prolongation of both apomorphine and 
amphetamine stereotypes in the same group of rate 
during chronic 6 week administration of perphenazine 
in increasing doses from 1 to 4 mg/kg intraperitoneally 
every day except Sunday. The experimental procedure 
is analogous to that shown in Fig. 1. Both control and 
experimental groups consisted of twelve female white 
rate. Before the chronic administration of perphenazine 
the mean duration of apomorphine stereotypes (30 
mg/kg apomorphine intraperitoneally) was 119-3+43-6 
min in control and 121:3+ 2-1 min in expermmental groups 


respectively. The amphetamine tests were carried out 
exactly as in the previous experiment. The first 
apomorphine test was performed at the fourth 


week of administration of 20 h after the last injection 
of perphenazine and showed highly significant but 
relatively small prolongation of apomorphine stereo- 
types in the experimental group (P< 0-001). Apparently, 
the acute effect of the last injection of perphenazine 
strongly interfered. The second apomorphine test was 
performed 5 weeks after the start of administration of 
perphenazine and 72 h after the last injection of perphen- 
azine. As can be seen from Fig. 2, the duration of the 
apomorphine stereotype in the chronic perphenazine 
group is twice that in the control. In the third and fourth 
apomorphine tests (4 and 14 days after the end of per- 
phenazine administration) the highly significant pro- 
longation with apomorphine was also revealed. This 
effect disappeared 19 days after the discontinuation of 
perphenazine. 

The third type of evidence supporting my hypothesis 
was found in experiments with tetrabenazine (TBZ) as 
shown in Table 1. In this experiment (sixth day after 
the end of perphenazine administration: botfom of Fig. 
1) there is a small hyperthermia in the chronic perphen- 
azine group 30 min after tetrabenazine {10 mg/kg intra- 
peritoneally) in contrast to the hypothermia in the control 
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Table, 1. TAMPRRATURE FALL RESULTING FROM INJECTION OF THTRABENANIEE (10 MG/KG INTRAPERITONBALLY) IN OHRORNIO PERPHENAZINE* (6 DAYS AFTER 
FINAL INJECTION) AND CONTROL GROUPS 


Treatment before ampara ane tion of Totrabenazine-induced ten peratire f pal {r ee after herd 
Roum a) 30 min 60 min 90 min 270 min 
Chronic perphenazine (n= 9) 87-84 0-26T +027 40-18 — 0-20 + 0-14 — 087 + 0-16 Pepa Bees ~10140-2 
Chronic water ("= 10) 8784011 — 038402 — 0-97 + 025 164054 — 22 + 054 ~2 30+ 0-66 ~ 2-40 +0-7 
P <(two tailed) 0-02 0-05 OL 02 0-1 1 


* For procedure of perphenaszine injection see Fig. 2. + +S.B. 


group; at longer intervals after tetrabenazine, hypother- 
mia in the perphenazine group is less than in the control. 

Similar results have been obtained with chronic adminis- 
tration of trifluperazime and chlorpromazine to rats and 
also halopentol, trifluperazine, perphenazine and chlor- 
promazine to mice. All these results, as well as the fall 
in hypothermia after reserpine in mice subjected to chronic 
chlorpromazine, trifluperazine and haloanison adminis- 
tration” distinctly reveal the activation (probably com- 
pensatory) of central adrenergic processes during the 
chronic administration of the phenothiazine and butyro- 
phenone neuroleptics. A similar enhancement of the 
sympathetic tonus on the periphery after chronic adminis- 
tration of chlorpromazine was found in dogs the blood 
pressure reactions of which were measured™, 

Of special interest for the discussion of these results are 
the biochemical studies which have shown a rise in the 
brain 3-methoxytyramine and normethanephrine con- 
centrations in mice caused by narcoleptics when monamine 
oxidases have been inhibited by nialamide** and a rise 
in the concentration of dopamine metabolites caused by 
narcoleptics in cat and rabbit brains while the concentra- 
tions of catecholamines themselves remain unchanged**-**. 
On the basis of these results it was supposed that there is a 
similar compensatory acceleration of the synthesis and 
turnover of catecholamines and especially of dopamine 
when the central adrenoreceptors are blocked by neuro- 
leptics. The rise in the concentration of homovanillic 
acid in the corpus striatum of some rodents has been 
reported?! as has a rise of homovanillic acid in corpus 
striatum with an unchanged concentration of dopamine 
after 2 weeks of administration of chlorpromazine and 
“thioperazine to cats*’. 

the resulta mentioned here are mutually comple- 
mentary and fit the proposed hypothesis of a compensatory 
activation of the central adrenergic processes as a physio- 
logical mechanism of neuroleptic therapy. 

Further tlinical and animal experiments could ascertain 
whether the relationship between the biochemical and 
pltysiological shifts, on the one hand, and the antipsychotic 


effect of the chronic administration of neuroleptics on 
the other hand, is a causal correlation. The positive 
correlation between the therapeutic result and the eleva- 
tion of the sympathetic reactivity in particular under the 
neuroleptic therapy is in favour of such an idea’. 


Recalved February 28, 1967. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Optical Variations in 3C 446 


Cannon and Penston! have reported observations of 
the rapid optical fluctuations of the quasi-stellar object 
30 446. These add further to the study of rapid variations 
discovered in this object by Sandage* and followed in 
1966 by Kinman, Lamla and Wirtanen®. Variations 
of this kind lead to the conclusion that the region which 
gives rise to the fluctuation is very small, and m general 
it is found that for this region E < ot, where + is the period 
over which a flux change has occurred. A detailed dis- 
cussion of this result has been given. by Terrell‘ and others. 
These limitations lead to very restrictive conditions on 
the possible models of quasi-stellar objects which arise 
largely from the high radiation density that must be 
present in the continuum source. The upper limits to the 
sizes which have been used from light months to 
light days (~10%7 — 10% em) and the corresponding 
lower limits to the energy densities are then in the range 
10-10® erg/om! if the quasi-stellar objects are at cosmo- 
logical distances, and 10-*-10 ergs/om? if the objects lie 
at distances ~10 megaparses (Mpc). If the objects are 
at cosmological distances, then this radiation field ıs 
so intense that ıt would be self-destructive, whether it 
arises by the synchrotron process or from the mverse 
Compton process®*. The difficulties that are encountered 
in arriving at satisfactory models, if the quasi-stellar 
objecte are at cosmological distances, have been con- 
sidered by Hoyle, Burbidge and Sargent’. Attempts to 
evade or to minimize these difficulties if the objects are 
at cosmological distances have been made by Rees’, by 
Woltjer”, and by Hoyle and Burbidge’, and they require 
that the radiating blobs are moving at relativistic speeds 
and/or that there is a large degree of directivity in thé 
streams of relativistic electrons. If the quasi-stellar 
objects are much closer, the radiation density is accordingly 
reduced and the problems are less severe. 

Cannon and Penston have now attempted to account 
for the variations seen in 30 446 by a mechanism which at 
first sight does not appear to require such extreme condi- 
tions. They argue that the small central continuum 
source is radiating at a constant rate, but that it is ob- 
soured from time to time by absorbing clouds which are 
moving at velocities of a few thousand km/sec but which 
are gravitationally bound to the system. They think 
that the masses and the velocities of the clouds are not 
excessively high. In order for variations to take place by 
clouds passing in front of the continuum sources at such 
low velocities, however, they must assume that the 
dimension of the central source R<7-5 x 10» om or about 
40 light minutes. Thus, while the parameters of their 
absorbing region may be reasonable, the energy density 
which must be contained in the central object is now 
even higher than that which causes grave difficulties 
in the previous models. If the quasi-stellar objects are 
cosmological as they assume, these energy densities now 
reach the fantastic value of 2 x 10? ergs/om?, and the 
previous discussions of the inverse Compton effect*:*, in 
such an object, lead me to the conclusion that such a model 
must be rejected. 

Independent evidence has recently been given which 
strongly suggests that the red-shifta of the quasi-stellar 
objects are intrinsic red-shifts and that the objects are 
therefore not at cosmological distances’:°. Even if they 
are at distances as close as 10 Mpo, however, a size R< 
7-6 x 10} om leads to radiation densities > 10 ergs/cm‘, 
and all the difficulties inherent in the early discussion 
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which may only be avoided by making extreme assump- 
tions‘ remain. Consequently, I conclude that the 
model proposed by Cannon and Penston is exceedingly 
improbable unless the quasi-stellar objects are objects 
in or just outside our own Galaxy. 

This work has been supported in part by the US 
National Science Foundation and in part by NASA. 

GEOFFREY BURBIDOE 

University of California, 
San Diego. 
Roceived May 17, 1987. 
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PLANETARY SCIENCE 


Magnetic Declination in Mediaeval China 


Tue traditional view that Christopher Columbus dis- 
covered magnetic declination on his first voyage to the 
West Indies in 1492 was put forward with great force by 
Bertelli! towards the end of the last century and has been 
repeated by many since. On the other hand, Crichton 
Mitchell’, after having examined the evidence on which 
this claim was based, concluded that not only did Columbus 
not discover magnetic declination but that the existence of 
declination was known in Europe as early as 1450. In the 
past few decades, however, the Columbus controversy has 
become irrelevant with the researches of Wang Chen-To?and 
Needham‘, who have shown that the credit for the dis- 
covery of declination must go to the Chinese. Needham, 
in particular, has tebulated eighteen recorded Chinese 
compass observations of declination covering the period 
about 720-1829. These are of interest not only to his- 
torians but also to geophysicists, for they represent the 
earliest recorded direct observations of the Earth’s 
magnetic field. The question of their validity is therefore 
of great importance. ia 


Table 1. CHINRAH COMPASS OBSERVATIONS OF DECLINATION 720-1829 
Date Place of Latıtude Longitude Dechna 
A.D. observation N. g “on 

o. 720 Chhang-an (San) 34° 16’ 108° 57” 34° E 

c. 850 Probabiy Sian 34° 16’ 108° 57’ c. 16° E 

o 900 Probably Sian 84° 16’ 108° 57’ o 75° E 

c. 1080 Probably Khalftng 34° 62° 114° 38” Shghtly W 

o. 1086 Khaiféng 84° 52’ 114° 38” 10° y 

1115 Khaiféng 84° 52’ 114° 88° e. 10 W 

c. 1174 Hangchow 30° 17’ 120° 10° 6-10° W 

6. 1280 Probably Hangchow 80°17 120° 10’ 75° W 

¢. 1280 Probably Hangchow 80° 17’ 120° 1 75° W 

c. 1580 Probably Peking 89° 54" 116° 28° 0.7 6° W 

c, 1625 Peking 89° 54’ 116° 28° 5 5-750 W 

o. 1680 Nanking 82° 4’ 118° 47° Bo WwW 

o. 1680 Suchow 81° 28’ 120° 25° 25° W 

1690 Oanton 28° 8’ 111° 16’ 25° W 
1708 Shanhaikuan 40° 2” 119° 87° 2° W 
1708 Ohlay ukuan 39° 49° 98° 82° a WwW 
1817 Canton 23° 8” 111° 16’ 0 

1820 Poking 80° 54’ 116° 28° 15° W 


The Chinese declination values quoted by Needham are 
shown in Table 1. The first of these, made by I-Hsing 
about the year 720, was quoted by Wyliet; but he gave no 
reference, and the text has since then been sought by 
sinologists ın vain. We have now, however, struck a trail 
which leads back as far as 1713. The words translated b 
Wylie are found in the Chhou Jen Chuan (‘Lives o 
Mathematicians and Astronomers”) published in 1840 
(chapter 52, page 707) under the entry for Chang Tso- 
Nan*, from whose Chhuat Yo Hsiao Lu (“Modest Results 
with the Key of Measurement”), a book of astronomical * 


* We thank our collaborator, Professor Ho Ping-Yu, 
or a thank o Ping-Yu, for communticatiog 
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Fig. 1. Variation of magnetic declination with tıme in China and Japan since about the 
year 720. Data points and full line represent Chinese compass observations!; dotted line 
resents least v eqoares curve for the variation of declination in Peking for the 

une reprezente d Japanese declination variation as obtaine 
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and gnomonic tables printed in 1820, they were correctly 
quoted (preface, page la). Chang Tso-Nan himself had 
drawn them from the Li Hsiang Khao Chhéng (‘‘Compen- 
dium of Calendrical Science and Astronomy”), produced 
in 1713 under mperial commission by Ho Kuo-Tsung 
and Mei Ku-Chhéng, then revised and enlarged by the 
Jesuits Ignatius Kogler (Tai Chin-Hsien) and André 
Pereira (= Andrew Jackson, Heit Mou-T6) in 1742. What 
earlier Chinese sources these four compilers used remain 
in part obscure, but they certainly had at their disposal 
the archives of the Imperial Observatory, which had been 
in existence for more than a dozen centuries previously. 
Thus we feel justified in granting a higher degree of veri- 
similitude to the observation of I-Hsing than has hitherto 
been justified by the word of Wylie alone. The next 
reference to declination in China occurs in a text which 
may be dated to about the middle of the ninth century; 
and after the tenth they become more numerous. 

All the values tabulated by Needham have been plotted 
against time in Fig. 1; and the best ourve (full Ime) has 
been drawn by eye through these points on the assumption 
that I-Hsing’s value at about the year 720 is correct. The 
sites at which the observations were made lie in the 
latitude range 23° N.-40° N. and the longitude range 
98-5° E.-120-5° E.; and thus some of the scatter of points 
about the mean curve must be attributed to the spatial 
variation of declination. In 1945, for example, the declina- 
tion at the sites in question varied between 0-9° W. and 
5-8° W.*, so that deviations from the mean curve of up to 
5° or even higher might be expected. Also, owing to the 
difficulties involved in dating mediaeval Chinese texts 
accurately, there will be some error m time. The fact 
that the largest deviation from the curve in Fig. 1 18 only 
about 5° suggests that the Chinese measurements of 
declination were remarkably accurate. The dotted line 
in Fig. 1 represents the least squares curve for the varia- 

e tion of declination in Peking for the period 1700~-1945%7. 

Study of the remanent magnetiam of artefacts and baked 
earths makes it possible, in principle, to check the Chinese 
direct “observations over historic time. Objects such as 
pots or kilns which contain small amounts of etic 
materials and which have been fired in ‘the Earth’s field 
eerie on cooling, a thermoremanent magnetization in 

6 direction of that field. Measurement of the direction 
: this magnetization coupled with suitable dating tech- 






hee the ranges 
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niques makes it possible to deduce the 
declination and inclination of the geomag- 
netic field at the time of the last firing, as 
long as the orientation of the object at firing 
is known. 

Unfortunately, no such results from 
Chinese baked. objects have been obtained, 
or at least none is known in the Western 
world; and thus a direct check is not at 
present possible. A very thorough investiga- 
tion of the remanent magnetism of Japanese 
hearths, furnaces and kilns, however, has 
been carried out by Watanabe’, who has 
been able to trace the variation of both the 
declination and inclination over the past 
1,700 years in Japan. Watanabe’s results 
for declination are summarized by the broken 
line in Fig. 1. 

The Japanese sites lie in the latitude range 
34° N.—41° N. and all but two of the Chinese 
sites lie in the range 30° N.—40° N., so that 
the latitude spreads are approximately 
coincident. Although the mean longitude 
of the Japanese sites 18 approximately 25° 
further east than that of the Chinese sites, 
a comparison of the two areas 1s still pos- 
sible. The main features of the non-dipole 
field are known to be drifting westward 
at a rate of about 0-2° longitude a year®!°, 
although figures of up to 0-4° have been. 
quoted#!, A given non-dipole field feature which affects 
Japan at a given time should therefore affect the 
Chinese sites between 60 and 125 years later. Although 
such a feature will not persist indefinitely and 18 con- 
tmuously changing in magnitude, it will generally persist 
in the same general form for at least this period of time. 
Burlatskaya et al. have successfully used this type of 
argument in analysing world-wide variations in inclination. 

If the rate of westward drift of the non-dipole field has 
been similar throughout the past 1,000 years, one would 
expect that the Chinese and Japanese declination curves, 
though of differing magnitudes, would vary similarly 
but with a phase difference of between 60 and 125 years, 
the Chinese curve laggmg behind the Japanese. Refer- 
ence to Fig. 1 shows that this is precisely what happens. 
The maximum and the two minima of the Chinese 
declination curve lie about 100 years behind the corre- 
sponding Japanese maximum and minima; and the 
general trends of the two curves are remarkably similar. 
We conclude that this is strong evidence in favour of the 
validity of the Chinese observations, includmg I-Hsing’s 
declination value at about 720 quoted by Wyliet. 

One of us (P. J. 8.) would like to thank NATO for a 
fellowship, during the tenure of which this work was 


carried out. PETER J. SMITE 
US Geological Survey, Menlo Park, California. 

JOSEPH NEEDHAM 
Gonville and Caius College, Cambridge. 
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Hydrographic Observations of the Red Sea Brines 


Tue hot brines at the bottom of the Red Sea have been 
previously studied from research vessels Atlantis II!-4, 
Discovery* and Meteor’. During October and Novem- 
ber 1966, R/V Chain of the Woods Hole Océanographic 
Institution was available for intensive exploration of the 
Red Sea, and the temperature—salinity-oxygen structure 
of the water is reported on here. 

Thirty-one hydrographic casts were made in the areas 
of Discovery Deep and Atlantis II Deep (Figs. 1 and 2). 
Classical oceanographic methods were used, that is, pro- 
tected or unprotected thermometers on Nansen bottles, 
with a pinger for working close to the sea bottom. Bottles 
were closely spaced for maximum detail. 

Hugh temperatures were measured with Richter and 
Wiese 60° unprotected thermometers converted to pro- 
tected thermometers for this purpose (the same ones as 
used on Atlantis II in 1965). These were calibrated before 
the Atlantis II cruise, between cruises, and after the 
Chain cruise. Calbration differences were of the order of 
0-01°. As only two of these thermometers were available, 
many casts were necessary. 

Depths of samples within the brmes have been extra- 
polated from thermometric depths above the brine, 
taking wire angle (usually small) into account. It is felt 
that the depths are accurate to within several metres. 

Salinities were measured on the Schleicher—-Bradshaw 
salinometer and samples with salinities greater than 48 
parts per thousand were diluted with distilled water to 
bring them within the range of the instrument. Sabnity 
values derived from conductivity measurements are 
based on the assumption that the sample has the same 
relative proportion of salts as normal sea water, which 
these brines have not. The volume dilution method has the 
virtue of permitting comparable results to be easily 
obtained by other oceanographic vessels. 
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Fig. 2 Pam of Red Sea brine deeps. Contoura in metres cor- 

rected by Mathews tables. (. r Hunt et al.) 

Dissolved oxygens were titrated by the Winkler method. 
This method, however, is considered invalid for water of 
high iron content, as these are. The anaerobic indication 
for the saltieat brines ia confirmed by the fact that brne 
from the Atlantis IL Deep was colourless, but soon turned 
rust coloured on exposure to air. The values between 
normal sea water and the heaviest brines are certainly 
suspect. 

The plots of depth and temperature and depth and 
salinity (Figs. 3 and 4) are made from 119 temperature 
measurements of greater than 22°, and 188 salinity 
measurements of greater than 4l parts per thousand, in 
addition to some 1965 observations. They show some 
noteworthy features. In the hottest brine, that of 
Atlantis Il Deep, there is a temperature merease of 0-5° 
during an interval of 20 months. No significant tempera- 
ture change was found in Discovery Deep, nor was there 
any verifiable change of salimity ın either Deep. A 44° 
layer about 30 m thick between normal deep water and 
the 66° brine occurs in the Atlantis II Deep; this may be 
a transient feature. Similar observation of this water 
has been made by Hunt et al. and Krause and Ziegen- 
bein”. Above Atlantis II Deep is a mixing layer 120 
m thick between the 22° and 44° waters. This is an active 
zone, as shown by the varied temperature and salinity 
plots of the transition on different days (Fig. 5). In each 
case the shape of the temperature curve is similar to that 
of the salinity. This indicates that the variation is not 
caused by errors of salinometry or thermometry. The 
absolute depth of each cast may be in error, but the rela- 
tive depths of samples within a cast should be quite 
accurate. Station 715 has ragged plots, while the others e 
are smooth, but those of station 721 are more abrupt than 
the gentle slopes of station 718. These vanations imply 
that the brine layers are not statio. 

Brewer has noted (personal communication) a difference 
in the depth of the brines in Discovery Deep as found by 
the several expeditions (Table 1). . 
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Fig. 4. Discovery Deep. 


This is the only evidence yet seen of any activity in 
Discovery Deep. The boundary between the 44° and 56° 
brines is very sharp and despite a bottle spacmg of 5 m 
no intermediate values of temperature or salinity were 
obtained. 

The brine in Discovery Deep is similar to that of the 
deepest Atlantis II brine, with the exception of its 12° C 
lower temperature. Discovery brine seems to be cooling 
from the bottom, as RRS Discovery obtained a bottom 
temperature 0:4° C cooler than those above. This has 
also been indicated by electronic instrumentation used 
by Pugh on R/V Chain (personal communication). These 
brines far exceed the limita of oceanographic formulae for 
potential temperature and density. Crude measurements 
of density were made by means of thermal expansion 
of known weights of several samples with the following 
results: bottom water, 41:6 parts per thousand, at 22°, 
Sigma t= 28; Atlantis I 44° brine, at 44:35°, Sigma t= 89; 
Atlantis IL 56° brine, at 56-5°, Sigma t=178; Discovery 
44° brine, at 44-72°, Sigma t= 183. 

From chlorinity titrations done at the Woods Hole 
Oceanographic Institution by F. T. Manheim (personal 
communication) the 56° brine is assigned a chlormity of 
156 g/kg, or about 255 parts per thousand &. (total solids). 
The 44° Atlantis IT Deep brine has a chlormity of about 
77 g/kg and salinity about 131 parts per thousand (total 
solids). These salinities are not in agreement with values 
derived from the conductivity bridge, which are listed 
for the convenience of salinometer users. The two methods 
are comparable only in normal sea water. Table 2 shows 


e Table 1 
e Greatest depth Minimum depth of 
í of normal water (m) highest salinity (m) 
R.BR.S. Discovery, 1964 1,045 2,080 
R/V Atlantis IT, 1965 1,940 2,044 
R/V Oham, 196 1,044 2,058 


As Atlantis TT had widely spaced bottles, and only one in the brine, these 
figures are not definitjve. 


two stations in Atlantis I Deep that are typical of the 
water column. Station 725 is from surface to 1,759 m 
and station 727 extends the data to near bottom. Table 
3 presents a single station in Discovery Deep, in the deep 
water only. Table 4 shows there is some scatter of 
temperature within the brine layers. This appears to be 
greater in 1966 than in 1965. The scatter in 1966, of 
0-25° in Atlantis IL Deep, is an order of magnitude greater 
than the thermometric accuracy, indicating activity 
within the brines of this deep. 


Table 2 
Chain Station 725 October 80, 1966 Atlantis IT Deep 
Sound Oxygen 
Depth Temp. Salinity Sigma ¢ vel. content 

1 80-77 89-218 24-64 1,551-0 4-30 
10 30 79 89 107 24 62 1,652-1 418 
25 29 01 89 469 25:44 1,649-0 4-84 
75 26:20 80-302 26°24 1,5486 416 
99 24-86 39°87 27 24 1,640°6 8:97 
149 22-82 40-27 28 01 1,588 0 2-07 
198 22:17 40°41 28°30 1,687-4 3-22 
298 21-78 40-58 28:50 1,538-2 1-58 
307 21°71 40°58 28°56 1,639-7 1:12 
497 21:70 40-68 28°61 1,641-4 1-20 
597 21:71 40:56 28-56 1,543-1 142 
797 21-78 40 62 28°59 1,546-7 1-87 
997 21-76 40-64 28-60 1,549-9 191 
1,169 21-70 40°61 28-56 1,552-8 2-01 
306 21:84 40-60 28°54 1,656-2 2-05 
1,562 21:89 40-60 28-53 1,559 6 2-09 
1,759 21-05 40-62 28 52 1,563-1 2-07 
Chain station 727 October 31, 1966 Atlantis IT Deep 
1,980 22-74 41:40 28°89 1,669 8 2-01 
1,990 28-02 41°72 29-05 1,671 0 1:80 
2,000 26-48 47:99 82:77 1,686-4 0-54 
2,010 _ 66 7* — — 0 i1 
2,015 -= 150-4* — — 0 00 
1020 — 150-4" — — 0-06 
025 — 1492* ~— — 0-06 
2,080 — 1501* e — 0:05 
2,035 — 150-1* ~—e — 0-05. 
2,040 44°26 150'5* _ = 0-08 
2,045 — 147-0* = _ 0 65 
2,050 — 318 6* _ — 0 00 

2,055 — 317.8 ome — — 

2,065 — 318-6* “— — — 
2,075 56-49 318-6* — — 0-00 


* Shipboard processed values as described in text. 
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Fig. 5. Atlantis O Deep. 





Table 8 
Chain Station 782, A and B November 8, 1968 Discovery Deep 
Oxygen 
Depth Temp. Salinity Sigmat Sound vel. content 
1,720 21 92 40-60 28-52 1,562-3 2-00 
1,817 22-00 40-61 28-50 1,564-2 214 
1,918 22-03 40°67 28°54 1,565-9 2-04 
1,988 22-10 40:70 28-64 1,566- 2-19 
1,044 22-08 40 67 28 54 1,506-4 0-00 
1,962 22 88 41 07 28°74 1,568-1 1:96 
1,964 22- 42°10 20-89 1,571-1 — 
2,048 — 188-4" — — 006 
2,058 44°70 $16-1* — — 0 00 
2,083 44:78 316-4* — — 0-08 
2,108 44°73 317-0* — — 0-00 
* Shipboard processed values as described ın text, 
Table 4 
No. of ob- Tem: ture 
Location Da servations Range Bread Average 
A It Deep 1965 9 55-90-55 04 0-04 55:92 
A TT Desp 1966 15 56-31-56-56 0-25 56-48 
Discovery" 1964 4 44-4-44-9 O-5 4A-7 
Discovery 1968 44-05-4475 0-10 44-72, 
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Membrane Filtration of Fresh Water 


Mumesranp filtration is widely used as a standard pro- 
cedure in treating water samples before they are subjected 
to chemical analysis. Acceptance of this procedure 
involves the implicit assumption that filtration separates 
the raw water into well defined fractions; this belief is, 
however, only partly correct. In fact, membrane filtra- 
tion separates the solid phase (particulate matter: 
detritus, plankton) from the liquid phase (water with 
the solutes), with distribution of colloidal matter between 
these major fractions. An undefined part of the colloids 
is retained with the solids on the filters, chiefly as a result 
of electrostatic forces; the remaining part of the colloids 
accompanies the liquid phase. Colloid retention by the 
filter is evidenced by the colouring of the filters even when 
no plenkton is present, and by the observation that 
filtration of a specified volume of water is often difficult 
to perform, even in the case of samples containing hardly 
any planktonic organisms or detritus*. 

This aspect of membrane filtration may have an impor- 
tant bearing on the interpretation of analytical data 
and detailed studies are undoubtedly required. Further, 
although in certain respects it is an undesirable feature 
of membrane filtration, this partial retention of colloids 
offers a new tool for characterization of waters. 

The filterability index ıs defined here as the amount of 
water traversing a membrane filter, of specified surface 
aree, under reproducible suction conditions. The end point 
18 reached when the flow has slowed so that less than 
1 drop/sec passes the filter. 

The equipment used was supplied from the Millipore 
Corporation (vacuum pressure pump No. sæ 60 000 00, 
adjusted to a suction of 14 1b./in.?; filters ‘HAWG’ 47 mm, 
pore size 0-45 + 0-02z). 

Observations have been made for a period of about 
2 yr on the filterability index of water from the Fern Lake 
system. These observations (Fig. 1) show that a clear-cut 
annual cycle exists, and that there is a definite difference 
between the filterability of the surface water and that of 
the bottom water, especially in periods with thermal 
stratification. In these periods the bottom water has 
lower filterability than the surface water, in spite of the 
far higher phytoplankton production of the latter. 
Furthermore, the annual variation in the inlet water is 
much greater than in the lake proper. The maximum 
values observed in the lake system exceed the minimum 
by a factor of more than 40. 

The range of variations in the volume of water filtered 
from April 1965 to December 1966 is shown in Table 1. 

Two major variables interact in determining the filter- 
ability index, the content of particulate matter (detritus, 
silt, phytoplankton), and the colloidal matter; thus, such 
data are not necessarily comparable from lake to lake. 
Nevertheless, filterability under controlled filtration con- 
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Fig. 1. Variations ın the filterabiltty index of water from the Fern Lake . 
system from April 1965 to December 1988. The surfacewater was taken 
at 1-5 m, and the bottom water at 7 8 m, 0-8 m off the contact zone. e 
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Table 1 
Fern Lake 
Filterable Surface Bottom Inlet 
volume (ml.) water water 8pring creek. 
Minimum 275 75 500 300 
Maximum 1,250 1,400 2,500 3,067 


ditions can yield data representative within the same 
system. Removal of the particulate matter by low-speed 
centrifugation before membrane filtration may make 
comparisons from lake to lake more meaningful. 

A number of factors other than planktonic growth 
cause the variations demonstrated in Fig. 1. For instance, 
the peak in January 1966 is undoubtedly closely related 
to the precipitation on the watershed occurring in that 
period. 

This work was supported by the US Atomic Energy 
Commission. 
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CHEMISTRY 


Role of Impurities in Thermal lonization 


Tas mechanism of thermal ionization has received con- 
siderable attention in recent shock tube studies, mainly 
because of ıts importance in high speed, high altitude 
flight. At degrees of ionization below about 10-4, the 
dominant process involves atom-atom rather than 
electron—atom colhsions!. Furthermore, the rate-determ- 
ining step is usually the formation of the lowest electronic- 
ally excited state of the atom. The presence of trace 
quantities of impurities with low ionization potentials 
greatly enhances the ionization rates and it has proved very 
difficult to eliminate such impurity effects!)?. 

Until recently, the nature of the impurity species has 
been inferred from the spectral characteristics of the 
luminosity associated with the high temperature gas and 
from the measured temperature dependence of the ioniza- 
tion rates. In most cases, the results have indicated the 
presence of metallic impurities, principally sodium, which 
appear to be “scraped” from the shock tube walls. Some 
of the ionic species present have recently been identified 
masa spectrometrically by sampling through a small 
orifice in the end-wall of the shock tube, but the results 
from two independent investigations differ considerably. 

Sturtevant and Wang? have shown that the predominant 
ions present during the early stages of ionization of argon, 
in the temperature range 10,000°-14,000° K, are H+ and 
O+, presumably formed from the dissociation products of 
trace quantities of water vapour. The argon itself is 
ionized by atom-atom collisions independent of the 
impurities present. Creswell, Di Valentin and Dovet 
have studied ionization in krypton and xenon at lower 
temperatures (3,600°-7,800° K) and find the initial 
ionization is due mainly to Nat and K+ ions, with NO+ 
also present in significant quantities. Other ions such as 
H,O+ occur only in small amounts. In both cases, the 
appearance of inert gas ions was delayed with respect to 

ethe appearance of impurity ions. 

In the present investigation, mass analysis has been 
attempted on the expanded flow from an incident shock 
wave. The formation of the expanded, low density flow 
and the measurement of ionization rates have been des- 
cribed elsewhere". The kinetic characteristics suggest that 
impurity effects dominate the ionization behaviour, at 
least up to 10,000° K in argon and 4,000° K in air. 
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Fig. 1. Output signal versus accelerating potential (mass number) for 

shock waves in (a) argon at 10,000° K, (b) at 4,000° K. Hach signal 

shown Js the maximum obtained for a particular aoco! 

The mams scale co: nds to conventional operation and s 
displaced to left for interpreting the masa spectra. 
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For any mass spectrometric study the 1ons must be 
formed at one potential and then accelerated to a known 
energy by allowing them to enter a mass analyser held at a 
different potential. For a magnetic deflexion instrument, 
the trajectory of the ions is determined by this potential 
difference, the magnetic fleld, and the mass/charge ratio 
of the ions. In these experiments, the ions were formed 
at a positive potential, selected for one particular mass, 
and the analyser, a modified General Electric partial 
pressure analyser, was held at earth potential. In order 
to obtain adequate sensitivity the output was amplified by 
a Tektronix type E plug-in preamplifier (sensitivity 
50 p V/em) and displayed on a ‘Tektronix 556’ oscilloscope. 
Precautions were taken to prevent the occurrence of an 
internal discharge before the necessary measurements 
had been made. 

In one series of experiments, the field was applied along 
the axis of the flow so that both neutral and ionic species 
entered the mass analyser but only the 10ns were deflected 
by the magnetic field. Although the effects on the output 
signal of reducing the shock strength or removing the 
magnetic field demonstrated that ions were responsible, 
no mass selection was achieved. Eliminating the mag- 
netic field or reversing its direction had no appreciable 
effect on the magnitude of the output signal. Apparently, 
the density of neutral species along the beam axis restricts 
the motion of the ions and prevents them from acquiring 
the energy of the field. 

In the second series of experiments, a section of the flow 
passed through a screened tube, 1 em diameter, and the 
ions were extracted by an applied transverse field. With 
this geometry, the mass resolution of the instrument 18 
poorly defined because the ions enter the analyser with a 
spread of energies depending on their distribution in the 
field. 
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The signal-to-noise ratio was insufficient 
to permit detection of the first ion signal but, 
provided the entrance to the screened tube 
was located in a solid rather than a per- 
forated plate, a signal was obtamed about 
1-2 msec later. The increased signal can be 
attributed to stagnation of the expanded 


40 


flow at this plate leading to an increase in g” 
density. When a baffle was inserted in the a 
tube it was found that the signal was not a 


due to a temperature rise on stagnation. 

The mass spectral results are illustrated 
in Figs. la and b. For argon, the principal 
peak appears to correspond to the H,O+ 
ion at mass 18. The energy spread result- 
ing from the mode of sampling means that 
it is not possible to decide whether the 
adjacent peaks arise from ions at masses 3 
17 and 19. The peaks at 16 (due to O+) 
and 14 (due to N+?) appear to be genuine. 
No signal was obtained from Art at mass 
40. These results confirm Sturtevant’s 
observation that the domimant ions in shock-heated 
argon at this temperature arise from a water vapour 
impurity. 

The results obtained with air at 4,000° K are leas reliable 
because fewer experiments were conducted. Once again, 
the ions arising from the water vapour impurity are still 
predominant. Signals are also observed at mass 30, 
16 and 14, but not at 32 and 28. This suggests that NOt, 
N+ and O+ ions are present in appreciable quantities but 
not N,* or O,*. Evidence has been obtamed elsewhere* 
for NO+ as the primary ion in shock-heated air, largely 
because nitric oxide has a lower ionization potential than 
any other species present. 

Although an expanded beam produced directly from an 
incident shock wave flow has certain uses, it is unsuited to 
a study of thermal ionization, because of the difficulties 
involved in extracting the ions, and the investigation has 
been discontinued. 
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Effect of Electrolytes on Moisture 
Determination by Nuclear Magnetic 
Resonance 


NucrwaRr magnetic resonance techniques are widely used 
to measure the hquid water content of solutions, emulsions, 
porous materials and biological materials“. The method 
18 based on the measurement of the absorption of energy 
from a radio-frequency electromagnetic field by protons 
in the sample when the sample is in a magnetic field. 
Because protons are present in all liquids containing 
hydrogen, the method can also be applied to organic 
liquids’. 

Normally, the nuclear magnetic resonance absorption 
is assumed to vary linearly with the number of protons 
present in the aqueous sample. Absorption refers here 
to the integral of the radio-frequency energy absorbed sa a 
function of magnetic field strength. We have found, 
however, that the absorption of energy 18 also influenced 
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SAMPLE 
t 65% H20 (FLUOROCARBON 
35%) 


2 100% KEROSENE 
3 100% FLUGROCARBONS 


T 
SATURATED 
WITH 









ay SAMPLE 3 


SAMPLE 2 


10 10* 10° 10* 10° 


Realstivity of sodium chloride solution in capillary sample (ohm-om) 


Fig. 1. Effect of adding one capillary sample containing sodium chloride solution on the 
nuclear magnetic resonance absorption from a liqmd-filled sandstone sample. 


by the ionic electrical conductivity of the water in the 
sample. Nuclear magnetic resonance theory predicts 
that energy absorption from water or hydrocarbons at the 
proton precession frequency will be related to the number 
of protons present (through the nuclear susceptibility 
which 18 proportional to the number of resonating spins) 
and the quality factor “Q” of the specimen coil. Because 
the ionic strength of the sample can be varied without 
changing the number of protons, an increase in absorption 
must indicate a change in the “Q” of the specimen coil. 
Although the increased absorption of energy by conducting 
solutions is an artefact of the method of measuring 
nuolear magnetic resonance, this effect is of great impor- 
tance in the measurement of water content by nuclear 
magnetic resonance. 

We first observed the effect of electrolytic conductance 
on measurements of nuclear magnetic resonance when we 
attempted to measure the liquid hydrocarbon content of 
a sandstone specimen which also contained deuterium oxide 
(heavy water)’. The nuclear magnetic resonance spectro- 
meter? was a marginal oscillator in the field of a 12 in. 
‘Varian’ magnet. The nuclear magnetic resonance 
absorption should have depended only on the amount of 
hydrocarbon present because only this liquid in the sample 
contained protons. (The nuclear magnetic resonance 
signal recorded here was the first derivative of the absorp- 
tion curve and the amplitude was the peak to peak height 
of the first derivative which was proportional to the 
absorption.) We found, however, that the absorption 
was larger than expected and depended on the salt 
content of the dueterium oxide. 

To test the hypothesis that it was the presence of a 
conducting liquid in the sample that caused the nuclear 
magnetic resonance absorption to increase, the following 
experiment was performed. Sodium chloride solution was 
prepared in deuterium oxide and placed in a gless capillary 
with an internal diameter of about 1 mm. This capillary 
was placed in the sample coil beside the sandstone sample 
which was staturated with hydrocarbon (kerosene). An 
increase in the nuclear magnetic resonance absorption 
resulted. Because the capillary sample did not contain 
free protons, the explanation for the change in absorption 
must be in terms of some electrical phenomena caused. by 
the presence in the coil of the capillary containing an 
ionic solution. Samples of various sodium chloride , 
solutions in deuterium oxide were prepared, placed in 
capillary tubes within the sample coil, and their effegt 
on nuclear magnetic resonance absorption from the sample 
saturated with kerosene was tested (Fig. 1). Similar tests 
were run with another sample saturated with a mixture 
of 65 per cent ordinary water (H,O) and 3% per cent, 
fluorocarbon. A third set of teats was runewith capillaries 
in the presence of a sample saturated with pure fluor8- 
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Equivalent concentration of sodium chloride (moles/1.) 
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Fig. 2. Example of the effect of resistivity on nuclear magnetic resonance 
absorption by aqueous sodium chloride solutions, 


carbon, in which case, of course, fluorme resonance was 
observed and which was like the hydrogen resonance 
observed in the former two cases. The results of all these 
tests are shown in Fig. 1. The apparent convergence of 
all the three curves at two points near the peak is acci- 
dental and even deceptive because of the fact that the 
scale on the ordinate 19 in arbitrary units and is different 
for each of the three different cases. The peaking of all 
three of the curves in the same region of the abscissa is 
real and significant, showing that an increase in the nuclear 
magnetic resonance absorption is entirely due to the ions 
present in the sample coil. The resistivity of sodium 
chloride gives a straight line of unit slope when plotted 
against its concentration on a log-log scale. If the several 
curves of Fig. 1 are replotted as a function of the concen- 
tration of sodium chloride solution instead of the resistivity, 
identical curves result. As the concentration of sodium 
chloride was increased in the capillary sample, the nuclear 
magnetic resonance absorption increased until the sodium 
chloride concentration was about 0:2 moles/l. When the 
concentration of salt was further increased, beyond 0-4 
moles/l., the effect of ions in the sample coil began to 
decrease. This decrease continued until the salt concen- 
tration reached 5 moles/l. 

Another experiment was run in which the nuclear 
Magnetic resonance absorption was observed from a 
sodium chlomde solution in ordinary water (H,O) con- 
tained in a glass tube in the sample coil and no sandstone 
sample was present. This was done to find out whether 
the effect was the same when the ions were present in a 
separate capillary tube and when they were in the porous 
sample itself. Fig. 2 shows the nuclear magnetic resonance 
absorption for water samples with various resistivities. 
Because the relaxation time for water was higher than the 
time constant of the detector system, it was necessary to 
use 0-01 molar manganese sulphate solution in water to 
obtain a useful nuclear magnetic resonance signal and, 
hence, a lower ionic concentration could not be achieved. 
Higher ionic concentrations were obtained by adding 
sodium chloride. Fig. 2 shows that the absorption firat 
increases with an increase in the number of ions (or a 
decrease in resistivity), levels off, and then goes down again. 
This result is in qualitative agreement with earlier results 
showing that, irrespective of whether the ions are in a glass 
capillary isolated from the actual sample or are in the 
sample itself, there is a significant contribution from these 
ions to nuclear magnetic resonance absorption. 

e Lhe effect of ionic conductance on nuclear magnetic 
resonance absorption from a water-containing sample 
is of importance when this technique is used to measure 
water content. A change in the ionio content of the water 
may be nfisinterpreted as a change in water content. This 
“problem is especially important in measurements of the 
Water content of soils, sedimentary rock samples and 
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biological materials using nuclear magnetic resonance. 
These materials may be slowly leached by the pore water 
to give varying ionic conductivities not directly related 
to the water content. This work waa supported by a grant 
from the Petroleum Research Fund administered by the 
American Chemical Society. 
D. N. Sarar 
I. Farr 
College of Engineering, 
University of California, 
Berkeley, California. 
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Transient Charge-transfer Complexes with 
Chlorine Atoms by Pulse Radiolysis of 
Carbon Tetrachloride Solutions 


CHARGEH-TRANSFER complexes are known as transient 
species in reactions of free radicals. This is because of the 
relatively high electron affimties of some radicals (Table 
1). There are reports of solvent effects! and of the vapour 
phase halogenation of aromatic compounds? which show 
the possible influence of such complexes on reaction 
mechanisms. So far only very limited proof for the 
existence of these complexes is available. Charge-transfer 
complexes with iodine atoms** and with bromine atoms*’ 
as electron acceptors have been detected by flash photo- 
lysis and pulse radiolysis. This communication reports 
charge-transfer complexes of chlorine atoms seen during 
pulse radiolysis of carbon tetrachloride solutions of 
aromatics. In an earlier communication’ the typical 
behaviour of very short-lived transients (of the order of 
usec) was reported. These have now been identified as 
charge-transfer complexes of chlorine atoms with aro- 
matic solutes. 

The transients were detected by kinetic spectroscopy 
in the visible range of the spectrum following pulse 
radiolysis using the apparatus of Keene’. The dose in a 
single pulse of 4 MeV electrons (100 m.amp and 2 psec 
pulse length) was about 6 krad and the time resolution 
better than 0-4 psec. Most chemicals were purified, dried 
with molecular sieves (45) and degassed either by several 
freeze pump thaw cycles on a vacuum line or by blowing 
a stream of argon through the solution for at least 1 h’. 

In all experiments (except where stated otherwise) the 
concentration of the solutes was between 10+ and 10-1 
molar in a carbon tetrachloride solution. Any direct 
effeot of the ionizing radiation on the solute was therefore 
negligible. Typically, in a solution of 10-* molar benzene 
the electron pulse produced a transient absorption centred 
at 490 nm with a half-width of about 50 nm and a life-time 
of 3-9 usec (for an assumed first order decay). In Table 2 
the resulta for several aromatic solutes in carbon tetra- 
chloride are given. The characteristic features of all the 
transient absorptions were the absorption maxims 


Table 1. BOMH ELECTRON AFFINITIKS OF YREH RADICALS 
Radical BA (6Y) Ref. 

a 3-61 12 
CN 88 12 
Br 3:86 12 
I 3-08 12 
OH 2-8 (1°78) 12 
Cle 1-7 18 

F 16 18 
o 1-46 12 
NE, 12 12 
H 0-77 12 
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Fig. 1. Plot of the absorption energies of the charge-transfer complexes 
versus the tonization potentials of electron donors (the numbers of 
he donors refer to Table 2). 


which lay in the visible part of the spectrum, the broad- 
ness of the absorption band and the half-life of only a few 
microseconds. A well known test for charge-transfer 
complexes of molecular type" as well as of radical type*® 
is shown in Fig. 1 for our transient absorptions. Here the 
absorption band energy (hymax) of a complex is plotted 
against the ionization potential of the donor and should 
give a straight line. The error limits and the deviation 
from a straight line found in our experiments is com- 
parable with previous plots®:!!, and is partly a result of 
the uncertainty of the values for ionization potentials. 

The absorption bands of the complexes were unaffected 
by the presence of oxygen in all the cases tested. This is 
analogous to the findings of Gover and Porter® for their 
iodine atom complexes. The question whether the CCl, 
radical from the solvent would be able to produce the 
transient absorption in the visible was examined by 
comparing pulse radiolysis results for the two systems: 
pure chlorobenzene and 10-? molar chlorobenzene in 
carbon tetrachloride. The former does not include CCl, 
radicals. The absorption band centred at 490 nm is identi- 
cal in both systems. The CCl, radical therefore cannot be 
the preoursor. The high quenching characteristics of carbon 
tetrachloride makes it unlikely that excited states persist 
for as long as 10-* sec and are the transient absorptions. 
Furthermore, the transient spectrum we obtained by pulse 
radiolysis of a solution of carbon tetrabromide (0-9 molar) 
in benzene was identical to that of Bartlett’ and Bossy and 
Bühler (personal communication), who obtained transient 
spectra by flash photolysis of a bromine solution in ben- 
zene where ions are most unlikely to ocour. The transient 
spectra resulted from the charge-transfer complex 
Br«—C, Ha. 


Table 2, OCHARGE-TRANSYER OOMPLHXES OF OHLORINE ATOMS WITH AROMATIO 
DONORS IN CARBON TETRACHLORIDE SOLVENT 


No. of 


donor Concen- 

s06 tration IP* Amex Ar 

g. 1) Donor (molar) (eV) Ref. (nm) = (eV) 
1 Naphthacene 79x10 680 11 ~ 620 2:0 
2 An ne 8 x 10-* 7 26 11 605 2-05 
3 i-Methylnaphtbalene 10-* gti] J1 ~ 650 2-28 
4 Naph ne 5x10" 8-11 11 540 2:80 
5 Biphenyl 104 8-31 il 540 2-30 
6 O-Xylene 104 8-58 11 505 248 
7 Toluene 4x 10+ 8-81 11 476 2-61 
8 Bromobenxzene 10-* 8-98 1 510 243 
9 Ohlorobenxene 10" 9 07 11 490 2-58 

10 Qumene 107 913 14 480 2-58 

11 Benrene 10-* 9-22 11 400 2 68 

12 t-ButyIbenzene 09x10 985 I4 ~ 480 2 58 


* Most TP values are photoionization potentials as chosen by Briegleb“. 
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Table 3. CHLORINE ATOM CHARGH-TRANSPRE OOMPLEX WITH BRNEENH AS A 
MEASURE FOR THE RBACTIVITY OF VARIOUS OHLOROMBTHANES FOR CHLORINE 


ATOM ATTAGK 
Real. reactivity Yield 
of C-H-bond of of transfer complex 
System golven (arbitrary values) 

Cl-atom?* 10> 6. 5x10? c 2 
Bolvent Solute (per H-atom) molar molar molar 

GOl Benzene — 18:5 — 14 
OHO, Bonxene 00051 <05 2 -> 
OH,Ci, Benzene OOLL <05 <08 68 


The eleotron donors do not all have the same reactivity 
towards halogen attack. This sometimes limits the 
detectability of charge-transfer complexes. As a conse- 
quence no c -transfer complex absorption could 
be found for phenol, aniline, N,N-dimethylaniline and 
cyclohexene. In carbon tetrachloride solutions of phenol 
the phenoxy] radical is produced instead. Because it is 
formed much faster than the time resolution of the 
technique, it cannot be decided whether the phenoxyl 
radical is produced via a charge-transfer complex or 
directly by hydrogen abstraction. By varying the chlorine 
atom-producing solvent similar problems of reactivity 
appear. Table 3 shows results which were found by 
changing the solvent from carbon tetrachloride to chloro- 
form and to methylene chloride. These changes produce 
a drastic reduction in the yield of chlorine atom charge- 
transfer complex which might be explained by the 
increasing reactivity for hydrogen abstraction from the 
solvent. 

We thank the Schweizerischer National-fonds for sup- 
port. 
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RADIOBIOLOGY 


Estimation of Thyroid lodine in vivo by 
Activation Analysis 


Tum usefulness of activation analysis for the estimation 
in vivo of total body sodium, chlorine and calcium in the 
human subject has recently been demonstrated’. Because 
of the remarkable concentration of iodine in the thyroid 
gland, irradiation of this organ by thermal neutrons should 
make it possible to estimate the total iodine content. To 
study this possibility we have carried out experiments , 
with sheep, where the thyroid iodine content is of the same 

order of magnitude as in man. 3 ° 
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It may at first seem that the necessary estimation 
could be achieved by comparison of the 1odine-128 
activity obtained after irradiation of the natural iodine 
in the thyroid gland and in the standard. It is, however, 
unlikely that this simple approach will succeed. The 
comparison suggested will be valid only when the pro- 
bability of production and subsequent detection of the 
induced radioactivity is identical throughout the thyroid 
and the standard. But it is known? from in vitro experi- 
ments that a flux of thermal neutrons 1s attenuated by a 
factor of 2:5 in passage through 2 om of tissue and ıb 18 
evident that a uniform neutron irradiation cannot be 
obtained by simple means in the thyroid. Because of the 
marked absorption of neutrons ın tissue and the inevitable 
differences in geometrical factors related to irradiation and 
counting, the conditions required for accurate estimation 
are virtually impossible to fulfil for in vivo irradiation 
of an organ of the proportions of the human thyroid. 

We have therefore used 1odine-129 as an internal 
standard. This nuclide has a half life (#4) of 1:6 x 10’ 
years and is readily introduced into the thyroid in amounts 
which may be measured. On exposure to thermal neutrons, 
iodine-129 yields the radioactive nuclides iodine-130 
(t4 = 12-5 h) and the recently discovered 1odine-130m 
(t4 = 9-2 min)®‘; the y-radiation from these two nuclides 
occurs at several energies between 0-41 and 1:15 MeV. 

It is to be expected that, on the macroscopic scale, the 
distribution patterns of 1odine-127 and of iodine-129 
in the gland will be the same. In this event, the proba- 
bility of activation (and of subsequent detection of in- 
duced radioactivity) will be the same for the two nuclides; 
consequently iodine-129 can be used as an internal stan- 


Our experiments were carried out on two rams (Auguste 
and Baptiste). Each animal weighed about 50 kg, and 
they were both irradiated with neutrons from the EL3 
reactor at Saclay. One week before wradiation, each 
animal received an mtramusculer injection of 2 mg of 
10dine-129 (in the form of sodium iodide). Thirty minutes 
before irradiation each ram received 60 mg of tran- 
quillizer (droperidol); half the dose was given intra- 
venously and half intramuscularly. 

The beam, emerging from one of the horizontal channels 
of the reactor, had a diameter of 56 cm when it reached the 
neck of the sheep. The thermal neutron flux was 3 x 10* 
n/om*/sec, with a further flux of 3 x 10* n/om*/sec at 
energies above 0'5 eV. The y-radiation from the reactor 
core was attenuated by a 40 om block of bismuth. Ioniza- 
tion chambers placed in the beam recorded y-ray dose 
rates of 26 r./min (for energies between 30 and 400 keV) 
and 6-2 r./min for energies between 400 and 1,300 keV. 
During irradiation the animals were securely held in a 
prone position on stretchers. Because of the proportions 
of the enclosure into which the neutron beam emerged, 
the animals were placed perpendicular to the axis of the 
beam and the left lobe of the thyroid was irradiated 
preferentially. A gold foil (100 mg/cm?) was fixed to the 
skin over the thyroid for subsequent measurement of 
induced radioactivity to verify the immobility of the anı- 
mal during irradiation. 

After irradiation for 10 min, the induced radioactivity 
was examined with a scintillation counter using a sodium 
iodide orystal of diameter 20 cm and thickness 10 cm— 
a large crystal allows a significant diminution of the 
Compton background from sodium-24, chlorine-38, potas- 
sium-42 and calcium-49 which are formed during the 
irradiation. These nuclides do not remain in the thyroid 

* but are diluted by removal in the circulated blood. A 
lgad collimator in the form of a cylindrical collar 4 cm 
thick, ¢apering to an aperture of 6 cm diameter, was fitted 
to the orystal to reduce the radiation received from such 
nuclides in the general circulation. Fig. 1 shows the 
y-ray spedtra obtained 7 min and 57 min after the end 
of the irradiatien of one of the sheep, and it can be m- 
férred from the results that the iodine (present in organic 
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form in the thyroid) is not dispersed by the circulation 
despite the possibility of the Szilard—~Chalmers reaction. 

In the upper curve of Fig. 1 the 450 keV peak of iodine- 
128 is conspicuous; the peak ‘at 540 keV corresponds 
mainly to iodine-130m. The lower curve shows peaks at 
660 and 740 keV which can be attributed to iodme-130; 
a peak in the neighbourhood of 540 keV 1s due partly to 
10dine-130m but mainly to 610 keV annihilation radiation 
associated with the decay of sodium-24 and other nuclides 
giving high energy y-radiation. 

Analysis of these spectra and of others obtained in the 
same way allows estimates to be made of the induced 
radioactivity corresponding to each of the three iodine 
isotopes, iodine-128, 10dine-130 and iodine-180m. Know- 
ing the mass of iodine-129 originally present in the thyroid, 
it is possible by straightforward calculation to estimate the 
iodine-127 content of the gland. The amount of iodine-129 
in the thyroid gland can be measured in vivo from a 
knowledge of the amount of the nuclide ingested and the 
amount eliminated ın urine during the 2 days after ınges- 
tion. In our experiment, the animals were killed, the 
thyroid glands were removed and the amounts of iodine- 
129 which they contained were estimated by activation 
analysis tn vitro. The values found were 117 ug for Auguste 
and 265 ug for Baptiste. These figures were used in 
calculating the amounts of iodine-127 originally present 
in the thyroids of the animals subjected to neutron 
irradiation in vivo. The amounts of iodine-127 in the 
excised thyroids were also determined by in vitro activa- 
tion analysis. 

Analysis of samples taken from various parts of the 
excised thyroids showed a constant ratio of concentra- 
tions iodine-127 : iodine-129. The estimates of the iodine- 
127 content of the left lobe, which was preferentially 
irradiated in our experiments, could therefore be extra- 
polated over the whole gland. 

The results are summarized in Table 1. The reproduci- 
bility of the method may be inferred from results obtained 
with Baptiste which was irradiated on two occasions 
separated by an interval of 24 h. 

The application of this technique to the human subject 
would be of great interest to clinicians concerned with the 
management of thyroid disorders, but can be pursued 
only if the radiation dose incurred by the thyroid and the 
neighbouring tissues is reduced to about the same level 
as that associated with the thyroid function tests using 
iodine-131. In the present experiment, the average dose 
received from fast and thermal neutrons was about 45 
rads at the thyroid and 110 rads at the thyroid cartilage; 
this latter dose was estimated by means of a gold foil 
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Fig. 1. Gamma-ray spectra obtained with a collimated crystal 20 x 10 
om, after thermal neutron activation of sheep thyroid ın vivo; up er 
curve obtained 7 min after irradiation, lower curve 57 min after” 

tion. oft? mn; x x x x,t +57 min, 
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‘Table 1. ESTIMATES OF THYROID IODINE IN TWO SHERP 
Iodine 127 in ug in the left lobe 


In vivo 
Internal standard In vitro 
my nony 
1 1,800 1,580 1,520 
Baptiste {5 T380 1,580 
Auguste 500 470 520 


on the skin. The area of irradiated cartilage could be 
appreciably reduced by a more precise definition of the 
neutron beam. The dose incurred by a human subject 
could be further reduced by adding an additional bismuth 
filter in the neutron beam (to attenuate the accompanying 
y-radiation) and by using a shorter irradiation time. 
These measures would reduce the sensitivity of the tech- 
nique but would nevertheless allow a satisfactorily precise 
measurement, because the iodine content of the human 
thyroid is about 10 mg. 

We thank C. Signarbieux of the Section de Mesures 
Neutroniques Fondamentales du Commissariat à PEner- 
gie Atomique, for allowing us to use radiation facilities 
in the #L3 reactor at Saclay, and Dr P. Jockey and his 
colleagues of the Saclay Medical Service for allowing us 
to use their whole body counter and for their assistance. 
We also thank P. Nizza and F. Daburon of the Departe- 
ment de Protection Samtaire du Commissariat à l’ Energie 
Atomique for their help in the animal experiments and 
M. Girault for technical collaboration. 
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Effect of Post-treatment with Erythropoietin(s) 
on Survival and Erythropoietic Recovery 
in Irradiated Mice 


Dzarus from acute radiation injury with doses of 500- 
1,000 r. are assumed to be a consequence of a typical 
bone-marrow syndrome characterized by septicaemia, 
haemorrhagic diathesis and anaemia. Attempts have 
been made to alleviate these conditions. Antibiotics 
have been used successfully to prevent septicaemia? *, but 
the excellent results from the injection of fresh haemo- 
poietic tissue’ are complicated by the fact that the 
irradiated animals recover their ability to react against 
foreign proteins’. This may result in a homograft reaction 
in the recipient*’. Agents have therefore been sought to 
induce recovery in the bone-marrow of irradiated 
animals*-!*, Stimulation of erythropoiesis in sub-lethally 
irradiated rate by anaemic plasma was presumed to be 
caused by ite erythropoeitin content!!, but no systematic 
investigation has been made to test the value of erythro- 
poretin(s) ın radiation injury. This investigation was 
undertaken to examine the effect of post-treatment with 
erythropoietin(s) on the survival and erythropoietic 
recovery of lethally irradiated mice. 

Bullocks made anaemic with phenylhydrazine served 
as a source of erythropoietin(s). A desiccated fraction of 
plasma was prepared from them as follows. The pooled 
plasma was acidified with 0-1 normal hydrochloric acid 
to pH 5-5 and boiled for 10 min to precipitate proteins. 
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Table 1. B¥FEOT OF POST-TREATMANT WITH ERYTHROPOIBTIN(S) ON THE 
SURVIVAL OF 101 MALE MION EXPOSED TO 1,000 R. OF X-RAYS 


Treatment Thirtieth day survivors Percen! 

No. treated surviva 
1,000 r. only 0/50 0 
1,000 r.+NA* 0/20 0 
1,000 r.+At 82/60 64 


* Demcoated fraction from non-anaemic anmals. 
+ Destocated fraction from anaemic animals. 


It was filtered, and the precipitate was washed three times 
with distilled water and the final volume of the filtrate 
was adjusted to half the original volume of plasma. The 
filtrate referred to as partial protem free filtrate (PPFF) 
was mixed with 1-5 volumes of cold ethanol and left 
overnight at 5° C. The resulting precipitate was collected 
and dried in a desiccator ın a vacuum to give a whitish 
powder referred to as the desiccated fraction. Plasma 
from normal animals was treated m a similar manner 
to obtain a desiccated fraction from non-anaemic animals. 

Mice were assigned to three groups as follows: group 1 
served as an irradiated control and received no treatment, 
group 2 was given the desiccated fraction from non- 
ansemic animals and served as a concept control, and 
group 3 received the anaemic desiccated fraction and 
served as the experimental group. All mice received a 
single total body dose of 1,000 r. of X-rays (200 kV; 
15 m.amp; half value layer 0-5 mm of copper, filtration at 
the dose rate of 61 r./min). 

The desiccated fraction was administered intraperitone- 
ally in doses of 0-5 mg (1 mg/ml. in saline) on 2 consecutive 
days. The first injection was given within 1-2 h of irradia- 
tion. Table 1 compares the survival of mice exposed to 
irradiation only (group 1) with the survival of animals 
treated with the desiccated fraction from non-anaemic 
(group 2) and anaemic animals (group 3). None of the 
animals in the first two groups survived for 30 days, 
but thirty-two out of fifty animals, that is, 64 per cent, 
survived the lethal dose of X-rays in group 3. 

Fig. 1 shows the survival curves for the three groups 
and the changes in the average weights of animals ex- 
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Fig, 1. Effect of post-treatment with erythropoletin(s) on sfrvival and 
body size of 101 male mice after exposure to 1,000 T. of ee . 
1,000 r.+desiccated fraction from non-anaemic anifAals (©); 1.0 


Or. 
-+ desiccated fraction from anaemic anumals (A). * 
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Symbols as in Fig. 1. 
pressed as percentage variation of the pre-irradiation level. 
Fig. 2 shows the changes in the contents of reticulocytes 
in the treated and untreated groups. The reticulocyte 
counts in all groups followed the same course until the 
third day. The counts in the experimental group, however, 
were significantly greater than in the controls by the sixth 
day. 
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Influence of Sex on Immunoglobulin Levels 


We have determined the IgG, IgA, and IgM levels of 
315 normal adults and 503 children of various ages!. 
To find out whether differences exist between males and 
females, we compared the levels for the sexes within various 
age groups, breaking these down into “fine” and “‘coarse” 
subgroups. There were fourteen fine groups of about thirty 
children each and five coarse groups of about 100 children 
each. The subjects were laboratory personnel, blood 
donors, college students, school-children, babies, and 
inmates of a home for recently abandoned children, all 
apparently healthy. Immunoglobulins were determined by 
a single radial immunodiffusion method? using commercial 
antibody-agar plates standardized against purified im- 
munoglobulins. The standardization curves used were the 
least-squares linear regressions of log mg/100 c.c. versus 
the log ring diameter. This relationship fitted the results 
better than the semilogarithmic one used by others**. The 
males and females in each group were compared by 
Student’s t test. We used log mg/100 o.c. for the ¢ teste 
and to calculate the means, because the distributions of the 
three major immunoglobulins among adults are approxim- 
ately log normal. 

For IgG and IgA no significant differences (P> 0-1) 
were found between males and females in the fine groups. 
In the coarse groups (Table 1), two of the twelve com- 
parisons showed differences significant at levels between 
0:05 and 0-1. Considering the levels of significance, the 
number of tests involved, and the lack of pattern of the 
significant results, there is probably no difference between 


Table 1. COMPARISON OF LAMUNOGLOBULIN LEVHLS FOR MALES AND FEMALES OF VARIOUS AGES 


IgG 
Age No. of subjects (io mg/i00 ct.) 

Males Feet as F P* 
2-12 months 4l 56 464+ 468 net 
15-48 months 87 46 880 840 ns 
4-5-0 years 53 52 1,000 1,020 ns 
10-18 years 81 36 1,100 1,100 ns 
14-19 years 57 61 1,145 1,100 ns 
Adult 279 36 1,040 1,065 ns 


I 
(in mafioo 0.0.) ün M c.c.) 

M ¥ x Y 

28 28 ns 60 61 ne 

81 68 P<01 83 92 ns 
116 128 ns 80 106 P<001 
160 163 ns 84 110 P<0-06 
159 190 P<1 86 188 P <0-00005 
173 179 n8 88 104 Pwd 08 


* Two-talled significance level for Student's ¢ test comparing males and females; calculations made on log mg/100 c.c. 


Imm 


obulin levels are geometric means, 
Not 


cant (P > 0-1). 


These results indicate the significance of the erythron 
in post-radiation recovery and survival, and suggest that 
erythropoietin(s) not only stimulate an earlier regeneration 
of the erythropoietic tissue but also increase the survival 
of the irradiated animals. The survival values obtained 
(64 per eont) compare favourably with the published data 
concerning cellular preparations’. These observations 
are further evidence of the value of erythropoietin(s) in 
post-irradiation therapy. 

We thank Dr L. G. Lajtha for lus help and the Indian 
Council of Agricultural Research for a grant. 
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the immunoglobulin levels of males and females for the 
IgG and IgA systems. 

IgM levels of females were significantly higher than 
those of males for adults and for all fine groups containing 
children older than 6 years (Table 2). Significant differences 
were also found in the 4-5-9 year group (P<0-01), the 
10-13 year group (P <0-05), and the 14-19 year group 
(P <0:00005) (Table 1). Undoubtedly, older female 
children and female adults have higher IgM levels than 
males of corresponding age, although the difference is only 
about 20 mg/100 c.c. 


Table 2. OOMPARIBON OF IgM LEVELS FOR MALES AND FEMALES OF VARIOUS 
AGES 


No. of subjects IgM ın mg/100 o.c. 
Age Males Pools ae Males F os P* 
2-4 months 15 17 44t 44 nst 
5-8 months 13 17 68 59 ns 
9-12 months 13 22 80 79 ns 
15-21 months 14 15 81 100 ns 
24-86 months 14 22 88 81 mB 
42-64 months 14 13 92 180 nse 
5-8 years 18 19 86 86 n6 
7-8 years 19 18 78 100 P<O1 
9-10 years 21 22 85 120 < 
11-12 years 16 21 73 110 P<005 
18-14 years 14 14 82 110 P<O1 
15-16 years 23 17 98 142 P<0005 
17-18 years 15 14 86 146 P <0 025 
at bre $2 32 84 123 P <0 005 
ult 279 36 86 104 P=0 08 


* Two-tailed significance level for Student’s t test comparing males and 
females; caloulations made on log mg/100 0.0. 


+ Immunoglobulin levels are geometric means. 
t Not significant (P>0 1). 
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Binding Activity of the Antibody Heavy 
Chain determined by Polarography and 
Haemagglutination 


Tæ heavy (H) and light (L) chains of the IgG antibodies 
have been isolated and their ability to bind the antigens 
examined. Binding activity was found by most authors 
in the H chains'~*, but ın other cases the binding site 
was found to be localized partly or wholly m the L 
chains‘-?, An increased binding activity was observed 
after recombination of both chains (H + L) as compared 
with the isolated chains®-"!, 

A non-specific role of the L chains in the formation of 
the binding site against the 2,4-dinitrophenyl] group has 
been demonstrated". By mixing increasing equivalents 
of the L chains with H. chams the binding activity was 
shown to be higher with the specific L chams than with 
the non-specific L chains'*. The reasons for the differences 
in binding activity of the H and L chains'-" can be 
explained by contamination of chains prepared, by the 
methods used for determination of the binding activity, 
and by the differences between the antigens used. We 
have employed a very effective procedure for separation 
of the chains from IgG antibodies against the 2,4-dinitro- 
phenyl group and two different methods for estimation 
of the binding activity of the chains. 

Antibodies were treated by oxidative sulphitolysis at 
pH 8-6, The high molecular I + J fraction and the H, 
L, and L, fractions were prepared by gel filtration on 
‘Sephadex G-100’ in 6 molar urea containing 0-05 molar 
formic acid! (Fig. 1). The preparation of chams in soluble 
form for testing the binding activity has been described in 
full before™. The L, and L, forms were found to corre- 
spond to the L chains but to differ by their peptide compo- 
sition and by N-terminal amino-acids". 

In the isolated chains and their combinations we 
estimated the binding of e 2,4-dinitrophenyl-L-lysine 
(e DNP lys) polarographically"® at a final concentration 
of 10“ molar. Passive haemagglutination with human 
erythrocytes (O, Rh—) to which the 2,4-dinitrophenyl 
groups were bound by the reaction with dimtrofluoro- 
benzene!* was used as the second method. A known 
number of dinitrophenylated erythrocytes was hydro- 
lysed (6 normal hydrochloric acid at 105°C, 20 h in a 
sealed tube) and 2,4-dinitrophenyl groups were estimated 
by the polarographic method. The amount of the e DNP 
lys in one erythrocyte is 1:9 x 10% of the dinitrophenyl 


ups. 
P gape of isolated H and L chains tested by haemag- 
glutination were dissolved in ethylene-diamine tetra- 
acetate (EDTA) buffer at pH 7-518 containing 4 per cent 
precolostral pig serum; 0-1 ml. of 2 per cent suspension 
of the dmitrophenylated erythrocytes was added to 0-5 
ml. samples. The erythrocytes were washed and resus- 

ded in 0-5 ml. of the same buffer after 2 h of incubation 
at 37°C. Binding of the chains to the erythrocytes was 
detected by adding 0-5 ml. of porcine antibody against 
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Table 1 
Polarographi ‘of dimtrephenylated 
o o oO x D; 
Ohains determination Pe bound erythrocytes. Orignal 
£ DNP lys expressed by concentration of chains 
rat 10> molar e DNP lys is 5 6 x10* molar 
Orginal antibody 2 4,098 
pecufic or 612t 
HNonspeofic 0 ot 
Lig 0 0 
Liy 0 0 
Las 0 0 
Lex 0 0 
Hg + Lis 0-59 512 
Hg+ Liw 0-34 512 
Hg + Log 0-48 512 
Hg + Loy 0-80 512 
Hy + Lig 0 0 
Hy + Lix 0 0 
Hy + Leg 0 0 
Hy + Loy 0 0 


Molar concentration of bound s DNP Iys. chain: 
” Molar concentration of heavy chains : B, s Rea ane 
N, chains from non-specifle IgG. 

* Molar concentration of bound hapten was leas than 2 10~" molar, 

t Haemaggiutination can be mbibited by adding 10* molar eDNP lys to 


18. 
t Positrve dilution was not greater than 1° 4. 





H 


rabbit IgG (646 ug of antibodies in 1 ml. of serum), or 
duck antiserum against the H or L chains. These antisera 
were adsorbed with human erythrocytes and diluted 
1: 100 with the buffer of pH 7-5. The samples were 
incubated overnight in the cold at 2° C before reading. 

Passive haemagglutination reveals a high binding acti- 
vity in the isolated H chain (1 : 512), whereas no activity 
was detected polarographically (Table 1). When the mix- 
ture of the H and L chains is tested by haemagglutination 
the titre remains the same (1: 512). On the other hand, 
the polarographic method shows that the binding activity 
increases considerably after mixing the two kinds of chains 
(H + L). The antibody L chain can be partly replaced 
with L chain of non-specific IgG. After recombination 
of the H and L chams the concentrations of bound 
hapten are about 3 x 10 molar. With isolated H chains the 
negative binding activity expreases the values of the 
bound hapten concentration as less than 2x 10-? molar; 
thus after recombination the activity increases about 
fifteen times. 


0-6 





g g 0-4 
-R 
x 
0-2 
BJ H 
Ly t2 
0 ENA LA — 
70 100 180 180 


ml, 
Fig. 1. Preparation of fractions IgG antibody. 


Our results suggest that the binding of the H chains toe 
the erythrocyte surface containing bound hapten has 
a function similar to the complexing of the H and © 
chains in the presence of hapten. The energy of binding 
of the hapten increases, probably because of increasing 
rigidity of the binding site under the influencg of a non- 
specific interaction of H chains either with the L chains 
or with the erythrocyte surface. The alfove assumptign 
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can also explain the failure of the addition of the L chains 
to H chains to increase the binding activity during passive 
haemagglutination. 

The complex formed by mixing L and H chains resembles 
IgGs, but in our experiments, in contrast with the 
original antibody, the H + L complex agglutinates dinitro- 
phenylated erythrocytes only after addition of antibodies 
against IgG. This fact seems to support the view that the 
complex formed is for some reason univalent or that both 
univalent parts of the complex are bound together in a 
very labile way. 

The results show that passive haemagglutination with 
anti-IgG serum can be used as a suitable alternative method 
for studying the binding activity of antibody sub-units. 

J. ZIKÁN 
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Department of Immunology, 
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Alpha-2-macroglobulin Concentrations in 
Human Serum 


RECENTLY, we noted that serum from patients with acute 
pancreatitis has a decreased ability to bind trypsin! 3. 
Although it 1s known that this trypsin-binding activity is 
associated with alpha-2-macroglobulin (a,-M)!, the 
ultracentrifuge pattern of serum proteins of these patients 
showed no decrease in total macroglobulin. There have 
been a number of estimates of normal concentrations of 
a y-M using immunological methods‘-* which are sub- 
stantially higher than earher estimates involving comple- 
ment fixation’? and ultracentrifugation*. Indeed, James 
et al. concluded from immunological determinations that 
the total macroglobulin was normally more than 5 per 
cent of total plasma protein, rather than the 2-3 per 
cent generally reported from ultracentrifuge studies’. 
Comparison of the values of a,-M in serum determined 
immunologically with those determined by analytical 
ultracentrifugation made it necessary to measure gamma- 
macroglobulin (IgM) by immunoassay because the 19S 
fraction determined by ultracentrfugation represents 
® both a,-M and IgM. We believe that the lack of purity of 
the a,-M is the cause of the high values recently reported. 
The 17-198S fraction of each serum was determined in 
the analytical ultracentrifuge as described by Steines and 
Mehl’. The concentrations of a,-M and IgM were assayed 
using the antibody-agar radial diffusion technique 
° described by Mancini et al.1°. The primary standard of 
*,-M was a 1-0 per cent solution prepared by Dr Sally 
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Table 1. VALUES OF ALPHA-2-MACROGLOBULIN (a,-M), GAMMA-MACROGLOBU- 
LIN (igh) AND 19,9 PROTEIN IN NORMAL AND PATHOLOGICAL SERA 


IgM aM JEM- ca -M 108 protein 
(mg (mg (m (perce mg per cont 
per pn percent) per cont? of ae percent) of TP) 
91414 214424 805+82 864088 225430 26140865 


186426 168417 808488 4840-41 208426 2010 26 
*Total protein. 


Group 


Normal go 
Pancreatitis 
(12) 


Table 2. VALUES OF ALPHA-2-MACROGLOBULIN (ds-M) DY NORMAL SERUM, 
AB DETERMINED BY YARIOUB WORKERS 


No. of aM (mg/100 mi. Fae 
Author subjects e api e 
Peterkofeky, Levine and 
Brown’ 6 220 176-260 
Weiss’ 80 292 + 98 — 
Hitsig ~~ 856 + 20 _ 
James, Johnson and 
Fudenberg* 88 male 265 + 55 150-870 
22 female 885 + 57 265-460 
Wilding, Adham, Mehl 
and Haverback 24 male 208 + 11 180-304 
12 female 200 + 19 137-834 


Howard", which was examined in the ultracentrifuge, 
by starch gel electrophoresis, and by immunoelectro- 
phoresis against a polyvalent antiserum to human serum 
proteins and a specific antiserum to a-M. No con- 
taminating proteins could be detected by these procedures. 
The antiserum to human a,-M was also tested by immuno- 
electrophoresis against whole serum and only one 
precipitin line was found. The results, means and 
standard errors of the means for a group of normals and 
a group of pancreatic patients are given in Table 1. It 
will be noted that the mean values for a M and IgM 
differ between the two groups. The differences are not 
significant, however (P > 0-1). Because the normal group 
contains both male and female, and because higher values 
of o,-M have been reported in females, the a,-M values of 
additional normals were measured alone. These resulta, 
separated acco to sex, are compared with some 
previous values in Table 2. 

The purity of our primary standard of «,-M was also 
evaluated by comparing it with a primary standard of 
a -M prepared by Behringwerke AG (West Germany), 
who kindly supplied us with a serum sample calibrated 
for a,-M content. This was reported by them to have a 
concentration of 120 mg a,-M/100 mi., and was found to 
have a concentration of 117 mg a,-M/100 ml. when 
measured with our sample as standard. It is probable 
that values of the order of 300 mg/100 ml. for a, M are 
approximately 50 per cent higher than the true normal 
value, and that the correct value is in the neighbourhood 
of 200 mg/100 ml. 

The difference between the immunological and ultra- 
centrifuge estimations of total macroglobulin is much 
smaller than that suggested by James ef al.6. On the 
other hand, some difference in the observed direction 
would be anticipated as a result of the Johnston—Ogsten 
effect!*, which predicts that the concentration of a com- 
ponent will be overestimated in the ultracentrifuge if it 
is sedimenting in the presence of another component with 
a higher sedimentation coefficient. At the same time, the 
concentration of the most rapidly sedimenting component 
will be underestimated. We cannot evaluate the mag- 
nitude of the effect at a single dilution (five times) which 
was used. Making some very rough approximations, how- 
ever, we have concluded that the macroglobulin can be 
underestimated by 0-5-1-0 per cent of the total protein 
concentration. Consequently, it does not seem unreason- 
able to attribute the difference which we have observed 
to the Johnston—Ogsten effect. It 1s possible that some of 
the disparity between immunological and ultracentrifuge 
estimations is due to an error in the assay of IgM. We 
made no attempt in this investigation to look for such an 
error. It is noteworthy, however, that the values obtained 
agree very well with those reported by Fahey and 
McKelvey™. 
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Recent research has established that o,-M is of great 
importance in the transport of several substances in 
serum. Thus it has become imperative that the true con- 
centration of a,.-M in serum be established, and we suggest 
that the values reported in Table 2 reflect the true levels 
better than the values presented by many previous 
authors. 

This work was supported by grants from the US 
Public Health Service. We thank Mr John DeGroot for 
technical assistance in performing the ultracentrifuge 
analyses. 
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Graffi Virus and Immunological Tolerance in 
Leukaemogenesis 


We have tried to elucidate the possible influence of 
immunological mechanisms in virus leukaemogenesis of 
mice. We used Graffi virus, which has been proved to 
be most leukaemogenic in many strains of mice when 
injected at birth'*. In a preliminary investigation 
(O3Hf/Gs x CBA-T61T6)F, mice (hereafter called COH) 
were inoculated subcutaneously, when 1, 15 and 20 days 
old, with 0-05 ml. of 20 per cent w/v cell-free extract con- 
taining Graff virus. The mice were observed for develop- 
ment of leukaemia. The extracts which were obtained 
from Obd57BL mice with generalized leukaemia mduced 
by the same virus were prepared as described before’. As 
shown in Table 1, a remarkable decrease in the incidence of 
leukaemia was observed in inverse relationship to the age 
at moculation—from almost 100 per cent meoidence in 
mice injected at birth to 12 per cent in animals injected 
when 15-20 days old. These results confirm that neonatal 
age is important in determining the neoplastic response of 
OOH mice to leukaemogenesis by Graffi virus. 

To test whether the observed age-dependent differences 
in the incidence of leukaemia are related to variations 
in the immunological state of the inoculated anmmals, other 
groups of mice were treated as follows: in group 1, OOH 
mice were inoculated subcutaneously, at various ages 
between 1 and 37 days, with 0-05 ml. of extract containing 
Graffi virus. This group was challenged at 45 days with 1 


Table 1. INCIDBNOH AND LATRNOY OF LHUKAEMIAS DEVELOPING IN (O8H//Cs 
xX CBA-T6T8)F, MIOR TNOOULATHD AT VARIOUS AGES WITH GRATI VIRUS 


Age atinjec- Total No. No, of leuk- Inoeidence Mean latent 
tion (days) of mice aemic mice (per cent) period (weeks) 
1 28 27 98 16 
16 16 2 12-5 18, 40 
20 34 4 12 15, 32, 86, 44 


The total period of obgervation was 18 months. All mice were tnoculated 
Tabeutaneousiy with 0-05 ml. of 20 per cent w/v cell-free leukaemic extract 
in saline 
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Table 2. AGE DHPENDENOY AND B¥FECT OF IMMUNIZATION ON TAKES OF 
SYNGBNHIO LEUKAEMIO OBLL GRAFT IN (C8H//GsxOBA-T6T6)F, MIOB 


INOCULATED WITH GRAFFI VIRUS 
Age at virus No. of mice 
Group inoculation Total with positive Incidence 
(days) No. of mice leukaemic grafts (per cent) 
1 Virus 1 4 4 100 
inoculation 6 5 4 95 
10 8 4 50 
14 8 2 67 
19 § 2 40 
24 8 0 0 
37 7 1 14 
2 Virus 1 15 14 93 
inoculation 8 4 3 76 
+ 10 9 8 89 
unmunization 14 6 3 50 
19 5 2 40 
24 6 2 88 
87 6 0 0 
Immunization _ 37 9 24 
4 Control — 38 31 82 


In all proups of mice challenge with leukaemic cells was carried out at 6-8 
immunized mice (groupa 2 and 8), challenge was 1 week after the 
last immunizing treatment. Le mio cells were diluted In HBSS to con- 
centration of 10° cells/O 10-0 20 ml. Immunization was carried out at the 
of 6-8 weeks by two intraperitoneal injections of 0-20 ml. of 2 per cent we 
coll-free leukaemic extract in saline, 


million leukaemic cells given intraperitoneally, and taken 
from a syngeneic transplantable lymphatic leukaemia 
originally induced by this virus. Animals of group 2, 
similarly inoculated at different ages, received, when 
they were 45 days old, one intraperitoneal injection 
weekly for 2 weeks of 0-20 ml. of virus extract diluted 
2 per cent w/v. One week after the second immunizing 
injection they were challenged with the usual dose of 
1 million leukaemic cells. The mice of group 3, immunized 
at 6 to 8 weeks of age and then challenged with leukaemic 
cells, and the mice of group 4, which received 1 million 
leukaemic cells only, served as controls. Animals with 
positive leukaemic grafts were allowed to die and at 
autopsy showed, in most cases, neoplastic mfiltration of 
abdominal organs, and systemic involvement of lymph 
nodes and spleen while the thymus appeared free from 
disease. Mice which remained healthy for up to 3 months 
after challenge with leukaemic cells were considered 
negative. The results of these experiments are summar- 
wed in Table 2. In accordance with our data on leukaemo- 
genesis, the percentage of positive takes in mice of group 1 
varied according to the age at which the virus was injected. 
Mice which had received virus within the first week of 
life showed about 100 per cent positive takes. On the 
other hand, with increasing age at virus inoculation, there 
was a gradual decrease in positive takes which reached 
almost zero in animals inoculated after the third week of 
life. Comparable results were obtamed in the pre- 
immunized, virus-injected animals of group 2. Mice of 
group 3, immunized and challenged with leukaemic 
cells, showed a 24 per cent incidence of positive takes, and 
mice of group: 4, receiving only leukaemic cells, showed 
82 per cent positive takes. The mean survival period of 
animals with positive leukaemic grafts in the various 
groups was about 5 weeks after challenge. The results 
obtained for the mice of group 1 suggest that the age- 
dependency of susceptibility to virus infection is an 
Immunological phenomenon. This is supported by the 
fact that immunizing treatment, while effective in control 
animals, was not followed by detectable resistance in 
mice which had received the virus in the first days of 
their life. In these anrmals a state of immunological 
tolerance was established, and this rendered them un- 
responsive to further immunization. 

It is interesting to note that tolerance can be abolished 
or prevented by transfer of pre-ummunized or even normal 
competent cells. Two groups of CCH mice were inoculated 
with virus at birth and a few days later 40 mullion splenic 
cells, taken from either syngeneic male adulf anifnals 
which had been pre-immunized as above or from normal 
tnice, ‘were given intraperitoneally. The recipient mice 
were then challenged intraperitoneally at 6-8 weeks of 
age with 1 million leukaemic cells. Agshown in Table 3, 

« 
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Table 8, B¥¥ROT OF ADOPTIVH DIMUNIZATION ON TAKES OF SYNGHNBIO 
LEVEAEMIO ORLL GRAFT IN (O3H//Gs x OBA-T6T6)F, MICE INOCULATED AT 
BIRTH WITH GRAFTI VIRUS 


Total No, Mice with positive Per 


Treatment* of mice leukaemic grafts cent 
Splenic cells from premmunized 28 7 25 
adult donors 
Splenic cells from normal adult 43 19 44 
donors 
* 40 x 10° syngeneic splenic ocells suspended in 0-10 ml. of HBSS were given 
intraperitoneally within the first 8-7 days of life. 


positive takes were observed only in 25 per cent of 
animals treated with pre-immunized splenic cells and in 
44 per cent of mice receiving normal splenic cells. 

The results of the present experiments are closely in 
line with those obtained by Axelrad? using Gross virus and 
the spleen colony system, and by the Kleins‘® using 
Moloney virus. Neonatally infected mice showed 4 
deficient antibody response in comparison with mice 
infected as adults*.®, As in our experiments, infected new- 
born mice failed to respond immunologically to a second 
virus inoculation at an adult age. This was revealed by a 
fluorescence antibody test and by virus neutralizing 
activity. The existence of a state of immunological 
tolerance has also been reported by Rubin’ in chickens 
infected during embryonic life with an avian leukosis virus 
such ag RIF, and by Morton’ and Weiss et al.*, in mice 
carrying the mammary tumour virus. In our experimental 
system the transfer of pre-immunized or normal spleen 
cells prevented or abolished tolerance to Graff virus. 
A certain degree of inhibition of leukaemia development 
in C3H mice neonatally infected with Gross virus has 
also been obtained by means of adoptive immunization’. 
Further work is in progress to elucidate the mode of action 
of the transferred immuno-competent cells. It should 
be pointed out, however, that immunological tolerance 
to oncogenic viruses in animals infected as embryos or 
newborns is not a general phenomenon. For instance, 
the immunological mechanisms involved in oncogenesis 
by DNA viruses seem to be different from those discussed 
heret. 

This work was supported in part by a grant from the 
Leukaemia Research Fund, London, the Damon Runyon 
Memorial Fund for Cancer Research and by a grant from 
Consiglio Nazionale delle Ricerche, Rome. One of us 
(G. T.) holds a fellowship from the Lady Tata Memorial 
Fund. We thank Mrs P. Segato and Miss E. Lupatin for 
technical assistance. 
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@ 
A Heat-labile Skin Sensitizing Activity of 
’ . Mouse Serum 
EARLIER my colleagues and I reported that, although 
mice actively sensitized to egg albumin may suffer a 
marked local and systemic hypersensitive reaction when 
challenged intradetmally with egg albumin 7—9 days after 
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the sensitizing injection, it is difficult to demonstrate 
antibody activity in sera obtained from sensitized mice 
at this time’. The mouse is known to produce two 
immunoglobulins capable of transferring passive cutaneous 
anaphylaxis (PCA)*?: 7Sy,, which sensitizes homo- 
logous skin, and 7Sy,a, which will sensitize the skin of 
guinea-pigs. In both species the test is carried out using 
a 3-4 h latent period. Neither activity is reported to be 
diminished by heat. Treatment with mercaptoethanol 
slightly reduces the skin sensitizing activity of 79y,. Both 
classes of immunoglobulin increase in concentration with 
time after sensitization, even though the sensitivity of the 
donor animal to intradermal challenge decreases (unpub- 
lished data). 

In rat‘ and rabbit*” the capacity to transfer PCA to 
homologous recipients has been shown to reside, at least 
in part, in a serum component which 18 sensitive to heat 
(66° C for 30 min). This heat-labile activity is present 
only transiently and not in all sera. In rats its presence 
is correlated with degranulation of mast cells and strong 
active anaphylaxis. Its presence in rabbit sera seems to 
have no relation to the susceptibility of the donor rabbit 
to active anaphylaxis. PCA teste using these antibodies 
require latent periods of 16-72 h. 

Because of the apparent lack of correlation between the 
active cutaneous anaphylactic (ACA) reaction of donor 
mice and the presence of 7S, and 7Sy,0 1n their sera, an 
attempt was made to detect some other skin sensitizing 
agent. Pooled sera obtained on the seventh, eighth or 
ninth days after sensitization gave inconsistent, though 
usually negative, PCA reactions ın normal mice, and there- 
fore samples of sera from individual mice were used. 
Blood was obtained by rupture of the ophthalmic-venous 
plexus with a non-heparinized capillary tube and col- 
lected in a 0-6 x 5 cm tube. Sera were removed from the 
clot after 12-24 h and stored at —15° C. On some 
occasions more than one sample was taken from the same 
animal. On the day of the last bleeding, the animal was 
permitted to rest 4-6 h, then challenged intradermally 
with egg albumin and immediately given an intravenous 
injection of Evans blue. The resulting reaction (ACA) 
was recorded in order to compare it with the passive 
reactions elicited by the sera. 

For PCA reactions, sera were diluted 1:10 in saline 
and divided in two equal portions. One portion was 
heated at 56° for 30 min and the other left untreated. 
Each was then injected intradermally (0. 0-01 ml.) in each 
of twelve mice. Three hours later, half of each group was 
challenged intravenously with a mixture of egg albumin 
and Evans blue. The others were similarly challenged 
after a latent period of 16 h. ‘The blued areas were 
measured 15 min after the respective challenges. The 
results showed one of four possible patterns: (1) no PCA 
reactions were observed at all; (2) mice which had 
received either heated or unheated serum had positive 
PCA reactions after a 3 h latent period, but neither 
group was positive after 16 h; (3) both groups were 
negative at the 3 h challenge, but the animals which had 
received unheated sera had positive PCA reactions when 
challenged at 16 h; (4) both groups were positive at 3 h 
reli recipients of unheated sera were also positive at 
16 h. 

Mouse sera may therefore exhibit a skin sensitizing 
activity which is heat labile. This may occur simul- 
taneously with, or apparently independent of, the heat- 
stable skin sensitizing activity due to 7Sy, immuno- 
globulins. It is a very transient activity. In some 
sequential serum samples it was found in the eighth day 
sample but not in the sixth or tenth day samples from 
the same animal. Immunoelectrophoretic analyses of 
such serum series clearly showed the increase in concen- 
tration (or diffusibility) of 7Sy,, but there was no obvious 
change in the patterns of precipitin arcs whieh would 
account for the appearance and disappearance of the heat 
labile activity during this time. When a pool of serum 
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which contained both 7Sy, and heat-labile activity was 
fractionated on ‘Sephadex G@-200’ by elution with borate 
buffer (pH 8), both activities were recovered in the 
ascending portion of the second peak. The immuno- 
globins 7Sy,, IgM and IgA were not detected by mmuno- 
electrophoresis of this active fraction. 

From the evidence so far available it would seem that 
the heat-labile activity must result from either a hitherto 
unrecognized class of mouse immunoglobulins, perhaps 
comparable with human IgE (ref. 8), or a part of the 
TSY: population which for a brief tıme has characteristics 
which differ from the rest of the 7Sy, molecules. Whether 
unique globulin or temporary oddity, this sera activity 18 
not solely responsible tor the active cutaneous reaction 
seen in donor mice on the seventh to ninth day, although 
it may be a contributory factor. 

I thank Dr J. L. Fahey for supplying me with specific 
antisera directed against mouse 75y, and IgG globulins. 
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Effect of Syngeneic and Allogeneic’ Lymphocytes 
on L-cells and Mouse Embryo Fibroblasts 
in vitro 


Hatistrém et a.t showed that homogenates of allogeneic 
spleens caused & greater decrease in the number of tumour 
cells in tissue culture than did homogenates of syngeneic 
spleens. They called this phenomenon “syngeneic pre- 
ference’’*? in tissue culture. The action of phytohaemag- 
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any surviving cells, the homogenates were frozen in dry 
ice and thawed three times, after which they were kept at 
4° C and used within 1 week. 

Trypsinized L cells were cultivated for 24 h in test- 
tubes in 90 per cent Medium 199 and 10 per cent bovine 
serum. The medium was then elammated, and 1 ml. of 
the suspension of lymphocytes or 1 ml. of homogenized 
lymphocytes (which were diluted 1:10 in Medium 199) 
was added to the L cells. In each experiment the following 
groups of four to eight tubes were used. (a) L cells with 
added lymphocytes from BALB/c mice (allogeneic lympho- 
oytes); (b) L cells with added lymphocytes from O3Hf 
mice (syngeneic lymphocytes); (e) L cells with allogeneic 
spleen homogenate from BALB/c mice; (d)-L cells with 
syngeneic spleen homogenate from O3Hf mice; (e) control 
L cells with no added lymphocytes or homogenates. 

Surviving L cells were counted after 3 days of incubation 
at 37° C; these cells were not stained with eosin-trypan 
blue solution. In the first experiment, the effect of immune 
BALB/c lymphocytes and homogenized immune lympho- 
cytes on L cells was also assessed for comparison. 

Table 1 shows that in all three experiments neither 
syngeneic nor allogeneic homogenates caused a decrease in 
the number of L cells as compared with controls. In some 
cases there was even a definite stimulation of the growth 
of L cells; allogeneic homogenate from BALB/c mice 
produced a more marked increase in the number of L cells 
than syngeneic homogenate. Non-immune lymphocytes, 
both syngeneic and allogeneic, stimulated the growth of 
L cells as compared with controls. Thus there was no 
inhibition of growth by L cella caused by allogeneic 
lymphocytes or homogenates. This might be e result of 
prolonged cultivation in vitro. 

In a second experiment the effect of syngeneic and 
allogeneic lymphocytes and homogenates of these cells on 
the primary culture of BALB/c mouse embryo fibroblasts 
was investigated. Tubes were seeded with 400,000 cells 
in 1 ml. of medium and 2 days later tubes in which a 
monolayer had formed were selected. A minimum of 
oight tubes was used in each of the following: (a) control 
culture alone; (b) control culture plus 5x 10" BALB/c 
lymphocytes; (c) control culture plus 6x10° O3Hf 
lymphocytes; (d) control culture plus homogenate of 
BALB/c lymphocytes; (e) control culture plus homo- 
genate of C3Af lymphocytes. 


Table 1. MFFROT OF LYMPHOCYTES AND HOMOGHNATES FROM SYNGENEIO C3Hf AND ALLOGENHIO BALB/o STRAINS OF MIOEB ON GROWTH OF L OBLLS 
Average number of surviving L cells x 1,000/group after 8 days of incubation with the addition of (mean + standard error): 


Experiment Lym hoeytes 
No. Immune Bay fe O8Hy 
89 28 +8 237 +26 5 108 + 89 
54 NT 63 + 0-4 5043 
57 NT 759 834105 
NT, not tested, 


glutinin on target cells plus allogeneic lymphocytes is also 
caused by “syngeneic preference’, The extent to which 
this phenomenon is applicable to other tissue systems is 
unknown. 

In this communication we present the results of an 
investigation of the effect of lymphocytes and homo- 
genized lymphocytes from syngeneic, C3Hf, and allo- 
geneic, BALB/c, mice on strains of L fibroblasts and of 
primary mouse embryo cells. 

Cultivation of Z cells and the preparation of suspensions 
of lymphocytes from spleens have been described before’. 
Lymphocytes were obtained in a Potter glass homogenizer 
containing Medium 199 and the cell suspension was 
filtered through two layers of gauze; the cell suspension 
was brought to a final concentration of 5 x 10° lympho- 
eytes/ml. with Medium 199. 

Spleen homogenates were prepared in sterile conditions 
from the spleens of BALB/c and C3Hf mice by the method 
of Hellstrom et alt. Three spleens of each type were 
homogenized in 3 ml. of Medium 199 In order to kill 


a yen 


Immune OBHy Control 
98+10 100 +21 78+11 102+8 
NT 116 t14 7749 62438 
NT © +12 50411 19+11 


After 2 days of incubation surviving cells in all groups 
were counted and it was shown (Table 2) that allogeneic 
and syngeneic lymphocytes and ther homogenates did 


Table 2, B¥FECT OF LYMPHOOYTEHS AND HOMOGENATES OY SYNGENEIC BALB/c 
AND ALLOGENRIO C3Hf STRAINS OF MICE ON THE GROWTH OF BHBRYONAL 
FIBROBLASTS OF BALB/c NIOB 


Number of BALB/e embryonal fibroblasts x 1,000/tube after 
2 days of incubation with the addition of 


Tube L ihooytes Ho nates 
Na P10" tal. tho Control 
BALBIo OsHy BALB{e OBHS 
1 78 280 807 178 100 
2 62 68 258 111 31 
3 75 40 218 51 15 . 
4 107 198 06 18 y 
5 147 182 95 118 
6 109 298 102 87 78 
T 120 153 95 84 ot 
8 75 111 - 151 a 31 
Mean 97 164 167 72 59 
Standard 
error= + 18 82 32 ft 105 
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not inhibit but stimulated the growth of the cells in 
comparison with control cultures. 

Thus, in the two tissue systems we have investigated, 
the phenomenon of “syngeneic preference” described by 
Hellstrom was not observed. 

Inessa Yu. CHERNYAKHOVSKAYA 
ZAIRA G. Kapaaarpze 
GEORGE J. Sver-MoLtpavsxy 
Laboratory of Virology, 
Institute of Experimental and 
Clinical Oncology, 
USSR Academy of Medical Sciences, 
Kashirscoe shosse 6, 
Moscow, M-478. 
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Renal Excretion of Interferon 


Desrits the intensity of research on interferons—natural 
virus-inhibiting proteins induced by various viral and 
non-viral substances'—relatively little is known about 
their bodily distribution, metabolism and _ excretion. 
Gresser et al.* have recovered interferon in the urine of 
mice after a parenteral inoculation of interferon, and Oh 
has reported finding interferon in the urine of rabbits 
following inoculation of endotoxin. No data on amounts 
excreted were obtamed. This communication presents 
data from studies of renal clearance in rabbits with (1) 
administered interferon; (2) interferon induced by a 
virus; (3) interferon induced by endotoxin. 

Serum interferon for intravenous administration was 
obtained from rabbits 4 h after inoculating about 10° 
p..u. Newcastle disease virus (NDV), and freed of 
infectious virus by heating at 56° C for 30 min’. For 
urine collections, 1 kg rabbits were catheterized aseptically 
with a No. 8 Foley catheter under light ‘Nembutal’ 
anaesthesia. For induction of interferon, they were 
inoculated intravenously with 56 x 10° p.r.0. of NDV or 
with 10 pg Escherichia colt endotoxin extracted by the 
Boivin method*}4. Serum and urine samples were collected 
at intervals, and urine samples were dialysed for 48 h at 
4° C in phosphate-buffered saline (pH 7-2) before inter- 
feron assays. Interferon activity was expressed in the 
reciprocal of the highest dilution of a 0-3 ml. sample that 
inhibited the cytopathic effect of vesicular stomatitis 
virus (VSV) in rabbit embryo tube cell cultures‘. One 
unit represented the amount of interferon in 1 ml. titred 
in this manner. Preliminary experiments showed that 
normal rabbit urine does not have an inhibitory effect on 
VSV and that samples of rabbit serum interferon mam- 
tain their activity when mixed with urine. The renal 
clearance, Ro, expressed in millilitres of plasma cleared 
per hour, was caloulated by the formula Re = UV/Pt, 
where U is the concentration of interferon in the urine, 
V is the volume of urine for the interval ¢ in h, and P is 
the concentration of interferon in the serum during the 
interval’. A geometric mean P was used when this 
concentration vamed during the mterval. 

Excretion of administered interferon. Six animals were 
each inoculated intravenously with about 100,000 
unite of interferon. Periodic blood samples were taken. 
and urine collections were obtained over a period of 
4-30 h. It was found that: (1) only 7-13 per cent 
ef the inoculated interferon was recoverable in the 
total plasma volume 1 min after inoculation; (2) the 
concentrations of plasma interferon decreased rapidly 
after inogulation and its half time (T 1/2) was calculated 

«to be 11 min, which is in good agreement with calcula- 
tions based on data obtained from mice by Baron et al.* 


NATURE, VOL. 214 JUNE 17, 1967 


and Gresser et al.*; (3) interferon recovered in the urme 
represented 0-2-2-0 per cent of the total amount adminis- 
tered. It is clear from these resulte that interferon was 
widely dispersed in the extracellular and probably the 
intracellular spaces and that, while it is readily detected 
in the urine, renal excretion. of intact interferon does not 
represent the main pathway of its elimination. Sub- 
stantial amounts must be fixed or metabolized in the 
tissues. 

Renal clearance of interferon induced by virus. After the 
injection of NDV into three rabbits, 100,000-300,000 
units of interferon were recovered from the urine of 
individual animals over a period of 30 h. Assuming that 
this represented the excretion of 0-2-2-0 per cent of the 
interferon load, we then obtain an estimate of at least 
§ millon units induced by the virus in the animal. The 
concentrations of interferon in serum and urine and the 
volumes of urine are presented in Table 1. As previously 
shown?, virus induced interferon (VII) ın serum reaches 
its peak 4 h after inoculation and progressively decreases 
thereafter. It is noteworthy that some of the highest 
interferon titres which have been obtained in this labor- 
atory were from the urines of these animals. This suggests 
that the urine may be an ideal source for the preparation 
and purification of interferon because of the relative 
absence of contaminating proteins. 

On the basis of six clearance studies, including the 
four presented in Table 1, renal clearance of VII averaged 
30°6 ml. of plasma/h. This amounted to a clearance of 
about a quarter of the glomerular filtration or 68 per cent 
of the plasma volume per hour*:?. The type of interferon 
found in the urine was indistinguishable from classical 
virus-induced interferon!. It was non-dialysable, sensitive 
to trypsin, heat and acid stable, species specific and 
inhibited both VSV and Sindbis virus but did not in- 
activate them directly. 


Table 1, RENAL CLHARANOB OF VIRUS-INDUCRD IXTERYRRON 


Serum 
Hours after NDV 4 9 18 23 
Interferon titres (P) 2,048, 2,048 266,512 N.D. 2 

612 128 

Urine 
Interval (h) () 0—4 4-9 0-13 18-23 
Volumes (ml.) (7) 28,7 185, 8 7 ue 2 
Titres (U) 2,048, 2,048 8,192 32,800 1,024 8 
Clearance ml, plasma/h (U V/Pt) : 28 i 42 9 540 


Renal clearance of interferon mduced by endotoxin. 
Similar data from two rabbits inoculated with endotoxin 
are presented in Table 2. It is clear that the concentration 
of endotoxin induced interferon (EI) in the urine was low, 
even in proportion to the lower concentrations of EIT in 
the serum. The mean renal clearance was 1-5 ml. plasma/h 
or about a twentieth of that of VIT. That ETI should be 
excreted less well than VII is consistent with its greater 
molecular size**. Investigations are being carried out to 
ascertain whether the interferon ın the urine reflects 
the molecular characteristics of its serum counterpart. 
The difference in renal excretion of virus and interferon 
induced by endotoxin could not be accounted for by the 
physiological effect of these inducers on glomerular 
filtration. Creatinine clearances over @ period of 8 h after 
inoculation of NDV or endotoxin were not substantially 
different from those of uninoculated animals (mean: 
136 + 36 ml./b). 


Table 2. RENAL OLBARANCE OF BNDOTOXIN-INDUCED INTERFERON 


Serum 
Hours after endotoxin 2 4 6 8 
Interferon titres (P) $2, 32 48, 82 X.D. 8,8 
Urine 
Interval (h) (9) 0-2 2-4 46 8-8 
Volumes {mi.) (V} 4,106 64,121 08,36 4-5, 18-0 
Titres ( 6 16,8 16, <4 82, <4 
Clearance ml plasma/h (U V/Pt) 11,15 2-0 
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Sensitization of Frog Melanophores by 
Mammalian Antibody 


Ir is well known that the amphibian melanophores can 
react in vitro to certain stimuli either by contraction or 
by dispersal. The most studied of these reactions are 
those due to melanophore-stimulating hormone, melatonin 
and xanthines. This communication shows that this 
reaction of amphibian melanophores can also be achieved 
by a hitherto unsuspected stimulus. It reports for the 
first time the sensitization of frog skin melanophores by a 
mammalian antibody, as a result of which melanophore 
dispersal can be demonstrated on contact with specific 
antigen. 

Frogs (Rana temporaria) were kept on a white tiled 
surface exposed to diffuse daylight for 2 weeks. The frogs, 
which were completely blanched, were then killed by 
decapitation. The web skins were excised and kept in 
frog Ringer solution. On each web a differential count 
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Fig. 2. Total number of melanophores in stage I during the 180 min of 
antigenic challenge. 


of one hundred melanophores in various stages of melano- 
phore dispersal was made according to the method of 
Hogben and Slome?. Only the webs which had a minimum 
of 96 per cent stage I (contracted) melanophores were 
used for this investigation. 

For sensitization, neat rabbit serum containmg 4 mg 
anti-bovine serum albumin per ml. was used; it was 
diluted to two-thirds its strength with distilled water to 
make it isosmolar with frog skin. The frog webs were 
sensitized for 4 h at room temperature. The pieces of 
skin were then thoroughly washed with frog Ringer 
solution and a second differential count was made. The 
same field was identified for the repeat count by using 
the central vessel to the web space as a marker. 

The sensitized webs were then treated with 0-5 per 
cent bovine serum albumin in frog Ringer solution. A 
differential count of approximately the same hundred 
melanophores in the same area of each web was carried 
out every 30 min for a period of 3 h. Five major web 
skins were used in each experiment. The controls for 
these experiments consisted of similar web skins exposed 
to: (1) non-immunized serum followed by bovine serum 
albumin; (2) skin sensitized with immunized serum and 
treated with frog Ringer solution; (3) skin kept in frog 
Ringer solution and then treated with bovine serum 
albumin. The control web skins were also counted at 
intervals of 30 min in a marked area in the same way 
as with the experimental group. 

The results of the differential melanophore counts in a 
typical experiment are shown in Figs. 1, 2 and 3. It is 
clear from these curves that previously sensitized web 
skins show a wave of melanophore dispersal when chal- 
lenged with serum albumin (Fig. 44 and B). 

The curve in stage V represents a pure excitation wave. 
The whole process of excitation, a gradual one, reaches a 
peak by 1 h and returns to stage I within 3 h. The 
viability of these isolated sensitized skins, at the con- 
clusion of the wave response, was established by demon- 
strating the ability of these melanophores to react ta 
theophylline and diphylline. The second peak in stages II 
and IIL represents a point in the recovery to stage I of 
those melanophores which progressed to stages [V*and V. 
More than 96 per cent of the melanophores in control web 
skins remained in stage I throughout the experiment. 

The only way known to us of detecting immunologically 
sensitized cells is by eliciting a reactiofi on subsequent 
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exposure to the antigen. The reaction usually looked for 
is the release of a pharmacological amine or the contraction 
of smooth muacle, with the implicit assumption that such 
contractions result from the release of a pharmacological 
amine. Although it is difficult to explain why tissues of 
certain species can be sensitized by some heterologous sera 
and not by others, it has been established that sensitiza- 
tion 18 an adsorption process of antibodies on the cell mem- 
branes. It can ocour at 0° C (ref. 2) and obey Langmuir’s 
isotherm’. The adsorbed antibodies can be washed away 
by non-specific gamma-globulin‘. This process of sensi- 
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Fig. 3. Gradual change of all cells in stage II to stage Y. 
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tization is probably a specific form of adsorption that 
needs high actavation energy®. 

In the system desoribed here, it was predicted that if 
the antibodies were adsorbed at the right site the melano- 
phores would change their functional state from that of 
rest (contraction) to that of reactivity (expansion). 

We thank Professor C. W. M. Adams and Professor 
Roger Warwick for their continued guidance and encour- 
agement in carrying out this work. 
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- MICROBIOLOGY 


Function of Nisin and Nisin-like]j Basic 
Proteins in the Growth Cycle of Strepto- 
coccus lactis 


BACTERIAL synthesis of polypeptide antibiotics occurs 
during the exponential phase or early stationary phase of 
growth?. The compounds synthesized vary in molecular 
weight from about 350 to 14,000 (ref. 2); nisin, produced 
by Streptococcus lactis, has a molecular weight estimated at 
7,000 (ref. 3). This brings nisin into the class of small 
proteins rather than polypeptides because insulin, for 
example, has a molecular weight of 6,000 (ref. 4). The 
biosynthesis of nisin was studied recently using washed 
cell suspensions of S. lactis (NODO 497) (ref. 5). Inhibitors 
of protein synthesis and actinomycin D, which inhibits 
mRNA synthesis, also mhibited nisin synthesis, which 
suggested that this process resembled the ribosomal 
mechanism of protein synthesis. 

Further work in which the organism was grown in a 
buffered organic medium showed that in addition to 
nisins, the organism synthesized at least six other basic 
proteins which could be separated by electrophoresis on 
polyacrylamide gel’. Nisin, which formed the leading 
band, had the lowest molecular weight of the compounds 
detected; a second, slower moving band (possibly a dimer 
of nisin) which was usually present was also an inhibitor. 
The other basic proteing were not antibiotics. On the 
other band, basic proteins made from young cultures 
2-4 h old contained only the non-inhibitory basic proteins. 
Bioassays confirmed the absence of antibiotics and showed 
that the small amount of nisin introduced with the inoculum 
at zero time could not be recovered after incubation for 
2-4 h when exponential growth started. The apparent 
destruction. of nisin during the lag period and its synthesis 
during the late logarithmic period suggested that nisin 
plays an important part in the bacterial growth cycle. 

Further experiments were carried out to see whether 
the length of lag of growth after subculture 18 related to 
the nisin content of cells. The length of lag of growth 
was measured by deriving a series of secondary cultures 
from a primary fermentation, standardizing the inoculum 
to a constant dry weight of cells, and then following 
growth’. 

During the lag phase of the primary culture, the length 
of lag of growth decreased to a minimum at the same time 
as the exponential phase began, and then returned to its 
original value at stationary phase; the amount of msin 
per unit dry weight of cells followed an almost identical 
time course’. 
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Further experiments were carried out to test whether a 
direct relation existed between the amount of nisin per 
unit dry weight of cells and the length of lag of growth'*. 
For example, a straight line plot between these two 
variables would be consistent with a causal relationship, 
although it would not prove it. 

The nisin-producing strain of S. lactis was cultured in 
organic media under a variety of conditions. We used 
highly buffered media (terminal pH. of growth 5-2, dry 
weight doubling time about 90 min) or unbuffered media 
(terminal pH 4:5, dry weight doubling time about 50 
min), both with pH controlled to 6-8 or uncontrolled. 
The following results were obtained ın unbuffered media 
used without control. The amount of nisin per unit dry 
weight of cells decreased to a minimum at the point at 
which logarithmic growth started and then increased. The 
length of lag decreased from 120 min at inoculation to 
about 60 min at early log phase and returned to about 
90 min at stationary phase. Nisin was formed to a con- 
centration of 25 ug/ml. of medium. When the same 
medium was maintained at pH 6-8 the same sequence of 
events was observed, but 30 per cent more nisin was 
synthesized and the lag at stationary phase now increased 
to 185 min. 

Fig. 14 is based on the results of this experiment and 
shows that an approximately straight line can be drawn 
between the amount of nisin per unit dry weight of cells 
and length of lag of growth for fermentation with the 
pu controlled. When the pH was not controlled the first 
five points fitted the same line but the pointa obtained 
later on in the fermentation no longer fitted. 

The pH of the culture fluid decreases as the organism 
grows, and at low pH nisin passes from the cells into the 
culture fluid’. We confirmed this observation and further 
found that at pH 6:8 (controlled fermentation) more than 
80 per cent of the nisin synthesized was bound to cells, 
while with a pH below 6-0 more than 80 per cent of the 
nisin was in the culture fluid. In other words, when the 
pH was controlled, the nisin was bound to cells and there 
was a straight line relationship between nisin and length 
of lag of growth: in the uncontrolled fermentation the 
nisin was in the culture fluid and no relationship existed 
between nisin and lag. 

The fermentation experiments were then repeated, but 
cell-bound rather than total nisin was assayed’. The 
results of one such experiment are in Fig. 1B, which shows 
a straight line relationship between length of lag of growth 
and the amount of bound nisin per unit dry weight of cells, 
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Fig. 1. Relation between length of lag of growth and nisin aynthes!s in 
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t 
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Fig 2. Densitometry of polyacrylamide gels after electrophoresis of 

basic proteins from Streptococeus lactis, The methods used are nin 

ref. 6. Only strain 8 produces nisin (peak nearest cathode). Strain 1 

from silage, and strains Zand 4 from froren , produce niainold l protona 

(peak nearest cathode) which are not antibiotics. Note that the mesin 

peak of strain 8 forms s more unportant part of the total basic proteins 
than do the nisinold proteins of other three strains. 


irrespective of whether the pH of the fermentation was 
controlled or not. 

Others have also suggested that strongly electro-positive 
molecules such as basio proteins and polyamines could be 
important in cellular control'*-18 or that polypeptide 
antibiotics are involved in the differentiation mechanism 
which occurs during bacterial sporulation***, One 
difficulty in accepting this notion for Streptococcus lactis 
was that although all strains presumably have a growth 
cycle, not all produce nisin. We have surveyed the 
frequency of production of antibiotic in the strains from 
our culture collection: thirty-five of the forty strains 
tested produced small amounts of inhibitor, showing 
that antibiotic production is widespread in this species. 
This confirms the opinion of Woodruff, who believed that 
almost all bacteria can be made to produce antibiotics**. 
Of the five strains which produced no antibiotic, three 
were studied further; one was isolated from silage and two 
from frozen peas. The basic proteins were extracted* 
and run on polyacrylamide gel by the method of Tombs*’; 
densitometric illustrations of these gels are in Fig. 2. 
All three non-antibiotic strains had bands, the trailing 
edge of which corresponded with nisin. When these 
bands were cut out and placed on agar seeded with a 
nisin-sensitive organism, zones of inhibition were onl 
produced by the preparation made from the nisin-produ- 
cing strain. This confirmed the results of the bioassays, 
showing that these strains produced no antibiotic but 
nevertheless produced basic proteins which sesembled 
nisin in molecular weight and charge; gre have called* 
these nisinoid proteins. e 
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The simulanty of nisin and nisinoid protems was further 
confirmed by chromatography on ‘Sephadex’. ‘Sephadex 
G-26’ completely excluded these proteins. Chromato- 
graphy on ‘Sephadex G-50 showed that the basic proteins 
from the nisin and non-nisin producing strains behaved 
similarly: a pure nisin marker, basic protems from the 
nisin producing strain and the nisinoid proteins were in 
the “shoulders” of the maim protein peaks. This was 
further tested by re-running the fractions on polyacryl- 
amide gels and by bioassay. 

We have thus found that strains which do not produce 
antibiotics nevertheless produce nisinoid proteins which 
could have the same function in cell regulation as the 
antibiotic. Further, we found that during the period of 
lag, the nisin of the inoculum disappears before exponen- 
tial growth starts. We also found that the time to 
initiate new growth was linearly related to the concentra- 
tion of cell-bound nisin. These results are consistent 
with the view that basic proteins like nisin are made by 
S. lactis for the purposes of cell regulation, particularly 
with the processes connected with the initiation and halt- 
ing of growth. It could be that antibiotic activity of 
these basic proteins is only incidental. 
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Growth and Physiological Characteristics of a 
High Temperature Strain of Chlorella 
pyrenoidosa in Continuous Culture 


INVESTIGATIONS of growth, multiplication and metabolism 
of photosynthetic micro-organisms are mostly conducted 
in batch culture, where many changing parameters pro- 
duce physiological heterogeneity in the cultures. The 
disadvantages can be avoided with continuous culture 
systems, where all requirements, except a predetermined 
limiting constituent, are available in abundance. Changes 
in the rate of dilution of the medium which cause con- 
tinuous changes in the rate of flow of the limiting 
constituent will therefore determine the physiological 
eproperties of the cultures. Thus different steady state 
levels can be obtained in a chemostat or turbidistat in 
Which fhe dilution rate of the medium can be changed. 
We have investigated the growth and physiological 
characteristics of Chlorella pyrencidosa 7-11-05 (ref. 1) in 
chemostatéc homogeneous contmuous cultivation. We 
used two types pf cultivators usually employed in hetero- 
twophie microbial systems. The first consisted of a 2 1. 
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Roux bottle, with plane-parallel walls and a suspension 
layer depth of 6 om, and the other of a 3 1. glass cylinder 
of 12 cm diameter held between two stainless steel lids. 
Stirring was effected by a vortex system. In both devices 
a working volume of 1,300 ml. at a temperature of 38° 
+ 05° C was used. ‘Teslaphot B’ 500 W lamps provided 
continuous bilateral illumination. Incident irradiance was 
constant for the first system at 20,000 lux and for the 
second system at 75,000 lux. A modified Knops solution? 
aerated by air enriched with 5 per cent carbon dioxide 
provided the medium. Experiments were performed with 
rates of dilution ranging from 0-01 to 0-2/h; the rates 
were controlled by a piston-dosing device. 

These conditions ensured the maintenance of steady 
state oultures in permanent illumination and avoided 
periodical changes in growth caused by long-term light— 
dark regimen. The ontogeny of individual algae continued 
unchanged, however. In such a system the capacity for 
organic synthesis is given by the statistical distribution 
of different ontogenic phases with a varying capacity to 
synthesize cell material’. The overall capacity of the 
algal system for organic synthesis ıs, however, dependent 
on the physiological state of the whole culture. This 
is determined by the rate of dilution and the concomitant 
residence time. Different rates of dilution control 
the density of cells in a population and thus the mean 
effective light intensity for the cell or for unit dry weight. 
The light intensity, J, can thus be defined as the time 
and space average of cell irradiation in the suspension‘. 
The following equation applies for the plane-parallel 
cultivator of the first system 

Ty e 1) 


Isat 
I= ln 
Trat 


ELX 
where Ist is the saturating light intensity of the strain 
used, F, 18 incident light intensity, L is the depth of the 
suspension, Æ is the specific light absorption coefficient, 
and X is the steady state population density. By sub- 
stituting the experimental values in the foregoing equation, 
the direct relationship of the mean effective light mtensity 
to the dilution rate can be calculated. The mean effective 
light intensity is therefore a growth limiting factor in 
the continuous cultivation of Chlorella. 

The results obtained are shown in Fig. 1 and conform 
to expected values according to the foregoing equation, 
agreeing also with the mathematical model of light 
limitation’. The growth rate increased with dilution rate 
until the maximum specific growth rate (Umax) was 
achieved at a particular rate of dilution, beyond which 
the residence time became critical. Further increase in 
the rate of dilution caused an expected washing out of 
cells. 
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Fig. 1. Steady state density of population as function of dilation rate. 
(OQ) First type of cultivator; (@) second type of eultrvator. 
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Fig. 2. Mean cell volume and content of cell components as function of 
dilution rate. (1) Mean dry weight of one cell; (2) protein; (3) mean 
cell volume; (4) chlorophyll, (5) RNA; and (6) DNA, 


In batch culture with the second type of cultivator, a 
relatively larger value for maxumum growth rate was 
obtained (max = 0-41 h~) compared with the lower 
values reported so far’. In the long term continuous 
cultivation, such large values are not obtainable because 
of experimental limitations. Figs. 1 and 2 show data 
obtained ın experiments with growth rates of 0-02- 
0-22 h. With an increasing rate of dilution, despite the 
increase in growth rate, the steady state density of the 
population decreases (Fig. 1). The differences recorded in 
the steady state density of population in cultivators of 
both types used with identical rates of dilution were 
csused by differences in the mean effective light intensity 
caused by different values of incident irradiation, depth 
of suspension and agitation. 

The physiological state of the algal population with 
different rates of dilution was evaluated by estimating the 
quantity of cellular components which are of basic im- 
portance in growth processes, for example, protein, 
chlorophylls, DNA and RNA (Fig. 2). The percentage 
of young cell-autospores at different steady state levels 
according to different dilution rates remained constant 
except for slight changes. The physiological state of the 
culture, however, was altered by the dilution rate. The 
volume of the cells enlarged two to three times with 
increasing dilution rates. The quantity of cellular com- 
ponents also increased proportionately, showing a straight 
line relationship of the log values of mean cell volume and 
cell composition to the dilution rate. Dry weight values 
showed a similar dependence. Specific rates of biosyn- 
thesis of individual components, expressed as formation 
of a certain product’, continued to increase with increasing 
rate of dilution. The cultures appeared to be limited by 
DNA synthesis, reaching a maximum specific rate of 
synthesis at a certain rate of dilution and decreasing 
after that. 

These results thus indicate that Chlorella, especially 
the young cell-autospores, is not physiologically identical 
at different rates of dilution. The physiological state is 
evidently controlled by the limiting mean effective light 
intensity which is again a manifestation of the dilution 
rate of retention time. We can also conclude that the 
course of growth kinetics of autotrophic Chlorella in batch 
and continuous cultivation is sumilar to that of hetero- 
trophic micro-organisms. The distinctions are rather 
given by differences in the modes of energy supply. 

The productivity of cultures of Chlorella in the systems 
used here was found to be very effective, both in relation 
to the volume of the suspension and the area of irradiation. 
The value of maximum productivity for each area in the 
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second cultivator was exceptionally large, bemg 163 
g/ra*/day, whereas it was 72 g/m*/day for the first culti- 
vator. The productivity of each volume was as follows: 
first system: 2-2 g/l.jday; second system: 3-5 g/l./day. 
These values were obtained at cell densities giving 0-6— 
0:8 g dry weight/l. and 0-7-1-1 g dry weight/l. for the 
first and second cultivators, respectively. Productivity 
values obtained in this way suggest that an industrial 
scale-up of algal production in conventional cultivation 
units could be effected for heterotrophic organisms. It 
seems, however, that a cultivation system which ensures 
maximum productivity will have to effect a compromise 
between steady state cell density and depth of suspension. 
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Muitiplicity Reactivation in Gamma 
Irradiated Influenza Viruses 


Murmereuorry reactivation was first demonstrated in 
1947 by Luria’, in bacteriophages irradiated by ultra- 
violet light. In 1951, Henle and Liu? showed the same 
phenomenon in influenza viruses irradiated with ultra- 
violet ight and grown in chick embryos. Their results were 
confirmed by Barry? in 1961. In the same year Polley‘, 
investigating the sterilizing potentialities of ionizing 
radiations, found that viral infectivity could be destroyed 
completely by high doses of cobalt-60 gamma rays while 
viral haemagglutinin (HA) appeared more resistant. In 
these experiments, the loss of infectivity was a perfectly 
exponential function of the radiation dose, and no evidence 
of multiplicity reactivation was observed. 

Our present work deals with the influence of various 
physical factors on the inactivation of influenza viruses 
by y-irradiation. We use a ‘Gammacell 220’ irradiator, 
similar to the one used by Polley*, but with a lower gamma 
output (4x 105 r.fh). During irradiation the samples 
were kept at 20° C or —78-5° C. The viruses studied were 
Al/AA/1/52, A2/Australia/67, B/GL/1739/54 and B/ 
Taiwan/63. 

By exposing the viruses to 4:0x 10% r. we obtained ae 
complete loss of infectivity while the HA properties were 
not altered. The exposure dose in the ‘Gammacell’ f 
directly proportional to the duration of irradiation. 
Titration of samples after different times of exposure 
showed that the inactivation of influenza @ viruses 
follows a first-order dose response curye, while botir 
influenze A viruses showed marked tailing of the curve. 
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The curves observed with influenza 41 and A2 are remunis- 
cent of the inactivation curve with viruses irradiated 
with ultra-violet light in which multiplicity reactivation 
has been demonstrated?, 

Because virus reactivation has never been demon- 
strated with viruses inactivated by ionizing radiations, we 
decided to investigate the problem further. 

Virus of the A2/Australia/67 strain was inoculated 
into embryos of 11 day old chicks. The infected allantoic 
fluid was collected after 48 h of incubation, and distributed 
in 10 c.c. vials which were kept at —70° C until used. 
Before irradiation, the frozen vials were transferred to 
dry ice (—78-5° C). They were kept at this temperature 
until the end of the experiment. Groups of three vials, 
packed in dry ice, were then lowered into the irradiation 
well for periods varying from 1 to 10h The exposure 
dose was 3:9x10° r.fh+7 per cent according to the 
position of the vials in the irradiator. 

The titration method used in all phases of these experi- 
ments was as follows: series of ten-fold dilutions of the 
virus suspension to be tested were inoculated into chick 
embryos 11 days old (0-2 ml. of infected fluid/egg) (10 
eggs/dilution). The eggs were incubated at 35° C for 
48 h, except where stated, and then cooled at 4° C over- 
night to stop viral multiplication. A haemagglutination 
test was carried out on each egg and the final infectivity 
titre was calculated by Kdarber’s method. The HA 
activity was measured by Hirst’s modified pattern test. 

Fig. 1 shows the first-order dose response curve of the 
residual virus infectivity efter radiation with gamma 
rays. We found that the magnitude of response was 
dependent on the temperature, the lower temperature 
having a radioprotective effect on the virus. The tailing 
effect of the infectivity also is better seen after irradiation 
at low temperature. Haeemagglutinating properties are 
not affected at all. 


Log 10 of EID. and HA 





2x 10* 4x10 5x 10° 


3x 10° 
Exposure dose (r.) 
Fig. 1. Inactivation of A2/Australia/57 Influenza virus by cobalt-60 
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Henle! has shown that the latent period of production 
of HA of influenza virus is directly related to the titre of 
fhe inoculum; the larger the number of active particles 
being inoculated in the system studied, the shorter the 
observed lag phase was observed. In the absence of 
reactivation, the lag phase of production of HA for the 

“irradiated viralgample should be the same as the lag phase 
of an unirradiated sample of the same virus, containing 
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Fig. 2. Multaphoation of A2/Australla/67 influensa viros, as expressed 
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active particles only, diluted to the same infective titre. 
If reactivation could take place in the irradiated sample, a 
certain proportion of the inactivated particles would 
regain their infective activity. These reactivated 
viruses would add to the already active virus present in 
the sample. The net result would be an increased number 
of potentially active particles. 

In order to test this possibility, we chose samples 
which after exposure to 1-2x 10° r. had an infective titre 
reduced from 8°63 HID,, to 3:5 HID,,. Controls were 
prepared by diluting the unirradiated sample from 8-63 
EID, to 3-5, 4-5, 5-5 and 6-5 HID,», respectively. In this 
way the activity of the unirradiated samples ranged from 
1 to 1,000 times the activity of the irradiated samples. 
The irradiated sample and each diluted sample were inocu- 
lated to groups of eighty eggs. The eggs were then 
incubated for various periods of time at 35° C. Every 2h 
ten eggs from each group were cooled to arrest the multi- 
plication of the viruses, then collected and pooled. The 
HA activity of each pool was titred and the growth curve 
for each control dilution was established. 

Fig. 2 shows the growth curve for each control dilution 
and for the irradiated sample. It is clear that for each 
ten-fold increase in the concentration of the control 
viruses the latent period of growth diminishes by about 
2h. On the other hand, the irradiated sample, which 
co nds to the lowest concentration of the controls, 
has the shortest lag phase, thia lag phase being of the order 
of 2 h, compared with more than 12 h for the corresponding 
control. 

Cairn’, in 1955, showed that the blocking effect of heat 
inactivated virus on the allantoic cells could explain, at 
least in part, the apparent shortening of the lag phase: 
this blocking of the cells could shorten the lag phase by 
2 h over the control. 

In our experiments, the lag phase is shortened by more 
than 12 h. The blocking effect of the inactivated virus 
cannot account for so large a difference in the lag phase. 
Our estimate of the input multiplicity of all the virus 
particles contained in the irradiated sample is 44-4 
viral particles for each available cell. If we consider 
the active particles only, their input multiplicity is 
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one active virus for 3,600 cells. Should the mactivated 
virus act by saturating the receptivity of the cells, it 
would be ising to observe any growth at all. We 
think that the best way to account for the shortening of 
the leg phase is to admit that the inactivated virus can 
be reactivated. 

Calculation shows that the number of potentially 
reactivated particles in the irradiated sample is at least 
10° greater than the number of particles measured by the 
infectivity test just after irradiation. 

The same irradiated or unirradiated samples as were 
used for ELA curves were used for the determination 
of infectivity. Each sample was diluted ten times and 
each dilution was inoculated into 11 day old chick embryos. 
After 48 h incubation at 35° C, each egg was collected 
and tested for the presence of HA. The final titre waa 
calculated by Karber’s method. 


Log 10 of FED, 
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Fig. 3 shows the multiplication of irradiated and un- 
irradiated A2/Australia/57 virus. The lag phase of the 
infectivity is about 4h. The amount of viruses produced 
reaches its maximum at 8 h for the irradiated sample, 
compared with more than 12 h for the unirradiated sample 
inoculated at the same concentration of active particles 
(3-5 EID,,). Non-irradiated samples, inoculated at 
concentrations 100 to 1,000 times greater, reach their 
maximum at about the same time (8 h) as the irradiated 
sample. 

The beginning of the inactivation curve, as shown on 
Fig. 1, is compatible with a multi-hit dose response curve, 
viral particles being hit on several loci of their genetic 
apparel’. The marked tailing of the curve, however, 
cannot be satisfactorily explained by the target theory 
alone and fits well with the multiplicity reactivation 
hypothesis: on mfection in the susceptible cell, it would 
be possible that two virus particles differently inactivated 
could complement themselves and produce a new active 
particle. 

These experiments show that the multiplicity reactiva- 
tion observed by other authors using non-ionizing radia- 
tions, such as ultra-violet light, can also be found in 
influenza viruses exposed to high-energy ionizing radia- 
tions such as cobalt-60 gamma rays. 

The fact that this phenomenon was not previously 
observed by authors working with gamma radiations 
may be explained by our use of a relatively low dose rate 
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and a low irradiati on temperature, both factors having a 
radioprotective eff ect on the virus. 
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Spontaneous Mutants of Yeast Deficient in 
Glycogen 

AN unusual type of spontaneous mutation has been de- 
tected in some diploid strains of Saccharomyces cerevisiae. 
Iodine staining of yeast colonies has revealed the presence 
of a high proportion of glycogen deficient mutants. In 
yeasts, glycogen is a reserve material, and the impaired. 
storage ability, together with the high frequency of 
occurrence, made these mutants especially interesting. 
The iodine staining test has also shown that respiration 
deficient mutanta growing on nutrient agar are deficient in 
glycogen when compared with the wild type yeast. The 
two types of mutation can be easily distinguished. 

Cultures were plated on nutrient agar! and after mcuba- 
tion for 3 days at 24° the colonies were stained by flooding 
the plates with iodine solution (0-2 per cent iodine in 
0-4 per cent potassium iodide). Glycogen gives a charac- 
teristic reddish brown coloration with iodine, and most of 
the colonies on the plates were stained reddish brown 
because of the glycogen in the cells. Some of the colomes 
remained white and these were counted and compared 
with the total number of colonies on the plates (Table 1). 
Cultures grown from freshly isolated normal colonies 
contained similar proportions of glycogen deficient cells. 


Table 1. FREQUBMOY OF GLYCOGEN D&VICIBNT MUTANTS 


Total number Glycogen deficlent Brequen 
Strain of colonies colonies (per oont? . 
1838 1804 10 8 
1164 1220 8 05 
4286 1868 8 0-6 


When isolated and maintained by subculture at monthly 
intervals on nutrient agar slopes, the mutants vary in 
stability. Nine isolates have remained stable for over a 
year, but three others have been found to contain a pro- 
portion of reverted cells. 

Guinness strain 4236 and a glycogen deficient mutant 
isolated from this strain were grown on nutrient agar 
slopes and, after incubation for 3 days, samples of the 
yeasts were washed with distilled water and cell carbo: 
hydrate was fractionated*. The mutant contained less 
then half as much acid-soluble glycogen as the normal 
yeast and the trehalose content of the mutant was also 
very low (Table 2). There was little difference in the alkali 


Table2 YRAOTIONATION OF YERAST JARBOHYDRATE e 
The resulta are expressed as a percentage of the yeast non-carbohydrate 
ary weight. 


Glycogen deficient * 
Strain 4286 mutant ° 
Trehalose 0-9 03 
Alkali-soluble glycogen 24 2-2 
Acid-soluble glycogen 22-7 Dal 
nan 8-0 86 é 

Glucan 81 e Käi 
Sum of fractions 42-1 27-9 . 
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soluble glycogen fractions or in the cell wall components, 
glucan and mannan. 

In liquid media, the growth and rate of fermentation of 
the glycogen deficient mutant of strain 4236 are slightly 
slower than the wild type. Although the differences are 
small they have been consistent in many experiments. 
Thus it seems unlikely that the high frequency of the 
mutants is caused by a selective advantage in growth rate 
in mixed culture. The high frequency of the glycogen 
deficient cells, particularly as they arise ım diploid cultures, 
raises doubts as to the mechanism of the change. The 
possibility that cytoplasmic changes in the regulation of 
glycogen synthesis or degradation are involved cannot be 
excluded at present. 

Although the colony size of the glycogen deficient 
mutants ıs normal, most cultures of these mutants con- 
tained higher than usual proportions of respiration de- 
ficient cells. Respiration deficient cells are slow growing 
and produce characteristically small colonies (“petites”), 
which may be further distinguished from respiration 
sufficient colonies by their failure to give a pink colora- 
tion with triphenyl tetrazolium chloride‘. Cultures of 
glycogen deficient mutants isolated from strain 4236 
contained 2-9 per cent of respiration deficient cells, 
whereas the wild type contained about 0-5 per cent. 
Iodine solution stained 3 day old “petite” colonies brown, 
but more mature 6 day old colonies remained white. 

An unexpected observation was that spontaneous 
“petite” mutants, isolated by random selection from nor- 
mal yeast strains, gave iodine staining reactions similar to 
those of the “petites” isolated from the glycogen deficient 
cultures. The glucose concentration inside a yeast colony, 
being dependent on diffusion from the agar, may be in- 
sufficient for all the needs of the cell, especially in the 
larger colonies on the 6 day old agar plates. A low glucose 
concentration around the cells, combmed with the necessity 
for respiration deficient cells to obtain their energy by 
fermentation instead of the more efficient respiratory 
process, may result in the cells of “petite” colonies having 
insufficient adenosine triphosphate for glycogen synthesis. 

I thank Dr A. K. Mills and Dr C. E. Dalgliesh for 
helpful discussion. 
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Serological Specificities of Phenylalanine 
Deaminases of the Proteus—Providence Group 


THE possession of a phenylalanine deaminase is one of 
the maim arguments for the taxonomic association of 
proteus and providence organiams'. These groups have 
many differences and their classification is uncertaim?. 
Vulgaris and mirabilis organisms? have strikingly high 
phenylalanine deaminase activity compared with those of 
morganu, rettgeri and providence strains. It was decided 
to investigate the serology of the deaminases of these 
organisms. 

The organisms used have been described‘ and appear 
in Table 1. Cell free extracts with phenylalanine deaminase 
activity were prepared? and adjusted to a concentration 
of 35 per cent ammonium sulphate. The enzyme was 
collected by centrifugation and dissolved in 0-8 per cent 
saline (4:0 ml.). 

Two subcutaneous injections of freshly prepared phenyl- 
alanine deaminase (40-60 mg) in Freund complete adju- 
vant were given to rabbits to produce antiserum. In 
neutralization testa phenylalanine deaminase solutions 
(1:0 ml., 3-5 mg of protein with specific activities of 
1-10 mymoles phenylpyruvate formed/mg of protein/min) 
were cross-precipitated with deaminase antiserum (2 ml.) 
and the precipitate discarded. Phenylalanine deaminase 
in supernatants was estimated by incubating samples 
(0-6 ml.) of the enzyme with 50 mmolar potassium phos- 
phate buffer, pH 6-8 (1 ml.) and 60 mmolar D,L-phenyl- 
alanine (1:0 ml.) at 37° C for 1 h. In control tubes the 
phenylalanine was replaced with water. The reaction was 
terminated by adding 36 per cent trichloroacetic acid 
(1-0 ml.). The phenylpyruvic acid content in samples 
(2-4 ml.) of the supernatant was estimated with 2,4-di- 
nitrophenylhydrazine*. Protein was determined by the 
biuret method’. 

The resulta shown in Table 1 indicate a close serological 
correspondence between the deaminases of mirabilis and 
vulgaris strains and between the providence and rettgeri 
strains, The deaminases of these two pairs of organisms 
are practically unrelated and distinct from those of the 
morganii organisms which form a third serological group. 
In view of the fact that vulgaris and mirabilis strains and 
rettgeri and providence organisms may share surface 
antigens and that the enzyme extracts used for antiserum 
production were not highly purified, the antisera were then 
absorbed with suspensions of heterologous organisms 
before enzyme neutralization tests. Bacteria were washed 
three times in 0-85 per cent saline and added to the anti- 
serum. After 30 min at room temperature the supernatant 
was used in neutralization tests. Table 2 shows that while 
prior absorption of sera with intact organisms did lower 
the amount of enzyme activity precipitable, the con- 
clusions drawn from previous results still stand. 


Table 1. OROSS8-PREOLPITATION OF PHENYLALANINE DBAMINASES BY PROTEUS AND PROVIDRNOH DHAMINASB ANTISHRA 
Phenylalanine deaminase antiserum prepared from: 





Normal 
Source of deaminase P., mirabilis P. vulgaris P. morganti P., rotigers Providence rabbit serum 

18 67 9 48 2,815 10,041 7,480 7,476 0,205 9, 
P. mratilis-13 99* . 85 x 2 0 . 9 . 0 
-57 19 87 79 70 1 2 0 4 0 0 0 
P, oulpari-0 71 ` 92 R 0 $ 1 è 2 A 0 
48 32 B4 87 0 0 1 3 0 0 0 
P. mogann-2,816 2 $ 0 4 98 96 0 2 0 * 0 
-7,381 0 . 0 ë 99 97 2 4 0 
ae a a a a 

u-7, r 5 P . A 
-7,476 1 2 0 0 1 0 80 91 69 2 0 
-7,480 9 0 0 0 0 1 98 04 69 58 0 
Providence-9,248 1 à 4 $ 0 à 68 3 91 à 0 
°. -0,278 0 4 1 2 4 2 92 g4 98 96 0 
» -9,294 0 i 0 3 . 45 . 92 . 0 
-9,295 9 1 0 8 1 0 81 52 97 93 9 
* Per pent enzyme activity precipitated. Points, not done 


le (1:0 ml of pheny: 
°(20 mL) whi 
tgmoved by centr: 


nine deaminase (speific actavity 1-10 mzmoles phenyl 
n freed from ketone bodies by dualysis against O 85 per cent saline. 
ton. The residual phenylalanine deaminase actrvity in the supernatant was then determined. 


vate formed/mg of protein/min), was added to antiserum 


e mixture was incubated at 87° O for 1 h and the precipitate 
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Table 2 SEROLOGIOAL RELATIONSHIPS Of PHENYLALAKINE DEAMINASES OF 
Proteus arn P Res STRAINS 


(a) Relationship between deaminases of P, mirabilis and P. vulgaris 
Phenylalanine deaminase antiserum prepared from: 
48 57 5 2,815 


48 2,815 
Serum absorbed with, Unab- 57 67 Umb 48 48 
sorbed sorbed 
Source of deaminase 
P. msrabilis-57 70* 85 0 87 82 0 
P. vulgaris-48 87 75 0 32 27 0 


(b) Relationship between deaminases of P. retigeri and Prondence 


Phenylalanine deaminase antiserum prepared fram: 
9,27 9,278 10,041 7,476 Pate 10,041 
Serum abeorbed with: Unab- 7,476 7476 Unab- 9,278 9,278 
‘bed sorbed 


sor 
ae} ae. ies 72 47 0 91 74 

a -7, 0 
Providence bat 96 02 0 94 71 0 

* Per cent enzyme activity preelpitated. 

Bacteria, washed three times in 0 85 per cent saline, were added to anti- 
serum in a final consentration of 20 per cent, After 80 min at room tempera- 
ture the suspension was cen! ged (30,0009 for 10 min) and the supernatant 
used in new tion teste. Antisera to Proteus morgants strains 2,815 and 
10,041, S atorbed with the respective bacterial strains, were used in control 
experimen 


The results with the deaminase systems support one of 
the conclusions drawn from the serology of proteus 
ureases’ that morganii strains are distinct from other 
strains of proteus. Morgani strains do not share many 
O or H antigens? or phage receptors‘! with other 
members of the Proteus—Providence group and the 
guanine + cytosine content of morganii strains! differs 
by about 10 per cent from the others. Morgani strains 
also have different growth requirements. It has been 
reported‘! that many rettgeri and providence strains 
share phage receptors. The serological relatedness of their 
phenylalanine deaminases taken in conjunction with many 
biochemical and nutritional similarities*:"* speaks for close 
ties between rettgeri and providence organisms. The 
close relatedness which has repeatedly been demonstrated 
between vulgaris and mirabilis strainst15 is further 
strengthened by the present findings, but we would 
caution against regarding retigeri organisms as variants 
of the former’. Although their ureases are serologically 
similar and they may share phage receptors**, rettgeri 
strains differ from vulgaris and mirabilis strains m 
nutritional and many biochemical reactions’. 

Ewing? has proposed that the organisms under discus- 
sion be given the tribal rank of Proteae with a genus 
Proteus incorporating the species vulgaris and mirabilis and 
a second genus, Morganella, to contain the species mor- 
ganii, retigers and tnconstans (providence). We would 
favour a restriction of the genus Morganella to a single 
species (morgants) and the establishment of a third genus, 
Retigerella, to contain the species refigert and inconstans 
(providence). 

This work was aided by grants from the South African 
Council for Scientific and Industrial Research. 

J. A. Sur 
J. N. Conrzen 
Atomic Energy Board and 
Department of Microbiology, 
University of Pretoria, 
Pretoria, South Africa. 
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BIOCHEMISTRY 


Labelled Fibrinopeptide B and the 
Denaturation of Fibrinogen on Over-iodination 


AccorDING to McFarlane!, rabbit fibrinogen labelled with 
more than 0-5-0-6 atoms of iodine per molecule of protein 
behaves tn vivo in a manner noticeably different from that 
of preparations iodinated at lower mean substitution 
levels. In the former case, intravascular protein-bound 
radioactivities decreased more rapidly during the first 
24-36 h after injection and, at the same time, labelled 
breakdown products in the plasma reached abnormally 
high concentrations. These signs of denaturation, how- 
ever, were missing if the labelled protein was allowed to 
circulate for a day or more in an intermediate host, sug- 
gesting that dver-iodinated fibrinogen molecules had been 
“soreened”’ out. Other investigators’ confirmed McFar- 
lane’s observations and, using Oncley’s statistical results’, 
it appears that fibrinogen molecules carrying more than 
two atoms of iodine are recognized by the body as different 
from the native protein‘. 

The reasons for this marked sensitivity of fibrinogen to 
iodine are not yet understood. According to a hypo- 
thesis recently published by Blombäck, Carlson, Franzén 
and Zetterqvist', the denaturation might be due to the 
incorporation of iodine into the tyrosine in the B fibrino- 
peptide, this residue being located particularly close to the 
bond attacked by thrombin. 

This interesting theory could be important if, as it 
implies, the tyrosme-O-sulphate in bovine and rabbit 
B fibrinopeptides* is iodinated during the labelling pro- 
cedure, and at higher substitution levels is preferentially 
iodinated in relation to the mam of the molecule. 
It follows that if fibrinogen labelled in the B peptide is 
unacceptable to the body, then valuable results on fibrino- 
gen turnover in species in which relatively large propor- 
tions of the label are unavoidably incorporated into this 
residue (for example, results obtained in the dog’) would 
have to be discarded. 

During the recent development of a method for assaying 
fibrinopeptide B labelled with iodine-125 in fibrinogens 
from different species, the quantities of label substituted 
into this part of the molecule were inferred from the 
proportions of clottable radioactivity liberated by coagu- 
lation’. A first series of experiments indicated that 
the B fibrinopeptide takes up iodine only if its tyrosine 
is not esterified with sulphuric acid. Consequently, no 
labelled fibrinopeptide B was found in bovine and rabbit 
fibrinogen preparations when iodinated at mean substitu- 
tions of 0-5 or lower. 

Further experiments were carried out in the hope that 
by varying the substitution rate and the pH of the 
reaction, iodine could be incorporated into this residue. 
In nineteen iodinations performed on purified bovine 
fibrinogen at pH values of 7:0, 8-0 and 9-0, substitutions 
covered a range from the ocarrier-free system up to 4-92 
atoms of iodine per molecule of protein, and in seventeen 
iodinations at pH values of 7-0 and 9-0, as many as 4-02 
atoms of iodine were incorporated in each molecule of rab- 
bit fibrinogen. Two different techniques of iodination, 
namely iodine monochloride* and chloramine 7’*'*, were 
used, but the results with each were the same: no detec- 
table quantities of iodine were found in bovine or rabbit 
fibrinogen attached to fibrinopeptide B. It may be 
concluded, therefore, that co-labelling of fibrinopeptide 
B cannot be made responsible for the altered behaviour 
of rabbit fibrinogen in vivo as described by MoFarlane 
et al. ° 

The failure to label the tyrosine-O-sulphate in the ffbrino- 
peptides in these species still leaves open. the question of 
whether B fibrinopeptides with non-esterified tyrosine 
residues will label preferentially at higher substitutions,. 
and whether fibrinogen molecules labelled*in this positiqgn 
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CHLORAMINE T 


pH 90 





Percentage of lodine-181 released with fibrinopeptide B 
w a 


Degreo of substitution 


F . 1. Labelling of fibrinope peptide B im sheep fibrinogen with radio- 


at different values of p. of substitution using iodine R 
monochlonde (above) or chloramine (below). Fractions of radio- 
activity released on coagulation are plotted as percentages of the 

clottable activities, 


are discriminated against by the body. Relevant experi- 
ments were carried out using sheep and goat fibrinogens, 
both known to contain free tyrosine residues* which readily 
take up iodine’. 

Results on the proportion of the label incorporated 
into the B fibrinopeptide of sheep fibrinogen at different 
values of pH and at different substitution levels are sum- 
marized in Fig. 1. All the information was obtained with 
the same batch of fibrinogen and each value was estab- 
lished from double or triple estimations, “zero” substitu- 
tions representing iodinations without the use of carrier 
iodine. When carrier was used, the fraction of label in- 
corporated into fibrinopeptide B was inversely propor- 
tional to the degree of substitution. Significantly less 
radioactivity was found in the peptide with iodine mono- 
chloride than with chloramine T, and the values were less 
dependent on the level of iodination. The clottabilities 
of each iodinated sample, measured as the fraction of 
protein-bound radioactivity coagulable with 25 NIH 
unite of thrombin, showed no correlation with the extent 
of labelling of fibrinopeptide B. The effect of the pH of 
iodination is particularly evident in the absence of carrier 
iodine: only 2-2 per cent of the total incorporated label 
was taken up by the tyrosine in fibrinopeptide B at pH 
6-0 compared with 11-1 per cent at pH 9-0. 

The tn vivo behaviour of fibrinogen molecules labelled 
in their fibrinopeptide B section has been studied in the 
goat after injecting autologous fibrinogen labelled with 

- iodine-131 by withdrawing blood samples and measuring 
the release of radioactivity in the plasmas on clo 
As shown in Table 1, 4:5 per cent of the clottable radio- 
activity appeared in the clot liquor of a plasma sample 
obtained 6 min after injecting the labelled preparation, 
and this proportion remained essentially the same in the 
subsequent samples. By the time the last sample was 
taken, 60 per cent of the injected labelled fibrinogen 
had been catabolized. This clearly indicates that there is 
no metabolic discrimination directed against fibrinogen 
molecules labelled in the fibrinopeptide B. 
Table 1. LIBERATION OF IODINH-131 FROM IODINATHD GOAT FIBRINOGEN 


BY OLOTTING IN PLASMA SAMPLES WITHDRAWN AT INTHRYALS AFTER INJROTING 
THE LABRLLED PREPARATION 


é Time (h) Olottability* Iodine-181+ released 
. ~i 921 450 
. 185 r 92-8 470 
25:7 93-2 4-98 
427 5 98-8 474 
e 498 92-9 4-82 
728 02-8 4:86 


* Expressed as pescon of the protein-bound radioactivity. 
et Given as percentage of clottable radioactivity. 
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All these observations suggest that the in vivo behaviour 
of a labelled fibrinogen does not depend on whether or 
not the fibrinopeptide B is labelled. 

E. Recorozr 
National Institute for Medical Research, 
London. 
Received September 19, 1966. 
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Dissociation and Inhibition of the Stimulatory 
Effect of Phytohaemagglutinin on Protein 
and DNA Synthesis in Human Lymphocyte 
Cultures 


PHYTOHAEMAGGLUTININ (PHA) stimulates both DNA! and 
protein synthesis! by human peripheral white blood cells 
in tissue culture. Evidence to be presented indicates that 
this phenomenon is partly dependent on serum factors. 
The maximum synthesis of these two macromolecules in 
stimulated cultures occurs at different concentrations of 
serum in the tissue culture medium. In addition, in- 
creases in the concentration of serum beyond that which 
provided for maximal synthesis resulted ın inhibition of the 
PHA stimulation on both DNA and protein synthesis. 
Variation in the serum content of unstimulated cultures 
had no significant effect on the synthesis of these 
substances. These results were independent of the source 
of serum, that is, whether autologous, homologous or 
heterologous. 

Lymphocytic cells were isolated from the blood of 
normal donors by methods previously described*. Cultures 
containing 70—90 per cent lymphocytes in concentrations 
of 1 million lymphocytes/ml. were maintaimed in medium 
199 containing 200 vu of penicillin and streptomycin. 
Extracellular protein was supplied in varying concentra- 
tions as either autologous serum, homologous AB serum, 
homologous serum of different blood type or calf serum. 
All cultures were incubated in 2 ml. portions in loosely 
closed screw-cap vials at 37° C for 6 days, in a 5 per cent 
carbon dioxide humidified incubator. Phytohaemagglu- 
tinin-M in concentration of 0-03 ml./ml. of culture was 
added on day 0 to duplicate cultures. Newly synthesized 
DNA and protein were radiolabelled from #*PO, (3 pe./ml.) 
and “(C-leucine (1 uc./ml.) precursors, respectively. DNA 
was isolated and counted by the method of Kahan‘, 
Radioactive protein was precipitated with 0-3 normal 
perchloric acid and counted on planchets*. The data 
reported are the mean of duplicate aliquots and duplicate 
cultures. 

In PHA stimulated cultures maximum radiolabelling 
of protein occurred when the extracellular medium con- 
tained 6 per cent serum (Fig. 1, left); maximum DNA 
radiolabelling occurred in oultures containing 15 per cent 
serum (Fig. 1, right). Serum concentrations in excess of 
these inhibited the PHA-induced synthesis of both protein 
and DNA. 

In unstimulated cultures protein synthesis was not 
altered to any great extent by variation in the serum 
content with the possible exception of a slight enhance- 
ment with 5 per cent serum. DNA synthesis in unstimu- 
lated cultures remained unresponsive to alteration in the 
extracellular serum concentration. Increased extracellular 
serum in the unstimulated cultures did not suppress either 
DNA or protein synthesis. 
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after 6 days in culture with varied concentration of serum in 


rm the medium. 


Experiments were performed to determine whether 
similar phenomena occurred with non-autologous sera. 
Identical cell cultures were established in which the 
source and concentration of sera were varied. Table 1 
reports the results of such an experiment on protein 
synthesis. For all sera examined, optimal PHA stimula- 
tion was evident at a concentration of 5 per cent. A 
maximum. of incorporation of *C-leucine into protein was 
found in those cultures containing autologous serum. In 
the presence of other sera, there was slightly less radio- 
labelling. 

Variation in serum concentration in unstimulated 
cultures had scarcely any effect on protein synthesis. 
With human sera, a slight optimum was observed at 5 per 


Table 1. INOORPORATION OF “O-LEUCINE INTO PROTEIN BY HUMAN BLOOD 


LYMPHOOYTER OULTURES 
(C.p.m. In acid-Insoluble protein after 6 days in culture) 
Concentration of serum in medium (per cent) 


25 6 16 26 50 
PHA stimulated cultures 
Autologous serum 11,977 18,616 11,585 5,752 2,880 
(Rbo* type B) 
Homologous human serum 8,951 12,053 10,718 6,024 2,526 
(Rbo type AB) 
Homologous orni serum 193,545 11,959 8,556 6,200 2,717 
c type 
ay aad serum 9,740 11,565 9,788 9,192 3,828 
Unstimulated cultures 
Autologous serum 2,427 4,670 3,097 2,421 1,992 
(Bbo type B) 
Homplogoua human serum 2,588 3,134 2,264 1,020 1,674 
(Bbo AB) 
Homok us hamai, gerum 3,304 3,757 2,604 2,510 1,841 
[a] 
Beterglogous serum 2,881 2,760 2,715 1,820 1,110 


* Rbo, Red blood cells. 


Table 2, INCORPORATION OF “PO, INTO DNA BY HUMAN BLOOD LYMPHOOYTH 


OULTURBS 
(O.p.m in extracted DNA after 6 days in culture) 
Concentration of serum tn medium (per cent) 


25 5 15 25 50 
PHA stimulated cultures 
Autologous serum 533 601 8038 822 25 
Homologous human serum 287 627 619 171 21 
(Bbo type AB) 
omo us human serum 173 458 556 460 79 
(Bbo 0) 
Heterologous serum 122 407 526 423 98 
(calf) 
Unstumulated cultures 
Autologous serum 12 18 22 20 25 
be type B) 
Ho: us human serum 10 7 18 10 17 
(Bbo AB 
Hore us human serum 22 32 18 18 26 
[v] 
Heterologous serum 22 21 3t 27 26 


the inenbation medium. 
O, Cultares containing only medium 199 and serum; @, cultures with phytohsemagglutinin 


cent. In calf serum, no optimum was 
observed. Non-autologous serum did not 
promote increased protein synthesis in 
the unstimulated cultures and, in fact, 
reduced the total counts. 

In Table 2 the effects of various sera on 
the synthesis of DNA are compared. With 
all sera investigated a concentration of 
about 15 per cent serum provided the best 
conditions for PHA-stimulated incorpora- 
tion of phosphorus-32 into DNA. As with 
protein synthesis, the stimulation of DNA 
synthesis was greatest in the presence of 
autologous serum. The presence of other 
human sera, or calf serum, reduced the 
optimum of stimulation by about 25 per 
cent. Increasing concentrations of all sera, 
however, inhibited the PHA stimulation. 
= The unstimulated cultures exhibited a 
minmum of DNA synthesis, and that 
which was observed was independent of the 
serum concentration. Non-autologous 
serum did not stimulate DNA synthesis 
in cultures without PHA. 

The influence of serum on the “PHA 
effect”? in cultures of human leucocytes would not seem 
to be an experimental artefact because parallel results 
were not seen in the unstimulated cultures. It remains 
to be determimed whether these phenomena result from 
interaction of the serum with the mitogenic agent PHA, 
or whether the serum contains cofactors necessary for the 
“PHA effect” to be manifest. 
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ported by ea US Public Health Service fellowship. 


S. R. COOPFERBAND 
J. A. GREEN 

M. A. KENNEDY 
M. M. Grant 







V and VI Medical Service, 

Boston City Hospital, and 

Departmenta of Medicine and Microbiology, 
Boston University Medical School, 

Boston, Massachusetts. 


Received September 10, 1968. 


1 McIntyre, O. R., and Ebaugh, jun , F. G. Blood, 19, 443 (1962). 

1 Hirschhorn, K , Bach, F., Koloday, B. L., Firachein, I. L., and Hashem, N., 
Science, 149, 1185 (1963). 

3 Cooperband, 8. R., Nahmias, A. J , and Kubrick, 8. (in the presas). 

t Kahan, F, M., Anal, Biochem., 2, 107 (1060). 


Fate of Exogenous DNA in Blood and 
Hyperplastic Genital Tract of Female Mice 


CHROMATOGRAPHY! has been used to show* that exo- 
genous high molecular weight DNA disappears rapidly 
from the blood of mice injected intravenously. These 
results confirm those of Tsumita and Iwanaga’, based 
on the Schneider procedure, and also show that the high 
molecular weight DNA disappears much more rapidly 
than the low molecular weight DNA. At the same time, 
labelled DNA could be found in certain organs, and it was 
tentatively assumed that the labelled molecules appearing 
in those tissues corresponded to the injected ones. In 
order to ascertain the nature of these compounds, we 
have used ultracentrifugation in caesium chloride gradients 
and different bacterial DNAs. | 

The results reported here concern DNA-*H, prepared 
by the method of Marmur’, from Bacillus subtilis grown e 
on deuterium oxide in the presence of thymidiné*H, 
by the method of Bodner and Schildkraut*. In agreement 
with previous reports the DNA we obtained has a buoyant 
density of 1:728 g/ml. The specific radioactivity amounts 
to 100,000-200,000 d.p.m./ug. . 
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Fig. 1. Distribution, 1n caesium chloride gradienta, of the radioactivity 

found in 18 of blood of six mice fnjocted with 100 ug of B. subitis 

DNA--H-D,0O (@=1 728 fim) The blood samples were takon after 

(a) 0 min; (b) 5 min; () 10 min; and H 60 min. O, Ultra-violet 

absorption of the Miorococcus DNA (Q=1:781 g/ml) added as internal 

reference and of the mouse DNA ee fe gimi). @, Distribution of 
um. 


Immature mice (2 weeks old) were injected subcutan- 
eously with 10 pg of oestradiol benzoate?. Between 28 
and 30 h later’ they were injected intravenously with 
100 pg of freshly prepared tritiated DNA. dissolved in 
0-2 ml. of 0-014 molar sodium chloride and 0-0014 molar 
sodium citrate. Blood samples were withdrawn from the 
eye sinus, centrifuged, and the plasma was treated with 
1-25 g/ml. of caesium chloride. After low-speed centrifuga- 
tion, the protein pellet was removed and the remaming 
solution was used for ultracentrifugation. 

One hour after the injection of DNA, mice were killed 
by neck dislocation, and dissected. Organs were carefully 
washed in cold saline solution, and the DNA was extracted. 
by homogenization, using an ‘Ultraturax’ homogenizer, 
in a cold solution of 0-14 molar sodium chloride and 0:1 
molar ethylenediamine tetraacetic acid adjusted to pH 
8. Sodium dodecyl sulphate was added to give a final 
concentration of l per cent. Pronase (2 mg/ml.) was 
added and allowed to react at 37° C for 2h. After alcohol 
precipitation (66 per cent final), the precipitate was 
dissolved into the sodium chloride-EDTA-sodium dodecyl 
sulphate solution and treated with 50 ug/ml. of ribo- 
nuclease for 1 h at 37°C. Pronase was again added 
{2 mg/ml.) and the digestion was allowed to proceed for 
3h at 37°C. 
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The final alcohol precipitation (60 per cent) removed 
the pronase and the digestion products. The DNA was 
then dissolved in 0:14 molar sodium chloride and 0-014 
molar sodium citrate. Then 1-25 g of caesium chloride was 
added to each 1 ml. and 3 ml. (+60 ug of DNA) were 
centrifuged in a ‘Spinco SW39’ rotor. Non-radioactive 
DNA (Micrococcus lysodeikticus, p = 1:731 g/ml.) was 
usually added as a second internal reference; the mouse 
DNA (p = 1-700 g/ml.) was the first one. After centrifu- 
gation for 63 h at 27,000 r.p.m. at 24° C, 120 fractions of 
two drops each were collected by puncturing the bottom 
of the tube and collecting the drops under a constant 
pressure of silicone oil. 

Water (1 ml.) was added to each fraction and the ultra- 
violet absorption was recorded in a Beckman DK1 record- 
ing spectrophotometer. The samples were hydrolysed 
with hot 1 N hydrochloric acid and counted in a Packard 
‘Tri-carb’ scintillator in the presence of a suitable phos- 
phort. 

Fig. 1 shows the results obtained with pooled blood 
from six mice. Samples were withdrawn after 0, 5, 10 
and 60 min. In this case, mouse DNA was added as an 
internal reference, together with Micrococous lysodetkticus 
DNA. Plasma (13 mg) was used m each experiment. 
Results show that the tritiated DNA rapidly disappears 
from the blood and that the degree of polymerization of the 
remaining molecules decreases with time. After 1 h, the 
tritiated DNA completely disappeared, which was in 
agreement with previous results*-®. 

Fig. 2 shows the results obtained with 13 mg of the 
pooled organs of the genital tract of the six mice treated 
and killed 60 min after injection. In all cases some 
exogenous DNA was found. 

In ovaries (a) and vaginae (b), the exogenous DNA 
seems to be well absorbed (the concentration of the foreign 
DNA represents 4-6 "/w of the actual DNA content). 
Several similar experiments made with other DNAs 
(tritiated DNA of deuterated FE. coli (p = 1-736 g/mi.), 
tritiated DNA of normal F. colt (p = 1:710 g/ml.)) have 
all given similar results. Although the amounts of tritiated 
DNA found could differ from one experiment to another, 
similar amounts could be found in the ovaries or in the 
vaginae, and in all cases blood appeared to be completely 
free from polymerized DNA. The uteri (e) gave less repro 
ducible results, and the data presented here can be con- 
sidered as the maxima. In many cases no exogenous 
tritiated DNA could be found. These results agree per- 
fectly with those obtained by quite different techniques, 
They show that, on the average, in ovaries and vaginae, 
uptake of DNA is more efficient than its re-utilization. 
The uterus, on the other hand, seems to be a very poor 
site of uptake for the foreign DNA. 

Considering the width of the distribution of the tritium 
in the gradients (invertionally proportional to the square 
of the molecular weight’), 1t seems that the DNA present 
after 1 h in the ovary was taken up from the blood during 
the first minutes after the intravenous injection. (Experi- 
ments with caesium chloride gradients show that about the 
same amounts are found after 5 or 60 min.) This also 
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* Fig. 2. Distribution, in caesium ohlorde gradients, of the radioactivity found in 18 mg of the pooled 
ovaries (a), vaginas (b), and uteri (c) of six mice injected with 100 of B. subtilis DNA-H-D.O 
‘¢e eras ‘mi.} and killed 60 min after the injection. O, Ultra-violet absorption of the Miorosoccus 
NA (g= 1-781 g/ml.) added as internal reference and of the mouse DNA (g= 1-700 g/ml.). @, Distr- 


bution of tritium, 


NATURE, VOL. 214 JUNE 17, 1967 


agrees with our previous conclusions based on experi- 
ments showing that the importance of the uptake was 
proportional to the molecular weight of the DNA used®. 
Low molecular weight material is very inefficiently taken 
up by the living tissues. 
It seems therefore that exogenous macromolecular 
DNA injected into the blood of mice remains stable for 
long enough to permit rapid absorption by living cells. 
Results obtained by Bendich et al.” show that some 
infectious (polyoma virus) or transforming DNAs (B. 
pneumococcus) can be recovered, biologically active, 
in the blood of the mice. These data support the idea of 
low hydrolytic activity of blood on the DNA molecules. 
Presumably, the rapid clearance of the polymerized DNA 
from the circulating blood®* is more dependent on its 
absorption by living tissues than on its destruction by 
blood DNase“, This is presumably because the DNase 
action is slower than the uptake of the DNA by the tissues. 
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Electron Histochemical Localization of Acid Phos- 
phatase Activity in the Adrenal Medulla of Rats 


SEVERAL workers!* have investigated the activity of 
acid and alkaline phosphatases in the normal adrenal 
medulla and in animals with hyperfunctioning adrenals 
due to various loading effects, such as insulin treatment 
and cold stress“:*, Naik and George? found a correlation 
between the acid phosphatase activity and the increased 
synthesis of catechol amines and suggested that acid 
phosphatase is directly involved in the synthesis of 
adrenaline and noradrenaline. Our comparative ultra- 
structural studies on the adrenal medulla of rats, rabbits 
and frogs showed the presence of “microbodies” 0-4-0-5p 
in diameter, surrounded by a single membrane. These 
“microbodies” were highly electron dense and resembled 
lysosomes in their sub-microseopic features. We there- 
fore thought it worth while to look for a relationship 
between medullary acid phosphatase activity and the histo- 
chemical properties of the ‘“‘microbodies” observed. 

Fig. 1 shows the general appearance under the electron 
microscope of the cells of the rat adrenal medulla. A large 
number of catechol amine granules (g) are located in the 
cytoplasm. These granules are 1000-3000 A in diameter 
and have a definite shape. They can thus be easily dis- 
tinguished from the “‘microbodies” (Mb) which are much 
larger (0-4-0-54) and more dense and which can often 
also be found near the nucleus (N), in the region of Golgi 
apparatus (G) and in the peripheral regions of the cyto- 
plasm. They are roundish or oval in shape, but occasional 
dumb-bell shaped granules are also found near the Golgi 
zone in the cytoplasm of rat medullary cells. Fig. 16 
shows that at higher magnification microgranules and 
short, massive filaments can be seen in the matrix of 
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microbodies. The single membrane surrounding the 
granules usually becomes apparent only at high magnifica- 
tions (Fig. la). 

The acid phosphatase reaction was carried out by the 
method of Miller and Palade’. Fig. 2 shows that reaction 
produets of high electron density are localized in the 
“microbodies” (Mb). Diffuse lead precipitates can be 
seen in the Golgi lamellae (G), while other cell structures, 
such as mitochondria (M) and catechol amine granules (g), 
are free from lead deposits. These observations would 
therefore seem to confirm that the “microbodies” found 
during our electron microscope investigations are lyso- 





Fig. 1. Electron micrograph of cell of rat adrenal medulla containing 

“microbodies”. Inset la, Microbody at higher magnification. The 

single membrane surrounding the microbody can readily be seen. 

Inset 1b, Microgranules and short massive filaments in the matrix of a 

microbody. (Fig. 1: x 1, (Fig. la: 15,000.) (Fig. 1b: 
x 24,000.) 





Fig. 2. 
adrenal medulla, Lead salts are deposited in the micr@bodies (Mb) and 


Demonstration of acid phosphatase activity in the normal rat 


in the Golgi lamellae (G). The nucleus (N), mitochondria (M) and ® 
catechol amine granules (g) are free from precipitates. (x 13,500.) 





Fig. 3. Adrenal medullary cell of rat 24 h after administration of insulin. 


it of lead salts has accumulated in the “micro- 
The nucleus (N) 
(x 11,250.) 


A very strong dense de 
bodies” (Mb) and in the cytoplasmic vacuoles (V). 
and mitochondria (M) are free from precipitates. 


somes. Because they are demonstrable in large numbers 
in the normal adrenal medulla and because they contain 
large amounts of acid phosphatase, we suggest in accord- 
ance with Barka’ that they are involved in the so-called 
“universal cell-functions” of the cells. Picard’ found 
that the active phosphatase activity (dephosphorylation) 
is accompanied by considerable release of energy, and he 
assumed that this is consumed in the course of the synthe- 
sis of adrenaline. In our experiments!’ this was most 
conspicuous 24 h after insulin loading, in conditions of 
active resynthesis, when a rise in the number of ‘‘micro- 
bodies” could be seen. At this time (Fig. 3), acid phospha- 
tase activity was very marked both in the numerous 
microbodies (Mb) and in certain cytoplasmic vacuoles 
(V) which were found after treatment with insulin during 
our previous studies. 

On the basis of these findings, it seems that acid 
phosphatase enzymes play an active part in the reproduc- 
tion of adrenaline in conditions of resynthesis after insulin 
loading. 
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Inhibition of the Desaturation of Stearic 
to Oleic Acid by Cyclopropene Fatty Acids 


CYCLOPROPENE fatty acids are present in the seed lipids 
of plants of the order Malvales'-*, for example Gossypium 
hirsutum (cotton). It has been known for many years 
that the feeding of cottonseed meal to animals caused a 
hardening of their fat*. When hens* and cows® are fed on 
seed oils or concentrates of fatty acids containing cyclo- 
© propenoid compounds there is an increase in the stearic 
acid content and a decrease in the oleic acid content of 
the ljpids of the egg yolk and milk respectively. This 
change in fatty acid composition has also been observed 
to be a general feature in the body tissues of the hen’. 
In this laboratory the alteration in the fatty acid com- 
° position of han egg yolk lipid has now been definitely 
attributed to cyclopropenoid compounds as a result of 
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feeding pure methyl stereulate to White Leghorn bantam 
hens. Table 1 shows the contents of stearic and oleic 
acids in the yolk lipid fatty acids from hens fed various 
concentrations of methyl sterculate for 3 months. 

There is evidence’ that the increase in stearic acid is 
caused by the in vivo inhibition of the desaturation of 
stearic to oleic acid. The in vitro desaturation of stearic 
to oleic acid by rat liver homogenates has been demon- 
strated by Marsh and James* and Kellerman and Jollow’. 
Investigations have been undertaken in this laboratory 
with hen liver preparations to study the in vitro effect 
of the two cyclopropene fatty acids, stereulic and malvalice 
acid, on the desaturation of [1-'C]-stearic acid. Results 
from a typical experiment are now reported. 

A well fed, laying White Leghorn bantam hen 
was decapitated and the excised and cooled liver was 
promptly homogenized at 0° C with four volumes of a 
solution comprising 0-44 molar sucrose and 0:04 molar 
nicotinamide, pH 7-4. The homogenate was centrifuged 
at 13,000g for 10 min and 3 ml. portions of the supernatant, 
containing soluble enzymes and microsomes, were incu- 
bated at 37° C in oxygen, with shaking, in a medium 
containing 2 mg nicotinamide adenine dinucleotide, 
1 mg coenzyme A, 1-0 ml. 0-1 molar adenosine triphos- 
phate (pH 7-4), 0-1 ml. 0-1 molar glutathione, 1-0 ml. 
0-5 molar sodium lactate (pH 7-4), 1:0 ml. 0-5 molar 
phosphate buffer (pH 7-4), 1-0 ye. [1-"C]-stearic acid 
(Kellerman, G. M., personal communication). Fatty 
acids were added as serum albumin complexes of their 
potassium salts, and the total volume in each flask was 
adjusted to 10 ml. with 5 per cent serum albumin solution. 
After incubation for 30, 60 or 240 min the reactions were 
stopped and the lipid was extracted with chloroform- 
methanol (2:1 v/v). The esterified fatty acids of the 
extract were converted to methyl esters by inter-esterifica- 
tion and separated from the free fatty acids by chromato- 
graphy on ‘Florisil’. The free fatty acids were then 
converted to methyl esters by reaction with boron 
trifluoride-methanol. In each ester preparation methyl 
stearate was separated from methyl oleate by gas liquid 
chromatography on an ‘Apiezon M’ column. These esters 
in the effluent stream were trapped in anthracene cart- 
ridges and the radioactivity of each fraction determined 
by scintillation counting. 

Results presented in Table 2 for the incubation period 
of 60 min show that both malvalic and sterculie acids 
inhibited the desaturation of stearic to oleic acid. This 
inhibition was most pronounced in the esterified fatty 
acids and was dependent on the concentration of the 
eyclopropene fatty acids, being almost complete at the 
higher concentrations. Incubations for 30 and 240 min 
gave the same degree of inhibition. 

In vitro investigations on liver preparations from the 
hens fed methyl sterculate at concentrations of 2-8 and 
13-9 mg/kg/day showed a marked reduction in the ability 
of their livers to desaturate stearic to oleic acid. The 


Table 1. STEARIC AND OLEIC ACID CONTENTS OF EGG YOLK FATTY ACIDS 


AFTER FEEDING HENS PURE METHYL STERCULATE 


Methyl sterculate Stearic acid Oleic acid Ratio of stearic 
dose mg/kg/day (per cent of total fatty acids) to oleic acid 





Nil 75 51-8 0-15 
2-8 15-4 46-3 0-33 
6-9 255 32: 078 
13-9 26-5 30:5 0-87 
Table 2. EFFROT OF STERCULIC AND MALVALIC ACIDS ON THE DESATURATION 


OF STEARIC TO OLEIC ACID BY 
Fatty acid additions 


A HEN LIVER PREPARATION 
Oleic acid derived from stearic acid* 


Stearic Sterculic Malvalic Oleatein lipid ester Oleate in free fatty 
(umole) (mole) (umole) fatty acidst(percent)  acidst (percent) 
101 — — 68-6 17 
12-7 96 - 0-5 0-3 
12:7 24 — 4+5 0-2 
10-1 — 10-0 0-8 O1 
10-1 2-5 2-2 0-2 


* Incubation time 60 min, 
+ Calculated from the carbon-14 content of oleate and expressed as a 
percentage of the carbon-14 content of oleate plus stearate. 
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conversions were only 12 and 3 per cent, respectively, 
as compared with 68 per cent from a control hen liver. 

Most of the work on the effect of dietary cyclopropene 
‘fatty acids has been carried out on whole animals, and 
though it has not been possible to determine the mode of 
action of these acids, the present results show that at least 
one of the effects of the cyclopropene fatty acids can be 
ascribed to inhibition of the stearic—oleic acid desaturase 
enzyme system in the liver. Thus the high ratio of stearic 
to oleic acid in the egg yolk lipid of sterculate-fed hens 
(Table: 1), and consequently the hardening of the egg 
yolk, can be attributed to inhibition of this desaturation. 
The detailed mechanism of the reactions involved in the 
inhibition of the desaturase system by cyclopropene fatty 
acids is being investigated. 

This work was supported in part by the US Depart- 
ment of Agriculture. 
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Chlorophyllase Activity in Apples and 
Bananas during the Climacteric Phase 


A common denominator of the ripening process in many 
fruits is the loss of chlorophyll and subsequent yellowing 
of the fruit skin. Biale and Young? have stated that loss 
of chlorophyll is largely responsible for the ground colour 
changes observed in ripening fruits. Chlorophyllase 
functions in vitro both in the attachment and removal 
of the phytol side chain to the porphyrin nucleus of 
chlorophyll and prochlorophyll moieties?-*, and is probably 
‘important to the in vivo catabolism of chlorophyll in 
Frutts*. 

| Increased activity of several enzymes during the climac- 
terie rise in respiration has been demonstrated, and 
noteworthy among these are malic enzyme® and carboxy- 
lase®?, This communication reports an investigation of 
chlorophyllase activity in ‘McIntosh’ apples and ‘Gros 
Michel’ bananas during the climacteric rise in respiration. 
Lhe “MeIntosh’ data are typical of data for the earlier 
and later ripening varieties, ‘Antonovka’, ‘Delicious’ and 
‘Golden Delicious’. 

The extraction and measurement methods for chloro- 
phyllase of Weast and Mackinney® and Ardao and Vennes- 
land’ were modified for use with banana and apple peel. 
Portions of crude enzyme and pigment were taken for 
incubation and pigment analysis with and without the 
enzyme removed. A 60 per cent acetone homogenate was 
filtered through Whatman No. 541 filter paper, adjusted 
to pH 7-0 with 0-1 molar éris buffer and then incubated 
at 23° C in a dark cabinet for 60 min. The “intact” 
chlorophyll was then separated from the chlorophyllide 
with petroleum ether. Chlorophyllase activity was 
expressed as the percentage decrease in absorbance 
at 665 mu in the petroleum ether fraction compared with 
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the non-incubated control. In order to prevent lack of 


substrate from limiting the reaction as the endogenous 
chlorophyll was catabolized in ripening, it was necessary 
to add exogenous chlorophyll during the course of the 
experiments with bananas (see Fig. 2, bottom), a 
The relationship between the rate of respiration and 


the activity of chlorophyllase in apples is illustrated in =- 
Fig. 1 with the ‘McIntosh’ variety. Fruit collected at 


each period was ripened at 23° ©. Samples were assayed ce 


daily for respiratory rate and on alternate: days for 


chlorophyllase activity. It is apparent that the in vitro 
activity of chlorophyllase increased at the time. of the - 


climacteric rise in respiration. The results with appl 
suggested that the more marked the climacteric rise 





respiration, the more pronounced was the increase in 


chlorophyllase activity. 


This suggestion was also supported by the results with 


‘Gros Michel’ bananas (see Fig. 2). When several lots 


green bananas were ripened, a consistent relationship —__ 
such as that shown in Fig. 2 between respiratory rate 


and chlorophyllase activity was found. 


Increased protein synthesis occurs during ripening’. 
Increased activity of malie enzyme? and..carboxylase®? < 
is believed to account for the large respiratory quotient | 
during the climacteric phase. The present work supports 
this contention, in that a quantitative increase in the — 
activity of ehlorophyllase at the onset of ripening may 
indicate synthesis of another particular enzyme protein. || 
It is reasonable to expect that each physiological event | — 


that occurs during ripening follows the synthesis of 
ribosome protein and the subsequent enzyme protein 
which participates in the event contributing to the ripen: 
ing phenomena. 

Alternatively, Bain and Mercer! suggest that the loss 


of organized structure in ripening fruits enhances enzyme: 


substrate proximity and that one of the consequences is a 
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Fig. 1. Respiratory drifts (top) of ‘McIntosh’ apple sapies collected” 

on the dates shown, compared with the change in chlorophiyilase activity 
during the same period, 
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Fig. 2. The climacteric rise in respiration (top) in bananas compared 

with the change In chlorophyllase activity. Arrow in bottom graph 

points to time when exogenous chlorophyll was required to measure 
enzyme activity. 


faster respiratory rate. Inasmuch as chlorophyllase is 
associated with chloroplasts which suffer this loss of struc- 
taral integrity quite early in the climacteric phase, this 
alternative point of view may explain the in vivo destruc- 
tion of chlorophyll. It is also possible that these structural 
changes may account for the observed increase of in vitro 
activity by effecting liberation of the enzyme from the 
chloroplasts. 

Tracing the respiratory drift through the climacteric 
phase provides an objective criterion of physiological age. 
The parallel between chlorophyllase activity and the 
climacteric is clear. The measured product of chloro- 
phyllase activity, pigment change, should therefore 
provide an equally objective criterion of physiological 
age. The implication is that colorimetric scanning 
devices may be used in determining fruit age (degree of 
ripeness) and that use of such a tool would be founded on a 
sound physiological basis. 
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Lactic Dehydrogenase Activity in 
Preimplantation Rat Embryo 


Activiry of lactic dehydrogenase (1-lactate: NAD 
oxidoreductase, K.C. 1.1.1.27) has been determined in th 
preimplantation mouse embryot. The one-cell mous 
embryo had a lactic dehydrogenase (LDH) activity nin 
times greater than the most active adult mouse tissue 
This finding, in addition to several other observations 
indicates the importance of this enzyme to the earh 
mouse embryo and perhaps to all mammalian embryos 
Culture work has shown that the two-cell mouse embry: 
can develop into a blastocyst in vitro when pyruvate o 
lactate is present in the medium as the only energ 
source but not when glucose alone is present?. The opti 
mum concentration of lactate in the medium is 5x 10-7 
moles/l. compared with 5x 10-4 moles/l. for pyruvate? 
The concentration of lactate is large in the Fallopian. tub 
of the rabbit during the first 3 days after ovulation‘. 

The embryos were obtained by superovulating 21-4! 
day old female Sprague-Dawley rats. The females re 
seived 25 rU of pregnant mare serum followed 56 h late 
by 25 1v of human chorionic gonadotrophin. The hormone 
were injected intraperitoneally in 0-5 ml. of 0-9 per cen 
sodium chloride, At the time of the second injection,. thi 
females were placed with males, and on the followiry 
morning the vagina was examined for sperm as evidence o 
copulation. Fertilized ova and cleaving embryos wer 
obtained from females which had copulated, while un 
fertilized ova were taken from females which were no: 
placed with males. The time of ovulation was taken a 
midnight, about 12 h after the injection of human chorioni: 
gonadotrophin. 

Suceessive developmental stages of the embryos wert 
removed from the rat at specifie times after ovulation. by 
flushing the reproductive tract with culture medium. ‘Thi 
cumulus cells, which surround one-cell embryos, wer 
removed by exposure to hyaluronidase (E.C. 3.2.1.35) at. 
concentration of 300 U/ml. in a phosphate buffered sak 
solution, pH 7-4 (refs. 5 and 6). The embryos were ob 
served during the action of hyaluronidase and wer 
removed and washed free of the enzyme as soon as the 
cumulus cells had disappeared. All embryos were washec 
at least three times to remove any enzyme, extraneo 
cellular debris, or reproductive tract fluid from the mediun 
containing the embryos. Finally, the embryos were placec 
in small tubes, one embryo to a tube, and stored at ~ 70°C 
The freezing adequately disrupted the cells and allowec 
the lactic dehydrogenase to escape. 

The activity of the lactic dehydrogenase was determinec 
spectrophotometrically from the rate of oxidation o 
NADH at 37° C. Readings were taken at 3 min intervals 
and the rate was linear for at least 30 min. The reaction 
mixture consisted of 100 ul. of 50 mmolar phosphate 
buffer, pH 7-5, 0-OL umole of NADH, and 0-1 umole oi 
sodium pyruvate, In addition, the buffer contained. 0- 
per cent crystalline bovine serum albumin. The reactior 
was initiated by the addition of pyruvate, and the de: 
crease in optical density caused by oxidation of NADH fer 
the first 15 min was used to calculate the activity of the 
enzyme. Optical density was measured at 340 my. ina 
Beckman DU spectrophotometer modified with a precisior 
cell positioner? and micro-cells. In the absence of sub. 
strate, NADH was not reduced significantly. 

Activity was measured in rat embryos from ovulatior 
up to the time of implantation. The period covers the 
first 6 days of development in the rat and is 25 per eent ol 
the gestation period, Sixty determinations were made ol 
the activity of lactic dehydrogenase and the results are 
shown in Table 1. 

The one-cell rat ovum has about one-third the activity-ol 
the one-eell mouse ovum, but, just before implantation, 
the 108 h blastocyst in the mouse and 132 h blastocyst 
in the rat have the same lactic dehydrogenase. activity) 
embryon This means that there is a three-fold: fallin 
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Table 1. LACTIO DEHYDROGENASE ACTIVITY IN. THE PREIMPLANTATION RAT 


EMBRYO 
Approxinidte ; NADH 
time after Stage of No. of oxidized/h/embryo 
“covalation development determinations (moles x 10°) 
42 One-cell unfertilized 7 1-72 t 004* 
; fertilized 8 164 £004 
36 Two-cell 8 1:46 + 0-06 
60 Two-cell 5 1-46 + 0-03 
60 Three-cell 6 1:29 + 0-06 
40 Four-cell 6 1:34 + 0-06 
a4 Eight- to sixteen-cell 6 1:18 +006 
108 Blastocyst 3 0:77 + 0-03 
132 Blastocyst 6 0-52 + 0-04 





* ‘Cho. values are means + the standard error of the mean. 







activity in the rat during the preimplantation period. 
fortunately, specific activities cannot be given for the 
“because protein or mass data are not available for the 
it embryo and have only recently been obtained for the 
¿ mouse embryo*. The volume of the one-cell rat ovum, 
© however, is approximately the same as the volume of the 
‘one-cell mouse ovum (my unpublished results). If we 
assume that the one-cell rat ovum has the same content of 
protein as the one-cell mouse ovum, then the specific 
activity of lactic dehydrogenase in the rat ovum is roughly 
one-third that in the mouse ovum, or approximately 
0:60 moles of NADH oxidized/h/g of protein. This is an 
extremely high activity and is three to four times greater 
“than the activity of rat skeletal muscle, the adult rat 
tissue with the greatest lactic dehydrogenase activity®. 

The main decrease in the activity of this enzyme in the 
embryo appears to begin about 84 h after ovulation. This 
is about the time the embryo passes from the Fallopian 
tube into the uterus, and the decrease in the activity of 
lactic dehydrogenase may be associated with metabolic 
changes which occur at this time. 

The probable reasons for the importance of lactic 
dehydrogenase in the early mouse embryo were mentioned 
earlier. The data reported here on the activity of lactic 
dehydrogenase in the rat suggest that lactate and lactic 
dehydrogenase play a key part in the metabolism of the 
rat embryo as they do in the mouse embryo, Culture 
requirements for the in vitro development of the rat 
embryo are not available, and therefore the optimum 
concentrations of lactate and pyruvate in the medium 
are not known. It would not be surprising, however, if 
they were similar to those required for mouse embryos. 
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Urinary Excretion of Isethionic Acid 
in Man 


Tue main end products of the metabolism of sulphur 
amino-acids in mammals are inorganic sulphate and 
taurine'?, In mammalian liver, taurine participates in 
the formation of conjugated bile acids’. Substantial 
amounts of taurine are, however, present in many extra- 
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hepatic tissues, notably heart, muscle, brain, skin. 
leucocytes and platelets*-?. The biological function, if 
any, of taurine in these tissues is unknown. 

The first reports on the presence in biological material 
of 2-hydroxyethanesulphonic acid or isethionie acid 
(ISA), the deaminated analogue of taurine, came from 
Koechlin®* and from Deffner and Hafter!*, who identified 
ISA as the major anion of the axoplasm of the giant 
squid. Taurine, which is also present in appreciable 
amounts, was proposed as the precursor of ISA. 
Evidence has since been reported for the formation of 
ISA from taurine in such diverse organisms as Aspergillus 
niger, the common housefly and the rat"-", The first 
unequivocal demonstration of ISA in mammals was by 
Welty, Read and Shaw", who isolated ISA from dog and 
rat heart tissue in sufficient quantities to permit identifica- 
tion by means of X-ray diffraction and infra-red spectro- 
scopy. These workers also demonstrated the conversion | 
of tanrine-“S to ISA-%8 by dog heart slices! and presented 
evidence in support of the hypothesis that taurine and 
ISA constituted a functional complex regulating the 
efflux of potassium from and the excitability of cardiac 
cells™, Recently, Peck and Awapara™ have reported the 
conversion of taurine-*58 to ISA-8 by rat brain. 

In continuation of our previous investigations on: the 
metabolism of taurine in mammalian tissues!*, we now 
report the first quantitative measurements of ISA in 
human urine, 

ISA was measured by a double isotope derivative 
method, similar in principle to that used for the determ- 
ination of steroids**. ISA-*8 was prepared from taurine- 
3S (6-14 me./mmole) by deamination with excess 
nitrous acid®!, Purified ISA-**8 in trace amounts was 
added to specimens of urine, the crude ISA-containing 
fraction subjected to acetylation with acetic anhydride- 
*‘H (10 me./mmole), and labelled 2-acetoxyethane- 
sulphonic acid, the derivative formed, purified by paper 
chromatography, and counted in a two-channel liquid 
scintillation spectrometer. The method, of which details 
will appear elsewhere, at present permits measuremenit 
of as little as 0-1 ug ISA and is specific for ISA, The 
counting ratios of sulphur-35: tritium for specimens 
eluted from different parts of the ISA area on the final 
chromatogram varied by 10 per cent or less. The 
coefficient of variation on duplicate determinations ‘of 
twenty-three specimens of urine was 9-3 per cent and was 
independent of the level of excretion. 

The 24 h urinary excretion of ISA was measured in 
eighteen patients, ten without overt muscle wasting and 
eight with muscular atrophy from various causes. The 
data on the patients in the two groups appear in Table 1. 
The difference between the average 24 h excretion of ISA 
in the two groups is highly significant (0-001 < P < 0-005 
by Student’s t-test). 

The presence of ISA in all urine specimens examined 
appears to establish for the first time that ISA is a con- 
stituent of normal human urine. Because tissues from the 
dog and the rat?’ convert taurine to ISA, the presence of 
ISA in human urine suggests that man also possesses the 
enzymatic means for performing this conversion. 

In addition, the finding that patients with muscle 
wasting diseases have a decreased excretion of ISA 
suggests that striated muscle may be the major source of 
urinary ISA in man. Mammalian muscle contains con- 
siderable amounts of taurine'~*, the precursor of ISA in 
heart muscle of the dog. The taurine content of muscles 
from patients with muscle wasting diseases has not been 
reported. Abnormally high concentrations of taurine 
have been found in muscles from chickens with inherited 
muscular dystrophy”. This observation, together with® 
the low excretions of ISA in patients with museéular 
dystrophy noted here, suggests that it would be of inter- 
est to determine the ability of dystrophic masele to 
convert taurine to ISA. It is possible that the decreased » 
excretion of ISA may be comparable withthe decreasede 
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Table 1. 2490 VRINARY EXCRETION OF. ISETHIONIC: ACID 
No, of. : 


Patient's’ Age, New of analyses Average © 


initials: years. Sex Diagnosis urines oneach excretion 
analysed urine (mg/24 h) 
` A: Patients without muscular atrophy 
DG. 63 M Myocardial infarct. 1 2 13-6 
B.B. 56 M Kilinefelter’s syndrome 1 4 209 
W.T. 39 M Hyperlipaemia 1 2 12-5 
S.H. 38 M Hyperlipaemia 1 2 os] 
E.J.H. 23 M Psoriasis 8 1 105 
R.B. 18 M Encephalitis 1 4 20-6 
P.V, 12 M Cryptorchidism 1 2 127 
M.MeC 38 F Obesity 3 1 15-2 
AWW. 82 F Fam. periodie paralysis 2 2 12:3 
BA 28 F Adrenogenital syndrome 2 2 8-9 
Average excretion 137 
SD. 42 
B: Patients with muscular atrophy 
J.MoeG. 18 M = Muscular dystrophy 1 RA 11-0 
E: l4 M Muscular dystrophy 1 2 G2 
S.N.M. 14 M Muscular dystrophy 1 2 56 
M.O. 20 P Muscular dystrophy 1 2 41l 
P.C 57 P  Myotonia dystrophica 1 2 44 
D.T. 32 FE Myotonia dystrophica 1 2 1L-0 
D.M 40 F Dermatomyositis 1 2 6&1 
Wis 37 F Multiple sclerosis 1 2 72 


Average excretion 
S.D. 


el 


ron! 


excretion of creatinine found in many muscle diseases 
isee ref. 23), both findings reflecting a decrease in total 
muscle mass. Regardless of the cause, the low exeretion 
of ISA in patients with muscle atrophy may be taken to 
support the suggestion’ * that the two related sulphonic 
acids, taurine and ISA, have some metabolic function 
in human muscle and probably in other tissues. There 
has not yet beon any direct confirmation of the speculation 
that this function is related to the regulation of ion fluxes 
across cell membranes. 
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Transformation of Pregnenolone and 
Progesterone by Cultured Plant Cells 


Tur amounts of secondary metabolites accumulated by ~~ 


in vitro cultures of plant cells have generally been dis- 
appointingly small and attempts to transform exogenous 
substrates by cultures of plant cells have not hitherto been 
much more successful’. 

It has now been found that cell cultures from a range of 
dicotyledonous plants can metabolize pregn-5-en-38-ol- 
20-one (I) and progesterone (II). The results suggest that 
pregn-5-en-38-ol-20-one is first converted to progesterone 
which is then metabolized by two pathways. One involves 
reduction at C-20 to give either pregn-4-en-20a-ol-3-one 
(IIT) or pregn-4-en-208-ol-3-one (IV); the other involves 
the saturation of ring A to give 5a-pregnan-3,20-dione (V) 
and then 5a-pregnan-36-ol-20-one (VI). 

Methanolic solutions of progesterone or pregn-5-en- 
38-01-20-one (0-1-0-25 mg/30 ml. culture) were evaporated 
to dryness in conical flasks. Culture medium was added 
and the materials were sterilized by autoclaving. This 
caused no significant decomposition of either substrate. 
Plant cells, from established suspension or agar cultures, 
were added and the suspensions incubated on a rotary 
shaker at 25° C in continuous light. Samples were taken 
at intervals over 2 weeks and assayed for loss of substrate 
and for the formation of transformation products. The. 
total flask contents were extracted with chloroform and 
analysed qualitatively and quantitatively by thin layer 
chromatography and gas liquid chromatography. Con- 
trols lacking either cells or substrate, and treated similarly, 
showed no significant decomposition of the substrates 
in the absence of cells and no obvious effect: of the steroids 
on the growth of the cells. In subsequent experiments 
with much smaller inocula growth has been retarded, 
however, probably as a result of the deposition of a layer 
of steroid on the cells. 


Table 1. STEROID TRANSFORMATION PRODUCTS FOUND IN PLANT CELL 


CULTURES 
Transformation products 


Substrate (see Fig. 1 
H in Iv Vi 


Plant spectes* 


Parthenocissus ap. t Progesterone (11) + 

Rosa 8p. ie yi + + 
Solanum tuberosum i a 

Digitalis purpurea 5 i 

Digitalis lutea ee x 

Atropa belladonna a i 

Nicotiana tabacum e Hy + 
Nicotiana rustica Si ” 

Hedera helia ee ii 
Digitalis purpurea Pregnenolone (1) + 
Digitalis lutea +5 i + 
Nicotiana tabacum a of + 


++ 


+ 


+o tetetes 
tbtt 


* The other species used in this work were Digitalis lanata, Ipomea sp., 
Malus pumila, Euonymus planipes and Datura stramonium. All these 
cultures utilized both substrates, but compounds IT to VI could not be 
detected. 

+ The origin of the Parthenocissus sp. culture is unknown, but it is under- 
stood to have been derived from a crown gall of Parthenocissus tricuspidata, 


In our initial screening tests, with twenty-seven different 
cultures representing fourteen species, both substrates 
were utilized by all the cultures within 7-14 days: thirteen 
cultures utilized more than 75 per cent of the preg- 
nenolone and twenty cultures utilized more than 75 per 
cent of the progesterone, Transformation products were 
detected in several cases and larger scale experiments 
were carried out to provide sufficient amounts of products 
for characterization by comparison of melting points, 
infra-red spectra, retention times on gas-liquid chromato- 
grams, and Ry values on thin-layer chromatography 
with authentic samples. Suspensions obtained by inocu- 
lating with cells derived from agar culture produced 
progesterone transformation products more often (11/12) 
than when the inoculum was derived from suspension 
culture (6/15). This difference is significant at the 1-2 
per cent level. There was, however, no difference in their 
ability to utilize the substrates. The transformation 
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products found in cultures of nine of the species are shown 
in Table 1... Yields of products were low (2-10 per cent) 
.. with the exception of pregn-4-en-20a-o0l-3-one (III) which 
was produced from progesterone by Parthenocissus sp. 
in 65 per cent yield. The variation in amounts of these 
«products ‘with time suggests the scheme of metabolism 
-shown in Fig. 1. 


[=O 
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Tr 


VI 





o ~“ IV 
Fig. 1. 


Products were found in only three of the twenty-seven 
pregnenolone incubations (see Table 1), and the yields 
were very low. The general absence of transformation 
- products in the pregnenolone incubations is reasonable 
if step I-+II is the slowest in the scheme. Pregnenolone 
_is in fact transformed more slowly than progesterone by 
< twenty-three of our twenty-seven cultures. It is known? 
_ that pregnenolone is metabolized more slowly than pro- 
_gesterone in the whole plant of Holarrhena floribunda. 
_ The conversion of I through II and V to VI parallels the 
conversion of cholesterol through cholest-4-en-3-one to 
5a-cholestanol by whole plants of Solanum tuberosum}, 
and the biosynthesis of I from cholesterol has been studied 
in the whole plant‘. 

We have found cardenolides to be absent from both 
suspension and agar cultures of Digitalis species; the 
presence of progesterone or pregnenolone in the medium 
did not stimulate their production. 

Evidence is accumulating that C,,-C,, steroids are 
intermediates in plant as well as in animal metabolism®:*. 
Perhaps because they are rapidly converted to other 
products, it has taken a long time to detect them in even 
afew species. The results presented here indicate that 
cell culture techniques, which avoid the complications of 
translocation and microbial contamination, are well 
suited to exploring these conversions. 
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Digestion of N-acetyimannosamine and 
N-acetylneuraminic Acid by Human Oral 
Bacteria 


AMIR et al.' suggested that terminal, non-reducing residues 
of N-acetylneuraminic acid in salivary mucoproteins aet 
as inducer molecules to oral bacteria, producing sequen- 
tially a neuraminidase and later an aldolase which cleaves 
N-acetylneuraminic acid to N-acetylmannosamine and 
pyruvic acid. Leach? showed that bacterial enzyme 
systems, which correspond in their action with those two 
enzymes, are present in human saliva, and neuraminidase 
activity has been found? in the supernatant fluids. of 
mixed cultures of human oral bacteria from subgingival 
detritus. In a previous publication! we reported the 
induction in human oral bacteria of an enzyme which 
digests N-acetylmannosamine in a reaction which may be 
regarded as the direct consequence of the sequential 
degradation of salivary mucoproteins. We wish to report 
a similar digestion of N-acetylmannosamine by bacteria 
present in dental scrapings (plaque, calculus, ete.) and 
the isolation from human saliva of pure bacterial cultures 
which degrade N-acetylneuraminic acid and N-acetyl- 
mannosamine. 

Three samples of dental scrapings, taken from various 
sites on and between the teeth of each of thirty-four 
patients who had a wide range of dental conditions, were 
incubated separately at 37° C for 4 h with sterile solu- 
tions (0-5 ml.) containing N-acetylmannosamine (100 pg). 
After dilution and centrifugation a portion was analysed 
for N-acetylmannosamine by a modification’ of the 
Morgan~Elson reaction. Fresh saliva samples (0-6 ml.) 
obtained from twenty-four of the patients were incubated 
similarly with a solution (0-1 ml.) of N-acetylmannosamine’: 
(100 ug), dialysed and the concentrated dialysate analysed 
as described. The samples were arbitrarily divided into 
four categories based on the amount of N-acetylmannos- 
amine remaining after incubation, namely, inactive. 
(81-100 ug remaining); moderately active (56-80 ug); 
active (31-55 ug); very active (< 30 ug). 

Of the twenty-four samples, sixteen were very active, 
seven were active and one was moderately active, In the 
102 samples of scrapings, nine were very active; eight 
were active; seventeen were moderately active; and 
sixty-eight were inactive; and 30 per cent of the patients 
examined showed no activity in all three samples of 
scrapings. Samples capable of degrading more than 
50 per cent of the N-acetylmannosamine were isolated è 
from all areas of the mouth, but all the seventeen active 
or very active samples were isolated either from thee 
centre or back teeth. The nature of the sample; for 
example, calculus, buccal or interstitial plaque, was not 
related to its activity. A 

In a separate investigation, serum agar plates were » 
inoeulated with an individual sample of “fresh humans 
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saliva, incubated at 37° C for 2 days, and pure bacterial 
species obtained by subculturing. in horse serum broth. 
Three pure cultures (B1, B2, B3), grown on serum agar 
and gathered after 3 days, were washed with saline, re- 
suspended in saline and portions pipetted into sterile 
tubes. Excess saline was removed by centrifugation and 
the bacteria were separately incubated for 18 h at 37° C 
with sterile medium (1 ml.) containing N-acetylmannos- 
amine (100 yg), N-acetylneuraminic acid (100 pg) and 
neuraminlactose (250 ug). Control solutions with heat- 
killed bacteria and without bacteria were also incubated. 
After centrifugation portions of the supernatant were 
analysed for N-acetylneuraminic acid with the periodate— 
thiobarbituric acid reagents’ and for N-acetylmannos- 
amine as described. Portions of the neuraminlactose 
solutions were hydrolysed in 0-1 normal hydrochloric acid 
at 80° C for 1 h and analysed for N-acetylneuraminic 
acid. The bacteria investigated did not release N,O-di- 
acetylneuraminic acid from horse serum added to the 
solutions, and neither assay was affected by components 
of the medium. Enzymes capable of releasing N-acetyl- 
neuraminic acid from neuraminlactose, and of degrading 
N-acotylneuraminic acid and N-acetylmannosamine, were 
demonstrated in whole saliva, but neuraminidase activity 
was not demonstrated by any of the isolated bacteria. 
The amounts of N-acetylmannosamine remaining after 
incubation in BI were 56 ug; in B2, 4 ug; and in B3, 
93 ug; and the amounts of N-acetylmeuraminic acid 
remaining in Bl were 75 ug ; in B2, 91 ug; and in B3, 
ll ug. When glucose (10 mg) was included in the B3 
incubation mixture in addition to N-acetylneuraminic 
acid (100 ug), digestion of the latter was arrested. The 
amounts of N-acetylneuraminic acid remaining after 
incubation for 4 h were, without glucose 64 ug; with 
glucose 98 ug; and after incubation for 9 h, without 
glucose 41 ug; with glucose 67 ug. These results 
suggest that N-acetylneuraminic acid was degraded 
by an enzyme induced in B3 because glucose is widely 
effective in inhibiting enzyme induction. Neither of the 
active bacteria has been classified, but B3 is a motile, 
rod-shaped, Gram-positive organism which grows as pale 
yellow, semi-opaque colonies on nutrient agar. 
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A Biological Example of the Compensation 
Law 


In chemical kinetics the effect of temperature on reaction 
rates is often evaluated in terms of the activation para- 
meters H and A of the Arrhenius equation’? 


k = A exp (~H/RT) 


whére k is an appropriate rate coefficient at the absolute 
temperature T, A is a constant related to the entropy of 
activation, Æ is the activation energy and R is the gas 
constant. In practice the numerical value of Æ is derived. 
from the sl@pe m of the graph log k versus 1/7, and 
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E = 2303 Rm when common logarithms are used; log A 
is usually obtained by substituting the corresponding 
values of k, E and T in the logarithmic form of the 
equation. 

Although the Arrhenius equation originated in the field 
of chemical kinetics, it is now accepted that the relation: 
ship which it defines is a general one that reflects the 
temperature dependence of many physical? and bio- 
logical’ rate processes. It is therefore not surprising that 
the rate of haemolysis of human erythrocytes in hypo- 
tonie solutions of malonamide should conform with the 
Arrhenius law, or that this is true also of the red cells 
of several other mammalian species more recently investi- 
gated. 

One particularly interesting point hasemerged from these 
studies, hewever, and this is that the graph (Fig. 1) of 
the Arrhenius parameters log A and Æ, calculated at 
20° C for the haemolysis of erythrocytes in different 
hypotonic concentrations of malonamide, is collinear for 
man, rabbit, guinea-pig, rat, sheep, cat and pig, with a 
separate collinear relationship for cattle and dog; the two 
graphs have a common intercept at zero activation 
energy. 

Correlations of this kind are characteristic of the iso- 
kinetic relationship, or compensation law, a generalization 
with important implications for process mechanisms and 
often encountered in chemical kinetics*:* but which has 
not hitherto been reported in the biological field. The 
risk of spurious correlations in this connexion has beeri 
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Fig. 1. Graph of the Arrhenius parameters log A versus Æ for the 
haemolysis of mammalian erythrocytes In hypotonic solutions of 
malonamide. Solute concentrations are expressed in atmospheres related 
to freezing point depressions. The parameters for haeniolysis at a con- 
stant oamotic concentration of 5-0 atmospheres at 20° C are separately 
indicated for each species. The experimental slopes were derived by 
least squares and are highly significant at the Od per cent level of 
probability. A, Rabbit; ©, guinea-pig: @, man; W, rat; x, sheep; 
W. cat; Y, pig; A, cattle; [), dog. Errorslope: 1, m= 0-748, F, = 203"; 
2, m= 0718, By = 304°; 8, m= 0-682, Ap 320°, 
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recognized®-*, and recent work!*4! shows that the com- 
bined: effect. of a narrow temperature range of rate 
measurements and the transformation of co-ordinates can 
lead to completely fallacious relationships between log A 
and Æ. In this investigation, however, the parameters 
were calculated not individually from pairs of rate 
measurements, but from mean slopes and intercepts 
obtained by regression analysis of Arrhenius plots that 
included a number of rate measurements at each of five 
different temperatures between 15° and 25° C; in most 
instances the slopes were statistically significant at the 
T per cent level of probability. Because the correlations 
depicted in Fig. 1 are highly significant (P = 0-001) and 
are clearly different from the error slope, it is concluded 
that these are valid examples of the compensation law. 
In the equation of the graph depicted in Fig, 1 


log A = E + log Ag 


l 
2-303 RB, 


‘log A, E and R have the same connotation as before, 
“log Ay, is a constant which derives from an intrinsic rate 
of haemolysis for all red cells examined here, and Bọ is 
othe isokinetic temperature—a family constant that can 
vary with animal species. According to the usual inter- 
pretation of kinetic data like this, these results mean 
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Fig. 2. Graph of the Arrhenius parameters for the haemolysis of human 
erythrocytes in a variety of hypotonic solutions. Osmotic concen- 
trations: Group A, Glucose, malonamide, sucrose, glycine 2-0 atm. at 
20° ©; remainder (including thiourea) 6-5 atm. Group B, 2-0 atm. 
Groups C and D, Osmotic concentrations in atmospheres at 20° C, recor- 
ded in the figure. The linear relationships recorded in this graph were 
not derived statistically, but arise from sequential linking of points 
taken from previously published work (refs. 5, 15-17 and 19-21). 
1, Glycine; 2, suerose; 3, ethanol; 4, water; 5, urea; 6, methanol; 
7, glucose; 8, 1-1 dimethyl urea; 9, propylene glycol; 10, trimethylene 
glycol; 11, methyl thiourea; 12, 1-3 diethyl urea; 13, ethyl urea; 14, 
thiourea; 15, malonamide + glucose (3-54+1-5); 16, malonamide (6-5); 
17, malonamide (5-0); 18, malonamide + sucrose (3-5 + 0-5); 19, malon- 
amide+sodium chloride (3-5 +1-5); 20, malonamide (3-5); 21, malon- 
amide + glycine (3:5+0-5); 22, potassium chloride; 23, rubidium 
chloride; 24, sodium chloriden 20; lithium chloride; 26, caesium 
chloride, 
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that the mechanism of malonamide induced haemolysis is 
identical for all the cells irrespective of species, but with 
those of cattle and dog some extraneous factor not 
directly involved in the mechanism of the process reduces 
the sensitivity of E to log A. The implication. that 
malonamide penetrates the erythrocytes of nine different 
species by the same mechanism is difficult to reconcile 
with the accepted view that haemolysis depends entirely 
on species specific membrane permeability. In point of 
fact, however, it is an accumulation of excess water 
within the cell that causes swelling and eventual haemo- 
lysis, and because ordered water of hydration is a feature 
not only of the cell interior” and membrane™, but also 
of many haemolytic substances, it is improbable that cell 
swelling will invariably be in uniform stoichiometric pro- 
portion to the intracellular concentration of the haemo- 
lytic solute throughout all stages of every haemolytic 
process. On the other hand, mammalian erythrocytes 
are freely permeable to water, so that common linear 
relationships brought about by hydration structure 
changes present no theoretical problem. It is therefore 
inferred that the correlations presented here depend more 


directly on the physical state of water in the cell and its’ 


membrane than on any other single factor. This inter- 
pretation is in line with the opinion of Ives and Marsden™, 
who contend that—for chemical systems at least—the 
compensation, law is most frequently observed in a set.of 
reactions that differ from each other mainly in the extent 
to which solvational changes are involved. On this basis 
the species arrangement denoted in Fig. 1 reflects the 
degree of intracellular and membrane hydration, highest 
in the rabbit erythrocyte, less in the human red cell, and 
least in the erythroeyte of the pig. Within a given species 
the degree of hydration diminishes with decreasing initial 
osmotic concentration, because the greater the initial 
rapid osmotic influx of water, the less cohesive the total 
cellular hydration structure at osmotic equilibrium. 

A comparison of the isokinetic relationships for the 
haemolysis of human erythrocytes in different haemo- 
lysing systems (Fig. 2) indicates four distinct family 


groups with the common value of 8, (304° C) and differing. 


values of log Ay. 

Group A is made up of rapidly haemolysing systems; 
it includes the haemolysis of blood in water alone, haemo- 
lysis in very hypotonic solutions of glucose, malonamide, 
sucrose and glycine, and haemolysis in slightly hypotonic 
solutions of monohydric and dihydric alcohols, urea and 
substituted ureas, urethans and alkyl amides'*. It is 
difficult to suggest a mechanism that would be identical 
for haemolysis in water and this range of solutions, other 
than one in which hydration changes predominate. 
Possibly, in these rapidly haemolysing systems, cell sur- 
face and extracellular hydration are of less significance, 
and the differences observed result mainly from the 
effect of the penetrant on the intracellular and membrane 
hydration structure. In group B, which records the effect 
of hypotonic solutions of electrolytes", the haemolytic 
process is much slower, with restriction probably at the 
membrane; a possible effect on hydration structure is 
nevertheless discernible, for the decreasing order exhibited 
by this group is also the order in which hydration would 
be disrupted by the cation. K+, Rbt and Cst are negatively 
hydrated structure breakers in water, Nat is a positively 
hydrated structure breaker and Lit is a positively hydrated 
structure former!®; K+, Rbt and Cst therefore disrupt 
membrane surface hydration in proportion to their erystal 
radii, whereas Na+ and Li* do so in proportion to their 
hydrated radii. Group C relates to malonamide induced 
haemolysis and to haemolysis by malonamide and glucose 
together; 
glucose and malonamide penetrate the human erythroeyte 
by an identical mechanism and differ only in the degree 
of hydrational change that is involved. This inference is 
supported by other characteristics common fo both 


substances, the comparatively slow rate af haemolysis, 
e 


from the collinearity it is inferred that both . 
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the delayed action effect and the relatively high tempera- 
ture dependence®** and also by the common inhibitory 
action of phlorhidizin®?**. It seems probable, with 
malonamide and glucose, that intracellular, membrane, 
cell surface and perhaps extracellular hydration contribute 
to the overall result, for the process is slow and a continu- 
ous readjustment of hydration structures is possible. 
Group D refers to haemolysis induced by malonamide 
which has been inhibited by sucrose, sodium chloride and 
glycine’®, Sucrose does not penetrate the human red cell, 
and sodium ion and glycine penetrate only very slowly 
relative to malonamide; the sodium ion is a positively 
hydrated structure breaker in water” and probably so 
too is sucrose**, while glycine is most likely a negatively 
hydrated structure breaker**. The common mechanism 
ef this inhibition may therefore include the hydration 
state of the extracellular phase. Finally, the position of 
thiourea is noteworthy, for it appears as a solitary repre- 
sentative of a possible fifth family; the reason for this is 
not clear, but when these experiments were carried out: 
it was noticed that thiourea alone markedly reduced the 
surface energy of water. 
The comparative studies on which Fig. 1 is based were 
carried out by M. F. Coldman. 
Ww. 
Department of Obstetries and Gynaecology, 
University of Leeds. 
Reeeived November 11, 1966; revised April 12, 1967. 
i Hinshelwood, C. N., The Kinetics of Chemical Change (Oxford University 
Press, Oxford, 1940). 
* Frost, A. A. and Pearson, R. G., Kinetics and Mechanism (John Wiley, New 
York, 1953). 
* iaastone, S., Laidler, K. J., and Eyring, H., The Theory of Rate Processes 
(McGraw-Hill, New York, 1941). 


4 Johnson, F, H., Eyring, H., and Polissar, M. J., The Kinetic Basis of 
Molecular Biology (John Wiley, New York, 1954). 


* Good, W., Biochim, Biophys. Acta, 44, 130 (1960). 

* Leffler, J. B., J. Org. Chem., 20, 1202 (1954). 

* Brown, R., F., J. Org. Chem., 27, 3015 (1962). 

* Blackadder, D. A., and Hinshelwood, C. N., J. Chem. Soe., 2720 (1958). 


* Petersen, R. C., Markgraf, J. H., and Ross, S. D., J. Amer. Chem, Soc., 88, 
8819 (1981). 


1 Exner, O., Nature, 201, 488 (1964). 

nH MeGregor, R., and Millecevic, B., Nature, 211, 523 (1968). 

18 Trincher, K. S., Biofizika, 9, 633 (1964). 

1 Hechter, O., Fed. Proe., 24, S 91 (1965). 

“4 Ives, D. J. G., and Marsden, P. D., J. Chem. Soe., 649 (1985). 
= Good, W., Biochim, Biophys. Acta, 87, 104 (1962). 

Good, W., Biochim. Biophys. Acta, 52, 545 (1961). 

© Good, W., Biochim. Biophys. Acta, 53, 549 (1961). 

38 Good, W., Electrochim. Acta, 9, 203 (1964). 

= Good, W., Biochim. Biophys. Acta, 50, 485 (1961), 

* Hendry, E. B., J. Gen. Physiol., 86, 605 (1952). 

8 Good, W., Biochim. Biophys. Acta, 56, 359 (1962). 

** Jones, G., and Talley, $. K., J. Amer. Chem. Sot., 55, 624 (1933). 
* Shimura, K., J. Agr. Chem. Soe. Japan, 24, 412 (1950). 


GOOD 


PATHOLOGY 


Alterations in Serum Naphthylamidase 
isozymes during Treatment with Oral 
Contraceptives 


THER are a number of reports of disturbances in liver 
function in women using oral contraceptives'-*. Robert- 
son* has recently shown that oral contraceptives affect 
some serum protein fractions including serum cholin- 
esterase. We have found that alterations in the serum 
naphthylamidase (leucine aminopeptidase) isozymes pro- 
vide a very sensitive indication of disturbed liver meta- 
bolism’, One particular electrophoretic isozyme com- 
ponent (A in Fig. 1) is present in the sera of all individuals. 
The sera of some individuals contain a slower migrating 
zone (B) (ref. 6). In apparently healthy individuals this 
zome is rather weak, but marked increases have been 
found in obstructive jaundice’, in burn injuries (unpub- 
lished results) and in patients treated with phenothiazine 
derivattves’. We have studied serum naphthylamidase 
variations inewomen treated with oral contraceptives. 
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Venous blood samples were collected from thirty-four 
women treated with oral contraceptives for a period vary- 
ing between 3 months and 3 years. Of these thirty-four 
women, twenty-five were treated with ‘Conluten’ (Astra, 
Sweden: norethisteron 2:0 mg and mestranol 0-1 mg), the 
others had tablets of various kinds such as ‘Anovlar’ 
(Schering, Germany: norethisteron-acetate +0 mg and 
ethinyloestradiol 0-05 mg) and ‘Lyndiol’ mite (Pharmacia, 
Sweden: lynoestrenol 2:5 mg and mestranol 0-075 mg). 
As a control series we used blood samples from thirty- 
one women coming to the clinic for a preseription of oral 
contraceptives. The blood samples were separated and 
the sera were stored at — 20° C. The sera were subjected 
to starch gel electrophoresis? and subsequent enzyme 
staining using J-leucyl-8-naphthylamide hydrochloride 
as a substrate and black K salt as a dye coupler. The 
sera were scored for variations in the amount of naphthyl- 
amidase zone B according to the scale shown in Fig. 1. 
In the samples marked 0, zone B is absent, and in samples 
of type 3 there is a very strong B zone and a minor zone 
(C) migrating close to the starting point. The scale. is 
designed so that types 2 and 3 represent concentrations of 
B rarely found in apparently normal individuals... The 
samples were tested by a blindfold procedure and scored 
independently by different investigators with a high degres 
of agreement. 


Table 1. VARIATIONS IN THE CONCENTRATION OF SERUM NAPHTHYLAMIDASTE 
B 1N WOMEN TREATED WITH ORAL CONTRACEPTIVES AND IN A CONTROI 
SERIES 


Naphthylamidase B score No, 
0 1 2 3 
Control series 16 l4 1 0 aL 
Women treated with oral 
contraceptives 2 i4 9 9 34 


In the series of women treated with oral contraceptives 
there is a significant increase (P< 0-001) in the activity 
of naphthylamidase B (see Table 1). Only one of the 
women in the control series had an inereased concentratior 
of naphthylamidase B. She was later found to be pregnant 
As many as eighteen out of the thirty-four women treatec 
with oral contraceptives (more than 50 per cent) had ar 
inereased B activity. The B zone is electrophoretically 
indistinguishable from the naphthylamidase pregnancy 
enzymet (oxytocinase). In order to investigate whether 
the B zone found in women treated with oral contracep- 
tives was hormonally induced and related to oxytocinase, 
the following experiment was carried out. Sera with s 
strong B zone but of various origins (late pregnancy, 


shane nara oe Cc 
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Fig. 1. Diagram showing the electrophoretic naphthylamidase.com- 

ponents 4, B and C and the classification (0-3) of the amount of the 

enzyme component, The arrow shows the direction of migration 
towards the anode. 
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“Fig. 2. Photograph of starch gel showing the effect of a rabbit anti- 
serum on the enzyme component B in a pregnant woman and a woman 
treated with oral contraceptives. Sample | is a mixture of equal parts of 
serum and saline. Sample 2 consists of equal parts of serum and rabbit 
antiserum, The residual enzyme component in sample 2 is derived from 

the rabbit serum, 


burn injury, phenothiazine treatment and treatment with 
oral contraceptives) were incubated with a rabbit anti- 
serum that is known to react with all human naphthyl- 
amidases except the pregnancy enzyme. In burned 
patients and individuals treated with phenothiazine and 
oral contraceptives the activity of zones 4, B and C was 
completely removed after incubation for 3 h, centrifuga- 
tion and subsequent electrophoresis (see Fig. 2). The B 
zone of the pregnancy serum used as a control was not 
affected. 

There is no doubt that oral contraceptives can cause an 
increase in the concentration of the serum naphthyl- 
amidase component B in some individuals. It is interesting 
to compare these results with the finding that there is a 
relationship between naphthylamidase B and pheno- 
thiazine*’, Both phenothiazine and oral contraceptives 
cause an increase in naphthylamidase B, and in both 
cases there is no strict dose-response relationship, indi- 
cating that there may be individual differences in the 
reaction to the drugs. Because variations in naphthyl- 
amidase B in apparently healthy individuals have been 
shown to be in part genetically controlled® it seems possible 
that the variable reactions to oral contraceptives may 
depend on genetic factors. 

There are two possible interpretations of the increase 
of naphthylamidase B. (1) The synthesis of enzyme B 
miay be induced by the steroid treatment and enzyme B 
may then be related to the pregnancy enzyme. (2) The 
increase of enzyme B is an unspecific indication of liver 
damage and enzyme B may then be identical with B 
component found in obstructive jaundice, burn injuries 
and patients treated with phenothiazine. 

«The evidence from the immunological experiment. sug- 
gests that the second alternative is the case and that 
the increase in naphthylamidase B may be an early 
manifestation of disturbances in liver metabolism which 
eannot be detected by conventional tests of liver function. 


G. ARTURSON 
L. Beckman 
Department of Clinical Chemistry, 


B. H. Persson 
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University of Uppsala, 
Sweden. 
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Thyroid Antibodies, Down’s Syndrome, and 
Maternal Age 


AN increase in the frequency of thyroid antibodies has 
been noted in mothers of subjects with Down’s. syn- 
drome!-*, Since its previous report!, the Seattle-Winni- 
peg study has been expanded to 242 mothers of patients 
with Down’s syndrome. 29 per cent had positive sera, 
compared with 16 per cent of an equal number of controls 
matched by age and sex (P < 0-005) (ref. 4). a 
From an analysis of maternal age and other: factors, 
Penrose subdivides patients with Down’s syndrome into 


at least two general groups®. In one group the frequency” 
of Down’s syndrome births increases notably with 


advancing maternal age, while cases in the other group 
seem to occur with a frequency independent of maternal 
age. To investigate whether maternal seropositivity is 
correlated with one or the other of these groups, we 
have analysed our results in relation to maternal age at. 
the time of birth of the propositus using a method sug- 
gested by Penrose (see Table 1). The mothers: were 
divided into two groups. 
affected child when they were younger than 35 years 
and the older group had their child with Down's syndrome 
when they were 35 years or older. The results of the 
analysis of the data are shown in Table 2. 


Table 1. OBSERVED AND EXPECTED POSITIVE THYROID ANTIBODY TESTS. IN 
MOTHERS GF CHILDREN WITH DOWN’S SYNDROME IN RELATION TO MATERNAL 
AGE AT BIRTH OF THE PROPOSITUS ; 


Age of mother 


at test (years) 18-32 38-45 46-70 Allages Number of positive 
Expectation of reactions 
positive test 0-080 0-144 0-291 0-161 Expected Observed 


Age at birth of 
affected child 


Number of mothers tested 
(No. positive) 


15-19 513 2q) 0 (0) 7 0-438 2 
20-24 23 (4) 1 (0) 1 (0) 25 1125 4 
25-29 25 (9) 18 (4) (0) 44 3-633 13 
30-34 18 (4) 21 (8 10 (3) 44 6-324 15 
35-89 31 (7) 24 (5) 55 11-448 12 
40-44 22 (7) 29(11) 51 11-607 18 
45-49 20) 14 (5) 16 4-362 5 
Total 66 97 ? 242 38-037 69: 
Table 2. COMPARISON OF YOUNGER AND OLDER MOTHERS AT TIME OF BIRTH 
OF THE AFFECTED CHILD 
(1) Maternal age: 17-34 
Serum Mothers of children Control 
reaction with Down's syndrome expectation 
- 86 108-5 
+ 34 LS 
Total 120 120 
iy) = 125 P< 0001. 
(2) Maternal age: 35-49 
-~ 87 94-5 
+ 35 275 
Total 122 122 


44209 P> Od. 


Thus while the basis for the relationship between 
maternal thyroid antibodies and Down’s syndrome remains 
uncertain, the effect seems to be almost confined to the 
younger mothers. Because this group has a relatively 
high frequency of mosaicism, familial trisomy 21, and 
translocations, this suggests that the seropositive effect. 
is more important in the more unusual chromosomal 
abnormalities. Karyotypic studies, as yet incomplete, 
tend to support this. So far, four mosaics have been 
identified in the Seattle group. Two have mothers with 
Hashimoto's thyroiditis, one has a mother with positive 
serum but without overt thyroid disease, and the fourth 
has a paternal grandmother with positive serum and a 
firm goitre. Moreover, in the original study by Mellon 
et al.*, of thirty-five patients with Down’s syndrome, 
four of the seven seropositive patients had the more 
unusual karyotypes seen in Down’s syndrome such as 
mosaicism and translocations’. Preliminary observations 
in thirty-nine families of subjects with gonadal dysgenesis 
are similar’, The frequency of thyroid antibodies: is 
notably more striking in patients with mosaicism and 


isochromosome-X and in their mothers then in the XO 
° 


The younger group had their- 
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group’. The seemingly more striking occurrence of 
thyroid antibodies in younger mothers of children with 
Down's syndrome and in mothers of children with mosaic- 
ism may offer some insight into the pathogenetic mechan- 
ism, which is as yet unknown. 

I thank Professor L. S. Penrose for suggesting the 
method of analysis and for critically reviewing the 
results. This work was supported by a grant from the 
US Public Health Service. 


Putnie J. Frarkow 
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Induction of Renal Tumour by Streptozotocin 
in Rats 

STREPTOZOTOCIN, an antibiotic isolated from Streptomyces 
achromogenes', has been found to be diabetogenic in 
rats and dogs*. Our previous investigation? described 
the development of glycogen nephrosis in rats treated with 
streptozotocin. The present communication is a report 
on an unusual type of renal and extrarenal neoplasia 
encountered in rats given a single dose of streptozo- 
tocin and placed under observation from 8 to 16 months 
after the injection. 

Adult male Holtzman rats were given a single intra- 
venous injection of streptozotocin at 50 mg/kg on April 
20, 1965. Hyperglycaemia ensued within 24 h, and the 
animals became permanently diabetic. Blood glucose 
values and tissue studies up to 4 months after injection 
of the antibiotic have been described elsewhere”. At 8 
months, one rat was found at autopsy to have developed 
a nodular mass, 4 mm in diameter, on the surface near 





Fig. 1. 
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Fig. 3. Same specimen as Fig. 2, showing mitotic cell (arrow). 


the anterior pole of the right kidney. Microscopically, 
the mass was found to be a neoplastic growth, consisting 
of cords of cells in clusters, each aggregate surrounded by 
a connective tissue capsule. The nuclei were of relatively 
uniform size, with conspicuous nucleoli. The cytoplasm 
was finely granular, and often contained large vacuoles. 
Mitosis was infrequent (Figs. 1, 2 and 3). One other animal 
among a total of 4 autopsies at this time was found to have 
the same type of neoplasm in the renal cortex, a few 
millimetres beneath the surface. 

Following this observation, the treated rats were killed 
at approximately monthly intervals, and viscera were 
examined for tumours. Of a total of nineteen rats killed 
over a period of 8 months, ten were found to have deve- 
loped neoplasia. Of these, nine were of the morphological 
type described above, and all occurred in the renal 
cortex except one, which was found in the pancreas 
(Fig. 3). The pancreatic tumour consisted of lobular 
clusters of cells in acinar formation, with pale, finely 
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x e. 265). 





Arteriole within an abdominal nodule ( x e. 25). 


Fig. 5. 


granular cytoplasm. The number of foci of the renal 
tumour in individual animals varied from one to several. 
The tenth animal had a cystadenoma in the renal cortex 
(Fig. 4). Among those without tumour, one rat exhibited 
numerous subserosal nodular masses, each 4-5 mm in 
diameter, in the intestines and in the mesentery. These 
were found to be clusters of large and small blood vessels 
with marked intimal and sometimes medial thickening, 
surrounded by granulomatous tissue (Fig. 5). The general 
picture was that of proliferative angiitis. One other rat 
was found to have developed multiple small cysts in the 
kidney. 

In most animals the adenomatous tissue was apparently 
completely encapsulated. In a few rats, however, there 
were areas of discontinuity in the capsule. This was 
particularly noted in the pancreatic tumour. 

Attempts to confer transplantability to the renal tumour 
have not been successful. Subcutaneous as well as renal 
subcapsular transplants rapidly became necrotic. 
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For a brief period, there was some interest in streptozo- 
tocin as an antitumour agent, based on assays against 
murine leukaemia £1210. It appears that this material, 
like many other compounds intended for chemotherapy 
of cancer, is simultaneously oncogenic. The sporadic 
development of other types of lesions (renal cysts, vascular 
changes) may not be specifically related to streptozotocin 
administration, but the adenomatous transformation in 
the kidney and pancreas is attributable to the treatment. 
The high incidence of renal tumours may be traceable 
to the marked concentration of the drug in the kidney, 
but to what extent the development of the tumour is 
influenced by the diabetic state of the host remains to be 
established. 

The incidence of renal tumour in experimental carcino- 
genesis has been relatively low, and successful induetion 
usually requires repeated administration of carcinogen 
over an extended period. Walpole et al.4 treated rats 
repeatedly with 4-aminodiphenyl and found one kidney 
adenoma in twenty-three animals in 500 days. Kirkman 
et al. induced renal tumours in hamsters by repeated 
administration of 4.4’-dihydroxy-x.8-diethylstilbene over 
a period of 1 yr. Boyland et al.* produced renal carcinoma 
in rats by feeding them lead acetate for 1 yr. In view 
of these reports, the relatively high incidence of renal 
tumours following a single injection of streptozotocin 
makes this compound a comparatively efficient carcinogen. 

The relatively differentiated morphology of the tumour, 
the infrequent mitosis and the continued survival of the 
host animals indicate the benign character of the tumour, 
although the discontinuity of the capsule surrounding 
some tumour nodules suggests that the neoplasm may be 
potentially malignant. If the tumour were benign. 
streptozotocin would be an agent of even greater interest 
than other carcinogens. 
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Hepatotoxic Substance in Brachyglottis repanda 


A SHRUB endemic to New Zealand, Brachyglottis repanda, 
J. E. et G. Forst. (family Compositae, Maori name 
“Rangiora”!), has been suspected of poisoning farm 
animals, particularly horses?*. Feeding tests on sheep, 
reported by Connor*, gave evidence of toxicity, but details 
are lacking. The presence of alkaloid (0-02 per cent) in 
leaves was reported by Briggs*, and from the close 
botanical alliance of Brachyglottis to Senecio, pyrrolizidine 
bases might be expected. 

Examination of various parts of the plant has con- 
firmed the presence of alkaloids not exceeding 0-02 per 
cent on a dry weight basis. A principal component is sen- 
kirkine, previously isolated from Senecio kirkii?. There is 
less senecionine and there are at least two other allied, 
bases which are the subject of investigation. No amine- 
oxide bases were found. 

Feeding of the dried plant, or ether extracts thereof, 
mixed with ground grass to guinea-pigs revealed? a char- 


. . . . 
acteristic liver lesion. From a guinea-pigebioassay. the, 
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Fig. 1, Lesion in liver of guinea-pig fed extracts of Brachyglottis repanda 

for 5 days. Inflammation and necrosis are seen in the portal tract and in 

the parenchymal cells. Thrombosis of the portal vein has resulted from 
necrosis of a segment of the vessel wall (= e. 88). 


factor responsible for this lesion has been concentrated 
several hundred times into a neutral resinous ester fraction 
preferentially soluble in solvents like petroleum. Neigh- 
bouring fractions from adsorption and partition columns 
gave crystalline substances not yet separated into pure 
compounds which are probably triterpene acetates. The 
nature of the liver lesions is distinct from those produced 
by certain pyrrolizidine alkaloids*, and chemical evidence 
shows that the liver-damaging factor of B. repanda, 
reported here, is not alkaloidal. 

Feeding trials on guinea-pigs indicate that the factor 
which produces liver damage has a maximum concen- 
tration in the young growing tips, in petioles and in the 
cortex of stems up to 6 mm diameter. It is present in 
leaves at a lower concentration, but we have found no 
activity in extracts from flower heads, mature bark, cortex 
from thicker branches and from mature woody parts. 

When ether extracts of the allied plants, Senecio 
jacobaea L., S. vulgaris L., S. greyi Hook. f., Olearia rani 
(A. Cunn.) Druce and O. paniculata (J. R. et G. Forst.) 
Druce, were fed at levels similar to those used with B. 
repanda, no liver damage resulted. 

Guinea-pigs weighing 200-250 g were trained to eat a 
daily diet of dried grass meal (30 g) mixed with water 
(40 ml.). When intake was satisfactory, the food was 
c to grass meal on which extracts of B. repanda 
had been dispersed from an organic solvent, and feeding 
was continued for varying periods. A typical level of 
consumption was equivalent to 10-12 g/day of a dried 
bulk sample of terminal stem and leaf of the plant. 

Lesions, confined to the liver, have been produced in 
seventy-three guinea-pigs fed extracts of B. repanda and 
similar lesions were produced in eight guinea-pigs fed 
mixtures of grass and dried, ground B. repanda material. 
Typically, injured livers are enlarged even after 4 days 
of feeding. Macroscopically, the livers appear paler than 
normal and lobulation is more pronounced, particularly 
at the edges of affected lobes. More severely affected 
livers show areas containing numerous small, pale, focal 
necroses within the lobules. In the most severely injured 
livers necrotic wedge shaped infarcts of various sizes are 
seen involving many adjacent lobules. These necrotic 
areas may be pale in colour or stained green with bile 
pigments. The gall bladder appeared normal. 

Livers from guinea-pigs which have been fed toxic 
material for a period ranging from 2 to 28 days were 

eexamined histologically. After 2 days feeding, necrosis of 
bile*duct epithelium was seen together with an inflam- 
matory exudate in the portal tract. Coagulated necrotic 
foci are pumerous in the parenchyma of the portal zones. 


- By the fourth day fibroblastic activity is marked and 


ebile duct prfliferation is evident in the portal tracts. 
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Phlebitis and thrombotic lesions are present in some 
portal veins (Fig. 1) and later they may cause wedge- 
shaped necrotic infarcts of the liver. Portal tract fibrosis 
and bile duct proliferations which dissect the liver into 
diserete lobules are marked on the eighth day. By the 
fifteenth day and later, portal areas are grossly enlarged 
with new bile ducts surrounded by scar tissue. New 
necrotic foci are still appearing in the parenchyma close 
to portal tracts. The centrilobular zones remain appar- 
ently normal except where large infaretive lesions involve 
groups of lobules. 

Analysis of serum from thirty-four guinea-pigs with 
liver lesions showed, in comparison with controls, a sig- 
nificant increase in mean glutamic-oxalacetic trans- 
aminase values and a significant decrease in mean alkaline 
phosphatase levels. Cholesterol levels were not sig- 
nificantly changed. 

Attempts to isolate the toxin are proceeding and it is 
hoped to study the pathological process induced by this 
material in greater detail with the pure toxin. 


P. H. Mortimer 
E. P. WHITE 


Ruakura Agricultural Research Centre, 

Hamilton, New Zealand. 
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Metabolic Effects of Calagualine, an 
Antitumoral Saponine of Polypodium 
leucotomos 


THe natives of northern Honduras traditionally use an 
infusion of the rhizomes of the fern Calaguala (Polypodium 
leucotomos) as a treatment against malignant tumours. 

Several tumour inhibitors have been reported from 
plants. The active principle of this fern, collected in the 
province of Gracias a Dios, is a saponine, formed by a 
ketosteroid and a deoxyhexose, not related to the steroid 
tumour inhibitors which have been isolated from members 
of the Solanaceae':*. 

The administration of pure calagualine to advanced 
cases of human neoplasm in San Felipe General Hospital 
proved beneficial in quite a short time, with no untoward 
side effects. It seemed interesting to investigate its effect 
on metabolism. 

In vitro experiments were performed with slices of rat 
liver and of tumours, supplied by the staff of San Felipe 
General Hospital; they were samples either from biopsies 
or surgical operations. 

Orotic-6-"C-acid, t-valine-“C, p-glucose-1-“C, p-glu- 
cose-6-“4C, pyruvic-1-"C and acetic-1-“C acid were used. 

The slices were incubated in Warburg flasks; 0-1 ml. of 
20 per cent potassium hydroxide solution was placed in 
the centre well of the flasks, and the main compartment 
contained 1 ue. of either substrate, 0-25 mg/ml. of 
calagualine and the rest was made up to a final volume 
of 1-9 ml. with the following buffer solution of pH 7-45: 
8 g of sodium chloride, 0-2 g of potassium chloride, 0-2 g 
of calcium chloride, 0-1 g of magnesium chloride, 0-35 g 
Na,HPO,, 0-15 g of sodium dihydrogen phosphate and 
1 g of D-glucose/l. The incubation was carried out in air 
at 37° C; when orotic acid and valine were used, for 
40 min; and with all other substrates, for 1 h. After 
incubation with orotic acid and valine the slices were 
homogenized in 0°35 normal perchloric acid and the 
proteins were isolated by the method of Civen et al’. 
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Radioactivity was measured in a gas flow counter at 
infinite thickness. i ra 
_ For other radioactive substrates the technique of 
Balázs and Haslam was used‘; the potassium hydroxide 
the centre well was quantitatively replaced by distilled 
ter, the labelled carbon dioxide was precipitated as 
iuin carbonate in the presence of excess sodium 
‘bonate and its radioactivity was determined as already 
seribed: 
For measurement of conversion of glucose to lipids the 
combined ethanol, chloroform and ether washings of the 
slices were evaporated to dryness; the residues were 
taken up with petroleum ether and this was filtered and 
quantitatively transferred to 500 mg of tale, dried, and 
radioactivity was counted. For the in vivo experiments 
le albino rata (50 g body weight) were injected intra- 
peritoneally with 10 we. of uniformly labelled u-valine as 
controls, while others received simultaneously 1 mg of 
either calagualine or 5-fluorouracil/g of body weight in 
_ distilled water. The animals were killed by a blow on the 
_ head and were bled from the carotid artery 40 min after 
_ the injections. Samples from brain, liver, spleen, kidney 
and the diaphragm muscle were homogenized in 0:35 
_ normal perchlorie acid and the proteins were isolated as 
_ mentioned previously. 





















Table 1; ° EFFECT OP CALAGUALINE ON THE in vitro INCORPORATION OF NUCLEO- 
'ROTBIN AND PROTEIN PRECURSORS IN NORMAL AND TUMORAL TISSUES 


Orotic-6-4C acid 
Calagualine E-valine-4C 
Controls (0-25 mg/ml.) Controls Calagualine 

436 358 4,270 2,090 
840 800 15,120 18,604 
548 518 12,210 10,520 
540 505 18,200 16,010 
654 530 11,640 5,030 
353 242 8,670 7,490 
445 352 44,520 36,580 


SN 
and represent the average of duplicate slices. 


«Table 1 shows the results of the incubations of rat liver 
and tumour slices with radioactive orotic acid and valine, 

with and without calagualine. The tumours investigated 
‘were: (a) carcinoma of the uterine cervix; (b) basal cell 
earcinoma of the skin; (c) metastatic infiltration of the 

. liver by a gall bladder carcinoma; (d) astrocytoma of the 
brain; (e) adenocarcinoma of the breast; and (f) ovarian 
“metastasis of adenocarcinoma of the breast. 

In the presence of the added saponine the incorporation 
of both orotic acid and valine was reduced in each case. 
It is worth noting that the Qo, in these averaged 6-03 

_ (2:18) for the controls and 7-83 (2-61) in the presence of 
_ talagualine(P : 0-02; n : 36). The numbers in parentheses 
arọ the standard deviations; n represents degrees of 
freedom’. 

Table 2 presents the results of the incubation of slices 
| rat liver, adenocarcinoma of the breast and meta- 
ic infiltration of a lymph gland by a gastric adeno- 









. BEFROT OF CALAGUALINE ON THE CONVERSION OF GLUCOSE INTO 
PROTEIN, LIPID AND CARBON DIOXIDE BY NORMAL AND TUMORAL TISSUE 





SLICES in vitro 

Lipid 
Protein Cala- Carbon dioxide 

; TETEA ae gualine 

< Slices Control gualine* Control (0-25 Cala- 
etl mg/ml.) Control gualine* 
Liver, rat 330 190 600 80 95 125 
Tumour (1) 3,280 2,785 1,120 640 1,080 634 
Piihi o & 7,260 6,750 2,300 1,605 1,590 1,180 


| Numbers are ¢.p.m./meg of protein after 40 min of incubation in air with 
10 we. of uniformly labelled p-glucose-"C, 
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carcinoma, with 10 pe. of uniformly labelled D-glucose, 
The conversion of the glucose to protein, lipids and 
carbon dioxide by the tumour slices was diminished by _ 
the saponine in the conditions of the experiment. At the 
same time the conversion of the glucose into proteins and — 
lipids was reduced, while its conversion to carbon dioxide 
was raised in the liver slices. ae 
Table 3 shows the amount of radioactivity recovered in 
the carbon dioxide when slices of rat liver, adenocar- 
cinoma of the breast and metastatic lymph gland from 
gastric adenocarcinoma were incubated with D-glucose- 
1-MC, D-glucose 6-4C, pyruvate-1-C and acetate-1-“C, 
The slices from the tumours produced less carbon dioxi 
from each substrate tested in the presence of 
calagualine; the pattern in the case of the slices 
liver was different; more carbon dioxide was prod 
from pyruvate and glucose-1-"C and less of it from 
acetate and glucose-6-!C, a 










Table 4. EFFECT OF CALAGUALINE AND 5-FLUOROURACIL ON THE RATE OF © n 
INCORPORATION OF UNIFORMLY LABELLED L-YALINB-*0 INTO THE TISSUE 
PROTEINS OF THE ALBINO RAT in vivo a 


6-Fluorouracil 


Tissues Controls Calagualine* (1 mg/g of body weight) > 
Brain 4 53 des 
Liver 915 1,380 454. 

Spleen 4,580 5,290 3,060 

Kidney 1,176 1,740 896. 

Muscle 2,760 3,440 212000 


Numbers are o.p.m./mg of protein 40 min after intraperitoneal injection of 
10 ve. of the labelled amino-acid and represent averages of three trials.. 


The results shown in Table 4 are the rate of in vivo 
incorporation of uniformly labelled valine-‘C into the 
proteins of the different organs of the injected rats both: 
with and without calagualine or 5-fluorouracil. The 
incorporations were increased by the natural saponine 
and diminished by the synthetic uracil analogue. o 

The results of the in vitro experiments measuring incor: 
poration of orotic acid and valine into the proteins of the 
slices indicate inhibition by calagualine in both the 
tumours and the normal rat liver, as if its effeet woul 
be similar in both tissues. The results of the rest of the 
experiments, however, appear to have a different meaning. 
Calagualine inhibited the conversion of glucose into the 
proteins, lipids and carbon dioxide in the slices of the 
tumours used, while it increased the rate of conversion | f 
this substrate to carbon dioxide in the slices of the normal : 
rat liver. The addition of saponine enhanced the pros 
duction of carbon dioxide by the slices of rat liver from 
glucose-1-C and pyruvate and diminished the same _ 
from glucose-6-"'C and acetate, while the slices of the 
tumours produced less carbon dioxide from each of the 
substrates in the presence of calagualine. The. saponine 
increased the rate of incorporation of uniformly. labelled 
valine-C into the proteins of brain, liver, spleen, kidney 
and muscle of the rat in vive; the 5-fluorouracil reduce 
this incorporation in every organ mentioned. 

These investigations suggest that the antitumoral : 
effects of calagualine are not of the cytostatic type and _ 
that its action on normal tissues in the concentration used ; 
in these experiments is rather anabolic, both in vitro 
(Table 3) and in vivo (Table 4). The fact that uniformly © 
labelled glucose is metabolized less to protein, lipid and 
carbon dioxide by the slices of tumour when calagualine 
is added suggests a membrane effect. ; 

We thank Professor Antonio Molina for classifying the 
fern Calaguala, and Fernando Berrios, Tomás Salgado, 
Maria Oliva and Reina Quezada for technical assistance. 



















in vitro 


Table 3. BYFROT OF CALAGUALINE ON THE PRODUCTION OF CARBON DIOXIDE FROM GLUCOSE AND ITS METABOLITES BY NORMAL AND TUMORAL TISSUE SLICES e 


: p-Glucose-1-'40 
Slices 


D-Glucose-6-"C 


Acetate-1-MC 


Pyruvate-1-¥¢ Calagualjne. 


Control Oalagualine* Control Calagualine* Control Calagualine* Control (0°25, mg/m.) 
vikiver, rat 460 560 50 40 5,015 5,775 1,750 1,460 
‘Tumour (1) 1,250 645 145 88 2,844 2,120 2,180 1774 
(2) 2,740 2,220 280 182 1,885 1,138 3,985 505 


. + 
Numbers are ¢.p.m./mg of protein after 1 h of incubation in air at 87° C with 1 ue, of the substrates listed and represent averages of duplicate slices. ` 


1258 


This work is part of a governmental programme of 
investigation of the Honduran medicinal flora, jointly 
sponsored by the Secretary of Natural Resources and the 
University of Honduras. 
Antonio HORVATH* 
Francisco ALVARADO 
JoserH Szécs 
ZOILA Ney DE ALVARADO 
GILBERTO PADILLA 


Department of Physiological Sciences, 
Faculty of Medicine, 
University of Honduras, 
Tegucigalpa, Honduras, C.A. Apartado 184. 
Received February 13; revised March 21, 1967. 
* Commissioned by the Council of the University of Chile, Santiago, Chile. 


iK n, 8. M., Doskotch, R. W., Bollinger, P., McPhail, Sim, G. A., and 
nz Renauld, J. A., J. Amer. Chem. Soc., 87, 5805 (1965). 
* Kupchan, S. M., Barboutis, 8. J., Knox, J. R., and Lau Cam, C. A., Science 


50, 1827 (1965). 
8 civa Brown, C. B., and Hilliard, J., Biochim. Biophys. Acta, 114, 127 


* Balázs, R., and Haslam, R. J., Biochem. J., 94, 131 (1965). 


* Fisher, R. A., and Yates, F., Statistical gc ed Agricultural, Biological and 
Medical Research (Oliver and Boyd, Edinburgh, 1953). 


BIOLOGY 


Use of Tools by Wild Macaque Monkeys in 
Singapore 

Att known reports of tool use in wild and captive primates 
have been listed in two reviews'*. Whereas agonistic 
tool using has been reported in many species of primates, 
observations of non-agonistic tool use by wild primates are 
surprisingly rare. Of the eleven reports of such tool use 
cited by Kortlandt and Kooij*, six involved apes, and of 
the others concerning monkeys, only one instance of the 
cleaning of food with leaves or other material is men- 
tioned. A squirrel monkey swept the food over the ground 
with a stick, to dislodge ants. There are very few known 
reports of such treatment of food before eating. Crook 
(personal communication) has observed the cleaning of 
prickly pear (Opuntia) fruit by Doguera baboons, Papio 

, in Ethiopia. The fruits are often rolled to and 
fro on patches of dry earth—evidently to remove the 
spines. Vevers and Weiner’ discussed the use of a heavy 
bone by a captive Capuchin to crack nuts. Kawamura‘ 
has described the “sub-culture propagation” of potato 
washing in a troop of Japanese macaques, Macaca fuscata. 

While carrying out almost daily observation of long- 
tailed macaques (Macaca fascicularis Raff. = M. irus 
Cuv.) in the Botanical Gardens, Singapore, in connexion 
with an investigation of breeding seasonality, I observed 
nineteen instances of these monkeys rubbing items of 
food in leaves (and once in a scrap of paper). In every 
ease, such activity occurred on the ground (Fig. 1) and an 
attempt was made to eat the object being “‘leaf-washed”’. 
With two exceptions (a juvenile of undetermined sex and 
a sub-adult female), all ‘‘leaf-washing’’ was performed 
by adult or sub-adult males. In view of the fact that 
adult and sub-adult females have been observed to rub 
seeds, fruits, and lumps of clay between the palms with 
movements similar to those carried out in “‘leaf-washing”’, 
it is surprising that “‘leaf-washing’’ does not occur more 
frequently in females. 

The objects being (apparently) cleaned were small 
seeds and fruits lying on the ground (fifteen instances) ; 
rubber bands (two instances); an empty snail shell, and a 
live toad (one instance each). Seeds and fruits which were 
being “‘leaf-washed” and were dropped by the monkeys 
when I drove them off, and similar objects found lying 
in the vicinity, seemed to have been lying on the ground 
for some time; several were covered in fungus. Fleshy 
fruits had ants on them. As a further indication of the 
presence of ants on these fruits, on several occasions, 
during early gtages of “leaf-washing’’ monkeys were seen 
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brushing the back of their hands and their fore-arms 
hastily, and backing a few inches. It is thus possible that 
“Jeaf-washing” is carried out by the monkeys in order to 
remove obnoxious material from potentially edible ob- 
jects. The rubber bands were no exception, for they were 
eaten after being “leaf-washed’’. In the case of the toad, 
Bufo melanostrictus, which was not eaten, the milky 
defensive secretion which was exuded over most of the 
back whenever this animal was disturbed, was probably 
the substance to be removed. 

The behaviour is quite stereotyped. The object may 
be rolled quickly on the ground under the open palm by 
sweeping movements of the arm. This was seen most 
frequently with fruits which commonly have ants on them 
after lying on the ground for some time. After a brief 
rolling, the object was grasped within dry leaves picked 
off the ground, or rolled on them until covered in a sheath 
of leaves, one hand helping to turn the leaves over the 
object during the process. Both hands are used in these 
operations. The small bundle of leaves with the object 
inside was then squeezed into a wad by clenching and 
squeezing with both hands. In the majority of cases, the 
bundle was passed from hand to hand, being squeezed 
alternately by the left and right hands. The wad was 
then usually placed partially in the mouth and gripped 
by the lips; it may be bitten, especially with hard nuts 
when the molars are used. The wad was then taken out 
of the mouth and rubbed hard between the open palms. 
This action was performed with the thumbs pointing 
forwards, the movement of the hands being in the axis 
of the fingers. Rubbing continued until most of the 
leaves disintegrated or dropped off. In the few cases 
when the wad was not put into the mouth, disintegration 
of the leaves was very rapid, and new leaves were picked 
up from the ground and incorporated into the wad, 
either before or after an attempt to eat the object. Wet- 
ting by the mouth seemed to consolidate the wad of leaves. 
In two instances, the feet were used, their role being 
largely confined to holding the wad while the hands 
squeezed or added new leaves to it. The entire process, 
excluding the rolling of the object on the ground, may be 
repeated two or more times. The object was usually eaten. 
In only five cases was it discarded; these objects involved 
a live toad, an empty snail shell, two very hard black seeds 
which could not be cracked, and the shell of a peanut. 
On two occasions, the wad was carried in the mouth for 
several yards when the monkey moved to a new position. 





Fig. 1. 
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The sequence involving the toad began when a gub- 
adult male found the toad under a tree. Four sub-adult 
monkeys examined it in turn, holding it by a hind leg, 
but did nothing else. An adult male then took the toad 
and examined it visually and by sniffing. After this, 
two sub-adult males “‘leaf-washed” it in turn. Although 
the toad was sniffed many times, no attempt was made 
to eat it, and in handling it only the hind limbs were 
touched. 

The first of the two rubber bands mentioned above 
was sniffed and placed on a large dried leaf, which was 
partially wrapped around it; it was then rubbed until the 
leaf disintegrated. After being sniffed again, it was carried 
in the mouth to a spot a few yards away where it was 
eaten with slow and irregular chewing movements. 
In the second case, only the latter part of the activity was 
seen. The sub-adult male monkey had already wrapped 
a large yellow leaf around the rubber band and had 
placed the bundle in its mouth. It pulled a portion of the 
band protruding out of its mouth about ten inches 
(Fig. 2) and released it so that it contracted and struck 
the teeth and upper lip. In this case too, the rubber band 
was slowly chewed and consumed. The first rubber band 
was green, the second white. 

In the case of the snail shell, a very young juvenile 
was involved. After putting one end of the shell into its 
mouth for about 2 sec, the monkey ‘“‘leaf-washed”’ it 
between its palms, and then between its palms and the 
ground, using one foot in the process. It carried the shell 
in one hand, walking on the other three feet when it moved. 
After about 5 min, the shell was discarded. 

The nineteen examples of “‘leaf-washing”’ were observed 
in 18 months during routine walks along fixed routes 
in the Botanical Gardens. (A total of 250 h.) On these 
rounds, devoted essentially to counting incidences of 
sexual behaviour, no special look-out was kept for “leaf- 
washing”; it is thus possible that a number of these 
incidences were missed. On a few occasions, visits were 
made with the specific purpose of observing “‘leaf-wash- 
ing”, and on three of four such visits the phenomenon 
was seen in one troop within 3-5 h of observation. “Leaf- 
washing” has been seen in each of the four distinct troops 
of monkeys in the Botanical Gardens. It has not been 
possible to determine whether it occurs in troops of ma- 
caques living in other parts of Singapore and in Malaya. 
It may be that “‘leaf-washing” is a locally acquired be- 
haviour pattern, common in the Botanical Gardens 
population only. 

The almost complete restriction of this activity to one 
sex parallels the situation reported by Kawamura‘ in 
Japanese macaques, where potato-washing has been 
transmitted by a juvenile female, through her playmates, 
to their mothers. It is possible that such “sub-culture 
propagation” is occurring among the macaques in the 
Singapore Botanical Gardens. 





Fig. 2. 
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Displacement Activities and Arousal 


IN 1940 Tinbergen! and Kortlandt? independently drew 
attention to a behavioural phenomenon which has since 
been called displacement activity and has received a good 
deal of attention®*. Although no binding rules exist 
by which displacement behaviour can be recognized, the 
term is applied to behaviour patterns which appear to be 
out of context with the behaviour which closely precedes 
or follows them, either in the sense that they do not seem 
functionally integrated with the preceding or following 
behaviour or that they occur in situations in which causal 
factors usually responsible for them appear to be absent 
or at least weak compared with those determining the 
behavioural envelope. Displacement activities occur in 
three situations: motivational conflict, frustration of con- 
summatory acts and physical thwarting of performance. 
Several theories have been put forward to explain the 
causal mechanism involved*-*. A variety of behaviour 
patterns have been reported as displacement activities®, 
even in a single species, but this variety needs revision”. 
Monographic treatments of the behaviour of any one spe- 
cies usually indicate only two or three activities which 
according to the judgment of the observer occur commonly 
as displacement. None of the theories on displacement 
activities gives cogent reasons why particular behaviour 
patterns should be more common than others as displace- 
ment activities, apart from stating that the causal agents 
which usually elicit them in non-displacement situations 
can also be presumed to be present, if only weakly, in the 
displacement context, or remarking that these patterns 
are prepotent in the repertoire of the animal. 

In the course of a systematic exploration of the fore- 
brain and brainstem of herring and lesser black-backed 
gulls (Larus argentatus and L. fuscus) with electrical 
stimulation, information was obtained which may bear 
on this particular issue. The gulls with chronically im- 
planted monopolar electrodes (conical active area ~ 0-25 
mm*)"+!2 were stimulated with a sine current at 50 ejs 
ranging between 10 and 150 yamp root mean square 
current, in repeated trains lasting 30 sec-5 min for several 
testing sessions, over 2 or more months. The electrode 
tip locations were checked histologically. 

A great variety of responses have been obtained, but 
here we will only consider a behavioural syndrome which 
is characterized by preening and staring down, and 
more rarely by pecking, yawning, squatting, relaxation 
(fluffing of plumage, shortening of the neck, general 
diminution of activity, intermittent closure of eyes) and 
occasional sleep. We find that several, and sometimes 
all, these component patterns can often be elicited from 
single loci with the same stimulation strength, usually 
less than 50 yamp, either as a result of a single stimulation 
train or more frequently in the course of several consecu- 


Table 1 . 
Staring Peck- Yawn- Squat- Relax- Sep- 
N down ing ing ting ing ing 
Loci eliciting 37 27 16 49 43 54 8 
preening (%) 
Loci not eliciting 165 5 4 4 7 «if Hs 
preening (%) 


Fisher's or # oned.f.,P <0-001 20-001 <0-001 <0-00f <0-001 <0-01¢ 
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tive trains, In Table 1 all 202 loci so far explored have 


been classified into those which gave preening and those 
which did not. Within each class of loci the percentage 
which yielded the different other components is shown. 
_All the component patterns. were associated with elec- 
trodes eliciting preening rather than with those which 
did not, and the association is significant. A similar 
relationship may also hold for mandibulation, shaking the 
body and head, wagging the tail and shaking the foot, 
but because these patterns are also frequent during 
control periods without stimulation, a decision is difficult. 
No such association could be detected for some twenty- 
five other various behaviour patterns examined. 
` It is significant that the preening positive points 
clustered in several discrete anatomical areas of the telen- 
cephalon and diencephalon and that ten electrodes respon- 
sible for more than half the entries in the non-preening class 
also lay within or close to these areas. There is not suffici- 
ent information to decide whether the associations of 
components are stronger in some areas than in others, 
although some evidence points in this direction. 
The conclusion that these diverse behaviour patterns 
reflect: the activation of a more or less unitary system 
leading to de-arousal, and are not a result of the simul- 
taneous stimulation of contiguous but otherwise unrelated 
neural systems, is supported by observations on unstimu- 
lated normal gulls which suggest a high temporal and. 
sequential association between the component patterns 
including sleep. Furthermore, preliminary experiments 
indicate that at least two hypnotic drugs, pentobarbital 
sodium and tribromoethanol, given systemically, reliably 
elicit the syndrome just described. Preening, staring 
down. and pecking the ground are also the patterns 
most ‘often involved in displacement behaviour in gulls*-™. 
A similar relationship seems to hold in some other species. 
Inthe cat Parmeggiani" stimulated several different and 
separate areas of the forebrain and brainstem and_ob- 
tained a behavioural complex consisting of sniffing, 
grooming, yawning, lying down, curling up, dozing and 
sleeping. He emphasizes that this behaviour is normal 
in unstimulated cats. Rowland and Gluck’® present some 
evidence that in a certain conditioning procedure groom- 
ing replaced the synchronization of the electroencephalo- 
gram shown by sleeping cats when these were tested 
awake. Again, Leyhausen?’ lists grooming, sniffing and 
lying down as displacement behaviour for the cat. 
For the rat, Caspers?! has shown that grooming and some 
other unfortunately unspecified ‘“motorautomatisms” 
are ‘associated with shifts in the cortical d.c. potential 
making the surface positive, which otherwise are typical 
of sleep, while shifts towards a negative surface are charac- 
teristic of the waking animal. Grant}* mentions grooming, 
digging and sniffing as typical displacement activities 
of rats. 
These facts suggest that grooming or preening and 
certain other movements are largely controlled by neuro- 
physiological mechanisms which are also responsible for 
de-arousal and sleep. On the other hand they are often 
involved in displacement behaviour. There is little doubt, 
however, that the behavioural situations leading to dis- 
placement, that is, conflict, frustration and thwarting, 
are effective in increasing arousal?*, I suggest that the 
occurrence of at least some displacement activities is 
the reflexion of a homeostatic process operating towards 
cancelling the arousal increment so generated, through 
“the activation of an arousal inhibiting system. The 
‘existence of arousal homeostasis has been suggested by 
~ Berlyne®*, who also marshals supporting empirical evi- 
dence, Such regulation appears logically necessary if arousal 
is correlated with the rate at which information is handled 
-and if the nervous system is considered as a communica- 

tion channel of restricted and specific capacity where for 
maximum efficiency the information handling rate must 
. be held’within certain limits*®**. 
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The striking occurrence of sleep as displacement: in 
several species’ may be regarded in this context as a regu- 
latory overshoot. Why grooming and other patterns should 
be activated by a neural de-arousal system is functionally — 
not. obvious, but perhaps these types of activities are con- 
ducive to de-arousal in a similar way to other activities**-*7,.. 
possibly through stimulus reduction (cut-off**), switch of | 
attention to stimuli of little novelty®? or generation of 
repetitive stimulation?®39, : 

The work was supported by grants to Professor N: 
Tinbergen from the US Air Force Office of Scientific 
Research through the European Office of Aerospace — 
Research, the Science Research Council and the Royal 
Society, and is being continued. 
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Luminescence in Marine Amphipods 


ALTHOUGH bioluminescence is a common phenomenon 
among many marine crustaceat:?, records of its occurrence 
among the Amphipoda are few. Of those records that 
exist, all the actual observations of light production 
(except perhaps that of Bowman on Parapronde, as cited 
in ref. 2) are readily explicable as pathological infections 
of the individuals by luminous bacteria, as described in 
Giard’s classical account of luminescence in Talitrus*. 
The only other evidence for luminescence in this’ sub=. 
class rests on the interpretation of certain anatomical 
structures in Seypholanceola’ and Streetsia nyctiphanea® 
as light organs. l 
In view of the limitations of these earlier observations 
it was of interest to find, during a recent cruise of R. BS. 
Discovery in the Atlantic, that four species.of the genus. 
Scina consistently showed luminescence at certain points 
of the body in response to irritant stimuli, Living animals 
were observed in the dimmest practicable light with a 
binocular microscope, and it was noted at which points 
luminescence appeared when the anterior part of the body 
was gently squeezed with forceps. : s: uiy 
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- Detailed examination of the sites of luminescence was 
only possible for S. crassicornis (Fabricius) (Fig: 1), in 
the absence of sufficient numbers of the other species. 
In this animal a bright blue-green light appeared at one 
r more of the sites indicated in Fig. 2, most consistently 
ab the tips of the first. antennae and on one or more 
~uropods. In only one of more than a dozen animals was 
_ it observed on the abdominal segments. The light appeared 
_ Immediately the stimulus was applied, and disappeared 
on (<1 sec) after it was removed. In addition to 
mechanical stimuli, exposure’to the vapour of ethanol or 
| acetone usually evoked the response. Although no obvious 

Hight organs were visible in. the living animals, the light 
eared in the areas shown as discrete spots, the pattern 
vate did not alter appreciably from one animal to 
otner, 


Dorsal view of an adult female Seina crassicornis. 


Fig. 1. 
length is about 11 mm. 


The body 





C 











fe “pig. 2,- Areas of luminescence (in black) in S. erassicornis females, A, 
oo Birt antenna; B, fifth peraeopod; C, urosome. (Not to same seale.) 
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Only females of S. crassicornis were available for exam- 
ination, but both males and females of 8. marginata 
Bovallius showed this behaviour. In this species the light | 
was more widespread, and it seemed to: occur in areas on 
several of the limbs and body segments, in addition to 
undetermined areas on the first antennae and uropods. 
Two female specimens of S. borealis G.O. Sars. and one 
female S. curvidactyla Ed. Chevreux also showed lumines- 
cence at sites on the antennae and uropods: Pees 

In view of the occurrence of luminescence:in each of the 
four species of Seina so far examined it seems likely that 
a similar phenomenon may occur in some, at least, of the 
other species of this large genus of Amphipoda, and pos: 
sibly in the related genera Acanthoseina and. Ctenoseir 
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Effect of Cell Fragmentation on Nutritive 
Value of Bacillus megaterium Protein 


Tuere has recently been considerable interest in the use: 
of micro-organisms, particularly yeasts and bacteria, as. a 
source of protein for human food. In a previous paper* 
the hypothesis was advanced that the presence. of an 
intact cell wall in these micro-organisms would limit the 
nutritional value of the cell protein. This hypothesis. was 
partially substantiated on the basis of evidence presented 
in the form of amino-acid analyses of various cell frac- 
tions. Evidence is now presented to indicate that the 
nutritive value of Bacillus megaterium protein can be. 
improved by a technique of cell fragmentation suitable 
for large-seale preparation. SE ee 
To our knowledge, the only other published work con- 
sidering a nutritional effect of cell fragmentation was for 
ultrasonically disrupted Escherichia coli*, Although this 
publication coneluded that cell disruption had no effect 
on the biological value of the cell protein, the feeding © 
studies were conducted under conditions of such severe: 
nitrogen restriction that any differences may have. been 
masked. ; 
In the present experiments cella were grown and. col- 
lected as previously deseribed!. The washed cells were 
then resuspended in water to a final concentration of. 
5-10 per cent (dry weight, w/v) and broken by passage 
through a modified Manton-Gaulin homogenizer}... Both 
whole and broken cell suspensions were autoclaved 
(15 Ib./in.*, 20 min) to ensure the absence of any sig- 
nificant namber of viable cells in the diets. The auto- 
claved material was then freeze-dried. zi 
Groups of ten weanling male rats about 50 g in body. 
weight were given a diet containing either whole or 
broken cells as the sole source of protein for a period of 
2 weeks. A control group was given casein supplemented 
with 2-5 per cent methionine in place of the cells. The 
composition of the diets is given in Table 1. The experi- 
mental diets were calculated to contain 10 per cent 
protein on the basis of the amino-acid content of the cells 
rather than on the assumption of 16 per cent nitrogen in: 
cell protein. This was done to eliminate a possible source, 
of error inherent in the inclusion of the value for mon. 
amino-acid nitrogen. Because the cells contain 40 per. 
cent amino-acids, the diets contained 25 per cent cells. — 
No correction was made for the possible change fa energy | 
value of the diets caused by the 15 per. cent extraneous 
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cellular material. A previous study? had indicated the 
lack of any. short- or long-term toxic effect to rate of 
feeding Bacillus megaterium as. 20 per cent of the diet. 


Table. 1. DIETS USED IN PRaDINS STUDIES WITH CELLS OF Bacillus mega- 
erium 

Ingredient Control (g) Broken (g) Whole (g) 
Casein 11-0 -= ne 
Methionine O4 mee — 
Cells — 254 2t 
Dextrose 21-0 16-0 160 
Dextrin 21-2 16-2 16-2 
Sucrose 22-0 18-3 188 
Corn oil 10-0 10-0 10-0) 
Lard 50 42 42 
Salt mixt 4:0 40 40 
Vitamin mix? 1-0 10 10 
Choline O4 0-4 0-4 
Agar 4:0 4:0 4-0 

ater 100-0 100-0 100-0 


-The animals were individually housed in wire-mesh 
metabolism cages in a temperature and humidity con- 
trolled “environment. Urine and faeces were collected 
daily from each animal, and nitrogen was analysed by 
Kjeldahl digestion. Food intake was recorded daily, and 
body weight was recorded every third day of the test 
period. At the end of the 2 week experimental period, the 
rats were killed and total body lipid measured by ex- 
haustive extraction with chloroform—methanol (2: 1). 


Table 2. EFFECT OF ORLL FRAGMENTATION ON NUTRITIVE VALUE 


F Digesti- Biological Net protein* Total body 
Diet bility* value* utilization lipid 
Whole cells 55632 623487 4-544-4 S441-6 
Broken cells 67-3 4 2-1 70-0 + 5-6 471440 11-8430 
Casein + 2-5 per cent 88-4+1-6 88-7 + 24 78827 117 ti 
methionine 


pparent, not corrected for endogenous nitrogen. 
andard deviation. 


* 

TS 

The results of the study are reported in Table 2. There 
is a statistically significant increase (Student's ¢ test, 
P, 0-99) in protein digestibility, net protein utilization 
and total body lipid in animals fed broken cells compared 
with those fed whole cells, accompanied by a similar but 
lesser effect (P, 0-95) on protein biological value. The 
effeet on total body lipid was parallel to that on protein 
digestibility, and both parameters may reflect the overall 
availability of cell contents to digestive enzymes. The 
reduction in total body lipid for animals receiving whole 
cells: may be due to a dietary energy deficit. The lesser 
effect on the biological value of the cell protein is inter- 
esting because it indicates that the major influence of cell 
fragmentation is on protein digestibility and that this 
factor in turn provides the greatest contribution to the 
increase in net protein utilization. 

In a previous publication! it was indicated that only 
50 per cent of the cell amino-acids could be extracted 
from broken cells, while the results presented here indicate 
that 67 per cent of the cell amino-acids are biologically 
available. It is expected that these biological results will 
lead to more effective chemical methods of predicting the 
nutritive value of microbial cells. 

This research was supported by a grant from the US 
National Aeronautics and Space Administration. 
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Rubidium as a Tracer for Potassium in 
the Marine Algae Ulva lactuca L. and 

Chaetomorpha darwinii (Hooker) Kuetzing 
Work with many kinds of plants has shown that- the 
uptake of rubidium is often so similar to the uptake of 
potassium that rubidium-86 can be used as a tracer for 
potassium!, MacRobbie and Dainty*, however, found that, 
in the alga Niétellopsis the fluxes of rubidium at. the 
plasmalemma were less than those of potassium. It was: 
suggested? that rubidium was unable to take part in 
active transport mechanisms in the same manner as 
potassium. Adrian? has also shown that the permeability 
of frog muscle fibres to rubidium is much less than their 
permeability to potassium. ay. 

A comparison of the uptake of potassium and rubidium. 
in two marine algae, the coenocytic, bead-like Chaeto- 
morpha darwinii and the common sea lettuce, Ulva. 
lactuca, suggests that the ability to discriminate between 
potassium and rubidium may be characteristic of other: 
algae. Uptake was measured by allowing tissue to take: 
up tracer from sea water labelled with tracer amounts of 
both potassium-42 and rubidium-86. The uptake of these 
tracers was calculated from counts made at intervals of 
about 5 days. Fig. la shows the uptake to small disks 
cut from fronds of Ulva, which were blotted, weighed and 
extracted with nitric acid. Fig. 1b shows the uptake to 
Chaetomorpha measured on samples of vacuolar sap col- 
lected with a micropipette. Each point is the mean of 
separate sets of five cells. 

The uptake of potassium to Ulva was rapid and the 
310 uequiv./g in the tissue soon approached isotopic 
equilibrium with sea water. The uptake of rubidium was 
also rapid initially, but slowed down when about 
25 pequiv./g (measured as potassium) had been taken up. 
Even after 24 h there was still only 70 pequiv./g in the 
tissue. 

The cells of Chaetomorpha are large enough for samples of 
vacuole sap to be taken with a micropipette. Because the 
surface to volume ratio for these cells is small, the potas- 
sium in the vacuole takes longer to reach isotopic 
equilibrium than in Ulva. The rates of uptake of rubidium- 
86 and potassium-42 are still very different, however 
(Fig. 1b). Although the uptake of rubidium in both algal 
species is less than that of potassium, rubidium fluxes 
were affected by inhibitors of active transport. For 
example, tracer uptake of rubidium to Chaetomorpha was 
reduced from 0-16 pequiv./h/ml.gap at 17° C to 0-03 
uequiv./h/ml.sap at 05° C and to 0-02 ynequiv./h/ml.gap 
in 10- M CCP at 17° C. Dodd et al.4 found potassium 
tracer uptake reduced from 3-0 to 0-1 yequiv./g/h in DNP 
solution, 

Earlier work has shown (West, unpublished work) that 
in Ulva potassium tracer influx in the dark is lower than 
that in the light by about 50 per cent. The tracer uptake 
of rubidium was also found to be lower in the dark, but 
only by about 25 per cent. 

The differences in behaviour between potassium and 
rubidium in these two seaweeds are summarized in 
Table 1. 


Table 1 
Plasmalemma Tonoplast. Response to 
flux Qı flux Pr inhibitors 

Cla 

Potassium-42 100 wequiv./gih Very large Light sensitive 

Rubidium-86 80 wequiv./g/h Very low Light sensitive 

2 pequiv./a/h 

Chaetomorpha 

Potassium-42 Not determined; 


equiv./mi/h ‘Temp, DNP sensitivet 


net flax = Tu à 
0-2 pequiv./mL/h Lemp, CCP sensitive 


Rubidium-86 n 1s 


These results show that algal cells can differentiate 
between potassium and rubidium, In Ulva, the initial 
uptake is large and the main difference appears to be in. 
the flux at the tonoplast. In Chaetomorpha it is: not: 
possible to distinguish between the plasmalemma. and 
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ig. 1... Uptake of potassium measured from uptake. of potassium-42 
@—-@ and rubidium-86 O-O by (a) Ulva and (b) Chaetomorpha. 


oplast as the site of discrimination between potassium 

< and rubidium, but there is evidently a large reduction in 

met uptake. 

To sum up, the use of rubidium-86 as a tracer. for 
ium-42 in ion uptake studies with marine algae’ 

uld ‘be viewed with caution because the substitution 

y lead to quite anomalous results. 
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1263. 
~ Translocation of Tritium-labelled Gibberellic 
Acid in Pea Stem Segments and Potato 
Tuber Cylinders 


ALTHOUGH the transport of auxin has been studied in 
many plant species and tissues and has often been found 
to be strictly polar (see, for example, reviews by Jacobs! 
and Leopold?), comparable studies on the transport of 
gibberellins are scarce. Experiments by Watanabe: and 
Scully and Clor et al.t showed that gibberellic acid (GA) 


is readily translocated within the plant. Zweig et ali. 


reported similar findings. Kato® found no indication ofa. 
polar pattern of GA translocation in pea stems. . In the 
present work, GA labelled with tritium was used) to 
study further the nature of translocation of GA in pea 
stem sections, particularly with respect to polarity, and 
in the parenchymatous tissue of the potato tuber. 9 S 
Pea seeds (‘Alaska’ variety) were grown in sand ‘in the 
dark. When the seedlings were 12 days old, a 3 em. 
segment was cut from the second internode of the epicotyl. 
Potato tuber cylinders 3 em long were obtained with a 
2 mm cork borer. bettie 
GA labelled with tritium was mixed with 2 per cent agar 
(warm liquid) and then 2x 2x2 mm cubes of solidified... 
agar were cut out. One such agar block was placed on the 
cut end of each stem segment and potato cylinder. 
Twenty pea-stem segments were used. In ten of these, 
the agar blocks were placed on the apical surface (normal _ 
position). In the other ten segments, the agar blocks 
were placed on the basal surface (inverted position). - 
The ten potato cylinders were treated by placing one | 
agar block on one cut end. All the stem. segments and 
the potato cylinders were maintained in ‘a’. vertical 
position in the dark for 12 h. Because the amount of _ 
GA in the agar mixture was not determined, ten such — 
blocks were individually placed in counting vials for | 
extraction. E n 
After troatmént for 12 h the agar blocks were removed 
from the stem segments and from the potato cylinders, and 
were placed individually in counting vials for extraction. _ 
Five 5 mm sections were cut from the treated end of each 
segment and potato cylinder. These -sections were _ 
labelled 1, 2, 3,.4 and 5, starting from the treated end. | 
Each section was individually placed in a counting vial 
for extraction. Each counting vial contained 5 ml. of 
acetone, and all of them were left at room temperature for 
24 h. After the 24 h period of extraction, the sections 
and the agar blocks were washed with acetone, The- 
sections were then discarded. The acetone in the vials 
was evaporated in the open air and 0-2 ml. of absolute | 
ethyl alcohol was placed, in each vial. Ten millilitres | 











of the counting solution (phosphor) were then added to _ 


each vial. All the vials were labelled and counted in a” 
scintillation counter. 

The average activity in the ten agar blocks, which were 
extracted at the beginning of the experiment in order to 
represent the quantity of labelled GA applied to the cut 
surface of each stem segment and potato. cylinder, 
amounted to 67,179 counts/5. min. In Fig. 1 the average 
activity of the ten corresponding sections of both normal 
and inverted pea stem segments has been plotted against . 
distance. The scintillation counts were taken: as an 
expression of the amounts of GA, thus disregarding 
possible degradation of the GA molecule, caused, for 
example, by the heating during the initial mixing with 
hot agar or by enzymatic or other processes in. the 
tissues. : 

The amount of GA absorbed by the pea stem segments ® 
(the difference between the applied and the residual) in 
normal and in inverted segments was about 86 peg cen 
and 80 per cent of the applied GA respectively... The. 
amount of GA recovered by extraction from the normal’ 
and inverted 25 mm segments was about 89 percent and 


84 per cent of the absorbed GA respectivgly. Examina-* 
. 









ce 
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tion of Fig. 1 reveals that the pattern of translocation of 
GA in normal and inverted pea stem segments was similar. 
The slight difference in the amount of GA translocated 
in the two directions appears to be insignificant and 
might be accounted for by experimental errors. The 
rate of translocation also does not seem to vary in the two 
directions. 

A point worthy of mention here is that the GA used 
in this experiment was mixed with hot agar and thus 
any possibility of heat effect on the destruction and 
pattern of translocation of GA is neglected in this discus- 
sion. These results indicate therefore that GA does not 
show a pattern of polar translocation in the pea stem 
segments, and are in complete agreement with the findings 
reported by Kato’. It therefore appears that the trans- 
location pattern is one of the characteristic differences 
between gibberellin and auxin. 


Counts per 5 min x 10* 





10 
Distance (mm) 


15 


Fig. 1. Movement of gibberellic acid labelled with tritium in normal and 
inverted pea stem sectionsin 12h. The average activity of GA found in 
each 5 mm section is plotted against the middle of the given section, 
starting from the treated end. , Normal; ~— — - —, inverted. 





Movement of GA in the potato sections showed a 
completely different picture. The activity of the labelled 
GA was found only in the first 5 mm sections, and this 
amounted to about 11 per cent of the GA applied to the 
potato cylinders. This indicates that translocation in 
potato tissue is an extremely slow process. This limited 
movement of GA is to be expected in such a storage 
tissue with a lower metabolic activity. Such a low-rate 
movement of various growth substances in potato tissue 
was also indicated in experiments by Crafts and Yama- 
guchi’, 
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GENETICS 


Spontaneous Hereditary Mutation for a 
Recurrent Hairless Condition in Mice 


A SPONTANEOUS mutation has appeared in the thirty-first 
generation of a sib-mated control line in a radiation 
genetics programme being carried out at this laboratory. 
This mutation affects the hair coat and produces a hairless 
condition (Fig. 1) which appears intermittently in mutant 
mice. This communication provides a brief account of the 
mutation. 

The first mutant, observed as a male mouse in a litter 
of six females and two males, was produced by a sib 
pair in the thirty-first filial generation of an inbred line 
of the RFM strain (originally obtained from the RFM 
colony maintained by Dr A. C. Upton at the Oak Ridge 
National Laboratory'). The mutant male was sib-mated 
to each of his six sisters. One or more mutants were 
observed in each of the six to eight litters produced by 
five of the six sisters, and only one female failed to produce 
mutant offspring. The recessive nature of this mutation 
was indicated from these original matings. Test matings 
were made when sufficient numbers of mutant mice were 
available, and the results are shown in Table 1. 


Table 1. TEST MATINGS OF MUTANT AND NORMAL MICE TO DETERMINE THE 

GENETIO NATURE OF THE CONDITION 

Number Percentage Normal 

Type of mating of progeny of mutant variate* 

Total Mutant Observed Expected values 
Mutant x normal 212 0 0 0 = 
Carrie: x carrier 328 78 23-8 25 0-51 
Mutant x mutant 1,000+ 1,000 + 100 100 — 
Mutant x carrier 197 101 51 50 0-36 


* The critioal value at the 5 per cent level of significance was 1-96. 


Because the test characteristic (that is, baldness as 
against normal hair growth) is binomially distributed, 
the normal distribution approximation to the binomial 
was used to test expected values against those observed. 
Normal variate values were well below the critical value 
for the 5 per cent level of significance (Table 1), showing 
that the condition was controlled by a single (autosomal) 
recessive gene with complete penetrance. Mice from other 
laboratories are not permitted in our breeding colony, 
and for this reason the possibility of allelism and linkage 





Fig. 1. 


Homozygous mutants with recurrent hairless condition shown 
with homozygous norma! RFM strain in which the spontane us mutation 
occurs, 
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with other known hairless: mutants and linkage groups 
has not been tested. 

. The mutant is similar in some respects to both the 
“hairless” and. “naked” qualities described by Graneberg? 
but also differs in several ways from these and other 
mutants for hair deficiencies*-*. Carriers are not visibly 
different from normal mice. Homozygous mutant mice 
develop 4 coat of hair starting at 10 days of age, and for 
"1-2 days thereafter it is difficult to separate normal from 
©. mutant mice. Hair begins to thin on the thirteenth day 
starting on the head, and by the eighteenth day the head 
ts bald’and the rest of the body sparsely covered. At 
21 days of age the entire animal is bald except for vibrissa, 
‘which do not seem to be involved. A new coat of hair 
‘begins to appear at 32 days of age and is complete by the 

-o thirty-ninth day. About 4 days later the thinning of hair 
is again noticeable, and at 54 days the mice are again bald 
(Fig. 1). The cycle in the male is 1-4 days ahead of that 
in the female. After 60 days, there is no set pattern of 
hair growth; it grows and sheds in various patterns and 

regions of the body but never provides a full coat after 

> this age. 

‘The skin remains pink and smooth throughout the life 

_ of the animal, and the shedding of hair is apparently due 

_ to a break in the hair shaft as in the “naked” condition— 

‘in contrast to the “hairless”, where the entire hair falls 

out , 

«Fertility and libido appear to be normal in all matings 
in which the mutant has been involved, and the mammary 
gland deficiencies reported for the “hairless” characteris- 
tic? have not been observed. 

We are studying the life span and, although our investi- 
gations are not complete, it is now obvious that homo- 
zygous mutant mice have a higher mortality rate than 
normal mice of the RFM strain. A number of mutant 
mice have survived more than 2 years, however, which is 
well above the average life span (about 21 months) of this 
strain. 
There is a rather high incidence of what appears to be a 
~microphthalmic eye condition in young mutant mice, 
and. older mice are frequently plagued by swollen and 
closed eyelids. A few of the mutant mice have continuous 
growth of the upper and lower incisors until the animals 
are no longer able to eat; no abnormal claw conditions 
have, however, been observed. 
Studies of voluntary activity in which the mice were 
allowed free access to activity wheels for periods of 24 h 
‘at ages ranging from 38 to 484 days showed the mutant 
strain to be as vigorous (within statistical limits at the 
_ 6 per cent level of significance) as the non-mutant RFM 
_ strain. 

In radioresistance studies (continuous low-intensity 

xxposure to cobalt-60 y-rays at about 5 rads/h), the 

1omozygous mutant mice were able to tolerate continuous 

xposure for a mean survival time of 865 h, against 1,108 h 

‘+ non-mutant mice. This difference was significant at 

the 5 per cent level of significance and may reflect a basic 

ie difference in the blood-forming tissues of mutant 
n-mutant mice. This mutation has been preserved 
bred true for fourteen generations. This work was 
rmed under the auspices of the US Atomic Energy 
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CYTOLOGY 


Dry Mass of Lymphocytes during | 
Transformation after Stimulation by 
Phytohaemagglutinin 


PHYTOHAEMAGGLUTININ is known to stimulate the human 
peripheral blood lymphocytes to enlarge and dividel. 
The process of the morphological transformation? of these 
cells through nucleolated prolymphocytes into blastoid 
cells is accompanied by cytochemical changes and the 
acquisition of the ability to synthesize RNA and DNA, 

We have investigated the dynamics of the growt! 
transforming lymphocytes by measuring their dry 
by interference microscopy’. A suspension of purifi 
human peripheral blood lymphocytes was used for. 
preparation of cultures. Lymphocytes (2x10°%/ml. of | 
TC 199 medium containing 20 per cent autologous plasma __ 
and 0-01 ml. of phytohaemagglutinin) were incubated at 
37° C. At 12 h intervals separate samples of the culture 
were collected, washed twice at 1,000 r.p.m, for 5 min 
and the resulting cell suspensions were transferred in the 
same medium into 1 mm thick chambers made with 
coverslips on microscope slides sealed with paraffin. 

The optical path difference of fifty randomly. chosen 
cells from each sample was measured with an interference: 
microscope’ in monochromatic light (4=0-546p), by a 
method described in detail elsewhere’. Diameters of 
cells were measured with the eyepiece graticule. The 
cells were assumed to be spherical and their projected 
surface area and volume were calculated from the value’ 
obtained for the diameter. 

Calculations of the dry mass??? were made separately 
for each cell from the formula: 


„2 49 
~ 3° O18 






m + (Nm~ Nw) ae 


0-18 


where A is the projected area surface of the cell; ® isthe 
optical path difference measured at the central, top ‘part 
of the cell; Nm is the refractive index of the medium 
(TC 199); Nw is the refractive index of the water; an 
V is the cell volume. oe 
The mean values for the dry mass of fifty randomly 
chosen cells collected from 12, 24, 36, 48, 60, 72, 84, 96 
and 108 h cultures are shown in Table 1. The mean dry 
mass of the measured cell populations increases markedly |. 
(from 57 to 401 pg) during their transformation until 
96 h and then decreases. (The index of transformed cella 
from this culture was 84 per cent as counted on smears. 
stained with Giemsa at the ninety-sixth hour of culture.) 
The most rapid increase of almost three-fold in dry 
mass is noted between 72 and 84 h of incubation; The 
decrease of the dry mass after 96 h is probably caused 
by cell division, because at this time the largest number 
of mitoses has been observed. The variation in dry misse- 
of measured cells (see Table 1) reveals that. the least 
homogeneous population of the cells appears after 84-96 h 
of incubation. eet ee 
The ratio of dry mass to cell volume for each cell was 
also calculated. These ratios illustrate the concentration 
of the substances within the cells determined by dry mass 
measurement, thus expressing the proportion of the 
water inside the cells. The mean values of the ratio of 
dry mass to cell volume of the lymphocyte populations 
after different periods of culture with phytohaemagglu- 
tinin are given in Table 1. This ratio seems to depend 
on the stage of the transformation; it is greatest for the 
small lymphocytes during the first 36 h of incubation. © 
These cells, then, possess the lowest concentration of the 
water. Pe 
The high ratio has also been found for the rapidly 
enlarged cells (see Table 1) of the group cultured for 84 h: 
Among them presumably is a number of cells in the 
premitotic phase. The correlation coefficjent of the cell * 
Phere 









. 


1266 NATURE, VOL. 214 JUNE 17. 1967 
Table 1. DRY MASS AND DRY MASS/CELL VOLUME OF LYMPHOCYTES INCUBATED WITH PHYTOHAEMAGGLUTININ 

Hours mass/ 

of mean + S.E.) Dry mass variation (per cent) volume Vio. 
incubation $ n pg <100 100-200 200-300 300-600 > 900 pg (mean S.E.) (per cent) 

12 57-14 2-0 100 = - - = - 0-384 + 0-016 29-6 
24 756+ 50 78 22 = = = - 0-297 + 0-014 34-0 
36 905+ 49 72 28 = - 2 - 0-298 + 0-020 41-6 
48 907+ 53 72 26 2 & = = 0-212 + 0-025 81-6 
60 97-6+ 68 58 38 + o - - 0-236 + 25-0 
72 120-1+ 58 40 56 4 - -= - 0-217 + 0-009 27-6 
84 330-2 + 36-9 8 42 22 26 10 2 0-283 + 0-036 87-9 
96 401:4 + 45-8 12 20 24 20 14 10 0-237 + 0-020 59-9 

108 351-3 + 23-8 2 12 38 36 8 4 0-255 + 0-007 17-6 


Values obtained by interferometry of fifty randomly chosen lymphocytes incubated with phytohaemagglutinin, Variation of the dry mass PAA tl 
, 


cytes within the groups measured is presented as a percen of the ce! 


with calculated dry mass: 


< 100 pg; 100-200 pg; 200-300 pg; 300-600 pg; 


and > 900 pg, to the total number of measured cells. V.c., Variation coefficient. 


diameter to the ratio of dry mass to volume from the group 
of 100 randomly chosen small and large cells has been 
found to be — 0-59. 

When these results are considered, allowance must be 
made for possible inaccuracies resulting from the assump- 
tion that the cells are spherical in shape and optically 


homogeneous. 
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Localization of Tritiated Reserpine in the 
Area Postrema and the Floor of the Fourth 
Ventricle of the Mouse 


DuRrIxG an investigation of the fluorescence properties of 
biological substances in gelatine models it was found that 
after treatment with formaldehyde reserpine showed 
fluorescence characteristics similar to those of 5-hydroxy- 
tryptamine (unpublished results of Schofield, Ho and 
Southwell). It was suggested that in vivo cellular localiza- 
tion of reserpine by autoradiography would be of interest 
in the investigation of the effect of this drug on the 
content of 5-hydroxytryptamine in various tissues. This 
communication is a preliminary report on observations of 
the cellular localization of reserpine in the brain. 

A quantity of 250 ue. of labelled reserpine-*H (tri- 
methoxy benzoyl-ring-*H) of specific activity 188 mce./ 
mmole was injected intraperitoneally into two large adult 
male mice. The dose given was 12 mg/kg of body weight 
and the animals were killed 1 and 2 h after injection, 
respectively. The whole brain was dissected, fixed in 

e 10 per cent neutral formalin and divided along the mid- 
sagittal line, Each half was embedded in paraffin, and 
baie ay sections, 3u thick, were cut about 1 mm 

m the mid-line. The sections were dewaxed in xylene, 
passed through graded alcohol, coated with Ilford K2 
nuclear emulsion and stored in the dark at 4° C; the 

* exposure titneyranged from 3-5 weeks. After develop- 
. 


ment, using Ilford developer IZD19, the sections were 
counter-stained with haematoxylin and eosin and 
toluidine-blue. Localization of the drug was determined 
by the presence of groups of dark silver granules (Fig. 1). 

Autoradiographic blackening was observed in sections 
from both animals, although there was a relatively greater 
concentration of granules visible in the mouse killed after 
l h. This observation is in agreement with previous 
reports by Hess et al. and Sheppard et al.*, who found 
that the greatest concentration of reserpine-“C in the 
brain occurred approximately 30 min after intravenous 
injection; the rapid disappearance of the drug was 
attributed to its ready hydrolysis. In both animals the 
greatest concentration of granules was localized through- 
out the whole length of the floor of the fourth ventricle 
where deposits were found immediately subjacent to the 





Fig. 1A. Area postrema, showing groups of dark silver granular deposits 

around the neuropiles (n) and the surrounding cytoplasm, indicated by 

arrows. One hour after injection. Stained with haematoxylin and 
eosin. (* 4725.) 


Fig. 1B. The floor of the fourth ventricle, showing the ventricular 


surface (v) with aggregation of intensely labelled silver ules, 
indicated by arrows subjacent to the ependymal lining (¢) nearby 
neurones (n). One hour after injection. Stained with toxylin and 


eosin. (x 437-5.) 
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ependymal. lining. Large groups of dark silver granules 
were found particularly in the medulla in the area, identi- 
fied as the area postrema and also around the central canal 
caudally and the aqueduct of the mid-brain rostrally. In 
ome instances, the granules appeared to be localized in 
relation to neuronal cytoplasm, but most granules were 
associated with neuropil. There were no granules in the 
deeper layers, and so it was concluded that penetration 
of the labelled drug was. restricted mainly to tissues in 
the region of the ependyma. 
It is well established that reserpine exerts characteristic 
tral depressant effects. The release of 5-hydroxy- 
ptamine®* and catecholamines’ has often been attri- 
ted to its central action. The presence of biogenic 
oamines in this area of various mammalian species 
“has been reported**, and the area postrema has been 
examined by fluorescence microscopy and the depletion 
of catecholamine-containing nerve terminals in this area 
by reserpine has been seen. 

<- Wislocki and Putnam’ stressed that the blood-brain 
‘barrier in the area postrema may be lacking and the 
“preferential access of reserpine to this area, which we 
observed, may be of considerable pharmacological sig- 
onificance in pointing to the possibility that other centrally 
acting drugs may have similar preferential routes of 
penetration. 

CT thank Professor G. C. Schofield for help and Drs 
C.-C. Smith and A. S. Wilson for advice. This work is 
supported by a grant from the National Health and Medical 
Research Council, Australia. 
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PHYSIOLOGY 


Effect of Chronic Reserpine on Metabolism and 
< Chemical Constituents of Turkey Testis 


‘THE tranquillizer reserpine has been used to control and 
prevent aortic rupture in turkeys, and because of the 
suggested effects of this alkaloid on fertility’~* it was not 
surprising that a differential effect on reproductive 
efficiency with respect to sex was reported in mature 
turkeys’, Our more extensive investigations have shown 
that the reduction in fertility of male birds was not 
caused by any visible change in morphology of the 
spermatozoa, or their motility or concentration/mm? of 
semen®. We did observe, however, a significant reduction 
in respiration in vitro of semen from birds treated with 
reserpine. These data suggested that the spermiogenic 
process of the treated males was producing unknown 
quantities of spermatozoa suffering from some metabolic 
or biochemical defect. 

‘Testicular function often seems to be reflected in the 
concentration of testicular constituents and metabolic 
activity in vitro*-", and therefore in an effort to elucidate 
the possible mechanisms causing faulty spermiogenesis 
we designed an experiment to measure such criteria. A 
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commercial strain of white turkeys which was in use for 
a fertility study concerned. with’ reserpine treatment 
served as the source of testicular tissue. Two groups of 


sixteen males were maintained in adjacent. pens, the only = 


difference being that the treated group received 2 p.p.m. 
of reserpine in a breeder ration starting on November 11, 
1965, until the termination of the experiment on June 27, 
1966. Housing conditions, light regime and other factors 
were as described before‘. Four birds were randomly 
sampled from control and treated groups on two. séparate 
days (trial 1 and trial 2). This enabled us to subject: all 
measurements to analysis of variance using a randomized 
complete block arrangement of a factorial design with 15, 


1, 1 and 13 degrees of freedom associated with total, trial, ` 


treatment and error variance, respectively. 


On each trial day the birds were weighed, killed, and — ue 
their testes were removed, weighed and placed on ice.’ 


Dry weight was determined by blotting a small sample © ; 


of testicular tissue and drying at 110° C for 24 h. Total 
lipid was extracted and quantitated as outlined by, Ewing 
et al.", Protein, ribonucleic acid (RNA) and deoxyribo-: 
nucleic acid (DNA) were measured as previously described 
by Ewing et al”. Hexokinase, glucose-6-phosphate: de- 


hydrogenase and lactic dehydrogenase were assayed 


according to Baldwin and Ewing". 


Table 1. EFFECT OF CHRONIC RESERPINE TREATMENT ON WEIGHT OF BODY 
AND TESTIS 

Control Treated 
Body weight (kg) 13-440-8* 144402 
Testis weight (g) 24-4411 29-643-3 f 
Testis : body weight ratio (g/kg) 1040-2 20+ 0-2 
Testis dry weight (per cent) 15-9 + 0-44 139-726-261 
Total dry matter/paired testis (mg/g) 3-9 + 0-50 4140-46 


* Standard error of mean. 
+ Significant difference caused by treatment (P < 0-05). 
t Significant difference caused by treatment {P < 0-01). 


Data presented in Table 1 show that body and testis 
weight were significantly larger (P < 0-05 and- P <0-01, 
respectively) in treated than in control birds. 


content was seen from the fact that the per cent dry matter 
of control testes was significantly (P < 0-01) greater than 
treated testes. Thus, there was no apparent difference in 
total dry matter content of each paired testis weight. 


‘Table 2. EFFECT OF CHRONIC RESERPINE TREATMENT ON TESTICULAR 
CONSTITUENTS : 
Control Treated” 
Total lipid (mg/g wet testis weight) 30-0 + 2-0" Be PRL 
Total lipid (mg/g dry testis weight) 252 + 0-8 261439. 
Protein content (mg/g wet testis weight) 5314 1-1 Ptt 
Protein content (mg/g dry testis weight) 836 4 1183 392 4 21:67 
RNA content (mg/g wet testis weight) SO+L01 Ot 01 
RNA content (mg/g dry testis weight) 19-04 0-7 2104074 
DNA content (mg/g wet testis weight) 20401 ZOLOL 
DNA content (mg/g dry testis weight) 127417 142 + 06 
RNA/DNA 1540-05 16.4005 


* Standard error of mean. 
+ Significant difference caused by treatment (P < 0-05), 
+ Significant difference caused by treatment (P < 0-01). 


Analysis of variance of the data of Table 2 indicated 
that there was no significant difference in concentration 
of any of the biochemical constituents when expressed. on. 
a wet weight basis. When expressed on g of dry weight 
basis, however, lipid, protein, RNA and DNA tended to 
be more concentrated in testes from treated birds. 
Analysis of variance indicated that these apparent 
differences were only significant for protein (P < 0-05) 
and RNA (P < 0-01). Table 3 shows the activity of three 


Table 3. EFFECT OF CHRONIC RESERPINE TREATMENT ON ENZYME ACTIVITIES 
IN TESTIS 
Control Treated 
Hexokinase activity (moles of NADPH/ 0-014+0-0038* Old 40-004 . 
mg of protein/min) . 
Glucose-6-phosphate dehydrogenase ac- 0-52 + 0-06 038 +04 
tivity (umoles of NADPH /ing of protein/ 
min x 10°) g ’ 
Lactic dehydrogenase activity (umoles of 0-22 +002 0-22 £002 
NADH /mg of protein/min) Py 
* Standard error of mean. e 


That: 
increased testis weight resulted from increased water. 
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Antigonadotrophic Effects of «-Methyityrosine, 
Hrs Methysergide and Reserpine 


RESERPINE: depresses the reproductive function in adult 
animals and produces a striking reduction in the response 
of immature mice to injected gonadotrophin! *, which 
does not necessarily mean that reserpine acts by diminish- 
ing gonadal responsiveness to gonadotrophin, because a 
similar depression of response in immature mice can be 
produced. by hypophysectomy*+ or by injection of 
barbitone’. It is probable, though not proved, that 
reserpine acts chiefly to reduce secretion of endogenous 
gonadotrophin which contributes to the response, even in 
immature animals. 
-= The mode of action of reserpine in this context is not 
¢elear, but experiments have suggested that its effect on 
the levels of 5-hydroxytryptamine (5HT) in the tissues 
may be important?, This led to the observation that 
methysergide as well as reserpine suppressed induced 
ovulation in immature mice’. On the other hand, the 
importance of its effects on the concentrations of catechol- 
amines was suggested by the observation that pretreat- 
-@ ment with L-dihydroxyphenylalanine prevented the 
inhibitory effect of reserpine?. a-Methyl-.-p-tyrosine 
{xMPT) was therefore tested, because this drug is believed 
to inhibit the synthesis of noradrenaline without influ- 
eneing the concentrations of 5-hydroxytryptamine in the 
brain’. he tests were carried out in three different 
* systems in“whpich immature mice were injected with 
* 
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reser 


«MPT was injected. sub- 
cutaneously in suspension and methysergide’ was injected 
intraperitoneally in distilled water: control mice were 
injected with the appropriate vehicle: There were between 
five and ten mice in each treatment group. Neither drug 
caused any significant alteration in body weight. Mee 

In the first system, immature Schofield mice were 
injected with a single dose of PMS and examined for 
ovulation after 69 h. Methysergide has been shown ‘to 
reduce the percentage of mice ovulating in these’ con- 
ditions’. Fig. 1 shows that a single injection of 1 mg of 
«MPT (equivalent to about 50 mg/kg) given 24 h before 
killing the mice caused a significant (P < 0-05) reduction 
in the response to PMS. ae ee 

In the second system, the uterine weight of immature 
OSI mice was measured 30 h after a single injection of 
PMS. When single injections of «MPT or methysergide 
were given 2 h after the PMS, they reduced the response, 
but not significantly. The effects of two injections each 
of 0:75 mg of «MPT or of 30 ug of methysergide given 2h 
and 5h after the PMS are shown in Fig. 2. Both drugs 
caused a significant (P < 0-02) reduction in response. Each 
dose of aMPT corresponded to an injection of about 50 
mg/kg, and that of methysergide to an injection of about 
2-25 mg/kg. 

In the third system, ovarian weight was measured in 
immature OSI mice 72 h after a single injection of PMS, 
Fig. 3 shows that a daily injection of «MPT for.3 days 
caused a significant (P < 0-05) reduction in response to 
the larger dose of PMS but not to the smaller dose. Daily: 
doses of 1-0 or 6-5 mg of aMPT were effective, the large 
dose corresponding to about 60 mg/kg/day. Three daily 
doses of 30 ug methysergide did not modify. the ovarian 
response in the same experiment. ; o 

In each of the three systems «MPT reduced the response 
to PMS whether this was judged by induced ovulation, 
ovarian growth or uterine growth, the last probably: 
reflecting steroid secretion or possibly uterine responsive: 
ness. These effects are similar to those of reserpine. 
Methysergide also reduced the response in two of these 
systems and its failure to do so in the third may have 
been caused by the limitations of the experimental. con: 


100 
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Percentage ovulating 





15 3 8 
PMS (IU) : 
Fig, 1. Effect of a single injection of 1 mg of aMPT on the ovulation ae 


produced in immature mice by a single injection of PMS. ' é control 
mice were injected with the vehicle used for the aMPT. : 















ossibly they. produce 
ell as the quantity of 
' drug, however, sup- 
adult OST mice ‘in the 


ce of ovulation, while two doses of approximately 
y/kg of reserpine at these times reduced ovulation 
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Big. 2: Effect of two injections of 0-75 mg of aMPT or of 30 pg of 


mothysergide (MS) on the uterine response to a single injection of PMS. 
“The two drugs were tested in the same experiment, but each was given 
in a different vehicle, so two sete of contro! data were obtained. 
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Fig..3.. Effect of once-daily injection of eMPT (0-5 or 1-0 mg) or of 30 ug 

: piethysergide (MS) on the ovarian response of immature mice to a single 

injection of PMS, The two drugs were teated in the same experiment, 

buteach was-given in a different Beech so two sets of control data were 
obtained. 
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Inhibition of Bone Resorption in the Rabbit 
by Fluoride pees 
THE complicated effect of fluoride on bone has been an. 
enigma since the first adequate description of skeletal 
fluorosis in 1937. The principal changes are an increase 
in the amount of trabecular and cortical bone, a thickened 
periosteum and, frequently, the presence of large resorp-_ 
tion cavities with fibrous tissue replacement!. The 
presence of similar resorption cavities in patients suffering 
from osteitis fibrosa cystica, caused by hyperactivity. of 
the parathyroid glands, led to an investigation of fluorotie: 
sheep, using electron microscopy of the parathyroid 
glands, and an immunoassay of the amount of parathyroid 
hormone in blood samples, taken from the jugular. vein. 
This work provided definite evidence of hyperactivity of 
the parathyroid glands in fluorosis*. A brief reference. was 
made at the same time to an inhibitory effect of fluoride 
on bone resporption in rabbits, and a report of these: 
findings follows. ee 

Fifteen 6 week old female rabbits were given, sodium. 
fluoride (200 p.p.m.) in their drinking water. Fifteen. 
rabbits of the same age and sex served as controls. Intra- 
muscular tetracycline was administered to label bone, 
first at 6 weeks and again at 10 weeks; the animals 
were killed at 14 weeks--8 weeks after the beginning of 
the experiment. The bones were examined by light, — 
ultra-violet and electron microscopy, and by mieroradio- 
graphy. The parathyroid glands were examined by: 
electron microscopy. ae 

The femora were examined in greatest detail; the 
changes observed after 1 month’s treatment with fluoride ~ 
differed only quantitatively from those seen after 2. 
months. The femora from the animals that had received 
fluoride were thicker (mean cortical thickness at the mid 
diaphysis: controls 0-030 in., experimental 0-050: in.; 
with eighteen degrees of freedom t= 5-58, P< 0-01) 
but not longer. The normally slender shaft, with its 
narrow diaphysis, was wide and had an approximately” - 
uniform width throughout. Whole radiographs of these 
femora revealed a thickening of cortical bone in. the 
proximal metaphysis and an increase in the amount: of 
endochondral bone in both metaphyses. These changes 
were accompanied by localized widening of the medullary 
cavity in the mid-diaphysis (Fig. 1). 

Histology of the growth cartilage from the distal 
femoral metaphysis revealed a considerable increase in 
the length of the cartilage columns in the fluorotic bones 
(Fig. 2). This lengthening was accounted for principally 
by an increase in the number of fully grown and hyper- 
trophied cells, and indicated a failure of resorption of 
cartilage essentially similar to the arrest in resorption * 
produced by the insertion of a polythene barrier beneath 
growth cartilage’. 

Microradiography of undecalcified, longitudinal sections 
of the distal femoral metaphysis from the pxPerimental =” 

° 
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animals. revealed a considerable increase in the amount 
of endochondral bone in the vault extending into’ the 
normally hollow shaft... Examination of transverse sec- 

- tions of the mid-diaphysis from the same bones revealed 
an exaggeration of bone resorption on the endosteal 
surface at the site of the widening of the medullary cavity 
seen.in the whole radiographs. This was accompanied by 
an-inerease in the deposition of periosteal bone which 
consisted of eccentrically radiating trabeculae. 

Examination of the parathyroid glands from the 
fluorotic rabbits revealed the changes indicative of hyper- 
activity that have been described previously in fluorotic 
sheep”. 

The radioactive isotope studies of Leblond et al.* have 
established that the endochondral bone formed beneath 
the growth cartilage is maintained at a constant depth 
by resorption in the vault, while periosteal resorption 
reduces the width of the metaphysis for its eventual 
incorporation into the slender shaft, thus maintaining the 
normal funnel shape of the extremities. The metaphyses 
of the fluorotic bones were wider and the endochondral 
bone was increased because resorption was reduced. If 
this extra bone had resulted from an increased prod:ction 
of bone, then an increase in the number of cells in the 
flattened-cell zone of the growth cartilage, and not in the 
hypertrophic zone, would have been observed. The bones, 
furthermore, would have been longer. 

In the midshaft, resorption occurs on the endosteal 
surface only, and deposition is confined to the peri- 
osteum‘’, In the fluorotic femora, unlike the situation in 
the metaphysis, resorption in the mid-diaphysis was not 
reduced but increased. Labelling with tetracycline 
revealed that in the fluorotic femora virtually all the 
bone that had been formed in the diaphysis before 
the administration of fluoride had been resorbed. In the 
control bones, however, this pre-experimental bone. 
formed up to the age of six weeks, had remained intact 
on the medial side, and only approximately a third of it 
had been resorbed on the lateral side. 

Sissons has calculated that in rabbits between the ages 
of 6 and 16 weeks the width of bone laid down beneath 
the distal femoral growth cartilage in 24 h amounts to 
approximately 0-3 mm (ref. 5). It can be computed from 
this, therefore, that approximately 16 mm of bone was 





Fig, 1. Radiographs of whole femora from a norma! rabbit (left) and a 

rabbit which received fluoride for 2 months (right). There is an increase 

in the width, the thickness of the cortex and the amount of bone in the 

metaphyses of the experimental femur. Note also the localized dilata- 
e tion of the medullary cavity (arrowed). 
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Fig. 2. a, Longitudinal section of the distal femoral epiphysis of a normal 

rabbit. The hypertrophic cells (H) account for approximately one third 

of the width of the growth cartilage, (PAS stain; x e, 60.) b, Longi- 

tudinal section of the distal femoral epiphysis of a rabbit which received 

fluoride for 2 months, The number of hypertrophied cells (A) has 

doubled, and they oceupy approximately half of the width of the growth 
cartilage. (PAS stain; x e. 60.) 


added to the distal end of the shaft during the experi 
mental period, and thus all the bone in the metaphysi 
was formed during the experiment. The essential dif 
ference between the metaphyseal and diaphyseal end 
osteal bone in the experimental animals, therefore, is tha 
the former contains fluoride and the latter is normal bone 

It would appear that only the resorption of fluoride 
containing bone was affected and that normal bone 
present before the onset of the experiment, was resorbei 
at a faster rate than that in the control animals. Fluoride 
therefore, does not have a generalized depressant effec 
on bone resorbing cells. Fluoride can replace the hydroxy 
radical in the apatite lattico? and the resultant bom 
holding the fluoride ion is stronger; this explains th 
greater insolubility of fluorapatite in water and may als 
explain the greater resistance of fluorapatite-containin, 
dental enamel to the demineralizing effect of caries*. IĮ 
is equally possible, therefore, that fluoride, in producir; 
more stable bone mineral, renders the fluoride-containin: 
bone resistant to the normal processes of resorption. Thi 
would explain the reversion to a normal calcium balane 
and the reduction in the loss of radioactive calcium fror 
the skeleton of patients with Paget’s disease when treate: 
with fluoride’. 

The hyperactivity of the parathyroid glands in th 
fiuorotic rabbit, in the presence of this inhibition c 
resorption, suggests that it is a compensatory phenomeno: 
to maintain the calcium at a constant level, and thus th 
increased resorption of normal bone. This could explai 
furthermore why other workers have found the serur 
calcium level to be unaltered in skeletal fluorosis!*, Th 
parathyroid glands have been found to be enlarged i 
the presence of diminished resorption in osteopetrosis i 
rabbits'!; this suggests a similar attempt to maintain th 
serum calcium, but owing to the fact that no normal bon 
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CLASSICAL RESOLUTION TEST 
SINGLE FOCUS 


Resolution 43,900 


HIGH RESOLUTION 
DOUBLE-FOCUSING 
SCAN OF 
ISOCAUCALOL 

Fragments near M/e 128 





PLANNING A MASS SPECTROMETER? 


Thenew Hitachi Perkin-Elmer RMU-6E 
Is an instrument that gives you excep- 
tional performance and versatility at 
moderate cost. It is easy to operate, 
compact and reliable, Its bullding- 
block design allows you to add all the 
analytical capability you need as 
your mass spectrometer programme 
grows. For example: you can attach 
the electrostatic sector to allow high 
resolution (M/AM 10,000 routine, 
30,000 attainable) and precision mass 
measurement(betterthan 11n 200,000). 
For computer-aided spectral, inter- 
pretation, our new DDA-1 Digital 
Data Acquisition System records 
12,000 twelve-bit data points per 
second on magnetic tape with com- 
patible format. 


@ The RMU-6E Analyser incorpor- 
ates a 90° 8 Inch-radlus magnetic 
sector with rigid, open construction. 
Its high resolution results from a 
refined Ion optical design. Aberra- 
tions are corrected to the second 
order, and fleld fringing Is minimized. 
Its wide pole pleces glve a homo- 
geneous fleld across the tube. 
Externally adjustable slits allow trans- 
lation, tilting, and width adjustments. 
The magnet Is fully adjustable în all 


HO REPRESENTS 
OT pom t-BUTYL BENZENE 
ADDED AS INTERNAL STANDARD 


J BENZENE 
2--TOLUENE 

J-ETHYL BENZENE 
A~P- XYLENE 
S—dA-XYLENE 
6~O-XYLENE 

Fo ISOPROPYL BENZENE 
B--T-BUTYL BENZENE 


coordinates, and need not be re- 
aligned when returned to position 
after bakeout. The solid state elec- 
tronics are designed for high resolu- 
tlon stability. Masses can be scanned 
to more than M/e 2000, Positive or 
negative lon scanning is standard. 
The all stainless steel vacuum system 
provides low background while allow- 
ing unattended operation without 
need for cold traps. Once set up, the 
RMU-6E analyser requires little atten- 
tion. 


è All-Glass Heated Sample Inlets 
accommodate gases, liquids and 
solids. Sample Introduction Is con- 
venlent; throughput is high. 


@Dual Direct Sample Introduc- 
tion Into the lon Source produces 
Intense spectra even at the low 
temperatures required with unstable 
samples. The amino acid spectrum 
below Illustrates this. 


@ Gas Chromatograph Connection 
System heatable to 350°C with 
efficient all-glass helium separator 
allows on-the-fly Identification (M/e 
12-450 in 2 secs) of as little as 3 
nanograms of component injected 
Into the G.C, 


PORTION OF MASS SPECTRUM FROM 
CHROMATOGRAPH PEAK 28 REPRESENTS 
O 1 ppm 1 BUTYL BENZENE INJECTED INTO OAS CHROMATOGRAPH 


PEAKS ON LOWEST SENSITIVITY GALVANOMETER 
ARE EQUIVALENT TO PEAK HEIGHT 
THAT WOULD BE ORTAINED FROM A J MANOGRAM SAMPLE 


C'9C6H1102 


4AT ome 
R—=28,600 


M/s 128 


@ Electron Multiplier Detector is 
required for highest sensitivity and 
speed of analysis. It offers a gain of 
more than 50,000X the Faraday cup 
detector. 


@ Precision Mass Marker directly 
indicates the mass number and marks 
the chart for faster data interpretation. 


è Accessories Include Fox-type lon 
source, Knudsen cell, double collec- 
tor for isotope ratio work. 


The cost of a typical RMU-6E from 
sample Inlet to electron multiplier and 
high speed recorder is less than 
£12,500. A high-resolution double- 
focusing Instrument costs less than 
£21,500. Where diverse requirements 
exist within a single department, we 
have been able to Install two complete 
high performance systems within a 
tight budget originally established for 
one mass spectrometer. For more 
information, or to arrange a visit to 
our Mass Spectrometer Demonstra- 
tion Laboratory, contact Perkin- 
Elmer Limited, Beaconsfield, Bucks, 
Telephone: Beaconsfield 2571. 


PERKIN-ELMER 


AMINO ACID SAMPLE TKYTOPHAN 
SAMPLING TEMPERATUMES: 75°C 
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NEW BOOKS OF THE MONTH 


Complete in Three Volumes 


QUALITY CONTROL IN THE FOOD INDUSTRY 
Edited by S. M. Herschdoerfer 


The food industry is one of the largest in the world and is, of course, of special importance 
to everyone. It is therefore surprising that there is no book available dealing with quality 
control in the food industry in all its aspects. This three volume work is planned to fill 
this gap and, by a happy coincidence, its publication falls into the Quality and Reliability 
Year inaugurated in October 1966. 

Volume 1, June 1967, xiv+385 pp., 90s. 


J. Hawthorn: The Organization of Quality Control. A. C. Frazer: Health Problems 
in Quality Control: Chemical Aspects. Betty Hobbs: Health Problems in Quality 
Control: Microbiological Aspects. E. H. Steiner: Statistical Methods in Quality 
Control. N. T. Gridgeman: Tasting Panels: Sensory Assessment in Quality Control. 
F. Townshend: Food Standards. Author Index. Subject Index. 


Experimental Botany: An /nternational Series of Monographs 
Consulting Editors: J. F. Sutcliffe and P. Mahlberg 


VOLUME 2 


PLANT-WATER RELATIONSHIPS 


R. O. Slatyer 
June 1967, xli+ 366 pp., 90s. 


This book fulfills the need for an up-to-date and integrated account of the water relation- 
ships of plants. It deals not only with cell and tissue-water relationships, but with plant- 
environment interactions at both the single plant and plant community level. 


Contents 

Some Properties of Water and Aqueous Solutions. Environmental Aspects of Plant-Water 
Relationships. The State of Water in Soils. Movement of Water in Soils. Water as a 
Plant Component. Water Exchanges in Plant Cells and Tissues. Water Movement 
Through the Plant. Special Aspects of Transpiration. Development and Significance of 
Internal Water Deficits. Bibliography. Author Index. Subject Index. 


ALGEBRAIC NUMBER THEORY 


Proceedings of an Instructional Conference organized by the London 
Mathematical Society (A NATO Advanced Study Institute) with the support 
of the International Mathematical Union 


Edited by J. W. S. Cassels and A. Fröhlich 

June 1967, xil+366 pp., 100s. 

This volume gives the non-specialist algebraist or number-theorist a grounding in the 
basic contemporary theory with a discussion of some topics of special Interest. 


Contents 

A. Frohlich: Local Fields. J. W. S. Cassels: Global Fields. B.J. Birch: Cyclotomic 
Fields and Kummer Extensions. M. F. Atiyah and C. T. C. Wall: Cohomology of 
Groups. K. Gruenberg: Profinite Groups. J.-P. Serre: Local Class Field Theory. 
J.T. Tate: Global Class Field Theory. H. Heilbronn: Zeta-Functions and L-Functions. 
P. Roquette: On Class Field Towers. M. Kneser: Semi-Simple Algebraic Groups. 
H. Hasse: History of Class Field Theory. H. P. F. Swinnerton-Dyer: An Application 
of Computing to Class Field Theory. J.-P. Serre: Complex Multiplication. K. Hoechs- 
mann: /-Extensions. J. T. Tate: Fourier Analysis in Number Fields and Hecke’s 
Zeta-Functions. Author Index. 


Berkeley Square House, Berkeley Square, London, W.1 
111 Fifth Avenue, New York, New York 10003 


f (AP) Borsley san PRESS London and New York 
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exists in this condition, the concentration of serum cal- 
cium remains small!*. 

The increased deposition of periosteal bone found in the 
rabbits and reported previously in a variety of animals?:13.14 
is not incompatible with hyperactivity of the parathyroid 
glands in view of the findings of increased periosteal bone 
growth associated with increased resorption and the 
administration of parathormone*)*, Furthermore, the 
elegant in vitro studies of Nichols et al. on the effect of 
parathyroid hormone on bone have led to the proposal of a 
similar hypothesis that new bone formation in skeletal 
fluorosis is due to stimulation of the parathyroid glands”. 

This work was supported by a research fellowship from 
the Nuffield Foundation. I thank Professor J. D. Boyd, 
in whose department this work was performed, and Dr 
C. W. M. Pratt for his help. 


J. M. Facorni* 
Anatomy School, 
University of Cambridge. 
Recerved December 1, 1966. 


* Present address’ Department of Morbid Anatomy, University College 
Hospital Medical School, London, W C1 
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Effects of Starvation on the Contractility 
of the Myocardium 


STARVATION produces marked alterations in cardiac 
metabolism, for example, decreased glucose, lactate and 
pyruvate metabolism accompanied by accelerated meta- 
bolism of lipids, and a raised concentration of glycogen 
and giucose-6-phosphate'-*. It was of interest to ascertain 
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Fig. 1. Contractile cycle of isolated atria from fed and starved rats. 

Traces from two experiments have been sapermmposed. Vertical bar, 

100 mg; horizental » 100 poder wa Atria from starved rat; J, atria 
m rat, 
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Fig. 2. Contractile depression of isolated atria from fed and starved rate 

ın the absence of glucose Atria were washed three times with glucose- 

free medium at 0 . Vertical bars extend above or below the mean 

expermmental points by one standard error of the mean. (1) Atria from 

starved rats (24 h)—twenty-four atria; (2) atria from fed ra! ighteen, 
atria. 


whether these metabolic changes are associated with 
modifications of the contractile behaviour of the myo- 
cardium. Accordingly, we have investigated the effects 
of starvation on the contractility of isolated rat atria. 

The tension developed by the atria and the time course 
of the contractile cycle were recorded as previously 
described’. The concentrations of glycogen were measured 
by the method of Weisberg and Rodbard® and expressed 
as glucose equivalents. 

A comparison of the glycogen content of atria from fed 
and starved rats immediately after they had been killed 
(0 time in Table 1) shows that starvation markedly 
increases the concentration of glycogen. When atria 
from starved animals are equilibrated m Krebs-Ringer 
glucose medium for 60 min, or in the absence of glucose 
for 30 min, however, the concentration of glycogen 
declines to that of the control atma (Table 1). Table 2 
shows the tension developed by atria after 60 min of 
equilibration in glucose medium. It 1s evident that the 
tension developed by atria from starved rats is similar in 
magnitude to the control; however, as shown in Fig. 1, 
high speed tracings of the contractions reveal that atria 
from starved rata develop tension at a higher rate and 
show earlier peak times (observed in five out of six paired 
cases which developed a tension of 400 mg) as well as 
faster rates of relaxation (observed in eleven out of 
twelve paired cases which developed comparable levels of 
tension) than atria from fed rate. 

Fig. 2 shows the effects of omitting glucose (substrate- 
free) on the tension developed by atma from fed and 


Table 1. GLYCOGHN CONTENT OF ISOLATED ATRIA FROM FRD AND STARVED 
RATS 


Nutritional condition 
Medium Fed Btarved 


Time 
(min) (24 h) 
— 0 306-84 + 26-874 (6) 708-45 + 20 07t (8) 
Glucose (5 6 mmoles/1.) 60 486-42 + 47 68 w 440-54 + 86°62 H 
Glucose-fres 80 305 23 + 21-20 (6 491-56 + 52:80 Hi 


*Concentrations of atrial glycogen, expressed as ug of glucose/100 mg of wet 
muscle (mean + S.4.Af.), were determined immediately after the animals ware 
killed (0 time), following 60 min equilibration in 6 6 mmolar glucose medium 
and after 80 min ın substrate-free medium. The number of atria is given in 
parentheses 

t P<0 001, 


Table 2. TENSION DBVRLOPED BY IBOLATBD ATBIA FROM FAD AND STARVED 
BATS 


Starved 
Fed 24h 48h : 


480 +21 9 (36) 41920-6 (38) 417 +15-8 (12) 


* Atrial isometric peak tension, expressed in (mean + SBH), was 
recorded Immediately after the 60 min period of bration ja 6-5 mmolar 
glucose medium. The number of atria 1s givenin parenthosem 
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starved rats. It is evident that when the atria from 
starved rats are suspended in substrate-free medium, 
they show significantly smaller reduction ın contractility 
than do those from fed rats. 

The modifications of the contractile cycle in the presence 
of glucose, for example, the earher peak time and the 
distinct increase in the rate of relaxation, indicate that 
starvation modifies the processes which regulate the 
development of tension and relaxation in cardiac muscle. 
Inasmuch as the concentrations of glycogen in atria from 
starved and fed rate after equilibration for 60 min in 
glucose medium or after 30 min in substrate-free medium 
were similar, the difference in the reduction in contraction. 
which occurred in the two groups of atria cannot be 
explained on the basis of differences in the concentrations 
of glycogen as energy stores for contractility. It would 
appear that the differences in contractile behaviour result 
from alterations in metabolism which occur during 
starvation. The metabolic aspects of these changes in 
contractility deserve further investigation. 

This work was supported by grants from the US 
National Science Foundation and the National Institutes 
of Health. 
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PSYCHOLOGY 


Detection and Recognition Measures of 
Shape Discrimination 


Te ease with which an animal differentiates shapes is 
commonly measured by presenting it with two shapes, 
either simultaneously or successively, over a number of 
trials and rewarding a response specific to one shape but 
not to the other’. Measures of performance obtained in 
this way have recently been used to develop hypotheses? 
about the way in which the visual system analyses input 
relating to shape. Common to all the hypotheses is the 
claim that the difficulty an animal has in discriminating 
between two shapes gives an index of the similarity of 
the signals produced in the visual system. by these shapes. 
The present communication considers behavioural tests 
of this claim. 

The rat’, the octopus! and the young child’ do not 
respond differentially to mirror image oblique lines (that 
is, hnes midway between the horizontal and the vertical 
but separated by 90°) at a rate better than chance over a 
large number of trials. Each species is, however, readily 
able to discriminate between a vertical and a horizontal 
line. Although current theories differ in what they 
prepose to be the neural mechanisms underlying shape 
discrimination, each has assumed that shapes which are 
readily discriminated are analysed differentially by the 
visual Syasem and shapes which are not discriminated are 
analysed similarly. In offering an explanation of be- 
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havioural data obtained with the octopus, Sutherland’, 
for example, has referred to neuroanatomical evidence 
which indicates that receptive fields in the visual system 
of the octopus are maimly oriented in either the vertical 
or the horizontal direction. A system organized m this 
way would generate identical signals for mirror image 
oblique lines but markedly different signals for vertical 
and horizontal hnes. The ability of the cat’ to dis- 
criminate between mirror image obliques as readily as 
between the vertical and the horizontal has been attri- 
buted‘ to the existence of receptive fields oriented in 
directions other than the vertical and the horizontal in 
the visual system of the cat. 

It should be noted, however, that successful diserumina- 
tion under conditions where the animal has to indicate 
the “correct” shape (recognition conditions) requires more 
than that the shapes beg judged differ in the signals 
they generate in the visual system. The animal must 
also attend to these differences and learn which of the 
available responses is to be given to each set of signals. 
Chance performance under recognition conditions can thus 
arise ın any one of three ways. The shapes bemg judged 
may produce identical input; they may differ in the input 
they produce and the animal may attend to common 
features rather than differences; or there may be differ- 
ential coding and adequate attending, yet the animal may 
fail to learn the response appropriate to each set of signals. 

A choice can be made between the first and the third 
of these explanations by comparing recognition and 
detection measures of shape discrimination. Detection 
methods include oddity discrimination (the animal 1s 
presented with three shapes, two of which are identical, 
and is rewarded for responding to the odd shape), match- 
ing from sample, and same-~different discrimination’. 
Successful discrimination under either recognition or 
detection conditions implies that the shapes being judged 
differ in some input characteristics and the animal attends 
to these differences. Detection further requires the animal 
to classify the signals generated by the shapes as identical 
or different. Recogmtion involves an additional identi- 
fication process; the animal, by its behaviour, must 
indicate which shape is which. This is possible uf the 
animal can remember from trial to trial to which set of 
signal properties & given response must be made. 

The most extensive comparison of recognition and 
detection measures of shape discrimination has been in a 
study which used young children as subjects, Although 
many of the children did not exceed chance accuracy 
when they were required to select the same one of two 
mirror image oblique lines over a series of trials, very fow 
made many errors in judging whether two oblique lines 
were oriented ın the same direction or in different direc- 
tions. The difference between mirror image oblique lnes 
was detected as readily as the difference between a 
vertical and a horizontal line. The recognition results 
thus cannot be interpreted as indicating that mirror 
image obliques look alike to the young child, as Deutsch* 
has suggested, or that these shapes produce identical 
input ın the visual system. It is more probable that poor 
recognition arises from deficiencies in the system by which 
the child remembers information relating to spatial 
orientation. The child perceives that mirror image 
obliques differ in orientation but seems unable to remem- 
ber from trial to trial which is the “correct” oblique. 

Although none of the rats tested by Lashley’ succeeded 
in discriminating between N and [/| and 8 and 2 under 
recognition conditions, it is known that at least some rats 
are able to discriminate between mirror image obliques 
under detection conditions. Detection measures of shape 
discrimination could profitably be obtained with the 
octopus. Such resulta would provide tests of the hypo- 
theses developed by Deutsch, Dodwell and Sutherland. 
If the poor recognition of mirror image obliques by the 
octopus is determined by input coding processes, the 
octopus should also perform poorly under detection con- 
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ditions. If, however, chance performance under recog- 
nition conditions represents the inability of the octopus 
to remember from trial to trial which oblique is which, 
the octopus should be successful in a situation like oddity 
discrimination where this memory requirement is elimin- 
ated. 

It should be noted briefly that results which show that 
an anımal does not exceed chance accuracy under detec- 
tion conditions do not necessarily indicate that the shapes 
being judged generate absolutely identical signals in the 
visual system. It may instead be that the animal is not 
attending to signal characteristics in terms of which the 
shapes differ. This issue, which will not be considered 
further here, can be examined by using procedures which 
control the animal’s attention". 

The approach which has been developed can also be 
applied to results which indicate that there ıs better 
discrimination between some sets of shapes than others 
under recognition conditions. Sutherland‘ has offered a 
neural class explanation of such results. He has sug- 
gested, for example, that the better discrimination of 
extent in the horizontal than in the vertical direction 
comes about because there are more units in the optio 
lobe of the octopus with horizontal receptive fields than 
with vertical receptive flelds. It is possible, however, 
that the octopus performs better with horizontally inclined 
figures because it can more easily remember information 
about extent in the horizontal direction. A choice can 

” be made between these two explanations by comparing 
‘recognition and detection measures. A suitable detection 
task would involve presenting three lines and rewarding 
attacks to the one which differs in length from the other 
two. Suthorland’s explanation implies that the octopus 
should still perform better on the discrimination of hori- 
zontal extents under detection conditions. If, however, 
the recognition results represent the effect of memory 
variables, the octopus should detect differences in extent 
equally well in the vertical and horizontal directions. 

The value of the strategy by which measures of 
behaviour are used to infer the logic of the system 
mediating behaviour can scarcely be denied. When this 
strategy is adopted consideration must, however, be 
given to alternative logics and attempts should be made 
to choose between these. In the present communication 
it haa been suggested that recognition measures of the 
diacrimination between two shapes may provide informa- 
tion about the operation of the system by which an 
animal learns to associate responses to particular sets of 
sensory input rather than about neural mechanisms which 
differentiate the signals generated by the shapes. Experi- 
ments which compare recognition and detection measures 
of shape discrimination are required before a choice can 
be made between these alternatives. The availability of 
such results will make it possible not only to assess 
current theories of shape discrimination but will also 
indicate the extent to which theories of discrimination 
learning must make reference to sensory coding mechan- 
isms. 

R. OVER 
Department of Psychology, 
University of Otago, 
Dunedin. 
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SOIL SCIENCE 


Dual Energy Gamma-ray Transmission for 
Coincident Measurement of Water Content 
and Dry Bulk Density of Soil 


GAMMA-RAY transmission has several advantages for the 
measurement of the water content or dry bulk density 
of soils, provided that only one of these properties variest:*. 
It is important when working with layered soils that a 
high degree of sample resolution is attained and this can 
be achieved by counting unattenuated primary energy 
photons. In many field studies, however, considerable 
variations of both water content and dry bulk density 
occur together, and in such cases these properties have 
to be measured independently. A possible method of 
achieving this is considered in this communication. 

When I calculated the ratio between the theoretical? 
absorption coefficients of water and concrete (the total 
composition of which is similar to that of most soils) 
I found that it depended markedly on photon energy 
below 100 keV but only slightly at higher energies. 
This suggested that it might be possible to measure 
attenuation with two widely differing primary photon 
energies (Z’ and E”) and thus to solve the following 
simultaneous equations for the values of mass thickness 
(g/cm?) of soil (S) and water (W): 


In I’ = 
In F = 


In Pe — (LaS + pW) 
In I’, — (aS + pW) 


(1) 
(2) 


in which Z and Z, are the primary energy count rates with 
and without the sample, and u, and us are the mass 
absorption coefficients (cm*/g). For situations in which 
the sample thickness is constant, values of mass thickness 
can be replaced by units of mass/volume which are usually 
required in practice. 

I chose sources consisting of 350 mec. americium-241 
and 30 me. caesium-137 to give low and high photon 
energies, respectively, and mounted them, in turn, 37 cm 
above a scintillation detector with a 5 em crystal of sodium 
iodide doped with thallium. Both the source and the 
detector were laterally shielded. with lead but no colima- 
tion was used. Samples for calibration and test were 
placed in polyvinyl chloride tubes (8:1 cm internal dia- 
meter and 30 cm long), closed at one end, which were 
aligned such that their long axis was coincident with 
that of the source and detector. Count rates for the 60 and 
660 keV photopeaks were measured in turn for both the 
low energy and high energy sources. 

Experimental values for I, and the absorption coeff- 
cients of oven dried fine sand and water were obtained 
separately by analysis of the regression of In J on mass 
thickness for each photon energy. Results for low mass 
thicknesses which showed evidence of pulse loss as a 
result of coincident counting were ehminated. The 
results are shown in Fig. 1 in which a standardized ordi- 
nate scale is used. 

The experimental absorption coefficient ratios, p's/ 
uw = 16 and p",/u%~ = 0-9, are in good agreement with 
the corresponding values of 1-4 and 0:9 which can be 
calculated for standard narrow beam absorption coeffi- 
cients for water and concrete. Because of the lack 
of collimation, experimental absorption coefficients differ 
from standard values, but this will not affect the principle 
or accuracy of the method provided the geometry remains 
constant. 

Samples of known soil~water mixtures were placed in 
the container and transmission was measured at both 
energy values. By substituting measured values of 
Fo Io Wa Ws, Kw bw, Equations (1) and (2) were 
solved for S and W. The known and measured values 
for three samples of contrasting composition ,ar8 shown 


m Table 1. Results aro also given for S + W determined . i 
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Fig. 1. Bffeot of photon one = m absorption characteristics of fine grain 
sand (+) and water , 680 keV; ----, 60 keV. 





0-55 


by caesium-137 transmission only, when the mean values 
of p”, and uw are used as the experimental absorption 
coefficient. 


‘Table 1, COMPARISON OV ACTUAL AND MEASURED MASS THICKNESS VALUES 
OF 80IL AND WATER 
Aingle energy 
i a an energy menoa a ian 3 method 5 
Sample g + om 
£ SA e Measured Actual ieowured Actual 
1 23 24 4 3 27 28 
2 23 22 6 6 20 20 
8 2 2 17 18 19 20 


I have not as yet made a detailed analysis of the experi- 
mental errors involved in the dual energy method, but it 
would seem that the accuracy is likely to be acceptable 
for many purposes and capable of improvement. 

B. D. 8oanz 
National Institute of Agricultural Engineering, 
Scottish Station, Bush Estate, 
Penicuik, Midlothian. 
Received April 10, 1967. 
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GENERAL 


Seal Hunting in the Gulf of St Lawrence 


From March 7 to 9, I visited the Gulf of Kt Lawrence, 
Canada, to investigate the methods being used to hunt 
newly born harp seals, Pagophilus groelandicus, for their 
fur. I conducted post-mortem examinations on the 
earcases of a random sample of 154 newly born seals which 
had been killed by hunters working from ships and from 
light aircraft in Gulf area district 2 (south of 50° N. 
latitude and west of a line from Channel Head in New- 
foundland to Scatari Light, Scatari Island, off Cape 
Breton Island). The prescribed method of killing is 

hitting the animal on the forehead with a wooden club 
which has to conform to certain specifications as to length 
and diameser (Order in Council PC 1967-87 of January 19, 
e 1967, Ottawas, Canada). Fifty thousand newly born 
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harp seals, or ‘“‘whitecoats” as they are called, are taken 
ulf area district 2 annually by hunters working from 
ships and aircraft. 

The method of post-mortem examination was first to 
examine the dorsal head and neck and ventral head and 
neck regions for signs of soft tissue damage, followed by an 
examination of the cranial bones, with removal of muscle 
and fascia where necessary for signa of fracture. A frac- 
ture, if present, was usually massive; the thin frontal 
and parietal bones were shattered and lying in fragments 
over and within the damaged brain. Finally, I opened the 
thorax and examined the lungs for signs of haemorrhage. 

Methods of clubbing consistent with some of the post- 
mortem findings were witnessed, that is, the clubbing 
of animals over the throat. In the presence of witnesses 
the hunters delivered multiple blows to the head region 
before skinning, and on post-mortem examination these 
animals were found to have fractured orania. In areas 
where hunters had been working not under observation 
the percentage of carcases with unfractured skulls was 
found to be more than 50 per cent and the:pattern of 
bruising, if any, indicated that single and not multiple 
blows had been struok before skinning. 


OARCASKES WITH FRAOTURED ORANIA: Ôi PER OBNT OF TOTAL 


Table 1. 
Fracture of Fracture of Bruising to 
No. dorsal ventral ventral Haemorrhage 
cranium cranium cervical region. an lang 
98 95 6 10 6 
Table 2. CAROASES WITH UNFRACTURHD ORANTA' 86 PER CRNT OF TOTAL 


Dorsal head Fractured Ventral cervical Haemor- 


No. and neck, soft nasal region, soft rhage No. 
tissue damage bones tissue damage in lung injury 
56 38 18 4 s 5 


Tables 1 and 2 show that ninety-eight carcases, or 
64 per cent of the total examined, had fractured crania. 
One was a post-mortem fracture, the rest were ante- 
mortem. The dorsal cranial bones were fractured in 
ninety-five of these ninety-eight carcases, and the ventral 
cranial bones were fractured in six carcases. Of these 
six, three had both dorsal and ventral cranial bones 
fractured, and three had ventral cranial bones alone 
fractured. Ten of the ninety-eight carcases with fractured 
crania had extensive haemorrhage, and bruising in the 
ventral cervical region, suggesting that blows to the 
throat bad been given before death. 

Fifty-six carcases, or 36 per cent of the total examined, 
did not have fractured crania. Thirty-eight of these 
fifty-six had soft tissue damage to the dorsal head and 
neck region, and thirteen had fractured nasal bones, 
indicating that blows had been delivered either inaccur- 
ately or with insufficient force to fracture the cranium. 
There were four carcases which showed signs of ante- 
mortem injury to the ventral cervical region indicating 
that these animals had received a blow or blows on the 
throat before death. Five carcases showed no sign of 
injury apart from skinning. 

The presence of an ante-mortem fractured skull, with 
its concomitant brain injury, was taken as evidence of 
unconsciousness before skinning. In most of these 
carcases the fracture was comminuted and brain damage 
was so great that the animal would have been dead before 
it was skinned. The presence of an unfractured skull 
was taken as evidence of doubt as to the state of conscious- 
ness of the animal before skinning. The extent of bruising 
of the dorsal head region suggested that some animals 
would have been unconscious, but in others bruising was 
either minimal or non-existent and ıb seems likely that 
these animals could have been conscious when skinning 
began. These post mortem findings suggest that a large 
percentage of the hunted animals die in a manner which 
is of doubtful humanity. 

ELIZABETH SIMP8ON 
Department of Animal Pathology, 
University of Cambridge. ° 
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BOOK REVIEWS 


TRACHOMA RESEARCH 


Trachoma 

Prevention and Treatment. By Giambattista Bietti and 
Georges H. Werner. (A Monograph in the Bannerstone 
Division of American Lectures ın Living Chemistry.) 
Pp. xv + 227. (Springfield, Il.: Charles ©. Thomas, 1967.) 
$11-50. 


TrRacHomaA remains one of the biggest unsolved problems 
in the field of tropical health. It is big because 400 
million people, or nearly one ın seven of the world’s 
population, are estimated by the World Health Organiza- 
tion to be afflicted by this often disabling eye disease; and 
1t 18 unsolved because in spite of the optimistic claims 
advanced in this book, it ıs doubtful whether a fully 
effective trachoma vaccine yet exists and there are also 
reports of the failure of chemotherapeutic measures in the 
field. 

It is just ten years since T'ang and his co-workers in 
Peking reported the isolation of the causal agent of trach- 
oma. Since then research on all aspects of this disease has 
proliferated. Thousands of isolates have been made from 
cases of trachoma and of related diseases—inclusion 
blennorrhoea and inclusion conjunctivitis; laboratory 
studies have thrown light on the cultural behaviour and 
immunology of the causative agents, and field studies have 
yielded much information about the epidemiology of 
trachoma in countries as different as Saudi Arabia, West 
Africa, India and Taiwan. The publication of a book that 
reviews much of the recent research on this subject is 
therefore opportune. 

The first part, by Dr Werner, deals with experimental 
studies and summarizes our knowledge admirably. 
Werner stresses the importance of T’ang’s achievement 
in demonstrating that the trachoma agent 1s resistant to 
streptomycin, which could therefore be used.to combat 
bacterial contamination during isolation and subsequent 
passage ın the laboratory. He does not mention that, 
surprisingly, T’ang’s original isolation was made in 
the presence of penicillin, which is inhibitory for the 
trachoma agent; so that the first isolation seems to 
have been a fortunate accident. Werner rightly points 
out that these infective agents are now regarded as having 
close affinities with bacteria, and not with viruses as was 
previously thought on the basis of filterabihty and 
obligate intracellular habitat. Methods of isolation and 
growth in the chick embryo and in cell cultures are 
described and the author includes some useful unpublished 
observations on cytolytic effects in cell cultures. The 
serology of the trachoma and inclusion conjunctivitis 
agents is treated comprehensively. The demonstration of 
specific serological reactions is difficult, a finding typical of 
the chlamydia as a group. Perhaps rather less could have 
been written about the many studies on group-reactive 
complement-fixing antibodies in sera from trachoma 
patients. The titre of such antibodies seems, in general, to 
be unrelated to the severity or clinical stage of the disease 
and does not provide, even in experimental vaccine studies, 
a reliable index of immunity. Jenkin’s important work 
on the cell walls of chlamydia could well have been men- 
tioned. Cell walls apparently contain antigens that are 
species-specific and that react with neutralizing antibodies, 
and these antigens may have protective value. It is per- 
haps unfortunate that the so-called species specific antigen 
prepared by polymyxin treatment is dealt with at such 
length; thé author notes that this technique is not 
universally aecepted as reliable, and it is not in general use. 
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The chapter on chemotherapy is a useful review of the 
subject and includes some of Dr Werner’s own interesting 
investigations. 

‘Thus, the first part of the book provides a lucid, up-to- 
date review of research on the trachoma agent. The second 
part, entitled ‘‘Clinical Data”, by Professor Bietti, 15 less 
easy to recommend. Although the chapters dealing with 
the publio health aspects and chemotherapy are compre- 
hensive, and the use of sulphonamides and some anti- 
biotics is discussed in groat detail, the presentation 
makes reading laborious. This is, however, a conscientious 
survey of a field in which the author himself has made 
many contributions and the extensive bibliography is 
useful. The last chapter deals with vaccination against 
trachoma, a matter in which the author is deeply involved. 
He draws attention to a commercially available prepara- 
tion approved for sale by the Italian Ministry of Health as 
an effective trachoma vaccine; and recommends vaccina- 
tion for the prophylaxis of trachoma and, in association, 
with chemotherapy, for treatment. The production of 
preventive or therapeutic vaccines against trachoma has 
been extensively investigated during the last decade by at 
least four major research groups in different parts of the 
world, including Great Britain; but the Report of the 
Fourth WHO Scientific Group on Trachoma Research! 
states that “Although a measure of protection can be 
obtained against both experimentally and naturally 
occurring trachoma and there 1s some evidence of thera- 
peutic effect, there is no assurance of solid immunity; 
several reports suggest, moreover, that any beneficial 
effect is of comparatively short duration”. Professor 
Bietti does not share this view, although he states that 
“further investigations of the value of polyvalent versus 
monovalent vaccines and of the duration of immunity are 
advisable”; a statement with which all those concerned 
with trachoma research would concur. P. Reeve 
1 WHO, Tech. Rep. Ser., 1968, No. 830. 


LIGHT INTO LIFE 


Energy Conversion by the Photosynthetic Apparatus 
Report of a Symposrum held June 6-9, 1966. Brookhaven 
Symposia in Biology, No. 19. Pp. ix+514. (Upton, 

ew York: Brookhaven National Laboratory, 1967. 
Available from Clearinghouse for Federal Scientific and 
Technical Information, NBS, US Department of Com- 
merce, Springfield, Virginia.) $3. 


Tx18 volume contains forty papers presented in June 1966 
at a symposium held at Brookhaven National Labora- 
tory. Almost all the contributions report recent research 
concerned with the nature of the primary photochemical 
process ın which light energy is converted into chemical 
bond energy in photosynthetic plants. There are sections 
on photochemistry, enzymology, physiology and molecular 
structure, each dealing with an important aspect of the 
process. 

The first section is concerned with the photochemistry 
of the pigments. It hes been considered for some time 
that chlorophyll a exists in the chloroplast in a number of 
forms characterized by individual absorption maxima. 
Rebinowitch et al., from studies of the spectral properties 
of algal cell suspensions, now report that they find only 
two components with maxima at 668 and 683 my in about 
equal proportions, whereas formerly it had been con- 
sidered that there were three components with maxima 
at 682, 670 and 690 my. In the photosynthetic bacteria 
at least five bacteriochlorophyll components are reported © 
by Vredenberg and Amesz to be present in the chronfato- 
phore. Clayton, and also Duysens, consider that only 
certain specialized molecules of the bacterial chlprophyll 
complex absorbing at 890 my act as reactbn centres. 
The other constituents occur in two “pols” such thate 
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from one group little energy transfer occurs to the pig- 
ment absorbing at 890 my. whilst from the alternate group 
transfer oocurs with high efficiency. The problem of 
energy transfer between different pigment systems is 
discussed by Pearlstem and by Robinson, who consider 
the movement of localized excitons as a possible mechan- 
ism. 

In a second section, the papers are mainly concerned 
with observations on the change in sbsorption spectrum 
which occurs during photosynthesis. It 18 generally 
believed that two successive photochemical steps, 
separated by a thermochemical reaction, are involved 
in the production of the ultimate photochemical reductant. 
Certain probable intermediates, cyLochromes for example, 
change their absorption spectrum on oxidation and reduc- 
tion and part of the absorption change observed in 
photosynthesis may be related to the reversible oxidation 
and reduction of cytochromes. In an introductory paper, 
Chance et al. summarize what is known about the kinetics 
of the changes and discuss how far it is possible to assign 
definitively individual cytothrome components to par- 
ticular sites in the electron transport chain. A number of 
workers, using the double beam difference spectrophoto- 
meter developed by Chance, report observations on a 
variety of organisms: Nishimura on red algae, with 
partioular reference to the effect of various photosyn- 
thetio inhibitors; Levine et al. with mutants of Ohlamy- 
domonas; Avron and Chance, and independently Hind 
and Olson, with isolated spinach chloroplasts. From this 
wealth of data, the complexity of the absorption changes 
becomes apparent. Attempts have been made to separate 
from chloroplasts two types of particles in which the two 
photoreactions are present to different extents. Vernon 
et al. discuss further studies on particles obtamed by 
fractionation of chloroplasts in the presence of detergenta 
or after sonication. They have separated heavier particles 
containing relatively more of a photo-system activated 
by shorter wavelengths and lighter particles which con- 
tain relatively more of a photosystem activated by longer 
wavelengths. 

In the third section, the biochemical analysis of the 
catalytic components involved is considered and in par- 
ticular the relationship between light induced electron 
transport and the formation of energy rich phosphate 
compounds. The ‘“‘chemi-osmotic” hypothesis is discussed 
by a number of contributors and is, at the present time, 
guiding many investigations. McCarty and Racker 
report the separation of a “coupling” factor which links 
the formation of some high energy state in the chloroplast 
to ita subsequent utilization in the formation of phosphate 
esters. Jagendorf and Uribe write at length on the general 
evidence that phosphorylation in chloroplasts is related 
to the formation of a proton gradient and, in particular, 
give experimental evidence that phosphorylation can be 
stimulated in the dark in chloroplasts as a result of trans- 
ferring them from an acid to an alkaline medium. Dilley 
reports evidence concerning the permeability properties 
of chloroplasts and considers that chloroplasts consist of 
an “inner” and an outer” space. This “inner” compart- 
ment shrinks and swells in response to changes of osmotic 
pressure and pH. Measurements of the marked change in 
volume exhibited by chloroplasts as a consequence of 
illumination were reported by Packer, Deamer and 
Crofts, using either a Coulter counter or the change in 
intensity of light scattering. 

The section on the fine structure of chloroplasts in- 
cludes contributions by Menke and by Park and Branton, 
who discuss the nature of the thylakcid membrane and 
the location of the quantasomes withm them. Weijer, 
Stocking and Shumway discuss the organization of the 
plastid at the molecular level and in particular the position 
and orientation of the pigment molecules. 

This gollection of papers will be of great value to the 
research werker, bringing together observations based on 
e different sciertisfic disciplines. It is too specialized for the 
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general reader and rather provides a cross section of 
current activity in the field, than presenting & synthesis 
of the most significant information. 

C. P. WHITIINGEAM 


ALL ASPECTS OF SEAWEED 


Proceedings of the Fifth International Seaweed Sympo- 
slum, Halifax, Canada , 
August 25-28, 1965. Edited by E. Gordon Young and. 
J. L. McLachlan. Pp. xviii+ 424. (Oxford, London and 
New York: Pergamon Press, Ltd., 1966.) 1008. net. 


THE proceedings of this symposium, held in Halifax, . 
Nova Scotia, in August 1965, include an extraordinary 
variety of communications varying in length from sub- 
stantial reviews to brief abstracta of work published in 
full elsewhere. Among much of interest in this miscellany 
only a small sample can be mentioned. Although some ef 
the ecological contributions are largely descriptive, as, for 
example, two which deal with the varied and abundant 
Antarctic seaweed flora, others deal with more dynamic 
aspects. Of particular interest is the investigation by 
workers, both in California and the Isle of Man, of the. 
devastating effects of browsing ses-urchina on kelp beds. 
Studies by Drs Conover and Sieburth of the effects of 
tannins excreted by Phaeophyceae on epiphytes and 
planktonic animals suggest that such substances may be 
of great importance in inshore waters in determining 
distribution and succession. Of the many papers dealing 
with purely chemical topics the review by Professor 
Araki of the structural chemistry of agar polysaccharides 
will be welcomed as an authoritative account of a difficult 
subject. Both biclogiste and chemists will be intrigued by 
the report of workers at the Atlantic Regional Laboratory 
at Halifax of pure crystalline fibres of chitan as an extra- 
cellular product of the diatom, Thalassiosira fluviatilis. 
In view of the unique way in which the International 
Beaweed Symposia bring together academic scientists 
and industriahsta, it is disappointing that the seaweed 
industry has not developed more quickly. Dr Woodward 
makes a brave attempt to predict what the future of the 
industry may be. After reading the papers on the uses 
of seaweed products I am inclined to share his optimism, 
for the possibilities are both varied and promising. Bea- 
weed products find use on the one hand in medicine, for 
example, both in the treatment of tumours and aa tablet 
disintegrants, and, on the other, in civil engineering, in 
controlling water flow in porous ground. Some of the 
effects of seaweed extracts on the growth of plants and 
the reduction of disease and pest infestation savour a 
little of “muck and magic” but seem definite and well 
worth further investigation. G. E. Foae 


PAPERBACK PALAEONTOLOGY 


General Palaeontology 

By A. Brouwer. Translated by R. H. Kaye. Pp. viii +216. 
(Edinburgh and London: Oliver and Boyd, Ltd., 1967.) 
350. 


Tms volume of five chapters 1s a translation of Brouwer's, 
Adgemene Paleontologie first published in 1959. A few 
more recent references have been added, but almost no 
textural change has been made. The translation has been 
very well done and the prose is most readable. The 
preface states that this is the first textbook covering 
the whole field of general palaeontology sinte Walther’s 
Allgemeine Paldontologie and there can be no doubt that 
the collation of information is most useful even if much of it 
can already be found in the standard textbook#by Simpson, 
Ager, Rhodes and others. This textbook has the ad- 
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vantage of being both attractive in format and taut and 
logical in 1ts presentation of the subject. 

The introductory chapter is about preservation and 
fossiization, with general comments on ecology and 

‘taxonomy. The second chapter, on ecological factor of 

` fosail distribution, is well done. There is a particularly 
elegant discussion of biocoenoses and thanatocoenoses 
which is not surpassed elsewhere, and is appropriate from 
the pen of the editor in chief of the International Associa- 
tion of Sedimentologista, The chapters on geographical 
factors of distribution and on stratigraphical palaeonto- 
‘logy are readable but necessarily condensed. The final 
chapter on aspects of evolution owes a great deal to 

_Simpson and Newell, but throughout this and other 
chapters the author has refreshingly put a stamp of his 
own. Throughout the book the illustrations are of high 

quality. 

- ” Minor errors include the inversion and reversal of text 
Fig. 16 and incorrect magnification to text Fig. 56. Text 
Fig. 46 is attributed to Moore, but seems originally based 

>on a figure by Whittington in Statue of Paleontology 1954. 
Since 1969, of course, rapid strides have been taken in 

. palacontology, particularly in the fields of geochemistry 
‘and the use of radioisotopes: this edition would have been 
improved by being brought more up to date in these and 
other fields. The price of 368. for a paperback edition is 
staggeringly great, and it would be disappointing if for 
this reason it is not widely used by students. 

à M. R. House 


DIGGING UP OIL 


Geology of Petroleum 

By A. I. Levorsen. Second edition, revised and edited by 
Frederick A. F. Berry. (A Series of Books in Geology.) 
Pp. x+724. (San Francisco and London: W. H. Freeman 
and Company Lid., 1967.) 100s. 


Tren is an creasing demand for petroleum today in 4 
world which is almost dominated by the internal com- 
bustion engine. The intensive exploration that was 
carried out by the major oil companies after the War has 
provided reserves sufficient to take care of supplies for the 
next thirty years. With requirements doubling every 
twenty years, however, exploration for new sources of oil 
must continue. Fortunately, experience shows that oil 
occurs much more commonly than was believed fifty 
years ago. In the early days, when drilling depths were 
limited to a few thousand feet and when the main targets 
for economic oil deposits were indicated by surface 
.geepages, the oil reserves of the world appeared to be very 
limited in size. Now that drilling to several miles below 
surface is an everyday matter and geophysical methods 
oan locate deep potential oil-bearing structures, the 
horizons for oil discovery have vastly increased. 

Oil geology is a specialized branch of normal geological 
thinking, in that generally it is only the thick sedimentary 
rock strata that are of importance. Furthermore, oil is 
contained in porous rook, and oil geology is therefore 
concerned with the movement of fluids, both liquid and 
gas, through the fissures and pores of limestones and 
sandstones. There is therefore a requirement for a 
geological textbook which caters for the oil geologist. The 
late A. I. Lovorsen has supplied this need most admirably 
since 1954, 

The second edition of Levorsen’s Geology of Petroleum 
has been completed in its revision by Dr Frederick A. F. 
Berry, for Levorsen died before finalizing editorial changes 
in the manuscript of the second edition. The result is what 
might be expected from these two capable and experienced 
exponents of petroleum geology, and the second edition 
will go forfvard for another decade as the accepted main 
work on the subject. 
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The new edition mecludes a section dealing with the work 
on the effect of moving underground water on the shape of 
oil—water interfaces, a facet of reservoir engineering that 
has been understood only comparatively recently. The 
tilting of a water seal has a profound effect on the dis- 
tribution of oil and gas in petroleum traps. 

Arguments about the origin of oil still continue, and the 
chapter on this subject has been completely rewritten. 
Not only does it include the cases for inorganic, marine, 
freshwater and other origins, but it also gives a reasoned 
opinion which is favoured by the majority at the present 
time. 

The book is thoroughly well illustrated with examples 
of all types of petroleum reservoirs, and contains many 
tables describing properties of typical crude ous and gases. 
It is therefore suitable for the reservoir engineer and the 
production man as well as for the exploration geologist and 
geophysicist, and it is written in a style clear enough to 
provide a useful reference source to those who are interested 
in the oil industry but have not enjoyed the good fortune 
of having a scientific training. T. F. GASKELL 


THIS IS TUNGSTEN 


Tungsten and its Compounds 


By G. D. Rieck. Pp.ix+138. (Oxford, London and New 
York: Pergamon Press, Ltd., 1967.) 468. net. 


TUNGSTEN is the third member of Group VIA of the 
periodic table and the fourth member of the third transi- 
tion series. Until recently much of the chematry of 
tungsten and its compounds was obscure. In the past 
fifteen years our understanding of the chemistry of indivi- 
dual transition elements, especially the early transition 
elements, has advanced, mainly as a result of intense 
interest in co-ordination compounds. Characteristic 
compounds of tungsten and neighbouring elements 
include mononuclear and polynuclear oxo-complexes of the 
higher oxidation states; for example, [WOCI,]?-. These 
are of theoretical interest because of the presence of 
multiple metal-oxygen bonds; carbonyls, substituted 
carbonyls and related organometallic complexes of the 
low and negative oxidation states, which have been impor- 
tant in the development of theories of bonding in this type 
of compound; compounds containing metal-metal bonds 
and metal atom clusters, for example W,CL,,; and 
compounds in which the metal has a co-ordination number 
greater than six, such as the octacyano complexes of 
molybdenum, tungsten and rhenium. Understanding 
of the metal-ligand bonding interaction has developed 
with the aid of detailed studies of the chemical, magnetic 
and spectroscopic properties of the complexes and determ- 
ination of representative structures by X-ray crystallo- 
graphy. Research in transition metal chemistry has, 
however, been orientated towards compounds of the same 
type formed by a number of metals rather than towards 
individual metals; the publication of monographs and 
review articles on individual transition metals is therefore 
welcome. 

Dr. Rieck’s monograph, according to the introduction, is 
“mainly concerned with recent developments and physical, 
chemical and metallurgical data about tungsten and its 
compounds” and is “written principally for chemists, 
physicists, or metallurgists’. The bias of the book, 
however, is metallurgical, and chemists who expect on the 
basis of the title an up-to-date survey of tungsten chemistry 
will be disappointed. For “theoretical considerations” 
the author refers the reader to textbooks of inorganice 
and physical chemistry. : 

This book is divided into three chapters. The five 
pages of Chapter 1 deal with the history and apglications 
of tungsten and with tungsten ores. Chapter 2is a detailed . 
account of the physical, chemical and Inetallographie 
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properties of tungsten metal. Of particular interest to 
chemists are sections on the extraction of tungsten from 
its ores, the purification of tungsten compounds, the 
chemical reactions of the metal, and the adsorption of 
gases and solids on tungsten surfaces. The third chapter 
surveys the properties of tungsten compounds including 
alloys with metals and metalloids. The account of tung- 
sten compounds is totally inadequate. There are no 
spectroscopic or magnetic data and no structural formulae. 
Tungsten hexacarbonyl and ite derivatives are dismissed 
in & page, the octacyano complexes in five lines. The 
section on hahdes and oxyhahdes contains useful 
thermodynamic data, but recent important work on their 
properties and reactions is not mentioned. Tungsten— 
oxygen compounds (oxides, iso- and hetero-polytung- 
states, tungsten bronzes) are, however, described at length. 
It is remarkable that a book devoted to a transition metal 
has no mention of ligand field theory. 

The style is lucid and concise except that references are 
given as authors’ names with a date; numerical references 
would have shortened the book and made it more readable. 
The index is inadequate. The book as a whole will be 
useful to metallurgists and others interested in the 
technology of tungsten and its compounds but, except for 
a few sections, it will be of little interest fo morganic 
chemists. P. C. H. MITORELL 


PLUTONIUM AND ITS WORKS 


Plutonium 1965 

Edited by A. E. Kay and M. B. Waldron. (Proceedings 
of the Third International Conference on Plutonium, 
London, 1985.) Pp. xv+1114. (London: Chapman and 
Hall, 1967. Published for the Institute of Metals.) 252s. 


Tms book contains the full text of the sixty-two papers 
presented at the third international conference held in 
London by the Institute of Metals in November 1966 
and devoted entirely to this rare but most important 
metal. The conference, which was attended by 337 dele- 
gates from fifteen countries, followed two previous ones, 
also solely concerned with plutonium, which were held in 
1957 in America and in 1960 in France. When it is 
remembered that the conference came only twenty years 
after the first few grams of plutonium metal were isolated 
in Los Alamos Laboratory, the number and wide range 
of papers presented serve to emphasize the vast amount 
of research which has been devoted to the study of this 
metal and its compounds in view of its significance in the 
nuclear industry. Undoubtedly the most important 
developments in the five years between the second and 
third conferences were in the ceramic field, as illustrated 
by the increase in the number of papers from three to 
twenty-two which deal specifically with the properties 
and irradiation behaviour of various plutonium-bearing 
compounds. 

In view of the fact that pure plutonium metal can exist 
in six allotropic forms between room temperature and its 
molting point, ıt is not surprising that nine papers 
specialized in phase transforraation studies. These dealt 
with the effects of purity, alloying, mechanical deformation 
and pressure on the various possible transformations, 
with special reference to the equilibrium between the 
alpha and beta phases. The complexity of the trans- 
formations is only too obvious from both the papers and 
discussion of this subject and, although many important 


© factors have been resolved in the past few years, many 


problems remain for elucidation. 

Tan papers dealt with studies of the physical properties 
of the metal and its alloys, including four describing work 
carried out at low temperature. One of the principal aims 
of these fhvgstigations is to provide a better understanding 


* of the band séructure of the various plutonium phases 


`~ 
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and the relative contributions of the 6 f, 6 d and 7 8 
electrons in providing the high density of states at the 
Fermi surface. There is a lot of disagreement in inter- 
pretation in the field and further work will obviously be 
required before our understanding of the behaviour of 
electrons in plutonium and other transuranium metals is 
improved. It is remarkable that the number of plutonium 
alloy systems which have been determined either in part 
or m full must be about equal to that for any other metal. 
The published data in this field are considerably enhanced 
by the seven papers presented at the conference, for more 
than twenty binary systems were covered as well as the 
ternary systems Pu-Ce-Fe and Pu-Ce-Ni. New data 
reported by French workers on the solid solubility in 
plutonium of five metals were derived from solid diffusion 
studies, and this paper, together with four others on 
various possible plutonium alloy fuels, was of direct 
interest to reactor technology. It ıs interesting to note 
that in spite of the vast development programme under 
way on ceramic fuels, some workers, and especially those 
from the Argonne National Laboratory, still believe that 
some plutonium alloys may behave sufficiently well 
when irradiated as to bave application i an economic 
fast reactor. The survey of plutonmum metal and its 
alloys was completed by four papers describing mechanical 
properties, of which two dealt with material in which the 
delta-phase had been stabilized with 1 weight per cent 
gallium, and finally three dealing with oxidation behaviour 
ın various atmospheres. 

The twenty-two papers concerning ceramic fuels 
covered a fairly wide range, but the subject matter was 
almost evenly divided between methods of preparation, 
phase studies and irradiation behaviour. The materiais 
considered were oxides, carbides, nitrides, phosphides, 
and sulphides both of plutonium alone and those con- 
taining other elements such as uranium or thorium in 
varying amounts. The compatibility of any fuel with ita 
canning material is extremely important, and so the 
papers covered equilibria studies between the ceramic 
phase and stainless steels or refractory metals such as 
molybdenum. The choice of fuel for a particular reactor 
depends on many complex factors, and this was well 
illustrated by the various studies of, for example, irradia- 
tion behaviour, which were reported. To assess the 
relative advantage of any fuel over another requires 
extremely careful analysis of all the available data, but 
no clear-cut choice of plutonium fuel emerged from the 
mass of information presented at the conference. 

The editors are to be congratulated on the speed with 
which the data have been collated, particularly in view of 
the fact that some authors were permitted to include 
information that became available after preparation of 
the preprints. The book obviously contains the most 
up-to-date information about all aspects of plutonium 
metal, alloys and compounds of imterest to the nuclear 
industry and will serve as an excellent encyclopaedia to 
all who are actively engaged in the field. Because of the 
scientific approach generally adopted in the work de- 
scribed, the book should also appeal to many other 
scientists and engineers and could act as a stimulus to 
the application of new thoughts and techniques to 
problems in other branches of metallurgy and ceramics. 

B. W. Morr 


GOOD BEGINNING 


Advances in Colloid and Interface Science 

Vol. 1, No. 1 (March 1967). Edited by J. T. G. Overbeek, 
W. Prins and A. C. Zettlemoyer. Published quarterly. 
Pp. 1-110. Subscription price per volume: 150s.; 75 D.fl.; 
$21. (Amsterdam: Elsevier Publishing Company, 1967.) 
THE appearance of yet another new scientific joernal can be 
welcomed only if ıt meets certain rigorous specifications 
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and if’it holds out real promise of maintaining the char- 
acter and quality of its first issue. The flood of publications, 
carrying in their titles the words “Progress”, “Advances” 
or “Reviews”, which has appeared in recent years has 
been a mixed blessing. Potentially they represent a 
contribution to the solution of the communication prob- 
lem for, by collecting together recent work in a given field, 
they enable the young research student, or the busy 
worker in an adjacent field, to get a broad view of a subject 
and an entrée into ite literature. Unfortunately not all 
such publications succeed. Too many review articles are 
thrown together hurriedly and have the appearance of an 
undigested conglomeration of abstracts. Worse still, they 
are frequently incomplete and uncritical so that they 
present a distorted picture of the state of a subject. It 1s 
therefore of prime importance that each new review 
journal should have a strong team of editors and should 
commission articles from authors who are not only 
authorities in their own fields, but also can bring both 
critical comment and a balanced judgment to their work. 

Advances in Colloid and Interface Science is one of the 
few recent ventures which I welcome with enthusiasm. It 
has ea strong board of editors—-just three of them: Over- 
beek, Prins and Zettlemoyer. Their names do not have to 
be backed up by a parade of dozens of others forming the 
so-called ‘Editorial Advisory Board”. By adopting the 
policy of quarterly publication, with a small number of 
papers in each issue, 1t is hoped to achieve rapid publica- 
tion and to enable the purchaser to acquire articles which 
interest him without too much material which lies outside 
his field. The former objective is worth achieving, for in 
many annual publications the period between writing and 
publication is often so long that the reviews are no longer 
up to date. It is, however, difficult to see how the second 
objective can be achieved unless each quarterly issue can 
be bought separately—and this ıs not mentioned in the 
subscription arrangements. 

The first issue contains two contributions: ‘The 
Physical Adsorption of Gases by Solids” by W. A. Steele 
(seventy-five pages); and “La Structure des Solutions 
Concentrées de Savon” by A. Skoulis (thirty-one pages). 
Each is an authoritative, comprehensive and critical 
review. Each will, it is predicted, be read extensively and, 
to use the words of the editorial preface, they will represent 
“ymportant plateaus of progress” in their respective fields. 

The editors also comment that “Previous attempts .. . 
(to set up similar series) . . . were well received, but for one 
reason or another faded away after a time”. Let us hope 
that the present venture will succeed in maintaining its 
initial promise. D. H. Evererr 


OBITUARIES 


Professor ©. T. Jones 


Prornsson Own Tuomas Jones died on May 5 at 
Cambridge at the age of 89. Jones was outstanding as a 
geologist with wide interests; his shrewd insight made him 
a lively informative contributor to almost every aspect of 
geology, but his most spectacular achievement was his 
unravelling of the geology of Central Wales. After 
graduating at University College, Aberystwyth, in physics, 
he proceeded to Trinity College, Cambridge, to study 
geology and to take first class honours in both parts of 
the Natural Sciences Tripos. He then joined, in 19038, the 
team mapping the western end of the South Wales Coal- 
field and its neighbouring rocks for the Geological Survey 
of Great Britain. Inspired by J. E. Marr’s Cambridge 
teaching, he was specially interested in the shelly rocks 
encompassing the Ordovician—Silurian boundary. In his 
holidays he studied rocks of generally similar age, but 
carrying graptolites instead of shells, in the Plynlimon— 
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Pont Erwyd region to the north; there he found the germ 
of the notion, later to be elaborated, of the Central Wales 
Syncline or basin. To further his work of correlating the 
graptolitic with the shelly Llandovery strata, he started 
to apply finer discrimmation than was fashionable in 
Britain to the recognition of brachiopod species. The 
purpose of this was to enable brachiopods to do work 
similar to graptolites in helpmg to identify faunal breaks 
and the place in a rock-sequence of isolated rock outcrops ; 
meanwhile he was always conscious of field indications of 
breaks in the stratal succession. 

Subsequently he interpreted the structure and rock 
succession in the type Llandovery area. If the geology 
of the Central Wales area shown in Stanford’s 1904 
Geological Atlas is compared with the map accompanying 
Jones’s 1938 presidential address to the Geological 
Society, dealins with the evolution of a geosyncline, it is 
easy to see the contribution of knowledge produced either 
by Jones himself or by his students, including W. J. Pugh, 
or by his second generation studente—those of Pugh, 
including K. A. Davies. The information gained con- 
cerning the shelly content of the British strata, more 
recently enlarged by Alwyn Williams, has enabled the 
Llandovery Series to be appreciated as a standard readily 
available for comparison elsewhere in the world, in contrast 
to the position m 1925 when Jones wrote an apologia 
concerning difficulties of correlating the Ordovician-Silur- 
ian boundary in Britain with that in North America. 

A keen believer in the value of geological mapping 
and of an appreciation of the various manifestations of 
sedimentation, in 1937 he drew attention to the presence 
of slumping phenomena in the Silurian rocks of north-east 
Wales; and in 1944, from studies of compaction in muddy 
sediments by A. W. Skempton, Jones deduced reasons for 
slumped pelitic beds having rugged surfaces with strong 
ridges. He took pains to draw the attention of geologists 
to the application of physical methods to geological 
problems, and in his 1937 address to the Geological Society, 
on exploration of the Earth’s crust, including the con- 
tinental shelf and the ocean floors, he urged geologists to 
pay more heed to the operations of geophysicista—advice 
which is now as timely as it was then. 

Jones made substantial contributions to the study of 
the basal Millstone Grit unconformity, roof support in 
coalmining, volatilization of coal, the distribution of lead 
and zinc ores in Central Wales and the geomorphology 
of Central Wales, in particular to knowledge of the evolu- 
tion of the Towy and Teifi drainage ms. 

Jones left the Geological Survey in 1910 to take the 
geology chair at Aberystwyth at a time when the Survey 
was moving its field work from South Wales to other areas. 
He was a joint author of the Haverfordwest and Milford 
Haven official one-inch maps and explanatory memoira. 
In 1919 he beeame professor of geology at Manchester 
University, where he stayed until 1930 when he succeeded 
Marr as Woodwardian profeasor at Cambridge, from 
where he retired m 1943, but not from geology. He 
produced further papers, about fourteen in sole authorship 
and another five in co-authorship with Sir William Pugh, 
dealing with the remarkable phenomena shown by the 
Ordovician sedimentary and later igneous rocks in the 
Builth and Llandrindod Wella area. Problems of 
underground water supply also interested him and as 
recently as 196] he addressed the British Association on 
those topics. 

Jones was President of the Geological Society from 1936 
to 1938 and again in 1951, and Foreign Secretary from 
1948 to 1964; the Society awarded him its Lyell Medal 
in 1926 and Wollaston Medal in 1945. He was elected 
to the Royal Society in 1926 and served two periods on 


its council, receiving a Royal Medal in 1956. He wag an e 


honorary LL.D. of the University of Wales and a foreign 
correspondent of the Geological Society of America, the 
Paleontological Society of America and the *Belgian 
Geological Society. C. J. STØBBLEFÆLD 
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University News: Edinburgh 


Dr PETER 8. FARAGO, at present reader in the Depart- 
ment of Natural Philosophy, has been appointed to a 
personal chair of physics. 


London 


THE following appointments to chairs have been made: 
Dr J. E. Carless, at present reader in pharmaceutics 
at Chelsea College of Science and Technology, to the 
chair of pharmaceutics tenable at that college; Dr W. H. 
Hunter, reader in pharmaceutical chemistry at Chelsea 
College of Science and Technology, to the chair of pharma- 
ceutical chemistry tenable at that college; Dr. T. R. E. 
Southwood, reader in insect ecology at the Imperial 
College of Science and Technology, to the chair of zoology 
and applied entomology tenable at that college. 


Sussex 


Proresson B. H. P. Rivert, at present professor of 
operational research in the University of Lancaster, has 
been appointed to the chair of operational research. The 
title of professor of development studies has been con- 
ferred on Mr D. G. Seers, at present director-general of 
economic planning in the Ministry of Overseas Develop- 
ment, ın respect of his appointment as director of the 
Instituto of Development Studies which he will take up 
later this year. 


Appointments 


Dz J. R. Were has been appointed director of the Science 
Secretariat in the Privy Council Office in Canada, in 
succession to Dr F. A. Forward, and Dr J. Rennie White- 
head has been appointed to a new position as principal 
science adviser with the Secretariat. 


Announcements 


Tue trustees of the Lady Tata Memorial Fund for re- 
search in leukaemia and allied disorders have made 
the following awards for the academic year 1967-68: 
Fellowship, Mrs E. Davidson, Edinburgh; Scholarships, 
Dr V. Balazs, Leiden; Dr M. M. Frohlich, Leiden; Dr R. 
Hancock, Lausanne; Dr L. Mazzarella, Bari; and Miss 
A.M. Tomkys, Cambridge; Expenses Grants, Dr J. Reviron, 
Paris, and Dr D. Viza, Paris. 


CORRIGENDUM: In the communication entitled “Effect of 
Endotoxin on Resistance in the Early Period of Onto- 
genesis” (Nature, 214, 699; 1967) line 18 of Table 1 
should read: 
“E. coli 0111B4 ` H2 861 ug P (P<0-001)" 

The last sentence of paragraph 2 should read “There 18 a 
significant difference between the effect of the endotoxins 
of E. coli 0111B4 : H2 and S. gallinarum (in experiment H, 
31:5 and 48:86 per cent, y? = 5-22, P<0-05).” 


CORRESPONDENCE 


is Weather Predictable ? 


Sim,—It is to be hoped that the presidential address 
of Dr G. D. Robmson to the Royal Meteorological Society 
(Nature, 214, 443; 1967) will not have the detrimental 
results predicted in the leading article in the same issue. 

The literature on the Global Atmospheric Research 
Project and the World Weather Watch does not support 
the implication that the proponents of these programmes 
have not examined the limitations of predictability. This 
. Question has been discussed in a report by a United States 

National Academy of Sciences panel under the charman- 
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ship of Dr J. G. Charney. In the section entitled ‘“Theoret- 
ical limits of predictability”, a discussion is given of 
estimated predictability errors. 

There seems to be httle doubt that until there is an 
adequate period of global observations, 1b will not be 
possible to make significant progress in extending numer- 
cal forecasts much beyond about two days. 

On the basis of their analyses, the members of the 
Charney panel concluded that ‘... based on the most 
realistic of the general circulation model available, the 
limit of deterministic predictability for the atmosphere is 
about 2 weeks in the winter and somewhat longer in the 
summer’. This conclusion is supported by research 
ae reported ın a more recent article by Dr J. Smagorin- 
sky*. 
Since global observations do not exist, experimental 
long range forecasts cannot be made to test these con- 
clusions. Indeed, one of the chief aims of the world 
weather programmes 18 to obtain the necessary observa- 
tions so that they can be used to test and improve the 
theoretical models. Surely everyone agrees that “We 
must be careful not to mislead the potential customer”, 
But surely, also, meteorologista must cast aside their 
traditional timidity and be prepared to attack a problem 
offering the promise of longer range weather forecasts. 

No one can guarantee a return of Y dollars for an invest- 
ment of X dollars in the world weather programmes, but 
the analyses of economic factors and the preponderance of 
informed scientific opinion lead to the conclusion that the 
world weather programmes should be supported. 

The absence of guarantees of success has never hin- 
dered nuclear physicists, who have learned a great deal 
from huge investments in promising programmes. The 
same can be said about medical scientists, space scientists 
and others as well. Moeteorclogists sometimes appear to 
demand guarantees of success before expressing a willing- 
ness to risk publ resources and scientific manpower on 
promising programmes. This attitude, in the past, has 
held back progress in the atmospheric sciences. 

In the case of the world weather programmes, the odds 
of success are high. Certainly there can be no doubt that 
the programmes will greatly increase our knowledge and 
understanding of the atmosphere. Without such under- 
standing, any hopes for making longer range forecasts 
are likely to be frustrated. Unless the world weather 
programmes now under consideration are pursued actively, 
progress in the atmospheric sciences will suffer a staggering 
blow. 


President, 

American Meteorological Society, 
45 Beacon Street, 

Boston. 


1 The Foantilaty of a Global Observation and Analysis Experiment. Publication 
1200 (National Academy of Sciences, Washington. DC, 1968), 


*8magorinaky, J , Bull, Amer. Met. Soc , 48, 89 (1087). 


Lovis J. Barran 


The Bat 


Sim,—Bats are second only to the rodents in the number 
of their species. Approximately one thousand species of 
bats have been described. 

It is a pity that the authors of the interesting letter 
“Cholinesterase in the Melanocytes of the Bat’’ render 
their communication (Nature, 214, 846; 1967) almost 
valueless by omitting to state which species of this 
enormous host they have investigated. The differences 
in anatomy and physiology between the members of 
this huge order of mammals are great. 


For shame ! 
Yours, ete., 
L. Harrison MATTHEWS 
Stansfield, be 
Suffolk. 
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FORTHCOMING EVENTS 


(Aleehings marked with an asterisk are open to the public) 


Monday, June 19—Tuesday, June 20 


MFPLAgrios INSTITUTE and the INSTITUTION OF PRODUCTION ENGINRERS 
the Connaught Rooms, Great Queen Street, London, W.C. 2), at 9.30 a.m. 
Mmi y—-Conference on “Plastics and the Production Engineer". 


Wednesday, June 21 


ROYAL STATISTIOAL Soorery (at the London School of Hygiene and 
opica) Medicine, K: elie Street, er Street, London, W.0.1), at 6. 16 D m, 
Professor AL. 8. Bartlett, FRS: “Inference and Stochastic Processea 


Thursday, June 22 


ROYAL BOoarTY (at Burlington House, Piccadilly, London, W. 1), at 4 80 
ma Dr H. M. RAE FRS. "Novel Organic Chemical Processes’ (Review 
re). 


Thursday, June 22—Friday, June 23 


ia ean Soorery (at the University, 8t. Andrews, Fife}—i72nd 

| abiri . Programme will include a Disoussion Forum on “Mechanisms of 

on of Steroids”, a Colloquium on “The Inter-relatronships of Proteins and 

arbohydrates in Connective Tissue”, and an Ordinary Meeting for the 
esentation of communications, 


Friday, June 23 


LINNEAN Soormty OF LONDON (at Burlington House, Piccadilly, London, 
«/,1), at 9.45 a.m.—Symposium on “The Lower Vertebrates”. 


fecal June 26 


UNIVERSITY COLLEGR LONDON (in the Anatomy Theatre, Gower Street, 
ondon, W.0.1), at 6,80 pm —Prof. Rita Levi-Montalcini (Washington 
fniversity, St. B). “Nerve Growth Factor—Recent Work”.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
ates mentioned. 
ASSISTANT LECTURER or LECTURER (qualified in any branch of apphed 
aathematics and preferably a special interest in some aspect of continuous 
aechanics) in the DEPARTMANT OF THEORETICAL MEOHANIC8S——The Registrar, 
Dho University, Nottingham (June 22). 
LROTUREHR IN BioLoay--The Secretary, St. Thomas's Hospital Medical 
school, London, 8.H.1 (June 28). 
ASSISTANT LECTURER (with a d of a British university or equivalent 
ualification, hate nd preferab some teaching and/or industrial experience) in 
grog- Th orwood Technical College, Knight’s Hill, Nor- 


«vood, Tondon, 8.E. Sari ane 24). 
ASSISTANT LHOTURER or LECTURER IN SOCIOLOGY or SoctAL ANTHRO- 
20LOGY-—The Secretary, University of Stirhng, Starling, aonana (June 28). 
LECTURER or ASSISTANT LECTURER IN PURB AIATHRMATIO8—The Secre- 
pike taal College (University of London), Malet Street, Tondon, W.0.1 
une e 
BHNIOR RESEARCH ASSISTANT (preferably pos ostdoctoral) Ln the DEPART- 
MENT OF APPLIED PHYSICS to carry out crystal growth of II and IV com- 
ands and study their optical and eleotronle eo Tone proper ener The Secretary, 
niversity of Durham, Old Shire Hall, D une 26) 
LECTURER in the DEPARTMENT OF Hooked he Seoretary, University of 
Durham, Old Shire Hall, Durham (June 27 
RESRAROH ANT in the DEPARTMENT OF ZOOLOGY to work with Pro- 
fessor D. Barker on problems connected with the innervation of vertebrate 
striated muscle—The Registrar and Secretary, University of Durham, Old 
Spire B Hall, Durham (June 27). 
AL STUDENTS (with an honours degree in ph; 
Sheree She a biologai subject) in Broprysrcs—' 
College ( ee ens mdon), Strand, London, W.C Reni 
an honours degree in botany with some subsequent 
seen or eching e erience, and preferably an interest ın plant morph- 
ology or morphogenest 8) ON Botany —Tho Secretary of the Univermty Court, 
The University, lasco (Fu une 29). 
ABBISTANT the DEPARTARNT OF BIOONRMISTRY—The 
Padded University College London, Gower Street, London, W.C.1 (Jane 


DEMONSTRATOR (medically qualified candidate, male or female) ın ANATOMY 
—The Registrar and Secretary, University of Bristol, Bristol (June 30). 

LROTURHR IN BIOOHBMISTRY—Tho Secretary, Royal Free Hospital School 
eh Mea ne (Unversity of London), 8 Hunter Street, London, W.0.1 

une 

LEOFURER in the DEPARTMENT OF Puysios—The Academic Registra 
Tonghborough Unrvermty of Technology, Loughborough, quoting Ref. I6JAF 


(June 

LEOTURNE (medical or soience graduate, male or female) in HISTOLOGY 
and/or ExsryroLogy-—The Registrar, University College of South Wales and 
Monmouthshire, Cathays Park, Cardiff (June 80). 

RESEARCH FELLOW organic chemist with an Interest in the chemistry of 
natura! products) in the DEPARTMERT OF CHEISTRY for studies on the 
chemustry of a new antiblotac—The Registrar, Ai oe Oollege of Swansea, 
Singleton Park, Swansea, South Wales (June 80). 

SENIOR LECTURER or LECTURRR IX PHYSIOLOGY at the University of 
Tasmania—-The Association of Commonwealth Universities (Branch Office), 
bore House, Pall Mall, London, 8.W.1 (Australia and London, 
une 


ies, a ohaintry, Dlo. 


LECTURER in PATHOLOGIOAL BIOCHEMISTRY at the Western 
——The Secretary of the University Court, The University, Glasgow 


referably with a natural science degoe) to maintain the 
cHonB genoral index, and b assist in neral work of the 
meon o Oxford, Sing Rot. 1/67 iy Organization, Bogbroke Foll 
n, Oxford, quo 
LROTURER 0 ANT LECTURER 10 Ronis ANALYSI8-—The 


trar, University of Btratholyde. George Street, Glasgow, 0.1 (July 1). 


& ay Dia 
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LECTURER (preferably interested ın one or more of the following: carto- 
histo: J or social geograph ) in the DEPARTMENT OF 
etal y "Registrar and Secretary thot University, Durham 


ANT LECTURER or LECTURER (preferably with a special interest in 
o- inguuntoa or mathematical pay chology) ın PsyoHOLogy—~The 
tay, irkbeck College (University of London), Malet Street, London, 
.0.1 (July 8) K 
EASL To eril 'LEOTURER IN MORBID ANATOMY; a LBOTURER IN 
CHEMICAL PATHOLOGY; and a LROTURER IN LOGY at the University 
of the West Indies, Jamalca—The Secretary, Senate Committee on Hi 
Rducation Overseas, University of London, Senate House, London, W.C.1 


cereale BOTURER or LECTURER (with a good honours degree and 

erence in the fleld of telecommunications and pleotronica; and preferably 
egre, DEPARTMENT 0: 

a Kant University of Surrey, 


HNGINEERIKG--The Academi c Registrar (LNG), 
London, (July Vith ad in medicine or a good honours degree 


RESHAROH 
in one OF the biologloat eien cea org Ai peas in the DEPARTANTE O OF Atte 
r Wor, of human genetics—Dr. 

Ganeties, Univerar of Sheeld, 117 heater Rend B Sheil 10 (July 7). 
Fentow and a R FELLOW in the DEPARTMENT O F THRORRTIOAL 
Puysics, Research School of Physical Solences, Taatitute of Advanced 
Studies, 'Australlan National University—The Association of Commonwealth 
Unrversities (Branch Office), Marlborough House, Pall Mail, London, 8.W.1 


BRSRAROE CHOOL OF BIOLOGICAL Sormnons, Institute of 
Australian Nevone University—-The Vice-Chancellor, 
, GPO, Canberra, ACT, Australia 


SENIOR THACHING FELLOW or TEACHING FaLLow (with an honours degree 
and Interested {n any branch of philosophy) In PHY at Monash 
Universt' Melbourne, Australia’ ‘Association of Commonwealth 
Universit ea, (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Austraha, yi K 

LBOTURER Or ASSISTANT LEOTURBR in the DEPARTMENT OF PATHOLOGY, 
University of 8 prore -The Inter-University Council, 33 Bedford Piace, 

don, see 1 15 
ton 7 DE with d experfence in bacteriology) in MI0RO- 
BIOLOGY, at t the P Umvemty of Western ‘Australia—The Association of Com- 
monwealth eta eos pice), Sar Addl House, Pall Mall, 

a ustralia and London, Ju 
Toi or re os at the Univernty of Auoklenid, Now Zealand--The 
Asoolation of Commonwealth Univermties Marlborough 
House, Pall Mall, London, S.W.1 (New Zealan and. gn Giles uly 17). 
SENIOR LEOTURER/LB OTURER 1n GENRTIOS at the ‘Unrversity of Auckland, 
New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, &.W.1 (New Zealand and 


London, July 1 

iene ain Gate arian in rer rans in the fleld of Ferg yt perl 

particulariy In in a and research interesta the field o 

hysical pharm: im ATIA at the Univermty of Sgoneyi 
R ustralia —The NOn of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S W.1 (Australia and London, 
July 21 

e ooi RESEARCH ASSISTANT or SENIOR RESHAROH Eisai in 
the Hion Breray Puvsics GROUP of the PHysics DEPAREMERT---The 
Registrar, Queen Mary College (University of London), Mile End Road, 
London, #1 (duly 22 

LECTURERS ( 2)in ths DEPABTMANT OF PHILOSOPRY. University of Western 
Australia—The Association of Commonwealth Universities (Branch Office), 
Mariborough House, Pall Mall, London, 8.W.1 (Australa and London, 

81). 
cern senior position) to take charge of a cartographie team; the 
work involves mn (sonor poak and drawing of maps and diagrams for text- 
book and research Ag chek fe a as drawings for lantern slides—~The 
Deputy Secretary, The University, Southampton, 

Darr RESRANCH OFyiogR (with a degree in culture or a related 
solence and a sound knowledge of gonetics and statistics of dairy production 
and modern Analytica methods for evaluating hnsban practices) in the 
DEPARTMENT OF AGRICULTURE—The Director of Agriculture, 183 Gawler 
Place, Adelaide, Bouth Australia. 


Advanced Studi 
Austialian National University, Box 4 
(T uy 14). 


GROLOGIAT (with at least a degres In science from an approved university, 
referably w1 bonodre, and with geol ag a major subject) tn the MINES 
Parara, Ho rt, to carry out geological investigations wi Tasmania, 


cindy the propa of eon loo 7 mei logo me T 
inves’ tion o. C BaN 

Nas poole Spar Agent-General for Tasmania, 4158/0 Strand, London, 
W.O0.2. 


LABORATORY SUPRRINTHNDENT (with wide experience of Install 
maintaining the equipment in a large argo phymcs depi department, ability to 
{nstruct junior staff, and preferably fi arity wi th instrumentation pear 
ted with solid state research) for the PHYSIOS Dee runn Ths Begistrar, 


The Talven Univers 
‘with o first- or šeoond claas. honours degree or pr equ vant or 
hy her flor quaitotion) m the DEPARTMENT OF MATHEMATICS AND BALLISTIOs 
he Hogistmar yal Military College of Science, Shrrvenham, Swindon, 


wuhine ied a a good honours degree in mathematics) in APPLIED 


MATHEMATICS—-The Secretary, Department of Mathematics, Sir John Cass 
College, Whitechapel Shh Street, ndon, E.1. 

LECTURER (with a good honours degree 1n zoology and a partioular interest 
in modern cle) in_ZooLoey-~The Principal, bridgeshire College of 
Arts and Technology, Coller Road, Cambridge. 

LIBRARIAN (preferably with a knowledge of a solonce) In the DWPARTAMENT 
OF CHERDOAL ENGINEERING AND AL TRORNOLOGY—Head, Depart- 


ment of Chemical Enginooring ar sad Chemical Technology, Imperial ‘College o 
Science and Technology, Lo 

Pra INDUSTRY DEVELOPMENT pe POSTGRADUATE SCHOLAR (with 
a degree ın phoplolsey or bioch J to assist in a research project investi- 
pating the wd and electrolyte me lism of the neonatal pig—The 
University, Liverpool, 8, quoting Ref. RV/82. 
RBSHAROH ASSISTA’ 


POSTDOCTORAL NT to work with Prof. H. M. Jones and 
a research oup on the selective association of cella in embryonic develop- 
ment and the mechanisms of coll adhesion mnvolved--The Registrar, Uni 


versity College of Wales, Aberystwyth. 

PRINGIPAL BOLENTIVIO OFFIOHR on SENIOR Sorerrivio Ovriome (with a 
Ph.D. or medical or veterinary degree with research experience) in the 
BIOCHEMISTRY DEPARTMANT for fundamenta tal research on the ay. Babra of 
pa ee Secretary, Institute of Animal Physiology, Babraham, 
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SENIOR ANIMAL TECHNICIAN (with arr in animal husbandry) to 
arant tin x erimental animal projecta ane and to advise on the routine 
laboratory animal Director, Metebolio Reactions 
t Unit, Biochemis neea Imperial College, London, 8.W.7. 
SENIOR TECHNION (with a degreo in biochemistry or biol and 
or equivalent qualifications, and preferably experience with tissue 
culture) to Aevelon SSU galeas hniques a Doy vi phborataries. Tba 
georetary, Th e Royal Vi (J orinary nive: fs) ndon), 
Collage Stn treet, Lo oet, London, N ves 7 d 


OSTDOCTORAL Teun (organio chemist preferably with expenence 

of plant ‘Beaten in the DEPARTMENT OF ORGANIC CHEMISTRY to be con- 

say with an enquiry into the chemical functions of phenols in plants—The 
trar, ape ua versity, Liverpool, 8, quoting Ref. 

run electron microscope sulte-—-Tho PB er Technician, 

Biology ier O mn The Middlesex Hospital Medical School, London, W.1. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Grent Britain and Ireland 


ae Admiralty Marme 
& Investigations, Gilbert 


Islands, H.M.8. Cook, 1963. Admiralty Marine Science nee yee 5 

‘ul ee ae e AEA N 
4 Th: paio en 0) ence 

SET Ree poe a ank Del 

0 an a 0: 

Berkshire: Hydrological i alt, 1087.) [54 

niversity of London. ty College Annual Aan 1985-1986. 

Pp. 1 London: rari KAA Tondon, 1967.) A 

, Vol. 101 on 18, 1964: I 


ba 318. 

Uileraity of Oxford. Report of the Committee on Student Healt 
{Bupplems No. ae ike ee Vol. 97, April, 1967.) Pp. 50. 
Ozford: The Universtiy, 1967.) 6s. 


[64 

ter Resources B River Water ual A. Ke if+9. 

c : Water Boonman 1 Board. aa ape -By ere T4 
Bri Museum (N "Economie Beries No. 14: Olothes 
Moths and ot Ag, That L Habits and Control. . 16, 


0. 654.) Bulletin of the Be Br 


Museum (Natural His ory). 
ology, Vol. 14, No. 8: Now Cretaceous 


id Fishes from the Lebanon. 


‘Patterson. 67-109 + 4 plates, nd British Museum 
Ta al History), 1 Ber 2 eae eee 

rial College of alenco and Technology vere of Lond 

toraduate Courses and Research, 1967- Cona on 


in at College of Science and Technology, E ) 
atas, ae Society of London. Annual Report 1966. Pp. i i 
Zoological Society of London, 1967.) 
Te Brat and Behaviour. By Professor Philip B. Bradley. (An In 
Lecture Souvirod in the University of Birmin on 7th a ea k a 


Purpose and Biructure in 
Phiup me H. tesla. Inaugural Lecture delivered in the eae of 


m on 8rd November 1966.) Pp. 24. 2s. 6d. The Nature of Things. 
By Pro r A. J. 0. Wilson. (An Inai delivered in the Uni- 
versity of Birmingham on ist December 1986.) Pp. 12. 2s. 8d. (Birmingham: 
The University.) 


24 
1cal Research Council: Constitution and Functions. Pp, 16. Sa 
Medical Research Council, 1987.) 184 


The Barly History of AEAN ogy. By W. N. Edwards. viit 5844 
plates, (London: British Museum (Natural | History) 1967.) 5s [144 

John Innes Institute. Fifty-seventh 1 keport 1966. Pp. 47. 
(Norwich: John Innes Institute, 1967.) nAn [144 

Journal of Natural History, Vol. 1l ARS 1 (January-March 1967). (Formerly 

The Annals and Magazine of Ni .) Pp. 1-152. Fe hes por 
volume (4 ts) £10 (828. Ml poat ireo, lce per part 5 
(London. Taylor and Franois 

General Physiology and the prias aan dated. By Erofessor R Wit 
(An Ins Lecture delivered in University of Leicester, 8 November 
1966.) Ep: 20. (Leicester: Leicester University Press, alles 3s. {174 

Plant Breeding Institute euabellee: Annual Report, 1965-46. Pp. 
vili+ 184. (Cambridge: Plant Breeding Institute, 1067.) 78. 6d. [174 


Other Countries 


The National Institute of Sclenoes of India. Year Book 1967. Pp. xn +252. 
(Now Delhi: National Institute of Sciences of India, mi [174 
Indian Forest Bulletin No. 247 (New Series) Review of the Genus Triner- 
quem Holmgren from the Indian Region, (Isoptera: ater Nasuti- 
termitinae). By B. Prashad and E K Sen-Sarma. Pp. 42. lhı' Manager of 
LAE TNTA 1086.) ‘Re ; 6s [174 
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De Beers Industrial Diamond Drviston: d Research Laborato 
Evaluation or ae Electrolytic Grinding Process. By F, Hughes and 


Notter, (Johannesb De Beers Industrial Diamond Division, 
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ndon, 


. [45 
Yearbook of the National Museum of Janada for the fiscal year 1865-86 
(No. 1). Pp. 32. (Ottawa: Queens Erinter, 1 4 
Annals of the South Airioan Hosen. Vol. “48, Part 21: Some South 
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area M, 1007.) [45 

Report of the Ore pressing La boratory, Melbourne, 1965-88. 

pp pa ourne’ Commonwealth entific and Industrial Research 
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THE BIG MACHINE 


CERN has presented a more moderate and. convincing 
case for building a 300 GeV proton accelerator than it 
did four years ago, when the scheme was officially 
launched on a penny-pinching Europe. Even biologists 
will admit that. No longer is the case for the big 
machine accompanied by a plea that nations in Europe 
should also build a hierarchy of smaller (but still big) 
accelerators on which the 300 GeV machine could be 
supported in the majesty to which its size would 
entitle it. According to the first edition of the report 
in 1963, there would have to be “a minimum balanced 
programme of research in high-energy physics” based 
on. national or regional accelerators costing altogether 
four times as much as the 300 GeV machine itself. At 
the same time, the ECFA committee at first skated 
lightly over the costs of operating the proposed 
machines, possibly because there was then a much more 
sketchy appreciation of the cost of exploiting a large 
accelerator to the full. Understandably, a good many 
custodians of public funds took fright, and thought 
they were being asked not merely to build the big 
machine but to provide high-energy physics with a 
blank cheque. 

By comparison, the new edition of the ECFA report 
is a tactful document. For one thing, the direct cost 
of operating the 300 GeV laboratory a decade from now 
is reckoned to be only a half of the direct cost of 
European collaboration in energy physics, chiefly 
because the laboratory at Geneva will still be a valuable 
enterprise. At the same time, it has been openly 
acknowledged that if member nations are to get full 
value from the CERN laboratories, they will have to 
spend at least half as much at home on equipment 
and analysis as they do on their direct contributions. 
In the circumstances it is just as well that ECFA has 
suggested—tentatively this time—that the inter- 
national programmes could reasonably be accompanied 
by a series of national programmes intended almost 
to renew the national facilities which now exist, 
chiefly by the building of accelerators working at 
energies intermediate between that of the proton 
synchrotron at Geneva (28-5 GeV) and the 300 GeV 
accelerator. If this moro modest programme were 
actually to be implemented, the cost of exclusively 
national activity would double between 1966 and 1981, 
but the cost of international activity, direct and in- 
direct, would multiply by four in the same period. 
In other words, the steady growth of the importance 
of the international laboratories would be reflected in 
the growth of the ratio of international to national 
costs from just over 0-8 in 1966 to roughly 1-8 in 1981. 
For membex nations hoping that international collabor- 
ation will create real economies and not merely a 


climate in which it is harder than ever to avoid keeping 
up with the Joneses, this is obviously a more attractive 
possibility. 

But will it be attractive enough to win the hearts 
of the potential member nations? This is what the 
high-energy physicists should be asking. The first 
thing to be said is that the case for building the machine 
is still somewhat intuitive. The high-energy physicists 
are the ones who understand it best and they have been 
curiously complacent in seeking to convert others to 
their way of thinking. Thus it is not strictly pertinent 
to show—as the utilization studies which have been 
carried out demonstrate all too clearly—that the 300 
GeV laboratory would have plenty of solid work to 


do. Nobody has ever doubted the interest of this field -: 


or even the talent of those who work init. In the same 
way, to argue that the 300 GeV machine is the next 
and inevitable step in the long tradition of particle 
physics which began with the first work on electrons 
at the end of the nineteenth century is a little like 
saying that “men must go to the Moon because it’s 
there”. Professor E. Amaldi (see page 1290) has a 
better line of argument. High-energy physics is in a 
condition resembling that of atomic physics in the 
early twenties, and it will be a cruel disappointment 
if the relationships between the particles of matter 
which the machines create are not somehow made 
sense of within a new theoretical framework comparable ° 
in importance with quantum theory. This could easily 
be a crucial time in the development of physics, and 
the machine could have an important part to play. 
Building it may be a gamble, for the prize may not 
materialize, but the gamble is almost irresistible. 

This said, there is probably more flexibility in the 
programme for building the 300 GeV machine than the 
ECFA report allows. For one thing, it is entirely 
possible that some countries may be able to reduce 
their expenditure on purely national activities in high- 
energy physics below the ratio recommended in the 
report. Another possibility is that the exploitation 
of the machine itself (though not the building of it) 
could be stretched out over a longer period, thus post- 
poning some part of the quarter of the capital expendi- 
ture now allocated to “preparations for high-energy 
research” and reducing running costs at least for the 
first few years after 1975. Whether it is worth waiting 
for a final decision on the 300 GeV machine until the 
75 GeV accelerator in the Soviet Union has begun to 
operate is another matter; probably there is very 
little that could be learned from it in a few months. 
The possibility of some financial agreement with the 
United States or even the Soviet Union shout not, 
however, entirely be ruled out, especially mow that; the , 
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site chosen at Weston, Illinois, for a 200 GeV accelera- 
tor may turn out to be unusable. Straightforward 
postponement, perhaps by a year or so, would be 
another way of easing the cost, but would be unfortun- 
ate but not disastrous. By 1975, which is the soonest 
that the new machine could operate, it may seem 
intolerably late. CERN is right in saying that if there 
is to be a 300 GeV machine at all, it is probably best to 
begin work in 1968. 

One way and another, it is therefore probable that 
the nations now members of CERN will find themselves 
subscribing to the new venture. Certainly it would be 
& pity on scientific grounds if the 300 GeV machine 
were never built. There is also something in the view 
that Europe should not at this stage contract out of 
what has become the most exacting (and the most 
expensive) part of physics. Then the big machine is 
a good deal more valuable than a full-blooded space 
programme would be. And now, of course, there are 
particular reasons why nations such as Britain should 
welcome opportunities to show that they enjoy 
collaborating with nations on the mainland. To be 
sure, in Britain it will be necessary to see that other 
fields of science than high-energy physics are not 
robbed of funds essential to their development, which 
should help the Government to decide how much it 
can contribute to CERN, and when. Elsewhere there 
may be difficulties of other kinds—in West Germany, 
for example, there is a tendency to suspect that CERN 
could have been more directly valuable. As things 
stand, the Italian Government is also hanging back, 
chiefly on financial grounds. Of the principal con- 
tributors to CERN, France is the most enthusiastic 
for the new machine. In the end, of course, each 
potential contributor will have to make a decision on 
its own, but on balance, the time has probably come 
to bury doubts and to resolve to buid the big 
machine. 

But will not the project compromise national 
policies for decades to come ? That is a perfectly proper 
calculation, and in the discussions which lie ahead, 
there is everything to be said for looking closely at the 
way in which the 300 GeV laboratory would fit into 
the general pattern of scientific work in Europe. 
Perhaps the most important need is to arrange that 
if the big machine is built in concert, there will also be 
co-ordination of the rest of the European accelerator 
programme. In particular, it would be a splendid 
thing if the agreement to build the new laboratory 
were also to include an understanding that scientists 
from the CERN community would have access to 
national accelerators such as the two machines already 
at work in Britain, the 45 GeV accelerator on which the 
French have set their hearts, the 7 GeV electron acceler- 
ator at Hamburg and the accelerator being built near 
‘Bonn, not to mention the meson factory which is to 
be built in Switzerland. This, after all, is the only way 
of*making sure that rivalry in accelerator construction 
will be entirely stifled when the 300 GeV machine is 
built. ° The ideal, of course, would be that national 
plans for bilding large accelerators should be ratified 
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by the CERN council and then built collaboratively, 
on the same basis as the two big machines in Europe. 
Is it entirely outrageous to suggest that such an 
abdication of sovereignty would be not merely a proof 
of protestations about the virtues:of collaboration 
but a great economy as well ? 

The administrative structure of CERN also needs 
examination. In the past decade, CERN has become a 
model of successful international collaboration, chiefly 
because it has had a tangible job to do and because 
there have been intelligent men in charge. It seems 
now to have been agreed that if there is a second 
laboratory this will be managed by the same council, 
which is entirely sensible. CERN seems, however, to 
have shrunk from the concept of a single management, 
for the two laboratories, chiefly out of fear of repeating 
the mistakes of Euratom and the European Space 
Research Organization (ESRO). In doing so, however, 
it may have invited trouble, for it may be hard toc 
avoid rivalry between two more or less autonomous 
laboratories, particularly if one of them is running down 
when the other is in a state of boom. Nobody would 
pretend this is an easy problem, but the solution so 
far suggested is not entirely convincing. 

Yet another field for examination is the choice of 
site, and on the face of things it is anomalous that 
nations which have doubts in common about the 
costliness of the new machine should nevertheless be 
falling over themselves to see it built on their land. 
The reason, of course, is that an international accelera- 
tor can do a lot for the economy—and even for the 
physics—of the locality. In this sense, the choice of a 
site in the months ahead. is almost as invidious a task 
as the choice of operators for the British commercial 
television channels which has now made the British 
Independent Television Authority seem to many 
people in Britain either a reckless villain or a fairy. 
godmother. It is true, of course, that the country 
playing host to the accelerator will have to lay out some 
capital right at the beginning, but there is no question 
that in the long run it will make a handsome profit. 
So why not let the contract to the highest bidder ? 
This is another possibility, and at the same time a 
way of making sure that in the choice of site com- 
paratively unimportant matters like the local climate 
are not given undue importance. To be sure, such a 
procedure would seem hard on smaller nations and 
also lead to abuses of several kinds, but there is no 
reason to fear that these obvious pitfalls could not be 
avoided. In any case, the choice of one out of nine 
technically acceptable sites would be much easier if 
CERN were an even more comprehensive organization 
than it promises to become, for then there would be 
more site contracts to be awarded. This is another 
reason for asking that, in the negotiations which lie 
ahead, member nations should seek wherever possible 
to strengthen the international character of the 
organization. No harm will be done if CERN grows 
into a kind of supra-national research council, for its 
record so far shows that it could discharge this responsi- 
bility excellently. 
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NEWS AND VIEWS 


Bidding Blind 


Tux council of CERN, meeting on June 15 at Geneva, 
has devised a neat way of sustaining the interest of 
member states in the competition there is bound to be 
for right to play host to the 300 GeV machine. Accord- 
ing to the procedure now approved, states are being 
asked to say whether they will contribute to the new 
project, and are being allowed to qualify their consent 
only by placing an upper limit on their share of the 
total cost. Only when these bids have been received 
in September will the process of picking one of the nine 
` possible sites begin in earnest. By then, of course, 
it will be too late for the disappointed nations to 
withdraw with dignity. 

Although the 300 GeV machine dominates most 
things at CERN these days, the laboratory at Geneva 
is by no means inactive. The intersecting storage rings 
are now taking shape, with a deep excavation well 
advanced on the north-west of the proton synchrotron 
and, just across the line of the old French border, now 
happily smudged out. There is particular interest 
in the experiments under way to measure the anomalous 
magnetic moment of the -meson and in the prepara- 
tions now being made to obtain a better yield of 
neutrinos from the proton synchrotron. 

The Annual Report of CERN for 1966 says that 
work has also continued on the development of a large 
hydrogen bubble chamber, by collaboration between 
groups from Geneva, Heidelberg and Saclay. The year 
ahead is likely to see more work on the development of 
large bubble chambers at CERN, together with a start 
on the programme of work which may eventually make 
the 28-5 GeV proton synchrotron still more effective, 
chiefly by providing a power supply which can allow a 
greater pulse rate than one every five seconds at the 
highest energy. 

CERN remains one of the few organizations able to 
budget accurately a year ahead, partly because national 
contributions to the budget are tied to variations of 
prices and salaries. In 1966, however, the organization 
made a surplus of 656,000 Sw. francs, which was 
returned to member states. The budget for the current 
year includes an increase of 16 per cent (at 1958 
prices) in the basic programme, chiefly because of the 
increased cost of more intensive operation, and a sum 
of 71 million Sw. francs to cover the cost of the inter- 
secting storage rings and the planning work for the 
300 GeV machine. 


Physics in Canada 


In May 1966, the Canadian Association of Physicists 
was asked by the Science Secretariat in Ottawa to 
produce a report on the state of physics in Canada and 
an assessment of future needs. In May 1967, its 
report--400. pages long—was published, despite the 
fact that work had not begun in earnest until September 
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1966. The report bears no signs of its hasty production; 
it is admirably clear, well argued and comprehensive., 

The broad conclusion is that Canada is in danger of 
catching the British disease; “. . . whereas pure re-. 
search is in a reasonably healthy state, and is continuing 
to improve, the same cannot be said for applied 
physics . . . special consideration must be given to 
improving the research effort in applied physics”. 
Financial support is described as reasonable in govern- 
ment laboratories, poorer in universities, and insufficient 
in industry. The growth rate, though, is better now than 
in the past, and the committee recommends the main- 
tenance of a steep growth rate of about 23 per cent 
for the next five years, the majority of the increase to 
go to industrial research. The committee also gave 
its blessing to the establishment of joint institutes; 
five of these should be set up, it says, in astronomy, 
materials science, elementary particle physics and two 
in nuclear physics. 

In astronomy the problem seems to be that nearly 
all research is carried on in government establish- 
ments; the universities cannot supply even enough 
graduates to man the government laboratories. A 
national telescope, possibly the Queen Elizabeth IT 
telescope on a site on Mount Kobau in British Columbia, 
should be built without delay. This would form the 
nucleus for the institute of astronomy, to cost $20 
million over five years. One nuclear physics institute 
should be built around what is called the Tri- University 
Meson Facility (TRIUME) proposed, oddly enough, by 
four universities, British Columbia, Victoria, Alberta, 
and Simon Fraser University. This meson producing 
cyclotron will cost $26 million. The other institute. 
should be built around the Intense Neutron Gener- 
ator (ING) belonging to Atomic Energy of Canada. 
This would cost more, about $140 million. Canada. 
should not, however, invest in a large particle accelera-, 
tor, but concentrate on collaborative projects with 
other countries. It is even possible that Canada might 
offer to participate as a full partner in the building 
of the American 200 GeV machine at Weston, Ilinois., 

Research in physics in Canada cost $70 million in, 
1966, more than half going to government laboratories 
and less than 7:5 per cent to industry. By 1971 the. 
figure should be $161 million, government establish- 
ments taking 38-5 per cent, universities 45 per cent, 
and industry 16-5 per cent, the report concludes. 


Austrian Research 
from a Special Correspondent 


Vienna, June 16 

Tue scale of research and development in Austria, 
by common. consent among the lowest in Europe, was 
the central issue in a publio debate this week involving 
the Minister for Education, Mr L. Piffl-Perkevic, and 
Dr R. Meyer, a member of parliament and of the 
Austrian Socialist Party. Both politicians were speak- 
ing at a session of the Europegesprach 1967 organized 
here by the Mayor of Vienna and devoted, this year 
for the first time, to problems of science. Since both , 
the Government and its critics acknowledge that there 
ought to be a bigger effort on research, the difference 
between them boils down to an assertion ky the 
Government that it is doing everything jt tan—and : 
almost everything that needs to be done—to put things * 
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right, and a charge of complacency and indifference 
by the opposition. 

Mr Piffl-Perkevic started from the view that inter- 
national] comparisons, unflattering as they may be, are 
not the yardsticks by which science policy in Austria 
should be judged. What matters, he said, is that the 
“intellectual potential” should be enabled to be fully 
effective. By this test, he said, it was remarkable that 
Austrian scientists were able to publish 100 patents 
and some thousands of research papers each year. 
But “this miracle should not make us content. What 
Austria needs is fruitful discontent”. To this end, the 
Government was hoping to promote legislation that 
would increase the support for and the effectiveness 
of research in universities and in industry, and was 
hoping to attract to Austria institutions such as the 
CERN 300 GeV laboratory. From what Mr Piff- 
Perkevic had to say, it is plain that he will be exceed- 
ingly downcast if the CERN laboratory goes elsewhere, 
for there was nothing in his speech to suggest to his 
largely Austrian audience that there are eight other 
bidders in competition for the same site. 

The case for the opposition is necessarily simpler. 
Only one-third of one per cent of the GNP of Austria 
is spent on research and development, and the work of 
the universities is hampered by lack of equipment and 
technical assistance and by the burden of the teaching 
load. Altogether, according to Dr Meyer, only 2,000, 
or 4 per cent, of the qualified scientists in Austria are 
actively engaged on research and development. This 
Dr Meyer described as an “intellectual sell-out”, and 
she asked for better co-ordination of research and for 
more collaboration with nearby European nations. 

Whichever party is right, it does seem plain that the 
Government is about to introduce legislation embody- 
ing some substantial reform of the situation in the 
universities. Whether this will be enough to break 
down the hierarchical relationships within university 
departments which at present conspire to see that 
professors are burdened down with administration 
(and sometimes even have to type their own letters 
into the bargain) and that assistants are burdened down 
with too much teaching, only time will tell. The 
chances of a complete reform in one are reckoned to be 
small. 


New Town, New Technology 


AT the Cranfield College of Aeronautics the staff face 
a challenging prospect. Professor A. J. Murphy, 
Principal of the College, believes that it can become 
a British MIT, providing technological drive and 
expertise to the new town of Milton Keynes which will 
soon begin to grow around it. This ambition will be 
furthered when the college becomes the Cranfield 
Institute of Technology, with the power to award 
its own degrees, but even now it is by no means 
fanciful. 

For a start, the college includes much more than 
aeronautics, although aircraft remain its bread and 
butter. The school of management—the Cranfield 
Work Study School—has for many years been the 
largest in the country, although it is now being over- 
taken by the schools at Manchester and London. 
The Adyanced School of Automobile Engineering 


e Offers one omtwo year postgraduate courses, and within 


the same campus is the British Hydromechanics 
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Research Association, which carries out work in 
advanced fields such as fluidics. Students at Cram- 
field all have university degrees or have gained equiva- 
lent qualifications in other ways, and the qualifica- 
tions which Cranfield offers are equivalent to a univer- 
sity master’s degree. Even the campus has an American 
look about it. Fears that Cranfield’s style might be 
cramped now that its finances are audited by the 
Comptroller and Auditor General happily seem to 
have been unfounded. 

Some of the most exciting research projects are 
to be found in the Department of Aircraft Propulsion. 
In a ram-jet, air is introduced at supersonic speed, 
slowed down to a few hundred feet per second for 
combustion, and then exhausted again at supersonic 
speed. This cycle is intrinsically wasteful, and would 
be improved if the combustion could also be carried 
out at supersonic speed. Using hydrogen fuel and air 
at bigh pressure, the research staff under Professor 
A. H. Lefebvre have shown that supersonic combustion 
can be achieved; now they propose to move on to more ~ 
practical fuels such as kerosene and methane. Super- 
sonic combustion would be a great advantage at 
Mach 2-3, but at hypersonic speeds around Mach 8 
it is essential, as the need to slow down the air stream 
produces pressure increases which a very hot engine 
would be unable to withstand. 

Another project is the design of an ion rocket engine, 
using tungsten cathodes in an atmosphere of argon to 
produce a stream of ions which can be accelerated 
through grids to provide a tiny thrust. The ion engine 
at Cranfield is much smaller than some which have 
been built in America—it produces only 30 dynes of 
thrust—but even this minute power would be useful . 
in outer space. Using a slurry of aluminium in water, 
studies on tri-propellant rocket motors have been 
carried out; in theory, motors of this type burning 
beryllium in oxygen and cooled with hydrogen could 
offer a 30 per cent increase in rocket thrust. More 
directly applicable are studies of fuel atomization, 
including a device to replace the carburettor in an 
internal combustion engine, and an improved version 
of an airblast atomizer for use in jet engines. 


Bone Strontium 


Tue most recent report of the Medical Research Council 
on the content of strontium-90 in human bones shows 
a continuing but gradual decline. In the first half of 
1966, for example, the concentration of strontium in 
the bones of stillborn children worked out at 23 
pe. per g of calcium for a series of 47 analyses at the 
Capenhurst Laboratories of the UK AEA, and 3-1 pe. 
per g of calcium for 59 stillborn skeletons analysed in 
Glasgow. The corresponding figures for the same period 
in 1965 were 2:7 and 3:2 pe. per g of calcium respec- 
tively. As in previous years, the highest concentra- 
tions of strontium-90 are to be found in the skeletons. 
of children dying between 6 and 23 months of age. 
The mean of 8 English measurements of skeletons in 
this category worked out at 7-3 units in the first half 
of 1966, compared with 8-9 units in the previous 
year. (The corresponding figures for Scotland are 
8-3 and 11-3 units.) 

The latest report marks a technical innovation in 
that the measurements carried out in land are 
based on samples of vertebrae. Previous measure- 
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ments have been based on femora taken from human 
skeletons, but it is now acknowledged that strontium 
lodges more permanently in the vertebrae than in the 
limbs. Although differences between the two measure- 
ments are small for young children, there may be con- 
siderable differences between the concentrations of 
strontium in adult bones from the two sources. In 
part, the Medical Research Council has been prompted 
to change from femora to vertebrae by the knowledge 
that measurements in countries other than Britain 
are usually based on vertebrae. Scotland will, however, 
continue with femora. 


Productive Physics 


At the Rutherford Laboratory, the emphasis is on 
productivity. The laboratory houses Nimrod, the 
Science Research Council proton synchrotron, and the 
report for 1966 (HMSO, 15s.) is full of references to the 
availability of the machine and the hours of work 
completed. In view of the cost of the laboratory-— 
£5-8 million in the year ending March 31, 1966-—this 
preoccupation is entirely understandable. Some of 
it derives, no doubt, from the frustrations of 1965, 
when an alternator failure had Nimrod hobbling along 
at 2 GeV for most of the year. 

During 1966, Nimrod was back to its full power of 
7 GeV, and operated for 4,850 hours at a mean beam 
intensity of 1-08 x 101 protons per pulse. Seven experi- 
ments with electronic techniques were completed, and 
two with bubble chambers. No significant O (charge con- 
jugation) violation was found in the decay y>xt1-7, 
so that the nature and origin of the CP (charge conju- 
gation x parity) violating interaction responsible for 
the decay Kyr? —> 2x remain unknown. Rebuilding 
of the imposingly named British National Bubble 
Chamber continued during the year, and an 80 om 
helium bubble chamber was commissioned. At the 
end of 1965—less than 2 years after Nimrod was first 
scheduled—it became apparent that the experimental 
hall was far too small, and approval to build a new 
hali was given at the end of 1966. This will allow more 
beams to be installed simultaneously, reducing the 
amount of modification needed for new experiments. 
The new hall, 300 ft. long by 150 ft. wide, will be com- 
pleted by the end of 1968. 

The laboratory also houses a proton linear accele- 
rator, which also had a record year for running in 1966. 
The PLA produces 50 MeV protons, and has been used 
for experiments on proton scattering, pick- -up reactions, 
and charge exchange reactions. the year a 
variable energy cyclotron for AERE Harwell was 
completed, and the formal hand-over of control was 
to take place early in 1967. This machine gives ener- 
gies of 50 MeV for protons and 80 MeV for «-particle 
beams. A new computer, an IBM 360/75, was obtained 
to replace Orion, and the laboratory continued to 
- rely on the Chilton Atlas for the bulk of its off-line 
computing work. The Applied Physics Division 
--did some work on superconducting magnets, and set up 
equipment to test superconducting cable up to 3,000 
‘amps. The hope here is to replace conventional mag- 
nets with pulsed superconducting magnets, which 
would make future accelerators much smaller and 
cheaper. Similar techniques, the report hopefully 
suggests, Could offer the opportunity of inexpensively 
converting Nimrod to an energy of 40-50 GeV. 
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Field Reversals 


Wun Sir Edward Bullard delivered the 1967 Bakerian 
Lecture on the reversals of the Earth’s magnetio field, 
he was introduced appropriately enough by Professor 
P. M. S. Blackett, President of the Royal Society. 
Between them, these two have shared much of the 
excitement of this intriguing field of research. 

Sir Edward gave the reasons for believing that the 
magnetic field of the Earth has indeed reversed itself 
several times in the past. For him the conclusive 
evidence had been provided by the incredible agree- 
ment between the reversals derived from lavas and 
the linear anomalies observed in magnetic surveys 
of the ocean floor. The pattern of magnetization 
observed on the ocean floor was astonishingly symmet- 
rical on either side of the mid-oceanic ridge, indicating 
that lava rises in the middle and flows away on either 
side. How did the field originate, and how could it 
reverse? Sir Edward lent his support to the double 
dynamo theory, involving two fields and two motions— 
computer models of such arrangements had shown 
& pattern of reversals strikingly similar to the reversals 
of the Earth’s field. 

There were still two loose ends, Sir Edward thought. 
Among Colorado basalts, those deposited during periods 
of reversed magnetization were chemically different 
from those deposited during normal periods. “It seems 
inconceivable,” he said, “that all reversed basalts 
are chemically different from all normal basalts.” 
It was just possible that the direction of magnetization 
could affect the chemistry in some cases, but cal- 
culations had shown the effect to be very small. 
Was this, he wondered, something to do with ferro- 
magnetism ? 

The other snag was provided by the disappearance 
of small animals called Radiolaria during reversals. 
It had been suggested that the absence of a field 
during the change-over had let in cosmic rays which 
caused mutations and eventually destroyed the species. 
Sir Edward was unhappy with this explanation. The 
increase in cosmio rays during a reversal was only 
about 10-15 per cent, he said, a small change com- 
pared with that observed between one latitude and 
another, or even in different depths of water. He 
left his audience with another suggestion: perhaps 
the reversal of the field lets in the solar wind, producing 
a thick ozone layer in the atmosphere. This might 
affect the atmosphere and. the climate, and ultimately 
eliminate the Radiolaria. “It would be interesting,” 
Sir Edward suggested, “to investigate ee field 
conditions at the time when dinosaurs disappes: 


RNA Bacteriophage Replication 
from our Correspondent In Cell Biology 


Last year two alternative models for the replication of 
the single-stranded RNA genomes of coliphage such as 
QB, £2, MS2 and R17 were hotly debated in journals and 
at conferences. One postulates that the parental RNA 
molecule (the plus strand) ia replicated directly by a 
phage specific enzyme variously known as RNA poly-e 
merase, synthetase or replicase. The other postulates 
that an RNA molecule, the minus strand, complement- 
ary to the parental plus strand is synthesised first, 
giving rise to a double helical molecule with normal 
base-pairing, and this oben acts as template for the semi? 
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conservative and asymmetric synthesis of many progeny 
plus strands. The first model is highly unorthodox 
because it requires the replication of a nucleic acid 
molecule by some other mechanism than Watson- 
Crick base pairing. The second model predicts the 
existence in an infected cell of a heterogeneous popula- 
tion of viral RNA molecules: single stranded progeny 
molecules, pure double stranded molecules, a replica- 
tive form, and double stranded molecules with nascent 
single stranded molecules attached, a replicative inter- 
mediate. 

Several workers from 1964 onwards reported the 
presence of replicative form and replicative intermediate 
in phage infected Hscherichta colt. Controversy sud- 
denly arose when Haruna and Spiegelman (1966), 
having achieved the isolation of Q8 RNA replicase 
which was stable and showed template specificity 
tn vitro, were unable to find evidence of a comple- 
mentary minus strand during the in vitro replication of 
QB RNA. Weissman and Feix (1966), on the other 
band, with Q8 replicase donated by Spiegelman, demon- 
strated with hybridization techniques the existence of 
such minus strands. At the time, Spiegelman did not 
accept these results, but subsequent work done in his 
laboratory has restored unity to the field. Mills, 
Pace and Spiegelman (Proc. Nat. Acad. Sci., 56, 
1778; 1966) showed the existence of a double stranded 
QB RNA molecule, and Bishop, Claybrook, Pace and 
Spiegelman (Prec. Nat. Acad. Sei., 57, 1474; 1967) 
with polyacrylamide gel electrophoresis have isolated 
QB RNA complexes with properties similar to replica- 
tive form and replicative intermediate described by 
Francko and Hofschneider (1966), Franklin (1966) 
and Erikson et al. (1967). Spiegelman ef al. are now 
trying to show that these double stranded molecules 
contain complete minus and plus strands. They 
caution that although their latest results are consistent 
with the second model for phage RNA replication 
they do not unequivocally establish it. However, all 
these data with those of Feix, Slor and Weissman 
(Proc. Nat. Acad. Sct., 37, 1401; 1967), who present 
evidence for the synthesis of complete QB minus strands 
during in vitro replication, make it increasingly difficult 

© to believe that phage RNA is replicated without the 
synthesis of a complementary minus strand. 

Granted the synthesis of a minus strand, there 
remains the problem of whether or not it acts as a 
template for synthesis of progeny strands when part 
of a double helical molecule with a parental plus 
strand. Feix et al. find most of the minus strands made 
are not part of a double helical molecule but are found 
in a complex sedimenting at about 40s which probably 
consists of a minus and plus strand which are not hydro- 
gen bonded, and a replicase molecule. They suggest 
that in vitro and probably in vivo the template for 
progeny strand synthesis is a single minus strand, not a 
double helical molecule. This is supported by the find- 
ing that before denaturation the replicative form and 
replicative intermediate RNA do not serve tn vitro as a 
template for Q$ replicase. Since the RNA molecules 

* inthe 40s complex can be converted to a double stranded 
form by phenol, they believe that the replicative form 
ands replicative intermediate normally isolated from 
phage infected cells by phenol extraction are derived 
from the in vivo replicating complex but are no longer 
- in the native state. Further experiments may be 

‘*xpected to test these ideas. 

e 


NATURE, VOL 214, JUNE 24, 1967 


lonizing Groups in Proteins 
from our Correspondent In Molecular Blology 


Tux biological activity of proteins and the transforma- 
tions which they will undergo are in many cases known 
to be governed by particular ionizing groups. That 
such groups are frequently grossly abnormal in effective 
pK. in the native protein is now a commonplace, and 
it is also known that they are in general restored to 
normal when the protein is denatured and that they 
may change in response to some external event, such as 
the arrival of a substrate or effector molecule. Con- 
siderable interest therefore attaches to the identification 
of individual ionizing groups and the study of their 
behaviour in isolation. A method of observing only 
the «-amino group, first applied by Hirs and his col- 
laborators in work on ribonuclease, has now been used. 
to good purpose on haemoglobin by Hill and Davies 
(J. Biol. Chem., 242, 2005; 1967). 

The principle of the method lies in the well-estab- 
lished fact that fluorodinitrobenzene (FDNB), the 
reagent originally introduced by Sanger for the determ- 
ination of end-groups, reacts with amino groups only 
in their uncharged (high pH) state. Thus the greater 
the degree of protonation of the amino groups, the 
slower the reaction. If now the reaction rate is followed 
as a function of pH, a measure of the ionization state 
of the amino group in question will in effect be obtained 
at each pH so that the effective pK oan be determined. 
The rate of the reaction with, in this case, the «-amino 
groups of the haemoglobin «-chains is followed by 
hydrolysis and estimation of reacted groups in a stand- 
ard manner. Hill and Davies have shown that when 
the dipeptide valylleucine (which is the N-terminal 
sequence in the haemoglobin chain) is subjected to this 
method, the pK of the a-amino group agrees closely 
with the value 7-9 from potentiometric titration. In 
native haemoglobin, on the other hand, the pK of 
the -amino groups is 6-7, more than one pH unit lower. 

Apart from demonstrating the effectiveness of the 
method, this result is of interest in itself, for a recent 
analysis by Tanford and Nozaki of the titration curve 
of human haemoglobin led to the conclusion that the 
w-amino groups do not titrate in the expected range. 
On the basis of the crystallographic model, Perutz 
has also suggested that these same amino groups are 
paired with the positively charged guanidinium groups 
of the C-terminal arginines in the partnering «-chains, 
which should account for the anomalous pKs. 

Another article which concerns itself with the obser- 
vation of a single class of ionizing groups comes from 
Vijai and Foster (Biochemistry, 6, 1152; 1967). They 
have established the nature of the “masked” ionizing 
groups in bovine serum albumin, which become avail- 
able for titration when the protein undergoes a struc- 
tural change at acid pH—the groups turn out to be 
carboxylate groups and they were identified by infra- 
red spectroscopy. By using difference spectra it is 
possible to follow quantitatively the disappearance of a 
frequency of the carboxylate group as the pH is lowered. 
By comparison with the potentiometric titration 
curve, it is shown that in the acid region only carboxyl- 
ate groups are being titrated, and that it is such groups 
which are exposed when the acid conformational 
transition occurs. With some refinements, it has been 
shown that about 40 of the 100 carboxylate groups 
present are inaccessible in the native protein. 


NATURE, VOL. 214, JUNE 24, 1967 


Parliament in Britain 


Select Committee 

Lorn Rosens, chairman of the National Coal Board, 
is an appealing character. His long experience of the 
British power industries gives his views enormous 
authority, but he is no civil servant. When he gave 
evidence to the Select Committee on Science and 
Technology, he launched an uninhibited condemnation 
of British power policy. After declaring that he was 
only looking for the facts, Lord Robens delivered a 
peroration magically sustained from allegation to 
allegation by sheer flow of words. It was a fascinat- 
ing performance, the more so because it was based— 
loosely, to be sure—on arguments which the committee 
cannot entirely ignore. 

The Ministry of Power had been filled with what 
Lord Robens described as “birds of passage”; he 
himself had seen four ministers and three permanent 
secretaries come and go. On the occasions when they 
hed not been actually incompetent, they had been 
shortsighted—only the present incumbent, Mr Richard 
Marsh, had the right idea. Apart from inconsistency, 
the ministry’s unco-operative attitude to the NCB was 
“a nonsense” or alternatively “an absurdity”. All 
this heat had been generated, it seemed, by the recent 
discovery that the ministry had in great secrecy set 
up a fuel policy working party with representatives 
from the UKAEA and the CEGB, but excluding the 
NCB. After firm representations at the Selsdon Park 
conference, Mr L. Grainger of the NCB had been co- 
opted on to the working party, but Lord Robens 
feared that the damage had already been done. 

Lord Robens adopted a forgiving attitude to the 
first nuclear power programme. It had cost the country 
£500 million more than coal stations would have done, 
he thought, but perhaps it had been justified on 
technological grounds. What really irked him was the 
fear that the same mistakes were about to be made for 
the second programme. He pictured the CEGB and 
the SSEB rushing headlong to get approval for new 
nuclear stations before the select committee had had 
time to show them the folly of their ways. Seaton 
Carew, Heysham and now Portland were all being 
pushed forward as sites for nuclear stations, he said. 

What in fact does the NCB want to see? First, an 
independent Energy Board, able to recruit its own 
staff and provide honest advice to the minister free 
from the warring interests. Under present arrange- 
ments, the NCB says, the costs of the AEA and the 
CEGB are taken separately, although both contribute 
to the cost of nuclear power generation. One result 
is that fuel costs for nuclear reactors are artificially 
low, the board claims. Secondly, the board has its 
own. ideas about the structure of the nuclear industry. 
Some of the duties of the AEA—-fuel re-processing and 
fuel element manufacture, provision of design data, and 
all research and development work which is near to 
commercial application—should be hived off into a 
separate corporation. This would operate as a com- 
mercial concern, leaving the rest of the AEA as a sort 
of institute on the lines of the National Institute for 
Research in Nuclear Science. This would soon show 
how expensive nuclear power is, the NCB believes. 
In addition, it suggests that the consortia should 
restrict their activities to construction, and “be 
relieved of the burden of research and development”. 
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Was there any point, the NCB men were asked, in the 
diversification that was going on at Harwell? Mr 
Grainger said that he had yet to meet a single scientist 
from outside the AEA who agreed with it. 


Organization of Science 
Lord Shackleton and Lord Beswick, replying to 
criticisms of the administration of science and teoh- 
nology in the UK, attempted at some length to justify 
the organization set up by the Government and 
particularly the separation of ministries. Lord Todd 
was unconvinced. He thought that the recent creation 
of the Advisory Committee under Sir Solly Zuckerman 
indicated that the Government now accepted his view, 
though he still questioned the wisdom of making such 
a committee responsible to the Prime Minister. Sir 
Gordon. Sutherland’s report on liaison between univer- 
sities and government research establishments was 
fine, Lord Todd thought, but there was need for a still 
bolder approach; Government establishments should 
be direotly associated either with universities or with 
industry. The links developed between the National 
ineering Research Laboratory and the University 
of Strathclyde might be even more effective, he sug- 
gested, if the laboratory were taken right out of the 
Ministry of Technology and placed under the control 
of the University of Strathclyde. He saw little future 
for Harwell or the National Gas Turbine Research 
Establishment as government research establishments 
and suggested that the latter should be put in the aero- 
engine industry where it belonged and should have 
developed in the first place. Why should a government 
station exist to provide research requirements for 
modern industry? We should rather stimulate the 
industry to put its own house in order. If the new 
Advisory Committee could establish priorities and 
assist in setting out government policy he thought that 
the present structure might evolve into one which was 
really workable. If it did not, we should not hesitate 
to change the entire administrative structure. (Debate, 
House of Lords, June 14.) 


Construction Research 

Mz R. E. Prenrion, Minister of Public Building and 
Works, is to establish a Construction Research Advisory 
Council. Its chairman will be Sir Antony Part and the 
members will be drawn from both sides of the industry, 
the appropriate professions, government departments, 
and universities and others concerned in building 
research. Its task will be to survey the national need 
for construction research, to review existing facilities, 
to consider measures necessary to encourage the 
expansion and more effective deployment of available 
resources and to advise on the dissemination of research 
results. Mr Prentice was anxious to dispel any doubts 
which had been expressed that the new arrangements 
constituted a possible threat to the scientific integrity 
of the Building Research Station. There was no inten- 
tion, he said, of interfering with its detailed day-to-day 
working, or of curtailing its accustomed freedom to 
publish the results of its scientific work. It would be 
encouraged to preserve its existing contacts with the e 
industry and its own structure of specialist committees. | 
Mr Prentice added that research in construction was 
running at only 0-4 per cent of the output of the 
industry, against 2-6 per cent in industry generglly; he 
hoped the new arrangements would stimula 
research by the industry. (Statement, Jùne 14.) ° 


more , 
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CERN and the Big Machine 


by The project for building a 300 GeV proton synchrotron was one of 


EDUARDO AMALDI 


the principal Items on the agenda of the council of CERN which 


met at Geneva on June 14-15. There were discussions of the 


Chairman, European Committee for Future 
Accelerators 


extension of the CERN convention to Include a second laboratory, 
and of the procedure to be used in selecting one of the nine sites 


on offer. The council also discussed the place of the 300 GeV 
proposal In the future development of high-energy physics In Europe, 


THe general scientific and technical features of the 
construction and operation of the 300 GeV proton syn- 
chrotron, and the place of this machine in the general 
framework of the future development of high-energy 
physics in the member states of CERN, were presented 
to the council in the form of a report by the European 
Committee for Future Accelerators (ECFA). A com- 
mittee with similar objectives had presented to the 
council in June 1963 a report recommending two pro- 
grammes for member states of CERN. These were: 


A. The “summit programme”. This referred to acceler- 
ators of a kind that could only be built and operated by 
a common effort of several European nations. The con- 
struction of two facilities was recommended specifically: 
(i) intersecting storage rings (ISR) for the CERN proton 
synchrotron at Meyrin; (ii) a proton synchrotron of an 
energy of about 300 GeV. 


B. The “base of the pyramid programme”. This referred 
to high-energy activities inside the member states (or 
groups of member states), and in particular to the con- 
struction of a number of national or regional accelerators 
of different types, and to the development of data-handling 
facilities. 

There have been several developments since 1963, 
among which I will deal with three in particular. 


(a) The construction of the intersecting storage rings, 
the principal part of the improvement programme of the 
Meyrin Laboratory, was approved by the council of 
CERN in June 1965. 


(b) A design study for a 300 GeV accelerator was com- 
pleted by CERN in 1964, but no authorization for con- 
struction has yet been obtained. 


(c) Of the national and regional accelerators suggested 
in 1963, one is completed, one is in an advanced stage of 
construction, three are still under consideration, and 
little progress has been made on the remaining four. 


In view of this situation, in the winter of 1965-66 the 
European Committee for Future Accelerators was recon- 
stituted as a body composed of some sixty representative 
European physicists and accelerator experts active in 
high-energy physics research. This committee was asked 
to review the evolution of the situation since 1963 and 
to bring the 1963 recommendations up to date. The 
members of the reconstituted ECFA were largely new- 
comers. 

To carry out its detailed work, ECFA set up two 
working groups. Working Group 1 was concerned with 
the state of high-energy physics in the member states 
and with the present and future forms of collaboration 
with the CERN laboratories. Working Group 2 under- 

* took a ortical study of the CERN design for the 300 GeV 
accélerator and a survey of the utilization of the machine. 
For the second task, physicists from laboratories of the 
membe» states were asked to participate in the study of 
the poasib?e of the 300 GeV accelerator: a positive 

*answer was received from about sixty physicists, who 


formed five utilization study sub-groups entrusted with a 
detailed study of different categories of problems, ranging 
from layout of the experimental areas to representative 
experiments as far as they can be envisaged at this point. 
Thus the number of scientists actively involved in the 
ECFA work amounts to about 120. 

The conclusions reached by ECFA are summarized in a 
document called ECFA Report 1967, which is divided 
into nine chapters and five appendices, making a total of 
about 120 pages. The reports prepared by the Utilization 
Study Groups, and collected in three volumes amounting 
to 750 pages, constitute a useful and sound basis for many 
of the conclusions as well as for the recommendations 
contained in the ECFA report. They represent æ firat 
attempt to set down an experimental programme which, 
although intended as a framework for planning purposes 
rather than one in which every detail is of speciál and 
permanent significance, is one that provides the point of 
departure for future studies. These, renewed every few 
years, will lead to the formation of a realistic and well 
thought out research programme a few years before the 
completion of the machine. 

According to the CERN Study Group, the 300 GeV 
proton. synchrotron would take 8-5 years to establish, of 
which 6 would be spent in actual construction. If the 
authorization to proceed were given by the member states 
in the course of 1968, the new laboratory would be in a 
condition to start producing physics in 1977. The total 
cost of the new laboratory at 1967 prices amounts to 
1,800 million Sw. fr. (corresponding to about £150 
million or $420 million), of which 930 million Sw. fr. 
(£78 milhon) cover the cost of construction of the machine 
proper, 430 mullion Sw. fr. (£36 million) the general 
laboratory facilities and services and 415 million Sw. fr. 
(£35 million) the preparations for high-energy research, 
The annual expenditure would increase from a very small 
sum spent on planning during 1966-67 to about 235 
million Sw. fr. a year (about £20 million a year) in 1971; 
then it would continue to increase at a much smaller rate, 
so that in 1977 it would amount to 295 million Sw. fr. 
(about £24-5 million). 

The total manpower involved at the start of the 
accelerator operation would amount to 2,500, of which 
about 200 would be experimental physiciste paid by the 
laboratory. I shall come back to this later, in connexion 
with the important point of the balance between off-site 
and on-site users. 

The cultural and educational value of elementary 
particle physics as well as its technical interest has been 
illustrated in various documents, in particular in the 
1963 ECFA Report, where & list was given of problems 
of fundamental importance which cannot be solved with- 
out the use of particles of higher energy than are available 
now, 

This fundamental issue was taken up agsin in the 
ECFA Report 1967, where it is recalled that during the 
past few years existing accelerators have révealed the 
existence of close on one: hundred particles. This pro- 
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liferation of subnuclear particles has determined a sub- 
stantial modification even of the formulation of the 
problems to be tackled and solved. The very concept 
that a few of the known subnuclear particles can be 
conceived of as elementary objecte by the combination 
of which all the observed matter and radiation can be 
constructed has lost its basio importance, while the 
possibility has emerged of grouping many particles in 
families characterized by a few common fundamental 
properties. The structure of such familes of particles 
seems to be capable of description in the frame of well 
defined mathematical principles of symmetry which had 
been derived, at the end of the past century, by the 
mathematician, Sophus Lie, as particular cases of his 
group theory. 

In order to understand where we are in this field of 
science, one may try to compare the present situation 
with others in the previous history of physics. There is 
a great similarity with the situation prevailing before the 
discovery of quantum mechanics, when mathematical 
formulae had been found which allowed a representation 
of large sets of observed facts. At the end of the nine- 
teenth century, the Balmer formula was discovered and 
provided the correct description of a great number of 
spectral lines. In the twenties, there was derived the 
Landé formula, which accounts for the Zeeman effect of 
a large number of atomic levels. The first had only an 
observational basis, while the derivation of the second 
involved the adoption of a classical analogy as point of 
departure, from which logically unjustified deviations 
were necessary in order to represent the experimental 
results. Only later, with the discovery of quantum 
mechanics, did both the Balmer and Landé formulas find 
their rational explanation. 

One has the clear impression of being in a similar 
situation now. Why can certain particles be grouped 
according to certain Lie groups usually indicated as SU, 
and SU, ? Why, when deviations are observed from these 
mathematical principles, are they found to follow certain 
relatively simple rules ? 

It is possible that in order to understand these and 
many other connected problems, a change in our ideas is 
necessary comparable, in importance, with the change of 
ideas that took place in passing from classical to quantum 
theory. 

But what is certain, beyond any doubt, is that such a 
big step can be made only by collecting many more 
experimental data. Moreover, when all possible lines of 
approach are considered, one is forced to recognize that 
the 300 GeV proton synchrotron represents the most 
important tool for facing up to this type of problem. Its 
principal parameters are such that it will be able to 
provide secondary beams of pions, kaons, anti-protons 
and neutrinos of unprecedented intensity covering a wide 
range of energy, so that an extremely rich experimental 
programme will be possible. 

On the basis of these scientific considerations and from a 
critical analysis of the design for the 300 GeV proton 
synchrotron prepared by the CERN Design Study Group, 
ECFA arrived at the unanimous decision to recommend 
“the building of a large proton accelerator in Europe 
with the least possible delay. This is essential if European 
scientists are to continue to contribute to the advance 
of high-energy physics into the eighties”. The costs and 
staff numbers envisaged by the CERN Study Group are 
compatible with the requirements of the accelerator con- 
struction and the provision of the general laboratory 
services. Furthermore, ECFA has concluded that from 
the point of view of utilization, the 300 GeV machine as 
designed should be well suited to its purposes and that 
the experimental layouts now envisaged are satisfactory 
or an adequate scientific exploitation. 

The utilization study has forced ECFA to embark on 
the forecas® of what will take place in the first 
after completion of the machine. For this purpose, and 
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also to examine in detail problems of collaboration between, 
national institutes and international laboratories, ECFA 
started by collecting information about the present effort 
in CERN and the member states with regard to staff, 
expenditure and equipment. From an analysis of these 
data, various interesting conclusions were derived, a few 
of which I would like to mention. 

Let me start with the research staff working in high- 
energy physics. In the member states there are (or, more 
precisely, there were in October 1966 when the data were 
collected) 830 theoreticians, of whom only 39 are resident 
at and paid by CERN. The expression “CERN paid 
residents” includes not only CERN staff but also fellows 
and visitors paid by CERN. Apart from these 830 
theoreticians there are 1,440 experimentalists. Of these, 
roughly 110 are CERN-paid residents, about 690 are 
working on CERN experiments either in their home 
country or at CERN as unpaid visitors, while the remain- 
ing 640 are working at national machines or with material 
coming from overseas. 

This shows that it is advantageous, both in describing 
the present situation and in outlining the future, to dis- 
tinguish between two parts of the national programme. 
Part 1 refers to expenditure and staff dependent entirely 
on the existence of the international laboratories—at 
present CERN-Meyrin, and later on CERN-Meyrin and 
the 300 GeV PS Laboratory. Part 2 refers to expenditure 
and staff independent of the international laboratories 
and includes, in particular, the construction and exploita- 
tion of national machines. 

From data available for 1966, the total expenditure by 
the member states on each part has been isolated. Part 1, 
the supporting expenditure for work done with CERN, 
amounts to about 50 per cent of the annual CERN 
operating budget. On the other hand, in 1966 the 
expenditure for high-energy physics (construction and 
operation) in member states which was entirely indepen- 
dent of CERN (Part 2) amounted to 1:8 times the total 
cost in that year at CERN of operation and major con- 
struction—including the supplementary programmes for 
storage rings and 300 GeV planning work. 

In the opinion of ECFA, this way of describing the 
situation provides a better picture of the present and is 
more convenient for extrapolation to the future than the 
idea, adopted in 1963, of describing the activities in high- 
energy physics by means of a pyramid of accelerators with 
the machine of highest energy at the top. With this new 
approach, it appears more evident that, while Part 1 of 
the national budget is tightly bound to the operating 
part of the international programme, Part 2 is rather 
independent of it and, although highly desirable, 
involves independent decisions by the national auth- 
orities. 

As regards Parts 1 and 2 of the national programmes, 
ECFA arrived at the following conclusions. On the basis 
of the 1966 situation, the committee considers that the 
balance of off-site and on-site users for an efficient opera- 
tion of CERN can only be assured if the outside groups 
continue in the future to receive from their national 
research funds what amounts in total to about half the 
operating budget of CERN. 

For the 300 GeV proton synchrotron, the exploitation 
is bound at the beginning to be more centred on the 
Laboratory, but it appears reasonable to expect that the 
proportion of off-site users will by 1981 grow to be about 
the same as that for CERN-Meyrin, and that their total 
support from the national budgets will also rise to about 
half that of the 300 GeV operating budget. 

As regards Part 2 of the national programmes—the 
work of large national accelerator laboratories and thee 
associated university groups—the conclusions are °un- 
avoidably much more schematic, for it is not within the 
terms of reference or ability of ECFA to recgmmend 
particular projects or scientific policies to» particular 
countries. Nevertheless, ECFA felt that th® construction e 
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of a few new accelerators is desirable in the light of present 
knowledge. Examples of such accelerators are a proton 
synchrotron of normal intensity at an energy inter- 
mediate between the CERN proton synchrotron and the 
300 GeV proton synchrotron, a kaon factory, electron- 
positron storage rings at higher energy than available so 
far and a large electron accelerator with a good duty 
cycle. ECFA also felt that the possibility of construct- 
ing unconventional machines, as well as accelerators 
based on entirely new concepts, should always be kept 
in mind. 

In connexion with the national laboratories, I should 
point out that ECFA recommends to member states their 
joint participation in the construction and particularly 
in the exploitation of existing and future national accelera- 
tors, regardless of the siting of the laboratories. 

In order to be able to extrapolate the present situation 
as regards total scientific staff and total expenditure into 
the years ahead, a possible model for the future develop- 
ment of high-energy physics in the CERN member states 
has been adopted by ECFA. From this model conclusions 
are drawn for 1974—three years before the start of physics 
with the 300 GeV proton synchrotron——while the existing 
proton synchrotron and intermediate storage rings are 
in full exploitation—and again for 1981, four years after 
the start-up of the 300 GeV research programme. It 
should be stressed that the substance of the model, parti- 
cularly in regard to national programmes, is not a recom- 
mendation by ECFA. lt is an attempt to indicate what 

“the consequences in scientific manpower and cost would 
be if a particular policy of accelerator construction and 
operation were followed. 

According to the assumptions put into this model, the 
exploitation of the present CERN machines, the PS and 
SC, would continue to grow until about 1974, after which 
it would decrease as a consequence of the attraction of the 
new 300 GeV laboratory, with the result that about 1981 
the total number of experimenters entirely dependent on 
CERN (irrespective of whether they are paid or not by 
CERN) would be lower than now (about 650 compared 
with the present number of 790). The interest in ISR will, 
on the contrary, continue to grow during the whole period 
of 14 years. 

As regards the construction of new national or regional 
machines, ECFA felt it inappropriate to express specific 
views on each one of the types considered desirable. It 
has, however, considered it reasonable to include in its 
model the cost and staff for constructing one 45 GeV 
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proton synchrotron together with afew other smaller 
accelerators which would require in total an equal amount 
of staff and money. To set against this, some of the 
machines now ın operation will certainly start to become 
obsolete around 1974, and even more so by 1981, so that 
it is reasonable to foresee that at those dates some of 
them will be closed down and others will still be in 
operation but at a reduced pace. The broad assumption 
on national programmes in the model is therefcre that 
present national accelerators will be replaced by better 
machines during the seventies, the old ones being phased 
out as the new ones come into operation. 

As a result of the coherent development of such a 
model, ECFA arrived at very rough estimates of the total 
number of experimentalists who should be working in bigh- 
energy physics in Europe, and of the total budgets; in 
particular, the ratio of Part 2 of the national programmes 
to the total CERN cost falls (according to the model 
adopted) from the present value of 1-8 to about 0-8. 

I should stress that according to this model the total 
number of physicists involved ın these programmes” 
increases between 1966 and 1981 at an almost steady 
rate of 4-5 per cent a year. This figure is considerably 
lower than the growth rates in the recent past in high- 
energy physics or ın almost all other branches of science. 
It is about half of the past growth rates for the number 
of children approaching school-leaving age and entermg 
universities ın many European countries, who form the 
body of potential scientists from which will come the 
small group who will actually use the new machines. 

As for the cost of the programme, one should notice 
that excluding large accelerator construction (amounting 
to 430 million Sw. fr. in 1974) it increases at a rate of 
7 per cent a year in the period 1966-74 and at 9 per cent 
a year from 1974 to 1981. These figures appear to be in 
line with past experience in many sciences, and take 
into account the unavoidable continuous increase of 
sophistication of the experimental techniques. 

In conclusion, it is the opinion of ECFA that in deciding 
on the construction of the 300 GeV proton synchrotron, 
the authorities of the member states do not commit 
themselves to a programme which may grow in an 
unexpected and uncontrolled way. The annual growths 
in scientific staff and expenditure appear to be in line with 
the general trend of the scientific and technological 
development of present society and certainly will not 
endanger the development of other branches of science 
and technology. 


Although the meeting of the Board of Governors of the International _ 
Atomic Energy Agency last week was partl 
protests of Arab nations at the supply of a French reactor loop to 


preoccupled by the 


Israel, other developments seem to have won approval without 
much difficulty. 


Vienna, June 17 
Trosm who may dream that science and politics can be 
disentangled from each other would find their illusions 
quickly dispelled by the work of the International Atomic 
° Energy Agency. Most of the officials seem to have learned 
quite successfully to co-exist with polities. Indeed, it 1s 
more than probable that many of those who work here 
would find life a good deal less interesting if it were not 
for the visttations of the politicians three times a year— 
*twice a year for the routine meetings of the Board of 
e 


Governors and once a year, at the end of September, for 
the General Conference. 

That said, there was probably little pleasure to be had 
from the row which blew up this week at the Board of 
Governors about the involvement of the agency in the 
supply of a French reactor loop to Israel. Ordinarily, 
this would have been a routine item. The French offer 
of equipment was made some time ago, and one conse- 
quence of the use of the agency as an intermefliary will be 
that the agency will be able to apply its safeguards 
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system to the usé of the equipment. In any case, there 
18 NO necessary connexion between the work done with a 
reactor loop and the manufacture of nuclear explosives. 
But to say all this is to reckon without the war between 
Israel and the surrounding states only a week ago. It 
seems as if several hours of acrimonious debate on this 
subject ended only with the threat that the subject would 
come up again at the General Conference in September. 

On other matters, the agency 1s much less often a forum 
for political debate than a few years ago. For one thing, 
the centre of interest for issues arising out of the provision 
of safeguards for nuclear materials is at Geneva, at least 
for the time being. The agency seems to take the view, 
perhaps more ostentatiously than ıt should, that it is 
merely a service agency here to do whatever tasks the 
United Nations Assembly may specify. On technical 
assistance, there seems to be a general view that work is 
held up by the lack of an agreement among member 
netions that technical assistance should be written into 
the principal budget of the agency and not dealt with as an 
extra. In strictly technical terms, however, the principal 
member states seem to have discovered important mutual 
interests in the development of systems for handling 
information in nuclear physics and this could easily be 
a rapidly growing part of the agency’s work. 

The safeguards system is being extended steadily. At 
the meeting this week of the governors, it seems to have 
been agreed that fabrication plants should in future be 
brought within the terms of reference of the inspectors, 
which implies that the agency will be prepared to 
carry out inspections of all parts of the nuclear fuel cycle 
except mining and uranium enrichment. For the time 
being, at least, facilities come within the agency’s terms of 
reference either by the voluntary act of their operators or 
because responsibility for monitoring a bilateral agreement 
on the supply of nuclear materials is transferred to the 
agency by agreement between the countries concerned 
and 61 reactors of various kinds are now being inspected 
on @ routine basis. (There is also a plutonium separation 
plant in the United States the operations of which are 
within the agency’s scope when fuel from the Yankee 

“ power plant is being processed.) There are now 13 inspec- 
tors on the agency’s books, with 18 experts outside who 
can be called on when necessary, and as yet it is too soon 
to know whether the number necessary to operate a fully 
fledged safi as part of a non-proliferation 
treaty would be 150 (as some think) or more than four 
times as many. 

Much will depend on the development, in the few years 
immediately ahead, of devices of various kinds which 
may help to simplify the process of inspection. Already, 
1t seems, the Yankee reactor is being inspected by means 
of a simple seal. The agency has also been trying out a 
portable single-channel analyser, two suitcases big, for 
the direct measurement of the degree of enrichment of 
nuolear fuel. It seems to be recognized that other devices 
could help to simplify the inspection of nuclear installa- 
tions, and there have been discussions with interested 
authorities in various member states. Inspection may 
also be made less complicated in circumstances in which 
the agency is able to inspect the whole complex of nuclear 
activities within one country and not merely a few reactors 
here and there. 

The issue of commercial secrecy, which has recently 
prompted misgivings about the draft nuclear proliferation 
treaty among European interests, seems not to worry the 
operators of the safeguards system at Vienna. For one 
thing, the argument goes, great care is taken to see that 
inspectors have no axes of their own to grind. Then the 
operator of an installation which is opened to inspection 
can refuse to accept visits from mspectors of whom he 
disapproves, and can also insist that the inspector 18 

` accompanied on his rounds by an appointee of his own. 
(Apparently these arrangements are made informally 
before visits take place, and there has so far been no 
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difficulty in winning everybody’s agreement.) It 18 also 
laid down that inspectors are entitled to see only what they 
need to see, which usually means that they are given 
access to the records of movement of nuclear materials 
and opportunities to check, by physical inspection, 
whether the records are plausibly correct. Although the 
operators of installations being inspected are required 
to supply basic information about designs, these are kept 
under lock and key within the division of the agency 
responsible for inspection, and are not made available 
even to other parts of the organization. Where com- 
mercial secrecy 1s concerned, the weakest link in the chain 
is the possibility that inspectors may be hired away— 
which is why the agency seems to be hoping that its 
people will be prepared to regard being an inspector as a 
long-term occupation. 

Although the future of the safeguards operation must 
necessarily depend on what happens at the disarmament 
negotiations at Geneva, there seems no doubt that the 
agency is embarked on a substantial programme of 
development in the handling of scientific information. 
For several years now, there have been ambitions to help in 
the exchange of information about such things as neutron 
cross-sections, and there has now grown up a system which 
is competent to exchange information in this relatively 
restricted field with three other centres—Brookhaven 
(United States), Saclay (European Nuclear Energy 
Agency) and Obninsk (Soviet Union). The agency is 
now, for one thing, the centre responsible for disseminating 
information to those institutions not at present catered 
for by regional centres, as in the Middle East, the Far 
East and Africa, for example. At present something 
like one request for information is dealt with every other 
day, and requests involve the provision of an average of 
800 data points each time, which usually implies that a 
record on magnetic tape is the most convenient means of 
dealing with correspondents. Much of what is being done 
at Vienna derives from techniques which have been 
developed elsewhere, at Brookhaven, Oak Ridge, Saclay 
(ENEA) and Brussels (Euratom), for example. It 
remains to be seen how the system will develop—the 
extent to which the four centres will seek to replicate each 
others’ holdings of information in store, for example. 
One immediate difficulty is that communications between 
centres have to go through diplomatic missions, which may 
entail a delay of two weeks in providing information not 
available at the centre to which a request is made. 

The trade in neutron cross-sections and related data is 
only a small part of what the agency is now planning to 
accomplish, however. At the meeting of the Board of 
Governors this week, something like $100,000 has been 
allocated to the development of a programme called INIS 
(for international nuclear information service) which 
could well become a comprehensive service outstrippmg 
and replacing those now m operation. Ambitions in 
this direction stem principally from a meeting at Vienna 
in December 1966 at which the agency was enjoined to 
take on a “leading role” in the provision of information 
in nuclear science. Jn practice, there is more than pure 
reason to commend this development. The agency has 
also been spurred on by the recognition that the US Con- 
gress does not wish to continue indefinitely paying for the 
production and development of Nuclear Sctence Abstracts, 
which is at present the hard core of the system by which 
general information on nuclear physics is compiled. By 
the same test, of course, those concerned with the literature 
in fields outside nuclear physics proper will be anxious 
to know to what extent INIS will in due course seek a 
radical extension of scope. 

The immediate task, however, is a good deal more 
specific. Mr J. E. Woolston (from Chalk River, Canada) 
will take up his appointment as director of the project, 
in a few days, but the work of the years imrhediately 
ahead will constitute a pilot project. To begin with, during 7 
the remainder of 1967, INIS will be chiefly concerned to 
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work out means of standardizing the format for references 
to and abstracts of the technical literature and storing 
these on magnetic tape. By the end of the year, however, 
INIS hopes to have gone some way ım discussions with 
authorities in the United States on the internationaliza- 
tion of Nuclear Science Abstracts. Boon afterwards, INIS 
hopes to be in a position to find out what services member 
nations would like to have (and what they are prepared 
to pay for them). It is at this stage that the agency would 
hope to raise the potentially difficult question of taking 
over from Euratom what is widely recognized to be one 
of the most efficient documentation services in this field. 

Another of the more easily recognizable activities of 
the agency is the support which is provided for the 
International Centre for Theoretical Physica at Trieste. 
This is the institute which has been supported for the 
past three years by the agency and by the Government 
of Italy, and whose director is Professor Abdus Salam. 
Recently there have been fears that the agency would 
be unwilling to continue support for the centre, that the 
Italian Government might also disengage itself, and that 
the centre would be driven into the arms of Unesco. 
In practice, it seems to have been recognized that the 
centre should continue as a dependant of the agency, 
at least for the time being. The agency will contribute 
$150,000 and the Italian Government $250,000 towards 
the cost of the centre in the year ahead. This is a good 
deal less than the centre had been hoping for, but it should 
be enough to keep body and soul together. In addition, 
the centre is hoping to be able to obtain funds from 
elsewhere to finance the associateship programme by means 
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of which research workers from developing countries are 
allowed to spend a few months each year at Trieste while 
continuing to teach at their home universities, This 
scheme is widely held to be exceedingly fruitful, although 
1t also often seems to be to those not participating in the 
scheme a means by which theoretical physicists can 
enjoy a style of life to which lesser mortals are not 
accustomed. 

Perhaps the oddest feature of the agency’s operations 
18 why matters hke these, involving comparatively small 
sums of money, should often be the causes of considerable 
controversy. One obvious trouble, it would seem, 18 
that the agency is still too small for its boots. With an 
expenditure of roughly $10 million a year, it is no wonder 
that even the smallest items on the budget should some- 
times create enormous storms. In that sense, life should 
be easier when the agency is bigger—and no doubt it will 
grow in the course of time. But it is also entirely possible 
that the agency could do more if it took a tougher line 
with the politicians. Over the years it seems to have been 
accepted that the only way of not giving offence is to be 
inoffensively passive, and this is probably unavoidable in 
some connexions. But there are also important fields of 
activity in which the agency could give a stronger lead 
to the politicians. It is true, of course, that this would 
not ensure that there would be no arguments about the 
way in which the agency is run—those are probably 
unavoidable, and they are not entirely unproductive. 
But there are rows and rows, and some are more creative 
than others. In circumstances like these, a quiet life is 
not necessarily the goal at which to aim. 


Differential Rotation and the Solar Oblateness 


by A few weeks ago, Dr l. W. Roxburgh questioned an earlier argument 


R. H. DICKE 
H. MARK GOLDENBERG 
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Princeton, New Jersey 


sphere. 


De I. W. Roxpores has recently suggested! that no 
appreciable part of the observed* solar oblateness of 


Ar = fequatorial — Mpolar = 34 km 


resulta from a mass quadrupole moment originating in 
the deep interior. He proposes that the observed excess 
oblateness is associated with an outwardly increasing 
surface rotation. We find no way of generating such a 
large positive radial gradient in angular velocity, the 
radial gradient is contravened by the spectroscopic 
observations, and it would lead to a 20 per cent bright- 
ness variation about the extreme limb contrary to the 
observations. Furthermore, the computed effect on the 
solar oblateness of such an outwardly increasing angular 
velocity has the wrong sign. 

In our previous communications??? we stated that the 
observed shape of the Sun is determined to a sufficient 
@couracy by a surface of constant density, that in the 
absence of shear stresses in the outer ‘‘seen layers” this is 
also a surface of constant gravitational potential, and that 
the shage of this surface determines the gravitational 
quadrupolesmoment. We think that the shear stresses in 
the surface lay@rs are adequately desoribed by the idealized 
assumption of uniform rotation. This accounts for 7 of the 


by Professor R. H. Dicke that the observed flattening of the Sun 
would account for part of the rotation of the orbit of Mercury 
otherwise attributable to general relatlvity. 
arguments which suggest that the surface of the Sun may not be an 
equipotentlal surface, largely because of turbulence In the atmo- 
Dicke now rejects this interpretation. 


Roxburgh advanced 


34 km oblateness, leaving 27 km to be accounted for by a 
quadrupole moment. 
Roxburgh makes the following points: 


(1) The surface of the Sun is located where the tempera- 
ture equals the effective temperature which is in turn 
determined by the radiative flux and also involves the 
temperature gradient, not just the density. 

(2) If the solar core were rapidly spinning, the polar 
radiative flux would exceed by ~1 per cent that at the 
equator. As a result, a 15° K variation in surface tem- 
perature from pole to equator might be expected, con- 
trary to the observations. 


(3) The excess oblateness of 27 km is caused by an 
internal temperature gradient and a large positive radial 
gradient in angular velocity («/(de/dr)=300 km). 

The first two points are readily answered. While T = Tog 
is a reasonable definition of the solar ‘surface’ normally 
observed at the centre of the diak, it is not applicable at the 
limb where the light emerges tangentially from a thi. 
layer. 

The solar limb is fixed by the condition of ynit optical 
depth along those lines of sight which are tangent to the 
limb, and to a good approximation these lines are also 
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tangent to a surface of constant density‘. The tem- 
perature in this surfuce of constant density determines 


. the brightness of the solar disk at the extreme limb. 


Associated with the oblateness is a variation 81 (from pole 
to equator) in density scale height. From a caloulation 
based on ref. 4 (and to be discussed elsewhere), the result- 
ing shift in lumb position is only 0-3 3 1. This 1s equal 
to 3x 10-5 = 2-7 x 10* om relative to a surface of constant 


* density. 


The computed 1 per cent variation in radiated flux from 
the core appears to be based on the assumption that m the 
surface layers of the core, magnetic and velocity fields (ad- 
ditional to uniform rotation) can be ignored, that is, von 
Zeipel’s" theorem holds. We know too little about the deep 
interior of the Sun to support this assumption. Even if 
von Zeipel’s theorem does hold in the interior, this does not 
determine the distribution’ of energy flux over the Sun’s 
surface. This is determined by the pattern of stresses in 
the surface layers; it is independent of conditions in the 
deep interior. An energy flux balance is provided by the 
appropriate convective currents set up in response to flux 

ance. i 

The third point requires a more extensive discussion. 
With the advice of our colleague P. J. E. Peebles, one of us 
(R. H. D.) has developed a theory of the effect of arbitrary 
surface stresses on both the oblateness and the distribution 
of surface temperature. We intend to use this theory in a 
future publication to discuss a list of conceivable violations 
of von Zeipel’s condition at the surface. We shall now use 
the theory in the discussion of Roxburgh’s proposal and 
consider the following results. First, we have not been able 
to find any mechanism for generating or preserving a large 
positive gradient in angular velocity. Second, spectroscopic 
measurements show no evidence for a large radial gradient 
at the equator. Third, our computation of the effect on the 
oblateness of the positive radial gradient gives the opposite 
sign to that obtained by Roxburgh. We find that for any 
acceptable gradient the sign should be negative to obtain 
an enhanced oblateness, and then the enhancement is 
small. Fourth, a large radial gradient of either sign results 
in a large variation of limb brightness from equator to 
pole, contrary to the observations. We shall also discuss 
the effect on oblateness of a conventional description of the 
latitude dependence of angular velocity. 

The observed increase in the surface value of the solar 
angular velocity with decreasing latitude has always been a _ 
puzzle. This difficulty is aggravated if thero is also a positive 
radial gradient, because then the outer equatorial parts 
of the Sun can be separated from the rest by a surface 
having everywhere positive outward normal derivatives 
in both the angular velocity and the angular momentum 
per unit mass. Thus there is no possibility for angular 
momentum to be transported across this surface from the 
rest of the Sun by either diffusion or convection. Further- 
more, the corona absorbs angular momentum at the solar 
surface®*-", The magnitude of the coronal torque density, 
obtained by P. J. E. Peebles and one of us (R. H. D.), 18 
about 10° dynes/om, which is enough to slow the outer 
1,000 km of the photosphere with an e-folding time of 
200 years. 

By contrast, the solar model with a rapidly rotating 
core provides several possible mechanisms for generating 
the inorease in angular velocity toward the equator. With 
this model the surface rotation is the result of a delicate 
balance in the transport of angular momentum from the 
rotating core into the convective zone’, the convection of 
angular momentum throughout this zone and its loss to 
the solar wind. A number of factors could influence the 
equilibrium configuration. In particular the solar wind 
brake could be less in a narrow band at the equator 
permitting this band to speed up relative to the remainder. 

A second objection to Roxburgh’s suggestion is that a 
large angular velocity gradient is not observed. Excellent 
spectroscopic observations of the depth dependence of 
solar rotation are contained in the unpublished results 
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obtained at Princeton University by Dr James Brault, 
One conclusion to be drawn from his observations 1s that 
the surface material of the Sun exhibita to within 3 per 
cent the same rotational velocity at the equator as is 
provided by sunspots. It 1s to be expected that sunspots, 
tied to deep lying magnetic fields, would exhibit a velocity 
decidedly less than that of the surface if the radial gradient 
existed. 

A second conclusion is that the internal consistency of 
Brault’s spectroscopic observations rules out any sub- 
stantial dependence of the angular velocity on the depth 
of formation of the absorption line. 

Dr Brault has kindly allowed us to present a sample of 
his unpublished results. The measurements were made 
with an osoillating-sht-photoelectric spectrometer of his 
design’. The apparatus provides a rapid smusoidal scan 
in wavelength across an absorption line. By varying the 
amplitude of oscillation of the slit, the effective “line 
centre” can be continuously varied from a value determined 
primarily by the centre of the line profile to that determined 
primarily by the position of the wings of the line. Depend- 
ing on the factors affecting the strength of the line, the 
angle of incidence at the surface of the Sun and the dis- 
placement of the wavelength from the line centre, the 
effective zone of generation of the wavelength occurs from 
deep in the photosphere for the wings to hundreds of 
kilometres above it for the line centre’. 

Table 1 contains a sample of Brault’s results for lines of 
three different equivalent widths, excitation potentials, 
and for various amplitudes of oscillation. The depth of 
line formation varies with angle of incidence, thus with 
position relative to the limb. Scans across the solar disk 
did not reveal any variation of angular velocity with 
position relative to the limb, hence with angle of incidence 
and depth of formation. 


Table 1, EQUATORIAL VELOCITIES* DETERMINED SPEOTROSOOPIOALLY BY 
J. BRAULT 
E v (equatorial 
Spectral Hne Ay to 
(A) (A) & (per cent) D (km/sec) 
Fel 5852-23 0-005 0-086 60 0-0052 194408 
Fel 6824-19 0 258 0 334 188 0-0188 1:9840-04 
0-0276 1-98 + 0-03 
i 0-0552 1:98 + 0-08 
©1103 197+004 
0-1055 1:99 + 0-04 
Nal, D, 68H O41 05H 4°8 0:0276 1:97 + 0-04 
0-0552 1:97 +0 03 
0:0827 2:00 + 0'03 
0:1108 1 86 +003 
01879 1-99 + 0-08 
0-1655 2-00 + 0-08 


Aà}, Full width of Hne at half maximum; W, equivalent width of line; 
ra, central intensity in per cent of continuum; da, amplitude of sinusoidal 
oscillation of shit; v, equatorial Meares of the un (sidereal). 

Instrumental profile at 6000 A (0 057 A full width at maximum). 


ay Determined from a calculation based on ref. 4 and to be discussed else- 
whero. 


Based on Athay’s results!" for the Mg I lines, Brault’s 
observations should cover a range of depths of formation of 
several hundred kilometres. It is evident that there is no 
indication of the postulated large angular velocity gradient. 

A third objection to Roxburgh’s model of the Sun is 
that it tends to reduce the oblateness rather than to increase 
it. The equation for hydrostatic support at the surface 
of the rotating Sun is 

O=V P+ pVO+ po x (o xr) (1) 

We are interested in evaluating departures from von è 
Zeipel’s theorem! and, to simplify the calculations, we 
assume that the internal mass distribution in the Sun ig 
such that the gravitational potential and its radial 
ient are constant on a surface of fixed radius r=r, at 
the limb. To take account of various possible models for 

the differential rotation in the surface layers of the Sun, , 
we assume that the angular velocity is a f@nction of both? 
and r, symmetric about the equator. Roxburgh’s model 
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appears as the special case with w a function of r only. We 
introduce the infinitesimal rotation operator D=rxV. 
In equation (1) we take the cross product with r and then 
the scalar product with L. We find that on the surface of 
radius r, 


IP = — Lr x w) (wr) p 


om lo a 2-2 
= [ (3 00s" — 1) + 5 sin 20 = | ort? (2) 


We assume that the law for rotation can be written in 
the form 


pat = Oo + OY (costs - 3) (3) 


where O, and O, are functions of r only. Expanding 
P and p in Legendre polynomials 


P = py + pa (0088 - 3) +++ 
1 (4) 
P= Pot pa (0080 ~ 5) +++ 


Furthermore, we define the scale height at ry of po by 
the expression lo= — p,/(d p,/dr) with corresponding scale 
heights for ps, Po Pa Co, and O, being given by ly Lo, Ds, 
Ap, and Ay. The Legendre polynomials are eigenfunctions 
of L? with eigen values —n(n +1). Thus equation (2) 
yields 


— Op, = (80, + 201) rh, r= ro (6) 


In similar fashion the 0“ and 2¢ Legendre expansion 
coefficients of p are determined by firat taking the scalar 
product of equation (1) with r and projecting out the OA 
and 2nd Legendre polynomials. This yields (for r=r,) 


TECE 


oi =el + BO) + fro (6) 


where equation (5) has been used. 

We now calculate the contribution of the 24 Legendre 
polynomial to the shape of a surface of constant p, 
assuming small distortion |p] < po This contribution 
(8r) to the radial outward displacement of such a surface 
satisfies the VADA relation 


= (CD-D om 


As already stated, the position of the extreme limb of 
the Bun is determined to a good approximation by the 
position of a surface of constant density*. Thus equation 
(7) represents the contribution of the 2⁄4 Legendre 
polynomial to the observed shape of the Sun. 

Again assuming small distortion |p| < Po |pal < po 
the contribution of the 2*¢4 Legendre polynomial to the 
temperature variation over the extreme limb (surface of 
constant density) is approximately 


ST bP v I dpo | Ps àù 

R T PArt h : (costo — J 9 
e We use equations (5), (8), (7) and (8) to evaluate the 
contribution of solar rotation to the oblateness and the 
variation of temperature about the extreme solar limb. 
Let Ar and AT be the excess of the equatorial radius and 

etemperature*over the polar values (equations (7) and 
(9)). For the spébial cases to be considered, Ar and AT are 
given to a sufficient acouracy by the expressions 
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we tle i, 


y Dy Oo + 575, an 0,| (9) 


af fh S l o, (t 1 
Po E Oo (£ 1) + 1 08 Ca DI 0) 

The Ar and AT are calculated for the following cases: 

(1) Uniform rotation with angular velocity w= 
2-8 x 10-5 rad/sec corresponding to the observed rotation 
at a latitude of 25° 
0, = @o" Pos [0^ <€ Oo Oa; = Pol Pas a= la 

(2) œ a function of radius with a positive gradient 
w/(do/dr) = 300 km, (r) = Oo lo = 100 km, O,/0, = 
Po/ Pa KORI < Cy A» = 300 km, ù: = ls 

(3) The same except for the opposite sign in the gradient 
of w 
w/(dw/dr) = — 300 km, 7, = 100 km, a, = 60 km, 
Aa = by, Oo/Ca = pol Pes [Oa] K Oo 

(4) A more conventional model of the solar differential 


rotation with œ a function of 6 but only a slowly varying 
function of r 


Ao = los 


DI 
— o/(w]ðr) = D, DÈ w r= DFI Ag = Ay 
Assume 
Oo = Me" po 
Or = —, 8 Ope 


Oy has been chosen to yield the observed latitude depen- 
dence of the surface rotation. In cases (2) and (3), A, has 
been computed from 1, using equation (3). 

The results are presented in Table 2. 


Table 2. CONTRIBUTION OF SOLAR ROTATION TO SOLAR OBLATENMSS AND 
TEMPERATURE DIVFRREROM AT THE LIMB (T'gq — T'pole) = 4T3 (req Tyo) = Ar 


Case Arr AT/v ar AT 
1 10> 0 7 km 0 
2 0-38 x 10 5x 107 23 230° K 
3 1-7 x 10-* —6x107 12 ~ 230 
4 08x 107 ~~ 16{i,/D) x 10 6 —02* 
eo avg model vith gradient of opposite sgn; (4) Dos eal (8) 
ara 8 mo ent of opposi g; poss! model con- 
oe th observed latitude dependence. , 


* Comoe for Dm jr, 


For case (1) it is observed that this contribution to the 
oblateness agrees with that obtained earlier*. For case (2) 
the assumed positive radial gradient in angular velocity 
implies a reduced oblateness and a large temperature 
variation about the limb. For case (3), the assumed 
negative radial gradient mcreases the oblateness, but still 
implies a large temperature variation. For case (4), the 
effect on the oblateness of the latitude dependence of 
surface rotation is minor, that is the values of Ar under 
cases (1) and (4) differ little from each other. The angular 
momentum per unit mass in the outer parts of the Sun 
would be constant if D= r. From equation (10) this leads 
to a higher temperature at the pole of 0-2° K. Our observa- 
tions are not accurate enough to detect such a small 
variation but suggest that the pole may actually be 
slightly hotter than the equator (0< — AT < 3°) (ref. 2). 
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Tue possibility that the observed advance of the peri- 
helion of Mercury is caused either totally or in part by a 
non-spherical mass distribution of the Sun has recently 
been reconsidered by Dicket and Roxburgh*. In a general 
way, the picture proposed by them is that the region of 
the Sun interior to its outer convection zone rotates with 
an angular velocity appreciably greater than the value of 
2-85 x 10-* rad/sec characteristic of its surface layers. 
They suggest that the surface layers of the proto-sun 
once rotated at higher angular velocities than this, but 
that angular momentum was transferred away from the 
solar surface, presumably through the effects of magnetic 
flelds**. They argue, however, that this slowing down 
of the solar rotation, which must spread itself quickly 
through the convection zone, need not have penetrated 
into the radiative core. The upshot of their arguments is 
that the bulk of the solar mass may be rotating at a 
sufficiently high rate that the consequent spheroidal 
density distribution would give riso to an advance of 
Mercury’s perihelion which is an appreciable part of the 
observed value. 

In addition, Plaskett* has raised the possibility that the 
rotation of the outer layers of the Sun is being dissipated 
by Rossby waves and he has also suggested the possibility 
that the radiative core continues to rotate at some 
primordial high rate. In the two pictures thus suggested, 
the only difference is in the mechanism which slows down 
the surface layers. But, given such a mechanism, it can 
be safely assumed that turbulent or magnetic stresses 
spread the effects of the braking through the convection 
zone very quicklyt, and it remains to be asked how long it 
will take for these effects to be transmitted to the radia- 
tive interior. 

Contrary to the expectation of these authors, we feel 
that the rotational coupling between the two solar regions 
would be rather strong under the conditions postulated by 
Dicke and Roxburgh. Our conclusion is based on the fact 
pointed out by Prandtl’ that the time scale of changes in 
the interior of a fluid bounded by a rotating rigid boundary 
is controlled, not by a viscous diffusion from the boundary, 
but by exchange of fluid with the Ekman boundary 
layer’. Prandtl showed that when this boundary layer 
is turbulent the time scale in which the interior motion is 
modified by the differential motion of the boundary layer 
is L/¢V, where L is the size of the interior and F is the 

* Partially supported by the Office of Naval Research. 


t National Science Foundation Senior Postdoctoral Fellow, 1966-67, on 
leave from New York University. 
In any faso, since the external layers of the San do not manifest large 
milal motions, and since the Internal hy ca must be con- 
sistent with this, ıt aeems reasonable to treat the outer layers as rigid. 
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It has been suggested that if the solar Interior rotates rapidly, the 
resultant oblateness ma 
perihelion of Mercury. 
reduced by the action of the boundary layer between the convective 
envelope and the Interlor of the Sun. The boundary layer suction 
causes a slow internal motion which stretches vortex lines and 
spins down the solar Interior. 


noticeably affect the precession of the 
t is now argued that such effects would be 


velocity difference between interior and surface. © is 
& pure number such that the surface stress exerted by the 
interior fluid on the boundary is pV? and for which 
experimental values exist in the case of turbulent boundary 
layers on, solid surfaces. For the laminar case the value 
of © can be inferred from the precise calculations of Green- 
span and Howard’. Because, for angular velocity Q, 
V~LQ, in the present case we find a characteristic 
“gpin-down”’ time, te, which is 
1 
h= TÒ 


The value of { cited by Prandtl is ~ 10- for a rough, ngid 
boundary, so that with Q~3x10~ sec~!, t, for the Sun 
would be about a year. If the Ekman layer were not 
turbulent, however, the spin-down time® would be 


pe (eye 


and with L~ x 10? om and the viscosity, v~ 10 om" sec, 
ty~ 108 yr for the 8un, which is still quite short. 

The effectiveness of the secondary flow produced by 
Ekman layer suction as compared with viscous diffusion 
of vorticity (in a rapidly rotating system) is easily demon- 
strated experimentally—the spin-down time (laminar) 
for a stirred cup of tea is of the order of a minute, while 
the viscous diffusion time 1s about an hour. 

In order to discuss the choice of a best value of t, for 
the Sun and to see to what extent these concepts are 
applicable, we need to outline the physics of the spin- 
down process. Prandtl’ obtained his result quite precisely 
by an energy argument, but we can recover the order of 
magnitude of ts by an argument based on vortex stretch- 
ing’ and we shall give this here to put in evidence the 
basis of the theory. 

To begin with, we note that near a rigid boundary of a 
rotating system the important forces are the Coriolis 
force and the stress. This is discussed by Ekman’ *, who 
found the structure of the boundary layer—the region 
where these forces balance. Ekman’s investigations gave 
the velocity near a boundary where a tangential shear is 
exerted in a rotating fluid and in particular showed how 
the different velocity components parallel to the boundary ® 
are of comparable order of magnitude. In this boundary 
layer, the approximate force balance is ° 


PAV ~ 7/3 


Here 8 is the thickness of the Ekman layer afd + is the 
stress in the layer. When the boundary yer is turbulent” 
ra~ CoV, while if it is laminar, t~ pvV/3. The argument 
e 
kd 
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is the same for both cases, and we shall carry it through 
for the turbulent one, in which therefore 


Vv 


If we are considering the solar situation, the flow in the 
boundary layer has a component toward the poles because 
the fluid in the boundary layer is being slowed down 
relative to the supposed rapidly rotating interior fluid. 
The boundary layer near the poles 1s sufficiently thin 
compared with the radius that its curvature can be 
neglected in this argument. Then fluid will be sucked 
into the boundary layer near the equator and ejected 
near the poles. By continuity, we then obtain an axial 
flow induced in the interior of magnitude, w, given by 


pwL? ~ pVI8~ pQLrs 


wo N8~CtLQ 


because, in the present case, V~LQ. Now the flow 
described by w will cause a shrinking of the vortex lines 
of the assumed large rotation Q, which produces relative 
vorticity at a rate (w/Z)Q. Thus the original rotation will 
be sensibly modified after a time 


; L 1 

g~ w~ tO 
If we had instead assumed a laminar boundary layer, we 
should have obtained 8~ (v/Q)!/* and 4~Z(Qv)!4, In 
either case, the spin-down time is quite short, but it is 
probably worth while to settle whether it is the turbulent 
or laminar case with which we must deal, and thus we 
must enquire whether the shear in a laminar Ekman 
layer is strong enough to be unstable, given the solar 
parameters. 

The question of the instability of a shear layer of thick- 

ness 5 is decided by the size of the Reynolds number of 
the layer 


Thus 


Re= us 
Y 


and when, as ın the present case, there is a stable density 
gradient, by the Richardson number 


4 [S ~ EDM 
o 0P 


where (dln p/dz)aņ is the gradient of density for an 
adiabatic fluid. The Reynolds number is the ratio of the 
disruptive inertial forces to the viscous forces while the 
Richardson number is the ratio of the stabilizing buoyancy 
forces to the inertial forces’. For the layer to be turbulent 
we require therefore a large Re and small Ri. The 
critical values are 10° and 1, respectively, but these are 
only order of magnitudes and precise figures depend on 
the geometry. If we put the laminar value for 8 into the 
expression for Re we find 
Vv EAQN 4 
oma = (=) ~o 
which 18 well above the value required for turbulence. For 
the Richardson number we find, on using this value of 8 
but otherwise using the parameters suggested by Dicke, 
Ri~10-° which shows that the stratification in the Sun 
1s much too weak to prevent the Ekman layer from being 
turbulent. The reason that Dicke found a Richardson 
number of the order of one was that he chose a scale of 
9905 Ro for the shear, but, in fact, a laminar Ekman layer 
would be only ~10m thick. It seams therefore that the 
Iekman layer for the proposed solar model must be very 
turbulent indeed. 
Given that a solar Ekman layer would be turbulent we 
must ask phat is the appropriate value of €. As we have 
already noted, Prandtl gives an estimate of 10-* for the 
tacrestrial case, But this depends on the degree of roughness 


R= 


Re= 
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of the surface and on the fact that the boundary is rigid 
in the terrestrial case. In the solar case, we might expect 
a larger value of { because entrainment will greatly 
increase the momentum transfer. Thus the stress co- 
efficient is probably more like that for the mixing layer ofa 
turbulent jet which gives €~0-1. Let us therefore adopt 
the more conservative value of 10-*. 

Now in applying these results to the solar case we must 
deal with two important modifications which arise from 
the strong density stratification in the solar interior: (a) 
the interior axial velocity is reduced from the value just 
outside the turbulent Ekman layer because of the greater 
density in the deep interior; (b) this interior motion is 
opposed by the stable stratification. Let us consider 
these in order. 

The interior flow which is driven by the Ekman suction 
was determined by the requirement of continuity, which 
in the standard argument assumes a constant density. 
Actually, in the Sun, the density in the deep interior 
pr differs from that in the Ekman layer px by a factor 
which on average is about 10%. The correct continuity 
condition is therefore 


prwL* ~ pr VLS 


The solar spin-down time becomes, now, after following 
through the argument again 


a) 

TQ \ ps 
With Q~3 x 10~* sec", pr/ p~ 107, and ~ 10, we then 
find t,~ 10° yr, which is still quite amall. 

But of more complex character is the effect of stable 
stratification of density on the motion in the solar interior. 
Pedlosky** has considered the spın-up of a stratified fluid 
in a cylindrical container rotating about its axis of sym- 
metry. He finds that the criterion for stratification to be 
unimportant 1s that 


Str te 
where 


gu 
ou 028 


Q 
_ af A 
[a dZ dZ/ ap 

tn = Lal 
and where x is the thermometric conductivity, œ is the 
coefficient of volumetric expansion, L is the radius of the 
cylinder and 7 is a pure number which depends on the 
geometry (~ 1/15 ın Pedlosky’s study). 

The physical origin of Pedlosky’s criterion lies in the 
fact that the internal motion will be opposed by a buoy- 
ancy force ga0, where @ is the temperature perturbation 
associated with the motion. The effect of stratification 
will be negligible if the work done by the buoyancy force 


18 less than the kinetic energy of the internal circulation, 
that is if 


gel w? 


We can estimate 6 by balancing conductive and con- 
vective effects 


xð 
T” pw 


Because w~ Djts the criterion for stratification to be 
unimportant becomes that of Pedlosky. 

In the Sun, because of the hydrostatic balance, gaß~ 
G p~ 107 see-? and with Dicke’s Q~ 3 x 10 sec“!, S~ 10%. 
The thermal time of the interior motion is ~ 10’ yr for 
n~1, so that, according to Pedlosky’s results, stratifica- 
tion is important in solar spin-down. In this case, Ped- 
losky’s analysis gives Str as the spin-down time when, as 
in the 8un, Sv/x <1. The reason that Str enters as the 
characteristic time is that, in .Pedlosky’s picture, the 
internal motion is slowed down until the balance 
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go8Li~nw* is achieved. With O~geBLi/x, we find 
w~L/(Str), so that the characteristic time L/w now 
becomes Str. We note that this time is closely related 
to the circulation time for the Eddington—Sweet currents", 
although in that case the motion is driven by thermal 
imbalance whereas here the motion causes thermal 
imbalance. 

Now the conditions assumed in Pedlosky’s calculation 
differ from those in the Sun in two essential respects: 
(1) he assumes laminar flow, and (2) the gravitational 
field in his model ıs external so that at the sidewalls the 
gravitational acceleration is parallel to the boundaries. 
These two conditions tend to constrain the internal 
motions and, because these constramts are broken under 
actual solar conditions, we conclude that Str~ 10° yr is 
an upper bound to the solar spin-down time under Dicke’s 
assumptions. But even this extreme would imply that 
the Bun is in rotational equilibrium in the sense that large 
differences in angular velocity would not be expected to 
survive over the life-time of the Sun. Indeed, if the 
interior were rotating at the rapid rate suggested by 
Dicke, the convective envelope would be spun up to this 
rate in a very short time because the envelope, including 
the co-rotating portion of the solar wind, has consider- 
ably less angular momentum than does the radiative 
interior. 

These considerations fulfil our present purpose in giving 
an upper bound to the solar spin-down time, but we may 
add that the true value may actually be much less than 
this. As we have seen, in the presence of strong strati- 
fication, the imterior velocities can be no greater than 
~ L](Str). The velocity required by the Ekman suction, 
however, is ~¢LQ, which in the Sun may be many 
orders of magnitude larger. This more intense motion 
will be confined to a thm region adjacent to the Ekman 
layer and the thickness of this region can be shown" to 
be ~ LS-1/3, Tf this secondary region remains laminar, ite 
effect on the overall spin-down problem should be small 
(though the region itself spins down quickly). But if the 
region becomes turbulent the real boundary from which 
the spin-down 1s being driven will move progressively 
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inward and one can foresee that this produces a spin- 
down time of the order of that given by Prandtl. (This 
way of producing a rapid spin-down is different from that 
of Goldreich and Schubert (preprint), who argue that the 
differential rotation postulated by Dicke is itself highly 
unstable and would be smeared out by its own turbulence 
in @ short time.) We hope to report more fully on this 
in the near future. 

The reason we emphasize obtaining a reasonably 
accurate picture of the spin-down process is that the 
interior motions driven by the external torque may have 
some important consequences, especially 1f the Sun once 
rotated at a much greater rate than at present. In the 
first place, an internal circulation could somewhat inhibit 
the formation of a helium core. Of course, once a core is 
formed, the consequent gradient of molecular weight 
could prevent the penetration of the secondary flow inte 
the helium core and further complicate the interior cir- 
culation. Also of interest is the possible relevance of 
these considerations to the exchange of material between 
the convection zone and the deeper layers through the 
action of the turbulent Ekman boundary layer. Such a 
circulation could produce an appreciable depletion of the 
solar lithium abundance. 

We thank Drs T. G. Cowling, L. Lucy, L. Mestel, C. W. 
Misner, P. A. Sweet, A. Toomre and L. Woltjer for com- 
ments on the work and its presentation. 
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MicROBAROGRAPHIO equipment developed by the geo- 
acoustics group at the National Bureau of Standards’ has 
been installed by the Geophysical Institute at College, 
Alaska, so as to study the infrasonic waves associated 
with auroral and magnetic activity from a site near the 
auroral zone at which these travelling pressure waves are 
produced?. More than three hundred auroral infrasonic 
waves (ATW) have been observed during magnetically 
disturbed periods which frequently included the develop- 
ment of an auroral substorm? somewhere along the 
auroral oval. 

The azimuths of arrival ® and the horizontal trace 
velocity of the incoming acoustic waves are calculated 
from the analogue records of the AIW waveforms from 
an array of four microphones. The trace velocity V is a 
measure &f the elevation angle « between the wave normal 
and the horizontal plane, for V = C sec/a and C is the local 


The association of infrasonic waves In the atmosphere with auroral 
and magnetic activity Is well recognized. Observations within the 
northern auroral zone suggest that the occurrence and the charac- 

“teristics of most of the Infrasonic disturbances associated with 
aurorae can be accounted for by the supersonic movement of 
large scale auroral forms. 


speed of sound. AIW can be distinguished from the infra- 
sonic waves produced by tropospheric sources (such as 
voleanio eruptions‘, storms’, jet stream turbulence and 
mountain lee waves) by means of the basio differences 
in their characteristics as well as by the association of 
AIW with simultaneous auroral activity. 

Most of the tropospheric infrasonic waves observed at 
College have an average trace velocity of 350 m/seo-* 
with an elevation angle «=30°; they persist for tens of 
hours with a quasi-sinusoidal wave form of a fairly uniform è 
amplitude from 2 to 4 dynes/eom*. They come from 
almost fixed directions corresponding in azimuth to thè 
directions from College of the coastal mountain ranges. 
By contrast, ATW arrive from a much higher angle (a= 
50°), which results in an average trace velocty of 460 
m/sec. Their duration is usually quite , and they ° 
consist most often of several cycles of oscillation of i - 

e 
. 
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Fig. 1. Infrasonic pressure waves from tho aurora, The pressure traces 
have been tune aligned to show the coherent shock wave at 1006 v.t. 
1006, D=848°, Y= 480 m/sec. 1014, @ 28°, V=582 m/s. 
lar period and waveform or, in about 10 per cent of the 
cases, they have a profile like that of a shock wave. 
Typical AIW signals are shown in Fig. 1 as superposed 
traces of pressure against tume from the four microphones. 
(The time scales have been shifted to bring the waveforms 
into alignment.) The range of AIW periods 18 from 20 

to 80 sec, with amplitudes up to 10 dynes/cm*. 

The two most distinctive features of AIW are, first, 
their infrequent occurrence and, second, the progressive 
drift from east to west in their directions of arrival 
during any particular infrasonic storm. The most probable 
number of signals observed is one a night, and out of 
a hundred and seven nights of infrasonie activity, there 
were ninety with five or fewer ATW. The westward drift 
of the source of AIW during the night 1s illustrated in 
Fig. 2 by the variation of azimuth with time for the 
infrasonic storm of February 19, 1966. During the 
infrequent infrasonic storms with many signals, the 
first ATW arrive at College late in the evening at about 
1800-2000 h local time from directions which are a few 
tens of degrees to the east of the magnetic meridian. As 
time goes on, the azimuths of the successive AIW move 
westward, crossing the magnetic meridian at local midnight 
(1000 V.T. at College). The last signals arrive from approx- 
imately 90° west of the magnetic meridian on the following 
morning at about 0800-1000 h. 

We have used photographs obtained with all-sky 
cameras to make a detailed comparison of the aurora near 
College and the infrasonic activity which ia associated 
with it. The morphology of auroral infrasonic storms as 
well as the characteristics of mdividuel ATW can be 
explained if the infrasonic pressure waves are acoustic 
shock waves generated by the motion of large scale 
auroral forms moving, on the average, parallel to the 
auroral oval with speeds greater than the speed of sound. 
Specific examples of supersonic auroral motions and the 
i nic waves produced by them are given in Table 1. 
The azimuths of the AIW are all parallel to the principal 
direction of motion of the associated supersonic auroras, 
and the acoustic delay times are consistent with the 
distance of the aurora from College (assuming O ~ 300 
m/sec). 

The characteristics of the auroral activity on the two 
nights listed in Table 1 can also explain the differences 
in the observed infrasonic activity. February 28, 1966, 
was the most magnetically disturbed day of the month 
(having a sum of College K indices of 33), with bright 
auroral activity from dusk until dawn. Television 
observations of the aurora at College showed very bright 
and persistent pulsating aurorae throughout the morning 
hours. Despite the great auroral activity, however, only 
three infrasonic signals were received on that night, all 
of them before the onset of the pulsations. Two of the 
AIW were associated with the only two large scale auroral 
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motions observed by the all-sky cameras during that night. 
The motion of the westward propagating loop that pro- 
duced an infrasonic wave at 0738 U.T. 1s shown in the 
auroral photographs (Fig. 3). The successive positions of 
the arc at the times shown in the photographs are plotted 
on a map of Alaska, on the assumption that the aurorae 
are at a height of 100 km, in Fig. 4. This particular large 
loop attained an exceptionally high speed of 2,800 m/sec 
at 0733 V.T., and produced an infrasonic wave, which 
arrived at College from an azimuth of 94° after a delay of 
7 min (Fig. 5). The propagation vector of the infrasonic 
wave was parallel to the east-west motion of the loop. 
The mght of February 19, 1966, provides a striking 
contrast to that of February 23. Although it was only 
moderately disturbed magnetically, a total of twenty- 
eight auroral infrasonic signals were recorded. Many of 
the earliest AIW were from the east, before auroral 
activity had started at College. Five of the signals 
received in the morning hours were identified with a 
succession of supersonic auroral forms moving from 
west to east in the College all-sky camera (see Table 1). 
A comparison of the two nights emphasizes the association 
of auroral infrasonic waves with supersonic auroral motions. 
Although there was great auroral activity on February 23, 
there were only two large scale supersonic motions and 
therefore only two infragonie signals. On February 19, 
with much less auroral activity, there were many more 
supersonic auroral forms and these produced imfrasonic 
signals even though they were relatively weak. 
Statistical studies of auroral motions provide further 
support of the association of infrasonic waves with super- 
sonic auroral motions. Many studies of auroral motions*~* 
have shown that auroral motion is predominately west- 
ward in the early part of the night and eastward after 
local magnetic midnight. Our observations indicate that 
the auroral infrasonic waves radiate principally in the 
direction parallel to the supersonic motion of the forms. 
Thus in the evening, when the auroral motions are west- 
ward, those forms which attain supersonic velocities 
radiate infrasonic waves principally toward the west, 
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. Diagram of anmuth versus V.T. arrival time for infrasonic storm 
ovebruary 19, 1966. aver) bars give error in azimuth determinations 
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Table 1. INFRASONIO WAVES FROM SUPREBSONIC AURORAH 


Delay time of 
TT: Infrasonic signal Speed of form (m/seo) and ted antore, form Type of Begin and A Ton are ) 
February 19, 1066 © (F m/sa) direction of motion of form aurora end times motion beginning ( 
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ae e fon epo  Wotwardloop sures Drai a 2 


NATURE, VOL 214, JUNE 24, 1967 





0733:22 





0733:52 


1301 








0735:22 


u.T. February 23, 1966, College, Alaska (h) 
Fig. 3. All-sky camera photographs of a westward propagating surge moving at 2,800 m/sec at 0781 U.T. on February 23, 1966. Field of view = 160°. 





and the waves are received from azimuths east of the 
magnetic meridian. After midnight, when the auroral 
motions are eastward, they radiate infrasonic waves 
towards the east which appear at College to come from 


azimuths west of the magnetic meridian. Tho times of 
occurrence of auroral infrasonic waves from the east and 
from the west agree almost exactly with the times of 
occurrence of westward and eastward moving aurorae, as 
determined by Lyon and Kavadas’ in their radar studies 
of moving aurora. The smallness of the number of 
auroral @nfrasonic signals compared with the number 
of moving eurorae is consistent with the relatively 


small number 
8 

Motion of the auroral form does not, in fact, imply 
real mass motion of the emitting gas but, rather, the 
apparent visual effect of a redistribution of ionization. 
This 1s consistent with the observation that echoes from 
metcor trails in the vicinity of rapidly moving auroral 
ionization show only the usual subsome drift velocity’. 
Our observations indicate that if, for large scale forms, 
the position of the auroral ionization changes quickly 
enough, then this supersonic motion of the region of 
particle precipitation (which is, of course, ultimately- 
responsible for the auroral ionization itself) will cause an. 
infrasonio pressure wave to be radiated. If an acoustic 
pulse is produced ın the aurora by the 1onmzing radiation, 
and if the region of auroral ionization moves with super- 
sonic speed, then an acoustic shock wave will be produced 
by the motion of the auroral acoustic source. Perhaps 
infragonic waves can only be detected from high speed 
aurorae because of the increased wave amplitude 


of aurorae which attain supersonic 


10 dynesjom* 





U.T. February 23, 1966, College, Alaska (h) , R 
Fig. 5. Infrasonic wave from the westward propafating surge at 0738 
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caused by the superposition of wave fronts in a structure 
like a shock wave. 

Several mechanisms have been suggested for the genera- 
tion of acoustic energy in the aurorae. Periodic heating 
of the ionosphere by auroral particles, observed as pulsat- 
ing aurora, was suggested by Maeda and Watanabe’ as a 
possible source. Our observations indicate, however, 
that infrasonic waves with an amplitude greater than 
1 dyne/om? (the limit of detectability for our equipment) 
are not emitted by very intense pulsating aurorae over 
College. The small number of AIW relative to the 
number of pulsating aurorae, the fast period of pulsating 
aurorae as well as the small size of pulsating aurora 
patches relative to the wavelength of the AIW, are further 
arguments against the idea that pulsating aurorae are a 
significant source of AIW. Heating, however, could still 
be the source of the acoustic pulse which radiates shock 
wave like infrasonic pressure waves if the location of the 
acoustic pulse changes with supersonic speed and thus 
causes @ superposition of wave fronts resulting ın an 
increase in the amplitude of the infrasonic signal. 

Another suggestion due to Piddington 1s that the motion 
imparted to air by the dense auroral ionization as the 
latter moves under the influence of electrodynamic 
(Pedersen) drift could account for the conversion of 
kinetic energy of the auroral particles into acoustic 
onergy™. 

Whatever the mechanism, it does seem that aurorally 
associated infrasonic waves are produced by its supersonic 
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motion of large scale auroral forms. The radiation of 

infragonic energy is highly directional and parallel to the 

motion of the auroral form. The evening infrasonic waves 

from the east are the result of westward propagating 

surges associated with sub-storm activity to the east of 

the station, while the morning ATW are caused by eastward 

moving auroral forms associated with the morning phase 

of sub-storm activity. The morphology of a typical 

infrasonic storm can be related to the east-west and 

west—east supersonic auroral motions observed in the 

development ofa typical polar auroral sub-storm. Although 

other mechanisms for producing infrasonio waves associ- 

ated with aurorae may be discovered, the dynamics of the 

auroral form, however, certainly can be said to play a 

primary part in the generation of auroral infrasonic waves. 
This research was supported by the US Department of 

Commerce, Geoacoustics Group, and the US National 

Science Foundation. 
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Polysaccharides by Means of Cyanogen Halides 
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Enzymes, antigens, antibodies and other biologically 
active compounds can be fixed artificially to insoluble 

lymers with substantial retention of activity’. The 
insolubility can be used to advantage. An insoluble 
enzyme, for example, can be packed and used as bed 
“reactor”. By passing a solution of a substrate through 
the enzyme bed large quantities may be converted mto 
products?. The reaction is automatically stopped when 
the solution leaves the bed, and the solid enzyme may be 
used continuously for very long periods of time. In- 
soluble enzymes can also be used as model systems, for 
example, to study the effects of changes in the micro- 
environment of the active site? or to study the properties 
of membranes contaming fixed enzymes‘. 

Many of the solid enzymes and immunosorbents previ- 
ously described have been fixed to hydrophobio polymer 
“matrices such as polystyrene. Frequently, however, 
hydrophilic polymers such as cellulose or cross-linked 
dextran (‘Sephadex’) have been used as the solid support. 
Methods for connecting proteins and carbohydrates by 
covalent bonds are therefore of great interest. It is neces- 
gary, however, that these methods should neither damage 
the matrix extensively nor inactivate the protein. Diazo- 


Biologically active proteins and polypeptides can be coupled by 
various means to cellulose, starch and cross-linked polysaccharide 
gels such as ‘Sephadex’. The use of cyanogen halldes for this purpose 
gives a high yield of bound polypeptide or protein which retains a 
substantial part of its activity. 


tized aminobenzyl derivatives of cellulose®*, diazotized 
p-aminophenylalanine-leucine copolymers’, bromoacetyl- 
cellulose’, carboxymethyl cellulose azide, p-isothiooya- 
natophenoxy-hydroxypropyl ‘Sephadex’* and other 
activated intermediates have been described for coupling 
proteins to hydrophilic polymers. The preparation of the 
reactive polymers is often complcated, laborious, and 
the results are sometimes not easily reproducible. This 
may in part explain the slow adoption of such attractive 
fractionation tools as immunosorbents. 

This article reports a new gentle method for coupling 
carbohydrates with proteins or peptides. The method 
involves two stages: (1) the formation of a reactive inter- 
mediate by treating a polysaccharnde for a short period 
with aqueous cyanogen halide solution under alkaline 
conditions; (2) coupling the intermediate with protein or 
peptide in neutral or preferably slightly alkaline aqueous 
medium, 

Cross-linked dextran (‘Sephadex’), cellulose, and starch 
have served as insoluble polysaccharide partners in the 
coupling reaction. Amino derivatives of ‘Sephadex’®-1¢ 
have also been activated in some cases under cgnditions 
that are likely to lead to cyanamide formation. The 
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activations have been made with commercially available 
eyanogen bromide and iodide (purum) and specially 
prepared cyanogen chloride". 

To illustrate the experimental procedures the formation 
of glycyl-leucme-polysaccharides under various conditions 
and the fixation of chymotrypsin to ‘Sephadex G-200’ 
will be described. Freshly prepared water solutions were 
used for the activation. The cyanogen chloride solution 
had a concentration of about 50 mg/ml., the cyanogen 
bromide 25 mg/ml. and cyanogen iodide 30 mg/l. In the 
most strongly alkaline solutions the cyanogen bromide 
solution contained 75 mg/ml. to compensate for hydrolysis. 
Commercial cellulose and starch were used. The cellulose 
was mercerized in 5 molar sodium hydroxide for 24 h at 
0° (in a nitrogen atmosphere). p-Aminophenoxy-hydroxy- 
propyl-‘Sephadex’®-!° and 2-aminoethyl-‘Sephadex’!* were 
synthesized from ‘Sephadex’ available from Pharmacia 
Fine Chemicals, Uppsala, Sweden. 

2 ml. of the cyanogen bromide solution in a titration 
vessel equipped for magnetic stirring was rapidly adjusted 
to the desired pH by a ‘Radiometer’ titrator (type TTT 
lc) combined with a ‘Radiometer’ autoburette (type 
ABU 16). 2 molar sodium hydroxide in a 2-5 ml. syringe 
was used as a titrating solution. 50mg of the polymer was 
immediately added to the reagent solution, and the 
reaction was allowed to proceed for 6 min, the pH being 
kept constant. The gel was rapidly washed on a glass 
filter with cold water. (At this stage and after treatment 
with acetone the shrunken gel can be stored at —10° C 
for at least two months.) Before coupling, cold 0-5 molar 
bicarbonate solution was passed through the gel bed 
under suction. 

10 mg glyoyl-leucine in 150 ul. of 0-5 molar sodium 
bicarbonate solution was added to the swollen gel (in 
some experiments an additional 10 mg of dipeptide was 
added) and the reaction mixture was kept for 12 h. The 
product was washed carefully on the glass filter succes- 
sively with 0:5 molar sodium bicarbonate solution, 0-01 
molar hydrochloric acid, 1 molar sodium chloride solu- 
tion, water, water-acetone mixtures with increasing 
concentration of acetone, and finally with acetone. The 
shrunken gel was dried over phosphorus pentoxide in 
vacuo at 100° O for 20 h. Amino-acid analysis of the 
peptide-polysaccharide conjugates was done according to 
the procedure of Spackman, Moore and Stein after acid 
hydrolysis. The high carbohydrate content did not dis- 
turb the analyses. The yields of fixed dipeptide are cal- 
culated on basis of the leucine. 

The degree of activation can be directed by the choice 
of pH at which reaction is allowed to occur. Because the 
polysaccharides are usually stable in strongly alkaline 
solution, favourable conditions for the reaction can be 
chosen. The coupling yields of glycyl-leucine and their 
dependency on the activation pH are given in Table 1. 
Table 2 shows the influence of the activation time at 
pH ll. Apparently the reaction goes to completion within 
a few minutes. 

The influence of pH on the coupling reaction has also 
been studied using glycyl-leucine as a model substance. 
Low but significant coupling takes place at pH 4-5 in 
0-1 molar sodium acetate buffer. The yield increases 
progressively when the pH is raised. Maximum yield is 
obtained after 10-12 h; 60 per cent of the final value is 
reached after 30 min. 

Polysaccharides were also activated by cyanogen iodide 
and used for coupling by an analogous technique (Table 3). 
Cyanogen chloride does not seem to have any advantages 
for laboratory purposes. Polymers containing primary 
amino groups can be activated by way of the amino 
groups (Table 1). This activation takes place at lower 
pt than the reaction with the hydroxyl groups. 

200 mg ‘Sephadex G-200’ was activated at pH 11-5 by 
4 ml. of a cyanogen bromide solution (50 mg cyanogen 
bromidefnl. water solution) for 8 min. The product was 
washed with cold water and cold 0-1 molar sodium bicar- 
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bonate solution on a glass filter under suction. The 
activated product was transferred to a small beaker and 
200 mg thrice crystallized chymotrypsm and 4 ml. 01 
molar sodium bicarbonate solution were added. The 
reaction waa run at 4°-5° C for 32 h with slow stirring. 
The coupled product was washed in a small column by 
pumping through water, 0-1 molar sodium bicarbonate, 
10-3 molar hydrochloric acid, 0-5 molar sodium chloride 
solution and water. 

A part of the product was shrunk with acetone and dried 
over phosphorus pentoxide at 100° C in vacuo. From the 
amino-acid analysis was calculated a coupling yield of 
8-2 pmoles/g dried polymer, that is, 205 mg/g. Titrimetric 
determinations of the activity of the product against 
N-acetyl-t-tyrosine ethyl ester (0°02 molar ATEE in 
0-05 molar potassium chloride and 4 per cent ethanol) 
revealed a shift in pH-optimum from 7-9 for the free 
enzyme to 9-5 for the coupled product. The activity of the 
fixed enzyme was about 20 per cent of the activity of the 
free enzyme. The bulk of the reaction product was used 
repeatedly in a number of hydrolytio and synthetic bed 
experiments over & period. of six weeks at pHs ranging 
from 3 to 12. After that time the ratio of the activity of 


Table 1, ACTIVATION OF ‘SHPHADHX G-25’, p-AMINOPHENOXY-HYDROXY- 
PROPYI-'SHPHADHX’, 2-AMIROBTHYL-‘SHPHADMX’, AND OBLLULOSE USING 
CYANOGEN BROMIDE 


as A amont of Amount. of 
l- Beagen y- 

vation Polymer solution: dipeptide > added diy Teu: 

pH my Oe to 50 mg nee 

water polymer d SEE i 

7-0 ‘Sephadex G-25' 25 10 8 

8-0 i 25 10 12 

90 a 25 10 43-5 
100 s5 25 10 295 
110 25 19 560 
11-0 i 25 20 880 
11-0 n 75 20 980 
11-5 PN 25 20 1,025 
11-5 i 75 20 1,000 
120 R 25 20 800 
120 x 75 20 850 

90 Cellulose 25 10 30 
100 si 25 10 75 
110 ja 25 10 170 
11:5 43 25 10 225 

60 p-Amlinophenoxy- 25 10 9 

hydroxypropyl- 
‘Sephadex’ 

70 f 25 10 20 

8-0 as 25 10 60 

9-0 ři 25 10 180 
100 i 25 10 870 
110 j 25 10 780 
12-0 ti 75 10 880 

70 Amilnoethyl- 25 10 60 

‘Sephadex’ 

80 " oh 10 100 

90 si 25 10 210 
10:0 ee 25 10 490 
11-0 25 10 750 


The reactions were carried out at 28° CO for 6 min, the gyoykleucine coupled 
to the actrvated produot in 0'5 molar sodium bicarbonate at 23° C 


Table 2. ACTIVATION OF ‘BEPHADHX G-25' OELLULOSE AND STAROH (50 HG) 
AT pH 11 AND 28° O BY CYANOGEN BROMIDE (50 MG IN 2 ML. WATER) WITH 
VARIATION OF TEB ACTIVATION TOO 


Coupling of glycyl-leucine (10 mg) a Rees 28° ay in 0 6 molar sodium bicarbonate 
solu 


Amount of cou apd Giy Ten in 1m mnoles/g gonjugate 


Activation time (min) ‘Sephadex @- 
3 480 170 
8 560 190 200 
12 690 235 Ep 
24 640 220 290 


Table $. ACTIVATION OF ‘SRPHADRX G-200’ CHLLULOSH AND MHRONRIZAD 

CELLULOSE (60 MG) BY OYANOGEN IODIDE (60 MG IN 2 ML. WATHE) AND 

OYANOGEN CHLORIDE (100 MG DN 2 ML. WATER) (VALUES WITHIN PARBNTHEAIS) 
AT pH 11 AND 28° O FOR DIFYHRANT PHRIODS OF TIME 


Coupling of glycyl-leucine (10 mga wi 28° aig mn 01 molar sodium aimee 


pea 


ne Amount of oa re Amomtof ouiin Amount ot Go 

- coup coup apling aoe yi 

‘ane amer dipeptide (based ba eerie yeu arn tide 

(amole/g 

Go conjugate) pen pat conjugate) oon} Ganclalg adiad peptide) 
05 310 31o Boo) 3 1ga 20 2-0 135 ° 18 
1 855 (480) 96 55 5-2 R5 35 a 
2 90 8-6 © 230 2B» 
4 — 5 75 72 — _ 


had 
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coupled enzyme to that of free enzyme was 2-5 per cent in 
spite of the drastic treatments. No loss of protein was 
detected. 

The reaction between cyanogen halide and carbohydrate 
seems to be rather complex. Carbohydrate derivatives 
containing primary amino groups presumably form 
cyanamide intermediates capable of reacting with proteins 
er peptides with the formation of guanidino derivatives. 
This kind of coupling is of considerable mterest because 
the charge of the fixed protein is essentially unchanged, 
a fact that might be important for higher retention of bio- 
logical activity. 

In the direct attack of cyanogen halides on carbo- 
hydrates like cellulose and dextran the hydroxyl groups 
are apparently involved. This reaction takes place at a 
somewhat higher pH than the formation of cyanamide. 
The activated ‘Sephadex’ has been analysed after a shrink- 
ing end drying procedure. These products contain nitro- 
gen but no bromine. Coupling of alanine methyl ester 
under weak alkaline conditions gave a product with the 
same nitrogen content as the original activated ‘Sephadex’. 
Ammonia is released during the coupling procedure. 
Present evidence suggests that the intermediates as well 
as the final coupled products are chiefly imino carbonic 
acid esters'*, but carbamic acid esters may play an 
important part. Coupling through the highly reactive 
cyanate ester cannot be excluded. We have found that 
the reaction between cyanogen bromide and ‘Sephadex 
G-200 is accompanied by a progressive decrease in the 
swelling capacity of ‘Sephadex’ as substitution increases 
(Table 4). Cross-linking would therefore seem to occur, 
and this is consistent with the formation of imino eaters. 
Infra-red spectrometric analysis of the activated, product 
shows @ very weak absorption band at 4:5u, a weak 
absorption band at 5-6u and a system of partly unresolved 
bands in the region 5-76-02 not present in the original 
carbohydrate. The intensity of the 5-6 band increases 
rapidly on acid hydrolysis and decreases slowly on 
hydrolysis with alkali. Infra-red absorption at 58u 
decreases on acid hydrolysis. The band at 45u is located 
in the position for cyanate absorption“. The band at 


Table 4. ACTIVATION OF ‘SEPHADEX G-200" (50 Ma) AT VARIOUB pH VALUES 
AND 28° 0 BY OYANOGRN BROMIDE (60 MG IN 2 ML WA'THR) AND THE BEFEOT 
ON THR SWHLLING PROPERTIES OF THE GHL (pH 7) 


Decrease in bed volume compared with unreacted 


Activation pH ‘Sephadex’ (%) 
@-100 


G-25 d-200 
95 10 10 18 
10-0 25 60 70 
11:0 50 60 70 
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5:6u. has been attributed to the C= 0 stretching vibration 
of carbonic acid ester!" formed by hydrolytic cleavage and 
the infra-red absorption at 5-8u to the -C=N— system?*. 

The yield of the coupling reaction depends on the 
experimental conditions, as already mentioned (Tables 
1-3). The coupling of chymotrypsin was found to be 
much lower on activated ‘Sephadex G-200’ than that of 
glycyl-leucine. The yield of coupling undoubtedly reflects 
steric hindrance, but other factors influencing the rate of 
coupling may also be important in view of the concomit- 
ant hydrolysis of the active intermediate. 

At room temperature the coupled products are very 
stable over a wide range of pH. Thus exposure of glyoyl- 
leucine—‘Sephadex’ to 10-? molar sodium hydroxide for 
24 h had no detectable effect, while the dipeptide was 
released to the extent of 10 and 25 per cent in the presence 
of 10-* molar and 10-1 molar sodium hydroxide, respec- 
tively. Under acid conditions the product was stable 
down to the limit of stability of ‘Sephadex’. 

Studies of the cyanogen halide activation and the 
coupling reactions are continuing and further details will 
be published elsewhere. The properties of enzyme poly- 
saccharide conjugates, immunosorbents and other adsor- 
bents synthesized by the cyanogen halide method will be 
described elsewhere. 

This investigation was supported by the Swedish 
Technical Research Council, the Swedish Foundation for 
Scientific Research and Industrial Development and AB 
Pharmacia, Uppsala. 

We thank Mr Ragnar Thorzelius and Mr Jan Carlsson 
for valuable technical assistance. 
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Cross-linking of Rat Tail Tendons with Chloro-s-triazines 
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University of Illinois, 
Chicago, Illinois 


agents. 


CHLORBO-§-TRIAZINES have been used for some time as 
‘dyes and stabilizing agents for cotton cellulose and pro- 
tajns'. It has recently been suggested that they can be 
used as fixatives for biological specimens’. 

The most frequently used compounds are the water- 
insoluble gyanuric chloride (I) and its water-soluble 
derivatives, the procion* dyes. The procion M dyes (I) 

* Procion dye is a ristered trademark of Imperial Chemical Industries. 


e 


Experiments with rat tall tendons reveal that some dichloro-s- 
triazinyl compounds—the procion M dyes—are useful cross-linking 
In the presence of tertiary amines or as pre-quaternized 
dyes they can be used as fixatives of biological material and as tanning 
agents and dyes for collagen. 


are obtained by substitution of one chlorine of cyanuric 
chloride by a coloured molecule containing anionic solu- 
bilizing groups. In the H dyes (IIL), a second chlorine is 
replaced by a colourless, inactive radical. 

The chloro-s-triazines react with compounds with active 
hydrogen atoms. Covalent linkages are formed and hydro- 
chloric acid is liberated. In proteins and natumal fibres, 
amino and hydroxyl appear to be the main groups in- 
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T Dye Dye 
EN AS ye y 
1 x N N N ~ 
CLC C—Cl od ba PN. 1—0 
\w 4 \nZ \nF 
I II sang 
Cyane chloride Dichloro dye Monochloro dye 
Procion M Procion H 


volved in the reaction. At pHs of less than 8, the e-amino 
groups of lysine and hydroxylysine are the most probable 
sites for the reaction with collagen?. The protein—carbo- 
hydrate complexes associated with collagen in the native 
state may also react with the chloro-s-triazines. Cyanuric 
chloride and the procion M dyes should be able to cross- 
link these biological structures by means of the reactive 
chlorines in their molecules if favourable stereochemical 
conditions exist (IV). 


Cl or dye 


s n 


Protain d Beato 
N ył 


IV 
Cross-linked protein 


Gelatinet and collagen’ are, in fact, cross-linked with 
cyanuric chloride. Moreover, cellulose fibres? and some 
tissue componente®*® are reported to show increased 
resistance to disruptive agents after treatment with some 
procion M dyes, but so far the evidence for the cross- 
linking properties of these dyes is incomplete. No croas- 
linkege, however, is expected with the procion H dyes. 

In order to evaluate the cross-linking properties of the 
chloro-s-triazines with respect to rat tail tendons, I 
investigated the changes in shrinkage temperature and 
water content of these tissues. Tail tendons of thirty-two 
Sprague-Dawley male rats weighing 150-180 g were used. 
The rats were anaesthetized with ‘Nembutal’ and the 
tissues were removed from the proximal end of the tail 
and dissected in a moist chamber. The specimens were 
then immersed in the chloro-s-triazines or control solutions 
at 22°-25° C for 16 h. The tissues were washed in several 
changes of the solvent for 2 h and immersed in distilled 
water for the same time. The tests were conducted on 
these hydrated tissues. Table 1 lists the reagents, their 
concentrations, solvents and pH. 

‘Shrinkage temperatures were determined in the 
following manner: pieces of tail tendons measuring 
about 1 om in length and 150-260p ın diameter were 
suspended in water on & glass slide, covered with a cover- 
slip without pressure and the edges sealed with ‘Permount’ 
to prevent evaporation. The tissues were then examined 
with a Leitz polarizing microscope equipped with a ro- 
tating heating stage. The tendons were placed with their 
long axis at 45° to the polarizer and heated at a rate of 
1° C/min. Shrinkage temperature is here defined as the 
temperature at which the first change in the birefringence 
of the tendons was observed. A minimum of eight speci- 
mens was treated in each reagent. 

To determine the content of water, the treated hydrated 
tail tendons were placed in perforated baskets inside glass 
tubes and centrifuged for 3 min at 1,085g to remove 
excess water. This method was arbitrarily chosen and 
consequently the results obtained are semi-quantitative 
and only valid for the conditions described here. The 
samples®were weighed and then dried in a vacuum over 
phosphorus pentoxide at 22°-25° O to a constant weight. 
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Table 1. RRAGEXTS AND CONDITIONS OF REACTION 


pE 
Intal Final 


Reagents Concentration Solvent 
Untreated ~ = S S 
Cyanuric chlonde 
i 0 025 moles/]. Methanol - - 
2 0 026 moles/l. 0 1 moles/i, L)* 
in methano. = bs 
Controls 
Methanol - - - ~ 
N-Methyl morpholine 0O1moles/l, Methanol 
Procion dyes 
Controls 
Water ~ - 63 698 
001 moles/l1 Water 9-5 88 
0 02 moles/l. Water 97 90 
Monochloro dyes 
Brilliant orange H-2RS 
2 Lpercont’ OGL moles.) 88 80 
er con mo A 
Brilliant red H~8BS j 
1) 1 per cent Water 8-2 73 
2) 1 per cent 001 moles/l. (MM) 91 18 
Dichloro dyes 
Brillant blue M~RS 
1 1 per cent Water 65 64 
2 1 per cent 0 01 moles/l. 70 51 
3) 1 per cont 0 02 moles/1. (MM) 75 66 
Brilliant orange Af-2RS 
1 1 percent Water 65 68 
2 1 per cent 0 01 moles/l. T6 43 
(8) 1 per cent 0 02 moles/1. 80 58 
Brilliant red M-8BS 
1 1 per cent Water 65 a2 
2 1 per cent 0-01 moles/l. 7-0 49 
3) 1 per cent 0-02 moles/l. (MAT) 7 2 6-9 
* N-Mothyl mo 


t The exact structure of the procion dyes is not revealed by the manu- 
facturer Buffer salts and probably other unknown additrves are also present 
in the commercial preparation used. 


The water was calculated as a percentage of the total weight 
and the “‘degree of hydration” was expressed as the ratio 


grams of water dees. 9). The remlts obtained are 
grams of dried tissue 
probably lower than the actusl values, because the weight 
of the bound reagent was not taken into consideration. 
The results are summarized in Table 2. - 
In the chloro-s-triazine system, the chlorine atoms can 
be considered to be mutually activating. When one chlor- 
ine is replaced, the reactivity of those remaining decreases, 





Table 2 SHRINKAGE THMPRRATURES AND WATER OONTENT OF RAT TAIL 


TENDONS 
Shrinkage Water 
Reagonts temperatures Water “Degrees of 
(°C) content hydration” 
(per cent) 
Untreated 60-4414 622412 17 
Cyanuno ohloride 
an Methanol £ 525686 80623 90 
molar (MM) 
i a methanol 85 6 +21 602419 16 
ni 
Aethaziol i 62710 83'818 17 
"1 molar (MAD In 
methanol 8686+09 642428 17 
oa 
n 
Water ltt 648414 18 
0-01 molar 63-7431 658415 18 
0 02 molar 62-8+21 700412 2:3 
H dyes 
one orange 
in. Water 58 5+13 65 9+21 1-9 
0-01 molar (ALAN) 62-5 +0 8 725409 27 
Brilant red H-8BS 
in Water 56 2+1°8 7504+10 30° 
0 01 molar (ADM) 598409 81-540 2 4-1 
A iie t blue AIRS 
ruliant blue Af-. 
in. Water Å 62 2tŁ11 877416 73 
Hp molar AR 7786+22 707408 28 
0 02 molar 726418 76-1406 $1 e 
Brillant orange Af-2RS 
in‘ Water 647413 81112 58 
Oo molar AAN) 770416 66-2426 10 ° 
0 02 molar 8180+09 640+21 r7 
Briliant red M-8BS 
in’ Water 69 0+05 T7BLS1 33 
0 01 molar (A01) 800+21 649421 s 18 
0 02 molar 74216 7t4t18 0 29 % 
* N-Mothyl morpholine. * ° 
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varying with the nature of the substituent’*4, The 
replacement of a second chlorine renders the compound. 
less reactive at the ordinary conditions of temperature and 
pH. Cyanuric chloride, with three chlorines, has at least 
two reactive sites and in the presence of a hydrogen 
acceptor is a very effective cross-linking agent", 
Tendons which are treated with a methanol solution of 
this compound exhibit a lowering of the shrinkage tem- 





Bound procion N-Methyl 
M dye morpholine 
Dye 


EN 
a. RE. E EEN, 
NN 


Cross-lnked protem 


perature and are markedly swollen. This can be attributed 
mainly to the release of hydrochloric acid arising from the 
ready reaction of cyanuric chloride with methanol. When 
methyl morpholine ıs added, the berated acid is neutral- 
ized by the formation of the hydrochloric acid salt of the 
amine! and cross-linkage takes place. The tertiary amine 
probably also acts as a catalyst for the reaction with the 
proteins, but its presence does not seem to be essential 
when cyanuric chloride is used in less reactive solvents; 
cross-linkage of gelatine and collagen is obtained with 
solvents such as acetone or methyl ethyl ketone to which 
alkali has been added*-*. 

The dichloro procion M dyes, on the other hand, are 
not very effective when used without methyl morpholine. 
Because of the replacement of one chlorine atom by the 
chromophore, the dye behaves mainly as a mono-functional 
compound. The third chlorine seems to have very low 
reactivity and only a small number of cross-linkages, if any, 
are introduced. There is likely to be some degree of 
stabilization of the colloids of the tendon, however, even if 
the dye is covalently bound only by one point because the 
anionic chromophore is oriented parallel to the fibre axis 
(Zerlotti, E., in preparation) and electrostatic interactions 
with the collagen may occur. This, however, does not 
prevent swelling, which is particularly marked in the cases 
of brilliant blue M-RS and brilliant orange M-2RS. 
This uptake of water probably arises from the hydrophilic 
nature of the chromophore. Such a possibility is suggested 
by the results obtained with the monochloro procion H 
dyes when the swelling uncreases by increasing the bmding 
ef the dyes. The higher binding of the procion H dyes in 
the presence of tertiary amines has been shown by Rattee!* 
anti Dawson and it is also suggested by the present 
fin l 

When the dichloro-s-triazines are used with methyl 
morpholmep swelling ıs prevented and the shrinkage 
temperature of thg tendon is raised to a level close to that 
obderved. with cyanuric chloride. This indicates that both 

e 
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chlorines are reacting with the proteins and that covalent 
cross-linkages are being formed. This is accomplished by 
the formation of an ammonium salt of the dye, which is 
more reactive than the dichloro form". 

If we assume that the procion M dye is bound to the 
tendon by the substitution of one chlorine, the quaterniza- 
tion and the cross-linkage of the tendon can be schematized 
as follows: 


Protein —t neers i X +Cl- 
SW ar 
H, 
Quaternized procion 
dyo 
H, H, 
bd 
HC $ 
+ Sa 
H, H, 
N-Methyl morpholine 


The chloro-e-triazine also undergoes hydrolysis and ata 
given moment there will be in solution at least three forms: 
dichloro dye, quaternized dye and hydrolysed dye!*. The 
same number of species may exist for the protein bound 
dye. The rate of quaternization and the rate of binding of 
the quaternized form are independent and they vary 
according to the nature of the tertiary amine and that of 
the procion dye. The optimum concentration of the 
tertiary amine therefore varies for different procion M 
dyes. This can be seen in Table 2. The possibility of a 
standard catalyst solution for all dichloro-s-triazines is 
thus excluded, because the conditions of reaction must be 
established for each individual compound. 

It is possible that this shortcoming may be overcome by 
preparation of pre-quaternized dichloro-s-triazines. This 
could lead to some advantages: their binding to the 
proteins would depend primarily on the reactivity of the 
quaternized form and the reaction would take place in the 
absence of hydrochloric acid. 

This work was supported by grants from the US National 
Institutes of Health and a career development award. 
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ANALYSES? of sea birds and ther eggs have shown 
that they contain residues of organochlorine msecticides 
in amounts comparable with those found in land birds. 
The occurrence and accumulation of these insecticides 
in marine organisms are important, because they have not 
been applied to the marine environment but have, 
presumably, been derived from chemicals used on agri- 
cultural land or released in industrial effluent. Further- 
more, there 1s every reason to believe that these sub- 
stances have been extensively diluted by the time they 
reach the sea, and the ability of marine organisms to 
extract and accumulate them has far-reaching implica- 
tions. 

A wide range of marine organisms from the eastern 
coast of Britain (mainly from around the Farne Islands, 
Northumberland) has been investigated, and the resulta 
give an indication of the manner in which organochlorine 
insecticide residues are occurring in succeasive trophic 
levels. This investigation has been linked with field studies 
of several species of sea-birds breeding in the same area 
and, in particular, the relationship between the age of 
birds and the residues in their tissues has been examined 
in individuals living in natural conditions. 

The analytical method used for the determination of 
the residues is based on that described by de Faubert 
Maunder et al.*, modified so that organochlorine insecti- 
cides are divided into two classes. One of the classes 
consists of relatively non-polar compounds such as 
pp’-DDT, pp’-DDE, and the other class consists of the 
more polar oxygenated compounds, such as HEOD 
(the major constituent of technical dieldrin) and endrin, 
The concentration of each insecticide is finally determined. 
by gas-liquid chromatography. Column lengths of 4 ft. 
were used and the stationary phase was either 3-8 per cent 
SH30, or 2 per cent ‘Oronite Polybutene 128’+0-2 per 
cent ‘Epikote 1001’; the number of theoretical plates in a 
column was about 1,800 and 1,200 respectively. Con- 
firmatory evidence on the identity of the residues has been 
obtained by paper and/or thin-layer chromatography 
and by means of Bowman-—Beroza p-values*. The identity 
of the component determined as HEOD in shag livers 
has also been confirmed by infra-red absorption spectro- 
scopy. 

In marine organisms only two compounds of the 
organochlorine insecticide type were detected in analyti- 
cally significant amounts, that is, pp’-DDE and HEOD. 
Other compounds of this type were either absent or 
present in concentrations of less than the limits of detec- 
tion of the analytical method; the limite of detection, 
calculated by Young’s method’, were usually lesa than 
0-02 p.m. It is of interest that neither of these com- 
pounds was detected in sand eels (Ammodytes) collected 


Residues of organochlorine Insecticides tend to be greater in marine 
organisms of the higher trophic levels, but the tendency is not found 
in all food chains. The residues of dieldrin in livers and eggs of 
adult birds are inde 
do not appear to be better Indicators of environmental contamination 
by insecticides. 


ndent of the age of the bird. Marine anlmals 


off the east coast of Scotland in 1931 and 1934 (limits 
of detection, <0-0001 p.p.m.). A number of other com- 
pounds of unknown identity were detected in many 
of these marine organisms. These compounds are probably 
halogenated, for they give a response with the micro- 
coulomstric detector. Their gas chromatographic reten- 
tion times are similar to or longer than pp’-DDH, and they 
are of low polarity: their Rr values (silica gelfhexane 
system) are greater than pp’-DDE. The origin of these 
compounds is at present unknown and Roburn® suggested 
that similar unknown compounds in species he examined 
were metabolic intermediates of organochlorine pesticides. 
The chromatographic characteristics of the unknown 
compounds in the marine samples, however, indicate 
that it is improbable that they are metabolites of oyclo- 
diene-type insecticides such as HEOD, HHDN (aldrin) 
or endrin. 

The concentrations of HEOD and pp’-DDE in the 
various samples analysed are given in Tables 1 and 2; 
geometric rather than arithmetic means are given because 
the distribution of organochlorine insecticide residues in 
individuals of the same species tends to be positively 
skewed. This is found, for example, in the case of the 
shag (Phalacrocorax aristotelis) eggs in this investigation 
and has also been noted for residues of these compounds 
in human blood and adipose tissue’-*, Each species 
has been allocated to a trophic level according to the 
dominant food it utilizes. Trophic level 1 consists of 
plants; level 2, animals which feed on plants; level 3, 
predators of level 2; while levels 4 and 5 are large pre- 
dators which feed predominantly on animals in trophic 
levels 3 and 4 respectively. The concentrations of pp’-DDE 
and HEOD follow the same pattern with the smallest 
concentrations occurring in marine algae and the largest 
in certain sea birds. Usually there are significant 
positive correlations between the concentration of both 
compounds and the trophic level (Figs. 1 and 2). There 
are two alternative explanations of this correlation. 
This relationship could arise by a progressive accumula- 
tion and concentration through the members of a food 
chain'*-1*, While the concentration of residues in the 
trophic levels shows an overall trend, this is not necessanly 
true of each particular food chain. Thus the concentra- 
tion of HEOD in cod (Gadus morrhua) (0-006 p.p.m.) 
is less than that of its main food, the sand eel (0-016 
p-p.m.). Similarly the concentration of HEOD in plank- 
tonic crustacea (0-16 p.p.m.) is greater than in any ofthe 
fish examined. On the other hand, the simple foed chain 
micro-plankton—muasels (Mytilus)->eider duck (Soma- 
teria mollissima) shows an appreciable congentration of 
HEOD at each stage. The existence of thig type of a 
tion to the idea that there is a build-upe(biological amplii- 
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cation) along a food chain suggests that this build-up 
may not be the sole or primary cause of large concen- 
trations in higher trophic levels. Additional evidence is 
presented later which suggests that the concentration 
found in birds is an equilibrium betweon their intake and 
excretion of insecticide residues and that the latter is 
probably of more importance in determining the actual 
concentration present. This forms the basis of an alter- 
native explanation of the correlation. For example, 
if vertebrates (or in this case only the birds) were less 
efficient in excreting organochlorines than invertebrates, 
the tendency for the former to dominate the higher 
trophic levels would produce the type of correlation 
which has been found. There is some evidence that both 
of these possibilities are operating and there is need for 
further work to examine the relative importance of these 
two ways in which large concentrations occur in the large 
predators. 

All the species of sea birds examined, apart from the 
eider, feed predominantly on fish, but there are large 
variations in the concentrations of HEOD and pp’-DDE 
between the species. The concentrations found in the three 


families generally follow the series Phalacrocoracidae > 
Alcidae > Laridae. 
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Considerable variation in the concentrations of residues. 
occurs in species in the same family and even within the 
same genus. A comparison of the residues in the eggs 
of the cormorant (Phalacrocorax carbo) and the shag (P. 
aristotelis} shows that the concentrations of HEOD are 
not significantly different whereas the concentration of 
pp’-DDE m cormorant eggs ıs significantly larger 
(P < 0-01) than in shag eggs. Similarly, the sandwich 
tern (Sterna sandvicensis) has significantly greater 
quantities of both residues than the common tern (S. 
hirundo). 

Although there are differences in the feeding areas and. 
the species of fish eaten by the different species of sea 
birds, it is unlikely that the variations in dietary intake 
are sufficiont to produce the observed differences in the 
residues in birds. Differences in physiological factors 
between the various bird species, particularly rates of 
absorption and excretion of organochlorine insecticides, 
are probably of major importance in this respect. 

Ecological investigations in progress on kittiwakes 
(Rissa tridactyla) and shags of known age have enabled 
us to examine the relationship between the concentra- 
tion in birds and their age (which is an indication of the 
total time they have been exposed to contamination). 


Table 1. CONCENTRATIONS OF ORGANOCHLORINE COMPOUNDS IN MARINE SAMPLHS TAKEN OFF THE NORTHUMBHELAND OOAST, 1985-1986 


Speci ii ye of tissue and $ f Concentration or o ochlorine 
es Trophio ° and number o: componn „p m 
level samples HEOD aa -DDE 
Serrated wrack (F'uows serratus) 1 Pooled sample 0-001 0-002 
Oar weed (Laminaria digitata) 1 Pooled sample 0 001 0 003 
Microzooplankton 2 Pooled sample 0 080 
urohin (Bekinus esoulentis) 2 Pooled sample 0027 
Mussel {ae ytilus ern 2 Pooled sample of flesh 0-023 0 024 
Cockle (Cardium 2 Pooled sample of flesh 0-018 0-012 
Limpet (Panella vu: ) 2 Pooled sample of flesh 0 009 0-008 
AMacrozooplänkton ( tacsa) 8 Pooled sample 016 O16 
Lobster (Homarus vw 8 Pooled flesh from two specimens 0-024 0-024. 
Shore crab (Carcinus maonas 8 Pooled flesh from two specimens 0-025 0 087 
Edible crab (Cancer poguras) 3 Pooled flesh from two spearmens 0015 0-061 
Plaico (Pleuronectes sp. 8 Whole fish 0-038 0 023 
(Olupen harengus. s Pooled sample of whole fish 0-057 0-080 
Sand eels (Ammodytes lanceolatus) 3 Twelvo samples of whole fish 0-016 0 026 
(0 004-0 021)" (0-007—0 031)" 
Cod (Gadus morrhua) 4 Six samples, three fish per sample 0 009 0-012 
(0-002-0-018)* (0 004-0024)" 
Whiting (G. merlangus) 4 Pooled sample of whole fish 0-040 0-021 
Shag (Phalacrocorax aristotelis) 4 liver 156 2°87 
(1 19-2-05)* (1-82~4 54)* 
Efder duck (Somateria mollissima 4 Livers (two) eat i ) 
Herring gull (Larus argentatus) 4 Livers (two) a \ Ne 
Lesser black-backed gull (E. fuscus) 4 Livers (two) 9 3 t Ht a 1 
i } 
Cormorant (P. carbo) 5 Liver 019 414 
Gannet (Sula bassana) 5 Liver 085 189 
Grey seal (Halichoerus ts), calf 5 Liver 009 0:34 
Common dolphin (Delpiinus delphis) 5 Biubber 0 64 } 1-28) 
Liver 0-04 0-18} 


* Confidence limits of mean (P = 0-05). 


Table 2. CONOHNTRATIONS OF ORGANOCHLORINE COMPOUNDS IN EGGS OF SRA BIRDS NESTING IX NORTHUMBERLAND, BERWICKSHIRE OR FIVE IN 1005 


* Confidence limits of mean P=0 05). 


Mean (geometric) concentration of 


8 es Locahlt; Trophic level No. of eggs o ochlorine compounds (p.p.m.) 
peel 4 (of parent bird) HEOD yp DDE 
Shag (Phalacrocorax a istotelis) Farne Islands 56 124 197 
(1-08-1 48)* (1976-2 21)* 
Isle of May 4 10 188 * 
(0 98—1-89)* (1 77-8 52)* 
. Farne Islands 4 6 1:88+ 1-19t 
Kittiwake (Rissa tridactyla) North Shields 4 26 0-10 0 25 
(0 08-0:13)* (0-21--0 29)* 
Farne Islands 4 2 0-08 O16 
014 0 28 
Ferne Islands 4 8 0-15 031 
Herring gull (harur argentatus) Farne Islands 4 5 < 0-02 0-34 
Lesser black-hacked gull (L. fuscus) Farne Islands 4 6 0-48 0 63 
Sandwich tern (Sterna sandvicensts) Farne Islands 4 8 0-17 O76 
(0-12-0-25)* (0 52-1-08)* 
Farne Islands 4 6 0-80t 0-64 + 
Common tern g. hirundo) Coquet Island 4 5 <0-02 0 04+ 
Roseate tern (S. vo Coquet Island 4 5 0-16 0 55+ 
Raxzorbill (Alea torda, St. Abbs Head 4 3 0 35 0 64 
: (0-07—1°78)* (0 12-8-87)* 
e Guillemot (Uria algae) St Abbs Head 4 3 011 1:80 
{9 005-0 26)* (0-84--2-00)* 
r Farne Islands 4 5 0 60+ Last 
© Puffin (Pratercula arctica) Farne Islands 4 1 0-30 O17 
bd Farne Islands 4 5 O-B8t O40 TF 
Cormorant (P. carbo) Farne Islands 5 5 1:22 3-80 
(0 52-2-84)* (2 30-6 31)* 
5 4 057+ 1-07" 


) 
ts aro quoted by permission of the Royal Society for the Protection of Birds; the analytical method used in these determinations is that 
e described by Ha 


noe et al. 


e 
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Table 8. MBAN (g) CONCENTRATION OF pp’-DDE AND HBOD IN SHAG LIVERS 
AND KGGS, AND IN KITTIWAEH EGGS, TAKEN FROM BIRDS OF KNOWN AGE 








Age of birds 
Type of sample à as 2 zo 8&5- , 105- 
mon 
liye yr yr 105 yr 18 yr 
Sample size 6 9 5 
-DDE (p.p.m.) 1:78 456 3 28 10-47 15 34 
OD (p.p.m.) 1-35 2-61 144 8:19 2:86 
Ratio DDE/deldrin 132 1-75 2 25 8 29 6 58 
2 3 4-5 
Shag f yr yr yr G8 yr 68-16 yr 
Sample s120 10 14 10 11 
aE DE (p.p.m.) 104 1-41 1-52 1-23 162 
OD (p p.m. 27 1-00 0 98 O78 0 87 
Ratlo DDH/dieldrin 158 141- 188 1-58 1-75 
84 5-7 
Kittiwake eggs* a = OEE 
Bample sire 9 4 11 
-DDE (p.p.m.) 018 019 0-26 
OD (p.p.m.) 0-07 009 010 
Ratio DDE/dieldrm 257 211 2-60 


* Correction of the individual values has been made to allow for differential 

drying out of the eggs; this reduces the degree of individual variation. 
Eggs laid by birds of known age were analysed for the 
presence of insecticide residues, and a number of shags, 
also of known age, were found dead and the concentra- 
tions of residues in their livers and, in some cases, their 
total body burden, were assessed (Tables 3, 4 and 5). 

In all the analyses, the concentration of HEOD was 
found to be independent of the age of the breeding birds 
and even 6 month old shags did not show a concentra- 
tion significantly less than older birds. A similar result 
was found with pp’-DDE with the exception that an age- 
dependent trend was found in the liver, although the total 
body burden did not show such a trend. These observa- 
tions, particularly in the case of HEOD, are similar to 
those of Hickey et al.1*, who found that the concentration 
of total DDT-type material in the tissues of herring 
gulls was independent of the age of the birds. Tables 
4 and 6 show the total body burdens and also liver con- 
centrations of HEOD and pp’-DDE ım individual shags 
where both analyses were carried out, and it is clear that 
the distribution of pp’-DDE in the body, and particularly 
in the liver, changes with age, whereas no such change 
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Fig. 1. Conoontration of organochlorine compounds in organisms from 
different trophic levels. @, HEOD; x, pp-DDE. 
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Fig. 2 Concentration of HEOD in the tissues of shags of different 

muy Expeoted whole body burden if none of the ingested HEOD is 

eliminated, ©, concentrations of HEOD found in young chicks (whole 

body); =- _ -~ @ — + —, concentration of HHOD found ın ; 

© —++—, concentration of HEOD found in whole body 
minus liver. 


occurs with HEOD. The liver gives a reasonable measure 
of the concentration of HEOD in the total body, but 
this is not true in the case of pp’-DDE. 

There seem to be two ways of achieving a particular 
concentration of an insecticide in a given bird; first by a 
progressive accumulation with minimal excretion and 
metaboliam; or second, by reaching an equilibrium 
between intake and excretion. In the first model the 
concentration of insecticide will increase continuously 
with age, while in the second model an equilibrium 
concentration will be attained after a time, which is a 
function of the rates of intake and elimination of the 
insecticides. The data presented here in Tables 3, 
4 and 5 clearly support the second of these models. 
Further support can be obtained by considering the intake 
of insecticide in the food of the shag. If it is assumed 
that all the fish consumed by the shag has a similar 
concentration of insecticide residues to that of its chief 
food species, the sand eel (0-016 p.p.m. of dieldrin), 
then a shag which eats 17 per cent of its body weight in 
food each day will accumulate approximately 1 p.p.m. 
of dieldrin in a year. The calculated curve for the body 
burden is shown in Fig. 2 together with the observed re- 
sults for liver and for whole body (minus liver). No indica- 
tion of such a continuing increase is apparent and it seems 
most likely that excretion and metabolism of insecticide 


Table 4. OONOBNTRATION OF HEOD AND pp’-DDE Ox THE BODIBS AND LIVERS 
OF SHAGS OF KNOWN AGH FOUND DEAD ON THR FARNB ISLANDS 
Concentration of HEOD 


Ago of Whole body 
g (minus livor) Liver 


Concentration of pp’-DDE 


Whole body body 


body body 
Ratio iver (minus liver) Ltver 280 Tiver 


6 months 112 1-67 067 0 87 167 0-52 
8 months 121 211 057 0-69 138 0-62 
6 mon 061 0 62 0 82 0 80 125 0-64 
26 yr 1 08 1388 0-78 212 4 98 048 
26 yr 0 48 0 BA 070 0 55 1-24 044 
85 yr 1 62 2-90 0 54 2-86 10-40 0-27 
10 5 yr 1 86 2 64 0-52 2 86 10°50 0-27 
16 yr 0 59 4 00 015 189 26 30 007 


Table 5. CONCHNTRATION OF HEOD AND pp-DDE IN THA MUSCLE AND 
LIVERS OF SHAGS OF KNOWN AGB FOUND DHAD ON THE FARNE ISLANDS 





Concentration of HEOD Concentration of pp’-DDE 
we muscle (Rpa usol 
Age of muscle muscle 
ming Muscle * Iaver Feto hyer Muscle Liver 2840 ivea 
6 months 0 21 116 O18 O71 216 0338 
2yr 016 8 09 0-05 0 92 815 Olle 
2yr 0 22 184 0-12 048 3 23 2015 
3yr 102 6:33 016 116 19 91 006 
3 yr 0:86 2-57 014 062 4-80 0-11 
4 yr 134 9-84 014 1-92 28 AL 008 
8 yr 1-45 461 0-31 5 82 22 59 0-26 
15 yr 019 3 89 0 05 006 84-88 0002, 
* Pectoralis major and supra-coracoldeus, 7 ° 
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residues play an important part in determining the equili- 
brium concentrations that are found in sea birds. 

The concentration of insecticide residues in newly 
hatched shag chicks ıs similar to that in the egg. The 
concentration, (as opposed to the total body burden), 
however, decreases rapidly as the chicks grow, and by the 
time thoy reach full size the concentration in the body 
is only about one-tenth of that at hatching (Fig. 2). 
This decrease occurs because a large proportion of the 
food is used to form new tissues and the concentration 
of insecticide residues in fish 18 much less than that 
in the newly hatched chick. If msecticide residues have 
any toxic effects on the immature stages of a bird, it is 
to be expected that these would manifest themselves 
in the egg or newly hatched chick, but not during the 
later period of rapid growth or the immediate post-fledg- 
ing period. 

Marked differences in the concentrations of both 
pp’-DDE and HEOD occurred within a period of less than 
3 months in both 1964 and 1965 (Fig. 3). For example, 
in 1964 the concentration of HEOD in the eggs was three 
times greater at the beginning of the breeding season 
than at the end. In 1965 a two-fold variation was found, 
but the trend was in the opposite direction and the 
greatest concentrations were found at the end of the 
laying season. These effects cannot arise from the later 
nesting dates of young shags compared with older birds, 
for there were opposite trends in the 2 years, and in any 
case it has already been shown that the concentration of 
HEOD is not related to age. It is also noteworthy that the 
average residues of HEOD m the eggs collected in succes- 
sive years show no significant upward trend, and this 
observation is consistent with the second model, discussed 
here, in which it 1s postulated that the body burden 
reaches an upper limit (corresponding to a balance 
between the amounts of HEOD mgested and eliminated 
in a day). In the case of pp’-DDE, however, there is a 
tendency for the residues to increase from 1964 to 1966. 
This difference between HEOD and pp’-DDE probably 
arises from the different rates of elimination of these 
compounds by shags. One possible factor contributing 
to these variations 18 that the exposure of the shag to 
organochlorine insecticides may change with season. 
Between February 1965 and October 1966, samples of 
sand eels and young cod were collected at intervals 
from the vicinity of the Farne Islands, Northumberland, 
where the shag colony has been closely investigated. 
The concentration of pp’-DDE varied by a factor of 15, 
while the concentration of HEOD showed a thirty-two 
fold variation (Fig. 4). It is noteworthy that the varia- 
tions of the concentrations of both these compounds 
follow the same pattern m the cod and sand eels; a mini- 
mum occurs in the winter and a maximum in the summer. 
Further investigations are being made to determine 
whethor this is a regular fluctuation and if it occurs 
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Fig. 5. Concentrations of (@) 
around the Farne Islands. 


caught at different times in 


in the same fish population or is the result of movements 
of fish in and out of the area around the Farne Islands. 
Parallel investigations are being made on mussels where 
complications arismg from movements of individuals 
can be eliminated. 

Moore and Tatton! have suggested that the residues 
in the eggs of sea birds may be more useful as indicators 
of general changes in the environmental contamination 
by pesticides than the residues in the eggs of terrestrial 
birds. It is now apparent that the situation 1s more com- 
plex and, for example, marked seasonal variations have 
occurred in the concentration found within a single species 
nesting in a restricted area. Similarly, extensive fluctua- 
tions have been detected in the concentrations of insec- 
ticide residues found in two fish species. It is clear that 
a few eggs collected on one day do not necessarily reflect 
the residues occurring within a species, and ıt is important 
that if sea birds are to be used as indicators of general 
contamination, samples of eggs should be taken through- 
out the breeding season. Before these seasonal variations 
were detected it was plausible to postulate that the 
concentrations of insecticide residues within a species of 
sea bird could be less variable than those m species of land 
birds. A comparison of the residues in eggs of sea birds 
with those in eggs of land birds, however, indicates that the 
difference between these two classes of birds is small or 
insignificant. The standard deviations of the residues of 
dieldrin and of pp’-DDE in the eggs of six species of sea 
birds examined in this investigation are shown i Fig. 6, 
together with their corresponding arithmetic means. 
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001 
0-01 OL 10 10-0 100 0 
Mean (arithmetic) concentration of organochlorine compounds (p.p.m.) 
Fig. 6. Mean (arithmetic) concentrations and standard deviations of 
ap-DbE and OD ın samples of of sea birds and land birds. (©) 


EOD, sea birds, a OD, land birds; {e) pp’-DDE, sea birds; 
®) pp’-DDE, land birds. 


The corresponding statistics for ten terrestrial species 
are also given; the latter have been calculated from the 
results published by Lockie and Ratcliffe and by Rat- 
cliffe'.15, It is obvious that there is a relationship between 
the standard deviation and the arithmetic means of resi- 
dues in the eggs of the various species, and that this rela- 
tionship is similar for both marine and terrestrial birds. 
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This type of relationship indicates the advisability of using 
the logarithmic transformation in the statistical analysis 
of the results. These results suggest that eggs of sea birds 
have little, if any, advantage over those of land birds as 
indicators of environmental contamination by organo- 
chlorine insecticides. 

We thank Dr N. W. Moore of the Natural Environment 
Research Council for his help, and Dr B. B. Rae of the 
Department of Agriculture and Fisheries for Scotland, 
Marine Laboratory, Torry, Aberdeen, for samples of sand 
eels, and the Royal Society for the Protection of Birds for 
permission to quote some of their results. 
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Synthesis of Mucopeptide by L-form Membranes 


by 

ANADI! N. CHATTERJEE* 
J. B. WARD 

H. R. PERKINS t 

Twyford Laboratories, 


Twyford Abbey Road, 
London, N.W.10 


Tas integrity of bacteria depends on the presence in their 
cell walls of a structural component known as mucopeptide, 
glycopeptide or peptidoglycan. Synthesis of this compo- 
nent is inhibited by pemioullin, which has recently been 
shown to interfere with the final cross-linking of the pep- 
tide part of the moleoule'*. Influenced by penicillin 
in high-salt media a number of organisms including 
Staphylococcus aureus can be induced to grow 1n an camo- 
tically fragile form of characteristic morphology known 
as the L-form*-‘, which lacks an organized cell wall and 
many typical components*-"! and is resistant to antibiotics 
known to interfere with cell wall biosynthesis!*. Some 
L-forms of streptococe: and staphylococci, however, 
are known to contain mucopeptide precursors!?-18, 

It seems likely that L-forms, having no cell wall, must 
lack some enzyme or enzymes on the long synthetic path 
leading to cross-linked mucopeptide. We have investi- 
gated the biosynthesis of mucopeptide by isolated mem- 
branes from staphylococcal L-forms, essentially as des- 
cribed for membrane preparations from cocoi and Es- 
cherichta cols!?-*3, Our experiments show that, at least 


* Present address. Department of Microbiology, Tufts University Afedical 
School, Boston, Massachusetts. 

t Present address: National Tustitute for Medical Research, Mu! Hill, 
London, N.W.7. 


L-forms of Staphylococcus aureus H do not synthesize the ceil wall 
material mucopeptide, 
L-forms, however, have been shown to make important cell wall 
intermediates when supplied with appropriate substrates. 


Isolated membranes prepared from these 


in our strain of L-forms from S. aureus H, some of the 
enzymes involved in mucopeptide synthesis are stıll 
present, although the whole organisms lack mucopeptide 
precursors. 

The medium used for the isolation of L-forms consisted 
of Bacto-Brain Heart Infusion (Difco Laboratories) with 
or without the addition of 0-75 per cent (w/v) ‘Ionagar 
No. 2’ (Oxoid). For growth of L-forms from S. aureus H, 
0:5 per cent (v/v) PPLO serum fraction (Difco), 3 per 
cent (w/v) sodium chloride and benzyl penicillin, 100 
U/ml., were added. Agar medium (25 ml.) was poured into 
9 em plastic Petri dishes, and surface moisture was re- 
moved by drying at 37° C for 60 min. Drying after inocu- 
lation was prevented by enclosing the plates in polythene 
bags during incubation at 37° C. 

Overnight cultures of S. aureus H were grown on nutrient 
broth at 37° C. The cells were collected and washed twiae 
with 0-9 per cent (w/v) sodium chloride. The washed 
cells were resuspended in saline at five times their origfnal 
concentration, and 0-2 ml. was spread over the surface of 
each plate with a glass rod, allowed to dry for 1 h at 37° C, 
and placed in a polythene bag. L-form co¥bnies visible 
to the naked eye appeared after incubgtich for 4-5 days, 
although weakly staining micro colonies were visible fter 

° 
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* 86-48 h. The strhinsrWere stabilized by repeated transfer 


on the same medium: Development of L-form growths 
was not observed on medium contaming pemeillin but 
no added sodium chloride. 

For growth in liquid media agar blocks from established 
strains were transferred to liquid medium, disintegrated 
with a glass rod and incubated at 37°C. Once growth 
in hquid medium had been achieved, transfers were made 
directly to fresh media. Well established broth cultures 
yielded heavy growth on overnight incubation from small 
inocula. 

Stabilization occurred after from four to thirteen 
sub-cultures on solid medium containing penicillin. 
After this, transfer of the organisms to medium lacking 
penicillin yielded only L-form colonies; staphylococci 
were not present. L-forms derived from S., aureus H were 
transferred more than fifty times during a year without 
showing signs of reversion. ‘Transfers were, however, 
routinely made in medium containing penicillin. The 
L-forms, like the parent bacteria, were coagulase positive. 
Unlike the parent bacteria, they were resistant to 250 
ug/ml. of benzylpeniciliin, methicillin, D-cycloserine and 
vancomycin. The L-forms grew on solid media to give 
the characteristic colony structure of a dark, embedded 
centre with a lighter peripheral zone. In liquid medium 
growth was embedded in viscous filaments of DNA. 
Ultra-thin sections of the L-forms, fixed with osmium 
tetroxide and uranyl acetate, were examined under the 
electron microscope (Philips #44100). The surface struc- 
ture appeared as a triple-layered “unit membrane’™ 
with no sign of a cell wall. 

Hydrolyaates of cold TCA-insoluble residues of L-forms 
contained far less glucosamine than the parent cocci 
(less than 0-05 per cent of their dry weight). No muramic 
acid or teichoic acid breakdown products could be detected, 
nor was any hexosamine found in an acid extractable 
form. 

UDP - N - acetyl - muramy] - L - alanyl - D - glutamyl - 
i-lysyl-pD-alanyl-p-alanine (UDP-MurNAc-pepetide A), 
labelled where necessary with C-lysine, was prepared by 
shaking cells of S. aureus H with vancomycin’’. The cells 
were extracted with cold 10 per cent trichloroacetic 
acid which was removed by ether extraction and the 
neutralized extract was applied to a column of DEAE- 
cellulose (10 x 100 mm). The column was eluted with a 
linear gradient of lithium chloride (0-0-6 molar) and the 
effluent was examined for bound N-acetylamino sugar™ 
and radioactivity where appropriate. The relevant 
fractions were pooled, concentrated and the lithium 
chloride was removed by passing it through a column of 
‘Sephadex G-25’ (1:8 x 84cm). The product was finally 
purified by chromatography on washed paper, first in 
iso-butyric acid-0-56 molar ammonia (5:3) (solvent A) 
and then ın ethanol-1 molar ammonium acetate, pH. 7-2 
(7-5 : 3) (solvent B). The corresponding nucleotide from 
Corynebacterium poinsettiae (UDP-N -acetyl-muramyl-gly- 
cyl - glutamyl - homoseryl - alanyl - alanine) (UDP - 
MurNAc-peptide B)**.3?, labelled where necessary with 
4C.glycine, was isolated by a similar method**, 

Incomplete precursors were prepared by the inclusion 
of p-cycloserine (80 ug/ml.) in the defined media described. 
The products were UDP - N - acetylmuramy] - £ - alanyl - 
v-glutamyl-u-lysine (S. aureus H) (ODP-MurNAc-peptide 
C) and UDP - N - acetyl - muramyl - glycyl - glutamyl - 
homoserine (C. poinsettias) (UDP-MurNAc-peptide D). 

Vancomycin nucleotides were isolated as described 
earlier?*, The concentration of these compounds, which 
gontain 1 mole of vancomycin for 1 mole of amino sugar 
nucleotide, has been expressed on the basis of bound 
Necetylamino sugar". 

All the substrates were checked by analysis of acid 
hydrolysates (Technicon amino-acid analyser), total 
phosphoruss absorption spectrum in the range 230-290 
mu, bound Macetylamino sugar and two dimensional 
paper chromatogfaphy in solvents A and B. 

o 
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To prepare the membrane fraction 2 1. of cultured 
L-forms grown for 15 h in the liquid medium was centri- 
fuged at 13,000g in a refrigerated centrifuge and lysed 
in a buffer of 0-05 molar irts-hydrochloric acid, pH 17-6, 
containing 5 x 10-4 molar magnesium chloride and 10-* 
molar mercaptoethanol (standard buffer), The viscous 
residue was resuspended in about 40 ml. of buffer, 1 ug/ 
ml. of DNase was added, and the suspension was kept at 
2°-3° C for 15 min. It was then disintegrated by sonic 
oscillation ın a Soniprobe oscillator (4 amp for 70 sec) 
and centrifuged at 4,000g for 10 min. The residue 
was discarded and the supernatant was centrifuged for 
l h at 38,000g and the cycle of centrifugmg was 
repeated twice. The yellowish pellet was finally suspended 
in about 2 ml. of standard buffer and stored at — 15° C. 
This preparation (about 10 mg/ml. of protein; 15 per cent 
of that present in the original washed D-forms) was con- 
sidered to represent the membrane fraction because of its 
sedimentation characteristics and on the basis of analyses. 

In experiments involving incorporation of glycine the 
source of soluble RNA and glycine activating enzyme was 
an unfractionated supernatant of disrupted vegetative 
cells of S. aureus H”. 

Most of the incubations were performed on Whatman 
No. 3 MM filter paper strips, essentially as described 
by Anderson et al.**, The reaction was terminated by 
drying the paper in a stream of hot air and the strip was 
developed as a chromatogram either in solvent A for 24 
h or in solvent B for 15 h. Any mucopeptide formed 
remained at the origin’®-71:3°, while any “lipid inter- 
mediate’’?*)1 moved fast (Rr 0-8-0-9). Thus both pro- 
ducts were clearly separated from any of the labelled 
substrates, including free glycine (Rr values 0-3-0-5). 
The amount of radioactive mucopeptide and “lipid 
intermediate’? formed was measured by counting appro- 
priate areas of the chromatogram in a scintillation 
counter. The final calculation of incorporation was always 
based on a control chromatogram (containing labelled 
substrates and heated enzyme) that was included in each 
experiment. The specific activities of the labelled sub- 
strates were 700 c.p.m./mpmole (compound A, C- 
lyse) and 900 c.p.m./mumole (compound B, “C-gly- 
cine); the specific activity of free glycine was 1,100 ¢.p.m./ 
myumole. 

The. cell wall precursor UDP-MurNAc-peptide A 
(labelled with C-lysine) was incubated on filter paper 
with a sonicated membrane preparation derived from a 
culture of the L-forms of S. aureus H. Incorporation of 
radioactivity into both “lipid intermediate” and muco- 
peptide was observed (Table 1). Preparations that had 
not been sonically disrupted showed very little activity. In 
multiple experiments the biosynthetic activity of the 
membrane preparations varied rather widely, and Table 
1 shows the extremes of this variation. The level of incor- 
poration was comparable with that reported for a particu- 
late enzyme preparation from vegetative cells of S. aureus 
H (3-5 mumoles/mg of protein/h)}*. There was little incor- 
poration in the absence of added ATP, which could not be 


Table 1. INCORPORATION OF LABELLED UDP-Mur-NAC-PEPTIDE BY A MEM- 
BRANR FRACTION FROM THR L-FORMS OF S, aureus H 


Incorporation (mamoles/mg proteln) 
pu 


Additions or Maucopeptide farm: 
omissions Experi- Exper!- Exxperi- Experi- 
ment 1 ment 2 ment 1 ment 2 
None 22 58 0-61 0-88 ` 
—ATP 06 Ll O11 O21 
—UDPGloN Ac 0-06 010 0-02 <001 
—Magnesium chloride 0-66 14 0-21 0 28 
—Potasmam chloride 1-1 86 0 48 0 55 
+ Lysozyme (50 ug) 0-03 0 06 0 68 0-98 


‘The complete incorporation system contained in a total volume of 50 ul., 
0-28 mg of membrane protein, 1:25 umole of tris-hydrochlorio acid, pH 7-8. 
25 mymoles of mercaptoethanol, 0:75 mole of magnesium chloride, 20 

oles of potassium chloride, 60 les of ATP, 10 mymoles of UDP- 

Mae cade A (labelled with “O-lysine), 15 muzmoles of UDP-GleNAc 
specifa ditions or omissions were mede as indicated. Incuba: was on 

ter paper (Whatman No. 3M3f in a humid chamber at 87° C fofi h. The 
radioactive products were estimated after the chromatograms had been run 
in solvent A as described in the text. 
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replaced by the other nucleoside triphosphates. The 
optimal concentration of magnestum ions was 0-015 
molar and could not be replaced by manganese ions. 
The pH optimum was about 7-6. Rather unexpectedly, 
UDP-N-acetylglucosamme (UDPGleNAc), which could 
not be replaced by UDP-glucose, was required not only 
for mucopeptide synthesis but also for that of the “lipid 
intermediate”. Such a requirement has not been observed 
ın preparations from cocei!*»*1 and 1t is difficult to reconcile 
with the idea that the first reaction of the sequence 1s the 
union of phospho-MurNAc-pentapeptide to a lipid inter- 
mediate by a pyrophosphate bridge directly to a glycerol 
residue". The nature of the final mucopeptide product is 
confirmed by the fact that, ın the presence of lysozyme, 
synthesis of “lipid intermediate’ was unabated, whereas 
no mucopeptide at all was formed. To show that the 
radioactivity was still present as C-lysine, the reaction 
product was hydrolysed and the radioactivity was shown 
to coincide with lysine both on paper electrophoresis 
strips and on paper chromatograms. 

In the incorporation of the type described ın Table 1, 
more than 80 per cent of the activity of the sonicated 
membranes was in the particulate fraction sedimented 
at 38,000g in 1 h. The amount of mucopeptide formed 
was directly proportional to the amount of membrane 
added in the range of 50-350 ug of protem. 

When UDP-MurNAc-peptide B (from O. poinsettiae) 
labelled with ‘C-glycine was used as a substrate with the 
membrane fraction from L-forms of S. aureus H, exactly 
as in Table 1, there was no significant incorporation of 
label either into the “lipid intermediate” or into the muco- 
peptide. This is in contrast to the results obtained with a 
membrane preparation from Æ. colt B™, where UDP- 
MurNAc-peptide from S. aureus was incorporated into 
mucopeptide to as much as 43 per cent of the value 
observed with homologous substrate. 

UDP-MurNAc-peptide A (?C-lysine) was incubated 
with the membrane fraction from L-forms of S. aureus, 
in the complete system described in Table 1, and the reac- 
tion was halted at various times up to 3 h. Incorporation 
into “lipid mtermediate” and mucopeptide is shown in 
Fig. 1. After 15 min radioactivity in the “lipid inter- 
mediate” had reached a steady state, whereas incorpora- 
tion into mucopeptide continued hnearly up to lh. This 
observation essentially parallels the results reported with 
preparations from the coccal form of S. aureus?*. 

“Particulate enzyme” prepared by sonic disintegration 
of S. aureus cocci was mactive m mucopeptide synthesis 
when assayed in a test-tube system, Disruption of 
the cells by grinding with alumina gave a preparation 
that would work in a test-tube’*. In contrast, sonic dis- 
integration of Mtorococcus lysodetkticua yielded an enzyme 
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Fig. 1. Time course of muco aptide synthesis, A membrane fraction 
120 ug of protein) from the forms of S, aureus H was inonbated on 
ter paper with P-MurN Ao-peptide A ("C-l ) and other additions 

as descybed in Table 1. The reaction was stopped at intervals by a 

stream of hot alr applied to replicate samplea. The producta were 

tdentified by chromatography in solvent A. 
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Table 2 COMPARISON OF DIFFERENT INCUBATION CONDITIONS FOR THB 
INCORPORATION OF UDP-Mur-NAC-PEPTIDE 
y J Incorporation 
Condition of incubation r (mmol of membrane protein/h) 
i ucopeptide Lipid intermediate 
37° C on filter paper 5-3 0 98 
87° C in teat~tube 0 68 10 
20° C on filter paper 15 11 
20° O ın test-tube i 046 0-08 


i me incorporation system was the same as the complete system described 
n Table 1. 


preparation that would synthesize mucopeptide in a tube 
assay, although a filter paper system still gave much 
greater activity’*. The membrane fractions prepared 
from the L-forms of S. aureus were incubated with labelled 
UDP-MurNAc-peptide A both ın a test-tube and on filter 
paper as before and the synthesis of mucopeptide and 
intermediate was compared (Table 2). At 37°C the 
formation of “lipid mtermediate’’ was equally good 
in the tube or on filter paper, but very little mucopeptide 
was synthesized ın the tube system. At 20° C formation of 
“lipid intermediate” was reduced by about 40 per cent 
in the absence of filter paper, while on filter paper incor- 
poration into mucopeptide was only about 25 per cent 
of that at 37°C. This ıs different from the observation 
with particulate enzyme from the coccal form of S. aureus, 
where activity was much greater at 20° C than at 37° C19, 
Membrane fractions from the L-forms of S. aureus 
were incubated with the complete system described in 
Table 1, except that the UDP-MurNAc-peptide A was 
not labelled, and “C-glycine and cell supernatant were 
added. Glycine was mcorporated into both “lipid inter- 
mediate” and mucopeptide (Table 3) and incorporation 
was dependent on the presence of all the components 
found to be necessary for synthesis of “lpid intermediate” 
and mucopeptide from labelled UDP-MurNAc-peptide A. 
Cell supernatant, presumably supplying soluble RNA 
and glycine activating enzyme, was required for maximal 
activity, and no activity was observed in the presence of 
ribonuclease. Once again, added lysozyme prevented 
mucopeptide formation, but not that of “lipid mter- 
mediate”. Incubation at 20° C instead of 37° C seemed to 
lead to more incorporation of glycine into “lipid nter- 
mediate’, and slightly less in the mucopeptide. In most 
respects these results resembled those obtained with dis- 
rupted staphylococoi™. We have not tried to fractionate 
the system further, or to show an absolute requirement 
for added soluble-RNA and activatmg enzyme. The 
incorporation of glycine in the absence of any added 
supernatant was presumably because the membrane 
preparation was not entirely free of supernatant, in 
accordance with observations on the biosynthetic system 
of S. aureus cocci”. The specificity of the glycine incorpora- 
tion was shown by the inability of incomplete (C) or 
heterologous and incomplete (B, D) substrates to replace 
UDP-MurNAc-peptide A in promoting glycine uptake. 
The proportion of glycine incorporated relative to 
MurNAc-peptide A incorporation was very small compared 


Table 3. INCORPORATION OF C-GLYCINE BY A MEMBRANE FRACTION FROM 
THE L-YORMS OF S. aureus H 


Glycine incorporated (mumolesjmg 


membrane proteln/h) 
Additions or omsslons Mucopeptide Lipid intermediate 

None 18 055 
-ATP 014 0-08 
— UDPGleNAc 017 006 
— UDP-surNAc-peptide A 014 0-06 
— Cell strperna: 0 62 021 
— Cell supernatant + heated supernatant 0-56 0 28 
Tee n ha) ae gi <9 tr 
+ Lysozyme B 1 
Inonbated at 20° instead of at 37° 0 12 18 


of mercaptoethanol, 0-0 moles of magnesium chloride, 2 5 wmoles 

sium chloride, 50 msamoles of ATP, 15 mumoles of UDP-GloN Ac, 2%msmoles 
X. of protein 

ons were as 


membrane protein, 1:25 «moles of tris-hydrochlorio aoid, pu 7 8, 26 hae: 
o 


oaotive products 
wero es in solvent A as 
s 


desoribed in the text. 
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with: the: amounts reported for staphylococci, where as 
much as 6 moles can be incorporated"?. The possibility 
that the low level resulted from the presence of a pool of 
1C-glycine associated with the membrane fraction was 
excluded by adding to the labelled glycine an equal pro- 
portion of the unlabelled compound. This reduced the 
observed incorporation of radioactivity by exactly 60 
per cent, thus showing that the presence of an unlabelled 
pool was not responsible for poor incorporation of glycine. 

Vancomycin and ristocetin will form compounds with 
UDP-MurNAc-peptides?*, It was therefore interesting 
to see whether those compounds would inhibit muco- 
peptide synthesis by the membrane fraction of D-forms of 
ŞS. aureus. Membranes were incubated with UDP-MurNAc- 
Peptide A ('*C-lysine) as described in Table 1, with or 
without vancomycin, or vancomycin-nucleotide com- 
pound**, Table 4 shows that, as with cocci}*, the presence 
of small amounts of vancomycin selectively inhibited the 
formation of mucopeptide. On a molar basis vancomyeom- 
nucleotide compound was an even better inhibitor of 
nvicopeptide synthesis, and thus presumably cannot have 
had ite effect by previous decomposition to vancomycin. 
Tho inhibition was evidently caused by the presence of 
combined vancomycin in the molecule, for other extran- 
eous UDP-MurNAc-peptides (B, C and D) had no 
inhibitory effect, even when used at ten times the sub- 
strate concentration. Nevertheless, in large concentrations 
both ininbitors apparently caused an increase of muco- 
peptide synthesis, although no “‘lipid intermediate” was 
formed. This product was evidently not in fact muco- 
peptide, because it was formed even in the presence of 
lysozyme. It seems likely that the large concentration of 
vancomycin caused the formation of vancomycin-nucleo- 
tide compound, which is also immobile in the solvent 
systems used**. The presence of even more radioactivity 
on the origin of the chromatogram, when a large amount 
of unlabelled vancomycin-nucleotide compound was 
added, seems hkely to have been the result of an exchange 
mechanism**, It would represent a conversion of 6 per 
cent of the unlabelled vancomycin-nucleotide compound 
added, and 25 per cent of the added UDP-MurNAo- 
peptide A. 

Vancomycin-nucleotide compounds from J. aureus H. 
and O. potnsetitae were allowed to react with membrane 
preparations from the same bacteria. Vancomycin-UDP- 
MurNAc-peptide (0-4 mole) was mixed with 03 mg of 
membrane preparation, placed on washed filter paper 
(Whatman No. 3MM) and developed with solvent A 
for 24h. After drying, strips of the filter paper were cut 
and eluted with water, and the eluate was hydrolysed 
with 6 normal hydrochloric acid at 105°C for 18 h and 
analysed for the specific vancomycin components, as- 
partic acid and N-methylleucine**. In addition to their 
presence on the origin, these components were found in 
eluates from regions of Rp 0-6-0-7 (free vancomycin, 
Rp 0-15-0-28). If the membrane fraction was omitted, 
aspartic acid and N-methylleucine were found only at 


Table 4. INAIBITION OF MUCOPEPTIDE SYNTHESIS BY VANOOMYOIN AND 
VANCOMYOIN-NUCLEOTIDH COMPOUND 
Incorporation 
Mucopeptide Lipid intermediate 
Additions mamoe Peri a mumnolen/ Por cont 
mg o: o: 
reins seal Resin control 
None 74 0 88 
+ Vancomycin (8 2 Tomoe) 22 30 0:78 118 
+ Vancomycin (6'4 mpmole 18 24 077 116 
+ Vancomycin (32 scr 3 0* 53 0 02 8 
+ Vancomycin- urN Ac- 
@ peptide A compound 
1 25 mmole 1-6 22 O74 112 
25 memole 0 60 8 0-78 111 
®© 10 mmole 0-46 8 0-55 88 
49 mumole 8-0" 120 0 02 3 


The incorporation system and conditions were the same as for the complete 
system described in Table 1 

* This high level of faa osdüvity on the origin was not due to mucopeptide. 

dbo wag shown to be produced in aenery ee dente experimental conditions 

mm the presence af 50 ug ysozyme. The presence of this enzyme 

spre Bontod the formation of aa OL SrO (Table 1. 


o 
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the origin. The membrane fraction itself contained no 
N-methylleucine. Thus vancomycin-nucleotide com- 
pounds seem to bind to some component of the membrane 
fraction, yielding a product that moves in solvent A like 
a relatively non-polar (or possibly lipid) material. Regard- 
less of the source of nucleotide or membranes, in each 
experiment about 20 per cent of the added vancomycin- 
nucleotide compound was converted to a fraction with a 
mobility of Rr 0:6-0-7 in solvent A. 

The results obtained show that our strain of L-forms 
derived from S. aureus H retains the ability, given the 
appropriate substrate, to synthesize important inter- 
mediates on the pathway to the cross-linked mucopeptide 
found in the parent cocci. At present the producte, either 
“lipid intermediate” or final mucopeptide, have not been 
characterized in detail, but the requirement for UDP- 
GIcNAc and the susceptibility to lysozyme of the final 
product suggest that it 1s almost certainly mucopeptide. 

The proportion of glycine that was incorporated was 
small. It 1s not possible to say at the moment whether 
this low meorporation means that the L-forms cannot 
complete their cross-linked mucopeptide. If this were 
true, 1t could account for their lack of cell walls. The 
reason, however, could equally well be that they are 
unable to synthesize the necessary precursor compounds, 
which indeed could not be found in the washed organisms 
or in the culture supernatant. 

The vancomycin-nucleotide compounds described 
earlier?! evidently do not affect formation of the lipid 
intermediate of mucopeptide biosynthesis, but they cause 
an even greater inhibition of mucopeptide formation 
than a corresponding amount of free vancomycm. It 
thus seems that they may indeed be necessary inter- 
mediates for the function of the antibiotic. The precise 
mode of their action is still far from clear, but there 
seems to be some evidence that they may become attached 
to a lipid component of the membrane. 

We thank Mr J. B. Cole and Mrs P. Zatz for technical 
assistance. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Rotation and Heating of the Planet Mercury 


Recent radar observations’ and subsequent discussions*? 
indicate that the rotational pariod of Mercury may be 
coupled‘ to its orbital period ın the ratio 2:3. Here we 
examine the insolation and surface temperatures that 
would result from such coupling and consider some observ- 
able consequences. 

If we assume that the spin-orbit ratio is 2: 3, and that 
the rotation and revolution axes are parallel, the diurnal 
period for any point on Mercury 1s twice the orbital 
period, that 1s, 176 days. It follows that a given point 
on the equator is always sub-solar at a specified position 
in the orbit. Because the orbit has a sizable eccentricity, 
this results in a different total energy flux falling at each 
point on the equator. The magnitude of this effect may 
suffice to produce a planetographic longitude dependence 
in observations of the decimeter radio brightness tempera- 
ture and of the visual and radar albedos. 

The insolation is best depicted by a transfer to co- 
ordinates centred in and rotating with Mercury, as in 
Fig. 1 where the distance and direction of the Sun are 
shown in polar form. Planetographic longitude 1=0° is 
chosen so that it contains one of the two points that are 
sub-solar at alternate perihelion passages, and A increases 
to 360° in the sense opposite the direct rotation. The 
regions at A}=0° and 180° receive the maximum total 
insolation and those at }=90° and 270° receive the 
minimum. These will be called, respectively, “hot” and 
“warm” poles. 

The two loops in the relative solar motion in Fig. 1 
arise because the orbital angular velocity slightly exceeds 
the constant spin angular velocity when Mercury is 
within 25-9° of perihelion. Thus observers on the planet 
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would see the Sun move slowly retrograde through less 
than its own apparent diameter for 8-1 days around cach 
perihelion passage. The Sun would then almost hover over 
one or the other hot pole, so that these two regions virtu- 
ally monopolize the perihehon exposure. 

The temperature T at a given time t and longitude on the 
equator ìà is found by solving the equation of heat flow ina 
semi-infinite medium («> 0) 

or 
baz) 


oT 1 @ 

at ~ pe Oz 
where k, p and c are, respectively, the thermal conductiv- 
ity, denaity and specific heat of the soil, and aro aseumcd 
independent of temperature and depth. The solution to 
this equation must satisfy the boundary condition that at 
the surface, outward energy flux equals outward radiation 
minus absorbed insolation, or 


_ (-A)s 
Fe) JOnt) 


where e is the infra-red emissivity (taken as unity), o 18 
the Stefan~Boltzmann constant, A= 0:058 ıs tho mean 
visual albedo’, S = 1-95 cal em-* min“! is the solar constant, 
and r is the distance to the Sun in astronomical units. 
Finally, we define the function 


CoB 2 
appropriate integral over visible portion 
of the solar disk ; 

0 


where the Sun is, respectively, completely above, mter- 
sected by, or completely below the horizon. Here z is 
the zenith angle of the centre of the solar disk. 

Solutions to the equations were obtained numerically 
with the diurnal period divided into 500 equal t'me 
untervals. The integration was carried out to the depth 
below the surface at which the amplitude of the fist 
temperature harmonic is attenuated to 5 x 10-5 its sunrfece 
value. The solutions were obtained at different lorgitudes 
on the equator for two values of the thermal parametor 
y= (kpc), which correspond to solid rock ard dust in 
a vacuum’. Some results are shown in Fig. 2. 

The form of the diurnal temperature variation depends 
on longitude à while the minimum pre-dawn. tcmperature 


oT i 
ae os = 0 = col'z = 0 


SON) = 


e 
eee 
e 
J 
Fig. 1. Diurnal pa of the Sun about Mercury, drawn to scale, The relativo positions of e 
e the Sun are marked at 11 day intervals with the planet held as a fixed reference. Plancto- è 
graphic longitudes are indicated for Mercury. Note the loors in the apparent solar motion e « 
that occur at perthelion s 
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Fig. 2. Equatorial Ingolation and resulting te aan temperatures for Mergury at 
four selected longitudes as a function of fraction of a diurnal lod (P= 


176 days) past perihelion. a, 4=0°; 
perfhelion passages correspond to H 
are {/P=0:25 and 0-75. 


passages 

arbitrary umts. The heavy and light curves are surface 

jasmine y=1,000 (dust in vacuum) and y=20 (solid rock). 

temperatures are determined largely b 

of A= 765° and 105° (as for all pairs equi 
The night-time temperatures are similar for a. 


b, Am 90°; o, Am 75°; d, Am 10 
P=000 and 0-60, while times of aphelion 


. Times of 


dashed curves represent insolation in 
temperatures, calculated , 
The daytime 
the insolation curves, and in the case 
tant from they dre almost 


warm poles 
longitudes, but 


murror mages, ‘ 
note the effect of the perihelion loops aa seen at sunrise and sunset from the at 
warm pole 4= 90°, te of N 


depends essentially on the thermal parameter y. The 
effect of the Sun reversing its direction around perihelion 
is readily apparent when this occurs at the horizon, ‘as 
seen by the temperature anomalies for the warm pole 
A= 90°. 

We also note that the maximum day-time temperature 
attained by a hot pole is about 130° K above that for a 
warm pole. This is not orttically dependent on the 
material properties because these are equilibrium tempera- 
tures set by the insolation flux. Further, integratıng the 
insolation curves we find that the total energy flux 
absorbed by a hot pole is 2-6 times that absorbed by a 
warm pole. 

At a sufficient depth beneath the surface, the phase 
dependent temperature variation is damped out and, given 
our assumptions of constant material parameters and no 
radiative transfer, the temperature becomes a constant 
time average fixed by the overlying layers. Deormeter 
radio telescopes, which observe to these depths, would 
detect the same constant brightness temperature at all 
times were it not for the coupled rotation. But in the 
presence of the 2 : 3 spin-orbit coupling, a higher decimeter 
temperature should be observed when the sub-Earth point 
is a hot pole, all else being the same. This longitude 
dependent temperature variaticn should also be observed 
at shorter wavelengths as an amplitude modulation of 
the regular phase dependent temperature variation. 

Furthermore, if the proposed coupled rotation has been 
stable despite perturbations’ for geologic times, we might 
expect the chemical and mechanical surface properties of 
Mercury to be dependent on longitude. For example, 
the cumulative effects of more utense solar proton 
bombardment® and higher maximum temperatures at the 
hot poles relative to the warm poles may cause the visual 
albedo and the radar backscatter for the two regions to 
differ. Such surface effects would be smeared out if 
Meyeury is not locked in precise 2:3 spin orbit coupling, 
but a decimeter brightness longitude dependence might 

e still occur because the sub-surface temperatures achieve 
equilibrium jn a relatively short time. 

Wo thank Professors Thomas Gold and Peter Goldreich 
for helpful discusdions, and Professor Duane Muhleman 
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Atmospheric Flattening of the Solar Disk 


In view of the recently published measurements made at 
Princeton University of the oblateness of the solar disk, 
it is interesting to note that the apparent flattening caused 
by the terrestrial atmosphere is significant even at high 
elevations. A short computer programme was used to 
calculate the degree of flattening caused by a standard 
atmosphere above a flat Earth, assuming a solar diameter 
of 32 min arc. The results are given graphically in Fig. 1, 
in which the degree of flattening is measured in terms 
of the apparent major diameter. Table 1 relates these 
results to particular observing times at latitude + 40°, 
showing that the effect can be considerably larger during 


Table 1. BHSULTS RELATHD TO LATITUDE + 40° 


Local solar Flatte 

time Elevation parts in 1 
Summer Noon 73 5° 25 
solstice 8.00 p.m, 48 296 
ox Noon : 50 0° 205 
3.00 p.m. 88 0° 685 
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Fig. 1. Apparent flattening of the solar disk as a function of elevation. 


the reported observation period than the actual measured 

oblateness of fifty parts in 10%. The effect could be sub- 

stantially eliminated by forming the unage of the disk 

in a vacuum behind a horizontal air~vacuum interface. 
A. H. CRIBBENS 

Department of Electrical Engineering, 

University. College, London. 

Recerved May 24, 1967.” 


PLANETARY SCIENCE 


Geological Evidence for a Pulsating 
Gravitation ` 


Draac! suggested in 1937 that the so-called gravitation 
“constant” f could have been decreasing with time. A 
‘decrease of f has important implications—namely, an 
expansion of the Earth’s volume and a decrease of solar 
radiation’. Expansion will produce regression of the 
oceans and fracturing of the crust (with apparent migration 
of continents), and decreasing radiation will make the 
climate become cooler. 

This is the sort of evolution which certainly occurred 
during some intervals of the Harth’s history, and conse- 
quently Egyed, Jordan and other authors? considered 
that the geological record confirmed the hypothesis of an 
expanding (and cooling) Earth. 

Expansion, however, is no explanation for thickening 
of the crust in orogenic belts (as emphasized by 
Jeffreys‘), or for the production of oceanic transgressions. 
Both these phenomena definitely occurred in the past 
history of the Earth, and fairly warm climates appear 


to have alternated with the cold ones (even when allowance | 


19 made for polar wandering). It is therefore worth 
reviewing what the geological evidence really suggests for 
the variation of f. 

In Table 1, some of the principal geological features of 
the past 400 x 10° yr are schematically indicated (com- 
pare Brinkmann’). The events which correspond to the 
intervals (I) and (IT) are reasonably repeated, in the same 
order, during the mtervals (ITT) and (IV), which is quite 
remarkable. Ocean transgreasions and regressions, to- 
gether with climate variation, suggest a pulsating gravite- 
tion “constant” with maxima at Carboniferous and 
Cretaceous, and minima at Triassic and at present time. 

The tectonic phenomena are more complicated. Forma- 
tion of oceans may have been os discontinuous process, 
but orogeny is not so easy to understand. It appears 
that shortening (with corresponding increase of 
thickness) ocourred during the geosyncline phase and pro- 
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Table 1, GHOLOGIOAL RYOLUTION (DEVONIAN TO PRESENT) ° 
Time Matn tectonic Variation Variation 
toterval events of sea leval of climate 

(J) Devonian Beginning of Varis- Mainly Generally getting 
to Carbon- can orogeny sive (rise of sea warmer ( ?) 
ferous cline phase) level, 

(ID Carbon- U: val and fold- Mainly regrosaive Generally getting 
{ferous to ng of Variscan (owerl of cooler (Permian 
Triassic chains; probable sea lovel! glactations) 

division of Gond- 
wanaland and of 
Laurasia 

(TI) Triassic Beginning of Alpine Mainly transgres- Generally getting 
to Creta- orogeny (geosyn- sive warmer (spread- 
coous cline p ) ing of corals) 

(IV) Creta- Upheaval and fold- Mainly regressive Generally getting 
ceous to ing of Alpine cooler doia 
present ; formation cene glaclations) 


of present mid- 
oceanic ridgos 


duced a root of less dense rocks; folding, however, seems 
to have been a consequence of the following upheaval, 
as believed by many writers (see, for example, Beloussov’) ; 
this latter phase occurred already during the intervals of 
expansion. 

Notwithstanding the possible difficulties of interpreta- 
tion, the geological record suggests a pulsating variation 
of f rather than a monotonic decrease. 

In order to obtain quantitative values, it can be tenta- 
tively assumed that the variation of the Earth’s radius 
& follows the sine curve (compare Fig. 1) 

8R/R=A sin [2r(t + 50)/200] (1) 
where ¢ is the time in millions of years. The period is 
assumed to be 200 x 10° yr. Using, as a measure of the 
last expanding phase, the width indicated by Heezen!’ for 
the actual mid-oceanic ridges, the approximate value 
A = 0-03 (with a mean radius of 6,200 km) could be 
obtained 

The relative variation of the gravitation “constant” is 

Sff = —k“8R/R (2) 
k being a constant given by the expression (valid for 
small 8f/f) j 


dr (3) 


0 


where p and x are, respectively, the pressure and the ‘bulk 
modulus at the level of radius r. Bullen’s values* for p and 


Earth radius (10° km) 
4 j 6 6 7 
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Fig. 1. Probable variation of the Earth's radies srnce the Devonjarm. 


1318 


x can be substituted into equation (3), givng k=0-06, 
Noting that R now appears to be at a maximum and 
therefore f at a minimum, equation (2) shows that the 
gravitation “constant” must have varied between the 
present value and more than twice as much. 

If, according to the estimate of Teller?, the absolute 
temperature on the Earth were proportional to f™*5, that 
large value of f would have produced a very large in- 
crease of temperature, which is certainly incompatible 
with the moderately warm climates prevailing during 
Carboniferous and Cretaceous times. Hither that estimate 
is wrong or the variation of the Earth’s volume (and 
climate) is not due to the variation of f. 

Pulsations in the geological history are not a new 
idea, having been pointed out a long time ago by Bucher”. 
According to the model here proposed, shortening of the 
crust in orogenic belts was achieved when compression. 
was available, but upheaval of the mountains, occurring 
during the following phase of expansion, would have been 
responsible for most of the folding. 

Opening of fractures in the mid-oceanic ridges is certainly 
caused by tension; subsequent intrusion of dykes, as 
suggested by Walker’*, makes the process irreversible, the 
fractures beg blocked by the solidified lava. This 
then provides a mechanism for a discontinuous continen- 
tal ‘drift’, which probably started in Carboniferous time 
but was interrupted during the Mesozoic phase of contrac- 
tion (when the horizontal compressive displacements were 
shifted to the geosynclines). That pause in continental 
“drift” is also suggested by Creer’s palaeomagnetic data''. 

The present state (as well as the Triassic one) corre- 
sponds fairly well to maximum expansion, and this explains 
why most measurements of ancient Earth’s radi: have 
shown values smaller than at present, a fact which 
apparently suggested expansion (without any contrac- 
tion). 

Finally, it must be emphasized that equation (1) is 
a simple crude approximation, and that the events indi- 
cated in Table 1 correspond only to the general trends 
of geological evolution. Minor variations have ocourred 
which may be caused by other controlling agents (erosion, 
sedimentation, isostatic adjustment), or to æ small 
variation of R, with much shorter period, superimposed on 
the curve of Fig. 1. 

This investigation was supported by Instituto de Alta 
Cultura, in Lisbon. 

F. Macnapo* 


Department of Geology and Mineralogy, 
University of Oxford. 


Received May 1, 1067. 


*Present address. Lab. de Estudos Petrologicos o Paleontologicos do 
Ultramar, Lisbon. 
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P Occurrence of Red Water off Peru 


DuRING a cruise of the RV Anton Bruun on April LI, 
1936, g large patch of red water about 100 sq. mules in 
area was encountered 100 miles offshore between Cabo 
Blanco and Punta Aguja, Peru. The cause of this was 
identified fs the organism Cyclotrichium meuniert, a 
tilhate which has frequently been associated with red water 


oe 
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occurrences elsewhere!-*. The colour of the water ranged 
from rust to nearly vermilion and was related to the 
degree of concentration of the ciliates at the surface; the 
ciliates seemed to be restricted to a depth of lesa than 1 m. 

Large numbers of medusae of the genus Pelagia were 
associated with the red water and it was estimated that 
they were present in concentrations of hundreds per cubic 
metre. The animals appeared healthy and remained 
actively swimming in carboys of red water for 24 h or 
more. There was no evidence that the red water was 
noxious or toxic. 

At the time of the sighting the Anton Bruun was crossing 
from the cold rich Peru coastal current to the warm and 
biologically less productive waters offshore. This transition 
may be seen in the profiles of density, dissolved oxygen, 
and silicate in the upper 30 m (Fig. 1). Midway along the 
section—that 18 at Station 599—there was a small region 
of minor upwelling. The vertical structure of the water is 
not unlike that associated with equatorial circulation of 
the mid Pacific’, although on a much smaller scale, and 
may result from a divergence between the Peru coastal 
current and a southward flowing offshore countercurrent’. 
The red water appears to have been concentrated at or near 
the boundary between the upwelling and the warmer, more 
stratified water to ita west. Thus the growth of the red 
water organisms may have resulted from the vertical 
advection and the resulting enrichment of the euphotic 
layer, while their concentration at the sea surface was 
probably physical and/or behavioural and related to the 
gradients existing at the watermass boundaries. 

Samples of the red water were inoculated into a variety 
of media and held at different light intensities and tem- 
peratures, but all attempts to grow or maintain the 
organisms in culture were unsuccessful. Although they 
remained viable and active ın untreated carboy samples 
for several days, the colour changed after the first day from 
red to a persistent yellow green’. The cells rapidly 
disintegrated in buffered formalin. When freshly collected 
samples were filtered through glass fibre filters, the red 
pigment rapidly diffused out to the edge of the filter paper 
while the organisms retained in the central part of the 
filter assumed the yellow green colour of the old water 
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Pig 2 Absorption spectra of acetone (4) and aqueous (B) extracts of the 
red water organisms. Dotted line in (4) represents absorbance of 
acidified acetone extract. 
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samples. Thus it was apparent that the red pigment was 
soluble in water and loosely bound im the organism. 
Additional samples were filtered and separate portions of 
the filtered material were extracted with acetone and 
distilled water. Absorption spectra of the two abstracts 
are shown in Fig. 2. That of the acetone extract is 
characteristic of the photosynthetic pigments of many 
unicellular marme algae, with absorption peaks for both 
chlorophyll A and chlorophyll O". The absorption spec- 
trum of the aqueous extract, however, is not comparable 
with that of the water soluble red photoreactive pigments 
of marine algae, which absorb primarily in the region 
550-600 mz®*. Thus the latter may not function as an 
accessory photosynthetic pigment. 

There are three possible explanations for the presence of 
green photosynthetic pigment in O. meunters: (1) they 
originate from ingested algae; (2) they are located in 
symbiotic algae living within the ciliate; (3) the ciliate has 
chloroplasts and is, in fact, a plant. 

Of these, the first seams unlikely because conversion 
of chlorophyll to phaeophytin by acidification of the 
acetone extract caused a reduction in the 666 mu absorp- 
tion peak to 70 per cent of its mitial value (see Fig. 2.4). 
This indicated that all the pigment was present as 
active chlorophyll’. Also the oiliates assimilated carbon-14 
equivalent to 1-06 g of carbon/m? relative to a darkened 
control when inoculated with 10 po. of 4CO,= and exposed. 
for 24 h to full sunlight. It is most unlikely that the 
chlorophyll of ingested algae would retain its integrity and 
remain. photosynthetically active, particularly as the red 
water contained relatively few free living planktonic algae 
to serve as & fresh supply of food for the ciliates. 

The photosynthetic pigment is probably located in the 
“ohromatophores”!!, which could equally well be chloro- 
plasts or entire symbiotic micro-organisms. Analysis of 
one sample of the red water gave values of 4:8 mg/l. of 
oarbon end 0:05 mg/l. of chlorophyll A. If one assumes 
that roughly half the dry weight is carbon, the organisms 
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contained about 0-6 per cent chlorophyll, which is well 
within the normal range of most planktonic algae". Thus, 
whatever the correct explanation, the photosynthetic 
units are structurally httle more than chloroplasts and the 
ciliate itself ıs at least functionally an autotroph. 

The cruise of the RV Anton Bruun was sponsored by 
the US National Science Foundation. I thank D. W. 
Menzel for the organic carbon analyses and J. R. Hall 
for the pigment analyses. 

Joun H. RYTEER 


Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts. 
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Systematic Diurnal Variations in the Period 
and Polarization of Magnetic Micropulsa- 
tions in South-west England 


GEOMAGNETIO micropulsations are considered to provide 
indirect evidence of the existence of hydromagnetic waves 
generated at the magnetosphere boundary and propagated 
towards the Earth as Alfvén waves. Dungey! and Jacobs 
and Westphal? have made predictions, based on theoretical 
studies, regarding the dependence of the period of these 
waves on latitude and on their state of polarization. There 
is, however, no general agreement among observers that 
this dependence on latitude does exist. Not enough work 
has been done as yet on the polarization of these waves to 
warrant a comparison between theory and observation. 

Micropulsations of the Pes, Pe, and Pi, (periods 
10-150 sec) types have been detected ın the rate of change 
of magnetio field by means of three-component inductors 
cored with ‘Permalloy’ based at, and in the vicinity of, 
Hartland Point, Devon. Observations during March—July 
1966 were made at Hartland Point, the Royal Greenwich 
Observatory, Hartland, and Shebbear. Components of 
pulsations in the magnetic X, Y, and Z co-ordinate 
directions were successively observed at each site and 
single components simultaneously studied at the three 
sites. Variations in the period and amplitude of these 
micropulsations in space and time have already been 
studied in order to distinguish source characteristics from 
secondary induced field characteristics?. This communica- 
tion reports an analysis of diurnal characteristics. 

In the selection of events and the analysis of their 
characteristics the following criteria have been used. (a) 
Period (T). This is defined as the mean of the time interval 
between adjacent peaks in a series of pulsations; the overall 
accuracy was + 6 sec. Pulsations with much variability 
in period were divided into events of constant period such 
that the inherent variation was within the above limit. 
(b) Time of ocourrence. Because of the great variability in 
duration (a few minutes to a few hours), time of occurrence 
was defined as the moment of maximum amplitude in anye 
of the components or the mean of moments of maximum 
aroplitude on the occasions when several maxima occurrefl ; 
the error was < 30sec. (c) Amplitude. This was en as 
the mean of the peak to peak amplitude of the waves. 
(d) Continuity (C). This is defined as the duratton in units 
of 2 min. In each hour the event of highes? continuity ire 
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-Fig. 1. Variation of the period of the predominant pulsation with tıme of day for the period 


une 10 


any of the components recorded was defined as the most 
frequently ocourring pulsation. 

Fig. 1 is an “‘occurrence”’ diagram of the period plotted 
against the time of day that pulsational activity was 
recorded during March—June 1966. Here the term ‘‘period” 
refers to the event with the most continuous activity in an 
hourly range with no distinction between Pe and P, 
events, that is most of the events at night (1800-0400 h) 
are Pts. The dotted line is the weighted mean defined 
in each hour as ET;C/£0, where T; 18 the period of the 
ith event and O its continuity. It can be seen that the 
form of the diurnal variation of the preferred period during 
the daytime is different from that at night. During the 
night relatively rapid changes occur de- 
creasing from 80 sec at midnight to 40 sec 
at 0400 h. Relatively small changes occur 
during the daytime with a preferred period 
of 30-40 sec. Such a diurnal variation was 
reported earlier’ and 13 at variance with 
theoretical deductions*-*. We believe, 
however, that the period variation in the 
daytime P, events in Fig. 1 from a 30 sec 
preferred period before 1100 h to 40 sec 
at 1200 h is a real change. If we make a 
distinction between Pe and P, events on 
the basis of time of occurrence it follows 
that (a) the period of the predominant P: 
depends strongly on the time of day; 
(6) during the morning hours the period of 
the predominant Pe event is about 33 sec. 
At noon and during the afternoon the period 
of the predominant Pe shifts to about 
40 sec. 

Fig. 2 illustrates the time of day occur- 
rence of the east-west to north-south 
amplitude ratios at Hartland Point during 
the period April 2-80, 1966. There is a 
tendency for equality in amplitude in the 
central night hours but rapid changes 
during daylight hours particularly ın the 
forenoon period 1000-1200 h, such that on 
average Y exceeds X before 1100 h and X 
exceeds Y from 1100 h onwards. This 
effect is also apparent m the pulsational 
Activity observed at Hartland Observatory, 
but appeared less so at Shebbear chiefly 
becaugp the recording interval at the latter 
site coincided with a lull in the incidence 
of micropulsation events. Again, when 
event types age identified by their time of 
écqurrence, it iw to be noted that for 
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Fig. 2. Ratio of the magnetio east-west component Y) to the magnetic nortt®south com- 


ponent (X) for micropulsations observed at 
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Pia the distribution of amplitudes between 
the two horizontal components is approxi- 
mately equal but for Pes the distmbution 
is a function of the time of day. 

Christoffel and Linford’ have reported 
evidence of a diurnal variation in the plane 
of polarization of P.s which is in qualita- 
tive agreement with the findings of Fig. 2. 
This trend of events was often particularly 
apparent on records for single days. As 
an example, on April 8, 1966, many hours 
of activity were recorded at Hartland 
Point, and m Fig. 3 the ratio of the hourly 
mean amplitudes of pulsations in X and Y 
are plotted against a.m.t. The rapid 
forenoon polarization changes are again 
apparent together with the afternoon 
dominance in the X component. The 
veriabuity of the ratio Y/X within a train 
of pulsations was generally considerably 
less than the diurnal range. 

An analysis of observatory magneto- 
grams in 1965 suggested that the plane 
of polarization of P.s undergoes a diurnal 
variation and one of the aims of the present work has 
been to verify this conclusion. The results of Figs. 1 
and 2 suggest the following alternatives: 

(1) P. pulsations consist of two events, one with a 
predominantly east-west polarization and period of about 
33 sec dominant in the forenoon and the other with a 
predominantly north-south polarization of about 40 sec 
period dominant in the afternoon. Fig. 4 is a section of a 
three component record at 1000-1100 h on March 20, 
1966. It is a good example of the simultaneous occurrence 
of two events, a short period pulsation of 20-30 sec period 
with a higher amplitude in the east-west direction than in 
the north-south direction, together with a longer period 
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Point plotted against time (G.M.T.). 
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Pig. 3. Ratio of east-west (Y) to north-south (X) amplitude of micropulsa- 
tion activity at Hartland Point plotted against time (G.M.7.) (April 8, 1966). 


event (42 sec) in which the amplitude is greatest in the 
north-south direction. 

(2) Pe events form a narrow spectrum in which both 
the period and the plane of polarization have a diurnal 
variation, and the period in particular undergoes a 
rapid transition between 1100-1200 h in south-west 
England. 
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Big. 4. Section of a record in which two events are simultaneously present. 


“the short period event has a larger amplitude in the east-west component 
than in the north-south component. The long period event has a larger 
amplitude in the north-south component than in the east-west component. 


This diurnal character in period and polarization may 
_ explain why the results of different observers do not lead to 

a generalized form. of the dependence of period on latitude. 
"This work was supported by a grant from the NERC 
and ‘one of us (C. N. C. N.) thanks the Shell B.P. 
Petroleum Development Co. of Nigeria Ltd. for a scholar- 

ship. 
ae C N. C. Nwarews 
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“Auroral Zone Cosmic Noise Absorption _ 
Pulsations 


Punsations have been observed in cosmic noise absorption: 
at Macquarie Island (54-5° S., 158-95° E.), The pulsations 
lasted for 5-20 sec and extended to 0-4 dB in magnitude. 
They were usually non-sinusoidal and non-periodic and 
occurred in trains which lasted for 20 min to 2 h near local 
midnight. 

The pulsations were recorded with a riometer! which 
had a bandwidth of 2 Me/s at 30 Me/s centre frequency. 
The output from the instrument was recorded on a pen 
recorder at 0-5 in./min. It was also used to frequency 
modulate a 1,000 c/s tone which was recorded.on magnetic 
tape at 15/16 in./sec, Selected portions of this tape were 
then replayed on to a chart through a demodulator. By 
slowing down the tape on replay any. desired chart 
resolution could be obtained. With this system it was 


possible to resolve pulses of 140 msec and 0-2 dB peak to 


peak amplitude, The time resolution was about a hundred 
times greater than that of a conventional riometer. 


The pulsations were always accompanied by. micro- 


* 


pulsations of the P; 2 type. A typical train and its accom 


panying micropulsations is shown in Fig. 1. Although 
this record does not have sufficient resolution’ to make: 


adequate phase comparisons, it can be seen that the two. 


traces have a similar appearance. Towards the end of 
this event the sky cleared of cloud for a few minutes 
revealing a complete absence of visual aurora within the 
beam of the antenna. 

Some typical train-type pulsations are shown on an 
expanded time scale in Fig. 2. They were all similar in 
shape with a linear onset and an exponential decay. 
The onset rate was 0-05 dB/sec and the decay time 
eonstant was about 8 sec. 

In addition to the pulsations which occurred in trains, 
there were some which occurred singly or in groups. of 
two or three. These single pulsations were all observed 
in the morning hours, from 4 a.m. to 10 a.m. local time: 
They had similar onset times to the others but exhibited 
a much longer decay time. They were not accompanied 
by any significant micropulsation activity. aia 

The train-type pulsations strongly resemble the fast 
bremstrahlung X-ray pulsations observed with balloons®. 
They occur in the post-midnight hours for similar lengths 
of time; they have similar spectra and they are not always 
associated with aurora. It appears likely that they have a 
common cause such as the precipitation of energetic 
electrons at the top of the atmosphere. Such electrons 
would create by collisions a large number of secondary 
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Fig. 1. 


Simultaneous cosmic noise absorption pulsations and micro- 
pulsations (d2/dt) observed on March 1, 1967. 
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Fig. 2. Some cosmic noise absorption pulsations hofn on an expanded. 
time scale. The record commences at 1,4314 n February 17, 1967. 
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electrons. The consequent increase in electron density 
and collision frequency would bring about the absorption of 
cosmic noise. After the energy of the shower has been 
dissipated the secondary electrons would rapidly become 
reabsorbed to form neutral molecules and there would be 
an exponential recovery of the absorption pulse. Any 
explanation of the relatively slow onset time of up to 6 sec 
will require a detailed model of the formation of such an 
electron shower. 

I thank the Antarctic Division of the Department of 
External Affairs for its logistic support in this work. 


Joun REID 


Department of Physics, 
University of Tasmania. 


Received May 22, 1967, 

1 Little, C. G., and Leinbach, H., Proc. Inst, Radio Eng., 47, 315 (1959). 

? Barons, J. Ra, Brown, R. R., and Rosenbery, T. d., J. Geophys, Res., 71,1, 
125 (1966), 


Kalsilite, Diopside and Melilite in a 
Sedimentary Xenolith from Brome 
Mountain, Quebec 


Karsuire (KAISIO,) occurs as a major constituent of a 
large sedimentary xenolith metamorphosed to the sani- 
dinite facies within the gabbro of Brome Mountain, 
Quebec. Kalsilite is extremely rare and has previously been 
found only as an igneous mineral in three voleanic areas’. 
The Brome Mountain occurrence is the first known case of 
this mineral as a metamorphie product. 

Brome Mountain, the largest of the Cretaceous Mon- 
teregian intrusives, is located approximately 70 km east 
of Montreal. It consists of an alkaline gabbro which 
forms the southern part of the body and a variety of 
alkaline syenites in the northern part of the complex. 
The gabbro exhibits excellent layering which strikes 
parellel to the southern contact and dips at approximately 
45° towards the centre of the intrusion. The kalsilite 
bearing xenolith occurs within the layered gabbro approxi- 
mately 850 m from the southern contact. 

The contact between the xenolith and the gabbro is not 
exposed, but there is sufficient outcrop to indicate that the 
xenolith covers an area of approximately 900 m?. On the 
weathered surface the rock shows alternating buff and dark 
rusty beds which vary in thickness from 1 to 5 em, the 
rusty beds standing up in relief. From the appearance of 
the weathered surface and the abundance of calcium 
magnesium silicates within the xenolith, the rock may 
have originally been an impure dolomite. The xenolith 
does not resemble any of the exposed country rock in the 
immediate vicinity of Brome Mountain. A possible source 
for the material is the lower Ordovician rocks of the St. 
Lawrence Lowlands (for example, the Beekmantown 
dolomite) which probably underlie the intrusion at a 
depth of several thousand metres below the present 
surface. 

On the fresh surface the xenolith is a dark bluish grey 
colour because of the presence of melilite, which is by far 
the most abundant mineral present, The melilite varies 
considerably in composition from one bed to another and 
covers a range from Ak, Gey to Akes as determined 
from refractive index measurements. Most of the rusty 
weathering beds consist almost entirely of monticellite 
although a few are rich in a yellow diopsidic pyroxene. 
Beds rich in kalsilite occur in the melilite and diopside 
Ach parts of the rock but have not been found in the 
monticellite beds. Dark green spinel is a common minor 
coftstityent in all parts of the xenolith: a very few grains 
of calcite are found, which usually occur as small rounded 
inclusions in large crystals of melilite. 

The kalsffite in the xenolith forms long narrow laths 
Which, althonah generally less than 1 mm long, sometimes 
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Fig. 1. 
sedimentary xenolith in the Brome Mountain gabbro. Plain light. 


Rock bearing Kalsilite (clear), diopside and spinel (black), from a 


attain a length of 1 em and a width of I or 2 mm where 
intergrown with diopside. In the coarser grains the 
mineral can be seen to weather to a dove grey surface 
similar to that developed on nepheline. The diopside and 
melilite are intimately intergrown with the kalsilite and 
have their grain boundaries determined entirely by the 
laths of kalsilite (Fig. 1). The kalsilite is extremely fresh 
and contains only a few minute flakes of sericite. The 
larger laths of kalsilite, although formed of single crystals, 
can be seen to have undulatory extinction under the 
microscope, and appear to be broken up into small irregular 
domains which have very slightly different orientations 
from one another. As the rock does not appear to have 
undergone any deformation these domains may have 
resulted from inversion of the kalsilite from a higher 
temperature form. The angular difference in degrees 20 
between 1012 and 1011 of the kalsilite using copper Ka 
radiation is 6-260 which, according to the data of Sahama!, 
corresponds to pure KAISiO,. We experienced difficulty in 
separating pure kalsilite for chemical analysis because of 
small inclusions of akermanite. The partial analysis, 
however, shows 1:72 per cent sodium oxide (Na,O) and 
23-00 per cent potassium oxide (K,O) which when recal- 
culated gives a kalsilite of KsygNe,) composition with 13 
per cent impurities. 

Tt appears likely that the original sediment was a dolo- 
mite which contained sufficient silica to account for all the 
calcium magnesium silicates now found. The silica may 
have originally been present in a feldspar which at the 
same time would account for the potassium and aluminium 
necessary to form kalsilite. It is also possible that potas- 
sium was introduced from the surrounding gabbroic 
magma. If such were the case, sodium, which would have 
been much more abundant than potassium in the magma, 
might also be expected to have been introduced. There is 
no evidence, however, of any sodium bearing mineral in 
the assemblages. It would thus appear likely that the 
composition of the xenolith was determined largely by the 
type of sedimentary rock involved rather than by meta- 
somatism. l 

In order to test the feasibility of producing the above 
mentioned kalsilite bearing assemblages from a feld- 
spathic dolomite, a mixture of microcline and dolonsite was 
sealed in a gold capsule with a very large excess of water 
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and held-at 900° C anda pressure of :10,000-Ib./in? for 
5days in a cold sealed hydrothermal pressure vessel. The 
reaction went to completion forming diopside and kalsilite 
according to the reaction: 


CaMg(CO,), + KAISi,O,->CaMgSi,0, + KAISIO, + 2CO, 


Dolomite + microcline—-diopside + kalsilite + carbon di- 
oxide. These products were identified by X-ray diffraction 
and by their optical properties. The reaction indicates 
that on decomposition of the carbonate the calcium 
and magnesium have a stronger affinity for the silica than 
do the potassium and aluminium. The orthoclase is 
therefore desilicated to the most undersaturated potassium 
aluminium silicate possible (kalsilite) and the lime and 
magnesia react with the silica to form diopside. 

Potassium and aluminium need not have been present: in 
the original sediment as feldspar as other silicates, such as 
the micas, might have undergone a similar desilication. 
It is of interest to note that in experimental work on 
phlogopite and other biotites, kalsilite has been obtained 
as a decomposition product at high temperatures*. The 
kalsilite and diopside in the experiment were obtained 
from a mixture containing equal molecular amounts of 
dolomite and feldspar. Mixtures containing less feldspar 
would: lead to the development of akermanite and mon- 
ticellite bearing assemblages. Despite the stated un- 
certainties this occurrence provides an excellent example 
of the ability of a decarbonation reaction to remove silica 
from certain minerals. It is surprising that kalsilite or 
perhaps nepheline has not previously been described 
from sanidinite facies rocks as marbles commonly contain 
phlogopite or feldspar. It appears, however, that in the 
cases where decarbonation reactions have been studied in 
detail (for example, Scawt Hill‘ and Crestmore*) the rocks 
are very poor in potassium. 

The mineralogy of the Brome Mountain xenolith is 
similar in many respects to that of certain igneous rocks 
associated with the Oka carbonatite complex at the 
western end of the belt of Monteregian intrusives. The 
presence of this xenolith in a Monteregian intrusive may 
therefore add some support to the Daly-Shand hypothesis! 
that undersaturated alkaline magmas are formed when 
saturated magma is desilicated by reaction with limestone. 

This work was supported by the Geological Survey of 
Canada. The alkali analysis was done by R. Forester. 

A. R. PHILPOTTS 
E. F. PATTISON 
J. S. Fox 


-Department of Geological Sciences, 
“McGill University, 
- Montreal, Quebec. 


Received April 14, 1967. 
1 Sahama, Th. G., J. Petrol,,1, 146 (1960). 
* Neuvonen, K. J., and Hytonen, Kai, Min. Mag., 31, 200 (1956), 
* Yoder, H. S., and Eugster, H. P., Geochim. Cosmochim. Acta, 6, 157 (1954); 
Eugeter, H. P., and Wones, D. R., J. Petrol., 8, 82 (1962). 
“Tilley, C.E., Min, Mag.,22, 77 (1929). 
* Burnham, ©. W., Bull. Geol. Soc. Amer., 70, 879 (1959). 
ë Shand, 8. J., Amer. J. Nei., 248A, 495 (1945), 


Correlation of the Keuper Series of the 
Triassic by Miospores 


Dura an investigation of microfossil assemblages from 
the Keuper series (Upper Triassic) of the English Midlands 
a number of points concerning Triassic palaeogeography 
and correlation between Britain and the Continent have 
arisen. In the Keuper Sandstone formation six samples 
from the Sugarbrook No. 2 borehole, Bromsgrove, 
Worcestershire (SO.962682), yielded abundant miospores. 
These assemblages consist mainly of non-striate bisaccate 
forms @f which the dominant genus is Alisporites. 
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Associated with these forms are rarer striate bisaccate, ə 
monosaccate, monocolpate and trilete miospores. The 
assemblages are rather uniform in composition throughout 
the Keuper Sandstone and show a resemblance to assem- 
blages described from the Muschelkalk of Germany?. 

An assemblage of a few acritarchs of the form-genera 
Dictyotidium and Cymatiosphaera with occasional Tas- 
manites has been obtained from the Keuper Waterstones 
of the Sugarbrook borehole. The Waterstones is a series 
transitional between the Keuper Sandstone and the 
Keuper Marl. I believe it is the first Triassic deposit to form 
under an environment approaching that of a normal sea 
in the British Isles as the appearance of marine micro- 
plankton in Worcestershire (reported here) coincides with 
the initiation of halite deposition in the Waterstones. 
The marked change in lithology of the Waterstones 
was probably produced by the advent of the sea over 
the surface of the Keuper Sandstone, which is’a fluvial 
deposit. Water of marine origin thus extended: into 
the Midlands at the time of maximum extent of the 
Muschelkalk sea, probably from the North Sea basin. 
It introduced the acritarchs to the area and subsequently 
evaporated partially to give the extensive halite and 
gypsum deposits of the succeeding Keuper Marl. 

Occurrences of marine microplankton similar to those 
noted above have been found in Germany? in the 
Muschelkalk and Upper Bunter. In addition to Dietyotidium 
and Cymatiosphaera spinose forms, including Veryhachium 
and Mierhystridium, also occur, In modern “marine 
microplankton varied assemblages, including — spinose 
forms, characterize the open sea, while less varied assem- 
blages which lack spinose forms occur in coastal or estuar- 
ine areas’, In the Triassic varied assemblages, which 
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inelude spinose forms, occur in the open sea of the 
German basin, and a sparser representative occurs in the 
near-shore area of England (compare Wall's study of 
Liassic microplankton®). 

In the Keuper Marl no traces of microplankton have 
been found in the microfossil assemblages examined so far. 
Miospore assemblages obtained from five horizons in the 
Keuper Marl below the level of the Arden Sandstone and 
its equivalent in Nottingham, the Hollygate Skerry®’, 
are different from those of the Keuper Sandstone. 
Ovalipollis and a variety of monosaccates are important 
while Alisporites and large trilete forms such as Verrucost- 
sporites are relatively scarce. These assemblages bear a 
resemblance to those described from the Carnian of the 
Continent*,*, Comparison of the miospores from the British 
and German Trias is difficult’ because a much greater 
diversity of genera and species occurs in Germany. I 
believe, however, that sufficient distinction can be made 
between miospore assemblages from the British Keuper 
Sandstone and Keuper Marl to allow broad correlation of 
the former with the Muschelkalk and the latter with the 
Keuper of Germany and propose the following correlation 
(Fig. 1). 

The scheme of correlation utilizes the terminology 
proposed by Elliott? in his work on the Keuper Marl; he 
arrived at broadly the same conclusions as myself. It is, 
however, proposed in Fig. 1 that the Waterstones series 18 
regarded as Upper Muschelkalk in age although the series 
is probably diachronous to some degree. Horizons in the 
Keuper Marl are probably less diachronous, being the 
products of a more uniform depositional environment. 
Thus some distinctive horizons in the Keuper Marl, while 
forming useful lithostratigraphic marker bands, may also 
be regarded as rough chronostratigraphic datum planes. 
The Arden Sandstone and the Hollygate Skerry are in- 
cluded in this category?*. On palaeogeographical, sedi- 
mentological and palaeontological evidence these bands 
are thought to be correlated with the Schilfsandstein of 
Germany. 
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THE SOLID STATE 
Spiral Air Bubbles in ice 


Axy mechanism for producing Archimedes spirals on flat 
surfaces is interesting because of the great importance 
attached to these shapes in studies of crystal growth. 
When spiral figures appear on etched crystal surfaces, they 
are usually interpreted as dissolution structures related to 
screw dislocations. Spiral shapes on some electrolytically 
etched metal surfaces are not easily explained in this way, 
however, because they cross grain boundaries and are 
sPiral troughs rather than the spiral terraces predicted 
from the screw dislocation mechanism! *. It has been 
sugbested that these spiral figures on metals, which are 
noted to form only in very special circumstances, may be 
the formation of a new phase, perhaps an oxide of a salt?-*. 
The chemistfy gt the etching surfaces is very complex, and 
the gpirals remain @ problem. 
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Figs. 1-3 show air bubbles (black or very high relief) and 
brine inclusions (low relief) in intercrystal boundaries in 
ice polycrystals slowly grown from a 0-1 per cent solution 
of sodium chloride. The ice was grown to a thickness of 
about 15 mm and then taken out and cooled in a room at 
about — 10° C. These grain boundary features form when 
the intergranular brine layers are trapped and partially 
frozen, exsolving air. They have been reproduced many 
times, though the conditions for forming spirals as perfect 





Fig. 1. 
also showing break-up of brine film. Diameter of spiral just below centre 
is 017 mm. 


Spiral and zigzag air bubbles in ice intercrystal boundaries, 


Fig. 2. Similar to Fig. 1, same seale, The large spiral toward the top is 
breaking up, to minimize surface area. 


Fig. 8. Similar to Fig. 1, same scale, Note the thickening of the Miges of 
the almost completely broken up brine layer. 
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LIQUID FILM 





CONTACT 


Fig: 4,. Mode of formation of the spiral air bubbles, based on conjecture 

strongly Supported by direct observation. The patch of ice~ice contact 

grows radially (indicated by arrows) as the air bubble grows along its 
periphery, with only its tip exposed to the brine. 


as some of those in the figures are critical, for they are 
very rare. 

Direct observation of the formation of the spiral air 
bubbles is difficult, but from a few observations of the 
formation of less perfect spirals—the time of formation of 
those observed, not necessarily those in Figs. 1-3, was a 
few tens of seconds—their origin appears to be as follows. 
First, an air bubble nucleates within an intergranular 
brine film. As the air bubble grows, it tends to become 
surrounded by ice~ice contact; that is, the brine film 
“shrinks” away from it, cutting off its supply of air. When 
the rates of growth of the air bubble and the ice—ice 
contact have just the right ratio, the spiral bubbles form, 
as shown in Fig. 4, in which the arrows show the growth 
directions, It should be noted that, after growth, no brine 
is in contact with the spiral bubbles (Figs. 1-3). The air 
bubble tends to keep growing along the edge of the brine 

“film, probably primarily because the edges of the brine 
film are always thickened (Figs. 1-3), and possibly also 
because of contact angle relations (water apparently does 
not completely wet ice). When a growing spiral reaches 
another ice~ice contact, it may then turn back on itself 
and form a zigzag pattern (Figs. 1-3). It is easy to see 
why growth of these spirals is critically dependent on the 
temperature and the thickness of the brine film when air 
bubbles nucleate. 

Because these are approximate Archimedes spirals, one 
must suppose that they form after cooling is essentially 
complete, when gas phase nucleation occurs simultaneously 
with break-up of the brine film. Note that brine does not 
completely wet ice crystal interfaces (Figs, 1-3). 

‘The spiral shape of the air bubbles formed in ice cannot 
have any relation to dislocations and, even though they 
form in thin films rather than on free surfaces, the prin- 
ciples of their formation may apply to the spirals on metals 
mentioned above. The gross similarities are (1) the spiral 
shapes, (2) the probable lack of relation to dislocations, 
and (3) the critical formation conditions. 

Many if not all of the patterns expected from pairs of 
serew dislocations are to be expected from this mechanism 
also, though the spiral air bubbles are so infrequent in ice 
that no interacting spirals have been found. Once a loop 
becomes closed, as would happen when two spirals of 
opposige sign meet, further closed loops could then be 
generated periodically around the growing ice—ice contact 
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area by successive renucleation. 
successive closed loops: has been observed.) 

In theetching of crystal surfaces, spirals of this sort may 
form by precipitation of a new phase at the edge of an 
adsorbed film or surface layer which is either forming 
radially or breaking up radially. Contact angle relations 
would be very important. The centres of formation or 
break-up would be singularities of some sort in the crystal 
surface, but the spiral shape of the new phase would not 
be related to the nature of the singularity. 
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MOLECULAR STRUCTURE 


Phonon Spectra of Helical Biopolymers 


Petticolas and Dowley have reported an approximate 
calculation of the acoustical phonon spectrum of a simpli- 
fied helical model in the harmonie approximation! The 
purpose of the present communication is to report that 
the normal modes of motion have already been obtained 
for a number of polymeric molecules of greater complexity 
than the model considered by the authors and the corre- 
sponding phonon spectra have been measured by the 
inelastic neutron scattering technique’. Moreover,, 
Petticolas and Dowley’s model involves only intrachain 
hydrogen bonded helix and is quite inapplicable to the 
polyglycine molecule which they discuss because in this 
molecule only interchain hydrogen bonds are present®. In 
other polypeptides, which exist in the helix form, the 
presence of bulky side groups is expected to ehange 
appreciably the dispersion of the low frequeney modes 
of vibration. 

It has been shown‘ that an approximate density of 
vibrational states (frequency distribution) of a sample can 
be obtained experimentally by measuring the energy 
spectrum, after scattering from the sample, of a mono- 
chromatic incident beam of low energy neutrons. This 
offers the advantage over other spectroscopic methods that 
the density of states can be measured throughout the 
Brillouin zone. The points of inflexion in the dispersion 
curves of the phonons correspond to peaks in this density 
of states, With polyalanine, which may be the molecule 
closest to Petticolas and Dowley’s model, the frequency 
distribution derived from the neutron data for a poly- 
crystalline sample display (Fig. 1) weak maxima in the 
vicinity of 60 and 80 em~ and a broad shoulder centred at 
about 100 em-!, This does not disagree with the features 
observed in the acoustic phonon dispersion curve obtained 
by Petticolas and Dowley. 

It should be pointed out that the frequency distribution 
derived by this technique is an approximate one because 
the intensity of the various maxima will depend on the 
amplitude of vibration of the corresponding modes. Use 
can be made of it, however, to calculate thermodynamic 
quantities such as free energy, enthalpy, entropy of the 
system treated as an assembly of harmonic oscillatorg, 
Such calculations have been made for the sodium salt of 
polyglutamic acid (PGA) (random coil) and PGA (halix) 
and reasonable values of these thermodynamic parameters 
have been obtained for the so-called helix-coil transition 
observed in PGA (ref. 5). Recently, we havs caleulated® 
the strength of the C-~H---O hydrogen bond’ whigh 

e. 
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, cxists only in polyglycine TI from the frequency distribu- 
‘tions of both polyglycine I and IT (Fig. 2). The value of 
0:4 kcal/mole obtained is close to the value reported by 
Blout? (0:5 kcal/mole); The N-H-—-—O hydrogen bond is 
weaker in PGU than in PGI whereas our figure of 0-4 
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Fig. 1. Frequency distribution of a polycrystalline sample of polyalanine 

derived from the neutron scattering data, The lower portion (0-120 cm) 

of this frequency distribution is shown in the inset as an expanded scale. 

The arrows indicate the position of inflexion points in the dispersion 
curve calculated by Petticolas and Dowley. 
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Fig. 2. Frequency distribution of polycrystalline sample of polyglycine 
J (zigzag-transplanar) and polyglycine IT (helical) derived from the 
. . queutron scattering data. 
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kcal/mole is based on the assumption that the strength of 
this bond is the same in both. SE id 

_In principle. the calculation of the normal modes of 
vibration of a helical biopolymer is possible although 
difficulties arise ‘because. of a lack of information on the 
selection of a suitable force field. The approximate density 
of states of a biopolymer derived experimentally by 
neutron scattering provides a useful step towards a more 
quantitative understanding of these molecular motions 
which may, as Petticolas and Dowley pointed out, play 
an important part in biological processes. 

Finally, it may be added that the dispersion curves for a 
polymer can also be obtained from the absorption spectra 
of monomers, dimers, trimers and polymers with longer 
chains. This was shown in the case of polyethylene using 
a study of infra-red absorption in n-paraffins®, 
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BIOCHEMISTRY 


Energetics of Coupled Events involving 
Small Compartments 


THE recent correspondence about intramitochondrial!-* 
pH and intra-extramitochondrial pH gradients* does not 
touch on a related (and possibly naive) problem. arising 
out of the extreme smallness of the space within a single 
mitochondrion. 

Mitchell has already pointed out® that the major 
component of the “protonmotive force” across the mito- 
chondrial membrane could be a membrane potential, and. 
that the chemiosmotic hypothesis need not require: a.’ 
significant pH difference across the membrane. What the 
hypothesis does require is that proton movement within 
a given mitochondrion be coupled in one direction to 
electron flow and in the opposite direction to ATP synthe- 
sis so that in State 3 there is a steady proton flux with a 
constant stoichiometry of e~: H+: ~P. Mitchell’s cal- 
culations demonstrate that a substantial flux of this 
kind can be supported by a very small pH gradient 
across the membrane. 

All these calculations, however, treat each side of the 
membrane as a bulk phase. To the unsophisticated a 
conceptual problem arises when one of the two compart- 
ments becomes very small. Electron transfer in a given 
segment of a given chain either takes place. or it-does not. 
If it does, then, as I understand the chemiosmotic 
hypothesis, whole protons (not time-average fractions of. 
protons) are translocated. Moreover, considering a single 
turnover, this has to happen before the protons return 
by way of the vectorial ATPase. What are the energetics 
of such an event when the membrane ‘area and intra- 
particle volume are extremely small? Does no paradox 
arise even in the case of phosphorylating submitochondrial 
particles with diameters of only a few hundred angstroms ? 
At what point during the proton translocating process 
does the intra-particle buffering capacity come into: play 
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to prevent the transient generation of an impossibly high 
trans-membrane pH gradient? Moreover, is there not a 
“minimal particle” in which the coupled reduction of a 
single oxygen atom would, even allowing for this buffering 
capacity, generate an impossibly high ‘“protonmotive 
force” ? 
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Proton Current Flow in Mitochondrial 
Systems 


FoLLowinc recent publications in Nature on hydrogen ion 
concentrations and flows in mitochondria'~*, Baum® (see 
preceding communication) has aptly drawn attention to 
the fact that the chemiosmotic hypothesis does not 
require a significant pH difference across the mitochon- 
drial membrane system’. In the original outline of the 
hypothesis? it was shown that the major component of 
the protonmotive force (p.m.f.) should be a membrane 
potential. Admitting therefore that the experimental 
facts may be consistent with the driving of adenosine 
triphosphate (ATP) synthesis by a proton current that 
flows through the reversible ATPase system in the cristae 
membrane under a mainly electrical p.m.f., Baum‘ has 
asked how the very small number of free protons in the 
ianer aqueous phase of a mitochondrion or sub-mito- 
chondrial particle can permit the flow of an effective 
proton current, and whether there may not be special 
energetic obstacles to proton translocation in such small 
systems. 
Fig. 1 gives a very diagrammatic summary of the main 
components of the chemiosmotic system for coupling 
phosphorylation to the oxidation of substrates linked 
through nicotinamide-adenine dinucleotide (NAD) in mito- 
chondria. Phase M (average thickness about 5 my) is 
the non-aqueous osmotic barrier phase of the cristae 
. membrane which, in rat liver mitochondria, has an effec- 
tive proton. conductance (that is, H* ion + OH- ion 
conductance) of no more than 0-5 umho/em? at 25° near 
pH 7 (ref. 9), and acts as an insulator between the inner and 
outer proton conducting aqueous phases. The system is 
like a miniature electronic circuit, adapted for the flow 
of protons in the main circuit elements!*. It can be 
calculated from the M phase area™, and from the quanti- 
ties of cytochrome pigments? and reversible ATPase 
complexes (oligomycin sensitive sites!®) that, in rat 
liver mitochondria, the average distance between the 
reduced nicotinamide-adenine dinucleotide (NADH) oxid- 
ase and ATPase components depicted in Fig. 1 would be 
about 20 mu. 

In State 3 the rate of respiration through NADH 
oxidase with an —>H+/O quotient of 6 corresponds to an 
M phase effective proton conductance (by means of the 
reversible ATPase components) of about 2 umho/em? at a 


2H? H,0 2H? 2H* 2H+ . : 
4 A 4 4 4 @ Outside water 
Phase M 
Ler “vt 4 4 4 R Inside water 


ATP . 2H’ ADP+ H,O 2H++ 2H+ 2H+ 8 SH, 
bd POH 40. 


Fig. 1. Diagram of proton translocation phosphorylation system. 
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p-m.f. of 250 mV“-—equivalent to a specifie conductance e 
of I pyumhojem. The specific conductance of pure water, 
however, corresponds to an effective proton conductance 
of about 50 myumho/em™—50,000 times the effective 
specific proton conductance of the M phase in State 4. 
The presence of acid-base buffers in the inner and outer 
aqueous phases makes their effective proton conductance 
several orders of magnitude higher than that of pure 
water. It is obvious, without going into the topological 
details, that the relatively great effective proton con- 
ductance of the aqueous phases compared with that of 
the M phase in State 4 rules out the possibility that the 
proton current could be limited by the small (indeed 
negligible) number of free protons in the aqueous media. 

The high proton conductance of buffered aqueous media 
is caused by the presence of a high concentration. of 
mobile, but bonded, protons", in the same way as the high 
electron conductance of metallic media is caused by the 
presence of mobile, but bonded, valency electrons. , 

With regard to the possibility implied by Baum* that, 
in a very small aqueous volume, there might be a pro- 
hibitively high energy change associated with the entry 
or exit of one or two protons, Edsall!” has calculated that 
in a solution of haemoglobin at the isoelectric pH, about 
a quarter of the individual protein molecules.carry an 
excess or deficit of 2 protons (that is, net charge 2+ ‘or 
2—) and about a quarter of the molecules are isoelectric 
at any given instant. Protonation and deprotonation are 
among the fastest known chemical reactions’, and each 
haemoglobin molecule undergoes a rapid vibration 
between protonation states +2 and —2. This is tanta- 
mount to saying that there are insignificant energetic 
obstacles to the movement of one or two protons into 
or out of the very small volume of the water shell envelop- 
ing the ionizing groups of a single protein molecule when 
charge neutralization by the migration of other ions is 
not restricted. 

According to my reasoning, there will be a very similar 
state of affairs in the small inner aqueous phase of, say, a 
sonically prepared mitochondrial vesicle of only 15 my 
radius. There will, however, be a subtle, but important, 
difference. Noting, incidentally, that the M phase of 
sonically prepared mitochondrial vesicles is inside out**, 
the protons entering the inner aqueous phase of a small 
sub-mitochondrial vesicle are released at the inner 
surface of the M phase by the withdrawal of electrons 
from hydrogen atoms at the junction between the hydro- 
gen and electron carrying arms of the o/r loops’. There are 
therefore no charge neutralizing ions immediately accom- 
panying the protons. According to the chemiosmotic 
hypothesis, the membrane potential that builds up across 
the M phase as a result of the lack of charge neutralization 
may exert a thermodynamic retarding effect on the 
proton translocating respiration which is seen as the 
respiratory control of State 4 (ref. 7). Because respiratory 
control is obtained much more readily in intact mito- 
chondria than in sub-mitochondrial particles, however, 
it cannot be attributed to the kind of energetic impedi- 
ment sought by Baum. 

A sub-mitochondrial vesicle of 15 my radius (internal 
aqueous volume about 5,000 mu? and M phase area about 
2,000 mu?) would contain only about twenty-five excess 
proton charges on the inner side of the M phase at a 
membrane potential of 200 mV”. The net entry or exit 
of two protons would therefore be associated with a 
fluctuation of the membrane potential of about 10 per 
cent. It follows that the activation energy for the oxida- 
tion of a pair of hydrogen atoms in the respiratory chain 
could be about 1,000 calories higher when the inwafd 
proton translocation associated with respiration wag.not 
coincident with the outward proton translocation associ- 
ated with phosphorylation than when the two processes e 
were coincident. The effect of scale might hus induce a 
more concerted coupling between respiration and phos- 
phorylation in smaller sub-mitochon@rial vesicles. «The 
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concerted: process should. exhibit a higher entropy -of 
‘activation than the non-concerted process because of the 
requirement for coincidence between the thermal activa- 
tion of the respiratory and ATPase systems. It is clear, 
however, that ‘such an effect would be detectable only 
in extremely. small, very ion tight sub-mitochondrial 
vesicles exhibiting phosphate acceptor-dependent respira- 
tory control. As yet, no such vesicles have been prepared. 
’ Assuming that the sub-mitochondrial fragments were 
derived from whole cristae membrane of rat liver mito- 
chondria, a vesicle of 15 my radius would contain about 
five of each cytochrome pigment, about ten reversible 
ATPase complexes and a considerable number of other 
protein molecules. Referring back to the calculations of 
Edsall’, it is evident that the entry or exit of one or two 
` protóns into the protein containing environment of the 

interface between the inner aqueous phase and the M 
phase of even a very small sub-mitochondrial vesicle 
would not give rise to local pH fluctuations of major 
energetic significance. The buffering power of an acidic 
or basie group at the pK is given approximately by the 
relationship 


23 [buffer group! 


From this it can be calculated that even in the absence of 
the proton-accepting and proton-donating groups of the 
proteins and other components of a sub-mitochondrial 
vesicle of radius 15 my, the presence of a pH buffer added 
to the ‘sub-mitochondrial preparation at a concentration 
of 1/50 molar would be sufficient to limit the pH change of 
the inner aqueous phase (volume 5,000 my*) to less than 
0-1 pH unit when two protons were translocated into or 
out of it: 

We can conclude that when a chemiosmotically coupled 
system is sealed down towards the dimensions of single 
enzyme molecules, no special kinetic or thermodynamic 
impedimenta or “paradoxes” would be expected to prevent 
its. practical operation. Indeed, the reader may think 
it- self-evident that the more microscopic we make the 
ehemiosmotically coupled enzyme complex the more 
closely will the kinetic and thermodynamic features 
resemble those of orthodox chemically coupled enzyme 
systems. 
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Selective Modification of Mitochondrial 
Malate Dehydrogenase Activity by Changes 
in lonic Strength 


MrrocronpriaL malate. dehydrogenase (MDH). isozymes 
are strongly inhibited by 10 molar oxalo-acetate, while 
under comparable conditions the cytoplasmic MDH 
shows no substrate inhibition'-*. This catalytic test readily 
distinguishes the two types of MDH isozymes*. Further 
refinement of catalytic discrimination between MDH 
isozymes was recently achieved by the determination of 
velocity ratios in presence of oxalo-acetate and its fluoro 
analogues‘. The present communication describes the 
observation that catalytic activity of mitochondrial MDH. 
is highly susceptible to relatively small changes in ionic 
strength (u) as well as to the qualitative composition of 
ionic environment. On the other hand, the cytoplasmic 
isozyme is completely insensitive to these influences. 
Experimental procedures were as described. earlier’, 
Kinetic data presented here were obtained with ultra- 
centrifugal supernatant of sonically disrupted rat kidney 
mitochondria. Similar results were found with extracts of 
rat liver mitochondria. Following the simple kinetic 
design described previously, the velocity ratios obtained 
at 10-8 molar and 10-4 molar oxalo-acetate (keeping all 
other components, for example, 10-4 molar reduced di- 
phosphopyridine nucleotide, constant) directly express 
substrate inhibition. This inhibition in the case of the 
mitochondrial enzyme is close to 60 per cent, even if 
oxalo-acetate concentrations are raised above 10~* molar. 
The reason for this apparently “incomplete” substrate 
inhibition has been further explored. When the ratios of 
velocities measured at 10-3 molar and 10-* molar oxalo- 
acetate are plotted against ionic strength (in presence of 
6 x 10-2 molar tris buffer), a curve is obtained which at 
about 0-3 ionie strength intersects with 100 per cent 
value on the ordinate, indicating that at this ionie strength 
the velocity of enzymatic catalysis is the same at 1077 
molar and 10-* molar oxalo-acetate concentrations 
(Fig. 1). Further increase in ionic strength causes an 
apparent inversion of ratios, that is, the trend of the curve 
rises above “100 per cent”, which means that the velocity 
now is greater at 10- molar oxalo-acetate than at 10°‘ 
molar. When ionic strength and pH are kept. constant 
but potassium chloride is partly replaced by phosphate 
(II) ions, an apparent “inhibitory” effect by phosphate 
ions is observed (Fig. 1) inasmuch as the relative increase 
of velocity at 10-* molar oxalo-acetate (above u~ 03) 
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Fig. 1. The effect. of increase of « on activity of mitochondrial malate 

dehydrogenase. The ordinate shows the per cent enzymatic activity at. 

10-7 molar oxalo-acetate as compared to activity at 10+ molar oxalo- 

acetate concentration. The amount of enzyme protein was rz peafiml, 

test volume; reduced diphosphopyridine nucleotide 104 molar pH. 7-4 

(6x10 molar tris buffer); ¢=25°. Increase in u was obtained by 
potassium chloride, OA =oxalo-acetate, 
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Fig. 2. Effect of increase of u on mitochondrial malate dehydrogenase 

activity at 10-4 and 107 molar oxalo-acetate and 10-* molar difluoro 

oxalo-acetate concentrations. Velocities are calculated in the same 
units as shown in Table 1. 


is diminished. These results demonstrate that the charac- 
teristic substrate inhibition of the mitochondrial enzyme 
by 10 molar is impressively modified by ionic environ- 
ment (at constant pH). The nature of these ionic effects 
is shown in Fig. 2 with both oxalo-acetate and 2,2’-difluoro 
oxalo-acetate as substrates. Because the velocity of the 
reaction with difluoro oxalo-acetate is much slower than 
with oxalo-acetate, the 1/v values for the difluoro analogue 
are plotted on the right ordinate. 

The. two levels of oxalo-acetate exhibit markedly 
different correlations with inerease in ionie strength. At 
10-* molar oxalo-acetate (where no substrate inhibition 
occurs) there is a linear relationship between u and ljiv, 
while with 10 molar oxalo-acetate a curve with two 
upward ends pointing to an inflexion at u~ 0-3 is obtained. 
This point apparently coincides with the 1 /v value measured 
with LO-* molar oxalo-acetate. The simplest interpreta- 
tion of these relationships is that an increase in ionic 
strength simulates the effect of an enzyme inhibitor at 10-4 
_ molar oxalo-acetate or at any concentration of difluoro 
oxalo-acetate. On the other hand, increase of ionic 
strength has a biphasic influence on the effect of 10 
molar oxalo-acetate on velocity. If it were meaningful 
to extrapolate velocity to “zero ionic strength”, one might 
= say that 10-3 molar oxalo-acetate causes complete inhibi- 
‘tion. That this trend is experimentally not observed is 
_ readily explained by the effect of the counter ion (neces- 

sary to maintain constant pH) on enzymatic activity 

(see Fig. 1). An even more complicated influence of phos- 

phate is demonstrated in Fig. 3. Phosphate at 10-2 molar 
increases the velocity measured with 10- molar oxalo- 
-i acetate, but an increase in u has an inhibitory effect 

similar to that observed in the absence of phosphate. The 
influence of 10-5 molar substrate on velocity in the presence 
of 10 molar phosphate is similar to that found in the 
absence of phosphate (compared with Fig. 2). Phosphate 
at.10-! molar further increases velocity at both 10-* molar 
and 10-? molar oxalo-acetate concentrations, except the 
relationship 1/v versus y is non-linear at 10-3 molar oxalo- 
acetate, 

As the net result of these complex ionic effects, mito- 
chondrial malate dehydrogenase activity of the same 
preparation can be varied experimentally within a wide 
range, as shown in Table 1. Preliminary results indicate 
that arsenate has the same effect as phosphate, while 
sulphate is much less effective. 

Theeobservations recorded in this communication are 
of significance in two areas of molecular biology. The first, 
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Table 1. EFFECT OF IONIC STRENGTH AND. PHOSPHATE ON MITOCHON DRIAL r 
MALATE DEHYDROGENASE ACTIVITY J ee 


Enzymatic activities 
0-01 molar 
phosphate 
(IT) ions 
with 


0-1 molar 
phosphate 
(ions 

Potassium with 
chloride potassium potassium 
system chloride chloride 


268,000 338,000 bee 


š 411,000 
146,000 167,000 368,000 
130.000 188,000 203,000 


Activity is expressed as umoles reduced diphosphopyridine nucleotide 
oxidized in 80 min/g protein in presence of 10 molar oxalo-acetate ab 
PH 7-4, 25°. Other conditions are the same as for Fig. J. 4 . 


Tonie 
strength 


is the relationship between macromolecular structure of 
MDH isozymes and their catalytic activity. It has been 
proposed by Kun? that mitochondrial MDH may exist in 
various molecular forms. The smallest catalytically 
active species (molecular weight 15,000-20,000) is probably: 
the mitochondrial enzyme isolated from an acetone pow- 
der of ox heart mitochondria’. This prediction appears 
to be partly substantiated by the results of Chilson 
et al.®7, who succeeded in dissociating both mitochondrial 
and cytoplasmic MDH isozymes into catalytically inactive 
sub-units by low pH, 7-6 molar guanidine, 8 molar urea 
or 6 molar lithium chloride. 

It is important to note that mitochondrial. MDH 
responds catalytically to a change in p which is one-tenth 
to one-twentieth the quantity required to dissociate 
both enzymatically active isozymes into inactive frag- 
ments®’, The coincidence of high sensitivity of mito- 
chondrial MDH to changes in ionic environment and to 
inhibition by 10-3 molar oxalo-acetate suggests anintrinsie 
structural property of the mitochondrial isozyme which. 
critically influences catalytic activity. It is the subject 
of further studies to establish whether or not this property 
of mitochondrial MDH is related to a “eatalytie” and 
“regulatory” sub-unit structure, as found to be the case 
with aspartate transcarbamylase*. A second aspect of 
results reported in this note is directly concerned with 
biological regulation in animal cells. Mitochondria are 
known to concentrate mono- and divalent-ions by energy 
coupled reactions®!°. That a mitochondrial dehydrogen- 
ase known to participate in the process of electron trans- 
fer linked adenosine triphosphate synthesis responds 
kinetically to changes in ionic environment strongly 
suggests that this mechanism may be involved in the 
self regulation of mitochondrial metabolism. 


0.01 M PO, 
10°M Oxaloacetate 


1/e (oxalo-acetate) 


Oxaloacetate 


0.1 M PO, 
10°°M Oxaloacetate 





0 O1 0-2 03 04 Od O68 


° 
Fig. 3. Influence of phosphate (10-* and 10-? molar) on the effect of. 
increase of u on mitochondrial malate dehydrogenase activity. Condi- 
tions in experiments shown in Figs. 2 and 3 are the sagne as described in 
the legend of Fig. 1.» x. . 
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Sodium and Potassium Transport in Normal 
and Mutant Yeasts : Inhibition by 
o-Phenanthroline 


Movant strains of micro-organisms have been employed 
by several workers in studies of membrane transport. 
Among others, Kolber and Stein? employed mutants of 
Escherichia coli to investigate permease activity, and 
Reilly? mutants of Saccharomyces cerevisiae for electrolyte 
permeability studies. It was considered that the same 
method might be used with success in studying the energy 
relations of sodium and potassium transport in yeast. 

Kernan? showed that the chelating agent o-phenan- 
throline, which is known to act as an inhibitor of lactic 
dehydrogenase activity, also blocks the extrusion of 
sodium from amphibian musele. He interpreted his 
findings as evidence that the energy for active transport 
of the sodium in musele comes from the oxidation of 
lactate by lactate dehydrogenase. 

Aleohol dehydrogenase is an enzyme containing zine 
which can also be inhibited by o-phenanthroline‘. In the 
work described here an attempt has been made, using this 
chelating agent, to find whether a direct relationship 
between alcohol dehydrogenase function and the provision 
of energy for active transport of ions through the cell 
membrane exists. 

The yeasts employed were a wild type (normal, respira- 
tory sufficient) and a cytoplasmic (respiratory deficient) 
mutant of Saccharomyces cerevisiae. They were cultured 
under aerobic conditions at 30° C in a liquid nutrient 
medium made up of 1 per cent yeast extract, 2 per cent 
peptone and 2 per cent glucose. 

Potassium uptake and sodium and potassium exchange 
were measured by suspending one part yeast in twenty 
volumes of fluid containing 5 per cent (w/v) glucose and 
O1 molar potassium chloride. Nitrogen gas was bubbled 
through the suspension to maintain anaerobic conditions, 
Samples for analysis, taken at appropriate times, were 
centrifuged, washed twice with distilled water, resuspended 
in ten volumes of water, boiled for 3 min and made up to 
a known volume. Analyses of sodium and potassium 
were made with the Beckman flame photometer. 

“arbon -dioxide production during fermentation was 
measured by the microdiffusion method". 

Te mean value of potassium content for the freshly 
harvested mutant was 11344 and for normal yeast 

@ 122437 mequiv./kg wet weight of yeast. 

As is shown in Table 1, 0-001 molar o-phenanthroline 
had a considemble effect on potassium uptake in the 
mutent, bub a less@r effect on the process in normal yeast. 
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It was found that when the concentration of o-phenan- 
throline was increased to 0-002 molar, potassium was lost 
by both normal and mutant yeast. 

About half the potassium content of both types of yeast 
was found to be replaced by sodium after the yeasts were 
allowed to ferment glucose in the presence of 0-2 molar 
sodium citrate’. The yeasts could be rapidly restored to 
their original ion composition by suspension in 0-1 molar 
potassium chloride and 5 per cent glucose solution, As 
Table 1 indicates, it was again found with the sodium 
rich yeast that 0-001 molar o-phenanthroline inhibited 
potassium uptake to about the same extent in both 
normal and mutant enriched yeasts. 

Sodium extrusion was affected by o-phenanthroline in 
a different manner. In the case of normal yeast, the loss 
was often only slightly less than in the control preparation, 
while in the mutant it was reduced to about half that of 
the control. 

The fermentation rate of normal yeast was reduced by 
0-001 molar o-phenanthroline to less than half that of the 
control, and of the mutant to about a tenth of the control, 
in both unenriched and sodium rich yeasts. 

Two conelusions may be drawn from these results, 
First the mutant yeast is considerably more sensitive 
to the inhibitory effect of o-phenanthroline than is 
normal yeast with regard to sodium and potassium 
transport and carbon dioxide production. A somewhat 
similar increased sensitivity with regard to inhibition of 
potassium uptake and sodium extrusion in mutant yeast 
treated with redox dyes of low potential has already been 
reported?. The redox dyes, unlike the o-phenanthroline, 
at the concentration employed, had, however, no effect 
on earbon dioxide production. 

The development of a pink coloration on the surface of 
the cells of yeast which could be observed when o-phen- 
anthroline was added to the yeast suspension appears to 
indicate that the agent formed a chelation complex with 
some metailie ions in the cell wall. o-Phenanthroline is 
known to chelate visibly with ferrous ions, so it is probable 
that the agent forms a complex with non-haem iron of 
the yeast cell. This may mean that the actual amount 
ef o-phenanthroline available for inhibition of alcohol 
dehydrogenase is less than the concentration added would 
appear to indicate. This could also be the reason for the 
greater effect of the inhibitor on mutant than on normal 
yeast. The respiratory mutant may have less ferrous ion 
available for binding with the added o-phenanthroline 
than has the normal yeast. Slonimski® has shown that 
the mutation leads to the reduction of organic iron as 
well as of the total proto-haem content of the yeast cells. 

The second conclusion is that two distinet mechanisms 
appear to be involved in the processes of sodium and 
potassium transport in the yeast cell. The failure of 
o-phenanthroline to inhibit the extrusion of sodium to 
any significant extent while at the same time blocking 
potassium uptake considerably in sodium rich normal 
yeast suggests this conclusion, This is supported by the 
corresponding results obtained with sodium rich mutant 
yeast. Conway, Ryan and Carton’? came to the same 
conclusion as a result of their studies of the effect of 





Table 1, EFFECT OF 0-001 MOLAR 0-PHENANTHROLINE ON POTASSIUM VPTARE, 
SODIUM AND POTASSIUM EXCHANGE, AND CARBON DIOXIDE PRODUCTION YN 
NORMAL AND MUTANT YEASTS DURING FERMENTATION 


K* uptake CO, produc- 


See ne te Ore “rh: 
in 30 min K* uptake Na* loss tion in 30 
in 60 min in 60 min min 
Yeast type 
Normal 73468 (5) 32t 4-2 (6) 
Mutant UPS 4 G1 (5) 11 + 6-9 (5) 
Na+ rich normal 7B+22(5) O845-5(5) 3646-745) 
Nat rich mutant WS $4-1(5) 684375) 14.653 (5) 


Yeasts suspended in twenty volumes fluid con taining Q1 molar potassium 
chloride and 5 per cent (w/v) glucose, Anaerobic conditions maintained by 
bubbling with nitrogen gas. Results expressed as per cent of K@uptake, 
Na? loss and CO, production (+ S.E.) obtained in a control experiment in. the 
absence of o-phenanthroline, Number of experiments in parentheses. 
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azide on normal yeast. It is of interest to note that 
reduction of the fermentation rate in both normal and 
mutant yeast did not lead to a corresponding reduction 
in potassium uptake in normal yeast but did in the mutant. 
Tt is possible that the mutant has lost a certain flexibility 
possessed by normal yeast which permits the cell to carry 
on some of its physiological activities at normal levels, 
even though its total energy supply is reduced. 

The results also show that sodium extrusion is less 
dependent on metabolic activity of the cell than is 
potassium uptake and that aleohol dehydrogenase appears 
to be directly involved in the supply of energy at least 
for potassium transport. 

C. Reiiiy 
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Use of Carbon-l4-labelled Arginine to measure 
Catabolic Rates of Proteins and the Recycling 
of Amino-acids 


Stephen and Waterlow! have described the use of 
carbon-14-labelled arginine to measure the catabolic rate 
of serum and liver proteins in normal rats and rats fed 
on a diet deficient in protein. Differential assay of the 
isotope activity in the C(1) and C(6) atoms of arginine 
shows a variation in values between the true and apparent 
half lives of the proteins. The technique is of value for 
studying the recycling of amino-acids and for measuring 
catabolic rates. The authors have made the observations 
that the decrease in protein catabolic rate and the in- 
creased recycling of amino-acids which occur in the rats 
fed a diet free of protein may constitute an adaptive 
phenomenon for the conservation of protein in the 
deficient: animal. 

In the light of experiments on protein metabolism by 
many workers in this field, there is another interpretation 
of these results which may be of interest. 

It is important in relation to these experiments to view 
the effects of surgical intervention on the results obtained. 
This involves the assessment of the magnitude of ether 
anaesthesia and hepatic biopsy on the test animals and 
their possible effect on subsequent protein metabolism. 

In their study of the effect of surgery on the concen- 
tration of some plasma proteins, McCathie, Owen and 
Macpherson? reviewed the effects of certain diseases, 
trauma and surgery on the catabolism and synthesis of 
serum proteins, It is evident that in many pathological 
states and particularly after trauma, there is a marked 
increase in protein catabolism and a simultaneous increase 
in synthesis of certain proteins. Plasma measurements 
represent the balance between synthesis and catabolism. 
Usually after surgery, however, there is a depletion of 
albumen and transferrin with an increase in fibrinogen 
and alpha globulins. The causal factors affecting synthesis 
and the rate of catabolism are poorly understood, but 
Freeman? has suggested that the amount of haptoglobin 
catabolized is controlled by the rate of synthesis. He also 
mentions that it is believed that proteins are catabolized 
irrespective of their specific function. The idea that 
catabolism and synthesis may in part be interdependent 
is important when experiments with “C-arginine are 
reviewed. It seems likely that the surgical intervention 
would fave induced a state of increased protein catabolism 
and that the assumption that the steady state is main- 
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tained during the test period is incorrect. Tt seems more” 
likely, however, that most of the measurements recorded 
can be explained on the basis of altered catabolism and 
synthesis after operation than on an adaptive change in 
protein deficiency. 

Where a state of increased catabolism is present- 
especially in the absence of a dietary source of protein-— 
there must be a greater recycling or re-utilization of the 
amino-acids unless there is increased loss of nitrogen. In 
this case a greater divergence of the apparent half life 
over the true half life would be expected with increasing 
synthesis. This is, in fact, seen in experiments with both 
serum and liver protein. Although it is more marked. in 
the rats on a diet free of protein, there is a substantial 
difference between the true half life mean (1-9 days) and 
the apparent half life mean (5-5 days) in the liver proteins 
of the normal animals and this is excluding the results of 
one severely traumatized animal. me 

The suggestion that the main changes lie with the 
results of the apparent half life is therefore in keeping 
with the idea that the results stem from changes in 
catabolism and synthesis. The variation in true half hfe 
is small and particularly so with the liver protein, group. 
It may be significant that the figures for the isotope 
replacement in the liver proteins are generally higher than 
in the serum proteins. If there is a cycle within the liver 
protein situation in which there is an inereased rate of 
degradation and synthesis above that found in the serum 
protein pool, one is left to wonder whether there is a 
reason or function which ean be ascribed to it. It is 
tempting to suggest that the increase in catabolic turn- 
over of proteins after a traumatic incident associated with 
an active metabolic protein pool within the liver is able 
to provide an immediate source of amino-acids for con- 
version into the proteins needed specifically in the post- 
traumatic period. The acute response of liver synthesis 
of fibrinogen which occurs after the effective stress, such 
as that reported by Reeve, Takeda and Atencio’, could 
be an example of this. 

The interpretation of results based on isotope studies 
in protein metabolism is difficult. A paradoxical situation 
may arise in that the investigator may seek to divorce 
synthesis from catabolism and yet at the same time he 
may be bringing them closer together. 

R. 8. Lang 
Institute of Obstetrical and Gynaecological Research, 
The Royal Maternity Hospital, 
Glasgow. 
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Lactate Dehydrogenase Isozymes during 
Dedifferentiation in Cultures of Mammary 
Secretory Cells 


A MAJOR problem associated with the in vitro cultivation 
of specialized tissues is their failure to maintain their 
specific functions. Even in some situations where the 
specialized cells have been shown to survive, they begin 
to lose their unique functions!, The secretory cell of the 
mammary gland is an outstanding example of a cell 
where this dedifferentiation may be readily determined 
by following in culture the multitude of functions uniqye 
to the synthesis of milk, These decrease and eventually 
disappear but at different rates?-*, Changes in oher 
functions have also been observed. The specific activity 
of lactate dehydrogenase (LDH) decreases in culture for © 
a week or two and then increases and levels off with time’. 
This change in the activity of LDH raised the questign 
as to whether it was merely quantitatite or if it coule be 





Fig I. Electrophoretic patterns of LDH isozymes from lactating goat 
mammary gland and cell cultures derived from it. AH homogenates were 
subjected simultaneously to electrophoresis in the same starch block, 


associated with a change in the cellular isozymic comple- 
ment. 

Tt is well known that most animal tissues exhibit five 
LDH isozymes which are tetramers composed of associa- 
tions of two different polypeptides: 4 and B. The poly- 
peptide composition proposed for the isozymes is as 
follows: LDH-1, 4,8,; LDH-2, 4,B,; LDH-3, 4,B,; 
LDH-4, A,B,; LDH-5, A,B,. The isozymie patterns are 
specific for the tissues concerned and the proportions 
of the isozymes present in a given cell are determined by 
the relative rate of synthesis for each polypeptide. During 
the process of cellular differentiation there is a shift of 
activity among the LDH isozymes*’. Cathodal isozymes 
(LDH-5) are predominant in electrophoretic patterns of 
embryonic mammalian tissues but, as differentiation pro- 
ceeds, there is a shift toward the anodal forms. A change 
in the opposite direction has been described in cultivated 
cellas. his could be interpreted as a loss in function 
associated with the process of dedifferentiation. The 
findings of Nitowsky and Soderman® favour this conclu- 
sion because a great similarity has been noted in the elec- 
trophoretic patterns of LDH isozymes of several estab- 
lished clonal cell strains. The actual origin of some of 
these cell lines is in doubt, however, and the newly estab- 
lished cultures tend to represent rapidly growing fibro- 
blastic-like cells devoid of specific defined function’, 

Cultivated mammary secretory cells, instead, provide 
an excellent system to study the correlation between 
dedifferentiation process and isozymic patterns. 

We prepared mammary tissue cells from a 1 month old 
lactating goat according to previous methods using colla- 
genase to disperse the tissue and placing about 2 x 107 
cells in 7-30 flasks on a medium composed of 45 per cent 
Eagle minimal essential medium, 45 per cent 199 medium, 
and 10 per cent bovine serum plus antibioties*. The ob- 
served generation time of these cells was about 4 days and 
subcultures. by the trypsinization process were made 
on the sixth and twenty-first days*-*, In all cases the 
medium was changed the day before termination. The 
cells were collected on days 6, $, 21, and 43 by scraping 
the cella into the medium which was then removed by 
centrifugation. The cells were frozen at — 20° C until the 
analyses were performed. 

For analysis of LDH, cells were suspended in four vol- 
umes of distilled water, disrupted by freezing and thawing 
and centrifuged 20 min at 20,0009. The supernatant 
was subjected to starch gel electrophoresis with a system 
similar to that used by Nitowsky and Soderman’. 

Phe evolution of specific activity of LDH in goat mam- 
mary cells resembles that in similar cultures of bovine 
mammary ¢ells?*. As shown in Table 1, there was a 
decrease in the specific activity of LDH in the 6 and 8 
‘dey: old cultur8s, gellowed by an increase in the 21 and 
43 day old subcultures. 
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The electrophoretic patterns for LDH are shown in Fig. 
1. LDEH-1 (4;B,) predominates in homogenates of lac- 
tating mammary gland (original tissue). At: 8 days there 
is a striking inerease in LLDH-2, L-DH-3, LDH-4; and 
LDH.-5 isozymes indicating increased production. of A 
polypeptides. In 21 and 43 day old’ cultures, LDH-1, 
LDH-2, and LDH-3 diminish, while LDH-5 appears as 
the most abundant isozyme, which suggests that pre- 
dominantly A polypeptides are being formed. 

Fig. 2 illustrates the effect of increasing substrate con- 
centrations on the activity of LDH of homogenates from 
original tissue and cultivated cells. LDH from 43 day old 
culture has a higher optimum concentration and exhibits 
a greater tolerance to high concentrations of lactate. 


Table 1, LACTIC DEHYDROGENASE ACTIVITY IN GOAT MAMMARY CELLS WITH 


TIME IN in vilro CULTURE 


Days in LDH specific 
culture Status of celis activity* 
Q {Original tissue) 1-95 
6 Primary cultures 09 
8 Primary cultures Or? 
21 One passage 1-8 
43 Two passages 15 


* Units/mg of protein. LDH activity was assayed by the method of 
Markert and Ursprung’, Total protein concentration was determined from 
the absorbance at 260 and 280 my. 


These results agree with previous observations which 
indicate that the cultivation of cells in vitro leads to the 
increased concentration of the cathodal migrating isozyme 
with time in culture’. The major isozymic shift occurs 
in the cultures shortly after their establishment and 
before cell division starts. It occurs simultaneously 
with the loss in the ability to synthesize the unique milk 
constituents. 

The mechanisms regulating the switch in the synthesis’ 
of polypeptide units composing the LDH isozymes are 
unknown. It has been suggested that the reduction. of 
oxygen tension tends to increase the production of A 
sub-units*. Whether this plays a part in the activity of 
mammary cells is not known. In any event, our observa- 
tions indicate that the LDH synthesized by mammary 
cells in vitro is better suited to work in rather anaerobic 
conditions. 

It. is evident that the changes in activity of LDH do 
not merely represent a relative decrease or increase in the 
cellular concentration of the enzyme but are actually 
accompanied by a shift in the synthesis of the poly- 
peptides 4 and B. While the production of A sub-units 


100 
8a 
60 


40 
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4107+ 


104 107 2x107 3x 10-4 
Molar concentration of lactate 
Fig. 2. Activity of LDH against increasing concentrations of lactate, 


The solid line represents the results obtained with a homogenate from a 

43 day culture. The following final lactate concentrations werg used: 

5x 104, 1x10, 5x 104, 1x 107, 2« 10-7, 5x104, 1x104, 2x 10", 

8x 104, 4% 107 moles/], Assays were performed at 25° C.-@, Culture: 
©, original tissue, 





-lated with the dedifferentiation process. 


9466; Proteus morgani G and 185; 


oe Table 3 
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increases in culture, the synthesis of B chains is repressed. 


In the mammary. secretory cell, this appears to be corre- 
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‘Hydrolysis of Cephalosporins by ¢-Lactamases 
from Gram-negative Bacteria 


A RECENT report from this laboratory? showed that 


cephaloridine, a semi-synthetic cephalosporin, is hydrolysed 
by the 8-lactamases from a variety of Gram-negative 
bacteria. The present investigation was undertaken as an 


extension of the previous one, to determine the lability 


of three other cephalosporins, cephalosporin C, cephalothin 
and cephaloram, to such 8-lactamases. 

- The following 8-lactamase-producing bacterial strains 
were used: Klebsiella aerogenes strains.1, 43, 83, 366, 
370; 373, 402, 414 and 415; K. ozaenae 61; Escherichia coli 
2147, 419, K12 (F-met-), THM, NCIB 9464 and NCIB 
Pr. rettgert 410; 
Aerobacter cloacae 53; and the following strains containing 
R factor (see ref. 2): E. coli K12+Rrem, E. coli K12+ 
Riase E. coli K12+ Rins and E. coli TEM + Rrem. I am 
very grateful to Dr Naomi Datta for supplying the strains 
containing F factor and their hosts, and to Dr J. T. Smith 
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for supplying E. coli 2147 and A. cloacae 53. Organisms , 
were cultured as follows: the Proteus strains were grown 
at 30°C. in infusion broth containing 500 ug/ml. benzyl- 
penicillin as inducing agent; all the other strains were 
grown at 37° C in plain infusion broth. Cells from over- 
night static cultures were collected by centrifugation, 
washed and resuspended in 25 mmolar sodium phosphate 
buffer, pH T4. Suspensions were disrupted, when 
required, by treatment for 5 min in an ultrasonic disinte- 
grator. The rates of hydrolysis of benzylpenicillin and 
the cephalosporins were determined by the modified — 
hydroxylamine method’. At the substrate concentrations 
used (between 4-5 and 5 mmoles/l.), zero-order kinetics 
were observed throughout these experiments. Acetyl- 
esterase activity was tested for, using p-nitrophenyl. 
acetate as substrate*, as follows: organisms. were cultured 
in peptone water overnight at 37° C; sufficient p-nitro- 
phenyl acetate solution was added to give a final eoncen- 
tration of 100 ymoles/l., and the cultures incubated at 
37° C for 45 h. An equal volume of 0-2 molar phosphate 
buffer, pH 7:4, was added, bacteria were removed by 
centrifugation, and the extinction of each supernatant 
fraction was read at 400 my. None of the strains used in 
these experiments caused any significant release of 
p-nitrophenol under these conditions, and it was therefore 
deduced that acetylesterase activity was present, if at 
all, in very small amounts. Oe 
Table 1 shows the rates at which the four cephalosporins 
were hydrolysed, relative to benzylpenicillin, by cell free 
preparations of the 24 strains. Several points emerge 
from an analysis of the results. 
(a) For all the Klebsiella strains, benzylpenicillin. is 
more labile than the cephalosporins: cephaloridine is 
hydrolysed at a significantly greater rate (P< 0-001) 
than the other cephalosporins tested, and cephaloram is 
destroyed at a significantly greater rate than either 
cephalothin (0-05 > P> 0-02), or cephalosporin C (P< 
0-01); there is no significant difference between the rates 
of hydrolysis of cephalothin and of cephalosporin © 
(07> P>0-6). It can also be seen that B-lactamase, 
the production of which is the result of the presence of 
the R factors Rrem and Riss, closely resembles, in specifi- 
city pattern, that from the Klebsiella strains; on the other 
hand, Rj, mediates the production of a $-lactamase 
the specificity of which seems to be unique: these findings 
thus confirm and extend those made by other workers”. 


‘RATES OF HYDROLYSIS OF FOUR CEPHALOSPORINS, TAKING THE RATE FOR BENZYLPENICILLIN AS 100, BY CELL-FREE PREPARATIONS FROM TWENTY-FOUR 
ee B-LACTAMASE-PRODUCING GRAM-NEGATIVE BACTERIA 





ee Lie a Absolute Cephaloridine Cephaloram Cephbalothin Cephalosporin.C 
Species... - Strain Motility * activity Rate o Rate o Rate of Rate of | 
epee (mu) + breakdown PF{ breakdown PF breakdown PF breakdown, PF 
Klebsiella aerogenes 1 - 10 59 1 10 1 1l 2 i 2 
hela 43 a 105 55 1 9 1 10 2 9 as | 
83 = LT 29 1 20 4 12 4 
366 s 3,180 65 1 5 2 4 2 2 t 
870 =h 22 45 l l4 T 2 & 2 
37 ~ 1,860 69 1 20 5 2 2 1 
402 ~- T8 43 1 l4 1 7 1 a 1 
414 = 3-8 54 l 17 15 1 9 1 
sponges 415 aa 103 42 1 18 1 8 1 4 2 
K. ozaenae 61 ~ 223 51 1 15 12 1 10 1 
Escherichia coli 2147 + bad 172 1 445 5 402 7 407 8 
pa , F 419 i 10-3 230 1 557 458 5 1,250 13 
K2 + 15 180 1 542 405 1 590 x 
TEM + 16 163 1 472 51S 2 652 2 
NCIB 0464 + 50 202 1 362 346 692 
NCIB 9466 + 232 1 368 380 $16 
Proteus morgani G + 60 350 371 205 
185 + 57-9 302 872 233 1,010 
Pr. retigert 410 + 48 2,280 1,800 2,320 6,040 
$ Aerobacter cloacae 53 - 430 64 1 15 15 4 
5 E. coli TEM+Rren + 1,210 70 8 5 9 è 
$ K124 RTEM + 1410 90 11 5 5 
K12 + Roses + 200 79 17 9 5, 
K12+ Runs + 18-4 56 51 26 go t 


* Motility was judged by ability to spread on a semi-solid medium (peptone water +02 per cent agar) and was confirmed microscopically by the 
“hanging drop” technique. : Ld 
‘+ Expressed as mumoles benzylpenicillin hydrolysed/min for a suspension containing 10° cells/ml. (disrupted), at pH 7-4, 37° C. e The three Proteus 
strait were induced, i e f A 
{ PF (permeability factor) = Rate of hydrolysis by disrupted preparation . . 


Rate of hydrolysis by same preparation before disruption (see ref. 1). s ° -. 
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e A. cloacae also resembles the Klebsiella strains in its 
activity towards cephalosporins, although against penicil- 
lins it shows an entirely different substrate specificity 
pattern’. 

(b) The B-lactamases of the Æ. coli strains which do not 
contain an Æ factor also have homogeneous specificity pro- 
files; all the cephalosporins tested are more labile than 
is benzylpenicillin. Of the cephalosporins, cephaloridine 
was the most stable (P < 0-01), while cephalosporin C was, 
in general, the most rapidly destroyed compound. 
Céphaloram and cephalothin were of intermediate and 
approximately equal stability (for the latter two com- 
pounds, rates of hydrolysis were not significantly different ; 
04 > P > 0-3). 

(¢) The two Pr. morgani strains produce a $-lactamase, 
the specificity pattern of which is as follows: cephalothin 
is the most stable of the cephalosporins tested (although 
all four were destroyed more rapidly than was benzyl- 
penicillin), followed, in descending order of stability, by 
cephaloridine, cephaloram and cephalosporin C. The 
Pr. rettgeri strain can be seen to hydrolyse cephalosporins 
much more rapidly than benzylpenicillin. 

Table 1 also shows the permeability factors! of certain 
of the strains for the cephalosporins. It can be seen that 
none of the other three cephalosporins possesses the 
property of free permeation as does cephaloridine!. In 
general it seems that, while the Klebsiella strains tend to 
be more permeable to the cephalosporins than they are 
to penicillins’, the impermeability of the E. coli strains 
2147 and 419 is of approximately the same order for 
cephalothin and cephalosporin C as for benzylpenicillin 
and phenoxymethylpenicillin. 

It has been suggested* that among Gram-negative 
bacteria, only motile strains are capable of hydrolysing 
cephalosporins. All the motile strains tested here (Table 1) 
did destroy cephalosporins more rapidly than penicillins, 
but the correlation between ‘‘cephalosporinase” activity 
and motility was not complete, as illustrated by the facts 
that Æ. colt 419, although non-motile, destroys cephalo- 
sporins more rapidly than penicillins, and the Klebsiella- 
Aerobacter strains, all of which were non-motile, hydrolyse 
eephaloridine relatively rapidly. 

Washed cell suspensions were disrupted and clarified 
by centrifugation at 30,000g for 35 min, and nucleie acid 
was removed by precipitation with protamine sulphate. 
Each preparation was then passed through a column 
(2:8 x 27 em) of ‘Sephadex G-50’, and every fraction was 
assayed against benzylpenicillin and against cephaloridine. 
Activity against the two substrates ran in parallel for all 
fractions, using the following strains: K. aerogenes 373, 
Pr. morgani G and 185, E. coli K12+ Rises, K12+ Riss 
THM +Rexm and NCIB 9464: these results were thus 
identical with those obtained in the earlier study? using 
K. aerogenes 366, E. coli 2147 and 419, and A. cloacae 53. 
The elution, volumes (Ve) of the 8-lactamases studied fell 
into. two distinet groups: the enzymes from E. coli 
2147 and NCIB 9464, Pr. morgani G and 185, and E. coli 
KIZAR and K12+ Rs all had V, of between 55 
and 60-4. ml., while the enzymes from K. aerogenes 366 
and 373 had Ve of 74-3 and 73-2 ml. respectively. This 
difference in elution volumes may reflect a difference in 
molecular weights; it is interesting that the V, for the 
B-lactamase from EH. coli THM +Rrgem, the molecular 
weight of which is known to be 16,700 (ref. 4), was found 
to be 62-3 ml. 

Correlations between the structure of cephalosporins 
and their lability to §-lactamases are less easy to make than 
in the case of penicillins, the latter having only one side 
ebein compared with the two of the former compounds. 
Replacement of the 3-pyridinium group in cephaloridine 
by afi acetoxy group (as in cephalothin) ean be seen to 
inerease “the stability of the B-lactam ring toward the 
S-lactamases from Klebsiella spp.. Rrem, Riy. Rigg and 
A. aloacae; ts does not apply, however, for the enzymes 
from. ghe E. coli ind Proteus species. 
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The effect of altering the T-amino substituent canbe 
deduced by comparing the behaviour of the three cephalo- 
sporins which have the same (acetoxy) 3-side chain, 
namely, cephalosporin C, cephalothin and cephaloramn. 
Altering the 7-amino substituent makes little difference 
to the stability of cephalosporins toward the enzymes 
from the Klebsiella, Roem, Ris and A. cloacae. strains: 
it can be seen, however, that, in the case of the Ey coli 
and Proteus enzymes, cephalosporin C is the most easily 
hydrolysed compound, indicating that the a-aminoadipyl 
side chain predisposes the B-lactam ring to enzymatic 
hydrolysis more than do the thienyl and phenylacetyl 
groups. 

The §-lactamases from the Gram-negative bacteria 
studied here (excluding those the production of which is 
known to be mediated by the presence of an R factor) 
seem to fall into two groups, those produced by the 
E. coli and Proteus strains on the one hand, and ‘those 
from the Klebsiella spp. on the other. The characteristics 
of the first group are as follows: preferential activity 
towards cephalosporins, and substantially greater affinity 
for cloxacillin than for methicillin’; the second group is 
distinguished by greater activity towards penicillins than 
cephalosporins, and higher affinity for methicillin than for 
cloxacillin. From the gel filtration results, it seerns 
possible that 8-lactamases in the first group may be of 
lower molecular weight than those in the second group. 

T thank Glaxo Research, Ltd., for generous gifts of 
cephalosporins. This work was done during the tenure 
of a grant from the Guy's Hospital Endowments Fund 
for Medical Research. I thank Mr W. Gunthorpe for 
technical assistance. 
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Polyacrylamide Gel-electrophoresis across a 
Molecular Sieve Gradient 


Tur “molecular sieve” effeet!-* of polyacrylamide gel is 
closely related to the concentration of the gel*, which may 
be varied over wide limits. The estimates of the “average 
pore size” differ somewhat, but appear to be roughly in 
the region of 20, 50 and 150 A at polyacrylamide concen- 
trations of 20, 7-5 and 3 per cent, respectively®*, although 
it is still not clear how much this is affected by the degree 
of crosslinkage’. 

Electrophoretic separation is improved by selecting a 
suitable concentration of acrylamide to give a pore size 
optimal for the dimensions of the molecules being 
separated, but what is optimal for one protein need not 
be so for another, so that in complex mixtures high 
resolution of one part of the spectrum may only be 
attained at the expense of another. This was recognized 
by Raymond and Nakamichi?, who introduced a two- 
dimensional “orthacryl” technique according to which a 
sample was first resolved at 6 per cent concentration and 
then run at right angles in 10 per cent gel. 

Because characteristic curves can be constructed for 
proteins by plotting their electrophoretic mobility against 
gel coneentration®~* it seemed possible that such patterns 
could be produced directly if a sample could be electro- 
phoresed across a continuous gradient of gel concen- 
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Fig. 1, Apparatus for the preparation of polyacrylamide gel gradient. 

A, Acrylamide solution and, B. diluent (see Table 1) in the linear gradient 

mixer; C, gauze tent and plastic float: inset shows cross-section actoss 

the base. The apex is supported by a conical polyethylene shield sus- 

pended by a thread and counterweight across the pulley (D), 80 that the 

float moves up as the fluid level of the mixture (F) rises in the cubical 
‘Plexiglass’ mould (see text). 


tration. At the same time, somewhere or other in such a 
gel there would be optimal molecular sieve conditions for 
the separation of any two constituents of the protein 
mixture. 

To prepare a linear gradient gel, calculated volumes of 
acrylamide solution (A) and of diluent (B), each con- 
taining the catalyst and inducer, were poured from a 
gradient mixer into an 8 em cubical ‘Plexiglass’ mould 
and allowed to gel. The exact method of controlling the 
polymerization of the monomer is a matter of choice. 
After preliminary trials the composition of the solutions 
as shown in Table 1 was found satisfactory with most 
batches of acrylamide. The apparatus is shown in Fig. I. 


Immediately after adding the persulphate, 250 ml. of 





A and ach were poured into the two compartments 
of the gradient mixer (Fig. 1). The outflow was directed 
by a cotton thread passing through a fine-tipped funnel 
on to the apex of a gauze tent which distributed the 
stream at its circumference, supported by a circular float. 
The thread was kept under constant tension by a pulley 
and a counterweight. This arrangement ensured the con- 





Table 1. SOLUTIONS FOR PREPARING 3-15 PER CENT ACRYLAMIDE GEL 
GRADIENT 
A (at 10° C) B (at 25° €)* 
15% acrylamide diluent 

Acrylamide t 35-625 g Gasa 
N, N-methylene bis acrylamide t 1-875 g —_ 
Sucrose 25 « =S 
Potassium ferricyanide (1 per cent w/v) 3 ml. 1-5 ml 
3-Dimethylaminopropionitrile 1-15 ml 1-15 ml 
Gel buffert 125 ml. 125 ml. 
Dist, water, up to total val. of: 237-5 ml. 237-5 ml. 
Ammonium persulphate (10 per cent w/v)§ 125 ml. 125 ml. 

Total volume 250 mi. 250 mi, 


fn ae of dye such as methylene blue may be added to follow the gradient 
. Visually. 
+ May be replaced by commercial mixture of ‘4M-9 Chemical Grout’, 
Cyanamid International’. 
t Double strength tris citric acid gel buffer of Poulik’. 
§ Lag component added immediately before pouring the gel gradient. 
© The flow is discontinued after a total of 400 mL. has been delivered, the 
remainder (100 ml.) is discarded. 
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tinuous delivery of as much as 50 ml./min of the effluent 
at the surface with a minimum of turbulence. 
to maintain a smooth gradient it was found most impor- 
tant to control the following conditions: (1) a density 
gradient was established with 10 per cent w/v sucrose in 
solution A; (2) convection currents set up by heat 
liberated during polymerization were avoided by ensuring 
that gel formation started at the top and proceeded down- 
wards. In the present case this was done by adjusting 
the concentrations of ferricyanide to give a shorter 
induction time at the top than at the bottom of the gel 
(Table 1). In addition, solution A was pre-cooled to 
6°~10° C and the base of the mould was kept in contact 
with iced water, so that a temperature gradient was also 
established. After the pouring was complete, the mixture 
was overlaid with water at 40°-50° C in order to accelerate 
the reaction at the surface and also to separate the float 
from the incipient. gel. 

Under these conditions a block of gel of 400 em’ could 
be poured in 10 min; gelation began after 10-20 min and 
proceeded downwards until complete at 30-40 min. The 
solid block was then expelled by water pressure applied 
through a port in the bottom of the mould, transferred 
into a supporting frame and sliced across the gradient 
with fine nylon fibres. The rectangular slabs (about 
80 x 50 x 6 mm) could be used at once or after storage 
at 4° C. 

At this stage we did not attempt to establish an optimal 
combination of all conditions for electrophoresis in this 
medium. The present results (compare Fig. 2) were 
obtained as follows: The slabs of gradient gel were 
embedded in 15 per cent supporting gel in a ‘Plexiglass’ 
tray. A clean cut was made across the width of the block, 
including 2-5 mm of the upper edge of the gradient gel. 
A strip of Whatman No. 17 filter paper saturated with 
serum was applied along the cut face and held in position 
by replacing the severed segment of the gel. Horizontal 
electrophoresis was carried out using a voltage gradient 
of 1-2 V/em for 15-20 h at 4°-6° C, during which time 
the buffer front migrated 5-8 em. The gel slab was then 
split and stained with amido black. 

Fig. 2 shows a characteristic serum pattern in 3-15 per 
cent. linear gradient gel (see Table 1). At the end with 
the low gel concentration, the buffer front carries with it 
the compressed band of albumin (A), but from 7 per cent 
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Fig. 2. Normal serum pattern after electrophoresis acr@s 3-15 per cgnt 


polyacrylamide gel gradient (see teat), 
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Fig. 3. Scrum patterns after electrophoresis along 4-18 per cent poly- 
acrylamide gel gradient (see text). 


up this is seen to lag increasingly behind and is preceded 
by pre-albumin bands which are particularly well resolved 
at 9-12 per cent gel concentration. 


migration of these proteins. Branching or crossing of 
bands or any irregularities in the pattern are of especial 
interest because they draw attention to the features 
which would not be obvious in homogeneous gel. 

Other uses of gradient gels are being explored*'!. For 
example, electrophoresis in the direction of increasing gel 
coneentration leads to a sharpening of protein bands 
because the leading edge is always retarded more than 
the trailing edge (Fig. 3). In highly cross-linked gels each 
protein eventually slows down almost to a dead stop, 
when the pores become too small, although a complete 
arrest of molecular movement is probably not to be 
expected. 

Finally, barriers made of gradient gels may be useful 
for preparative. electrophoretic ultrafiltration and electro- 
dialysis because, by analogy with filter beds, they would 
not easily be blocked by a skin of excluded materials, a 
difficulty experienced with membranes and barriers of 
homogeneous gel’. These applications of molecular sieve 
gradients will be discussed in detail elsewhere. 
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Effect of Egg Sulpholipid on Respiration of 
Sea Urchin Spermatozoa 


Various substances have been reported to activate sea 
urchin spermatozoa, and to increase either their respira- 
tion or motility. It has been reported that sea urchin 
spermatozoa treated with jelly coat solution, that is, the 
so-called fertilizin, show an outburst of motility! and an 
increase of oxygen consumption’. Hathaway obtained 
an egg substance from Arbacia eggs free of jelly which 
increased sperm respiration and motility to a great 
extent. This substance was reported to be diffusible on 
dialysis, soluble in alcohol, heat stable and non-volatile’, 
Mohri‘, however, reported that 0-5 per cent soy bean 
lecithin or egg lecithin increased the oxygen uptake when 
these substances were added after 90 min of incubation. 


siderable decrease of endogenous phospholipids was also 
observed during ageing*. 

We have recently found that both eggs and spermatozoa 
of sea urchins contain two kinds of glycolipids in consider- 
able amounts®. These glycolipids seem to be neither 
constituents of jelly coat nor similar to the egg substance 
described by Hathaway. It is worth examining therefore 
what kind of part is played by these glycolipids. In the 
present communication the effect on respiration of 
spermatozoa of one of the glycolipids, which was separated 
from eggs and identified as a glyceroglycolipid containing 
sulphur as sulphonic acid (=sulpholipid), is described. 

Pseudocentrotus depressus, Hemicentrotus pulcherrimus 
and Anthocidaris crassispina were used as material. The 
semen was obtained by injecting 0-5 molar potassium 
chloride solution into the body cavity, and diluted one to 
ten with filtered sea water containing 50 units of penicillin/ 
ml. Sperm concentration was about 5x 10°/ml., and ina 
series of experiments the sperm suspensions obtained 
from the same semen were used. Oxygen uptake was 
determined by the standard Warburg method. 1 ml. 
of the substrate solution or 1 ml. of sea water as control 
was added to 1 ml. of sperm suspension, while 0-2 ml. 
of 10 per cent of potassium hydroxide solution was used 
for absorbing carbon dioxide. The flasks were shaken at 
100 c/min, using air in gas phase. Measurements were 
made at 20° C in Hemicentrotus and Pseudocentrotus 
sperm and at 26° C in Anthocidaris sperm. 


Control 


Oxygen consumption {#l.) 





0 all 4 5 
0 30 60 90 
Time (min) 





Fig. 1. Effect of sulpholipid on respiration of Pseudocentrotus shirma- 
tozoa. 
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Effect of sulpholipid of respiration of Hemicentrotus sperma- 
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Figs 3. “Bifect of sulpholipid on respiration of Anthocidaris spermatozoa, 
1, OD per cent sulpholipid; 2, control; 3, 0-05 per cent sulpholipid. 


“The. effect of sulpholipid on respiration of Pseudo- 
centrotus spermatozoa is shown in Fig. 1 and that on 


respiration of Hemicentrotus spermatozoa is shown in 
| Fig. 2. The sulpholipid used was obtained from Pseudo- 


centrotus eggs according to the method previously de- 
scribed’, and was suspended in a small volume of sea water 
by mixing thoroughly in an agate mortar. The final 
“eoneentrations of sulpholipid in sperm suspensions are 
indicated in Figs. 1-5. These demonstrate the stimulating 
effect of sulpholipid on respiration of spermatozoa. In 
contrast to the case of phospholipid the effect was observed 
just after adding the sulpholipid at the start of incubation. 
The rate of stimulation seems to have some correlation 
with the concentration of sulpholipid added although the 
relationship was reversed in a few cases (between 0-01 
per cent and 0-0033 per cent in Fig. 1 and between 
0-05 per cent and 0-025 per cent in Fig. 2). This might 
be beeause the lipid suspension could not be made uniform 
enough, especially in low concentrations. 

The stimulating action of the sulpholipid on respiration, 
however, was not observed in Anthocidaris spermatozoa 
(Fig. 3). Spermatozoa of this species become ripe in sum- 
mer when the temperature of sea water is higher than in 
the cise of other sea urchins. The endogenous respiration, 
therefore, is also remarkably higher than that of the 
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others. It is not certain at present, however, whether. 


the failure of the sulpholipid in stimulating. respiration 


of Anthocidaris spermatozoa was caused by their high 


endogenous respiration or by species difference. 

In order to study further the mechanism of the stimulat- 
ing action of sulpholipid, two glycolipids from: ox brain, 
cerebroside and cerebroside sulphuric acid ester, and 
synthetic 6-sulphoquinovose (6-sulpho-6-deoxy-pD-glucose) 
(prepared by the method of Miyano and Benson* from 
6-tosyl-1,2-isopropylidene-p-glucose?) were added © to 
spermatozoa. The latter substrate is supposed to be the 
constituent of sulpholipid of sea urchins from: cochroma- 


tography with the sulpholipid hydrolysate and from a- 


characteristic absorption spectrum obtained with anthrone 


reagent’, ʻi De 
When cerebroside sulphuric acid ester was incubated 
with Hemicentrotus spermatozoa a considerable stimulat- 
ing effect was observed, while little effect was obtained 
with cerebroside (Fig. 4).. In contrast, when sperm were 
treated with synthetic 6-sulphoquinovose the respiration 
was markedly inhibited (Fig. 5). ee 
Although the exact mechanism of this stimulating 
effect. of sulpholipid on respiration of spermatozoa seems 
to be too complicated to explain, from the results obtained 
here it appears that the stimulating effect may be partly 


caused by some action on the membrane. permeability, 
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Vig. 4 Effect of cerebroside and cerebroside sulphuric acid. ester on 
respiration of spermatozoa, CMH, Ceramide monohexoside (= cerebro- 
side); CSE, cerebroside sulphuric acid, 
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Fig. 5. Effect of 6-sulphoquinovose on respiratfon of spermatozea. 
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l è as both the sulpholipid and cerebroside sulphuric acid ester 


are expected to show an excellent surface activity because 
of a strong anionic group in the lipid molecule. In the 
light of the predominance of lipid metabolism in sea urchin 
spermatozoa the inhibitory effect of synthetic 6-sulpho- 
quinovose on respiration of spermatozoa may be correlated 
‘with lipid metabolism of sea urchin spermatozoa. It is 
noteworthy that although the sulpholipid obtained from 
eggs was used in the present experiments the same lipid 
was also found in spermatozoa. 
YunKko Isono 
Hipgo Monri 
ei YosHitaka NAGAI 
Biological Institute, 
College of General Education, 
University of Tokyo. 
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Effect of Mineral Oil Solvent on the Toxicity 
and Speed of Action of Malathion 


Busvine! and Barker and Rawhy? reported that solutions 
of DDT in mineral oils are more toxic to DDT-resistant 
houseflies than solutions in acetone, although for normal 
susceptible fly strains acetone solution was about four 
times as toxice as the oil solution. MacCuaig and Watts? 
found. that a 3-5-5 per cent solution of DDVP in mineral 
oils (KEB and LPD) was about twice as toxic to desert 
locusts as the concentrated 35 per cent solutions in the 
same oils. We have found a relationship between the 
toxicity, speed of action and the concentration of mala- 
thion (S-(1,2-di(ethoxycarbonyljethyl)dimethyl phos- 
phorothiolothionate) solutions in KEB. The results of 
our experiments are presented in this communication. 

Sehistocerca gregaria adults of 2-3 weeks old were used 
from the stock cultures of the Anti-Locust Research 
Centre, London, where they were reared under conditions 
similar to those described by Hunter-Jones*. Ten insects 
were used at each dose and ten or more, depending 
on the availability, were provided as controls. Different. 
batches. of locusts are known to differ in their suscepti- 
bility to insecticides. Each experiment was therefore 
repeated three times (except where indicated in Table 1) 
using insects from different. batches. The insects were fed 
pe grass after dosing and were kept in incubators at 
a7 GC. 

For dosing, each insect was weighed individually 
and the caleulated amount of insecticide, in wg of actual 
malathion per g of body weight, was placed carefully on 
the base of the right wing by means of a microdrop syringe 
as used and tested by MacCuaig’. The volume of insecti- 
cidal solution applied to each insect thus varied according 
to the concentration of the solution used and to the 
weight of the individual insect. While dosing, the ex- 
panded wings and hind legs of the insect were held between 


NATURE, VOL. 214, JUNE 24, 1967 


24 120 
20 100 < 
3 
80 & 
7 E 
~ 2 
z 2 
Ş S 
ES 60 E 
a z 
Q 10 gs 
i Z 
“7 
Z 
= 
5 $% 
zo Ë 
g 
per 

0 0 





50 


11:25 25 5 10 20 


Percentage of malathion in KEB 


Fig. 1. Effect of concentration on toxicity and speed of action of 
malathion, 


the fingers of the left hand with the insect resting on the 
middle finger. After dosing, the insect was allowed to fold 
the wings immediately, thus avoiding the risk of any of 
the large drops of insecticidal solution running off the 
insect body or getting rubbed with the cage surface. 

Technical malathion was used to make solutions of 
various concentrations ranging from 1-25-50 per cent 
(v/v) in kerosene extract bottoms (KEB, a low-viscosity 
aromatic petroleum product}. These solutions were always 
stored under refrigeration and fresh solutions were made 
many times during the period of experimentation. The 
solvent showed no significant toxie effects on control 
insects when applied up to the maximum volume used in 
the experiments. 

Observations on mortalities were made every 6 h 
until no further mortalities occurred. Each insect was 
considered potentially dead when it could not right 
itself once upside down. No insect affected to this extent 
was observed to have recovered. Mortalities started 
within 6-18 h of dosing, depending on the dose and 
concentration used, and continued for some time (again 
depending on the dose and concentration) until the 
number of mortalities every 6 h reached a plateau, The 
insecticide was considered to have completed its main 
action at a time when more than 90 per cent of the total 
deaths had taken place. The LD.) values were derived 
graphically from probit log regression lines. 

As expected, the results showed differences in the 
susceptibility of different batches of locusts and the 
percentage mortalities observed in different experiments 
for a wide range of doses overlapped. But when the 
average mortality figures for three replications were 
compiled (Table 1), a consistent pattern of relationships 
emerged, showing a gradual increase in toxicity (measured 
at the LEDs, level) with more dilute malathion solutions 
and a corresponding decrease in the time taken to complete 
the main action. This relationship is presented graphi- 


Table 1, SHOWING VARIATION IN TOXICITY AND SPEED OF ACTION OF MALATHION AT VARIOUS CONCENTRATIONS 
Percentage 
of malathion: A 
in kerosene” Average time to 
extract Percentage mortality at different doses . Approx complete action 
qvottoms Amount of actual malathion in g/g of insect body weight : BDs o wo 
yyy) a Control 35 5 7 10 i 20 28 40 56 (ugg) Main Final 
[25 5-0 0-0* 66 40-0 833 100-0 T5 20-0 30-0 
45 0-0 00t 100 43-3 93:3 93:3 7:5 26-0 34-0 
5. * 0-0 33 33 43-3 78-7 100-0 11-0 24-0 30-0 
e 10 oO Od 23-3 63:3 96-6 100-0* 13-5 28-0 BB) 
20 Ot 10-0 30-0 83-3 90-0 96-6 17-0 52-0 78-0 
$0 a0 13-3 50-0 700 93-3 93-3 22-0 116-0 168:0 


e * One replieat® 
et Two replicates, © 
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Fig. 2. Action of a 14 ug/g dose at various concentrations, 


cally in Fig. 1 where both the curve for toxicity and that 
for time to complete main action flatten out between 
5 per cent and 2-5 per cent showing that further dilution 
has no effect. Thus an optimal value for dilution must lie 
somewhere within this range. 

Ignoring the LD, level and taking the action of a 
single dose of 14 pg/g, the relationship between toxicity, 
speed of action and percentage concentration of malathion 
solution in KEB can be further extended to a dilution of 
1-25 per cent (Fig. 2). 12 h after application of a single 
dose of 14 ug/g at 1-25, 2-5, 5 and 10 per cent concen- 
trations, the average mortalities were 96, 82, 23 and 3 
per cent, respectively, compared with no mortalities at 
the higher concentrations of 20 and 50 per cent. The 
final percentage mortalities as shown in Table 1 and 
graphically in Fig. 2, however, show that the dose of 
14 pg/g is in part toxic at all the concentrations used. 
The fall in toxicity at higher concentrations is therefore 
due mainly to the delayed contact with the site of toxic 
action (inferred from Fig. 2). 

This loss of toxicity of malathion when used in con- 
centrated solution can only be satisfactorily explained 
by postulating the intervention of a detoxifying mecha- 
nism. Thus in the case of concentrated solutions which 
take a considerable time to reach the site of toxie action, 
the time lag is sufficient for such a mechanism to have 
effect. 

Cuticular penetration alone is perhaps not important, as 
our subsequent experiments (work in progress) show that 
2:5 per cent solutions of malathion in KEB are more toxice 
by topical application than by injection into the body 
cavity. The spreading action of the diluent, bringing 
larger areas of cuticle into contact with the insecticide, 
might be more important, however. 

We wish to acknowledge gratefully the laboratory 
and other facilities provided by the Anti-Locust Research 
“entre and financial help from the Ministry of Overseas 
Development under the Colombo Plan. 
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Queen Elizabeth College, 
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PATHOLOGY 


Virus-like Particles in Murine Leukaemia 
L5178 Y 


MURINE leukaemia L5178Y is a lymphoblastic leukaemia 
cell line originally deseribed by Law arising as a spon- 
taneous tumour (personal communication). The. cell line 
has been maintained as an ascites tumour in DBA/2 
female mice by serial intraperitoneal transplantation of 
20-30 million cells every 5-7 days. The average life span 
of the host is 10 days. The tumour also grows exponentially 
in vitro with a doubling time of approximately 12 hi. 

Previous attempts to demonstrate a virus associated 
with this tumour have been unsuccessful (personal 
communication from Fischer). Interest in a mutant 
line of L5178Y leukaemia stimulated us to re-examine 
the cells for evidence of a virus. This communication 
is a preliminary report of the first known demon- 
stration of virus-like particles in murine leukaemia 
L5178Y. 

Cell suspensions were obtained from the ascitic fluid of 
DBAj2 female mice, 5-7 days after intraperitoneal 
transplantation of the tumour. The cells were fixed-in 
either buffered osmic acid or glutaraldehyde, pre-stained 
with 2 per cent uranyl acetate, and embedded in ‘Vestopal 
W?’ using alcohol and styrene in the dehydration process*. 
Thin sections were mounted on carbon coated grids, 
stained with lead hydroxide? and examined in a Philips 
‘EM 100° electron microscope. 

Particles arranged in an orderly paracrystalline lattice 
were found within the nucleus of a few lymphoblasts 
(Fig. 1). The individual particles appeared to consist of 
electron dense material with an average diameter of 
approximately 40 mu. Only an oceasional particle showed 
any suggestion of an external membrane; the majority 
were “naked” particles (Fig. 2). 

A portion of a lymphoblast with virus-like particles 
lining the entire inner surface of the cell membrane is 
shown in Fig. 3. Particles seemed to be budding off from 
the cell membrane, and an outer membrane appeared to 
be forming around some of these budding particles (Fig. 4). 
The virus-like particles observed within the cytoplasm 
and at the cell membrane were similar in morphology and 
size to the intranuclear particles. 

Larger virus-like particles with an average diameter of 
approximately 150 mu and morphologically resembling 
type C particlest were found in an extracellular position 
(Fig. 5). A similar particle appeared to be budding from 





. 


e 
Fig. 1. A lymphoblast, from the ascitic fuid of a DBA/2 female mouse 
with LOL78¥ leukaemia, showing particles in the nucleu®arranged in gn 
orderly paracrystalline lattice (x e. 1250), 
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the membrane lining a cytoplasmic vacuole (Fig. 6). 
These particles consisted of an electron dense nucleoid 
with two surrounding membranes, the inner membrane 
being more electron dense than the outer membrane 
(Figs. 5 and 6). 

The size of the particles, the paracrystalline lattice struc- 
ture, the similarity of the extracellular particles to type 
C particles and the evidence of budding all suggest that 
these particles are viruses. Morphological evidence alone, 
however, is clearly inadequate to establish the viral nature 
of these particles and biological evidence must be obtained 
to substantiate these morphological impressions. Attempts 
to transmit the disease to mice by cell-free filtrates of 
L5178Y leukaemia have been unsuccessful so far, but 
further efforts are being made. The possibility that these 
particles represent a “passenger” virus has not been 
excluded. 

The extracellular virus-like particles could represent a 
modified form of the smaller intracellular particles or, 
alternatively, could be either a second type of virus or 
elementary bodies of mycoplasma. Further biological 
evidence will be required to establish which of these three 
possibilities is correct. 

No definite statement about the type of virus observed 
can be made, but certain features suggest that it is a 
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Fig. 4. Particles appear to be budding off from the cell membrane and an 
outer membrane appears to be forming around some of these budding 


particles (=x c. 69,475). 





Fig. 2. The individual particles appear to consist of electron dense 
material with an average diameter of approximately 40 my. An 
oceasional particle has a suggestion of an external membrane 

(x e. 85,900). 


Fig. 5. Larger particles morphologically resembling Bernhard type C 

particles with an average diameter of approximately 150 my are seen in an 

extracellular position. One particle is attached to the cell membrane by 
a pedicle (x e. 33,160). 





Fe. 3. A porton of a lymphoblast with virus-like particles o the 


Š entire inne surface of the cell membrane (x e. 11,370). 
. 


Fig. 6. A particle, similar to those in Fig. 5, is shown budding froh the 
membrane lining a cytoplasmic vacuole ( x c. 41,685). 
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polyoma virus. These are the size of the particles; the 
difference in size between intra- and extra-cellular par- 
ticles; the appearance of a membrane around the extra- 
cellular but not the intranuclear particles; the para- 
crystalline lattice; the cellular location of the particles; 
and, finally, evidence of budding. 

Virus-like particles were observed in a very small per- 
centage of cells (less than 0-1 per cent) and this may ex- 
plain the negative results of previous electron microscopic 
examinations of these cells. This finding emphasizes 
the need for careful re-examination of other experimental 
and human tumours for virus-like particles. 

We thank Miss Carol Fish and Mrs Marjorie Hutchison 
for technical assistance. This work was supported by a 
grant from the National Cancer Institute of Canada. 
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Nuclear Blebs in Human Leukaemic Cells 


Tuas is a preliminary report of a nuclear bleb phenomenon 
which I have found in cells of a number of human leuk- 
aemias, especially in monoblasts of acute monocytic leuk- 
aemia. This phenomenon is the same as that reported by 
Epstein et al. and Achong and Epstein? as a character- 
istic of Burkitt lymphoma cells and by Törő and Olah? 
and Sebuwufut for developing thymocytes. This specific 
type of nuclear bleb seems to arise from extrusion of the 
nuclear envelope and nucleoplasm in arching sheets. 
Those who reported it for Burkitt lymphoma cells sug- 
gested that it might be a characteristic of the malignant 
state. The authors reporting the same type of nuclear 
blebbing for developing human and guinea-pig thymo- 





Fig. 1. Electron micrograph showing nuclear blebs (arrows) arising from 
the icleus (N) of a monoblast in peripheral blood from a patient with 
acute monocytic leukaemia, before treatment. (x 25,000.) 
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Fig. 2. Nuclear blebs (arrows) arising from the nucleus (N) of another 


monoblast from the same patient asin Fig. 1. (x 25,000.) 





Fig. 3. Hypersegmented blast cell from peripheral blood of a patient 
with acute myeloblastic leukaemia, Note the dark material (arrow) of 
about 30 my thickness joining lobes of the nucleus. ( x 20,000.) 


cytes suggested that it was related to the functional 
development and differentiation of the cells. My report 
extends these observations to another type of related 
cell in an early (and malignant) state of differentiation. 
In Figs. 1 and 2 are shown characteristic nuclear blebs 
in monoblasts from the peripheral blood of a patient wjth 
acute monocytic leukaemia. Particularly noteworthy is the 
relative consistency in thickness of the very dark material 
included between the outer nuclear membrane in these 
blebs. This material is darker (or at least more compressed 


than marginated chromatin and has a minimum thickness 
. 
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Fig. 4. Electron micrograph of a monoblast from peripheral blood of the 
same patient as in Figs. 1 and 2 showing poor delineation between the 
nucleus (N) and cytoplasm (C). (x 30,000.) 


of about 30 my. As pointed out by Achong and Epstein?, 
it is very similar to the material joining lobes in nuclei 
of hypersegmented human neutrophils. Fig. 3 shows a 
hypersegmented myeloblast from the peripheral blood 
of a patient with acute myeloblastic leukaemia illustrating 
this similarity. It remains to be seen whether nuclear 
blebs of the type presented here are functional. It 
seems likely that the dark material included in these 
blebs has something to do with their formation and with 
the properties of the nuclear envelope. Other types of 
malformations of the nuclear envelope are found in the 
monoblasts of patients with acute monocytic leukaemia, 
as shown in Fig. 4. Such malformations are probably also 
related to the specific properties of the nuclear envelopes 
in these cells. I do not wish to refute suggestions by other 
authors that the specifie type of nuclear envelope pro- 
trusions discussed here may be functional, but I would 
like to suggest in addition that they may be secondary 
effects resulting from the accumulation of a strongly 
osmiophilic material along the inner surfaces of the nuclear 
envelopes. 

This work was supported by a grant from the US 
National Institutes of Health. 
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In vivo Effect of an Invasive Malignant Rat 
Tumour on Cartilage 


THe work of Lucy, Dingle and Fell’, Fell and Dingle? and 

Ali? points to a major involvement of lysosomal enzymes, 

particulafly cathepsins (such as B and D), in chondrolysis. 

ft seems likely that when these proteolytic enzymes are 

relegsed from ®hondrocytes, their endopeptidase activity 
. 
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instigates a chain of catabolic events, involving a variety 
of hydrolases. These workers have shown that the de- 
gradation of the intercellular protein—polysaccharide 
matrix of cartilage demonstrated biochemically, was 
paralleled by a loss of metachromatic staining of the 
latter. 

Sylvén et al.*-* have also provided evidence that 
proteolytic enzymes, especially the cathepsins, may be 
released from viable malignant tumour cells. This release 
may be an integral part of the metabolism of these cells: 
the extracellular cathepsin activity probably accounts for 
much of their destructive capacity enabling them to 
invade normal tissues and metastasize. 

In the light of these observations it was decided to 
investigate the in vivo effect of an invasive, malignant rat 
tumour of uterine origin (Guerin T8) on the meta- 
chromasia of the intercellular matrix of cartilage and on 
the chondrocytes embedded within it. 

Tumour fragments were implanted into rats dorsal and 
adjacent to the xiphisternum and were allowed to grow 
into it. The rats were killed after about 5 days by asphyxia- 
tion with nitrogen. Xiphisterna with attached tumours 
and those without (controls) were removed. They were 
fixed at room temperature for 7 hin Zenker’s fluid contain- 
ing 3 per cent glacial acetic acid and for a further 18 h in 
acetic acid free Zenker’s fluid. Fixed tissue was afterwards 
washed in tap water for 24 h. 

Tissue was then rapidly frozen and 12u sections were 
cut in a cryostat. They were immediately stained for 
10 min in a solution of 0-5 per cent toluidine blue in 
5 per cent ethanol. Excess stain was removed by washing 
with water. Sections were then dehydrated. cleared in 
xylol, mounted in ‘Clearmount’ and examined with normal 
light microscopy. 

The tumour was found to have grown into the cartilage 
of the xiphisternum to give a well defined cartilage/tumour 
boundary (see Fig. 1). The matrix of the cartilage im- 
mediately adjacent to the tumour showed little or no 
metachromasia (zone A of Fig. 1). The cartilage, however, 
showed a progressive increase in metachromasia to a 
normal condition with increasing distance from the edge 
of the tumour. 

The nuclei and cell boundaries of chondrocytes in 
zone A close to the growing edge of the tumour were 
frequently indistinct and irregular in outline, suggesting 
that the cells had been damaged. Those further removed 
from the tumour, both in zone A and outside it, showed no 
detectable morphological changes. 

In view of earlier work, these preliminary results 


suggest that the tumour brought about a chondro- 
lysis which was most marked immediately adjacent 
to it. 


L ZONE A 


Cartilage 





Fig. 1. Tumour growing into cartilage causing loss of metachromasia 


of the latter. (x e. 140.) 
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This was found to diminish with increasing distance from 
the edge of the tumour. The chondrolysis was probably 
caused by lysosomal enzymes, particularly cathepsins, 
released from the tumour cells, and/or by leakage of these 
enzymes from the chondrocytes, induced by the tumour. 
Further investigations into how the tumour exerts its 
destructive effect on cartilage are continuing. 

We thank Miss G. M. Baker for transplanting the tumour 
used in this work. 
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MICROBIOLOGY 


Observations on the Killing of Microbial 
Protoplasts by Serum 


Previous investigations from this laboratory have 
demonstrated the production of protoplasts* in kidneys of 
rats by treatment of acute enterococcal pyelonephritis 
with penicillin. Furthermore, reports of isolation of 
these forms from patients have appeared in the literature. 
Although these observations do not satisfy Koch's postu- 
lates? for proof of pathogenicity, the possibility exists that 
these forms could play a part in the pathogenesis of disease 
by a variety of mechanisms. Investigation of host--parasite 
interaction has been made and the present report describes 
the killing of microbial protoplasts by serum. 

Protoplasts were prepared by inoculation of the bacterial 
form of Streptococcus faecalis on osmotically stabilized 
(0-5 molar sucrose) brain heart infusion agar containing 
2 per cent bovine serum albumin, 0-001 per cent MgSO,. 
7H,Q, and 1,000 units of penicillinfml. L-colonies appeared 
within a few days and were serially transferred weekly on 
the same medium. 

For the bactericidal test of the serum, protoplasts were 
grown for 2 or 3 days in broth of the same composition 
over an agar slant. When the parent bacterial form was 
used, an 18 h broth culture served as inoculum. The test 
was carried out by mixing organisms in a final coneentra- 
tion of 10°-104/ml. with serum in sucrose water diluent at a 
final osmolality of 730 m.osm/l. and then incubating at 
37° C. Surviving organisms were quantitatively assayed 
at stated intervals on stabilized agar (without penicillin 
when bacteria were used). Bactericidal activity was 
expressed as a percentage of the organisms surviving. 

The effect of normal human serum on protoplasts and 
bacterial forms of S. faecalis is shown in Table 1. The 
protoplasts were completely killed by serum within 1 min, 
while the bacterial form was resistant. Table 2 demon- 
strates that the rate of killing depended on the concentra- 
tion of serum present. 

To determine whether the bactericidal effect of human 
sera was peculiar to the protoplasts produced by treatment 
with penicillin, the investigation was repeated with 
protoplasts of S. faecalis F24 produced by treatment with 
lysozyme (kindly supplied by Dr. Harry Gooder). The 
results (Table 3) were similar to those with the protoplasts 
produced by treatment with penicillin, that is, the proto- 


* “Protoplast” refers to an osmotically fragile bacterial cell in which the 
amountgf cell wall present has not been determined. We consider this term 
interchangeable with “Z-forms”. L-colonies of typical ‘fried-egg”” morphology 
are produced by protoplasts growing on agar. 


plasts were rapidly killed and the bacterial form was - 
resistant, 

These findings, indicating that normal human serum 
rapidly kills protoplasts, are similar to those of Muschel’; 
The deleterious effect of sera in certain circumstances 
has also been indicated by Mattman et al.‘ and Ham- 
burger and Carleton®. These results are difficult to re- 
concile with others in which the components of the sera 
were used to make protoplasts*.’”. Furthermore, many 
investigators. have incorporated sera in their growth 
medium for protoplasts®.*.", Pertinent to this investigation 
has been the use of sera with protoplasts of Streptococci. 

The effect of sera on protoplasts (whether killing or 
stimulating growth) is dependent on the species or strain 
of bacterium involved’. Sera from different animal species 
have been found to vary in their ability to support. growth 
of protoplasts", This may actually have been a mani- 
festation of differences in killing activity. Changes in pH 
or ionic strength? and an excess of gamma globulin 
may inhibit bactericidal activity. Substances in the sera 
derived from platelets have been shown to kill protoplasts 
produced by lysozyme!*}7, : 

The nature of the protoplast cidal agent in sera is not 
known. Histonves*, complement with antibody?, or 
material derived from platelets!’ could account for the 
effects observed. Alternatively, enzymes active against 
lipids in the cell membrane, analogous to the action of 
staphylococcal alpha-toxin or streptolysin S (ref. 19), may 
be the active substances. 

The present findings emphasize the importance of the 
cell wall in protecting the cell, probably by preventing 
access of the bactericidal agent to its reactive site on the 
membrane or within the cell. A similar protective role 
has been suggested against antibiotics?* and lipolytie 
toxins!, 

The ability of protoplasts to survive in vivo despite the 
bactericidal activity of sera may be related to intra- 
cellular location, or protection by as yet undefined factors 


Table 1, EFFECT OF NORMAL HUMAN SERUM ON _PENICILLIN-PRODUCED 
PROTOPLASTS AND BACTERIAL FORMS OF S, fuecalis* 
Protoplasts Bacteria 

Time with serum control with serum control 

Gnin) (no serum) (no serum) 
1 or 107 100 100 
5 0 99 102 100 
10 0 89 103 99 
15 0 105 98 LOL 
20 0 81 97 103 
30 0 85 102 100 
60 0 78 146 133 
90 0 74 214 126 


* This experiment was done at 730 m.osm/I., with a final serum dilution of 
1:2 


t Percentage of inoculum surviving, 


Table 2. EFFECT OF VARIOUS DILUTIONS OF NORMAL HUMAN SERUM ON 


PENICILLIN-PRODUCED PROTOPLASTS OF S, faecalia* 


Time Final serum dilution 
(min) 1:2 1:4 1:8 1:16 1:32 None 
{control} 
1 2t 91 107 118 95 82 
10 1 0 42 89 93 84 
20 1 T4 79 58 
30 1 0 2 83 67 54 
60 0 0 0 19 56 40 


* This experiment was done at 730 m.osm/1, 
+ Percentage of inoculum surviving. 


Table 3. EFFECT OF HUMAN SERUM ON LYSOZYME-PRODUCED PROTOPLASTS 
AND BACTERIAL FORMS OF S. faecalis F24* 


Protoplasts Bacteria 
Time with sernm control with serum control 
(min) (no serum) (no serum) 
1 OF 63 129 92 
5 0 52 124 120 
10 0 42 dl4 62 e 
15 0 34 83 85 
20 0 7 123 99 
30 0 32 102 lid * 
60 0 4 97 181 
90 0 7 102 95 ° 
* This experiment was done at 730 m.osm/l, with a fina,serum dilutign of 
19 
+ Percentage of inoculum surviving. ‘ $ n 
e 
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in the body which may interfere: with the bactericidal 

activity of ‘sera. 
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Lipid Content of Conidia of Neurospora 
crassa 


Is 1958 Owens et alt, in reporting on the chemical com- 
position of conidia of Neurospora sitophila, indicated a high 
percentage of lipids in which the most prevalent types 
were the phospholipids. The high lipid content of the 
conidia suggests that it may be a source of energy either 
in the ungerminated conidium or during germination, 
but the fact that these lipids are primarily phospholipids 
contests this hypothesis. Our investigation of the lipid 
content of conidia before and during germination was 
undertaken as part of a study of the biology of repro- 
duction in Neurospora. 

The strain of Neurospora crassa used in this study was 
Lindegren*. Conidia were obtained by growing the mould 
on the C-medium described by Turian’, for 10 days at 

425° C in the dark, except when otherwise noted, Conidia 
were then gathered by shaking with water, filtering 
through four layers of cheesecloth, and washing briefly in 
three changes of cold distilled water. Germination studies 
were performed immediately. Cells for lipid determination 
were freeze-dried and weighed before analysis. 

Total lipid analyses were performed by grinding the 
dried tissue and treating it once with acetone to facilitate 
the extraction of bound lipids. Acetone was removed by 
evaporation and the final extraction of the lipids was into 
a chloroform : methanol mixture (2:1 v/v) using three 
consecutive extractions during a period of 48 h. The sol- 
vent was removed by evaporation, the lipids resuspended 
in, petroleum ether and washed. The solvent was again 
removed by evaporation and the weight of the lipids 
determined. The total lipid content of a conidium may 
vary defending on the nature of the growth medium and 

*the.age (Table 1). When the conidia are developed using a 
dened mediwm with sucrose, potassium citrate and nitrate 
(Csmedium), the lipid content is 28 per cent less than 

Å. 
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when the conidia ‘are produced using a complex medium 
(glucose and yeast extract). The earliest measurements of 
lipids in conidia were after 10 days, the time of the greatest 
viability of the conidia in this strain. If gathering was 
delayed until 40 days after inoculation, the lipid content 
was found to drop 8-8 per cent or to 11-4 per cent of the 
dry weight of conidia. 


Table 1. PERCENTAGE LIPID OF DRY WEIGHT OF CONIDIA AND MYCELIUM OF 
Neurospora crassa GROWN ON VARIOUS MEDIA AT 25° © 


Medium Age Per cent lipid 

Conidia C 10 days 125 

(ay 40 it 

GY* 10 17-4 
Mycelia (standing cultures) Cc 3 days 9-0 

My 3 81 

At 3 119 
Mycelia (shaking cultures) C 3 days G4 

M 3 T4 


* 0-5 per cent glucose, 10 per cent yeast extract (Difco). 

f Same as C-medium with the substitution of ammonium citrate for 
potassium nitrate. 

t Same as C’-medium with the substitution of acetate for sucrose. 


The lipid content of the mycelium may be as much as 
50 per cent less than the amount in the conidia. By the 
third day of growth, the mycelium is well developed and 
the conidia are just beginning to be formed (except on 
the mycelia, M-medium). Again the amount of lipid 
present depends on the growth medium and the growing 
conditions. Thus M-cultures* are poorer in lipids than 
C- (young conidia) cultures, while the expected lipidogenic 
activity of acetate parallels the conidiogenous effect of this 
precursor molecule’. On the other hand, standing cultures 
which are primarily anaerobic (thick M-pads especially) 
contain larger amounts of lipid than do the more rapidly 
growing cultures aerated by shaking (Table 1). 


Table 2. PERCENTAGE LIPID OF DRY WEIGHT OF CONIDIA* OF Neurospora 
crassa DURING AND AFTER GERMINATION AT 26° € IN C-MEDITM 


Time (h) Per cent lipid (average) 
0 19-6 
35 18-8 
50 ii 
6-5 1 
21-0 70 


* Produced on glucose-yeast extract medium. 


When conidia are germinated, the principal change in 
percentage total lipid occurs within the first day (Table 2). 
The most rapid decrease is observed between 3 and 5 h, 
a time when the majority of the conidia have already 
formed well developed germination tubes. Under these 
conditions, most of the conidia have formed germination 
tubes up to 8u in length within 2-5 h. By 4 h the majority. 
of these tubes exceed 40u in length. Although there is a 
decrease in the percentage of lipids, however, it should be 
noted that the total amount of lipid, compared with the 
amount present in the sample at 0 time, increases with the 
germination time when equal numbers of conidia are 
comparatively extracted. The decrease in per cent lipids 
therefore which is coincident with the early stages of 
mycelial development results from an increase in the 
other components of the cell. 

In order to investigate the possible selective use of one 
or more types of lipids during germination, the total lipid 
extracts from the conidia were separated on a silica gel 
column using the technique of Fillerup and Mead’. As 
ean be seen from Table 3, the percentage of each of these 
five basic groups of lipids does not vary significantly during 
this time period (with the possible exception of the caro- 
tenoids, not yet satisfactorily separated from the bulk of 
the phospholipids). 


Table 3. PERCENTAGE OF INDIVIDUAL TYPES OF LIPIDS OF TOTAL LIPID 
FRACTION OF CONIDIA OF Neurospora crassa AT VARIOUS TIMES DURING 
GERMINATION AT 25° 0 IN C-MEDIUM 


Duration of germination 
25h 45 


Oh 6h 
Sterol esters 2-2 3-6 Ll 15 
Triglycerides 0-6 07 03 02 
Sterols 1a ta ü e2ë 
Free fatty acids Q9 Ot 3 LS 
Phospholipids and carotenoids 94-2 O41 98-2 93-3 
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The main change. in total. lipids has been found in 
ungerminated. conidia. The decrease in lipid content 
during the ageing process (10-40 days) may be caused by 
consumption, that is, using the lipid as a source of energy 
in the conidial resting metabolism. The failure to observe 
a decrease during germination suggests that no important 
use is made of lipids and confirms that sugar trehalose is 
the main source of energy in this process. 
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Germination Inhibitor from the Cellular 
Slime Mould Dictyostelium discoideum 


A SPORE germination inhibitor has been separated from 
the cellular slime mould Dictyostelium discoideum and 
some of its physical and chemical properties analysed. 
It has been previously reported that if two species of slime 
mould were plated out on non-nutrient agar in the 
presence of Escherichia coli as the food source only one 
of the species would grow'; the second species appeared 
to be completely inhibited. Using this method, the follow- 
ing hierarchy of inhibition was established: D, purpureum 
(No. 2)> Polysphondylium violaceum (No. 6)> D. dis- 
coideum (No. 1)>D. mucoroides (No. 2)> D. mucoroides 
(No. 6)> D. mucoroides (petite). This hierarchy of inhibi- 
tion was attributed to the presence of an inhibitor which 
prevented the germination of the spores, because washing 
the spores with distilled water annulled the inhibition. 
Further studies indicated that the competition did result 
from an inhibitor and that this inhibitor was the same 
within the same species but that inhibition of growth of 
another genera of slime moulds occurred at a stage other 
than germination of spores’. D. purpureum (No. 2) 
inhibited the growth of P. violaceum (No. 6). The restric- 
tion on growth occurred at aggregation stage; the amoebae 
of D. purpureum prevented the aggregation of the amoebae 
of P. violaceum. Similar results have been reported by 
others? ', 

Mature structures (fruiting bodies) of D. discoideum 
were grown according to the method of Bonner’. Three 
to six days after fruiting, the sorocarps from 10--30 plates 
were either scraped or washed from the nutrient agar 
surface and placed into beakers containing 500 ml. of 
distilled water. The suspension was stirred either mech- 
anically or by hand to break up the sori and to ensure com- 
plete extraction of the inhibitor. After mixing for at least 
1 h the suspension was filtered through two layers of 
cheesecloth to remove the stalks and centrifuged for 
15 min at 9,000g to remove the spores and bacteria. 
E. coli and yeast extracts were also tested for inhibitory 
activity but always gave negative results. The super- 
natant was then boiled down to approximately 50 ml. 
This solution was filtered with ‘Balston No. 2’ filter paper 
to remove the precipitates formed during boiling. The 
solution was then placed in a dialysis membrane and sub- 
merged in 400 ml. distilled water for 24h. The contents 
of the membrane bag were then discarded, and the 400 
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ml. solution was boiled down to approximately. 100 aml, 
then dried in a Buchler rotary ‘Evapo-mix’ at 37° G: 
The residue was redissolved in aliquots of distilled water, 
filtered through a ‘Millipore’ filter and stored in the freezer 
until further analysis. 

To determine the percentage germination or inhibition, 
a procedure similar to that of Russell and Bonner’ was 
employed but with minor modifications given below. 
Several sori of D. discoideum were removed from stock 
cultures of known age and suspended in test-tubes contain- 
ing distilled water. The solution was then shaken vigor- 
ously to disperse any clumps of spores and the approxi- 
mate spore concentration was determined with a haemo- 
cytometer. After the stock spore concentration was 
prepared, 0-1 ml. of this suspension was placed either in 
0-4 ml. of the inhibitor solution or in 0-4 ml. of distilled 
water (control). The spores were allowed to stand for 30 
min, with frequent agitation to prevent clumping of 
spores, and then inoculated on nutrient agar lacking 
dextrose. Earlier experiments had shown that dextrose 
was unnecessary for spore germination. The amount. of 
spores added on each plate was always low enough to give 
at least 95 per cent germination in the control. In this 
study a spore was considered to have germinated if 
any part of the emerging amoeba was visible outside the 
spore case. In every experiment two separate Petri 
plates were used and at least one hundred spores: were 
counted. All experiments were carried out at 2142°C 
in constant light, although germination took place just as 
well in constant darkness. 

The concentrated inhibitor preparation was put through 
a ‘Dowex 1-8X’ column. A discontinuous gradient. of 
various concentrations of ammonium acetate was used 
to elute: the inhibitor from the column (concentrations 
of as high as 1 molar ammonium acetate had no effect on 
spore germination). Fig. 1 gives the elution profile of the 
inhibitor and the technical data. Each fraction was tested 
for the presence of the inhibitor as described above... A 
spectrophotometric analysis showed no absorption maxima 
either in the visible or ultra-violet range. A concentrated 
preparation of the inhibitor was placed through a ‘Bio-gel 
P-25 (Calbiochem) to purify further the substance and 
to estimate its molecular size. From the calculations of the 
Ke value from this column a molecular weight of about 
200 was obtained (Fig. 1). 

The extract of the inhibitor was chromatographed 
on acid washed Whatman No. 3 MM peper. Various 
solvent systems were used, but the best separation was 
obtained with tert-butyl alcohol, methylethylketone, 
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Fig. 1. Column chromatography of inhibitor extract of Diciyostelinas 
discoideum, ©-+-+ ©, 28 ml. of the inhibitor extract was made alkaline 


(pH 10) with 1 normal sodium hydroxide and placed on top of a ‘Dowex 
1-8 X* column (18x L5 em), The column was washed with an equal 
volume of distilled water and eluted with various concentrations of am- 
monium acetate. 5-0 mil. fractions were collected. Flow rate was 1 mi? 
min. @-——-@, 0-25 ml. of concentrated inhibitor extract was placed @ 
on a ‘Bio-gel P-25' column (40 x 0-8 em), It was eluted with phosphate 
buffer 0-02 molar pH 6-4 and fractions of 0-4 ml. wer collected. Wow 
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Fig. 3. Paper chromatography of inhibitor extract of D. discoideum. 
O-r-+ ©, Basic solvent; @---—@, acid solvent. 


water and formic acid (40:30: 15:15) and with tert- 
butyl alcohol, methylethylketone, water, ammonium 
hydroxide (40 : 30 : 20 : 107. Descending paper chromato- 
graphy was carried out and, after drying the sheet over- 
night, strips of paper between 2-0 and 3-0 em were cut and 
eluted according to the method of Dimler et al.8. Each 
eluate was then tested for inhibitory activity as described 
above. That region which gave an Rr of about 0-6 for the 
acid solvent and 0:7 for the basic solvent was found to 
contain the inhibitor (Fig. 2). Spot tests of the regions 
for various groups and compounds such as amino-acids, 
peptide bonds, reducing substances (aldehydes and ke- 
tones), carboxylic acids, indoles, ureido, phosphates and 
molybdates gave negative results. Butanol and ether 
did not extract the inhibitor from the aqueous phase. 
Making the inhibitor extract acid destroyed the activity, 
whereas making it basic had no effect. Ashing the inhibitor 
also prevented its recovery. 

These properties of the inhibitor do not suggest what 
the substance might be. It is nevertheless a small molecule 
and is very stable because its activity is not destroyed 
with prolonged boiling. The data are not sufficient to 
indicate whether or not we are dealing with one or more 
eompound, although the chromatography data make it 
unlikely that more than one substance is involved. 
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Plaque Assay of the Effects of Cytosine 
Arabinoside and 5-lodo-2’-deoxyuridine on the 
Synthesis of H-I Virus Particles 


H-lvrrus, one of anew group of small agents that produce a 
specific deformity when injected into newborn hamsters!+, 
is epresumed to contain DNA’. It has been suggested 
recently, on the basis of its staining reaction with acridine 
oranĝe, that the nucleic acid of X14 (ref. 4), another 
member of the H-viruses, is single-stranded DNA (ref. 6). 

No other animal virus is known to contain DNA of this 
kind, with th8 possible exception of the defective adeno- 
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satellite viruses’, and the H-viruses would appear to 
merit particular attention. Until now, biochemical experi- 
ments on any of the H-viruses have been hampered by 
the lack of a plaque assay system. This communication 
reports the development of a plaque assay for H-1 and 
the results of an investigation of the effects of the DNA 
antagonists 5-iodo-2’-deoxyuridine (TUDR) and cytosine 
arabinoside (1-8-p-arabinofuranosyleytosine) (ara ©) on 
the synthesis of H-1. In the presence of ara C, infected 
cells failed to produce either viral haemagglutination 
activity (HA) or infectivity, while TUDR did not prevent 
HA but markedly reduced infective virus formation, 

A reproducible plaque assay for H-1 was developed 
using cultures of Salk monkey heart cells (SMH) (ref. 8). 
Confluent or nearly confluent monolayer cultures were 
obtained 2-3 days after plating 2-0 x 10° cells in 4 ml. of 
Eagle minimum essential medium (MEM) with 5 per cent 
foetal calf serum in a 60 mm plastie Petri dish. The cell 
monolayers were washed twice with tris-buffered saline 
(TBS) (ref. 9), and 0-2 ml. of virus suspension was added 
on to the cell layer. After an adsorption period of 1 h at 
37° C, the cells were covered with 8 ml. of MEM containing 
10 per cent foetal calf serum and 0-9 per cent purified 
agar. The pH was maintained at about 7:2. The plates 
were incubated at 37° C in a humidified mixture of 5 per 
cent carbon dioxide in air. After 8-9 days, the plates were 
overlaid with 4 ml. of the same medium, which contained, 
in addition, 0-0025 per cent neutral red. Plaques were 
counted on the third or fourth day after the neutral red 
was added. 

Plaque counts increased up to 16 days after infection, 
though more than 90 per cent of the final count was present 
at 12 days. The plaque size at 12 days was 1-7 + 1-2 mm. 
A linear relationship was found between the concentration 
of virus inoculated and the number of plaques obtained. 
In all experiments reported here, plaque purified virus, 
obtained by twice replating the plaque isolates, was used. 
The experimental points given in Figs. 1 and 2 represent 
the mean plaque counts obtained from four or more 
repheate plates at 12 days after infection. Virus was 
diluted to yield 30-50 plaque forming units per plate. A 
standard deviation of about six was obtained for these 
counts. At 12 days after infection, four successive titra- 
tions of one virus preparation in groups of eight to ten 
replicate plates yielded a mean plaque count of 35-4 with 
a standard deviation of 5-8. The ratio of variance to the 
mean was calculated for several groups of replicates, and 
the average value found was 0-94, a figure which is close to 
the expected value of 1-0, assuming a Poisson distribution. 
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Fig. 1. The effect of different concentrations of ara C on the syntipesis of 
haemagglutinating (HA) and infective particles of H-1. 
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For the growth experiments, monolayer cultures of 
SMH, grown in 35-mm plastic Petri dishes containing 
2 ml. of MEM with 5 per cent foetal calf serum, were 
washed twice with TBS and infected with 0-5 ml. of virus 
suspension at an input multiplicity of 1-5. After ad- 
sorption for 1 h at 37° C, the cells were washed twice 
with TBS to remove unadsorbed virus. 2 ml. of main- 
tenance medium, which differed from the growth medium 
in that it contained 2 per cent foetal calf serum, were then 
added. Various concentrations of TUDR or ara C ranging 
from 0 to 250 y/ml. were included in the medium. The 
cells were then incubated at 37° C in a humidified mixture 
of 5 per cent carbon dioxide in air. 

At 24, 48 or 72 h after infection, the infected cells were 
scraped into the culture fluid with a rubber “policeman” 
and then frozen and thawed two or three times to break 
up the cells and release the virus. Cell debris was removed 
by centrifugation at 800g for 15 min, and the supernatant 
containing the virus was frozen at ~20° C. Infected 
cultures without drugs were treated in the same way 
immediately after adsorption and washing in order to 
provide the “background” level of virus which was 
associated with cells during the latent period of virus 
growth. The virus materials were titrated for plaque and 
HA (ref. 10) production. The results are expressed as 
plaque-forming units (P.F.U.) per ml. and as HA titres 
which are given as the reciprocal of the highest dilution 
that completely agglutinated guinea-pig red cells. 

As shown in Fig. 1, in the presence of ara C (10 y/ml. 
or more), the cells did not appear to synthesize either 
haemagglutinating or infective particles. No HA was 
produced even after 6 days of infection. Cells exposed to 
IUDR (10 y/ml. or more) also produced little or no in- 
fective virus as compared with the controls (Fig. 2). On the 
other hand, HA synthesis was not halted in the presence 
of TUDR, although the HA titre at the highest concentra- 
tion of [UDR tested (250 y/ml.) was lower than that of the 
controls. It appears that IUDR, in contrast to ara Č, 
did not inhibit the production of H-1 virus coat or its sub- 
units, either of which haemagglutinate™. These findings 
suggest that the two DNA inhibitors tested have a 
different mechanism of action by which they inhibit virus 
replication, a suggestion made previously". 

The inhibition of the growth of H-1 by ara C (2 y/ml.) 
was prevented by deoxycytidine (50 y/ml.) (Table 1). 
Cytidine (400 y/ml.), on the other hand, had no effect. 
The possibility that ara C exerted a general degenerative 
effect on cells was ruled out by the finding that exposure of 
the cells for two days to ara C (10 y/ml.) had no apparent 
effect on the capacity of these cells to support growth of 

















10,006 
O¥ /ML 
On /ML. a — 
‘ te i 
1,00 
eal 108 /ML. 
R T md PETEERE 
£ 
2 
m ; 
he 
250¥/ML. Éi 
100 i 
i007/ML. 
` Z50Y/ML. 
Pa 
19k arnt | 
24 43 72 24 48 yi 
Hours after infeetion 
Fig. % The effect of different concentrations of IU DR on the synthesis of 


haemagelutinating CHA) and infective particles of H-1. 


1347 


Table 1. EFFECT OF ARA C ON GROWTH OF H-1 AND POLIOVIRUS 


H-1" Poliovirusțt 
HA titre PFU Jm. 
2 days pre- 
Treatment 1 day 2 days idayt treatment t 
ara Č 10 160 5-0 x 10" 44% 107 
ara C+ 10 <10 Not done Not done 
ara C+dC 640 1,280 PE: Sau tsy 
ara C+C+d 320 640 »o on Tuas 
None 640 1,280 4-9 x 107 4:6 « 10° 


* Cytosine arabinoside (ara ©, 2 y/ml.) was added with cytidine (C, 400 
yim.) or deoxycytidine (dC, 50 y/ml.) to SMH cells immediately after virus 
adeorption and washing. Virus fluids were assayed for HA titres at 1 and 2 

ays. 

+ Infection of SMH cells with the Chat strain of poliovirus type 1, grown in 
SMH to provide stock virus, was carried out under the same conditions as 
give for H-1. Ara C (100y/ml.) was added to cells after virus adsorption 
and washing. Poliovirus was assayed at 1 day by plague formation on SMH 
monolayers using the technique described previously for HeLa cells'*. 

i SMH cells were exposed to ara © (10 y/ml,) for 2 days and then infected 
as described in the text. Ara C (10 ym.) was again added to cells immediately 
after virus adsorption and washing. Poliovirus was then assayed at 1 day by 
plaque formation on SMH monolayers", 


poliovirus (Table 1). Furthermore, addition of ara C at a 
concentration of 100 y/ml. to the cells immediately after 
adsorption and washing had no effect on the yield of 
poliovirus (Table 1). Exposure of the cells for two days to 
TUDR (20 y/ml.) likewise did not appear to affect their 
capacity to produce a normal yield of poliovirus. The 
results of these experiments demonstrate a specific 
requirement for DNA synthesis in the growth of H-1 
virus. I thank Miss M. Suzanne Hopkins for competent 
assistance. 

This work was supported by grants from the American 
Cancer Society and the National Cancer Institute, US 
National Institutes of Health. I am a recipient of a 
research career development award from the Natioral 
Cancer Institute. 

Note added in proof. After this note was sul mitted for 
publication, Brailovsky (Ann. Inst. Pasteur, 110, 49; 
1966) reported a plaque assay in rat embryo cells for RV, 
a member of the H-virus group. In two other papers, 
Rose et al. (Proc. Nat. Acad. Sci., U.S., 56, 86; 1966) 
described the nucleic acid of a defective adenosatellite 
virus as double-stranded DNA, while Crawford (Virology, 
29, 605; 1966) reported that MVM, a minute mouse vitus 
of similar size to the H-viruses, contains single-stranded 
DNA. 
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Change in the Rate of Deacylation of 
Benzylpenicillin and Phenylacetyl Giycine- 
during Submerged Cultivation of Escherichia 
coli 


PENICILLIN acylase (E.C. 3.5.1.1 1) hydrolyses penicillins to 
give 6-aminopenicillanic acid (6APA). It has been foend 
together with the side-chain organic acid in various miero- 
erganisms'-?, Several strains of Æ. coli have been found 
with a significant intracellular splitting activity on 
benzylpenicillin®-"*. The characteristics of the enzyme 
responsible for this splitting activity havt been infesti- 
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Fig. 1, Change in the rate of deacylation of benzylpenicillin during the 

development of E. coli Ny 1/3. GPAA, benzylpenicillin deacylase 

activity expressed as the rate of formation of 6APA from 8-60 x 10-* moles 

of aodium benzylpenicillin added to each sample of broth. Initial velocity 

was caloulated. a, pH; b, dry weight; e, GPAA in cells. A, Result of 
a determination. For details see text, 


gated both in collected intact cells?*?*-!* and in crude 
enzyme preparations!!-17, 

On. the basis of their experiments, Cole’, Kaufmann? 
and Szentirmai!’ suggested that the enzyme which splits 
the —CO--NH— bond of benzylpenicillin is an acylase 
or an acyl-transferase. Cole used enzyme obtained from 
a strain of Æ. coli to show that benzylpenicillin deacylase 
and phenylacetyl glycine deacylase activities occur to- 
gether and in equal proportions’®. Consequently, the 
ability of the enzyme to split the —CO—NH-— bond in 
benzylpenicillin can be attributed to a close relationship 
between the structures of the aromatic acyl groups which 
are present both in penicillin G and in phenylacetyl glycine. 
This observation, however, was made in cells obtained 
after cultivation. 

This communication reports a correlation between the 
rates of deacylation of benzylpenicillin and phenylacetyl 
glycine during the growth of acylase-producing micro- 
organisms. 

8 1. of liquid culture medium containing 4 per cent 
filtered corn-steep liquor, 0:2 per cent sodium hydrogen 
phosphate and 0-18 per cent of phenylacetic acid was 
sterilized at 1:2 atm. for 45 min. The medium was in- 
oculated with Escherichia coli strain Ny I/3 (refs. 10 and 
17). 6-Lactamase activity was detected according to 
Nyiri? and Cole and Sutherland'*. No @-lactamase activity 
was found in this strain. The medium was agitated by a 
propeller at 600 r.p.m., and the mixture was aerated and 
ventilated’ with its own volume of air per h. The tem- 
perature was maintained at 28° C throughout cultivation. 
During the development of the cells, samples were taken 
and the dry weight and nitrogen content of the cells and 
the pH of the culture broth determined. At the same 
time the benzylpenicillin splitting activity of broth 
(GPAA) was estimated by the following method. A 
sample of 75 ml. was taken. The pH of the broth was 
adjusted to.8-0 by adding normal sodium hydroxide 
and/or normal phosphoric acid to the unfiltered broth. 
45 ml: of sample was kept in an ultrathermostat at 40° C. 
6 rol. of a solution of the potassium salt of benzylpeni- 


--gilfin was then added to the broth. The final concen- 


godiurn hydroxide. 


tratign of benzylpenicillin in the reaction mixture was 

45,000 ru/ml. The pH was kept at 8-0 by adding normal 

1 After incubation for 15 min, the 

reaction mixtyre was cooled rapidly to 0° C, centrifuged 

iat 8000 rpm: for 5 min at 0° C, and the remaining 
+ é e 


NATURE. VOL. 214. JUNE 24, 1967 


penicillin G was removed by acid extraction with butyl- 
acetate. The 6APA content of the broth was then 
determined iodometrically’. The penicillin G splitting 
enzyme activity of the cells was expressed as the amount 
of GAPA formed per min per mg of cells. The results are 
shown in Fig. 1. The change in the phenylacetyl glycine 
splitting activity (PhGISA) was determined simultane- 
ously in another sample in which the pH was kept at 8-0 
automatically by the method described by Cole™. 

The results show that the rate of 6APA formation from 
benzylpenicillin was slight during the lag period. In this 
time the pH of the culture liquid did not change sig- 
nificantly. During the 7-8 h of cultivation the rate of 
release of 6APA from benzylpenicillin increased. This 
increase in the rate of splitting of the --CO—-NH— bond 
of penicillin Œ coincided with the start of the logarithmic 
phase of cell growth. The period of simultaneous increase 
in dry weight of cells and pH of broth, respectively, was 
characterized by a high —CO--NH-— bond splitting 
activity. Furthermore, the dry weight content and the 
enzyme activity remained constant for 4-6 h. The rate 
of formation of 6APA decreased almost to zero in the 
phase of decline. The --CO--NH-— bond splitting 
activity of the filtered broth showed a slight inereasé over 
this period. Fig. 2 shows the correlation between the rates 
of hydrolysis of the —-CO-—-NH-— bond in phenylacetyl 
glycine and in benzylpenicillin. 

The fact that phenylacetyl glycine deacylase activity 
is insignificant in the lag period but increases rapidly in the 
early stages of the logarithmic phase of cellular develop- 
ment suggests that the synthesis of this enzyme takes 
place just before cell division begins. These results and 
others which indicate a decrease in enzyme activity pro- 
portional to the rate of autolysis of cells make it seem 
likely that this enzyme operates in one of the pathways 
related to protein synthesis. Kaufmann! reported that 
an enzyme of an Æ. coli strain which cleaves the side-chain 
of benzylpenicillin to form 6APA and phenylacetic acid is 
located in the cell wall membrane complex and may take 
part in the synthesis of the cell wall. Furthermore, the 
correlation between the development and the change in 
activity of phenylacetyl glycine and benzylpenicillin acyl- 
ase during the cultivation of E. coli strain Ny 1/3 suggests 
that the same enzyme acts on both these substrates. 
This supports Cole’s idea’! that the same enzyme is 
involved in penicillin and non-penicillin reactions on the 
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Fig. 2. Comparison between the changes of rates of deacylation of 
phenylacetyl glycine and benzylpenicillin during the development of 
E.coli Ny 1/8 cells. GPAA, benzylpenicillin deacylase activity. PhGISA, 
phenylacetyl glycine splitting activity. For each determination 8-60 x 

10-* moles of phenylacety] glycine were used. Initial velocity was caleu- 
lated over 15 min of the reaction, a, PhGISA in cells; b, GPAA ingels; 
é, GPAA in filtrate. @, Result of a determination. For details see text: 
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A New Wide-spectrum Coccidiostat 


Nine species of coccidia are known to parasitize the 
domestic fowl. During the past 25 years a succession of 
drugs has made it possible to control coccidiosis to an 
increasing degree, but until recently no drug was known 
which would effectively suppress all species. Wide- 
spectrum prophylaxis has been most successfully accom- 
plished by the use of mixtures such as amprolium + 
ethopabate + sulphaquinoxaline. We now report the 
discovery that methyl 7-benzyloxy-6-n-butyl-4-oxo-1,4- 
dihydroquinoline-3-carboxylate (I; R, = CH, R, = 
n C,Hy, Ry = C.H;.CH,.0) has prophylactic activity 
against all six important species of coccidia and is more 
than ten times as active as any available alternative 
coecidiostat, 


COOR, 





In the search for wide-spectrum activity, we have for 
several years carried out a screening programme which, 
in the primary stage, used Eimeria tenella, and as a 
convenient representative of the “intestinal” coccidia, 
Eimeria brunetti. During a programme of antibacterial 
synthesis in 1956 another drug (I; R, = C,H;, R, = H, 
EB, = O,H,;.CH,.0) was prepared by Mr W. Hepworth in 
these laboratories. In the course of screening antibacterial 
derivatives during 1964, this compound was found to 
have trace activity against Æ. tenella at a level of 0-1 
per cent in the food, and gave complete control of Æ. 
brunettt with levels down to 0-00156 per cent—activity 
at least as good as that of sulphaquinoxaline. During 
a programme of chemical synthesis, a methyl ester (I; 
Ri = CH; R, = H, R, = C,H;.CH,.0) was prepared. 
Although it showed the same degree of activity against 
E. brunet, it had activity against H. tenella at a level 
of 0-00625 per cent. Further substitution of the molecule 
resulted in the drug (I; R, = CH,, R, = n CH, Ry = 
C.H,-CH,.0) with an almost ten-fold gain in activity 
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against both species. Slightly better activity was evident 
in the drug (I; R, = C,H, R, = n C,H,O, R; = OH- 
CH,.0), and optimal activity was found with methyl 
7 - benzyloxy - 6 -n - butyl - 4 -oxo - 1,4-dihydroquinoline- 
3-carboxylate. During the course of this work we became 
aware of the synthesis in other laboratories of buquinolate! 
(I; Ri = C,H,, R = R, = iso C,H,0), and meticlorpindol?, 
which also appear to have wide-spectrum activity. 

At a level of 0-001 per cent {approximately 10 g/ton) 
in the food, our most active compound has been shown to 
have prophylactic activity against Æ. acervulina, E. 
brunetti, E. maxima, B. mivati, E. necatrix and E. tenella as 
good as or better than 0-0125 per cent amprolium, buquino- 
late, meticlorpindol or zoalene or 0-0145 per cent pancoxin. 
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PHYSIOLOGY 


Migration of Limbal Melanocytes 


RECENTLY, we suggested™? that pigmented melanocytes 
from the limbus of the eye of the guinea-pig could be 
stimulated to enter the basal layer of corneal epitheliurn, 
Within the cornea, normally transparent and colourless, 
the pigmented dendritic cells could be studied in vivo 
and in vitro with little technical difficulty. Our method 
involved topical application of a solution of colchicine 
(0-1-0-01 per cent in saline) to the cornea once or twice 
daily for a week or more. In another experiment a 
solution of alloxan was injected into the anterior chamber 
of the eye. In both cases melanocyte migration oceurred 
after the superficial cornea became vascularized; the 
greater the extent of superficial corneal vascularization, 
the more extensive the melanocyte invasion of the basal 
layer of the corneal epithelium. As corneal pigmentation 
increased, the limbal band became less pigmented. ‘The 
observations seemed to support the concept that mature 
melanocytes (at least the melanocytes from the corneal 
limbus of a mature animal) are capable of migration, and 
that there is a relationship between this movement and 
the underlying neovascularization. It should be made 
clear that the melanocytes in the experimental model were 
not in direct contact with the new vessels; but were 
separated from them by Bowman’s membrane and a 
variable amount of corneal stroma. 

We report some further observations on melanoeyte 
migration and its relationship to corneal vascularization. 
The right anterior chamber of the eye of an adult guinea- 
pig was irrigated with saline and the lens inadvertently 
injured. Within a few days the eye was red and the 
cornea steamy. Vessels invaded the corneal stroma, and 
several days later melanocytes seemed to be migrating 
centripetally from the limbus. The extent of the inward 
migration was slightly less than the extent of superficial 
corneal vascularization, After the animals had been 
anaesthetized with ‘Nembutal’, indian ink was inje&ted 
into the left ventricle of the heart until the corneal vessels 
appeared fully inked. Subsequent examination of flat® 
mounts of the superficial cornea revealed ink&filled ves¢els 





Fig. 1. Photomicrograph of a corneal preparation from a guinea-pig 

(stained with indian ink), Preparation made one month after injection of 

water into the anterior chamber with injury to the lens. Note the inked 

superficial corneal vessels and the overlying pigmented dendritic cells. 
Flat mount, unstained, (x e. 210.) 


and discrete dendritic melanocytes which appeared to 
have migrated from the limbus (Fig. 1). 

Two litters of guinea-pigs (five animals in all), the 
offspring of heavily pigmented animals, were studied from 
birth. Each of the eyes of the neonates had an ill-defined 
limbal pigment band with numerous melanocytes visible 
in the bulbar conjunctiva, but few or no pigmented 
dendritic cells were seen at the periphery of the cornea. 
Superficial vessels were present around the peripheries 
of the corneas in all animals. By the second or third week 
after birth, melanocytes could be seen up to the leading 
edge of the limbal vessels. Shortly afterwards the limbal 
band became heavily pigmented, and eventually the 
vessels were obscured. In addition, an extensive pig- 
mented patch developed over an area of abnormal 
superficial corneal vascularization in one of these animals. 
In this case also the pigmentation extended to, but not 
beyond, the vessels. 

A pregnant guinea-pig was noted to have dense pig- 
mentation of the supero-nasal quadrant of each cornea 
(Fig. 2). Its eyes were otherwise normal, and the corneas 
appeared to be avascular. Following the delivery of her 
litter the animal was killed and indian ink injected into 
the heart. Subsequent examination of each cornea 
revealed a marked plexus of vascular channels, with the 
superficial vessels most prominent in the region of corneal 
pigmentation. One of the offspring of this animal subse- 
quently developed similar areas of corneal pigmentation. 
Melanocytes were noted to migrate into clear corneal 
epithelium over a patch of superficial vessels. The reason 
for the vessel ingrowth is unknown. 

Pigmentary keratitis in dogs has recently been shown 
to be caused, at least in part, by melanocytic invasion of 
the corneal epithelium overlying areas of corneal vascular- 
ization*. 

Human corneas which develop superficial corneal 
vascularization have on occasions become pigmented. 
This has been seen exclusively in Negroes with heavily 
pigmented limbi. Microscopic examination of such human 
material revealed that the pigmentation is caused by 
mdAanocytes which seemingly entered the basal layer 
of corrfeal epithelium at the limbus and had migrated as 


è far centripetally as the newly formed vessels (Fig. 3). 


ePigmente@l melanocytes morphologically identical with 


those seen in theyskin are present in the basal layer of 
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epithelium of the corneal limbi of a variety of species 
including man, dog, cat, rabbit and guinea-pig. They 
are not normally found in corneal epithelium overlying 
avascular corneal stroma in any mammalian species. 
A number of workers, however, claim to have demon- 
strated, by electron microscopy or special silver stains, 
amelanotic melanocytes in normal corneal epithelium*’. 
The presence of such cells is interesting but not particu- 
larly relevant to this discussion, for they cannot be visual- 
ized in vivo. Furthermore, proof that they are capable of 
pigment production even under conditions of corneal 
vascularization is lacking. Vascularization of the super- 
ficial cornea in guinea-pigs with light or absent limbal 
pigment bands did not result in corneal pigmentation, 
and mechanical barriers placed through the epithelium 
and superficial stroma of the cornea of guinea-pigs with 
heavily pigmented limbi halted melanocyte migration but 
not vascularization. 

Thus in situations where there is superficial corneal 
vascularization, pigmented limbal melanocytes seem to be 
capable of migrating into the basal layer of corneal 
epithelium. The ingrowth of vessels always preceded 
the migration of melanocytes. We have now seen this in 
experimental situations, in limbi of the neonatal guinea- 
pig, and in disorders in various species characterized by 
superficial vascular keratitis. The observation that 
melanocyte invasion of the corneal epithelium may some- 





Fig.2. A patch of “idiopathic” corneal pigmentation in a female guinea- 
pig (arrow). Indian ink reveals the plexus of superficial and deep corneal 
vessels. (x e, 10.) 





= 


. 
Fig. 3. Melanocytes in the corneal epithelium of a Negro male with 
keratitis. Flat unstained preparation. (x c. 800.) 
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how be related to underlying vascularization is not new 
and was first pointed out by Redslob*. Whether other 
conditions such as those affecting the skin show a relation- 
ship between melanocyte migration and neovasculariza- 
tion is yet to be determined. 

This work was supported in part by the US National 
Institute of Neurological Diseases and Blindness and the 
US National Institutes of Health. A part of this work 
was carried out in the Department of Pathology, Institute 
of Ophthalmology, Judd Street, London, and I thank Pro- 
fessor Ashton, director of the Department, for his guidance. 
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End-plate Cholinesterase in Dystrophic Muscle 


Tur cholinesterase activity at the motor end-plate of 
dystrophic muscle was investigated histochemically by 
the thiolacetie acid method of Barrnett!, a modification 
of that of Crevier and Belanger’, which results in deposi- 
tion of lead sulphide at the reactive site. A relatively 
quantitative method was developed to study this reaction 
by utilizing varying concentrations of physostigmine 
salicylate, a competitive inhibitor of cholinesterase. 

The muscle tissue was obtained from dystrophic mice 
(strain 129, dydy) and unaffected litter mate controls. 
Excised tibialis anticus muscles were prepared histo- 
chemically for cholinesterase in varying concentrations 
(1 x 10-1 x 10- molar). Two methods were used: expos- 
ure of whole muscle to physostigmine for 15 min, followed 
by the histochemical reaction, then sectioning; and 
exposure of fresh sections (after cryostat preparation with 
freezing) to the inhibitor for 20 min before histochemical 
reaction. 

The reactivity of the fresh muscle sections was the most 
sensitive; total inhibition of cholinesterase activity in 
normal muscle requiring 1 x 10-* molar physostigmine, 
and the dystrophic muscle 1 x 10- molar, a one-hundred 
fold difference. The whole muscle preparation was less 
sensitive, but similar orders of magnitude were obtained: 
total inhibition of cholinesterase activity in the norrnal 
requiring 1 x 10- molar physostigmine and at 1 x 107 
molar an almost complete inhibition of dystrophic end- 
plate reactivity. Comparative results of end-plate counts 
from sections of prepared whole muscle at a concentration 
of physostigmine of 1 x 10-7 molar are presented in 
Table 1. At this concentration, the number of end-plates 
reacting was reduced to about one-third in normal muscle, 
but to less than one-tenth in dystrophic muscle. It should 
be noted that the actual number of end-plates in un- 
inhibited dystrophic muscle is about one-third less than 
that in the control. 

These findings lead to the conclusion that there is 
likely to be a marked reduction in the amount of available 
cholinesterase in this variety of dystrophic muscle, Tho 
effect of this lack could result in inereased acetylcholine 


Table 1. MUSCLE END-PLATE COUNTS FROM SECTIONS AFTER WHOLE MUSCLE 
EXPOSED TO 1x 10°? PHYSOSTIGMINE CONCENTRATION 


Muscle No. of sections No, ofend-plates End-plates/section 
Control uninhibited 10 650 65 
Control inhibited 13 287 22 
DystropMc uninhibited 13 552 42 
Dystrophic inhibited 14 48 3 
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activity at the synaptic junction of the end-plate and can 
be correlated with previous studies indicating increased 
excitability of dystrophic muscle: spontaneous multiple 
action potentials’, shortened refractory period*, prolonged 
tetanic-like responses to nerve stimulation’, delayed 
fatigue reactions with greater resistance and increased 
threshold to fatigue’*, increased time decay constant of 
miniature end-plate potentials’, and hypersensitivity to 
anticholinesterase drugs’. 

This work was supported by a grant from the Muscular 
Dystrophy Associations of America. 
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Effects of Various lons on the Resting and Action 
Potentials of the Giant Nerve Cells of the Leech 
Hirudo medicinalis 


Iw each segmental ganglion of the leech, pairs of colossal 
cells (cell of Retzius) are found and bidirectional electro- 
tonie type of transmission exists between these two 
neurones!:*, The amplitude of the spike is small, in the 
range of 20-30 mV. Because the resting potential of the 
cell is 30-50 mV, no obvious overshoot occurs. It is 
thought that no conduction of impulses occurs in the cell 
bodies of colossal cells". This communication considers 
the effect of various ions on the electrical activity and 
electrical connexion between these cells. 

The ganglion was isolated in physiological saline? and 
its connective tissue capsule was opened in order to expose 
the nerve cells and their glia. Two or three microelec- 
trodes were inserted into the two nerve cells to record 
changes in the potential of the membrane and the trans- 
membrane current. 

Following substitution of sodium by sucrose, action 
potentials were absent (Fig. 14). 

The amplitude of the action potentials was increased 
by addition of barium chloride (10 mmolar) to the saline, 
the normal action potential changing to a prolonged 
action potential of 300-500 msec duration (Fig. 2, 1b). 
Membrane resistance of the cell was decreased as compared 
with its initial value in rest (Fig. 2, la). 

Persistence in the calcium-free solution was a character- 
istic feature of these cells, and electrical activity was 
recorded for some hours. In these conditions resting and 
action potential increased and resting membrane resistance 
of the cell decreased (Fig. 1, B, C). 

The voltage attenuation between the cells in calcium- 
free solution in practice was the same as in normal saline, 
so that the changes in membrane resistance were not caused 
by disturbance of the connexion between these cells (Fig. 
1D). Penn and Loewenstein! have recently pointed 
out that the calcium ion participates in maintaining 
electrical activity between nerve cells. Calcium-free saline 
produces an increase in junctional resistance and upsets 
the synchronous discharge of these neurones. e 

When soaked continuously in a solution free of calcium, 
the cell spontaneously generated prolonged action pdten- 
tials which are smaller in amplitude but greater in Auration 
(5-10 sec) than those in barium solution (Fig. 2; 2, 3, 5).° 
In the initial phase of prolonged action potchtial activity 








Fig. 1. 4,1, 3, Action potentials and anelectrotonic responses in normal 
solution; 2, in sodium-free solution. Current 2x 10" amp. B, 1, Action 
potentials in normal solution; 2, in calcium-free solution (40 min). 
current 2x 10-* amp. C, 1, Spontaneous action potentials (calibration, 


20 mV, 500 msec) and anelectrotonic response (calibration: 20 mv, 

50 msec) in normal solution; 2, in calcium-free solution. D, 1, 3, 

Blectrotonic transmission of rectangular current pulses from cell I to 

cell TL in normal solntion; 2, in calcium-free solution, Current 3 x 10-° 
amp. Calibration, 4, B, D, 20 mV, 50 msec. 
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Fig. 2. la, Changes of membrane resistance during spontancous pro- 
longed action potential in normal solution with 10 mmolar barium 
chloride: 1b, action potentials in normal solution with 10 mmolar barium 
chloride; 2, prolonged action potential in calcium-free EDTA solution; 
3, prolonged action potential in caleium-free solution; 4, depolarization 
ofthe cell membrane in calcium-free solution as & result of an electrotonic 
transmission of the prolonged action potential from neighbourhood cell; 
5, changes of membrane resistance during prolonged action potential in 
calcium-free solution. Calibration, vertical scale, 10 mV for la, 2,3,5 
and 20 mV for 1b and 4; Horizonin] scale: 0 msec for ta and 500 msec 
or 1b, 2, 3, 4, 5. 


the membrane resistance fell, and then rose to a magnitude 
greater than normal. After the activity had ended. the 
membrane resistance returned to the normal value 
(Fig. 2; 5). Prolonged action potential activity was 
electrotonically transmitted from one cell to the other 
so that the electrical connexion between both the cells 
was preserved. 
The development of the prolonged action potential 
was accompanied by a decrease of the spike amplitude and 
a depolarization of the cells. These changes in the electri- 
cal activity of the cells were also observed in calcium-free 
solutions containing ethylenediamine tetraacetic acid. 
In spite of the presence of the glial cells, packed tightly 
around the neurones of the leech, ion diffusion from the 
bathing fluid occurs at a rather high rate". Thus the 
ability of the giant cells of the leech to maintain excitabil- 
ity’ in calcium-free solution, is a result, of the ability of 
membrane lipoproteins to retain calcium in the membrane 
rather than a result of the presence of calcium ions near 
the cel? membrane. It is this bound calcium that is 
* necessary for generation of action potentials®. 
This increase of action and resting potentials in calcium- 
free saline might Pe caused by the activation of the 
s 
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sodium transport’ mechanism’ and by the increase in 
potassium “permeability “of the resting membrane’. 
Solutions low in caleium ions have a similar effect on some 
other excitable membranes’. 
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Possible Mode of Action of a Naturally 
Occurring Cardiotonic Substance in 
Mammalian Tissue 


A CARDIOTONIC substance which can be extracted from 
ox spleen has been described by Cobbin and Thorp‘. 
Methods of purification and some of the chemical prop- 
erties of this material have also been described by Temple; 
Thorp and Gillespie’. The active material has not yet 
been obtained in crystalline form, but it has been purified 
to such an extent that solutions containing 5 pg/ml. of 
such material produce a powerful stimulant action on 
isolated hypodynamic preparations of mammalian cardiac 
muscle in vitro. This substance is not unique to ox 
spleen because it has been isolated from human spleen, 
human blood and from tissues of other species. l 

Two extracts of different degrees of purity were avail- 
able in sufficient quantity for studies to be carried out on 
certain biochemical systems thought to be involved in 
cardiac contractility and shown to be influenced by the 
cardiac glycosides. 
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Fig.1. The percentage uptake of calcium ions by SRF prepared from dog 
cardiac muscle alone (control curve), and in the presence of 5 ving: 
concentrations of s sample of apleen extract (CGS0T) which showed a 
positive inotropic effect on the isolated guinea-pig auricle at 50 ug/ml, 
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Fig. 2. The data used to prepare the curves of Fig, 1 replotted as the 
percentage difference between the percentage of uptake of calcium ions 


in the control preparation and the corresponding values in. the presence 
of three concentrations of the cardiotonie extract, 


It has been shown! that cardiac sarcoplasmic reticulum 
fragments can be prepared from the myocardium of the 
dog which actively take up calcium ions in the presence 
of inorganic phosphate and a system generating ATP. It 
is considered that the uptake and release of calcium ions 
by the sarcoplasmic reticulum constitute a principal pro- 
cess in excitation—contraction coupling. Lee and Choi’ have 
shown that the uptake of calcium ions is decreased by 
concentrations of ouabain which enhance cardiac con- 
tractility, thus creating an elevated concentration of free 
caleium ions within the myocardial cell which results in 
greater force being developed with each contraction. 

We have investigated the effect of the spleen extracts 
on the uptake of calcium ions by sarcoplasmic reticulum 
fragments (SRF), freshly prepared from dog heart, and 
used essentially the same technique as that described by 
Lee, Tanaka and Yu’. In these experiments the incubation 
mixture which we used consisted of 20 mmolar imidazole 
buffer (pH 6-8), 100 mmolar potassium chloride, 3 mmolar 
magnesium chloride, 2 mmolar sodium phosphate buffer 
(PH 6-8) as phosphate, and 10 umoles/l. of calcium made 
up of calcium chloride and “CaCl,. The concentration 
of SRF was 0-5 mg of protein/ml. and 0-1 mg/ml. of 


_ ereatine phosphokinase, 2 mmolar ATP and 6 mmolar 


creatine phosphate were added to start the reaction. 
Samples were taken at various times after the reaction 


© was started and filtered through ‘Millipore’ filters (0-45y. 
porosity), thus removing the SRF and allowing the 


estimation of free calcium ions in the filtrate from which 
the percentage of uptake of calcium ions was calculated. 

The results obtained with an extract, CG507, which had 
& potent inotropic action on the isolated guinea-pig 


‘auricle at 50 ug/ml., are reproduced in Fig. 1. This shows 


the rate of uptake of calcium ions plotted against time 
for three concentrations of the sample. It will be seen 
that there is a delay in uptake which is dependent on the 
dose and the effect is most clearly seen 2 min after the 
start of the reaction. 

Fig. 2 shows the same data expressed as the percentage 
inhibition when the uptake of the control incubation 
mixture is taken as 100 per cent for each point on the 
curve. This figure shows more clearly that the inhibitory 
effect of the extract increases with incubation time and 
reaches a maximum between 1 and 2 min. The degree of 
inhibition correlates with the concentration used. 

Further evidence that the potency of the inhibitory 
effect on the uptake of calcium ions by SRF parallels that 
of eardiotonic activity is shown in Fig. 3, which gives the 
results obtained with two samples isolated by the same 
chromatographic purification but differing in cardiotonic 
potene¥ on isolated heart muscle preparations. CG50T is 
the sample used in the experiments of Fig. 1. whereas 
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RM 42 is a more active fraction having a potency of e 
about three times as great on the isolated auricle’ pre- 
parations. Each point represents the mean of three 
experiments and it will be seen that the potency of 
sample RM 42 is between two and three times greater 
than that of sample C@507 in inhibiting uptake of 
calcium ions by SRF, The inhibition of the net uptake 
of calcium ions by this substance can be brought about 
by: (1) an inhibition of the influx of calcium ions; (2) an 
increase in the efflux of calcium ions; or (3) both of these 
effects, 
Fig. 4 shows that the effect is reversible and the decrease 
in net uptake of calcium ions mainly results’ from an 
inhibition of the influx of calcium ions with little if any 
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Fig. 3. The uptake of calcium ions by cardiac sarcoplasmic reticulum 
fragments (dog) in varying concentrations of two samples of spleen 
extract. Results are expressed as a percentage of the uptake of caleium 
ions in the absence of this substance. All figures were obtained 2 min 
after the reaction commenced, at which time the effect is most apparent. 
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Fig. 4. Total uptake of calcium ions by cardiac sarcoplasmic reticulum 
fragments (dog) at progressive intervals of time (control). At point A 
two aliquots were removed and EGTA was added to one and EGTA © 
together with the extract (RM 42) to the other. The EGTA blocks the 
nfinx of calcium ions so that the total uptake of calcium®ons decays a 
the ions leave the SRF. No significant effect is show# by spleen extract, - 

on the rate of efflux of calcium@ons. e 
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e change of the efflux of calcium ions. In this experiment 


an incubation mixture was prepared without the addition 
of the extract and the uptake of calcium ions was followed 
for 15:min and the results obtained are shown by the 
solid line curve marked “control”. After 5 min, at point A, 
two aliquots of this mixture were removed. To one portion 
a small volume of EGTA (ethyleneglycol bis (@-amino- 
ethylethor)-N,N’-tetraacetic acid) was added to give a 
final concentration of 2 mmoles/I. To the other was added 
the same concentration of EGTA containing extract 
RM 42 (in a final concentration of 20 yg/ml.), the more 
potent of the two samples compared in Fig. 2. It will be 
seen that the rate of efflux of caleium ions was similar in 
both eases; the difference between the two curves is 
well within the limits of errors of technique. 

Several experiments were performed using SRF pre- 
pared from rabbit skeletal muscle. The reaction mixture 
was similar to that previously described with the excep- 
tion of an increased concentration of calcium ions (30 
umoles/l.). No inhibition or delay in the uptake of 
calcium ions was seen in the presence of this substance 
compared with the controls although the same, CG50T, 
was used in concentrations of 20, 50 and 100 pg/ml. 
These experiments were repeated in a preparation of 
SRF from dog skeletal musele and again no significant 
inhibition of the uptake of calcium ions was seen. 

Experiments were performed to study the effects of the 
extract in the presence and absence of adrenaline to 
investigate possible interactions between these two cardiac 
stimulant substances. A constant concentration was used 
(10 ug/ml. of sample RM 42) together with adrenaline 
concentrations of 10-7 and 10-* moles/l., which alone 
produced no effect on the uptake of calcium ions by SRF. 
The results obtained in each case did not differ signifi- 
eantly from those obtained with 10 ug/ml. of the extract 
alone, so that adrenaline in these concentrations neither 
enhanced nor decreased the action on the uptake of 
ealcium ions by cardiac SRF. 

In these experiments the tissue extract produced a 
clear and easily reproducible inhibition of uptake of 
calcium ions by sarcoplasmic reticulum fragments from 
heart muscle. The effect: was reversible, dose-dependent 
and paralleled the inotropic potency of two samples on 
isolated cardiac tissues. This inhibitory effect was not 
observed in preparations of sarcoplasmic reticulum frag- 
ments from skeletal muscle. It seems probable that this 
substance plays a physiological part in regulating the free 
calcium ions within the cardiac cell in such a manner as 
to increase myocardial contractility. 

We are indebted to Dr Diana M. Temple, of the Smith 
Kline and French Institute of Pharmacology, University 
of Sydney, for supplies of the spleen extract, and to 
Mr Howard Barbarosh for his technical assistance. 
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BIOLOGY 


Temperature Dependent Leaf Morphogenesis 
in Ranunculus flabellaris 


INDIVIDUAL plants of the amphibious buttercup species 
Ranunculus flabellaris Raf. are known to produce leaves of 
differing morphologies in response to differing environ- 
ments. Leaves produced in the aquatic phase are highly 
dissected, while terrestrially produced leaves are less 
dissected or simply trilobed. Bostrack and Millington! 
have demonstrated that of the environmental variables 
to which the plants are normally exposed, changes in 
temperature produce the greatest changes in leaf morpho- 
logy. An increase in leaf dissection occurs with a decrease 
in temperature. Similar observations have been made by 
Bauer? and Fisher? in taxonomically diverse aquatic and 
terrestrial species of Ranunculus. 

Eleven clones of R. flabellaris were established, each 
of six ramets. One ramet of each clone was grown in 4 
terrestrial environment, and the remaining five in aquatic 
environments at temperatures of 8°, 13°, 18°, 23° and 
28° ©. A common artificial light source was used for the 
aquatic tanks. The terrestrial plants were raised in a 
greenhouse under existing light intensity and photo- 
period. Although the plants may be raised in culture 
tubes in a defined medium, pot culture was used in this 
study. 

After 60 days of growth, the most recently produced 
fully mature leaf on each plant was measured. The general 
morphology of leaves produced under the various treat- 
ments is shown in Fig. 1. The basic tripartite leaf shape 
remains consistent throughout the treatments, but a 
change in both size and dissection is readily seen. Quanti- 
tative measures of these two characters (taken as blade 
length and lobe number) are given in Fig. 2 as trial 1. 
Following the first set of measurements, the plants were 
rearranged by moving two plants from each tank to each 
of the other tanks so that each clone and each treatment 
were represented in each tank. At this time the means of 
the characters measured would be approximately equal 
in each tank. After another 60 day growth period, leaf 
measurements were made in the same manner (Fig. 2, 
trial 2). Analyses of variance show that in nearly all 
cases the differences between points on each curve are 
significant at P < 0-005 for both characters. The exceptions 
occur near the ends of the curves where the limit of 
flexibility is being approached. In only one instance 
(blade length at 23° C) is there a significant difference 
{P <0-01) between the two trials at the same temperature. 

Large, readily quantifiable, differences in leaf morpho- 
logy are observed with a relatively small change in an 
ecologically significant environmental variable. Further- 
more the relation between environmental change and mor- 
phological change is approximately linear over a wide 
range of temperatures. The number of intermediate leaves 


Fig. 1. Silhouettes of leaves of ramets of a single clone of R, fibellaris 
grown in the terrestrial phase () and submerged at temperatures of 
&°, 18°, 18°, 23°, and 28° ÇC. 
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Fig. 2. Mean leaf blade length and mean lobe number plotted against 
temperature. Open circles, trial 1; solid circles, trial 2, Broken lines, 
lobe number; solid lines, blade length. 


produced following a change in temperature is consistent 
with the number of leaf primordia in the bud. The effect 
of past environments is rapidly lost. These suggest a 
relatively simple relationship between a change in environ- 
ment and morphological change (presumably mediated 
by some physiological change). A similar array of leaf 
morphologies is produced by varying the temperature in 
plants which are not submerged. Because the tempera- 
ture of the aquatic leaves approximates ambient tempera- 
ture more closely than does that of the terrestrial leaves, 
the morphology of an aquatic leaf is more dissected 
than a terrestrial leaf produced at the same tempera- 
ture. 

The standard explanation for increased leaf dissection 
in aquatic plants or aquatic leaves of amphibious plants 
is that the surface to volume ratio is inoreased to facilitate 
gas diffusion. That leaf dissection is also increased with 
decrease in temperature in aquatic, amphibious and 
terrestrial species of Ranunculus suggests a similar 
facilitation with temperature reduction. Critical studies 
to demonstrate that gas exchange is a limiting factor at 
reduced temperatures and/or during submergence, and 
that an increase in dissection reduces this limitation, have 
not. been made. 

This investigation was supported by a grant from the 
US National Science Foundation. 
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Mouthparts of the Biting and Blood-sucking 
Type in Tanyderidae and Chironomidae 
(Diptera) 

Is the Diptera fully mandibulate mouthparts adapted 
to penetrate the skin and ingest the body fluids of the 
host have been recognized in only seven families, the 
Culicidge (mosquitoes), Simuliidae (black flies), Ceratopo- 
gonidae (biting midges), Psychodidae (sandflies), Blepharo- 
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ceridae, Tabanidae (including horseflies) and Rhagion- 
idaet?. The mouthparts of these forms are eo-adapted 
and specialized in relation to the mode of feeding, but 
morphologists have shown that all the main elements 
of the typical insect mouthparts are present and show in 
particular a rather close resemblance to those of certain 
members of the ancient order Mecoptera!*, In other 
Diptera, however, the mandibles have not been recog- 
nized (except in two groups adjacent to the Culicidae, 
and another near the Tabanidae, where they are present; 
in a non-functional form); and although some ean take 
blood in various ways, the majority are restricted to 
already exposed liquids, such as decaying organic material 
and nectar. The families listed do not form a single 
compact group but seem to represent relatively primitive 
stocks on several lines of descent, and this is recognized 
by their rather scattered placement in most classifica- 
tions‘. It has been proposed therefore that they repre- 
sent the primitive condition, surviving in several different 
stocks but lost by reduction in most Diptera’. 

We can now add two more families to this list, the 
Tanyderidae and the Chironomidae. The new discoveries 
agree well with the outlook presented here and tend to 
confirm it. The Tanyderidae are a relict family with a 
very discontinuous distribution, chiefly in the southern 
hemisphere, and are recognized on various anatomical 
grounds as among the most archaic of existing Diptera®; 
at the same time they are not decisively associated 
with any of the other biting fly groups. The Chironomidae 
are probably related to the culiciform families of biting 
flies, yet hitherto they presented a large assemblage of 
genera all of a non-biting type and all lacking the mand- 
ibles. It now appears that mouthparts of the more 
primitive type persisted, along one line at least, to within 
the limits of the family as normally understood. 

The first hint that the Tanyderidae are essentially 
biting flies was given by Crampton’, who noted, without 
further comment, that mandibles are present in the pupa 
of the North American species Protoplasa fitehii O.S. 
No mention of the mandibles was made, however, in an 
anatomical examination of the adult’. Nevertheless, 
we are now able to say that they are present as clearly 
developed, although small and unarmoured, structures of 
about the same size as in Diva (one of the genera related 
to the Culicidae referred to above, with small non-funce- 
tional mandibles)* or rather smaller than those of a 
secondarily non-biting black fly such as Cnephia dacotensis 
Dyar and Shannon”. The observation suggested that 
other Tanyderidae might have more fully developed 
mouthparts and an examination of the Australian species 
Radinoderus occidentalis Alex. showed that this is indeed 
the case. In this species the mandibles and the laciniae 
are both broad thin blades, the mandibles have an arma- 
ture of very fine closely set teeth down the inner margin, 
and the mouthparts as a whole form a rather short pro- 
boscis which projects forwards rather than downwards, 
It is difficult to make any suggestion as to the probable 
host or method of attack. 

Shortly after this observation, two specimens of a 
chironomid with an unusually elongate proboscis were 
detected in a collection from Western Australia. This 
species also proves to have fully developed mouthparts. 
The mandibles are strong, sclerotized blades armed with 
about seven well spaced teeth, graded in size; the lacinia 
is similar in size but unarmoured and only weakly sclerot- 
ized. In these features it resembles Ceratopogonidae 
such as Palpomyia and Bezzia which feed by piercing the 
cuticle and sucking the body fluids of other small insects?*; 
in Ceratopogonidae which attack vertebrate hosts (fr 
example, Culicoides, Leptoconops) and also in the black 
flies, on the other hand, the mandible has a more nymerous 
row of small, even and closely set teeth, and the lacinia is e 
sclerotized and armoured. This remarkable farm evidently 
belongs to an undescribed genus, but epart from fhe 
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structure, of the mouthparts it falls clearly within the 
Chironomidae and shows affinities with the Podonominae. 
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GENETICS 
Genetics and Cytology of Phytophthora 


GENETIC data concerning the important plant pathogen 
Phytophthora have been lacking because of the difficulty 
in germinating oospores of this fungal genus. The dis- 
covery of mating types in Phytophthora infestans’ and in 
other species of the genus has permitted the examination 
of segregation of various factors if the sexual spores can 
be germinated. This report concerns inheritance and 
the condition of the nucleus in Phytophthora drechsleri. 

We used two sexually compatible strains of the pathogen 
isolated from diseased pepper plants in Chapingo, Mexico 
(culture 6500-Al mating type and culture 6503-A2 mating 
type). The cultures are classified tentatively as P. 
drechsleri, because they do not fit all the characteristics 
for this species as considered by Waterhouse? and may 
be subject to taxonomic revision later. 

Genetic markers which we selected for use were mating 
type, self-repulsion (R) and self-stimulation (S) reactions 
produced when two or more colonies of the same strain 
were grown in the same plate, type of mycelial branching 
and ability or failure to produce a brown pigment on 
peptone—beef extract medium. 

Oospores were obtained by pairing the two compatible 
strains on plates of V-8 agar-—300 ml. of Campbell V-8 
juice plus 4 g of calcium carbonate centrifuged at 3,000 
r.p.m. for 15 min. To the supernatant, 800 ml. of water 
and 20 g of agar were added, and the oospores were incu- 
bated at about 21° C with alternating light and dark. 
When. oospores were 14 days old or more, agar cultures 
were blended in a Waring blender, oospores were separated 
from mycelium by filtration and were transferred into 
demineralized water. Germination in these conditions 
usually occurred within 24-48 h; most oospores germin- 
ated directly. 

No phenotypic segregation seemed to appear from single 
oospores. Each oospore that germinated by formation 
of a sporangium produced monozoosporic cultures of the 
same phenotype. Each oospore that germinated directly 
produced a mycelium from which single zoospores pro- 
duced colonies of the same phenotype. Evidence of 
genetic recombination, however, was found among the 
phenotypes of the single oospore colonies. Of 126 single 
@ospore colonies, twenty-one were like one of the parents 
with Al mating type and self-stimulation reaction, 
formty-three were like the other parent (A2 mating type, 
self-repulsion reaction) and sixty-two were recombinants 
(forty with AI/R and twenty-two with A2/S). The 
fasquency ef recombination between mating type and 
wpulsion/stimblagion was 49 per cent. 
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In addition to the phenotypic recombinants, new types 
were also observed in colonies derived from the germinated 
oospores. These included a colourless colony from a cross 
between two brown strains, some neuter and some homo- 
thallie colonies from the cross between the two hetero- 
thallic strains, and cultures forming papillate sporangia 
from a cross between two non-papillate strains. 

“ytological observations in conjunction with these 
genetic investigations of pairing the two strains showed. 
that features of thenuclear division in the gametangia 
were different from those of nuclei inthe mycelium. There 
was indication of pairing of chromosomes, chiasmata 
formation and reduction in chromosome number suggest- 
ing that meiotic divisions might be occurring in the 
gametangia. The most frequent number of chromosomes 
observed was eight, arranged usually in four pairs. 

The cytological and genetic data could indicate either 
diploidy in the vegetative thallus or a haploid condition 
in which all but one of the nuclei disintegrate after the 
first meiotic division in the oospore, resulting in lack of 
segregation. The first hypothesis follows that of Sansome, 
who presented cytological evidence of diploidy in Pythium 
debaryanum and Phytophthora cactorum’. Further data 
are needed in order to determine the haploid or diploid 
condition of the thallus of Phytophthora, so that it will 
be possible to understand the mechanism which inhibits 
the segregation of progeny derived from single oospores. 
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CYTOLOGY 


Cytolysomes in Long-dormant Plant 
Embryo Cells : 


Durina an investigation of the ultrastructure and 
physiology of dormant plant embryos, it was thought 
of interest to examine the fine structure of embryos 
maintained in a dormant state for an abnormally long 
period by withholding the necessary stimulus for resump- 
tion of growth, in this particular case by chilling for a 
period at 5° C. 

Seeds of Fraxinus excelsior require a period of moist 
storage at about 20° C while the embryo completes its 
growth to full size within the seed. Even after full size 
is attained the seeds remain completely dormant unless 
chilled at approximately 5° C for 4 months'. The embryos 
used in the experiment reported here were excised from 
seeds held fully imbibed with water at about 20° C for 
22 months, an abnormally long period, during which time 
none of the seeds germinated. That the seeds were still 
viable was shown by the resumption of growth of the 
excised embryos after thorough leaching in. water’. 
Specimens were prepared for electron microscopy by 
removing 0-5 mm from the radicle tips and fixing for 2 h 
in 3 per cent glutaraldehyde buffered at pH 7-2. After 
post-fixing for 2 h at 0° C in 1 per cent osmium tetroxide, 
also buffered at pH 7-2, the specimens were embedded in 
‘Araldite’, sectioned and stained with lead hydroxide. 

Compared with similar sections from embry@s which 
had just attained maturity before chilling in the normal 
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way, the cells appeared to contain less food reserve. Some 
mitochondria had attained enormous sizes, being in some 
cases 5 or 6u in diameter, compared with the normal 
average of 0-84 diameter. These massive mitochondria 
had developed very complex systems of internal mem- 
branes. 

In addition certain complex structures of about 5-8 
diameter were found in many of the cells (Fig. 1). These 
consisted of a concentration of cytoplasmic organelles 
such as mitochondria, lipid bodies, endoplasmic reticulum 
(both smooth and granular), protein bodies and various 
small vesicles, while the ground cytoplasm contained many 
free ribosomes. These amassed organelles were com- 
pletely enclosed by a double limiting membrane without 
attached ribosomes. In some cases, the enclosed organelles 
appeared normal but in other cases appeared in various 
stages of degeneration. 

To my knowledge similar structures have not previously 
been described in plant cells, although many investigators 
have reported their presence in animal cells, where they 
seem to develop in large numbers as a result of pathologi- 
cal conditions produced by lethal doses of X-rays’, alco- 
holism’, and various substances, such as detergents, 
introduced into the tissues‘. The structures have been 
given various names, including cytosegresomes, cyto- 
lysomes, and autophagic vacuoles, and are considered to 
be related to the lysosome group of organelles, mainly 
because they contain hydrolytic enzymes. Ericsson and 
Trump’ have used the term “eytosegresome"™’ to indicate 
bodies surrounded by one or two membranes in which 
recognizable cytoplasmic organelles, often showing de- 
generative changes, are segregated. On the other hand. 
most workers*:? use the term ‘eytolysome”’ to designate 
such a structure. 

It has been shown that these structures in animal cells 
give a strong positive reaction in the Gomori test for acid 
phosphatase. Similar tests were carried out in the 
present investigation by incubating glutaraldehyde-fixed 
embryo tissues in unmodified Gomori medium with 
glycerophosphate as the substrate at pH 5-0 and 37° C 
(ref. 6). The tissues were then dehydrated, embedded and 
sectioned in the usual way. 

Strong positive reactions were seen in cells from tissues 
incubated for about 10 min or longer, showing the presence 
of acid phosphatases immediately outside the cell mem- 





Fig. 1ẹ Electron micrograph of cytolysome-like structure in radicle 


meristem cell of deeply dormant embryo. 


M, Mitochondrion; O, lipid 
y; P, protein body, 


( x 13,500.) 





Fig. 2. 


Heavy deposit of lead phosphate in cytolysome-like body in the 
Gomori test for acid phosphatase. (x 12,700.) 


brane but within the cell wall, on the membranes of most 
of the lipid droplets and certain of the protein bodies. 
Heavy deposits of lead phosphate were found in the com- 
plex bodies described above (Fig. 2). 

It thus appears that morphologically and cytochemically 
these bodies might be described as cytolysomes. Their 
appearance in the tissues of plant embryos maintained 
in a dormant state for abnormally long periods of time is 
probably correlated with the development of a patho- 
logical condition, as found in animal tissues. On the other 
hand, while cytolysomes are present in apparently normal 
animal cells and greatly increase in number during the 
development of a pathological state, they are not numer- 
ous in the long dormant plant embryo tissue investigated, 
and as yet have not been demonstrated in normally 
developing embryos. 
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Single Chromosome Affinities in the A Genome 
of Avena 


THE limitations of conventional genome analysis have been 
widely recognized in recent years. This is particularly 
true in polyploids and when the degree of divergence in 
originally homologous genomes incorporated into different 
species is being measured. The accuracy of assessment 
could be improved, however, if affinities as revealed by 
the pairing behaviour between single chromosomes coud 
be analysed. A procedure allowing such analysis was 
designed and the method and the results obtainede are 
reported here. s 
Although the strigosa group (hirtula, wiestii and brevis)® 
of diploid species of Avena is generally accepted as baing 
the donor of the A genome of the hpxeploid species’, 


. 
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e the almost complete bivalent pairing in the amphiploid 


A. hirtulax A. sativa (2n=56) suggested homoeologous 
rather than. homologous relationships between the Ag 
genome of hirtula and the A genome of the hexaploid 
sativa®, The divergence need not be great if an effect 
analogous to that of 5B in wheat is operative in hexaploid 
Avena’, 
trivalents formed by the hirtula chromosomes and their 
corresponding genome when the A. hirtula-sativa amphi- 
ploid. was backcrossed to A. sativa. This hybrid contained 
the complete sativa complement in diploid condition and 
the haploid set of hirtula (2n= 49). From the progeny of 
this hybrid we were able to isolate 2n=43 chromosome 
lines in which six of the possible seven hirtula chromosomes 
were added to the sativa complement. The added chromo- 
somes were identified in root-tip preparations by their 
morphology with the aid of the standard idiogram'. 
These were confirmed by the shape and size of the lagging 
chromosome at first and second anaphase. 

These addition lines provided a unique opportunity 
to study the degree of homology at the single chromosome 
level. Because each addition line could be considered as 
being more or less trisomie depending on the level of 
divergence of the A genome chromosomes involved, the 
frequency of the trivalent was used as a measure of 
homology. A trivalent was formed in only 7-7 per cent 
of pollen mother cells (PMCs) scored in the addition lines 
(Table 1). A 2xn contingency chi-square test gave a 
Zio) value of 27-690 (P< 0-001). Some hirtula chromo- 
somes are able, therefore, to pair more regularly 
with their corresponding homoeologues in sativa than 
others. This is readily seen by comparing the expected 
and observed distributions (Table 1). Individual chi- 
square tests have shown that the chromosome designated 
as SAT 2 is the least homologous with its equivalent pair 
in sativa. A nearly significant decrease in homology was 
found for chromosomes SM 5 and SM 6, whereas chromo- 
somes SAT 1, M 4 and ST 7 were the least diverged. For 
the purpose of comparison, the frequencies of trivalents 
in a primary trisomic series of A. strigosa are also shown in 
Table 1 (Rajhathy and Dyck, unpublished data). A 
2xn contingency chi-square on these primary trisomics 
(7746 = 8-274, P=0-50) revealed that there were no 
significant differences among the seven chromosomes in 
their ability to form trivalents. Moreover, in the primary 
trisomies 48-5 per cent of the PMCs scored had a trivalent, 
an increase of about six-fold over the addition lines. 


Table 1 
Genotype 


CHROMOSOME PAIRING IN PRIMARY TRISOMICS AND ADDITION LINES 


Strigosa primary trisomics 
Qn= 15 


Addition lines 
Ba = 43 
Number ofeels Number ofcells Number ofeells Number of cells 


Chromo- with a without a witha without a 
some trivalent trivalent trivalent trivalent 
Ex- Ob- Ex- Ob- Ex- Ob- Ex- Ob- 
pected served pected served pected served pected — served 
KATI 8914 47 B686 29 18:59 18 242A 243 
ZATZ 4017 33 8783 45 28:13 9 366-87 386 
M3 Ba 11 36 35°89 38 wame e ~ soo 
M4 40-68 42 88-32 37 18-45 19 240-55 240 
SAL 5 4738 46 44-62 46 10-61 18 120-30 131 
SMG 6386 60 60-14 64 22-48 31 261-57 2R4 
ATT 39-65 45 3735 32 22-78 26 271-22 204 


The trivalent frequency in the primary trisomics is an 
accurate assessment of the pairing ability of the chromo- 
somes when each in turn is represented by three complete 
homologues. The groups of three chromosomes in the 
addition lines consist of a pair of complete homologues 
representing the A genome of sativa and the single added 
chromosome from the Ag genome of hirtula. In the 
primary trisomics the competition for chiasmata to form 
the trivalent takes place among fully homologous chromo- 
somes, whereas in the addition lines the added hirtula 
chromésome is at a disadvantage in competing for chias- 
mata against the equivalent homologous pair. The 
raptricted namber of pairing blocks of the added chromo- 
spme relative to jts equivalent homologous pair reduces 


* 
e 


This was also borne out by the low frequency of 
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the ability of the former to associate and to torm a 
trivalent. This was borne out by the large difference in 
trivalent frequency in the primary trisomic and addition 
lines. Although there is no direct evidence at present for a 
5B type system in polyploid oats, the almost complete 
lack of homoeologous pairing in a polyhaploid® strongly 
suggests that the differentia! affinities are enhanced by 
an analogous effect. If the A, and A chromosomes are 
homoeologous, therefore, the possible effect of the other 
two hexaploid genomes in reducing trivalent pairing 
cannot be ignored. It may be concluded, however, that 
so far as pairing properties are affected, the different 
chromosomes of the Ag and A genomes have diverged at a 
differential rate. 

This work was carried out while the senior author held a 
National Research Council of Canada postdoctorate 
fellowship, which is gratefully acknowledged. 
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Aggregation in vivo of Cultured Aortic Cells 
of Adult Rabbits 


THE aggregation of dissociated cells was first noted 60 
years ago% Since then, about 150 reports on this phen- 
omenon have been made®. Adult cells were used only 
once’, and for all other studies embryonic cells were used. 
All the observations carried out until now were made im 
vitro, on cells growing in nutrient media, under special 
conditions*. Primary adult cultures were not used, nor 
was arterial tissue used for recombination studies. 

We used aortic explants of normocholesteraemic rabbits, 
weighing 3-3:5 kg, for in vitro cultures in Eagle’s basic 
nutrient enriched with L-glutamine and 15 per cent calf 
serum, Cultures were observed for 3 weeks to allow the 
slowly growing smooth muscle cells? to join the faster 
geowing fibrocytes and endothelial cells’. The presence of 
these cell types and the absence of lipophages were verified 
by examining hanging drop preparations, unstained slides 
under light and phase contrast illumination, and variously 





Jn vivo aggregation of dispersed adult rabbit aorte cells, 


Fig. 1. 


Haematoxylin-cosin stain, (x e. 185.) 
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stained slides. The cells were identified by well established 
criteria’. 

After trypsinization of the primary arterial culture 
population, cells were resuspended in physiological saline 
and transferred to diffusion chambers. No attempt was 
made to ascertain the exact number of cells. 5,000-10,000 
cells suspended in 0-3 ml. of physiological saline were 
injected into each diffusion chamber through a side-hole 
of the plastic ring, which was later sealed with nylon 
thread. The chambers were constructed from a plastic 
ring 2 mm high, 15 mm in outside diameter and 10 mm in 
inside diameter with ‘Millipore’ filter papers of 0-45, pore 
size 13-8 mm in diameter cemented to both ends. The 
chambers were implanted subcutaneously into serologic- 
ally compatible littermates of the donor rabbit. 

The recipient rabbits were divided into two groups: 
one received rabbit chow; the other received, in addition 
to the chow, one egg yolk and 1 g of powdered cholesterol 
(Merck) each day. After 3 weeks, the blood serum chol- 
esterol of the control group was within normal limits; the 
fluid within empty chambers had the same cholesterol 
concentration as the serum. Within 3 weeks, the blood 
serum cholesterol of rabbits fed yolk and cholesterol rose 
from an average of 85 mg/100 ml. at the onset of the 
experiments to an average of 1,640 mg/100 ml.; the con- 
centration of cholesterol in the chamber fluid rose, on the 
average, to 312 mg/100 ml. All chambers were removed 
3 weeks after implantation. They contained a soft, 
greyish-white, tenacious matrix with a few solid strands. 

The strands were removed from the chambers and were 
processed for microscopic examination. The cells were 
arranged in distinctly separate layers. The broad middle 
layer contained spindle cells surrounded by a collagenous 
ground substance. On one or both surfaces there was a 
thin layer of flat cells which greatly resembled the inner- 
most intima of a rabbit aorta. The proportion of the 
widths of the two layers with distinctly dissimilar cell 
types was about equal to the proportion of the intima and 
the media of the normal rabbit aorta. Nowhere was there 
fusion of the two layers (Fig. 1). 

The thin surface layer consisted mostly of cells arranged 
in single file. In some areas, in chambers retrieved from 
hypercholesteraemie rabbits, these cells were arranged in 
two, three or more layers. In such chambers, the cells 
were larger and their cytoplasm had a loose texture. 
While the cells from the single layer resembled endothelial 
cells, the cells from the thickened patches resembled foam 
cells. Occasionally, clusters of cells had proliferated above 
the surface in a verruca-like fashion (Fig. 2). Indeed, a 
new type of cell—in addition to those transferred to 
chambers—grew in vitro when the material was trans- 
ferred from diffusion chambers to T-flasks. 





Fig. 2. gCell population from an area of proliferation of the outer layer of 


the aggregate. Endothelial cells and fat-bearing cells. (The “spindle” 
cells are endothelial cells “oa oaae nos fibrocytes.) Giemsa stain. 
xe, "i 
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Fig. 3. In vivo aggregation of adult rabbit aortic cells, In the thickened 
spindle cell layer is cartilage formation; in the flat cell layer, intracellular 
lipid. Haematoxylin-eosin stain. (xe. 400.) 





Fig. 4. Cell population after transfer of the contents of a diffusion cham- 
ber removed from a Fre ied ic rabbit to in vitro culture. The 


small, dark round cells stain with oil red O. Unstained. (xe. 1,650.) 


The spindle cells of the broad portion of the aggregate 
were mostly arranged in multiple tiers parallel to the 
surface layer of flat cells, imitating the lamellar archi- 
tecture of the aortic media. The microscopic appearance 
of the spindle cells was not uniform. Some had the 
characteristics of fibrocytes. Others were possibly smooth 
muscle cells. In the trichrome stain (Pollak) this layer 
accepted the red colour considered characteristic for 
muscle. Positive staining with acid fuchsin (Van Gieson) 
suggested the presence of abundant collagen. No elastic 
fibres were seen. In some segments of these aggregates, 
the cells had lost their polarity and seemed to fan out 
from a central core. In this core there was a whirl of 
collagen with either spindle cells or chondrocytes (Fig. 3). 
(The total number of experiments—forty-eight—was too 
small for statistical analysis.) This phenomenon causcd 
thickening of the layer to about twice the width of the 
neighbouring sectors of the aggregate. The accumulation 
of endothelial-like cells into several layers and the 
appearance of fat-bearing cells were especially noticeable 
above areas of cartilage in the broad portion of the 
aggregate. 

To check the viability of the cell aggregates, the con- 
tents of some chambers were transferred to cultures ® 
vitro. After 8 days, the cells had dissociated spontaneoysly 
(Fig. 4). Typical endothelial cells and mature, triangular 
fibrocytes were present. Many young, slender fibrocytes 
indicative of active propagation were see In 8 day 
cultures smooth muscle cells and chondrecytes were fot 
identified. (In primary in vitro cultutes of rabbit arfa 


. 
. 
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> smooth muscle cells were never seen before the. sixteenth 
-day and were rarely seen before the twenty-first day*.) 
In the material from hypercholesteraemie rabbits there 
were, in addition to the other cell types, lipid-bearing 
cells. The number of endothelial cells was relatively 


smaller than in the primary cell populations injected into 

the chambers. In hanging drop preparations the lipid- 
laden cells had the typical burr-like appearance and the 
“projectile motion of lipophages’. 

The observation of in vivo aggregation of primary 
cultures of aortic cells of adult rabbits offers many oppor- 
tunities for expansion and modification of the experiment. 
Optimal conditions have yet to be determined. In vitro 
re-aggregation has yet to be attempted for comparison 
with the described in vivo re-aggregation. Trials to 
enhance, modify or delay aggregation and transformation 
of cells are warranted. 
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HAEMATOLOGY 


Reduction of Platelet Adhesiveness by 
Adenosine Diphosphate and Triphosphate 


Tue aggregation. of blood platelets by adenosine diphos- 
phate (ADP) has been amply demonstrated in vitro? 
and in vivo*, but so far as we are aware there have been 
no reports on the in vivo effects of ADP or related com- 
pounds on platelet adhesiveness measured in vitro. 
Because ADP clumps platelets in vitro and produces 
thrombocytopenia and microthrombi in vivo it might be 
expected to increase adhesiveness, but in the experi- 
ments reported here it, and adenosine triphosphate 
(ATP), actually reduced adhesiveness. 

In these experiments adult rabbits (New Zealand 
White strain) of either sex were used. They were not 
anaesthetized nor did they receive an anticoagulant. 

The compounds studied were ADP, ATP, adenosine 
monophosphate (AMP) and adenosine. For parenteral 
administration the appropriate compound. was dissolved 
in saline free from pyrogen and either infused (0-29 ml. l 
min) into an ear vein or injected intramuscularly into a 
hind leg. For oral administration, the compound was 
contained in gelatine capsules. 

In all the experiments, three or four blood samples, 
each about 2 ml., were drawn from an ear artery into 
disposable syringes just before administration of the 
compound: other samples were obtained at intervals 
thereafter. In the infusion experiments samples were 
taken also during administration. Platelet adhesiveness 
was measured by the following modification of Hellem’s 
method, The syringe needle was discarded and about 
0-5 inl. of the blood sample was transferred to a poly- 
syrene tube containing 2 .mg of dipotassium ethylene- 
diamine tetraacetate (K,EDTA). The syringe was then 
corhected to the lower end of a vertical polythene tube 

. containing 0-75 g of glass beads (0-56 mm diameter), and 
the blood was expelled at a constant speed through the 
gl#ss-bead edlumn into a second tube containing K,EDTA. 


The contact tithe gvas 10-11 sec and the collection time 
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30 sec. Platelet counts were determined electronically 
by Williamson's method’ on the blood before and after 
it had been passed through the column; the difference, 
expressed as a percentage of the first count, was termed 
“the adhesiveness”. 

In the studies in which thrombocytopenia was sought 
a syringe needle was inserted in an ear artery and blood 
was allowed to drip into tubes containing K EDTA. 
About twelve samples were collected through the same 
needle during the first 2 min of the infusion, which lasted 
10-60 min. 

ADP infused in concentrations from 5 x 10 to 
10-2 moles/l. produced a marked but fleeting thrombocyto- 
penia and reduced platelet adhesiveness throughout the 
infusion, irrespective of its duration. Saline alone did not 
affect the platelet count or the adhesiveness. With 
2 x 10~ molar ADP there was no thrombocytopenia but 
adhesiveness was significantly decreased, which suggests 
that this effect does not depend on the thrombocytopenia. 
The results of a typical experiment with ADP are given 
in Fig. 1. The degree of thrombocytopenia appeared to 
depend on the concentration of ADP but was difficult 
to measure accurately because of its transience. The. per- 
centage reduction in the adhesiveness, calculated from the 
mean values obtained before and during the infusion, was 
dependent on the infusion concentration of ADP (Fig. 2a). 

A surprising feature of the thrombocytopenia induced 
by ADP was its repeatability in the same rabbit. Regoli 
and Clark® reported that a second infusion of 10 molar 
ADP begun 1 h after the end of the first did not cause 
thrombocytopenia. Our results (Fig. 3) are at complete 
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Fig. 1. The effects of an intravenous infusion of ADP on platelet count 
and adhesiveness in the rabbit. Top, platelet count; hottons, platelet 
adhesiveness. 
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variance with this observation. This anomaly may 
result from differences in technique, but we cannot be 
certain of this. Unlike Regoli and Clark, we have not 
used anaesthetized heparinized rabbits subjected to 
surgery. 

. Administered as a single intramuscular dose of 25, 
50 or 100 mg/kg, ADP lowered the adhesiveness but did not 
appear to affect the platelet count. The curves relating 
time and percentage reduction in the adhesiveness for 
doses of 25 and 50 mg/kg are given in Fig. 4. The results 
obtained with 50 and 100 mg/kg did not differ signifi- 
cantly. Oral administration of ADP to a single rabbit in a 
dose of 100 mg/kg had no effects on the platelet count or 
the adhesiveness during the next 4 h. 'The results of the 
ATP infusion experiments are shown. in Fig. 2b. It can 
clearly be seen that ATP is as effective as ADP in lowering 
the adhesiveness. Finally, AMP and adenosine infused 
in a concentration of 10-? moles/l. for 0-5 h had no effects 
on the platelet count or the adhesiveness. 

The results of the experiments reported here raise an 
interesting possibility for a new therapeutic or physio- 
logical role for ADP or ATP. ADP is widely regarded 
as important in promoting the formation of the platelet 
head of the thrombus, but if reduced adhesiveness, as 
measured by the glass-bead column, truly reflects a 
decreased tendency for platelets to adhere to the damaged 
intima, and if our results obtained on rabbits should 
apply to man, then it would seem that, at least in 
some conditions, circulating ADP or ATP should inhibit 
thrombogenesis. 
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Unusual Human Agglutinin defining a 
Serological Difference between Australian 
Trout Species 


THE agglutination of fish erythrocytes by normal human 
sera has been reported previously by a number of 
authors'?, The present communication reports a new 
agglutinin of which no previous descriptions have been 
found in the available literature. 

On testing saline suspensions of rainbow trout (Salmo 
gardineri) erythrocytes with human anti-B, anti-A and 
anti-A+B blood grouping sera (Commonwealth Serum 
Laboratories) the anti-B and anti-A sera gave rise to 
strong avid agglutination of the cells within 5-10 min, 
but the anti-A + B serum failed to do so. Thus, the anti-B 
and anti-A sera used appeared to contain an agglutinin 
reactive with trout cells which, in view of its absence 
in anti-A+B sera, could not be of A or B specificity. 
Further studies were undertaken to determine the 
characteristics of this anti-trout agglutinin. 

To determine its incidence, 158 inactivated human 
sera were tested on tiles against 5 per cent suspensions of 
rainbow trout cells in saline. Of these sera 102 (65 per 
cent) agglutinated the cells within 10 min. The remainder 
either completely failed to agglutinate the cells or gave 
rise to trace agglutination only. The series included 
samples from all four ABO groups and it was confirmed 
that the reaction was independent of the presence. or 
absence of anti-A or anti-B. Of thirteen sera from the 
umbilical cords of newborn babies, three agglutinated 
trout cells weakly and the remainder failed to do so. 
The opportunity did not arise to test the sera of the 
mothers concerned, but in view of the undeveloped 
antibody forming capacity of infants at that time of life, 
the weak agglutination obtained in the three cases. was 
regarded as being due to the transplacental transfer of 
maternal antibody. 

Large numbers of rainbow trout cells have since been 
tested with strongly reacting serum and agglutination 
has invariably occurred, but when the observations were 


‘extended to include cell samples from brown trout (Salmo 


trutta) a well defined serological difference was found 
between the two trout species. Over a period of about 
12 months, several batches of brown trout cells were 
tested until a total of fifty-two individual samples had 
been investigated. Samples of rainbow trout cells were 
set up with each batch as controls. All brown trout 
cells gave negative results with sera that gave strong and 
avid agglutination with rainbow trout cells. Blood 
from the two species of trout can be distinguished quite 
confidently on the result of this serological reaction. The 
photograph (Fig. 1) illustrates the result of testing samples 
from one rainbow and one brown trout with a hu 
serum (WI) containing a strong anti-trout agglutinin 
and with a non-reacting serum (RM). The failure of brewn 
trout erythrocytes to agglutinate with sera contaiming the 
agglutinin is interesting in view of the results obtained « 
by Calaprice and Cushing’, who found thatabrown trgut 
e 
° e . 
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erythrocytes were not agglutinated by the sera of any 
of the animal species they tested except that of a spiny 
lobster. 

Although brown trout erythrocytes failed to agglutinate 
with human sera, it has not been satisfactorily estab- 
lished whether or not they absorb anti-trout agglutinin. 
Table 1 presents the results of an experiment in which, 
after absorbing a positive serum with brown trout cells, 
its titration score against rainbow trout cells was com- 
pared with that of the same serum before absorption. 
It. can be seen that there is some slight evidence of absorp- 
tion, but this is not definite enough to make it possible to 
draw any firm conclusions. When the same serum was 
absorbed with rainbow trout cells, the agglutinin was 
completely removed. 


Table 1. RESULTS OF TESTING A REACTIVE HUMAN SERUM (58661) WITH 
RAINBOW TROUT CELLS AFTER ABSORPTION WITH BROWN TROUT CELLS 
Titre 2 5 10 20 
Vnabsorbed ++ 
Absorbed +b + 


4 
+ 
+ 
+ 
} 


+ 


Attempts were made to detect the presence of any in- 
complete antibody against trout cells of either species in 
specimens of human sera that had failed to agglutinate 
rainbow trout cells suspended in a saline medium. 
Attempts were also made to detect incomplete antibody 
against brown trout cells in sera that had agglutinated 
rainbow trout. cells suspended in a saline medium. Table 
2a shows the results of adding albumin to the tile test, 
Table 2b shows the results of the two-stage papain test 
of Albrey and Simmons’, Table 2c the results of the Coombs 
test. on brown trout tested with positive serum and rain- 
bow trout tested with negative serum. Table 2d is a 
comparison of the titres of a positive serum by the saline 
agglutination method and the indirect Coombs test. 
From these procedures it can be seen that there is no 
evidence that the antibody existed in the incomplete 
form. 

A number of experiments were carried out to define the 
characteristics of the agglutinin. It has a wide thermal 
amplitude, because on titrating a positive serum with rain- 
bow trout cells at 37°, 20° and 0° C, there was no convincing 
evidence that temperature had any effect on its reactions. 
Elution of the antibody from agglutinated cells was diffi- 
cult, but after several unsuccessful attempts, an eluate 
was obtained using the method of Landsteiner and Miller’. 
It was found to be possible to keep glycerolized trout cells 
stored in the frozen state at — 20° C without affecting the 





rig 4. Reaction of trout erythrocytes with human sera. Upper row: 
reaction# of rainbow trout erythrocytes showing agglutination with 

e trout positive serum on left and absence of agglutination with a negative 
seram on the right. Lower row: reactions of brown trout with the same 

e Bera, J atination with either positive or nexative sera. 
e 
e e e 
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Table 2. TESTS YOR DETECTION OF INCOMPLETE ANTI-TROUT ANTIBODY 


(a) Tests for albumin agglutinating antibody 


Reaction with Reaction with 
Type of seram rainbow trout cells brown trout cells 


Positive anti-trout serum tb + =- 
Negative anti-trout serum ~ ha 
ib) Tests for incomplete antibody using two-stage papain method 


Reaction with Reaction with 
Type of serum rainbow trout cells brown trout cells 


Positive anti-trout serum tte + ~ 
Negative anti-trout serum ed = 
(c) Indirect antiglobulin test 
Reaction with Reaction with 
rainbow trout cells brown trout cells 
thts ~ 


Type of serum 
Positive anti-trout serum 
Negative anti-trout serum 
(d) Comparison of titres of anti-trout agglutinin when tested by agglutination 


tests against rainbow trout cells suspended in Rous and Turner solution and 
by the indirect Coombs method 


Titre 
Method 2 20 
Rous and Turner suspension ++ ea — = 
Indirect Coombs + + w ~ ~ 


agglutinin. When required for use, satisfactory reactions 
could be obtained after thawing even without deglycerol- 
ization. The reaction did not seem quite as avid as when 
the glycerol was removed before testing, but this was 
purely a subjective finding and the thawed cells were 
strongly agglutinated with a positive serum within 10 
min, whether or not they had been previously deglycerol- 
ized. 

The place of this agglutinin in either human or fish 
serology is not clearly defined. Because there was no intra- 
specific variation in the behaviour of rainbow trout 
cells, it is self-evident that, unless all the rainbow trout 
samples studied had been derived from a serologically 
homogeneous inbred population, the agglutinin could have 
no relation to the known trout groups. Ashburner 
(personal communication, 1965) stated that the rainbow 
trout studied could be considered to be from inbred 
populations which had had small amounts of new strains 
added from time to time. There appears to be no appar- 
ent clinical significance attached to the agglutinin. 

One practical point that arises from these findings is 
that when investigating fish erythrocytes for the presence 
of antigens resembling human A or B, one must first be 
sure that the anti-A or anti-B sera used are free of this 
agglutinin if valid conclusions are to be drawn. 

All samples of trout erythrocytes used in these experi- 
ments were obtained through the friendly co-operation of 
Mr L. Ashburner, Research Officer at the Victorian 
Fisheries and Game Department’s Hatchery at Snob’s 
Creek, Victoria, and his help is gratefully acknowledged. 

M. L. Verso 
Red Cross Blood Transfusion Service, 
Victorian Division, 
Melbourne, Australia. 
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Chemical Activation of Blood-clotting Factors 
and Thrombosis 


CERTAIN phenols accelerate the thrombin-—fibrinogen 
interaction! and aged solutions of di- and tri-hydroxy- 
benzenes shorten the blood-clotting time*®. . The intra- 
venous injection of ellagic acid into dogs produces 
vascular thrombosis, when the circulation therein is 
rendered completely statie’, possibly by activating blood 
factor XII. Furthermore, a polymer of phenylethylene 
(polystyrene) has a platelet-like activity in the test for 
the formation of thromboplastin’, and certain phenyl 
derivatives have multiple and complex effects on the 
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Table 1. ACTIVATION OF BLOOD-CLOTTING FACTORS BY SOME PHENYL 
DERIVATIVES 
Blood-clotting factor 

Compound I VI IX Xu 
Phenylethylene + + + + 
Benzyl benzoate + + + + 
2-Phenyl ethanol = ~ — - 
Fheayl acetaldehyde + ~ — - 
o ‘oxydipheny + per A A 
Ginuamic acid = ~ - ~ 
Tripheny! ethylene ~ ~ _ - 
Ellagic acid +* ~ ~ + 


* This action of ellagic acid was slightly reduced by citrate, 
~, No appreciable effect. 
+, Activates the respective factor. 


stages of blood coagulation®. It is thus of interest to 
determine the blood-clotting factors which are chemically 
evolved (activated). 

The activating effect of a chemical compound was 
estimated on factor I (fibrinogen) by the increased sensi- 
‘tivity to thrombin; on factor VIII by the increase 
induced in its concentration in intact blood from a case of 
von Willebrand’s syndromet; on factor IX by the amount 
adsorbed on aluminium hydroxide in intact blood’; and on 
factor XII by the effect on the blood-clotting time of 
intact blood in siliconed tubes. The results obtained with 
some of the phenyl derivatives tested are summarized in 
Table 1, and it can be seen that the activities of at least 
four factors are susceptible to certain chemical reagents. 

Because thrombosis has been recorded in cases with 
low concentrations of certain blood-clotting factors? and 
because it has been demonstrated that high concentrations 
of clotting factors are liable to produce hypo-coagulability 
rather than hyper-coagulability of blood’, I conclude that 
the in vivo evolvement of blood-clotting factors is more 
important than their concentration in the pathogenesis 
of thrombosis. I also suggest that the participation of a 
chemical compound in the induction of thrombosis is 
highly probable. Accordingly, I am at present testing 
other reagents in an endeavour to determine the chemical 
structural group responsible for promoting the formation 
of abnormal clots. 

F. Novr-E.pin 
Department of Pathology, 
Shenley Hospital, 
Hertfordshire. 
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Cell Surfaces, Blood Groups and Micro- 
organisms 


We have described the in vitro alteration of the blood 
group I receptor of the red cell by mycoplasma, and 
stated that the effect was greater on group A cells than 
on group O cells'. We also noted that Clostridium fil- 
trates which had been reported by other workers to destroy 
the specific I determinant were more active against group 
A than against group O cells*. For these reasons we used. 
group Al red cells in our final test system which employed 
the gamma macroglobulin fraction from a group A, 
patient who was I negative as our agglutinating reagent. 
Feizi and Darrell have now reported their failure to find an 
effect of mycoplasma on the receptors for I. Unfortunately, 
they used group OT cells instead of group AI cells in their 
test system’. 

The „serological evidence for reactivity association 
between the ABO blood group and agglutination by anti-I 


* 
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reagents is established beyond doubt. The anti-I (Steg) 
of Race and Sanger gave a higher score against: group O 
cells than against A cells‘. Tippett et al. found an anti-I 
which reacted more strongly against A, than A, or O 
cells; absorption with O cells or simple dilution resulted.in 
a pseudo anti-A, which detected a joint product of the 
I and A, genes’, 

The circle has now been closed with the discovery of a 
serum which required the presence of both the B and I 
determinants for reactivity®. Blood group specific sub- 
stances and gangliosides which inhibit anti-A and anti-B 
also inhibit anti-I’-* and could be another cause of dis- 
crepancy, for the sera of Feizi were used after neutraliza- 
tion with group B substance’. 

Rosenfield et al? and Gold" have described a whole 
spectrum of agglutinins which differ in their relative effects 
depending on the presence or absence of combinations of 
O and I and its reciprocal agglutinogen, i. Any single 
reagent’ cannot be expected to yield results identical 
with all other anti-I reagents and this has been shown 
to be particularly true when there is only partial lack of 
I’. In one attempt to measure the agglutinability of red 
cells from patients with acute leukaemia, not decreased 
I but increased i was reported!*. We cannot duplicate this 
with our anti-i reagents, but are not surprised, because 
titration scores are far from an ideal method of quantitat- 
ing agglutinability4. Thermal amplitude of an agglutinin: 
is again a different test from titre and results in a clear 
difference in specificity of the same molecule’. The changes 
in I in leukaemia which we reported have been seen by 
others and correlated with the simultaneous loss of 
AM, 

Feizi and Darrell point out the difficulty in the concept 
of a blocked anti-I antigen stimulating the production 
of anti-I°, This is, of course, why we postulated that the 
antigen was degraded, rather than blocked, by myco- 
plasma. Experimental support for this postulate has now 
been given by Tonder and Harboe". Careful serological 
work with anti-I led them to conclude that the aetiological 
antigen resembled an antigen on the surface of rabbit red 
cells more closely than the antigen on human red cells. 

The genetic pathways leading to the production of joint 
products of the ABO and I genes are still unknown, 
The specific chemical determinants of I and i specificity. 
on the surface of blood cells are also unknown. Haemag- 
glutination is a most sensitive test for detecting membrane 
changes and the part of the cell surface which identifies 
agglutinogen specificity must be of very small mass. 


Pau J. SCHMIDT 
Mary H. McGinniss 
Blood Bank Department, 
Clinical Center, 
National Institutes of Health, 
Bethesda, Maryland. 
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IMMUNOLOGY 


Differentiation between Viral and New 
Cellular Antigens in Graffi Leukaemia of 
Mice 
Mvetor Grafi leukaemia induced by a virus in mice 
contains both leukaemia virus and virus-induced anti- 
gens'*, The presence of leukaemia virus can be demon- 
strated. by cell-free transmission of the disease to new- 
borns and by the ability of the virus to induce the pro- 
duction of antibodies in adults (MAP test) against antigens 
appearing on the surface of leukaemia cells’. Specific 
antibodies have been shown by the cytotoxic test in the 
presence of complement and by the indirect fluorescent— 
antibody technique using living cells as targets*. Virus- 
induced surface antigens of leukaemia cells can be detected 
by the same techniques. In vivo, syngeneic inocula of 
leukaemia cells are rejected in Graffi immune animals, 
which suggests the presence of specific surface antigens, 
too. For tumours induced by polyoma, S V 40, adenovirus, 
and Rous virus there is evidence that the specific surface 
antigens represent new cellular antigens unrelated to 
viral antigens**, This last problem, however, is still 
unsolved for virus-induced leukaemia of mice. Cells of 
primary and transplanted leukaemias are continuously 
producing virus by budding it from the cell surface. It is 
therefore conceivable that the virus-induced surface 
antigens consist of both viral and new cellular antigens. 
On the other hand, Landschiitz sarcoma 1 cells, which 
naturally harbour the Graffi virus’, were found to be 
resistant to the specific rejection response in vivo and to 
eybotoxic antibodies in vitro®. These cells, however, reveal 
a weak but distinct punctiform membrane fluorescence 
in the indirect fluorescent antibody test with Graffi 
hyperimmune sera of mice*. Provided the positive fluores- 
cence reaction with sarcoma cells is solely the result of 
the presence of virions or viral antigens on the cell surface, 
then a differentiation between viral and new cellular anti- 
gens of leukaemia cells must be possible. To substantiate 
this hypothesis the following experiments were carried 
out. Landschiitz sarcoma 1 cells were used to absorb 
a Graffi immune serum pool containing virus-neutralizing 
antibodies and antibodies against specific surface antigens 
of leukaemia cells. Usually 0-1 ml. samples of the serum 
were added to cell pellets containing 80 million living cells. 
The mixture was then incubated for 60 min at 37° C. 
After centrifugation the supernatant serum was again 
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Fig. 1, Titration of a Grafi immune serum pool using L 414/2a Grati 
echloroleukaemia cells as targets.. Results of the indirect fluorescent 
antibody test. Grafi immune serum pool: ©, unabsorbed; A, 
absorbed with normal spleen and lymph node cells; [C], absorbed with 
dsachtitz sarcoma 1 cells; A, absorbed with L 414/2a leukaemia cells. 
Fiuores@ent index (FI) is the percentage of unstained cells in control 
serum minus percentage of unstained cells in immune serum divided by 
percentage of unstained cells in control serum. FI20-3 was arbitrarily 
e è regarded as positive. 
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Fig. 2. Antibody response against Grafi L 414/2e target cells after 
inoculation of adult XVIJ/Bbi mice witha cell-free Grafi. leukaemia 
filtrate incubated with absorbed and unabsorbed: Grafi immune serum 
in vitro. Antibody response after inoculation of filtrate plus: ©, unab- 


sorbed Graffi immune serum; A, Graffi immune serum absorbed with 


normal spleen and lymph node cells; Ci, Graffi immune serum absorbed 

with Landschiitz sarcoma 1 cells; A, Graff immune serum absorbed 

with J 414/2a leukaemia cells; P: normal mouse serum, For FI see 
g. 1 


absorbed with another pellet of sarcoma cells. After two 
absorptions the serum was tested against syngeneic L 
414/2a Graffi chloroleukaemia cells using the fluorescent 
antibody technique. Its virus-neutralizing capacity was 
subjected to the MAP test. 

As positive and negative controls, we used the same 
serum pool, but unabsorbed or absorbed with L 414/2a 
leukaemia cells or normal spleen and lymph node cells. 
Fig. 1 shows that the titre of the immune serum pool, as 
measured by the fluorescent index, did not decrease after 
two absorptions with normal cells and decreased only 
slightly after absorption with sarcoma cells. There was a 
complete elimination of antibodies after absorption of the 
serum pool with L 414/2a Graffi leukaemia cells. To test 
the virus-neutralizing activity, a cell-free filtrate of a 
primary Graffi leukaemia diluted 1 : 100 (w/v) was mixed 
at a ratio of 1 : 10 with the sera to be tested. The final 
concentration of the filtrate was 1:1,000. After 60 min 
of incubation at 37° C, 0-2 ml. samples of the mixture were 
injected intraperitoneally into adult XVII mice. At 
weekly intervals blood was taken from the animals by 
puncturing the retro-orbital sinus. The appearance of 
serum antibodies against Graffi leukaemia cells was 
controlled by the fluorescence test. The results of this 
experiment are shown in Fig. 2. 

Sarcoma 1 cells obviously eliminate virus-neutralizing 
antibodies from the Graffi immune serum pool. There 
were no differences in the antibody response as compared 
with those groups of animals inoculated with filtrate plus 
normal serum or filtrate plus immune serum absorbed 
with Graffi leukaemia cells. The MAP test became posi- 
tive about 5 weeks after inoculation of the material. In 
contrast, the MAP test was negative after injection of 
filtrate incubated with unabsorbed Graffi immune serum 
or immune serum absorbed with normal spleen and lymph 
node cells. In another experiment with a Graffi virus- 
superinfected Gross leukaemia, which shows the same 
immunological characteristies as sarcoma 1 cells*, the 
data of the absorption tests presented in this paper have 
been confirmed. Whereas the original Gross leukaemia 
cells did not show any absorption effect on a Graffi 
immune serum, virus-neutralizing antibodies were com- 
pletely eliminated by the cells superinfected with Graff 
virus. 

In summary, Landschiitz sarcoma 1 cells, which 
naturally harbour the Graffi virus, were shown to elimin- 
ate virus neutralizing antibodies from a Grafi immune 
serum pool without absorbing antibodies against surface 
antigens of leukaemia cells. The leukaemia cells absorb 
both virus-neutralizing antibodies and antibodies Ggainst 
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surface antigens of leukaemia cells from the immune 
serum, and so virus-induced surface antigens of leukaemia 
cells appear to consist of both viral and new cellular 
antigens. 

We thank Miss B. Hélzer and Mrs I. Richter for tech- 
nical assistance. 
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Suppression of Synthesis of Allotypically 
Defined Immunoglobulins and Compensation 
by another Sub-class of Immunoglobulin 


Aone the light chains of the rabbit immunoglobulin 
molecules four allotypically determined molecular species 
can be distinguished: A4, A5, A6' and AQ*. These speci- 
ficities are determined by allelic genes at the Ap allotypic 
locust? This acrabbit homozygous at this locus syn- 
thesizes only one of these specificities, but a heterozygous 
rabbit synthesizes two. The phenotypic expression of the 
synthesizing capacity of heterozygotes can be altered by 
administration of anti-allotype antibody; synthesis of 
immunoglobulins of the paternal type can be inhibited 
(“suppressed”) either by uterine transfer?” of allotype 
antibody from the mothers immunized against the allo- 
typie specificity of the prospective father® or by injecting 
the young rabbits with allotype antiserum during the 
first few days of life", When a heterozygous rabbit is 
exposed to anti-allotype serum the resulting suppression 
of one allotypic specificity is compensated by increased 
synthesis of the product of the second allele; thus the total 
concentration of IgG is not affected and is similar to that 
of the normal rabbits® 1. 

I have suggested previously that the suppression is 
caused by death of such cells as were committed to the 
synthesis of immunoglobulins carrying the respective 
allotypic specificity. If this were tho case, the compensa- 
tion in immunoglobulin synthesis in suppressed rabbits 
would be caused by compensatory proliferation of cells 
committed to the synthesis of the other allotype. The 
question arose as to whether suppression could be induced 
in homozygotes and, if sọ, whether it would be accompanied 
by a compensatory increase of other immunoglobulins. 

The uterine transfer of immunoglobulin causes large 
concentrations of maternal immunoglobulins in the serum 
of the newborn rabbits. This circulating immunoglobulin 
would prevent anti-allotype antibody from reaching the 
lymphoid cells. In order to circumvent these difficulties, 
conditions were created in which the foetal rabbits did 
not acquire maternal immunoglobulins of the allotypic 
specificity which we were going to suppress in the off- 
spring. This was achieved by using a heterozygous 
A4/A® female in which the synthesis of A5 was suppressed 
by injection of the corresponding antibody at birth. This 
rabbit was then mated with a homozygous 4/45 male; 
A5 remained undetectable in the circulation of the preg- 
nant animal. Her offspring were divided into two groups: 
four rabbits were left untreated and the three remaining 
rabbits were each given 4-3 mg of anti-A5 N during the 
first Sedays of life. (The amount of antibody N in anti- 
allotype serum was estimated by measuring nitrogen 
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increment of cellulose immunoabsorbent after incubation 
with antiserum as described before™®.) Both groups. of 
rabbits were bled at weekly intervals and the relative 
concentrations of allotypically defined immunoglobulins 
(A4 and A5) as well as the concentration of the IgG were 
measured by single diffusion’? as described earlier". 
The antisera used for this assay were rabbit anti-A4 and 
anti-AS, and goat anti-rabbit gamma-globulin. To 
interpret the results it was necessary to know the geno- 
types of all the offspring from the mating between the 
“suppressed” A4/A® mother and the A'/A* father. Clearly, 
the offspring could be either A‘/A® or A‘/A®. We could 
distinguish between these two alternatives by the synthesis 
of A4 which would, of course, only occur in animals the 
genotype of which was A*/A‘. 

Fig. 14 shows the concentrations of A4 as a function 
of time in the untreated rabbits and in a homozygous 
rabbit injected with anti-A5 serum. Immunoglobulins 
of A4 specificity were detectable for 32 days in the un- 
treated and for 47 days in the injected animals. In both 
cases the half-life was practically the same (about 5 days). 
The longer period, during which the A4 immunoglobulin 
could be demonstrated in the injected animal, was attri- 
butable to the large amounts of A4 which were introduced 
with the anti-A5 serum. 

We have thus seen that homozygous animals could be 
identified by the steadily declining concentration of Ad 
immunoglobulins. To examine the overall changes in 
IgG, I next measured the concentration. of. that protein 
as a function of time (Fig. 1B). Again.a decline in concen- 
tration during the first 20-32 days was observed, but, 
unlike A4, the concentration of IgG increased after this 
initial decline. As a consequence of the injections of anti- 
A5 serum, the concentration of IgG in the serum of the 
injected rabbit was initially higher than in the uninjeeted 
homozygous littermates, but after 38 days the differences 
disappeared, and the rate of increase was the same in 
both the injected and untreated animals. It follows that 
the overall rate of synthesis of the total IgG in the injected 
rabbit was not affected by the treatment. 

In marked contrast to the synthesis of IgG, the syn- 
thesis of allotypic A5 iramunoglobulin was considerably 
affected in the injected rabbit. This is illustrated in Fig. 2 
which compares the concentrations of A5 in the injected 
and untreated animals. In the uninjected animals, A5 
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Fig. 1. Concentrations of Ad and IgG in AAt rabbits as a function of 
time. The rabbits were born ag a result of a mating: male A‘/A® x 
female A4/A*, The synthesis of Abin the mother was “suppressed” by the 
neonatal injection of anti-A5 serum in order to revent AŠ from being 
transferred to her offspring. (4) Elimination o passively acquired A4 
immunoglobulin. --A >>. Concentrations of A4 in homozygous AAO 
rabbit injected with anti-A5 serum; ~- A-~, average concentrations of 
A4 in three untreated homozygous littermates of the above rableit; 
, A4 immunoglobulin undetectable by single diffusion gnethod. 
(R) Elimination and synthesis of eG, -- MP --, Concentrations of 
Te in A°/A*® rabbit injected with anti-A5 serum; -{ j, average 
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Fig. 2. Suppression of the synthesis of A5 immunoglobulin in A’/4A* 
homozygous rabbits, This rabbit, as well as the control animals, was 
born ag a result of a moting: male 45/4* x female At/A*. The synthesis 
of AS inthe mother was “suppressed” by the neonatal injection of 
anti-A5 serum in order to prevent A5 from being transferred to the 
offspring, ~- @-~-, Concentrations of AS in the homozygote injected 
with anti-A5 serum: --O-~, average concentrations of A5 in three 
untreated homozygous littermates of the above rabbit; ¢. AS immuno- 
globulin undetectable by single diffusion method. 


was detected on day 14 as previously observed!!. During 
the next 40 days the concentrations of A5 in the unin- 
jected. animals increased exponentially with a doubling 
time of approximately 5 days. On the other hand, in the 
rabbit injected with anti-A5, the appearance of A5 in 
the serum was delayed until day 73. The rate of the 
synthesis of A5 in the injected animal was considerably 
slower than the rate of AS synthesis in the untreated 
homozygous littermates. Initially, for the period between 
day 73 and day 108 of life, the doubling time was 
approximately 21 days; later, between days 108 and 136, 
the rate of A5 synthesis was slightly faster with a doubling 
time of 11 days. The differences in doubling time of A5 
in injected and uninjected rabbits allow us to rule out the 
possibility that the delay in the appearance of A5 was 
caused by neutralization of the circulating immunoglo- 
bulin rather than by suppression of its synthesis. This 
is also suggested by the fact that the antibody to the sup- 
pressed allotype was detectable in the circulation only for 
the first 24 days of life, whereas the suppression lasted for 
73 days: 

It can be concluded that the administration of anti- 
allotype serum to a homozygous A‘/A® rabbit resulted 
in a marked inhibition of the synthesis of allotypic im- 
munoglobulin. Duration of suppression and reduction 
in the rate of immunoglobulin synthesis in the ‘‘sup- 
pressed’’ homozygous animal were similar to those ob- 
served previously in heterozygous rabbits (the average 
suppression ‘period of heterozygous rabbits on injection 
of 1 mg of antibody N at birth was 64 days"). Neverthe- 
less, there must be a difference between suppression in 
heterozygous and homozygous rabbits in the number of 
lymphoid: cells involved. Assuming that the immuno- 
globulin. output of each cell is constant, the concentra- 
tion of immunoglobulin in the serum can be considered 
to be directly related to the number of cells. Judging by 
the immunoglobulin composition of the serum of hetero- 
azygous rabbits, suppression of the synthesis of A5 would 
therefore affect 23 per cent to 26 per cent of the immuno- 
globulin synthesizing cells, and suppression of the syn- 
thesis of A4 would affect 57 per cent to 64 per cent of the 
total number of immunoglobulin synthesizing cells 
(compare with ref. 13). Suppression of both allotypes 
Would therefore affect 80 per cent to 90 per cent of all 
the, lymphocytes. 

Dray,and Nisonoff reported that the proportion of IgG 

molecules carrying the determinants of the A» locus was 
80 per cent jp 90 per cent of the total IgG, and that the 
* e s + 
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remaining 10 per cent to 20 per cent of IgG: did not-carry 
allotypie determinanta controlled by the A». locus™®. 
These immunoglobulins are probably synthesized by 
different cells and belong to a different immunoglobulin 
sub-class than do the allotypically defined IgG. 

From the observations reported here, it -appears 
that the inhibited synthesis of allotypic, A5 immuno- 
globulin was compensated by the increased’ synthesis 
of IgG belonging to a distinct sub-class of immuno- 
globulins which do not carry allotypic determinants 
controlled by the A» locus. The increase can be attributed 
to compensatory proliferation of cells which synthesize 
this sub-class of immunoglobulins. In normal rabbits 
these cells constitute only 10 per cent to 20 per cent 
of the immunoglobulin synthesizing cells, and so the 
capacity for regeneration of the immune apparatus is 
quite remarkable. It would be interesting to investigate 
the structure of the immunoglobulin by which regenera- 
tion is achieved and its role in the immune response. 

I thank Mr P. Aleabao for technical assistance, Drs 
B. Cinader and I. Broder for their helpful discussion, and 
the Medical Research Council of Canada and the Canadian 
Arthritis and Rheumatism Society for financial support. 
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Organospecificity of Liver Cell Surface 
Antigens and its Loss by Ascitic Hepatoma 


Ones of the best ways to investigate the specific properties 
of the cell surface is by immunohistochemistry. For this 
antibodies are required which react selectively with the 
cell surface antigens. Rabbit serum against normal 
mouse liver cell “ghosts” (NLCG) has been shown to stain 
specifically the membranes of parenchyma cells’, It was 
not clear whether this staining was caused (at least 
partly) by the presence of organospecific antigen(s) on 
the cell surface. If this is so, then we wonder whether this 
antigen(s) is present at the surface of hepatoma cells. 

We have investigated the normal mouse liver and 
ascitic hepatoma 22a. The rabbit sera were used against 
NLCG (N 398) and against the “ghosts” of the ascitic 
hepatoma cells (AHCG) (NN 066, 071, 072). The 398, 072 
and 071 sera were obtained by immunization by a method. 
described previously!, and 066 serum was obtained by 
Haughton’s method’. 

The exhaustion of antisera was effected as follows. The 
antiserum against NLCG was absorbed with homogenates 
of mouse kidney, spleen, intestine and lung. Increasingly 
large volumes (lv, 3v, öv, 7v) of each organ saline homo- 
genate (1: 3) were added to the samples of the anffserum 
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Fig. 1. Sections of liver after contact with the original antiserum against 
NLOCG ( x 40). 


(0-1 ml.). The mixtures were incubated for 1 h at 37° C and 
were centrifuged for 30 min at 14,000g. The supernatants 
—the exhausted sera—were used. The antiserum against 
AHCG was absorbed with mouse kidney homogenate (1 : 3) 
in the same way. 

The antiserum against NLCG was exhausted with the 
“ghosts” of ascitic hepatoma cells (0-1 ml. of antiserum + 
1-32 x 10° “ghosts”). The frozen-dry preparations of 
“ghosts” suspended in 0-14 molar sodium chloride were 
used 

The native and exhausted sera were used for the Coons 
and Kaplan indirect method of immunofluorescence, 
using purified labelled donkey antibodies to rabbit gamma- 
globulin’. Viable ascitic cells were stained by Méller’s 
technique in a modification of the Lejneva technique’. 
The sections and cells incubated with non-immune rabbit 
sera were used as controls. 


Table 1. IMMUNOFLUORESCENCE OF LIVER SECTIONS AND HEPATOMA CELLS 
TREATED BY NATIVE AND ABSORBED ANTI CELL-“GHOSTS” SERA 


Serum against “ghosts” 


Absorbed Serum against normal liver cell of ascitic hepatoma 
by: “ghosts” (0-1 ml.) cells (0-1 ml.) 
Kidney Kidney 1-32 x 10° Kidney 
homo- homo- “ghosts” homo- 65x 10° 
Objects None genate genate of ascitic None genate normal 
(3 vol- (7 vol- hepatoma (3 vol- liver 
umes) umes) cells umes) cells 
Sections of: 
Liver + + + + + - - 
Kidney + - - - Ka - 
Spleen + - - Š 
Intestine + - - 3 
Lung + - - y; 
Vinble cells + - - - 4 - - 
of ascitic 
hepatoma 


+, Staining; —, no staining; ., not tested. 


The results of experiments with native and exhausted 
antisera are shown in Table 1. This shows that native 
serum against NLCG stains the section of the liver and 
other organs. In the liver sections the membranes of the 
parenchyma cells fluoresce distinctly (Fig. 1). There is 
no distinct membrane fluorescence in other organ sec- 
tions. In the sections of kidney, intestine, spleen and 
lung the serum stains predominantly the connective tissue 
elements. This latter fluorescence disappeared when anti- 


serum had been exhausted with three or more volumes of 
kidney homogenate, but the membrane fluorescence of 


liver cells remained (Fig. 2). The areas of the cell surface 
bordering on the blood capillaries or surrounding the bile 
capillaries fluoresced more brightly. The cell cytoplasm 
stained very faintly. It included separate fluorescent 
areas and more large inclusions near the nuclei. The same 
pattern of fluorescence was observed after exhausting the 
antiserum with homogenates of intestine, spleen and lung. 

Membrane fluorescence was found only in the paren- 
chymatous cells of the liver. The membranes of the 
epitheljal cells of bile ducts, Kupffer cells and vascular 
endothelium were not stained by the exhausted serum. 

. 
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Thus the membranes of the parenchyma cells of the liver 
besides the cross-reacting antigen(s) contain antigen(s) 
specific for the liver. 

As Table 1 shows, the antisera against NLCG and 
against AHCG stained the viable cells of the ascitic hepa- 
toma 22a (ring-reaction) (Fig. 3) and the antiserum 
against AHCG stained the membranes of the parenchyma 
cells in the liver sections. This indicates that the surfaces 
of the normal and malignant cells have the common group 
of antigens. 

After the incubation of the ascitic cells with the serum 
against NLCG absorbed by three volumes of the mouse 
kidney homogenate there was no cell surface fluorescence 
(Fig. 4). The same serum exhausted with 1-32 x 10° 
“ghosts” of ascitic hepatoma cells did not stain the surface 
of ascitic hepatoma cells, but it stained the membrane of 
the parenchyma cells in the liver sections. In other 
experiments antiserum against AHCG was absorbed by 
three volumes of kidney homogenate. The exhausted 
antiserum did not stain the liver sections and the viable 
ascitic cells. 





Fig. 2. Sections of liver after contact with the antiserum against NLCG 
absorbed by seven volumes of kidney homogenates ( x 90). 





Fig. 3. Viable cells of ascitic hepatoma 22a incubated with the anti- 
serum against NLCG (a) and antiserum against AHC ). (* 90) è 
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Fig. 4. Viable cells of ascitic hepatoma 22a incubated with the antiserum 
against NLCG, absorbed by three volumes of kidney homogenates ( x 90). 


Thus we concluded that the cell of ascitic hepatoma 
22a lost the organospecific surface antigen(s) of normal 
liver cell. 
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Amyloidosis in Guinea-pigs immunized with 
Sperm and Adjuvant 


A NUMBER of investigators! have induced infertility in 
female animals by repeatedly injecting sperm, with or 
without adjuvants. Although these authors have sought 
to determine the factors responsible for the reduction in 
fertility, the specific mechanism has not yet been identi- 
fied. The possibility that the effect might be produced by 
pathological changes was ruled out by Isojima et al.' on the 
basis of their histological examinations. In our study of 
the processes involved, however, we found that animals 
injected with sperm and adjuvant developed amyloidosis. 
This illness, not previously reported in guinea-pigs as a 
consequence of immunization, may explain the low 
fertility. 

Initially, ninety-nine virgin female Hartley albino 
guinea-pigs, about 12 weeks old, were distributed into 
thirty-three cages so that the animals in each cage were 
of nearly identical weight. Each of the three was then 
assigned to a different treatment group and either injected 
with sperm and adjuvant (Sp.); injected with saline and 
adjuvant (Adj.); or left untreated (Un.). The sperm 
used to prepare the emulsions for the Sp. group was 
obtained by forcing 0-85 per cent sodium chloride through 
the vasa and epididymes of exsanguinated males of the 
same colony. The sperm in suspension was centrifuged 
at 1,800 r.p.m. for 10 min and the packed wet weight 
determined. The sperm was then resuspended and emulsi- 
fied with equal volumes of complete adjuvant (8:5 ml. 
‘Bayol’, 1-5 ml. ‘Arlacel A’ and 5 mg Mycobacterium 
bRtyricum) to yield a water-in-oil emulsion containing 
30 mg of sperm/ml. The emulsions given to the Adj. 
animals were made with equal volumes of 0-85 per cent 
sodium chloride and the complete adjuvant. All members 
of the Sp. and Adj. groups were injected with 1-2 ml. of 
thefr aude gnaterials in equal portions of 0-4 ml. into 
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the muscle mass of each hind limb and into the subcuta- 
neous tissue of the nuchal region. These injections were 
repeated 5 months later. The groups were later subdivided 
to allow collateral studies, and therefore only twenty-one 
Sp. and ten Adj. animals were given a third injection of 
1 ml. subcutaneously at the back of the neck 9 months 
after the initial injection. Of these Sp. sows, ten were 
injected a fourth time in the same way at 13 months and 
killed 1 month later. The rest of the animals which had 
received three injections were killed at 17 months, together 
with eighteen untreated control animals. 

Weight loss in Sp. animals, beginning at about 7 months, 
was the first indication of systemic illness. The proportion 
of animals affected and the degree of cachexia in this group 
increased with time. In several instances the reduction 
in weight eventually exceeded 50 per cent of that previ- 
ously attained. No such change was seen in representa- 
tives of the other two groups, nor was it uniformly present 
in Sp. animals. Gross renal fibrosis (Fig. 1), however, was 
a striking finding in every one of the eleven Sp. females 
injected three times and in the ten others of this group 
which had been given a fourth injection. It was also found 
in three of the ten Adj. group injected three times, but was 
not present in any of the eighteen untreated control 
animals examined. 





Kidneys from a guinea-pig injected three times with homologous 
sperm and adjuvant shown with normal kidneys, below. 


Microscopically, the fibrosis commonly appeared in the 
shape of wedges of varying size within the renal cortex. 
Although vascular lesions were not noted, the shape 
suggested scarring secondary to multiple infarction. 
Glomeruli within the sears were generally not affected. 
Between the collecting tubules in the medulla, especially 
in the papilla, there were numerous foci of a homogeneous 
eosinophilic material which extended up to but seldom 
beyond the corticomedullary junction. The Congo red 
test for amyloid was positive, and the stained deposits 
exhibited the classical birefringence of amyloid. Electron 
microscopic examination of the tissue of a fibrotic kid- 
ney after fixing in osmium and embedding in epoxy 
revealed the fine fibrillar structure of amyloid as described 
in all other species studied*. Amyloid was also found in 
liver, pancreas and spleen of affected animals. 

The consistent finding of amyloidosis in our female 
guinea-pigs injected with sperm and adjuvant suggests 
that this illness may be responsible for the otherwise 
unexplained infertility of female animals immunized 
with sperm. 

This work was supported by grants from the US 
National Institutes of Health and the US Public Health 
Service. We thank Professor Geoffrey Edsall for his co- 
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Anti-penicilloyl Antibodies: Detection with 
Penicillo neler Bacteriophage and Isolation 
with a Specific Immunoadsorbent 
Ir is generally accepted that the penicilloyi group is the 
major determinant in penicillin allergy*. It is probably 
formed in vivo either by the coupling reaction between 
the penicillin molecule and proteina**, or by way of 
penicillenic acid’. Various tn vitro and in vivo methods, 
including passive haemagglutination, skin test, as well as 
passive transfert, have been used for the detection of anti- 
penicilloyl antibodies. Because the detection of antibodies 
depends on the sensitivity of the assay used, development 
of more sensitive techniques seemed worth while, and 
fluorescence polarization‘ and & sensitive passive haemag- 
glutination method? for detection of anti-penicillin 
antibodies were recently described. A very sensitive 
assay for the determination of extremely low concentra- 
tions of antibodies to defined determinants, making use of 
haptens coupled chemically to bacteriophage, has been 
reported recently by Mäkelä’ as well as by Haimovich 
and Sela". We have now extended this method to the 
detection and. quantitative determination of anti-penicil- 

loyl antibodies. 

Bacteriophage 7'4 (10° p.y.v./ml. 0-1 molar carbonate 
buffer, pH. 9-5) was reacted with penicillin G (100 mg/ml.) 
for 24 h at 37°, followed by exhaustive dialysis against 
0:05 molar phosphate buffer, pH 7-0. The concentration 
of the survivors dropped to 10 per cent of the initial value, 
although no inactivation occurred in the control prepara- 
tion which was treated at the same conditions but in the 
absence of penicillin G. Such loss of viability on chemical 
modification of phages was previously found not to affect 
the efficiency of their inactivation by specific antibodies"*. 
Rabbits were immunized either with 6-aminopenicillanic 
acid or with benzylpenicilloyl bovine gamma-globulin 
(BGG), containing 61 moles of penicilloyl groups per mole 
BGG as determined by the penamaldate® method. The 
amount of antibodies in the antisera was determined by 
quantitative precipitin analysis, using benzylpenicilloyl 
rabbit serum albumin (45 moles of penicilloyl groups per 
mole protein) as cross-reacting antigen (Table 1). The reac- 
tion of the penicilloylated phage (10° P..v./ml. 0-05 molar 
phosphate buffer, pH 7-0) with the above antisera, diluted 
a thousand-fold, led within 6 min to more than 99-9 per 
cent inactivation of the modified phage, whereas no effect 
at all was observed with the unmodified phage. When the 
incubation with penicilloyl phage was extended to 5 h at 
37°, at least 50 per cent inactivation was caused by anti- 
sera diluted 10°-107 fold (corresponding to antibody 
concentrations of 10-*-10-'° g/ml., as seen in Table 1). 
No inactivation of the penicilloyl phage occurred when 
the arftisera were first incubated for 30 min at 37° with 
benzyJpenicilloyl-s-amino-caproate (10 mg/ml. serum), 
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proving the anti-penicilloyl specifiaty of the antisera 
tested. The anti-penicilloyl antisera tested by the phage 
technique were also assay ed by passive haemagglutination 
of penicilloylated red blood celis!* (Table 1). 


Table 1. RABBIT ANTI-PMNICILLOYL ANTISHRA AND ISOLATHD ANTIBODIES 


Minimal 
Antibody Haemag- 3) antibod 
Immunogen formed* giutination noe concentration 
(mg/ml. titret vation  detected§ 
rum) titre t ) 
6-Aminopenicillanio acid I 15 1/4,006 25x107 388x107 
6-Aminoponicillanio acid IX 2-0 1/16,884 20x10" 40x10" 
Benszylpenicllioyl-. Ea, meast zo ž ipe 1-110 
. x 
Benxylpenfollloy-BGG T 03  1/LO4 50x10 16x10 
Benzylpenidilloyl-BGG IT 10 1/512 60x10 50x10 
Benzylpenicilloy!-BGG I ov 1/4,006 «= 20x10" 14x10" 


* Sree coe Sd antibodies, precipitated with peniollloylated rabbit 
serum, alb The amount of antibody was obtained from absorbancy at 
280 mu after de deducting the absorbanoy of the cross-reacting antigen. 

t Highest serum dilution giving trace of hasmaggiutination™. 

t serum dilntion ane a Ar 50 per cent Inactivation of peni- 
aret after 5 hin on at 
a Af Immunospediiically purified Ea: tested at this Initial concentra- 

on. 
§ By phage inactivation test. 


The kinetics of the inactivation of penicilloyl ek by 
a rabbit anti-penicilloyl serum are shown in Fig. 1. The 
inactivation was linear within the time of reaction, reach- 
ing 86 per cent in 6 b. It is also seen in Fig. 1 that the 
incubation of the penicilloylated phage in the absence of the 
antiserum led to a small extent of inactivation (10 per 
cent in 5h). The unmodified phage was fully stable under 
these conditions. 
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Anti-penicilloyl antibodies were isolated immuno- 
specifically from rabbit antisera to benzylpenicilloyl 
BGG I (Table 1) by making use of an immunoadsorbent 
prepared from benzylpenicilloyl rabbit serum albumin 
and bromoacetyl cellulose44. The immunoadsorbent con- 
tained 75 mg of the cross-reacting antigen/g. More than 
99 per cent of the antibodies present in 200 ml. antiserum 
were adsorbed with 2 g of the specific immunoadsorbent 
(5 sequential adsorptions and elutions), as determined 
by the modified phage technique. It should be noted that 
undiluted sera of rabbits which were not immunjzed 
inactivated penicilloyl phage to the extent of 50-90 
per cent. On the other hand, after treatment with the, 
penicilloyl immunoadsorbent, these sera vont their inhibi-” 
tory capacity completely. 
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Essentially all the anti-penicilloyl antibodies were 
eluted from the ummunoadsorbent with 0-1 molar acetic 
acid, using 100 ml. for each elution (80 per cent of the 
antibodies were eluted after the first two adsorptions). 
Antibodies of the IgG class bind preferentially to the im- 
munoadsorbents, because the antibodies in the eluate from 
the first adsorption sedimented exclusively with 6:3 S 
(1 per cent in 0-14 molar sodium chloride—0-01 molar 
phosphate buffer, pH 7-0); whereas ın the second adsorp- 
tion traces of 18:4 9 were present, and their relative 
amount in the eluates of each additional adsorption 


increased. In the eluate of the fifth adsorption 11 per cent ' 


of the isolated antibodies were of the IgM class. The anti- 
penicilloyl antibodies isolated precipitated to the extent 
of 90 per cent with penicilloyl rabbit serum albumin, 
and had the same haoemagglutinating titre and almost 
the same inactivating titre towards the penicilloyl phage 
as the antiserum from which they were derived 
(Table 1). 

In view of the high sensitivity of the penicilloyl phage 
assay in the detection of anti-penicilloyl antibodies, it 
was of interest to test sera of individuals with a history 
of allergy to penicillin by this technique, as well as sera 
of normal humans, and to compare the method with 
other methods of detection. The results of a comparison 
of a series of human sera are given in Table 2. The peni- 
cilloyl phage test is much more sensitive than the haem- 
agglutination assay used in this study, and of the same 
order of sensitivity as the assay of Levine et al.?. In all 
eases, penicilloyl-s-aminocaproic acid inhibited completely 
the inactivation of penicilloyl phage by the human sera. 
The anti-penicilloyl antibodies could be removed com- 
pletely from the human sera by means of penicilloyl- 
immunoadsorbent. 


Table 2. ANTI-PHNICILLIN ANTIBODIES IN HUMAN BERA 


Passive transfer in 
Haemag- baboonst, tested with Phage 


Patient Clinical glutination Penicll- imacti- 
manifestation titre* loyl-poly- Penicillin vation 
lysine G titre $ 
Co Anaphylactic reaction 1/4 - + 1/4,009 
Ho ” i = - + 
13 Gs RA - - ~ 1 (50 
22 1 i - 7 al 1/50 
Po Anglonenrotic oedema = = ~ 
Mo Allergic 1/2 - ~- 1/200 
Bı mA 1/2 = an 1/100 
Ad Urticane 1/8 + -~ 12, 
Ha A 1/16 + - 1/10,000 
21 if 1/2 - m {600 
16 o 1/2 - ~ 1/10 
23 2 = a z 1/20 
87 ne - - - 1/20 
17 Positive skin teat$ 1/2 - -~ 1/20 
18 A at = - - 1/10 
Ba Normal 1/2 — od 1/10 
8a ” re i ™ ae 
7 2 = = 1/50 
27 s nd nd nd 1/20 
34 ” = = a = 
Ly ” a = = = 


* Highest serum dilution giving trace of haemagglutination’®. 
t ee with 0 1 ml. serum in skin of baboons"*. 


gbest sorum dilution giving at ae 60 per cent inactivation of pentail- 
lay’ Eighe poran diuton n at 87° 


§ 500 unite of penicillin G injected Leads. 


As allergy of the immediate type response is character- 
ized by the presence of skin sensitizing antibodies (reagins), 
we looked for their presence in the human sera by checking 
the inactivation of penicilloyl phage before and after 
heating the diluted sera for 6 h at 58° O, conditions 
known to destroy reagin activity’. As seen in Table 3, 
some normal sera inactivated penicilloyl phage to the 
sme extent before and after heating. On the other hand, 
somg sera of allergic individuals almost completely lost 
their inactivating capacity, demonstrating that they 

gontained mainly reaginic anti-penicilloyl antibodies. 
Thus the peyjcilloyl phage assay is capable of detecting 
inic as well es non -reaginic antibodies. 
e 


s 
* . 
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The results given ın Table 3 indicate that the sensitivity 
of the penicilloylated phage assay for reaginic antibody 
is significantly greater than the sensitivity of passive 
transfer to monkeys’ where only two antisera could be 
shown to contain reaginic antibody of penicilloy] specifi- 
city (Table 2). On the other hand, the passive transfer 
test indicated the presence of reaginic antibody of different 
specificity in the serum of two patients. Antibodies to such 
minor determinants may be of great significance clinically". 
In the case of one such serum (Table 2) the phage inactiva- 
tion test indicated the additional presence of reaginic 
antibody of penicilloyl specificity in amounts too small 
to be detected by passive transfer. 


Table 8, INACTIVATION OF PENICILLOYL PHAGE WITH HHATHD BĦBA 


No. of surviving p No. of surviving 
Serum Dilution after incubation wi after incubation wi 
non-heated seram* heated sora t 
7 1/10 9 5 
27 1/10 112 109 
21 1/100 8 4 
16 1/10 188 228 
17 1/10 47 110 
18 1/10 188 219 
87 1/10 74 280 
23 1/10 107 210 
22 1/10 61 246 
1/2,000 48 223 
18 1/10 , 29 71 
Ad 1/500 68 84 
Ha 1/4,000 42 152 
Mo 1/100 66 168 
Pure rabbit anti-penicilloy! 18 23 
antibodies 


* Initial number of phages was 800 + 20. Incubation for 6 h at 37° O. Mean 
numbers of three experments. 


t The sera were heated 5 h at 56° O. 


The modified phage assay described here is capable of 
detecting reagime antibodies of penicilloyl specificity. 
Because the non-reaginic antibodies may act as “blocking 
antibodies’’, and as the degree of sensitivity to a protein 
antigen was shown recently to be apparently determined 
by the relative proportions of reaginie and blocking anti- 
bodies’®, the possibility that the assay described may be 
useful in detecting selectively the reaginic anti-penioilloyl 
antibodies seems worth further investigation. 

We thank Dr I. Glazer for clinical data, Miss Noa Novik 
for assistance, and Mr A. W. Wheeler for determining the 
haemagglutination titres. 


JOSEPE FHLAIMOVICH 
MICHAEL SELA 

JANET M. DEWDNEY 
F. RALPH BATOHELOR 


Section of Chemical Immunology, 
Weizmann Institute of Science, 
Rehovoth. 
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Failure to cut good sections is not always due to a 
faulty knife or technique of preparation. It may be 
the microtome which is at fault. Why not choose 
a microtome in which any shortcomings have 
been eliminated at the outset :-—A microtome with 
a completely rigid, vibration-free knife, exact 
guidance of the transport sledge through the 
whole range of movement, precision object feed, 
not necessarily limited to 1u. Such a microtome is 
the LEITZ base sledge microtome Type 1300—a 


aE . . 
microtomes large universal microtome equally suitable for 
cutting paraffin-, celloidin-, and frozen sections. 
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E. Loitz (instruments) Ltd. , 
. 30 Mortimer St., London, W.1. Tel: MySum 3774 
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. D , THE BRITISH DRUG HOUSES'LTD. 
BOH Laboratory Chamicala Division Poole England 


the new word for ultra-~purity 


BDH presents, for critical 
applications in research and analysis, the first items of a new 
range of chemicals of the most advanced standards of purity. 
Specifications show impurity limits expressed in parts per 
thousand million. 


The following initial range of ‘ARISTAR’ materials includes 
those previously designated electronic grade: 


Acetic acid + Acetone + Ammonia solution - Bromine 
Ethanol + Hydrochloric acid + Hydrofluoric acid 
Methanol « Nitric acid - Perchloric acid - Propan-2-ol 
Sulphuric acid - Trichloro-ethylene - Xylene. 


Literature showing full specifications will gladly be supplled 
on request. 


THE BRITISH DRUG HOUSES LTD. 
BDH LABORATORY CHEMICALS DIVISION 
POOLE DORSET 
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BOOK REVIEWS 


CHILDHOOD SHOWS THE MAN 


The Development of Sex Differences 

Edited by Eleanor Maccoby. (Stanford Studies in 
Psychology.) Pp. 351. (London: Tavistock Publications, 
Ltd., 1967.) 608. net. 


Tuts series of articles on the development and learning 
of sex differences from biological (Hamburg and Lunde), 
developmental (Kohlberg), learning (Mischel), sociological 
(Dornbusch) and anthropological points of view (D’And- 
rade) must be counted the most comprehensive review of 
this subject so far. Besides the review articles, the book 
contains an extensive annotated bibliography (Oetzel) 
and a summary of the principal findings for sex differences 
in aggression, dependency, achievement, conformity, 
nurturance, anxiety, cognition, creativity, morality, sex 
typing and socialization. The later findings were the 
subject of study for a work group composed of the fore- 
going members and sponsored by the Social Science 
Research Council during the years 1962-64. 

The book itself ıs ın the tradition of earher reviews by 
Anastasia (1949) and Terman and Tyler (1954), but, 
unlike those earlier more descriptive works, the present 
reviews emphasize causal relations. Considered ım his- 
torical perspective, some interesting reversals of roles have 
occurred in the explanatory stances of the different dis- 
ciplines. Biological data were onceintroduced tosupportthe 
generality of sex differences, while ethnographic material 
of relativistic implication was used to show that almost 
any role can be learned regardless of innate physical 
differences. In this volume, however, biology is most 
notably re ted by research on sex hormones which 
highlights the role that biological factors can play in 
accounting for individual differences in sex role learning. 
For example, testosterone injected into pregnant monkeys 
produces female pseudohermaphroditic offspring who 
engage in masculinized play activity. The anthropological 
materials by contrast are dominated in this review by 
data from the cross-cultural approach which emphasizes 
cultural universals. We are told that in most cultures 
men do the hunting, herding, and fighting; and women 
carry the water, cook, and gather fuel, because the men 
are stronger and faster and the women may be pregnant 
or breast feeding. 

Even if the classic position of genetic and environ- 
mental extremes has in this one respect suffered some- 
thing of a reversal, the earlier contrast still persists at 
other levels. New material from the study of primates 
shows sex differences in infant play (males are more 
aggressive and mount more; females groom more and 
show more interest ın infants) and seems to imply that 
similar differences may exist universally between human 
infants. On the other hand, the study of psychosexual 
deviates who have been reared to a sex role which contra- 
dicts their external genitalia indicates that they can come 
to terms with their paradoxical appearance. This is a 
finding which belies the importance of the innate universals. 
Or, if we move within our own particular society, the same 
contrast is reproduced in the form of maturational versus 
learning explanations for sex differences. In this volume 
the first is represented by Kohlberg’s very original syn- 
thesis of Freudian and Piagetian concepts and the second 
by Mischel’s skilful apologia for the relevance of social 
learning principles. For Kohlberg, children in general 
first hecome aware of their gender role and then actively 
select, a repertoire of behaviour to fit this original and 
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prinutive psychosexual schema. For Mischel, on the other 
hand, certain of the child’s behaviour is differentially 
reinforced and this in due course forms the basis of his 
individual notion of sex role identity. 

These examples serve to highlight the predominant 
feature of this volume—namely, that although the 
emphasis is causal, the outcome is actually dispersive. 
After making a bow in the direction of the generalization 
that biological, social and psychological factors are inter- 
woven, each investigator in fact goes his own way doing 
his best to demonstrate the causal effectiveness of one 
particular class of mediators. While the volume as a 
whole contains many most interesting examples of the 
interaction of various classes of variables, there is really 
no very effective attempt at synthesis. Maccoby, for 
example, shows the way in which the same behavioural 
outcomes can be mediated by quite varied personality 
traits. Thus, intellectuality in men 1s accompanied by a 
somewhat feminine personality profile, while in women it 
is accompanied by a masculine profile. The various con- 
trasta we have illustrated here show, however, that we 
require some comprehensive theory of the way in which one 
can reconcile that sort of finding with the exceptional 
caseg, for example, where intelleotuality is sustained by a 
more traditional male or female posture as it often is. 

Perhaps it is in order to suggest that the arrays of 
mediators dealt with by the investigators in this volume 
are predisposing but seldom determinative of sex role 
characteristics. The phenomenology of sex role differences 
(strikingly miesing from this volume) apparently permits 
the individual person to collect behind his particular self- 
definition one of many combinations of characteristics 
from many alternatives. Dornbusch’s article makes it 
clear that the structure of sex roles in modern society 
has become more function-free than ever before in human 
history, ıllustrated by the paradox that the men discussed. 
in the anthropological section by D’Andrade are tradi- 
tional hunters and fighters and those discussed by Maccoby 
are intellectuals. What this must mean, causally speaking, 
is that sex role definitions are linked less and less strongly 
to those biological and institutional variables which were 
once their main sustenance. Research into the sex role 
which therefore confines itself to reductive causal 
analysis (as do all articles in this volume except that by 
Kohlberg) becomes historically increasingly anachronistic 
as the role of the individual’s own self-definition of his 
sex role is progressively increased. In addition, unidis- 
ciplinary analyses which predominate in this volume do 
not empower us to understand the character of the inter- 
actions between biological, sociological and psychological 
variables which, all the present investigators agree, is the 
way in which the sex role really develops. 

Brian NUTTON-ÑMITH 


TESTICULAR ENDOCRINOLOGY 


Endocrinology of the Testis 

Edited by G. E. W. Wolstenholme and Maeve O’Connor. 
(Ciba Foundation Colloquia on Endocrinology, Vol. 16.) 
Pp. xiii +331. (London: J. and A. Churchill, Ltd., 1967.) 
60s. 


Tus volume is the last in the distinguished series of 
colloquia on endocrinology held by the Ciba Foundation. 
It also happens to be the first to cover testicular endo- 
crinology in detail. The conference, held in May 1966, 
considered recent advances in this area from many 
different points of view. Taken together, the fifteen 
papers give a vivid picture of the immense progress 
made in the past few years, as well as the probleths 
besetting attempts at better understanding. $ 
Although methodology is not described in great detail, 
many papers present results derived from the application 
of the intricate and rewarding isotopic trager techniques 
e 
eo 
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now widely used. As in previous colloquia, each formal 
paper is followed by a transcription of the mformal dis- 
cussion among the twenty-two conference members. These 
sections of the book provide stimulating reading. 

The papers can be divided roughly into several groups: 
those devoted mainly to morphology include a study of 
its relation to external genitalia and phenotype in man, 
by J. E. Jirásek; the morphological changes throughout 
foetal development and their relation to enzymes involved 
in synthesizing and metabolizing steroid hormones, by M. 
Niemi; and a multifaceted study by E. Steinberger of 
Leydig cells in culture. Aspects of steroid biosynthesis 
by the testis are covered in another group of papers. 
R. I. Dorfman presented reaction sequences observed in 
various species; H. Inano showed the changes in the 
pertinent enzymes of rat testes with age; L. T. Samuels 
described the effects of oestrogens on the enzymes syn- 
thesizing testosterone in the testes of mice; and K. Eik- 
Nes summarized recent experiments on factors influencing 
the secretion of testosterone and other steroids in the dog, 
as determined by analyses of spermatic vein blood. 

Most of the other papers are clinically omented in that 
they deal with evaluation of testicular function in the 
human male and its control and variations, both abnormal 
and normal. B. Hudson emphasizes how much has been 
learned (and is still to be learned) from the ultramucro- 
analytical methods recently developed for measuring 
testosterone and other androgens in plasma. J. K. Grant 
reviewed the work of his and other laboratories on the 
often baffling relationships of clinical abnormalities (such 
as the syndrome of testicular feminization) to inherent 
defects in steroid biosynthesis. F. A. de la Balze described 
observations ın patients with testicular dysgenesis. 
Lastly, the paper by L. M. Fishman concerns the pro- 
duction of oestrogens by the testis, and describes com- 
binations of isotopic and chromatographic analyses of 
blood and urine following intravenous infusion of 
tracers, showing the importance of steroid intercon- 
versions and conjugation in evaluating low levels of 
oestrogen production. 

Other papers deal with the effect of hormones on 
spermatogenesis, on degeneration of an ischaemic testis, 
on the composition of semen, and on the embryo gona- 
ducts. The final pages give a most interesting general 
discussion among the conference members. 

This volume, dedicated to the memory of Dr Warren 
O. Nelson, is beautifully edited, and indeed does honour 
to that pioneer contributor to the field. 

H. N. Wason 


COMPANY OF TWO 


Twins and Twin Relations 
By Helen L. Koch. Pp. xvi+302. (Chicago and London: 
The University of Chicago Press, 1966.) $6.95; 52s. 


‘Twins were at one time little more than pawns in the 
nature-nurture controversy, but they are now being 
studied in their own right, and psychologists and other 
behavioural scientists are beginning to concern themselves 
in detail with the special biological and social phenomena 
which they present. They are known to undergo con- 
siderable prenatal and neonatal hazards, especially 
prematurity and dysmaturity, and to have æ neonatal 
mortality rate seven times that of sngletons. The intel- 
lectual and linguistic retardation found in twin popula- 
tions, however, cannot be ascribed entirely to the minimal 
neurological disorders which might result from such 
hazards, but may in part be a result of the unique psycho- 
a@cial phenomena presented ‘by twins; their close relation- 
shiņ (especially MZ pairs) has been held responsible for a 
meagura of isolation from their environment. 

Helen Koch’s study concerns itself with both biological 
and social qypstions; it focuses on ninety pairs of twins 
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between five and six years old, equally divided by sex 
and zygosity, all first-born, only children in their white, 
urban families. Control groups of singletons were carefully 
matched—-as many as four singletons for each pair on 
many comparisons. Subjects were recruited by schools. 
Although her twins are far from representative of the 
twin population as a whole, the group is homogeneous 
on & number of critical variables—a factor which would 
tend to reduce the size of correlations, but has the advan- 
tage of holding age constant. Dr Koch has little new to 
report on the biological side, but provides some useful 
data on the relationship of twins to one another and to 
their peers; her data suggest that they are on the whole 
more popular among their classmates (especially MZ 
girls) than matched singleton controls. Scores on the 
primary mental abilities test were slightly below those of 
controls, especially in the case of MZ boys, and even 
more marked deficite were seen on a number of somewhat 
crude assessments of linguistic competence. Here again, 
it is difficult to know whether the linguistic impairments 
are related to a prematurity factor (for premature single- 
tons aleo show mild cognitive and linguistic deficite as 
late as eleven years), to the poor speech model which 
twins present to one another, or to their relative isolation 
from adult speech models. 

The book also presents detailed findings on hand pre- 
ference and stuttering, on personality and attitudes 
and on sex differences; raw data can be studied in eighty 
pages of appendices. Statistical treatment is exhaustively 
and meticulously carried out, usually by a three way 
analysis of variance. In presenting hundreds of inter- 
correlations among a very large number of variables, 
however, the data are limited by the fact that a proportion 
of the correlations are likely to be significant by chance, 
and are in any case reduced in size by the homogeneity 
of the sample. Dr Koch’s interest in twins is clearly 
intense (her mother was a twin) and she raises numerous 
important questions, only a few of which are even tackled 
by her research. It is all the more surprising, therefore, 
to find so few references to some of the major European 
twin studies, most of which are directly relevant to her 
work. Luria, Zazzo, Husén, Lehtovaara and Blewett, to 
name just a few, are not mentioned; even Burt is only 
referred to in connexion with his work on left-handedness. 
Studies of twins in school are now fairly numerous, 
and well reviewed, and it is a pity that there is little 
attempt in this book to take the opportunity of relating its 
important findings to the literature as a whole. On the 
other hand, Dr Koch is clearly more familiar with the 
biological literature than many psychologists, and per- 
forms a useful service by reviewing obstetric and paediat- 
rio studies of twins. As for the psychology of twins, we 
still have much to learn, ; P. J. Mrrrzzr 


AWAIT THE INEVITABLE HOUR 


The Deer and the Tiger 

A 8tudy of Wildlife in India. By George B. Schaller. Pp. 
of California Press; London: Cambridge University 
of Chicago Press, 1967.) $10; 72s. net. 


The Galapagos 

Edited by Robert I. Bowman. (Proceedings of the Sym- 
posia of the Galápagos International Scientific Project.) 
Pp. xviit+ 318. (Berkeley and Los Angeles: University 
of California Press; London: Cambridge University 
Press, 1966.) $10; 80s. net. 


Bors these books are about conservation. The Galápagos 
Islands are well known ag an archipelago of great biological 
interest in which the flora and fauna have suffered serious 
devastation at the hands of man. In particular their 
giant tortoises have been ruthlessly used for provigioning 
ships—of the early explorers and “privateers”, and of the 
° 
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nineteenth century whalers—so that it is a marvel that 
any remain. In addition, introduced goats and pigs have 
done much to destroy the environment. The plight of the 
fauna of India is less well known; for two centuries, from 
John Company’s to Imperial days, India was a sports- 
man’s paradise, teeming with game of all kinds, albeit 
reserved for the enjoyment of the privileged—and rightly 
too, as shown by the sequel. 

The western world was largely unaware of the variety 
and abundance of the mammals in India until the nine- 
teenth century, although “the Mogul emperors from the 
thirteenth to the sixteenth century were famous as 
hunters”; and as late as 1892 Inglis could write that 
“swamp deer, hog deer, sambhur and other cervine 
species, herd together in the tall grateful cover of the 
friendly jungle grass—and wild pig, porcupine, wild fowl, 
game fowl, and other animals dear to the sportaman, 
are to be met with in incredible numbers”. Those herds 
are no more. “Hunting was not just a sport but a symbol 
of status. ... Yet in spite of the apparent apathy with 
which the government viewed the protection of the large 
mammals, and the great amount of damage done by army 
personnel during the Second World War, India retained 
a considerable amount of its wildlife until 1947.” 

Independence started a period of destruction “that 
could almost be compared with the slaughter on the 
American prairies in the 1880s”. In addition to killing 
about a million of each other, the Indians and Pakistanis 
shot down wildlife everywhere, crazed with the proletarian 
fallacy that “we are the masters now”. As a result of 
food shortage the government of India started a national 
drive to protect crops from the depredations of wild 
animals, and guns were given freely to farmers; a number 
of reserves was established, but measures against poaching 
were inadequate. ‘In one hundred years the combination 
of land clearing, uncontrolled slaughter, habitat destruc- 
tion by livestock, and disease, have reduced one of the 
world’s great wildlife populations to a small remnant... . 
Yet in spite of a realization that wildlife representa the 
country’s fastest vanishing asset, no detailed studies 
of any kind have been attempted on the larger mammals.” 
Most of the information recorded about them is anecdotal 
and was collected in the course of shooting them. 

Dr Schaller spent less than two years in India, mostly 
in Kanha Park, making the first serious effort at filling 
the void in our knowledge of these animals. The results 
of his work are reported in The Deer and the Tiger, an 
account of the ecology and general biology of five species 
of ungulates and of their chief predator. Although he 
claims that his conclusions are only tentative his book is 
full of interesting and valuable information—indeed, he 
is to be congratulated in achievingso much inso short a time. 
The most important actions necessary at once if there is 
to be any conservation of fauna are stopping poaching, 
and removing the vast numbers of half-starved, diseased 
and unproductive domestic animals which are permitted 
to exist for religious reasons. 

The Galdpagos contains the symposium papers of the 
Galápagos International Scientifie Project, an eleven- 
week programme of field research carried out in 1064. 
The papers were originally prepared as background 
information for those taking part in the project, and give a 
general survey of the geology and natural history of the 
islands in forty papers of various lengths and degrees of 
specialization—;the results of the project are to be pub- 
lished separately. The Darwin Research Station has 
recently been established on Indefatigable Island, and it 
may be hoped that the scientific study of the islands will 
be carried out ‘energetically by workers from many 
countries. The flora and fauna have been badly damaged 
by feral domestic animals, and through inefficient land- 
use by settlers; they are now threatened with extermina- 
tion. Measures for conservation are suggested, but 
“anlegs strong action is taken to reverse present trends, 
the 300 year history of human contact with the Galapagos 
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tortoises seems certain to end with the extinction of the 
species, probably in this century”. Now that an inter- 
national scientific organization is at work in the islands 
the government of Ecuador may perhaps take action to 
stop the destruction. Although, as the foreword says, 
“the islands literally [sto] bulge with biological curiosities”, 
we can scarcely include “flightless penguins” among them: 
flying penguins, now, would really be something. 
L. HARRISON MATTHEWS 


WHAT HISTONES DO 


Histones 

Their Role in the Transfer of Genetic Information. Edited 
by A. V. 8. de Rouck and Julie Knight. (Ciba Foundation 
Study Group No. 24.) Pp. 115. (London: J. and A. 
Churchill, Lid., 1966.) 18s. 


IN 1948 and 1949, the Vendrelys and Mirsky and Ris 
showed that the nuclei of different somatic tissues of an 
organism contam roughly equal amounts of DNA. From 
such observations it has commonly been argued that each 
specialized cell type contains the same genetic informa- 
tion. It follows that the activity of the genes must be 
regulated; and the close physical assoaation between 
histones and DNA has given rise to the idea that the 
histones are involved in regulation, to a greater or lesser’ 
extent. This book makes it abundantly clear that there 
is as yet little direct evidence available to support this 
point of view. 

An exception is the work described by Bonner and 
Huang, in which chromatin from pea seedlings 18 used as 
a primer for the Escherichia coli RNA polymerase in the 
presence of an RNA-dependent protein synthesizing 
system, also from E. colt. The amount of globulin syn- 
thesized is measured by precipitation with globulin- 
specific antibody. An extension of these experiments 
might well provide a definitive answer to the histone 
problem. 

The chief argument that is brought against a regulatory 
function for histones is the small number of histone 
“components” commonly found, and their constancy from 
tissue to tissue. The weakness of this argument is that 
the number of genes to be regulated may number several 
hundreds of thousands. If histones are involved to a 
significant extent in regulation, each hitherto recognized 
“component” might well comprise thousands of minor 
variants, a point which is brought out clearly here by 
Murray on page 80. 

One of the advantages of a book of this sort is that 
misconceptions are often immediately cleared up in the 
discussion which follows each paper, and omissions 
similarly repaired. Allfrey, for example, describes an 
extensive series of experiments comparing the histones 
found in active and inactive chromatin, but it is left to 
Stocken, in the discussion which follows, to point out that 
the total histone content of the two fractions is much 
the same. 

There is ample evidence quoted here that the histone/ 
DNA ratio varies little with the activity of the chromatin 
(but see Berlowitz on page 103). It follows that if histones 
do have a regulatory function it must be greatly influenced 
by such modifications as the attachment of RNA mole- 
cules (pages 25-36) or the processes of acetylation, phos- 
phorylation and oxidation (pages 42-66). 

The book covers a large part of an extremely wide 
field ın a compact and very readable form. The work 
described ranges from crude (and largely inconclusive) 
experiments in which histones are added to whole cells, 
to the refined experiments of Bonner and Huang, Allf®y 
and Mirsky, and the detailed structural work of Bptler 
and others. Many actual experiments are desgribed in 
detail, but the comparative irrelevancy so often found iy, 
original papers has been largely avoided. q . 
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If the book has a weakness, it is that the participants 
seem to be asking how histones regulate the expression 
of genes, but find themselves brought back again and 
again to the more fundamental question of whether this 
is the function of histones. Not until page 99 is the 
question of alternative functions taken up seriously, 
although Busch had attempted to raise it previously. 
This is no doubt unavoidable so long as no solution 18 
available. Certainly ıt will not disturb those who are 
concerned with the problem of histones. 

J. O. BISHOP 


MICROBIOLOGICAL JOKERS 


A Microblal Enigma 

Mycoplasma and Bacterial L-Forms. By York E. 
Crawford, Paul F. Smith, Charles Panos and Raymond J. 
Lynn. (Monographs in Microbiology.) Pp. x +264. (Cleve- 
land and New York: The World Publishing Company, 
1967.) 366. not. 


Myoorrasma and bacterial L-forms are the jokers in 
the present-day microbiology pack, for their purpose and 
place in the microbial kingdom and their role in the 
pathogenesis of ill-health remain enigmatic. A few are 
pathogenic to man, many are harmless saprophytes and 
several of these wali-less micro-organisms have been 
isolated from London sewage water and other such 
sources. This monograph comprises four chapters, each 
by a distinguished authority in a particular aspect. 
York Crawford confines himself to mycoplasma of human 
derivation in a comprehensive sixty-five page essay with 
102 references, nineteen elegant figures and eleven tables. 
He delineates the seven mycoplasma species isolated 
from man according to their usual habitat in the genito- 
urinary tract or oropharynx, and provides most helpful 
schemes for their isolation and identification. For the 
isolation of mycoplasma from the respiratory tract, he 
employs a two-plate system. One plate is prepared from 
standard 70 per cent PPLO agar, 20 per cent horse serum, 
and 10 per cent yeast extract, to which 0-002 per cent 
methylene blue is added to suppress unwanted myco- 
plasma species. After sealing the lids with affin to 
prevent dehydration, the plates are incuba: at 36° to 
37° C, examined at 3-4 day intervals for evidence of 
growth of M. pneumoniae and not discarded until after 
30 days of incubation. 

A second plate, without methylene blue, is used for 
the isolation of anaerobic species. Plates are incubated in 
anaerobic jars under 95 per cent nitrogen — 5 per cent 
carbon dioxide. Cultures are examined microscopically 
at 7 and 14 days for M. salivartum, M. pharyngis, M. 
hominis and M. pneumoniae. A full account of various 
methods of identification for species pays tribute to the 
considerable pioneer work carried out in Britain. Inhibi- 
tion of growing organisms by homologous antibody 
using an eight-tipped disk is considered a most convenient 
and efficient identification reaction in the US Naval Medi- 
cal Research Unit, Illinois. When viewed under a micro- 
scope, & clear zone of variable dimensions surrounds the 
paper disks which contain antiserum. The above methods 
were used to assess the frequency of various species in 
600 throat swabs from new US Navy recruits. M. sali- 
varium was by far the commonest species, comprising 
68 per cent of positive cultures, compared with 30 per 
cent for M. pharyngis and 1 per cent apiece for M. homants 
and M. pneumoniae. 

Because they have no rigid cell wall, mycoplasma have 
been obliged to live and reproduce in an osmotically 
hestile environment without a protective coating. In his 
chapter on the physiology of these micro-organisms, 
Paul F. Smith describes how they have compensated by 
increasing the amount and kinds of lipids in the limiting 

“membrane agg by existing as small coccoidal or filamen- 
sd 
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tous forms. Their plasticity results in penetration into 
interstices of the fibrillar network of agar gels, and thereby 
to the “‘fried-egg” appearance of agar colonies. Hus 
eighty-two page chapter contains 210 references, ten 
figures and eleven tables, from which may be derived the 
chemical composition of the various species and of the 
cell envelope, growth, nutrition, metabolism and bio- 
synthesis. Biochemically orientated clinicians will also 
enjoy æ section on the effect of antibiotic, chemical and 
physical agents on mycoplasma. 

Charles Panos has edited this authoritative monograph 
and contributed a thirty-nine page chapter on the bio- 
chemistry of bacterial L-form growth and structure; and 
finally, Raymond J. Lynn surveys the immunology of 
mycoplasma and bacterial L-forms in thirty-eight pages, 
citing 199 references. He describes antigen preparations, 
antibody responses, and the serological differentiation of 
Mycoplasmataceae, and speculates on their relationship 
to other micro-organiams. 

This book will be a valuable source of data to the 
clinician and laboratory worker, particularly those in the 
fields of microbiology and immunology. It will assuredly 
fulfil the editors’ hope that it will stimulate further re- 
search into this microbial enigma. 

D. GERAINT JAMES 


ABOUT ELEMENTARY PARTICLES 


Strong Interactions 

(Proceedings of the International School of Physics 
“Enrico Fermi’? Course 33, Varenna on Lake Como, 
July 6-18, 1964. Italian Physical Society.) Pp. xi+ 226. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1966.) 92a. 


Ir is rare to discover in the proceedings of a summer 
school a text which can unhesitatingly be recommended 
as compulsory reading for research students in elemen- 
tary particle physics. 

The article on meson resonancea, by D. H. Miller, and 
that on baryon resonances, by R. D. Tripp, give an 
excellent insight into the kind of analysis, often extremely 
theoretical, required in order to infer viable physical 
“facts” from the raw experimental data. These methods 
are amply illustrated in the examples of the identification 
of the quantum numbers of many of the well known 
resonances. The contents of these articles give a fair 
representation of our understanding of the new resonances 
as it stood in mid-1965. 

A very clear discussion of several theoretical tools is 
also given: Dalitz plots, Argand diagrams for resonant 
amplitudes, and the Wigner condition. There is a table 
relating (for spin 4/spin 0 scattering) the coefficients in 
the expansion of the angular distribution and polarization, 
in terms of Legendre functions, to the partial wave 
amplitudes. 

The section by R. H. Dalitz on the production and 
decay of resonant states concerns itself with a more refined 
theoretical discussion. of some of the techniques mentioned 
previously, and also deals with certain dynamical models 
of resonance production, namely, the peripheral model 
and the absorptive peripheral model. 

It is remarkable that the articles of Dalitz, Tripp and 
Miller achieve such a high degree of pedagogical clarity 
while dealing with topics at the very forefront of ele- 
mentary particle research. 

The final section, on symmetries of strong interactions, 
by S. L. Glashow, is pedagogically much less successful, 
and contains several printing errors. It does, however, 
serve as a useful summary of the applications of 8U(3) to 
concrete physical proceases. 

In , this is a most valuable contribution to 
the literature on elementary particle physics. ‘ 

E. ER 
s 
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EXAMINING FIBRES 


_ Thermoanalysis of Fiber and Fiber-Forming Polymers 


Edited by Robert F. Schwenker, jun. (American Chemical 
Society Symposium held at Atlantic City, N.J., September 
17, 1965. Applied Polymer Symposia, No. 2.) Pp. vii+ 
175. (New York and London: Interscience Publishers, 
a Division of John Wiley and Sons, 1966.) 55s. 


ALTHOUGH thermoanalytical methods have been in 
existence for a very long time they have only been ‘‘dis- 
covered” by polymer scientists during the past decade, 
mainly as a result of the availability of easy to use com- 
mercial instruments for differential thermal analysis and 
thermogravimetry. This :mpetus has now resulted in the 
development of new techniques of thermal analysis and 
in particular the vast extension of our knowledge and 
interpretation of the thermal properties of polymers. 
This subject was the theme of a conference sponsored by 
the Amencan Chemical Society at Atlantic City, New 
Jersey, in September 1965, and the papers are now 
reprinted in full. This volume is in the same format as the 
Journal of Applied Polymer Sotence, of which it is part, and 
as such will already have been received by subscribers to 
that journal. These papers, however, are worth bringing 
to the notice of other research workers in unrelated fields 
because of the elegance and degree of refinement of 
experimental methods and technique which are reported. 
Several new techniques of thermal analysis are described, 
among which are those of thermoparticulate analysis 
based on the detection of condensation nuclei evolved 
from polymeric materials undergoing thermal decom- 
position and torsional braid analysis. This is a useful 
method of measuring the ability of polymeric materials 
to store or dissipate mechanical energy on deformation. 
This technique is described and is shown to be sufficiently 
versatile to be used also as a measure of rates of oross- 
linking reactions. 

The papers are complete and fascinating in themselves, 
but the volume lacks some general introductory chapter, 
without which much of the casual reader’s interest 1s 
diverted; it also lacks any report of discussions which 
must have taken place at the conference and which most 
would consider to be as important as the actual papers. 

E- F. T. WATIE 


CROSSROADS FOR METALLURGY 


Silver 

Economics, Metallurgy, and Use. Edited by Allison 
Butts with the collaboration of Charles D. Coxe. Pp. 
x+488. (London, Princeton, N.J., and Toronto: D. 
Van Nostrand Company, Inc., 1967.) 1088. 


Tus book, sponsored by Messrs Handy and Harman 
to commemorate their one hundred year association with 
the manufacture and use of this precious metal, serves to 
emphasize the ancient origins of metallurgy. Silver was 
one of the firat metals to be used by man; its fine lustre 
and its workability led to its use for ornamental and 
domestic purposes. It soon became of economic value as a 
basis of finance, a service it rendered until displaced by 
gold in the eighteenth century. The early production of 
silver was by a chemical process; later processes used a 
combination of chemistry and engineering. Silver finds 
many modern applications: as a contact material because 
of its high electrical conductivity; as a material for use 
in electrical storage batteries where high energy/unit 
weight and space are required; in nuclear reactors, where 
silver-cadmium alloys are used as neutron absorbers; and 
in photo-sensitive materials. In these latter applica- 
tions the influence of physical science has been predom- 
inant. : F 
. 


1375 


The history of silver reflects the changing nature of 
metallurgy which has passed from a technical craft to a 
science under the influence first of chemistry and latterly 
of physics, Moetallurgists are no longer concerned solely 
with the extraction of metals from their ores and their 
subsequent fabrication, but treat metals as one of a class 
of modern technological materials in which the macro- 
scopic properties are related to the crystal structure. The 
application of the knowledge gained by developments in 
solid state physica, crystallography and thermodynamics 
has led to a fuller understanding not only of the properties 
of metallic materials but also of ceramics, polymers, 
plastics and composite materials. 

The need for a unified approach in the teaching of the 
basic science of these materials has led to the evolution 
of the subject of materials science, which aims to 
supply engineers, physicists and chemists with a know- 
ledge of crystal structure and its relation to the physical 
properties of the technological materials they are called 
on to use. It would seem that materials science is to 
succeed metallurgy as a study in many universities and 
colleges. This unification in a number of diverse studies 
will be no bad thing from both the economic and teaching 
pomts of view, provided we do not lose sight of such 
important studies as, for example, process metallurgy. 
As this volume shows, much economic value depends on 
the winning of metal from natural ores and its fabrication. 
If materials science helps us to use poorer ores, to fabricate 
better and find new applications, it will be a worthy 
successor. 

Professor Allison Butts and Mr C. D. Coxe, who edited 
this volume, are to be complimented on producing a book 
which is interesting reading for anyone involved with 
metals from a scientific or technical point of view. It will 
also interest those concerned with any of the industrial, 
economic or artistic aspects of silver. 

W. J. KITCHINGMAN 


ORGANOMETALLIC PREPARATIONS 


Organometallic Compounds 

Methods of Synthesis, Physical Constants and Chemical 
Reactions. By Michael Dub. Vol. 2: Compounds of 
Germanium, Tin and Lead, including Biological Activity 
and Commercial Application, covering the Literature from 
1937 to 1964. Second edition, edited by Richard W. 
Weiss. Pp. xx+697. (Berlin and New York: Springer- 
Verlag, 1967.) 98 D.M.; $24.52. 


Tms edition 1s devoted to organo-derivatives of german- 
ium, tin and lead. Research workers in these fields are 
well aware of the difficulties and labour of extracting in- 
formation from the literature and for them this book, lke 
its predecessor, will be a tremendous asset. It covers, 
comprehensively and accurately, references to all publica- 
tions in the field between 1937 and 1964, but it is not in 
any sense & critical or comparative work. 

The presentation is by division into headings such as 
symmetrical, tetra-organo-tin compounds and organo-tin 
hydrides. General preparative methods are then listed, 
followed by specific examples and their physical and 
chemical properties. This is followed by a tabulation of 
all compounds of a given class, together with some data 
on each and. literature references. In using this com- 
pilation careful examination of the table of contents is - 
essential, and some care is needed in searching the tables, 
for they are not systematically arranged in order of 
inereasing carbon content. It is pleasing to see the 
abbreviations Me, Et, Pr, Ph used throughout. ° 

Tho print and general layout are excellent, and this 
edition is much improved by a hard binding. , 

F. GLOOKLING 
* ° 


~~ 
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UNDERGRADUATE OPTICS 


Geometrical and Physical Optics 

By R. 8. Longhurst. Second edition. Pp. xvi+ 592-44 
plates. (London: Longmans, Green and Co., Ltd., 1967.) 
40s. 


Dr LoneHurst is to be congratulated on producing a 
book which in general 1s both well written and well 
presented. Many aspects of geometrical and physical 
optics are discussed and the range of topics is so wide that 
mevitably many present-day undergraduates will unfor- 
tunately not have the time to study the entire volume. In 
recent years there has been a renewed interest in optics, and 
those whose research entails the use of optical techniques 
will find the current edition a useful reference book. 

The chief differences between the first and second 
editions of Geometrical and Physical Optics are summarized 
in. the author’s words: “A. brief account of partial coher- 
ence is now included; the sections on interference and 
phase contrast microscopy have been expanded; the 
sections on the metre and on the speed of light have been 
brought up to date; and accounts are given of the impor- 
tant recent work on interference spectroscopy, on the pro- 
duction and use of diffraction gratings and on image forma- 
tion”. These changes, which sound substantial, do not re- 
sult in a volume which is vastly dissimilar from the first 
edition. 

In matters of detail there are several points which are 
worth noting and which could perhaps be improved. 
In the first chapter there is an elementary account of 
wave motion in which “particles” (author’s inverted 
commas) are briefly considered in relation to the nature 
of light. We are told that electromagnetic theory is 
considered in a later chapter. Surely the idea of “par- 
ticles”, which is rather misleading, could have been com- 
pletely omitted. The section on interference filters is 
rather misleading, particularly with regard to Fig. 9-20 
which illustrates rather an uncommon design of filter. 
A student could easily get the erroneous impression that 
most interference filters are of the type illustrated. An 
important property of interference filters which is not 
mentioned in the text is the degradation of bandwidth 
with increase of incidence angle. 

It is pleasing to find a section on holography, but 
nevertheless it is disappointing to find only a verbal 
account of the subject. A simple mathematical explana- 
tion of the formation of the various images has been given 
in the literature, and such an account could easily have 
been included, with advantage, in the present volume. 
Indeed, the entire section could have been expanded to 
give a more detailed account of a subject which is creating 
a lot of interest at the present time. 

No one disputes the superb accuracy of the experiments 
relating to the standards of length and the measurement 
of the velocity of light, but Dr Longhurst’s accounts 
of these subjects tend to be rather long and tedious, and 
could well be shortened. It would, perhaps, be better to 
devote more space to holography and less space to stand- 
ards. Briefly, the present edition of Geometrical and 
Physical Optics may be considered good in general, but 
not so good in some of the detail. A. THETFORD 


MEASURING THE STARS 


Principles of Astrometry 
With Special Emphasis on Long-Focus Photographic 
Astrometry. By Peter van de Kamp. Edited by R. A. 
@osenbaum and G. Philip Johnson. (A Series of Books 
in Mathematics.) Pp. vii+227. (London: W. H. Freeman 
arf Company, Ltd., 1967.) 52s. 

e 


e ASTROMETRY is “the branch of astronomy that deals with 
_ Myasuremeste of the celestial bodies involving their 
e 


NATURE, VOL. 214, JUNE 24, 1967 


positions and movements’’. As such it has a long and 
honourable history, a large body of theory, and a vital 


and continuing place in modern research in the astro- sag 


physics of our galaxy, for of the three physical parameters 
of a star, its mass, luminosity and radius, the first two 
can be determined only by methods depending largely on 
astrometric work. For the teaching of the theory and 
methods there has been no single book available, and so 
a text covering the ground of this book would have 
been welcome anyway, but because it was Professor van 
de Kamp who was chosen to write it, it has turned out 
nearly ideal. He is a, probably the, leading authority on 
the subject and a well-known and entertaining popular 
lecturer, as well as a figure in astronomical education. 
Not that this is a “popular” book-——in its 227 pages it 
combines a good compressed course in spherical trigono- 
metry applied to the celestial sphere, and one in observed 
patterns of stellar motion and their underlying theory, 


with a researcher’s handbook on the techniques of observa- .— 


tion and reduction in astrometry and a useful review 
of the general results in each branch. Thus it is fairly, 
tersely written and not given to unnecessary digression, . 


The flow of thought, however, is so direct and the relation~_y 


ship between mathematical argument and verbal exegesis 
so harmonious that it is easier to read than many purely 
descriptive books. Professor van de Kamp has emphasized 
partioularly the methods of long-foous photographic 
astrometry, of which he has an especially close knowledge, 
and refers often to the equipment and its properties at 
his own Sproul Observatory, of which he is the director, 
in order to sharpen our ideas of what is possible and 
attainable in accuracy and precision (two words which 
are not naturally synonymous, and which, as is shown, 
need great thought and care to make them so. Four 
significant figures may look precise, but they won't 
always be the accurate four.) 

The motions of several stars are considered in detail, 
notably of course Barnard’s Star, the discovery of whose 
planetary companion, of mass only 1:6 times that of 
Jupiter, and the only known non-luminous body outside 
the Solar System, is Professor van de Kamp’s own most 
exciting and exacting feat of measurement. 

The book ends with a useful pair of appendices on the 
theory of errors and the method of least squares, written 
with the same clarity as the rest, and therefore to be 
welcomed despite the existence of other sources for the 
material. 


This is a book, then, which, while ideal as a student << 


textbook, can still be rewarding to anyone who wants to 
know how, and how reliably, one of the essential steps in 
knowing and understanding our cosmic environment is 
taken. Every serious student of astronomy, professional 
or amateur, should consider placing it on his shelves or his 
bedside table. A. D. Prerrorp 


IN THE SKY 


Ny fa of the Atmosphere 

A Course in Meteorology. By P. M. Tverakoi. Edited by 
E. 8. Selemmeva. ‘Translated from the Russian by A. 
Ben and R. N. Sen. Pp. xi+561. (Jerusalem: Israel 
Program for Scientific Translations; London: Oldbourne 
Press, 1965.) 173s. 


The Air Envelope of the Earth 

By Kh. P. Po Translated from the Russian by 
I. Shechtman. Pp. vii+230. (Jerusalem: Israel Pro- 
gram for Scientific Translations; London: Oldbourne 
Press, 1965.) 108s. 


Tue first of these books is written for students intending 
to become professional scientific meteorologists with the 
aim of giving them a broad general survey of physical 
meteorology. The translation must be judged on this 
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basis, which 18 quite different from the one to be used in 
judging a translation of a recent research paper. 

~ The book covers the composition and broad structure 
of the atmosphere; atmospheric thermodynamics; radia- 
tion; heat and moisture regimes; physics of cloud, pre- 
cipitation, fog and visibility; atmospheric optics, electri- 
city and acoustics; 1onosphere. Dynamical meteorology 
has, deliberately, only one small chapter. References are 
given to more detailed Russian books on such subjects 
as scattermg of radiation. There is no index. 

As a book of its specific scope for Russian students, the 
original is good, the best part bemg the chapter on radia- 
tion. I boggled at the unqualified statement that the 
height interval in decametres between two isobaric 
surfaces is almost exactly twice the mean absolute virtual 
temperature between them, which is true only if the ratio 
of the pressures at top and bottom is 1:2, but not at 
much more. 

The translation does not seem to have been critically 
examined by a meteorologist. The terminology 1s in 
nlaces odd or merely a literal translation. Thus “‘meteoro- 

zical booth” appears for “instrument sereen” and 
Under some 
“diagrams and in places in the text, Russian abbreviations 
have been transliterated instead of being entered in the 
accepted English form. It is essential for a book for 
students to we the terminology generally accepted in 
their own language. Two gross errors of translation were 
noted: (a) “under continental conditions the daytame 
rise of relative humidity is particularly marked in sum- 
mer”, instead of the correct “fall” which appears in the 
original—the reason for this is indeed explained in the 
next sentence; and (b) “drafte”? instead of “droughts”. 
The text describes an aerological diagram contained in a 
cover pocket in the original but not reproduced in the 
translation. The references to more specialized Russian 
books are translated, but no effort is made to direct the 
student to similar sources in English. The reproductions 
of cloud and aurora photographs are even worse than in 
the original. It ia true the book covers a range not to be 
found within the covers of any recent book in English— 
Humphreys’s Physics of the Air is the nearest in scope 
but much less up to date-—but I cannot recommend 1t, 
especially at such a high price, to the English or American 
student. The original Russian book cost the equivalent 
of about 15s. 

It is stated that Pogosyan’s book has been written for 
a wide circle of readers. It is entirely non-mathematical 
but does require an elementary knowledge of physics. 
The book is generally sound but rather dull and in need 
of more and better diagrams and photographs to arouse 
interest. Thus there is a chapter on local forecasting 
illustrated with only one, and that very poor, cloud 
photograph which is of cirrus. The chapters on radiation 
and possible and not-poasible effects on weather and 
climate of artificial influences and human activities are 
particularly good. The discussion, in this translation at 
least, of the relation between wind and pressure is not 
good, geostrophic and gradient wind being treated aa 
synonymous. 

The translation is not good and contains some odd 
terminology. Thus the Russian word for “cirrus”? can 
also mean ‘‘fleece”, hence the words ‘‘fleecy-stratus 
cloud” in this translation. Some Russian terms, for 
example “sukhovei” (a hot dry east wind in South 
Russie), are merely transliterated and not translated or 
explained. The general reader, like the student, requires 
the accepted terminology. The meteorological examples, 
such as temperatures, refer to the Soviet Union. The 
diagrams have been very poorly copied from the original. 
I cannot recommend this translation to the British or 
American general reader. 

Tt is doubtful if it 1s worth translating complete students’ 
textbooks or books for the general reader from Russian for 
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University News: Glasgow 


THE following have been appointed to chairs: Professor 
D. W. A. Sharp, professor of inorganic chemistry in the 
University of Strathclyde, to the new Ramsay chair of 
chemistry; Dr Alexander C. Forrester, reader in anaes- 
thetics (Royal Infirmary), to the new chair of anaes- 
thetics; Dr D. K. Mason, senior lecturer in dental surgery 
and pathology and in preventive dentistry at the Univer- 
sity’s Dental School, to the new chair of oral medicine. 


London 


Tm title of professor has been conferred on the following: 
Dr T. C. N. Gibbens, forensic psychiatry, in respect of his 
post at the Institute of Psychiatry; Dr T. V. Glenister, 
embryology, in respect of his post at Charing Cross 
Hospital Medical School; Dr I. Macdonald, applied 
physiology, in respeot of his post at Guy's Hospital 
Medical School; Dr I. MacIntyre, endocrine chemistry, 
in respect of his post at the Royal Postgraduate Medical 
School; Dr F. W. O’Grady, bacteriology, in respect 
of his post at 8t. Bartholomew's Hospital Medical College; 
Dr E. A. Power, mathematics, ın respect of his post at 
University College. 


Appointments 


De D. E., R. Goprrry, at present head of the Depart- 
ment of Mathematics at Woolwich Polytechnic and 
part-time vico-principal, has been appointed principal 
of the polytechnic on the retirement of Dr H. Heywood. 
Dr Heywood has accepted a post as senior research fellow 
at Loughborough University of Technology. 


CORRIGENDUM. The price of the book entitled Chemical 
Equilibrium by Allen J. Bard (Nature, 214, 1170; 1967) 
is 258. 


CORRESPONDENCE 


Education for Change 


Siz,—Dr Davies’s remarks (Nature, 214, 1079; 1967) on 
the kind of graduate which industry will require in the 
19708 and beyond deserve close attention from heads of 
university departmenta and from headmasters. We should 
like to reinforce his argument with information gathered 
from the schools, from university undergraduate courses 
and from graduates of some years standing both in Great 
Britain and abroad. 

It is, we think, generally agreed that among sixth 
formers there is a trend away from the rigorous science 
discipline of mathematics, physics and chemistry. This 
has recently been the basis of Dr Dainton’s remarks. 
What many sixth formers seem to want, however, is not 
so much arts subjects instead of science, but the possibility 
of combining the two. Our own experience over the past 
three years, during which we have visited very many 
schools as examiners and lecturers, is that there is in 
schools increasingly the possibility of a sixth former 
taking (say) mathematics at 4 and S level together with 
a language or history. Of twenty applications for one of 
our combined courses, thirteen were offering science and 
language subjects at advanced level. 

It was a realization of this which prompted this 
Institute to introduce combined studies courses three 
years ago. Here a science or technology (mathematics, 
an electrical engineering topic or textile technology, for 
example) occupies roughly half the syllabus, the remainder 
being either European studies with a modern language or® 
management sciences. We have not found apphcante for 
these courses to be those who feel they might, have 
difficulty in securing admission to an arts department for 


sale at such high cost in western countries. G. A. Burn languages or to an engineering or RE deparț- a 
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ment. On the contrary, they tend to be those who could 
easily secure a place for a single discipline. In any case, 
our combined studies courses are of honours standard 
and not mm any sense an easy option. 

The same desire for “generality” is also revealing itself 
in other countries. Even though the school courses for 
both Baccalauréat and Abitur do not show as much 
specialization as the British sixth form courses, and in 
spite of the possibility of breadth of study in French and 
German universities, it 1s clear that many science gradu- 
ates in France and Germany feel that their undergraduate 
course still left a good deal to be desired. An article in 
the June issue of Réalttés (pages 84-88) shows this very 
clearly. Kome of the conclusions drawn by French 
graduates now working in industry are very revealing. 
“There 1s no point in packing the curriculum with the 
rudiments of all the specialisms. You end up with mere 
nomenclature. It 1s the old problem of whether to have 
a well-trained head or a well-filled hoad. The question 
‘Is an engineer a scientist or a business man?’ has not 
been answered. Technical development in certain. fields 
is so rapid that scientific training can only to some extent 
prepare the student to understand new technologies. In 
a managerial position for example, 90 per cent of a man’s 
technical knowledge is not derived from his university 
education.” 

These are some of the problems facing the university 
teacher ın faculties of science and technology. In our 
view, Dr Davies has made out a convincing case for more 
“generalism”’ in scientific and technological studies. It is 
up to the universities to see that the wishes of under- 
graduates and the needs of industry receive a hearing. 


Yours, eto., 


H. 8. Jaoxson 
C. R. BUXTON 
J. STANDRING 

Department of Modern Languages, 

University of Manchester Institute of 

Science and Technology. 


No Change for Chemistry 


Sm,—May I clear up some misunderstanding which is 
apparent from your comments on the Royal Society Post- 
graduate Training Report on Chemistry (News and Views, 
June 3)? Your implication that industrial views were 
ignored is inaccurate, as a reading of the report would 
show. A forceful industrial critic of the academic set-up 
was a member of the committee, and the most frequent 
industrial grumbles were quoted in an “Industrial— 
Academic Relations” section. 

Again, a “product opinion” survey was deliberately not 
attempted because we knew that an exercise along these 
lines was being planned in conjunction with the Royal 
Institute of Chemistry; indeed, a member was common 
to both committees so that duplication could be avoided. 
In your further comment on June 10 you seem to have 
just become cognizant of this RIO committee (although 
1t was mentioned in the Postgraduate Report) but again 
you do not seem to have realized the mutual awareness 
of these two projects. 

Yours faithfully, 
R. A. RAPHAEL 
Department of Chemistry, 
University of Glasgow. 


Tu industrial criticisms mentioned in the report, and 
the single reference to the RIC committee, are included 
ein the two paragraphs reproduced below: 

“Tt is generally agreed that in chemistry there is a 
gfeater-than-usual degree of mutual understanding be- 
tween’university and industry. One healthy facet of this 
relationship is that neither treats each other with over- 
ekaggeratell respect; reciprocal comment, both publie 

e 


NATURE, VOL. 214, JUNE 24, 1967 


and private, on each other’s methods and ams is usually 
forceful and sometimes fruitful. 

“One perennial industrial complaint concerns thee 
reluctance of postgraduates to enter industry in the DK, 
and ıs usually coupled with dark hints of conscious or 
unconscious brain-washing on the part of the supervisors. 
In this view, the present postgraduate training is regarded 
as a self-perpetuating system for academics with little 
concern for the need to produce industrial pace-makers. 
The Swann and Willis Jackson Committees have already 
discussed this problem and it will not be dealt with 
further here, except to point out that the situation in 
chemistry is better than earlier alarmist statements sug- 
gested. It is also relevant to note that an industrial- 
academic Committee of Enquiry has been appointed by 
the British Chemical Education Committees (a Royal 
Society—Royal Institute of Chemistry body) to investigate 
in detail the relationship of undergraduate and post- 
graduate courses and training to the needs of industry. 
Another industrial stricture is typified by a recent article 
which pours scorn on university training topics as being 
trivial, eminently predictable, mere straight lme extra- 
polations or interpolations from known phenomena. Man: 
university problems are also regarded industrially as 
being too rigidly narrow, tending to inculcate a blinkered 
and restricted mental attitude in the student.” 

~~Editor, Nature. 


Applying Research 


Sm,—Recently published figures purport to show that 
the UK is spending nearly as much on research and 
development as the whole EEC combined. Few of your 
readers would question the correlation between today’s 
production and the research of a few years ago. Yet our 
Gross National Product increases with painful slowness. 
There is something here that needs explaining. Possible 
suggestions: 

(a) The law of diminishing returns is operating in a big 
way. 

(b) That taxation advantages, and accountants’ views 
about what expenditure does qualify as “R and D”, 
differ so much from industry to ndustry, and from country 
to country, that valid comparisons cannot be made. 

(c) The tendency to regard a research department as a 
prestige symbol worth paying for, like an over-elaborate 
headquarters building. (I can think of research depart- 
ments that seem to have been closed down for reasons 
bearing little relation to the quahty of their work.) 

(d) That industry has still not learnt to use scientists 
and engineers properly. (I once interviewed a distin- 
guished Ph.D. of several years standing, whose job was to 
devise schedules of cutting up steel rod and plate in order 
to fill orders with minimum wastage! This is, I hope, a 
very extreme case of inefficient use.) 

(e) That, in a typical firm, a number of people in the 
“research department’ are in the process of being groomed 
for administrative and sales work. 

Comparison with the USA hardly suggests that (a) is an 
important factor. I am sure that all the others are 
operating to some extent, and I suggest that attempts 
to measure some of them, even roughly, would be very 
timely indeed. I feel sure that some of them can be 
measured, though I am not myself qualified to do so. 

Before we start telling ourselves that we are hopelessly 
inefficient in applying the results of research as compared 
with, say, West Germany, it seems to me important to 
establish whether the disparity of real research effort is 
really so great as the raw figures seem to suggest. 


Yours sincerely, 
H. N. V. TEMPERLEY 


Department of Applied Mathematics, 
University College of Swansea, 
Singleton Park, Swansea. . 
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FORTHCOMING EVENTS 


(Mestnge marked with an asterisk are open to the publw) 


Monday, June 26 


UNIVERSITY COLLEGE LONDON (in the Anatomy Theatre, Gower Streot, 
London, W.C.1), at 5.80 p.m.—Prof. Rita Levi-Montaloin: (Washington 
University, St. Louis): “Nerve Growth Factor—Recent Work”.* 


Tuesday, June 27 


URIVHRSITY OF LONDON (in the coring Tertare Lecture Theatre, University 
College, Gower Street, London, W.C.1), at 0 p.m.—Prof. Oscar Zariski 

arvard University): “The Problem of Equisingularity on Algebrold 
arieties”’. 


Thursday, June 29 


ROYAL Soom#pry (at Barlingto n House, Piccadilly, London, W.1), at 10 30 
&.m.— Discussion Meeting on athe Scentific Basis for the Search for Hydro- 
carbons Beneath the North Sea” organized by Dr K. O. Dunham, FRS 


Thursday, June 29—Friday, June 30 


NATIONAL INSTITUTE O¥ AGRICULTURAL BOTANY (at Huntingdon Road, 
Gambridge 10.15 a.m. on Thursday—Open Day, at 2.80 p.m. on Friday 
eral Meeting. 


Ba 


Beou D. 


ae 


M 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

DEMONSTRATOR or ASSISTANT LECTURER IN ZOOLOGY in the DEPARTMENT 
OF BroLogicat Sorsnces—The secretary, Wye College (University of 
London), near rege Kent (June 30). 

LECTURER ASSISTANT LEOTURER MATHEMATIO8—The 
Beoretary, Royal Holoway College Donen ty of een, Englefield Green. 
Surrey (June 30). 


POSTDOCTORAL RESHARCH ASSISTANT (preferably with research experience 


in biochemistry, , or plant chemistry) in PLANT BIOCHEM- 
ISTRY to work wi r H. Smith on the phytochrome on of phenolic 
blosynthesis—The Registrar (BC/HS), Queen Mary College (Univeralty of 


London), Mile End Road, London, E 1 (June 80). 


LECTURER (with experience in the flelds of systems performance or systems 
design, and preferably an interest ın modelling digital or analogue 
computers) ın INDUSTRIAL AND SYSTEMS ENGINARRING—Tho trar, 
Gare sar College of Swansea, Singleton Park, Swansea, South Wales 

une 

RESEARCH FELLOW (with an interest ın the chemistry of natural products) 
In ORGANIO CHEMISTRY—The Tar, Univ College of Swansea, 
Singleton deg Svangen, South Wales (June 80). 


LECTURER ÅBSSISTANT LECTURER in NUMERIOAL ANALYSIS—The 
Registrar, Uniwersity of Strathclyde, George Street, Glasgow, C.1 (July 1). 
LROTURER or ASSISTANT LECTURER ın the DEPARTMANT OF PSYOHOLOGY 
—The Begisirar, University of Keele, Keele, Staffordshire (July 1). 
LEOTURER or ASSISTANT LACTURER (with experience of microbial oF 
Deere p 1 phytoloay and and an interest ın s01] sciences) ın the DEPARTMENT O 
, The University, Liverpool, quoting Ref. BV. BE 


BRADER IN BOLID MEOHANIOS ın the DEPARTMENT OF MATHRMATIOS—' 
Registrar, University of Strathclyde, George Street, Glasgow, C.1 (July i 

ASSISTANT LECTURER or LECTURER (with an interest in the field of thermo- 
dynamics and fiud mechanics) in the DRPARTMENT OF MEOHANIOAL ENGIN- 
HERING—The niversity, Nottingham (July 8). 

ASSISTANTS IN GHOLOGY (one without restnotion on special interests, the 
Hace ferabl; mith h emi hasis on geop hysica) in GROLO@Y—The Secretary 

niveral University, Glasgow (July 8). 

Boers DERE ce (graduate in engineering or ing or geology) for duties 
associated with a course In geotechnology—The Regis niversity of 
Leicester, Leicester (July 8). 

RESEARCH ASSISTANT (with an honours degree in geology) in GEOLOGY for 
work on the structure and petrology of basic and ultrabasic rocks under the 
gurection of Dr at J. Waltona and Dra T. Yo Eothate 7 i 

ce, Portamo! 2 ollege of Technology, Hampshire Terrace, Portsmouth, 
Ham; ‘ampehire (July 7) 


RESRABRCH ASSISTANT (with some experlence in morbid anatomy and 
ee 1n neuropathology) for NHUROPATHOLOGY 1n the DEPARTMENT OF 
HUROLOGY niversity of Edin burgh), in connexion with a 
rogearoh Toject on the basic mechanisms and treatment of epilepsy—Prof. 
F. De ent of Surgical Neurology, Western Geno: 
Fonta Edinburgh, (July 7). 

SHNIOR LECTURER, LECTURER and an ASSISTANT LEOTURHR (Demonsira- 
tor) in ANATOMY—The Secretary, The Medical College of Saint Bartholo- 
mew’s Hospital, West Smithfield, i London, E 0.1 (July 8). 

CHAIR OF STATISTIOS AND COMPUTER SOMNOB at Royal Holloway College 
—tThe Academic Registrar, University of London, Senate House, London, 
W.0.1 (July 10). 

POSTGRADUATH RESHAROH ASSISTANT ( uate in veterinary medicine, 
pharmacology, biochemistry or chemistry) ın the DEPARTMANT OF VRTHE- 
miey PHARMACOLOGY, Royal ( (Dick) School of Veterinary Studies, to assist 

th research into fasctoliagis in Se T Beoretary, University of Edin- 
Durgh, Old College, South Bridge, nburgh (July 12) 

JUNIOR RESEARCH FELLOWS (2) In GROGRAPHY—The Registrar, The Uni- 
versity, Sheffield (July 14). 

DEXON TOR (with a good honours degree, with or without research 
experence)"in the DEPARTMENT OF PHYSICS— Registrar, University of 
Keele, Kegle , Staffordshire (July 15) 
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LEOTURER (engineer or applied scientist with a good honours degree) in 
FLUID MBOHANIOS AND HYDROLOGY—The Registrar, University of Strath- 
clyde, George Street, Glasgow, C.1 (July 15). 

LuoTuRgR IN SURGERY—The Registrar, The University, Sheffield (July 15). 

LECTURER (with an interest ın one or more of the following fields: power 
systems, © ical machines, energy conversion-control, or in electronics 
applications in these fields) ın ELECTRIOAL RNGIVAERING—Tho Secretary, 
Queon’s College, Dundee (July 15). 

SENIOR LECTURER fongunper oF DEY or physicist) in MEOHANIOAL ENGINEERING 
at the Univermty o ong one The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Hong Kong aaa pondon; J uly 16 15). 

LECTURER i F AROHAEOLOGY—The Seoretary, Uni- 
versity of eia ibe Dp oia e College, South Bridge, Edinburgh (July 17). 

SRNIOR LHOTURER or LECTURER IX EXPERIMENTAL PSYOHOLOGY at the 
Unrversity of Zambia The Inter-University Council, 83 Bedford Place, 
London, W.0.1 (July 18). 

LEOTURER/SRNIOR LECTURER and a LHOTUBER (with on honours degree ın 
engineering) ın CIVIL ENGDVSARING at the University of Sydney, Australa— 
The Association of Commonwealth Unrversities (Branch Office), Marlborough 
House, Pall Mall, London, S W.1 (Australia and London, July 21). 

LROTURER or ASSISTANT LBOTURER (with research interesta in the fleld of 
oel p biology/embryology, and preferably some proficiency ın biochemical 

fee) ZOOLOGY 1n St. Salvator’s College—The Secretary, University 
of orate drews, College Gate, St. Andrews, Fife, Scotland (July 22). 
SANIOR LEoTURWR or LEOTURHR 1n INORGANIO CHEMISTRY, ANALYTIOAL 


CHEMISTRY, PAYBICAL CHEMISTRY with special interest in gas Eose and 
ORGANIO OBRMISTRY wth special interest ın reaction mec at the 
Univers! ria—The Inter-University Council, 38 33. Bedford 


ty of Ibadan, 
Place, London, W.0.1 A y 26). 

SENIOR LEoTURER, and a LECTURER or ASSISTANT LEOTURHR (preferably 
with training and/or experience ın geomagnetism, ionosphere or apphed 

physics} in the DHPARTMARNT OF PHYSICS, Ahmadu o University, 

orthern Nigeria—The Inter-University Council, 33 Bedford Place, London, 
W.O.1 (J eae 7). 

LECTURERS (2) (preferably with special quai cations in mineralogy and 
structural geology) in the DAPARTHENT OF GROLOGY, University of Ibadan, 
ere. r-University Council, 88 Bedford "Place, London, W.0.1 

y 28 

RESHAROH FELLOW (preferably with experience 1n the field of lactational 

physiology) ın DAIRYING at the Dairy Husbandry Foundation 

oratories within the DEPARTMENT OF ANIMAL HUSBANDRY, University of 
Sydney, Australa—The Assoclation of Commonwealth Univetalties (Branch 
omea), Marlborough House, Pall Mall, London, 8.W.1 (Australia and London, 

ly 28, 

SENIOR ASSISTANT IN RESHAROH in the DAPAETMANT OF GEOLOGY, in the 
field of palaeontology—tThe Secretary, Faculty of Geograp phy an d Geology, 
Tho University, Bedawick ck Museum, Downing Street, Cambridge aly 81). 

SENIOR LEOTURER/LECTURER 1n MATHEMATICS at Rhodes Unrversity, 
Grahamstown, South Africa—The Association of Commonwealth Univor- 
sities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 (South 
Africa and London, July 81). 

ReADEER IN EXPRRIMENTAL ORAL PATHOLOGY at the London Hospital 
Medical College—The Academic Registrar, University of London, Senate 
House, London, W.0.1 (August 1). 

LECTURER/SENIOR LECTURER (with experience In obstetrics and surgery of 
large an ) 1n VETHRINARY SURGERY at the Unrversity of Cn Ome 
Austraha—The Assocation of Commonwealth Universities 
Marlborough House, Pall Mall, London, 8 W1 (Australia and one 
August 31). 

ANALYST (graduate in chemistry or equivalent qualifications) in the 
DEPARTMENT OF BIOOHEMISTRY to take wee of a section carrying ont 
routine chemical and biochemical asss: aaa N ental Saparintendont, 
Bu Department, Imperial College, London, 8.W.7. 

DHNONSTRATOR IN STRUCTURAL ENOAR for duties which will 
include the supervision of experimental work—The Administrator, Depart- 
ment of Hnginearing Science, The University, Parks Road, Oxford. 

PosTDOCTORAL RESRAROH ASSISTANT IN CHEMICAL KINETIOS for research 
on the kinetics of Lewis acid-base reactions In the gas phase—The Reglstrar, 
University College of Wales, Aberystwyth. 

RASRARCH WORKER (postgraduate) to carry out a three-year research 

T o on shallow-water sedimentology in the Hastern Tash Sea—The 
trar, The University, Liverpool, 8, quoting Bef. RV/44. 

SENIOR EDITORIAL ASSISTANTS (with a science degree, » pre reterably tn metal- 

or physics, and a working knowledge of a foreign language an advan- 
for Metallurgical Abstracts—The Editor, Metallurgical Abstracts, 17 

tag) fo Square, London, 8.W.1. 

SHNIOR LECTURER and a LEOTURER In Epuoaron—The Registrar, 
University of Bradford, Bradford, 7. 

SENIOR LEOTURHR, LEOTURBR and an ASSISTANT LECTURER GRADA B in 

TIOS OR STATISTICS for courses to degree level ın the DEPARTMENT 
Y MATHEMATIOS, STATISTICS AND CompuTING—The Registrar, Leicester 
Regional College of Technology, Leicester. 

TECHNICAL RESBAROH ASSISTANT (of Senior Technician standing and good 
experience of histological techniques) In a ee formed research gro group oon: 
cerned with cardiovascular and ay of da ology—Dr. A. Howe, 
Department of Physiology, Chelsea cience and Technology, 
Manresa Road, London, 8.W.8. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland ' e 


Flora of Tropical East Africa. Edited” yÈ. Ailne-Redhead and R. M. 
Polhill. nosae (Part 2) Subfi A By J. P. %. 
Brennan. 280. ndon: Crown Agents for Oversea oe and’ 
Admmistrations, 1987. Obtainable from H.M. Station 

University of Sussex. Seventh Annual Report, 1 
(Falmer, Brighton: University of Sussex, 1967.) 
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goya Meteorological Soare World Climate from 8000 to 0 B.0. (Pro 
Sand of the International Symposium held at Tmpenal coner, London, 
T an 10 April 1966.) Pp. 229. (London: Royal teorological Soolety, 


[35 
1O Fifty-fifth Anun Report of the Univers ys or Teede for the Academic 
Year 1965-66. (Leeds: The University, 1967.) 45 
rt of the Aie Councu for Adult Tuneatien: 1965-66. i 
verpool: Hon. Secretary, Dr. T. Kelly, Universities Council for Ad nit 


R The University, 1667, C4! 
Forestry. Commission fe) eventh Annual Report of the Forestry 
Commussionors for the year en 80th September 1966. . 75+8 plates. 
10s. net. Supplement No. 1 to Forest Management Tables, Booklet No 16. 
Pp. + Ls. net. Leaflet No. 6: Honey Fungus. Revised edition. Pp. 10. 
1s. 9d. net. (London HAL. Btationers | Office, 1087.) [45 
Institute of Seaweed Research. PEIRET for 1966. Pp. 18. (Inveresk, 
Midlothian: [natitute of Seaweed Research, 1967. [45 
The Heating and Ventilating Research Association. 11th Annual Report, 
1966, . 36. (Bracknell, Berkshire: The Heating and Yentuating Research 
ae on, 1967.) . 46 

Hampshire Technical Research Industrial Commercial Service. A Biblo- 
aply Pt Cost-Benefit ea . 20. (Southampton’ Hatrics, Central 


erary Oivic Centre, 1087) 108. 45 
mtish i Agnicultural Engineering: Natonal Institute 

0: o 
. By R. H. Charlıck. (Bosults ofa ht cari ak out during 1959- 
Pp. 16. (8) itute of ee En- 
gineermg, 1907, Obtainable from H.A. Stationery Ofico.) 5s. [46 
unch-tune Lectures Fifth Serles—6: Colour Television, By Francis 
MeLean. .16 (London: British Proadeasting Corporation, 1867.) [46 
Problems of the Organization of Science ın the Modern World By Lord 
Bonden. (The Graham Clark Lecture 1067) Pp. 21. (London. Council of 
Engineering Institutions, 1067.) u5 

The British Industral Biological Research Association. Annual Re 

1966 . 52+5 plates. NETAN Surrey: The British Industrial 
logical arch Association, 1967.) 5 
Royal Observatory Bulletins. No. 127 Group Corrections and the Opti- 
mization of an Observing Programme. By D. V. Thomas. Pp. B73-B97. 

(London. H.M. Stationery Office, 1967.) ie net. [45 

Tniveraty of Oxford. Ashmolean eee O at of the Yisitore 1906. 
(Supplement No. 5 to the Umversuy Gazette, Vol. 07, April 1067) Pp 84418 
plates. (Oxford: The University, 1967.) 7a. 6d. 45 
Ministry of Agriculture, Fisheries and Food. Fishery Investigations, 
Serles 4, An Tatrotueto Account of the Smaller Algas of British Coastal 
Waters. Part 4: toph yeeie. By Dr. R. W. Butcher. Pp. vit54+20 
plates (London: H.M, Stationery Office, 1967.) 60s. net. [45 


The rier tad er ee LP metitnta, Cuiversity of Oxford. Forty-second 
Annual Report, 1965-66. 83, (Oxford. The Commonwealth Forestry 
Institute, The University, 1987.) 45 

Potato Marketing Board Bescar 


Research Projects and Postgraduate Studentelip 
Studies sponsored by the Potato Mar orog sapere Ine Report. 
viu+42 (London’ Potato Marketing Board, 7.) 

The Universities in the News, By ennei Weheare. (The Rede Lecture 
ae Pp. 81. (London: Cambridge University Press, 1067.) 58. nel; 
Freshwater Biological Association, Scientific publication No. 23: A Key 
to the British Species of Freshwater Triclads. By B. Reynoldson Pp. 
T ey pa: (Ambleside, Weatmorland. Freshwater Daar Amoriini 

Bullotin of the British Museum (Natural History). Botany. Vol. 4, No. 2: 
The Genus Elaphoglossum in the Indian Peninsula ane Ceylon. By W. A. 
Survey of the Extra- 


Sledge. Pp 79-66. 7s. Entomology. Yol. 19, No. 8: 
Biiopi ean Oratinee pidop ters: Drepanidae). A A. Watson. Pp. 140- 
2219 lates, 403. oe No, f; conectingin Turkey, 1959, 1960 and 1982. 

Harvey. Pp. 223-250 + map. 108. Vol, 20 


sby K. Guichard and D 
‘ Metra An Taie Calorie of the Genus-Grou Names oh Oriental and 
species. By R. W Crosskey. 


tralasian Technidae (Diptera) and therr Type- 
~30. 178. Vol. 20, No. 2: A Taxono! Revision of the Australian 
Aotea idac yeanoptera). By L. A. Mound. Pp. 41-74. 15s. Vol. 20, 
No 3: e Indo “Oriental Tribe Cheritrini Lepidoptera: Lycaenidae. B 
C.F Cowan. Pp. 75-103 ad Tey 208s. Vol 20, No. 4: Diptera from Nepal. 
By D. M. Ackland Rd 105-189. 15s. Geology. Vol. 14, No.4 Stratigraph 
ond jlaponeoata hy of the Yorkshire Oolites and their Reiatlonstips wi 
the Lincolnshi tone. By R. H. Bate. Pp. 111-141. 18s. (London: 
British ‘Museum (Natural History), 1967.) [45 
National, Parks Commismon “Coastal Preservation and Devel nt, 
The Coasts of Kent and Sussex. (Report of the Regional Coastal Conference 
held In London on May 27th, 1046} Pp. v+98+16 plates. (London: H. a 
Btationery Office, 1967.) 25e. 
ppt Institution of Professional Civil Servants. Annual Report for 1058 
44, (London* The Institution of Professional Crvil Servants, 1967.) [45 
Pae of Agriculture, Fisheries and Fobd. Chemicals for the Gardener— 
Supplement No, 1 6. (London* H iL. Stationery Office, 1967.) 6d. net. [65 
‘itizenship and Television. (A PEP Report} Pp 52, (London: Poutia 


and Economic Planning, 1967. 
The British Coal Utitisation Bescarch Association. Annual Report 1966. 
Pp. H ae oe (Leatherhead; The British Coal Ut{lisation Researc Astor 
100 
Suinistry of culture, Fisheries and Food. Fishery Investigations, 
Series 1T, Vol. No. 7° A Study of the Oystercatcher (Haematopus 
ostralegus L.) in Relatton to the Fishery for Cookles (Cardium edule J.) in 
the Barry Inlet, South Wales By P. B. Devidson Pp. il+ 2844 plates. 
(London’ H BM. ‘Stationery Ofc ome, 1097 16s. net. 85 
Astronomical Contribut mversity of Manchester. Series 
No. 146. Photographic Paopao the in the Imbrum/Procellarum Region of 
the Moon. By T. W. Rackham. Pp. 176+9 charts (Manchester The 
University 1907.) 5 


Other Countrles 


Records of the Dominion Museum, Wellington, Vol 5. No 20 (18 November 
1966): Type Specimons of G V. Hudson's Taxa of New Zealand Cicadas 
(Genus Afelampsaita. Hemiptera Homoptera). By C. A Fleming and R. G 
Ordish. 95-200. Vol. 5, No. 21 (23 December, 1966): The Marne 
Tartles and Snakes Occurring In New Zealand. By Charles McCann. Pp 
201-215 Vol, 6, No 29 (23 December, 1064). A Systematic Revision of the 

@Xew Zealand Water Peruon (Coitoptera’ Dytiseldee). By R. G Ordish 
Pp. 217-264. Yol. 5, No. 28 8 Re 1967): Itinerary of Leonard Cook- 
ngr ‘Botanical Expeditions s Hamlin. Pp. 265-276 The Wandering 
f olars. By J. C Beaglehol: b, OE eis at the Opening of an Exhibition 
from tt Alstromer Coliection of the Ethnographical Museum of Sweden, 
e Stockholm, st the Dominion Aluseum, on 28 October, 1965 ) Pp. 15 (Wellinz- 
ton, New Zealggd- Dominion Museum, 1966 and 1667.) [55 
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cues of the American Philosophical Society. New Series, Vol. 
1: The Colomal Virginia Satirst—Mid-Elghteenth-Century ( 
Taras on Politics, Belgion, and Society. Edited with Introduction 
Notes by Richard Beale Davis. Pp. 74. (Philadelphia: The Amem 
Philosophical Society, 1667.) 

Nederlandse poe ore a Wear- on Sterrenkunde. Observations 
Variable Stars, July- ber, 1966—Report No. 11 Pp. 7. (Groning 
Netherlands: Kapteyn Astronomical Laboratory, 1967. 

U.S. De ent of Health, Education and Welfare: Public Hea 
Service, Division of Dental Health. Healthy Teeth: For a Happy Sm Sm. 
For Good Health, For Good Looks. Pp. 18. (Washington, : Gove 
Printing Office, 1986.) $015. 

Department of the Interlor: Geological Survey, 
1005 Tndex to numbers 210-227, By James W. Clarke, Dorothy B. Vitallant 
Virginia 8. Neuschel, and others. pce 1207, (Washington, D.C 
Government Printing Office, 1967) $0 ¢ 
Research Council of Alberta, Moca ses nnih Annual Report, 1966. Pp. 
: Research Council of Alberta, 1967. le 


No. 70): Contributions to Ethnology, V. Pp. v1+217 {49 ye (Otte 
Queen if Printer, 1967.) 83. 

The Museums of Kenya. The National] Museum, Nairobi—-Repor 
for the period 1st July 1965 to June 1066. Pp. 54 . (Nairobi: The Muse’ 
Trustees of Kenya, 1967.) 

Institut Royal ue oan de Belgique. Annusire—Rayonnem? 
Solaire, 1966. (Ucole-Brarelles: tut Royal Mét rologi, 
de Belgique, 198 ae 

Bulletin of the American Museum of Natural History; val; 135, Artto 
Results of the 1958-1959 Gillard New Britain Expedition. 4: Annotated L 
of Birds of the Whiteman Mountams, New Britain. By E. Thomas Gillis: 
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